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APPLICATIONS OF ARTIFICIAL INTELLIGENCE IN MEDICINE AND

PHARMACY - ETHICAL ASPECTS

Emilija J. Kosti¢*2, Dimitrije A. Paviovi¢!, Miroslava D. Zivkovi¢i3

In the last 30 years the development of artificial intelligence (AI) that can be applied in
all areas of science has brought nhumerous benefits. Many researchers have explored potential
applications of intelligent techniques in every field of medicine. The importance of Al is reflected
in the possibility of proper decision-making, without subjectivity, fatigue, with unlimited
possibilities of remembering and making conclusions. This is important in medicine, for the
prevention and diagnosis of various diseases, as well as therapy monitoring. Numerous studies
have shown that AI will soon replace medical staff in numerous activities, as results obtained by
Al are better and more precise. A number of applications have been developed to simplify
patient adherence to therapy, which ultimately affect the therapy. The application of AI is
present in the pharmaceutical industry, in the design of new drugs. This precludes preclinical
tests, which are extremely long and expensive. Al makes conclusions based on the available
data, so the validity of data must be taken into account because extremely important algo-
rithms are based on them. An important aspect is the protection of patient data since the
possibility of data becoming public is a major ethical problem. Computers and Al are the cause
why many people are replaced at their jobs, and the tendency is that such a trend continues.
The question arises whether the machines should replace people in areas such as medicine,

where feelings, empathy, and warmth are very important factors.
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Introduction

For centuries, there was a distinction between
man and the rest of the natural world as well as
human domination over the rest of the living world.
This distinction is seen in the capability of learning,
concluding and making decisions. The logic and abi-
lity of inductive thinking make the human brain su-
perior to the most advanced computer. As a result of
man's desire to produce software that, like the hu-
man brain, would be able to solve complex, sophis-
ticated problems in an intelligent way, artificial intel-
ligence (AI) was created (1).
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The importance of intelligent agents nowadays

Al is the main issue of the contemporary
world. Every day people can hear about its achieve-
ments in the most diverse areas of science, techno-
logy, even art, and entertainment. Al considers thin-
king, making decisions, navigating in new situations
for computers or machines. Computers can run 24
hours a day, without tiredness, loss of concentra-
tion, without prejudice, and the amount of informa-
tion that can be processed per unit of time is dis-
proportionately greater (the computer that defeated
Chess Grandmaster Kasparov had the ability to esti-
mate 200 million moves per second). Also, they do
not die; their knowledge remains forever, unlike the
knowledge of a human that disappears after their
death.

The idea of an ideal machine that will have
the capability of thinking comes from the ancient ti-
me, but the conception of AI was introduced by John
McCarthy in 1956 (2). Great progress in this area
has been remarkable in the last 60 years. It was
conditioned by discoveries in the field of neurosci-
ence, cognitive psychology, information technology,
statistics, mathematics, cybernetics, and logic. There
are tendencies to secure progress in the future. Al
refers to artificial neural networks (ANN), fuzzy ex-
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pert systems (FES), evolutionary calculations (EC),
and hybrid intelligent systems (HIS) (3).

The "thinking" of a computer is based on al-
gorithms, which represent the steps in that process,
similar to solving a puzzle. Very often, people use
intuition to solve the problem, and views on the ef-
fectiveness of the use of intuition are varied and
often conflicted (3).

Potential applications of AI in solving
some of the global health problems

The health and well-being of every human
being is a priority of the modern world. There is a
constant need for the promotion of health and di-
sease prevention, of both chronic and acute condi-
tions. There are diseases that medicine has eradi-
cated, for example through the usage of vaccines,
but on the other hand, there are new diseases, new
infectious agents; the number of cancer patients and
patients with metabolic diseases is on the rise. Data
from the World Health Organization on the number
of people with diabetes: in 2016, there were 422
million people affected, while in 2013 it declined to
381 million.4 Data collected in the period from 2008
to 2012 on the incidence of cancer: 454.8 patients
per 100,000 inhabitants and mortality: 171.2 deaths
per 100,000 inhabitants per year (5).

