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INTRODUCTION
Artificial intelligence [Al] is the copying of human cognition processes by computers,
especially computer systems. These include knowledge (the acquisition of information and

the rules for utilising it), reasoning (the application of rules to arrive at potential conclusions),
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and self-correction. John McCarthy, who worked in the Stanford University Department of
Computer Science, provided the first definition of artificial intelligence. In 1955, when he
first coined the phrase, he gave it the definition "the science and engineering of constructing
clever and quick-witted robots." The discipline was founded on the idea that intelligence, a
key aspect of human nature, may be precisely characterised and recreated by a computer.
This essay examines artificial intelligence's present use in the pharmaceutical industry as well
as its potential future applications and drawbacks. Since its establishment as a field of study
in 1956, artificial intelligence has gone through a number of waves of optimism, followed by
setbacks and a reduction in financing (known as a "Al winter"), then new strategies,
achievements, and increased investment. Since its inception, Al research has experimented
with and abandoned a wide range of methodologies, including modelling human problem-
solving, formal logic, extensive knowledge libraries, and animal behaviour imitation.
Machine learning that is heavily based in mathematics and statistics has dominated the
subject in the first two decades of the twenty-first century. This approach has been very

effective in solving many difficult issues in both business and academia.!™!

The numerous subfields of Al study are focused on specific objectives and the use of certain
techniques. Reasoning, knowledge representation, planning, learning, natural language
processing, sensing, and the capacity to move and control things are some of the classic
objectives of Al research. One of the long-term objectives of the area is general intelligence,
or the capacity to solve any issue. Artificial intelligence (Al) researchers have integrated and
modified a wide range of problem-solving techniques, including as formal logic, artificial
neural networks, search and mathematical optimization, as well as approaches from statistics,
probability, and economics, to address these issues. Al also draws on a wide range of

disciplines, including computer science, psychology, linguistics, and philosophy.

The idea that human intellect "can be so thoroughly characterised that a computer may be
constructed to imitate it" served as the foundation for the study. This sparked philosophical
discussions about the mind and the moral ramifications of constructing intelligent artificial
entities, which have been topics of myth, literature, and philosophy since antiquity. Since
then, computer scientists and philosophers have argued that artificial intelligence (Al) might
endanger humanity's existence if its reasoning capabilities are not directed toward
advantageous ends. A subfield of computer science is artificial intelligence.”) The term

“artificial intelligence™ has numerous meanings. Al, sometimes known as machine
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intelligence, is defined by Wikipedia as "intelligence demonstrated by machines, in contrast
to the natural intelligence displayed by people and animals".®! According to SAS analytics,
"Artificial intelligence [Al] enables computers to learn from experience, adapt to new inputs,
and carry out jobs like to those performed by humans.[ * In that case, what would artificial
intelligence be? It is focused on a certain set of actions that show intellect.”™ These are the
programmes that assist in making the computer behave in ways that make people appear
intelligent. Artificially intelligent systems are such procedures or systems. It has become
recognised as new technology. At its foundation, artificial intelligence is a field of computer
science that aids in the understanding and creation of intelligent things, sometimes referred to

as software programmes.

One of the pioneers of contemporary computer sciences was the British mathematician Alan

Turing, who worked in the late 1950s.

In the middle of the 20th century, Turing pioneered the concept of intelligent behaviour in
computers. He and other researchers investigated the use of such intelligent procedures across

the board in the healthcare and medical fields.["?

Natural language processing, computer vision, chatbots, intelligent agents, machine learning,
and voice recognition are all examples of artificial intelligence. Artificial intelligence is
employed in practically every industry, from banking to healthcare, medical imaging to

diagnostics.®!

The new age of healthcare

The majority of facets of contemporary life, including entertainment, business, and health
care, are being impacted by big data and machine learning. Google is aware of the ailments
and symptoms people are searching for, just as Google is aware of the movies and television
shows people choose to watch on Netflix, Amazon, and Google. All of this information may
be utilised to create incredibly thorough personal profiles, which not only have the potential
to be highly useful for behavioural understanding and targeting but also for forecasting
healthcare trends. There is a lot of hope that the use of artificial intelligence (Al) will
significantly advance all facets of healthcare, from diagnosis to therapy. Numerous examples
of tasks where Al algorithms are performing on par with or better than humans include the
analysis of medical pictures and the correlation of symptoms and biomarkers from electronic

medical records (EMRS) with the characterisation and prognosis of the disease.
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The need for healthcare services is always growing, and many nations are struggling with a
lack of healthcare professionals, particularly doctors. Healthcare organisations are also
struggling to stay up with all the latest technological advancements and consumers' high
expectations for service levels and results similar to what they have come to expect from
consumer goods like those from Apple and Amazon.% In addition to opening up options for
on-demand healthcare services utilising health tracking applications and search platforms,
advancements in wireless technology and cellphones have also made remote interactions,
which are accessible anywhere and anytime, a new method of delivering healthcare. Such
services are important for impoverished areas and places lacking experts and assist in
lowering expenses and avoiding unneeded clinic exposure to infectious diseases. Telehealth
technology is especially significant in emerging nations where the healthcare infrastructure
can be developed to match the present demand and where the healthcare system is increasing.
Although the idea is straightforward, these solutions still require extensive independent
validation to demonstrate their patient safety and efficacy.!*"