The number of HIV-infected people is 36.7
million, of which 2.1 million children under the age
of 15, according to data from the end of 2016 (6).
There are diseases that can be controlled by ade-
quate drug therapy; life expectancy with adequate
therapy is prolonged, but the quality of life of pa-
tients must also be considered. The achievements of
modern medicine and pharmacy from the invention
of aspirin and penicillin until today are high, but fur-
ther progress is also necessary.

From the middle of the last century, resear-
chers have explored the potential applications of in-
telligent techniques in every field of medicine.

The application of Al technology in the field of
surgery was first applied by Gunn in 1976, for dia-
gnosing the cause of acute abdominal pain by com-
puter analysis (7). The last two decades have seen a
growing interest in the medical application of Al. Mo-
dern medicine faces the challenge of analyzing and
applying a large amount of acquired knowledge in
order to solve complex clinical problems. The deve-
lopment of medical AI was linked to the develop-
ment of AI programs to help the doctor make a
diagnosis, make therapeutic decisions, and predict
the outcome. They are designed to ease the daily
work of health care workers, specifically in tasks that
rely on manipulation of data and knowledge, be-
cause empathy, support, and human warmth cannot
be replaced by artificial systems (8).

Artificial neural networks
Artificial neural networks (ANNs) are compu-

ter programs designed to simulate some of the fun-
ctions of the human brain such as learning, the abi-

lity of generalization and concluding based on prior
experiences (1).

Based on the number of published papers in
the field of application of Al in medicine, it is easy to
conclude that the most important is ANN. ANNs are
designed to solve various problems where classical
methods do not yield satisfactory results. The basic
principle taken from nature is that the nervous sys-
tem processes the information processing with the
help of simple process units - neurons. The basic
principle from nature is that the nervous system
processes information through simple process units
neurons. Another blueprint taken from nature is the
system’s ability to learn. ANNs are not programmed,
they learn by observing a number of examples of
solved problems. Using different learning algorithms,
they detect links and templates within a group of
data presented to them, thus gaining the ability to
anticipate responses to new experimental conditi-
ons (1).

It is the ability of neural networks to gene-
ralize the problem, learn from memorized examples,
analyze non-linear data, handle imprecise infor-
mation by enabling the application of independent
data model that makes them a very attractive ana-
lytical tool in the field of medicine (1, 8).

For the successful application of ANN, it is
necessary to collect as much data as possible. ANN
are networks driven by data so that the quality of
the model depends on the amount of data; there-
fore, they are suitable for data fusion. They learn
"coaching" in an adequate, created environment.

ANN already have a wide range of application
in the real world. Their ability to classify and identify
patterns makes them almost ideal in solving many
clinical problems. As we know the diagnosis, treat-
ment and outcome prediction in many clinical cases
depend on the complex interaction of many clinical,
biological and pathological variables, so there is a
growing need for analytical tools such as ANN that
can perceive the complex relationships between
these variables and use these perceptions to get to
the correct conclusion (8).

Fuzzy expert system

Expert systems represent intelligent computer
programs that contain "expert" knowledge, that is,
knowledge equivalent to that of an expert in the field

(8).

Expert systems place knowledge in a know-
ledge base that is used through illation mechanisms.
The obvious advantage of expert systems is that
knowledge from various specific areas of study be-
comes more accessible via computer programs.
They cannot completely replace expert people, espe-
cially in terms of creativity, and the use of general
knowledge (from ordinary life and other fields), but
they also have some of the advantages over people,
because human knowledge can be lost over time,
especially if it is not often used (8).

Fuzzy logic is the field of expert systems. Un-
like the formal logic in which the reasoning is done
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with two values (true-false, 0-1), fuzzy logic uses
numbers from the interval [0, 1], which is much clo-
ser to reality, to human thinking and expression.
Many phenomena in nature are difficult to describe
with only two states that are mutually exclusive.
Fuzzy logic allows describing such "imprecise" sys-
tems, which is extremely important in medicine be-
cause very often only two values cannot be used to
describe the condition, quality, but it is necessary to
use more of the value (8).

Fuzzy controllers have been designed and im-
plemented to administer vasodilators during surge-
ry, as well as anesthetics (9, 10).

Evolutionary computation

Evolutionary computation (EC) is a general
concept for several computer techniques based on
natural evolution, that is, the mechanism of natural
selection and the survival of the most suitable. There-
fore, evolutionary computation can be used to solve
real problems. The most common use of EC in me-
dicine is "Genetic Algorithms". The principle is to
suggest more solutions to the problem. One set of
solutions will remain and "be transferred to a new
generation, evolve" and advance, to solutions that
will be optimal, and inadequate solutions will be eli-
minated. Most medical decisions can be formulated
as data searches in a very large and complex area.
For example, a cytologist who analyzes a cytology
sample to decide whether they are malignant or not
examines all possible cellular features for a set of
functions that allow him to make a clear diagnosis.
Genetic algorithms use a natural evolution mecha-
nism to effectively search in a given area. They are
applied to perform several types of tasks such as
diagnosis and prognosis, medical image and signal
processing.

Hybrid intelligent systems

All listed systems have their advantages and
disadvantages so that new artificial systems use
more mechanisms, which increases their potential.
Their synergy allows a hybrid system that can get
clear information from raw data, use human mecha-
nisms of reasoning, can work with imprecise infor-
mation and learn to adapt to a changing and un-
known environment (8).

Application of AI in Medicine
Diagnostics

An analysis of disease status involves grading
the degree of disease or progression of the disease.
The purpose is to improve the accuracy of the treat-
ment decisions and forecasting the prognosis. In or-
der to ensure reproducibility, disease analysis is per-
formed using clear, verbalized observations. Skilled
doctors can collect data from patients who do not
cooperate adequately. The problem is human incon-
sistency caused by tiredness (11, 12) or blood sugar
level (13, 14). However, this is not the case with AL
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Bakst was one of the first researchers to
explore the clinical potentials of ANN (15, 16). He
has developed a neural network model that accu-
rately diagnoses acute myocardial infarction. Since
then, ANN has been applied in almost every field of
medicine. ANNs were used in clinical diagnosis, in
the interplay of radiographs, MRI-magnetic resonan-
ce imaging, CT, ultrasound, and wave analysis, elec-
trocardiogram (ECG), electroencephalograms (EEG),
interpretation of data in the placement intensive
care (8).

Stamei et al. have developed a classification
algorithm using neural networks called Prost Asure
Index that can classify changes to the prostate as
benign or malignant (17). This model was subsequ-
ently validated in prospective studies with a diagnos-
tic accuracy of 90%, with a sensitivity of 81% and a
specificity of 92% (18).

Some of the other relevant ANN applications
in diagnosis include abdominal pain and appendicitis
(19) retained stone particles in the bile ducts (20)
glaucomas (21) and back pain (22).

Fuzzy logic is a data processing methodology
that allows ambiguity and is therefore particularly
suitable for the application in medicine. Zadeh wrote
in 1969 that "the most probable field of application
of this theory lies in medical diagnostics and, to a
lesser degree, in the description of biological sys-
tems (23).

Schneider et al. have shown that fuzzy logic
was more precise than multiple logistic regression
analysis in lung cancer diagnosis using tumor mar-
kers (24). It is also used in the diagnosis of leu-
kemia, cancer, for the characterization of breast ul-
trasound, MRI brain.

EC and the principles of genetic algorithms
are used for the diagnosis of lung cancer (25), com-
puterized analysis of mammographic micro-calcifica-
tions (26) for MRI segmentation of brain tumor to
measure the efficacy of treatment strategies (27)
and to analyze computerized 2-D images for the dia-
gnosis of malignant melanoma (28).

Deep learning, a branch of the developing fi-
eld of machine learning, has advanced over the past
several years. In 2012, a deep convergent neural
network, AlecNet (29) showed increased accuracy in
the classification of high-resolution images and in
2015, similar versions, including Google's deep neu-
ral network GooglLeNetResNet's (30) and deep neu-
ral network (31) have exceeded the human limit of
image recognition accuracy.