The healthcare ecosystem is beginning to recognise the significance of Al-powered
technologies in the newest medical technology. It is claimed that Al may provide benefits to
every process within healthcare operation and delivery. For instance, the ability of Al to
reduce costs for the healthcare system is a key factor in the adoption of Al applications. It
was predicted that by 2026, Al applications may save the US healthcare system $150 billion
annually. The shift from a reactive to a proactive healthcare strategy that emphasises health
maintenance rather than illness treatment is largely responsible for these cost savings. This is
anticipated to lead to a decrease in hospital stays, medical visits, and treatments. Through
constant monitoring and coaching, Al-based technology will play a significant part in
assisting individuals in maintaining their health by ensuring earlier diagnosis, customised

treatments, and more effective follow-ups.'*?

The healthcare industry for Al is anticipated to expand quickly and reach USD 6.6 billion by
[13]

2021, or a 40% compound yearly growth rate.
Technological advancement

In the last ten years, there have been a lot of technical advancements in the fields of data
science and artificial intelligence. The present wave of Al hype is distinct from earlier ones,
despite the fact that research in Al for a variety of applications has been underway for several

decades. Rapid development of Al tools and technologies, including in the field of healthcare,
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has been made possible by a winning trifecta of faster computer processing, larger data
libraries for data collecting, and a vast talent pool for Al.**! The degree of Al technology, its

uptake, and its effects on society are all expected to change dramatically as a result of this.!**!

In particular, the discovery of deep learning (DL) has had an influence on the way we look at
Al tools today and is the basis for much of the recent enthusiasm around Al applications.
Finding associations that were too complicated for earlier machine learning algorithms to
depict is now possible with DL. This is mostly based on artificial neural networks, and DL
networks contain more than 10 layers of connections compared to older neural networks that
only had 3-5 layers. This is equivalent to simulating millions of artificial neurons.™

There are several businesses that are leaders in this field, including Google's Deep Mind and
IBM Watson. These businesses have demonstrated that their Al is capable of outperforming
humans at a variety of jobs and games, such as Go and Chess. Numerous applications
connected to healthcare are now being employed for Google's Deep Mind and IBM Watson.
Although IBM Watson is being used to research enhanced cancer treatment and modelling,
drug development, and diabetes management, it has not yet demonstrated therapeutic
usefulness to patients. Deep Mind is also being considered for uses in medical imaging-based
diagnostics, mobile medical assistants, and patient deterioration forecasting."™” Many
technologies dependent on data and computing have exponential development curves. The
best-known illustration is Moore's law, which describes the rise in performance of computer
processors exponentially. By providing reasonable services, a lot of consumer-focused
applications have seen comparable exponential development. The mapping of the human
genome and the digitalization of medical data might lead to a similar development pattern in
healthcare and life science as genetic sequencing and profiling become more affordable and
act as platforms for data collecting. Although at initially these regions may appear minor,
eventually exponential development will take over. Humans typically struggle to comprehend
exponential trends and have a propensity to overestimate the short-term (like one year) effects
of technology while underestimating the long-term (like ten years) effects.™*®!

Use of Al in healthcare and pharma industry

Artificial intelligence is being employed in the healthcare industry and is altering how
biological research is conducted. It may be thought of as a group of technologies that enable
machines to sense, perceive, analyse, and produce data so they can carry out administrative

and clinical healthcare duties. Additionally, it helps with training and research.™?! Artificial
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intelligence systems have been created to help healthcare workers with their daily
responsibilities and tasks by utilising the information gained through data analysis. Artificial
neural networks (ANNS), evolutionary computation, and hybrid intelligent systems are
examples of these systems. Artificial intelligence can assist in preventing biases that result
from medical cognition, such as "Recency bias,” which occurs when a doctor is more likely
to provide the same course of therapy to a patient they treat later than they would a patient
they treated earlier.’? The issue of reporting electronic health information can be solved by
using machine learning, a branch of artificial intelligence, to steer these records toward
predictive modelling and analysis. We may combine an individual's omic [proteome,
metabolome, microbiome, and genome] data with his or her electronic medical record using
artificial intelligence to forecast the likelihood that they will acquire a certain disease, which
can subsequently be treated with preventative medication.*

The use of artificial intelligence and machine learning in healthcare is made possible by
seven key characteristics. The exchange of data and digitization of patient history records
come first. The strength of digital mapping over human interaction comes in second. The
third is the flexibility and simplicity of evaluating diverse data sources. The ability to
simplify healthcare operations and accredit patients is its fourth strength. The fifth is Al's
capacity to help researchers build hypotheses. The sixth reason is the availability of deep
learning and open sharing tools, and the seventh component is Al's capacity to enhance
outcomes even in the presence of enormous data sets.?

The full pharma value chain, which includes R&D, production, supply chain management,
sales, and marketing, is being digitally transformed with a lot of focus in the pharmaceutical
business. In order to better manage patients' and customers' medical problems, new models of
cooperation in research and competence in operations are being made possible by the digital
uprising. These solutions go "beyond the pill." Data from electronic medical records may be
utilised for insightful analysis and interpretation, and Al algorithms can be used to make
crucial decisions. Healthcare 10T devices are crucial in the current era of healthcare because
they can provide data for patient treatment regimens, patient records, and massive Al-driven

healthcare analytics systems.?>%!
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Figure Dominant variables for Al in healthcare.

Intelligence in pharmaceutical marketing

The process of encouraging the sales of a corporation goods and services is termed
marketing.?’? According to an interview with Jon Recnick, President, Real-World &
Analytics Solutions, IQVIA, "Machine learning and artificial intelligence allows the global
life science sales, marketing, and branding team to come up with more successful and
practical commercialization strategies from the insights uncovered from Al." Additionally, he
stressed how AI/ML helps healthcare organisations to go deeper into more detailed layers of
HCP, patient, and payer data to uncover previously untapped insights, provide predictions for
possible future actions, and facilitate better and quicker decision-making.!®!

Additional benefits of using Al in the pharmaceutical industry include improved value
propositions, optimal resource allocation for better market share gains, the capacity to
maximise growth, and specialised sales and marketing data and channels [advanced analytics
for pharma marketing efficiency and growth]. Businesses such as Google and IBM and
several other companies are springing up to specialise in using Al in illness detection.
Artificial intelligence that is both predictive and descriptive is being used in India.
Additionally in India, businesses that provide medical supplies and equipment employ
descriptive and predictive Al.1?%

To improve the effectiveness of its promotional plan and its implementation, a top US
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pharmaceutical business employed physician level knowledge discovered by optimising data
from multichannel marketing activities. They attempted to maximise return on investment by
using specific targeting, segmentation, and promotional campaigning strategies. In six
months, there was a steady rise in sales of around $25 million without an increase in
marketing costs. In a different case study, a pharmaceutical business with headquarters in
Europe used Al and machine learning to determine the HCPs' preferences for digital
interaction. The new insights enabled the organisation to categorise doctors and build a
digital engagement plan as per knowledge obtained from a physician. It revealed a rise in the
number of emails sent to HCP that were opened and inquiries about further product

information.[%

The healthcare network as a whole shows several instances of Al use and acceptability. A
person's DNA may be studied with the use of artificial intelligence, which can then suggest
the most successful treatment choice with the fewest negative effects.*™ Businesses all across
the world are embracing artificial intelligence, especially those in the pharmaceutical and
healthcare sectors. The application of Al may aid in the improvement of commercialization
tactics, from patient compliance to a sales call, as well as in the search for speedier, more
informed decisions along the route from molecule to market. Artificial intelligence is being
used by a number of pharmaceutical firms, including Pfizer, GSK, Novartis, Lundbeck,
Takeda, AstraZeneca, and Teva, to enhance marketing efforts for both new and existing
medications. According to a report by Eularis, the usage of sales communications that were
specifically tailored with the use of artificial intelligence analytics led to a 43% rise in
prescribing for sales professionals who did so in comparison to those who did not. Dr.
Merton of JLABS predicted that "Al would be better at processing stakeholder aligned
information to the consumer, enabling more focused dissemination of information to the
customer.” Additionally, he noted that marketing expenses ought to drop shortly.*

According to Bjarni-Kornbech, VP, Marketing & Communications at Agnitio, the demand of
doctors for increased online interaction is now a reality. He added that the remote channel is
the one that is expanding quickly. According to a poll conducted by eyeforpharma, marketers'
inability to prove the technology's value and return on investment is a big barrier to their
adoption of new technologies. The sales crew must receive training on how to use CRM
systems. However, only a small number of businesses make the effort to train their sales staff

in this way. According to Bjarni-observations, Kornbech's it is necessary to link consumer
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interaction data into the CRM and, ideally, couple the data from the marketing engine in
order to bring actual value. After then, it is necessary to get everything together and make it

accessible to the field force.[

In the past, as well as in the present, marketing and sales teams frequently spoke with doctors
who were likely to write about their product through a variety of means. The method proved
ineffective for promoting a product and it causes an overuse of human and financial
resources. Through the application of analytics, machine learning in business applications has
aided in the development of more complex and persuasive brand strategies and sales
techniques. Providers of healthcare are becoming more motivated to participate in digital
healthcare enterprises. Currently, 70% of doctors identify as alpha geeks. Pharma sales must
adjust to physicians' shifting demands and preferences. Doctors are gradually reducing their
face-to-face interactions with medical personnel while also becoming more receptive to

internet alternatives.

By evaluating each customer's preferred method of contact, such as call, text, email, webinar,
face-to-face meeting, etc., as well as it might also be established to what tone they would
respond, brand teams may use machine learning to make the most of such quick interactions.
Brand teams now have the ability to implement more focused multi-channel marketing
campaigns in order to increase their engagement in the digital space thanks to machine
learning and analytics.!*?

Artificial Intelligence (Al) in drug discovery

Testing chemicals against samples of sick cells is a time-consuming process in the drug
development process. Further investigation is necessary to identify chemicals that are
physiologically active and merit further study. The research teams at Novartis utilise pictures
generated by machine learning algorithms to forecast which untested chemicals could be
worth further investigation. As new data sets are discovered by computers far more quickly
than by conventional human analysis and laboratory experimentation, new and effective
medications can be made accessible sooner while also incurring lower operational expenses
than manual examination of each chemical. The leading pharmaceuticals firms' current Al
initiatives include: mobile platform to enhance health outcomes -the capacity to propose
patients by means of real time data collecting and thereby improve patient outcomes. Drug
development is an expensive and time-consuming process, thus pharmaceutical corporations

are working with software businesses to incorporate the most cutting-edge technology.!**
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Big data and artificial intelligence (Al) are becoming essential to drug creation because to the
vast data collection in the several Chemin formatics databases. To mine these databases and
meet the unique requirements of different drug discovery procedures, such as virtual drug
screening and de novo molecule design and discovery in this big data age, innovative
algorithms and architectures have had to be developed. Information mining in the chemical
realm has undergone a paradigm shift as a result of the advancement of deep learning neural
networks and its variations, as well as the concomitant rise in chemical data. The current
paper outlines the use of big data and artificial intelligence (Al) tools to meet the rising need

for research in drug discovery pipelines.”®

Why Al ?

Pharma data has greatly expanded in recent years. Due to advancements in gadgets like
sensors, picture capture devices, mobile phones, genetic data gathering, e-consultation, etc., it
is currently produced in the form of petabytes.*® Today's pharmaceutical sector encompasses
a variety of disciplines, including academics, mathematicians, business intelligence, and
research & development, in addition to being a drug development agency. Unstructured data
is produced by the pharmaceutical sector. It may contain data relating to patient prescriptions,
medical picture reports, doctor notes, history, and many more. The patient's medical history is
taken into account and thoroughly reviewed before his therapy is determined. Numerous
analytical tools and techniques are needed to manage all of this unstructured data.*”! Data
processing, data extraction, and data visualisation may all be done using these technologies.
There are various open-source programmes available for managing pharmaceutical data, and
each of these platforms has benefits and drawbacks. It is necessary to close the gap between
data gathering and processing.®® There is a lot of information overload in healthcare as a
result of the growing number of patients. The massive amounts of patient data may be used

for evidence-based practise by applying machine learning.™
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Figure 1: Workflow of Machine Learning(ML) Process in Drug Discovery.

The pharmaceutical sector has evolved similarly to other profit-driven industries during the
past ten years thanks to changes in marketing tactics and technology on a worldwide scale.
The goal of this sector is also to enhance earnings. Pharmaceutical marketers interact
extensively with healthcare professionals®“® but frequently find it challenging to do so. They
participate with the aid of multimillion-dollar marketing campaigns and make use of all
available advertising techniques. Pharma businesses invest a lot of money not only in
building and safeguarding their brand but also in worldwide competition with the drugs that
make up its components. Numerous researchl**? revealed a high correlation between
doctors' propensity to prescribe drugs and their acceptance of gifts, gratuities, unrelated
compensation, etc. Other research highlighted the effect that presents have on doctors'

prescription practises.™**!

Growth of Al/ml/e-health market

According to Grand View Research Inc., the global health industry is expected to reach USD
308.0 billion by 2022. The primary driver of the market is anticipated to be the shift of the
healthcare sector to a digital healthcare system for patient analysis and management.[*? The
European Commission has introduced an eHealth action plan 2012-2020 that will give
patients and healthcare professionals the ability to connect devices and technology in other
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countries, particularly in Europe. Additionally, it recommends funding studies to provide
individualised medicine. The healthcare ecosystem is beginning to recognise the significance
of Al-powered technologies in the newest medical technology. The operation and delivery of
healthcare processes are thought to benefit from Al. For instance, the ability of Al to reduce
costs for the healthcare system is a key factor in the adoption of Al applications. In 2026, it is
predicted that Al applications would reduce US healthcare spending by $150 billion annually.
The shift from a reactive to a proactive healthcare strategy that emphasises health
maintenance rather than illness treatment is largely responsible for these cost savings./*! This
is anticipated to lead to a decrease in hospital stays, medical visits, and treatments. Through
constant monitoring and coaching, Al-based technology will play a significant part in
assisting individuals in maintaining their health by ensuring earlier diagnosis, customised
treatments, and more effective follow-ups. A research from Accenture's Technology Vision
2017 claims that by 2035, artificial intelligence would enable yearly economic growth to

double.[*d

Limitations of artificial intelligence

Patients should be aware that digital consultants are only guided by human doctors since
empathy and compassion are two human attributes that robots lack. Additionally, as Al is a
technology shrouded in scepticism, it should not be expected of the patient to trust it right
away. Because of this, routine activities are typically handled by artificial intelligence,
leaving the primary duty for patient care exclusively to the human doctor. In 2008, Google
used simply keywords or popular search phrases in its search engine to try and predict the
seasonal frequency of influenza. Since a person's search habits change dramatically over the
course of a year, the model was swiftly abandoned since it was so badly made and couldn't
make accurate future predictions. Medical research is interested in artificial intelligence, but
its practical application is not without challenges. The regulation-related issue is the first
barrier. Standards that can gauge the success and safety of Al systems are not currently
provided by regulations. The US FDA made an effort to offer guidelines for evaluating Al
systems in order to get over this challenge. The "General Wellness Product” was the first
standard that set apart Al systems. The last guideline established the rule for compatible
designs in clinical trials and following the revelation of policies, and the second guideline

justified using real-world data to assess the effectiveness of Al systems.[*”]

Data sharing is yet another significant barrier. Al systems must be regularly trained using
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data input from clinical research in order to function effectively. However, it is necessary to
maintain incorporating such data into the systems for continued system growth and
improvement once they have been trained with all the previous data. The need for
transparency and compliance with public interest while promoting and supporting innovation

in the field would be another hurdle for adopting artificial intelligence.[*®!

Chatbots have been working for a while. Many customers are aware that interacting with
chatbots implies doing so with a machine, which makes them feel ignored and unimportant
by the business. Such chatbots should only be utilised in situations when the public would
accept them positively and you have human support. An business should employ Al primarily
to help their sales staff, but if it is causing a rift between you and your customer, your plan

may backfire.[*”

Because artificial intelligence is diverse, implementing it requires some serious work.
Additionally, the bulk of marketing academics lack the knowledge and training necessary to
comprehend the ideas and concepts underlying artificial intelligence and machine learning.
Neural nets, expert systems, and case-based reasoning have been the three primary
applications of Al in marketing to far.P% It is believed that artificial intelligence will have
both short-term and long-term consequences on pharmaceutical marketing and sales
practises. Not determining whether the technologies will be capable enough to be beneficial,
but rather guaranteeing their acceptance in routine clinical practise, is the biggest hurdle for
Al in various healthcare sectors. For widespread adoption to take place, Al systems must be
approved by regulators, integrated with EHR systems, standardised to a sufficient degree that
similar products work in a similar fashion, taught to clinicians, paid for by public or private
payer organisations, and updated over time in the field. These difficulties will eventually be
resolved, but it will take considerably longer than it will for the technology to advance. We
anticipate limited application of Al in clinical practise during the next five years and more

widespread usage within the next ten years."

A.l and medical visualization

It might be difficult to interpret data that arrives in the shape of a picture or a video. To
develop the capacity to recognise medical events, experts in the area must train for many
years. In addition, they must actively study new material as fresh research and information
become available. However, the demand is continually rising and there is a substantial

scarcity of expertise in the industry. Consequently, a novel strategy is required, and Al
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appears to be the instrument that may close this demand gap.®?

Machine vision for diagnosis and surgery

The interpretation of pictures and videos by machines with abilities on par with or better than
those of humans, including object and scene identification, is known as computer vision. The
use of computer vision in areas like image-based diagnostics and image-guided surgery is
having a significant influence. Since statistical signal processing has been the basic
foundation for computer vision, artificial neural networks are currently being used more
frequently as the preferred learning approach. Here, computer vision algorithms for
categorising pictures of lesions in skin and other tissues are developed using deep learning
(DL). It is believed that video data contains 25 times.” might give a better data value
depending on resolution over time by using high-resolution diagnostic imaging like CT.
Although it is still early, video analysis offers a lot of potential for clinical decision
assistance. As an instance, real-time video analysis of a laparoscopic surgery yielded 92.8%
accuracy in identifying all of the phases and, interestingly, the identification of any steps that
were either missed or unanticipated. One significant use of Al and computer vision in
surgical technology is to improve certain procedures and abilities like suturing and knot-
tying. In various surgical operations, such as animal intestinal astomosis, the Johns Hopkins
University's smart tissue autonomous robot (STAR) has proven that it can outperform human
surgeons. Although a fully autonomous robotic surgeon is still a dream for the far future,
academics are interested in applying Al to improve several elements of surgery. A group at
the Alpen-Adria Universitat Klagenfurt's Institute of Information Technology utilises surgical
movies as training material to recognise a particular surgical operation as an illustration of
this. The algorithm, for instance, assesses the likelihood of the intervention as well as the
particular place in the body when a dissection or cutting act is conducted on the patient's
tissues or organs. Such algorithms are naturally based on the training on several films and
may prove to be very helpful for difficult surgical operations or for circumstances when an
unskilled surgeon must do an emergency surgery. In order to ensure clinical relevance and
quality and to speed the transition from the laboratory to the clinical setting, it is crucial that

surgeons actively participate in the creation of such tools.®

Future scope of artificial intelligence in pharma marketing
The employment of computer science is rising quickly in all fields, including medicine,
production, R & D, and sales. More money was allocated to healthcare Al initiatives in 2016

www.wipr.net | Vel12, Issue 1,2023. | 1SO 9001:2015 Certified Journal | 666



Yadav et al. World Journal of Pharmaceutical Research

than to any other Al project in any other field. However, among the exhilaration, there is a

lack of commitment owing to some unmet expectations.™

Radiographs, retinal scans, and ultrasounds are just a few examples of the numerous sorts of
visual data that artificial intelligence has shown capable of analysing. Al enables the cost-
effective acquisition of a huge number of such images. Building a trusted connection between
physicians and artificial intelligence systems is made easier by integrating these technologies
with clinical practise. When they cooperate, they both do better.r®

The global pharmaceutical business invests a lot of money in R&D. According to a recent
poll by Global Data, artificial intelligence may be considered as leading the way in enhancing
the efficiency and efficacy of R&D. The poll also revealed that big data and Al have the
potential to alter and change pharmaceutical companies over the next two years.®”!

Artificial intelligence is enhancing marketing strategies day by day and is becoming more

useful.

An organisation may map the client journey by utilising Al. As a result, the business will be
able to recognise each consumer uniquely and sign them up for its marketing campaign.
Future Al systems are anticipated to develop and grow, becoming capable of performing a

range of jobs without the need for human intervention.®

Artificial Intelligence in Pharma is a good idea

The pharmaceutical industry may speed up innovation by utilising new technologies.
Artificial intelligence, the development of computer systems capable of performing activities
typically requiring human intelligence, such as visual perception, speech recognition,
decision-making, and language translation, would be the most recent technical development
that comes to mind. According to an IBM estimate, the total amount of data in the healthcare
industry was at 161 billion GB as of 2011. Due to the enormous amount of data that is
accessible in this field, artificial intelligence can really assist in data analysis and result
presentation that will aid in decision-making, save time, money, and human effort, and
ultimately save lives. Epidermic outbreak prediction; utilising machine learning/artificial
intelligence, one may examine the social media activity, research the history of the epidemic,

and forecast where and when the epidermic will occur with a high degree of accuracy.®®
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CONCLUSION

Artificial intelligence operates as a supporting role in normal chores and delivers improved
insights. It increases efficiency and gives the marketing department better insights and
reliable data, which facilitates selling. Al provides consistency, cost-efficiency, the ability to
solve complicated issues and make judgments, as well as the ability to prevent lost data. Each
technology has advantages and disadvantages, and artificial intelligence is no exception.
Therefore, before incorporating Al into sales, marketing, or any other element, it should be
properly assessed. Future Al research should be focused on aligning with demands and trends

that may emerge shortly.

ACKNOWLEDGEMENT

The conception and writing of this article were greatly assisted by all of the above authors.

Conflict of Interest

The Authors declare no conflict of interest.

REFERENCES

1. Rajaraman V, Resonance, 2014; 19: 198-207.

2. Barr A, Feigenbaum EA, editors. The Handbook of artificial intelligence. In: 2nd ed.
Stanford: HeurisTech Press; William Kaufmann, Inc, 1982.

3. Wikipedia.  Artificial intelligence,  Wikipedia.comwebsithttps://en.wikipedia.org
/w/index.php?title=Atrtificial_intelligence&oldid=955473607. Accessed April 14, 2020.

4. SAS. Artificial Intelligence What it is and why it matters, SAS, Analytics software and
solutions website, https://www.sas.com/en_us/insights/analytics/what-is-artificial-
intelligence. html. Accessed April 14, 2020.

5. Charniak E, McDermott D. Introduction to Artificial Intelligence. 4th ed. Chicago:
Pearson, Dorling Kindersley Publishing Inc, 1985.

6. Ramesh AN, Kambhampati C, Monson JRT, Drew PJ, Ann R Coll Surg Engl,
2004; 86(5): 334-338.

7. Lusted LB, N Engl J Med, 1955; 252(14): 580-585.

8. Ledley RS, Lusted LB, Science, 130(3366): 9-21.

9. Vang V, Diamantidis CJ, Wylie J, Greer RC. Minding the gap and overlap: a literature
review of fragmentation of primary care for chornic dialysis patients. BMC Nephrol,
2017; 18(1): 274.

10. Centers for Medicare and Medicaid Services. CMS Announces Transformative New

www.wipr.net | Vel12, Issue 1,2023. | 1SO 9001:2015 Certified Journal | 668


http://www.sas.com/en_us/insights/analytics/what-is-artificial-

Yadav et al. World Journal of Pharmaceutical Research

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Model of Care for Medicare Beneficiaries with Chronic Kidney Disease. September 18,
2020.

Kelly YP, Kuperman GJ, Steele DJR, Mendu ML. Interoperabilty and patient electronic
health record accessibility: opportunities to improve care delivery for dialysis patients.
Am J Kidney Dis, 2020.

Sutton PR, Payne TH. Interoperability of electronic health information and care of
dialysis patients in the United States. CJASN, 2019; 14(10): 1536-1538.

Krishnan M, Wilfehrt HM, Lacson E. In data we trust: the role and utility of dialysis
provider databases in the policy process. Clin J Am Soc Nephrol, 2012; 7: 1891-1896.
Wahl B, Cossy-Gantner A, Germann S, Schwalbe NR (2018) Artifcial intelligence (Al)
and global health: how can Al contribute to health in resource-poor settings? BMJ Glob
Health, 3(4): e000798.

Mesko B (2017) The role of artifcial intelligence in precision medicine. Expert Rev Precis
Med Drug Dev, 2(5): 239-241.

Hassabis D, Kumaran D, Summerfeld C, Botvinick M (2017) Neuroscience-inspired
artifcial intelligence. Neuron, 95(2): 245-258.

Ganapathy K, Abdul SS, Nursetyo AA (2018) Artifcial intelligence in neurosciences: a
clinician’s perspective. Neurol India, 66(4): 934-939.

Varghese J, Niewohner S, Soto-Rey I, Schipmann-Miletic S, Warneke N, Warnecke T,
Dugas M (2019) A smart device system to identify new phenotypical characteristics in
movement disorders. Front Neurol, 10: 48.

Tran BX, Vu GT, Ha GH, Vuong Q-H, Ho M-T, Vuong T-T, et al. Global evolution of
research in artifcial intelligence in health and medicine: a bibliometric study. J Clin Med,
2019; 8(3): 360.

Hamid S. The opportunities and risks of artifcial intelligence in medicine and healthcare
[Internet], 2016.

Panch T, Szolovits P, Atun R. Artifcial intelligence, machine learning and health systems.
J Glob Health, 2018; 8(2): 020303.

Yang X, Wang Y, Byrne R, Schneider G, Yang S. Concepts of artifcial intelligence for
computer-assisted drug discovery | chemical reviews. Chem Rev, 2019; 119(18):
10520-94.

Burton RJ, Albur M, Eberl M, Cuf SM. Using artifcial intelligence to reduce diagnostic
workload without compromising detection of urinary tract infections. BMC Med Inform
Decis Mak, 2019; 19(1): 171.

www.wipr.net | Vel12, Issue 1,2023. | 1SO 9001:2015 Certified Journal | 669



Yadav et al. World Journal of Pharmaceutical Research

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

Mesko B, Drobni Z, Bényei E, Gergely B, Gyorfy Z. Digital health is a cultural
transformation of traditional healthcare. Mhealth, 2017; 3: 38.

Cho B-J, Choi YJ, Lee M-J, Kim JH, Son G-H, Park S-H, et al. Classifcation of cervical
neoplasms on colposcopic photography using deep learning. Sci Rep, 2020; 10(1): 13652.
Doyle OM, Leavitt N, Rigg JA. Finding undiagnosed patients with hepatitis C infection:
an application of artifcial intelligence to patient claims data. Sci Rep, 2020; 10(1): 10521.
Huang Y, Huang Q, Ali S, Zhai X, Bi X, Liu R. Rehabilitation using virtual reality
technology: a bibliometric analysis, 1996-2015. Scientometrics, 2016; 109(3): 1547-59.
Hao T, Chen X, Li G, Yan J. A bibliometric analysis of text mining in medical research.
Soft Comput, 2018; 22(23): 7875-92.

dos Santos BS, Steiner MTA, Fenerich AT, Lima RHP. Data mining and machine
learning techniques applied to public health problems: a bibliometric analysis from 2009
to 2018. Comput Ind Eng, 2019; 1(138): 106120.

Liao H, Tang M, Luo L, Li C, Chiclana F, Zeng X-J. A bibliometric analysis and
visualization of medical big data research. Sustainability, 2018; 10(1): 166.

Choudhury A, Renjilian E, Asan O. Use of machine learning in geriatric clinical care for
chronic diseases: a systematic literature review. JAMIA Open, 2020; 3(3): 459-71.
Connelly TM, Malik Z, Sehgal R, Byrnes G, Cofey JC, Peirce C. The 100 most infuential
manuscripts in robotic surgery: a bibliometric analysis. J Robot Surg, 2020; 14(1):
155-65.

Guo Y, Hao Z, Zhao S, Gong J, Yang F. Artifcial intelligence in health care: bibliometric
analysis. J Med Internet Res, 2020; 22(7): €18228.

Choudhury A, Asan O. Role of artifcial intelligence in patient safety outcomes:
systematic literature review. JMIR Med Inform, 2020; 8(7): €18599.

Walters, W. P., & Barzilay, R. (2021). Critical assessment of Al in drug discovery. Expert
opinion on drug discovery, 16(9): 937-947.

Dastha JF. Application of artificial intelligence to pharmacy and medicine. Hospital,
1992; 27: 312-5, 319.

DuchW., SwaminathanK., MellerJ., Artificiallntelligence Approachesfor Rational Drug
Design and Discovery. Current Pharmaceutical Design, 2007; 13: 00.

Eye for Pharma. Artificial intelligence- A Brave New World for Pharma.

Duch W., Swaminathan K., Meller J., Artificial Intelligence Approaches for Rational
Drug Design and Discovery. Current Pharmaceutical Design, 2007; 13: 00.

Russell S, Dewey D, Tegmark M. Research priorities for robust and beneficial artificial

www.wipr.net | Vel12, Issue 1,2023. | 1SO 9001:2015 Certified Journal | 670



Yadav et al. World Journal of Pharmaceutical Research

41.

42.

43.

44,

45.

46.

471.

48.

49,
50.
51.

52.

53.

54,

intelligence. Ai Magazine, 2015 Dec 31; 36(4): 105-14.

Lakshmi Teja T, Keerthi P, Debarshi Datta NB. Recent trends in the usage of robotics in
pharmacy.

Yussupova N, Kovéacs G, Boyko M, Bogdanova D. Models and methods for quality
management based on artificial intelligence applications. Acta Polytechnica Hungarica,
2016 Mar; 13(3): 45-60.

Brady M. Atrtificial intelligence and robotics. In Robotics and Artificial Intelligence 1984
(pp. 47-63). Springer, Berlin, Heidelberg.

Dilsizian SE, Siegel EL. Artificial intelligence in medicine and cardiac imaging:
harnessing big data and advanced computing to provide personalized medical diagnosis
and treatment. Current cardiology reports, 2014 Jan 1; 16(1): 441.

Neill DB. Using artificial intelligence to improve hospital inpatient care. IEEE Intelligent
Systems, 2013 Jun 27; 28(2): 92-5.

Roff HM. Advancing human security through artificial intelligence. Chatham House,
2017 May.

Hann, A., Troya, J., & Fitting, D. (2021). Current status and limitations of artificial
intelligence in colonoscopy. United European gastroenterology journal, 9(5): 527-533.
Pai, R. K., Van Booven, D. J., Parmar, M., Lokeshwar, S. D., Shah, K., Ramasamy, R., &
Arora, H. (2020). A review of current advancements and limitations of artificial
intelligence in genitourinary cancers. American journal of clinical and experimental
urology, 8(5): 152-162.

Ford & Colvin (2015); McGaughey (2018)

Lohr (2017); Frey & Osborne (2017); Arntz, Gregory & Zierahn (2016, p. 33)

Cadena, Cesar; Carlone, Luca; Carrillo, Henry; Latif, Yasir; Scaramuzza, Davide; Neira,
Jose; Reid, lan; Leonard, John J. (December 2016). "Past, Present, and Future of
Simultaneous Localization and Mapping: Toward the Robust-Perception Age". IEEE
Transactions on Robotics, 32(6): 1309-1332.

Davenport, Thomas; Kalakota, Ravi (June 2019). "The potential for artificial intelligence
in healthcare". Future Healthcare Journal, 6(2): 94-98.

Wu, Jeff; Ouyang, Long; Ziegler, Daniel M.; Stiennon, Nisan; Lowe, Ryan; Leike, Jan;
Christiano, Paul (27 September 2021). "Recursively Summarizing Books with Human
Feedback™.

Lauriola, Ivano; Lavelli, Alberto; Aiolli, Fabio (22 January 2022). "An introduction to

Deep Learning in Natural Language Processing: Models, techniques, and tools".

www.wipr.net | Vel12, Issue 1,2023. | 1SO 9001:2015 Certified Journal | 671



Yadav et al. World Journal of Pharmaceutical Research

55.

56.

S7.

58.

Neurocomputing, 470: 443-456.

Sahu, A., Mishra, J., & Kushwaha, N. (2022). Artificial Intelligence (Al) in Drugs and
Pharmaceuticals. Combinatorial chemistry & high throughput screening, 25(11):
1818-1837.

Danysz, K., Cicirello, S., Mingle, E., Assuncao, B., Tetarenko, N., Mockute, R.,
Abatemarco, D., Widdowson, M., & Desai, S. (2019). Artificial Intelligence and the
Future of the Drug Safety Professional. Drug safety, 42(4): 491-497.

Karmakar S. (2022). Artificial Intelligence: the future of medicine, or an overhyped and
dangerous idea?. Irish journal of medical science, 191(5): 1991-1994.

Noorbakhsh-Sabet, N., Zand, R., Zhang, Y., & Abedi, V. (2019). Artificial Intelligence
Transforms the Future of Health Care. The American journal of medicine, 132(7):
795-801.

www.wipr.net | Vel12, Issue 1,2023. | 1SO 9001:2015 Certified Journal | 672