Takahashi et al. in 2017, evaluated an ANN
system for disease analysis, which assesses the sta-
ge of diabetic retinopathy, and the retina areas that
cannot be visualized on the fundoscopy, as well as
another system that directly suggests treatments
and determines prognoses (32).

Esteve et al. published a paper in 2017 on the
classification of skin cancer using deep neural net-
works. Skin cancer is diagnosed visually. Using AI,
processing a series of images in its databases (spe-
cifically 129,450 images), more precise classification
of skin lesions can be made that represents skin
cancer in different stages. Further development in-
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volves the creation of an application that will allow
dermatologists to work beyond their specialist offi-
ces, which is of great importance in the early scre-
ening of skin cancer (33).

Combining of such algorithms with the know-
ledge and experience of physicians is important. Pa-
rticipants of the International Symposium on Bio-
medical Imaging have created computer systems for
detection of metastatic breast cancer with the help
of data obtained via biopsy of the lymph nodes. The
winner's algorithm successfully detected cancer with
an accuracy of 92.5%. When the pathologist inde-
pendently examined the same images, the success
rate was 96.6%. Combining the prediction of a deep
learning system with pathologist diagnostics increas-
ed the pathologist's success rate to 99.5%, that is
approximately an 85% reduction of the human error
rate (34).

IBM has developed an Al system called Wat-
son. The supercomputer has the ability to quickly re-
view a patient's genetic data to diagnose the dise-
ase, which would normally take several weeks. The
IBM System Watson has diagnosed a woman who
was unsuccessfully treated for acute myeloid leuke-
mia, a rare type of leukemia by comparing the pati-
ent's genetic testing and oncological data from over
20 million cases to which it had access (35).

A new project called Deep Mind has a goal to
create tools for improving the radiotherapeutic treat-
ment of head and neck cancer. Medicine specialists
need 4 hours to inspect the obtained video in detail.
Bearing in mind that there are parts of vital im-
portance in that area, it is extremely important that
the healthy cells remain intact. By reviewing a large
database and applying adequate algorithms, this
process would take Deep Mind about an hour to
finish, which leaves the physician more time to work
with patients (36).

Prevention of disease

Prevention of disease is an extremely impor-
tant branch of medicine. With the help of neural net-
works, patients who have been predisposed to a
condition can be identified, and it is possible to focus
on them in order to prevent the progress of the di-
sease. It is also possible to predict the survival of
patients with breast cancer and colorectal carcino-
ma (37, 38).

When predicting the outcome of treatment for
patients in intensive care units, ANN showed better
prediction power compared to APACHE Iltest for the
severity of patients' condition (39).

In a search for a reliable sign that a patient
with mild cognitive impairment would suffer from
Alzheimer's, experts initiated neuroimaging of brain
structures of people with Alzheimer's desease. They
have pulled the data from global tests, in which they
collected recordings and clinical assessment of pa-
tients with mild cognitive impairment. A group of re-
searchers then used Al and big data to develop an
algorithm that would recognize dementia two years
before the first symptoms. The data they used to
teach AI to recognize dementia are amyloid positron

emission tomography (PET) of the brain of patients
who are prone to developing Alzheimer's disease.
After analyzing thousands of PET patient records,
the algorithm has managed to recognize which of
them are susceptible to dementia with 84% accu-
racy (40).

Applications for physicians and patients

A study conducted in the UK has shown that
thousands of patients die in acute renal failure or
sepsis due to insufficiently rapid diagnosis. That's
why Deep Mind has developed an application that
generates patient information and notifies doctors
about changes in vital signs, biochemical parame-
ters, without the need for medical staff to review the
documentation. This application saves 2 hours of
working time to medical staff daily (41).

An application has been developed to monitor
patients using antidepressant therapy. It is known
that the effects of therapy need to be prolonged for
a longer period of time, but with the help of this
application, monitoring of the effects of therapy is
enabled. The condition of the patient is evaluated
more often and in a more efficient manner, which
speeds up their recovery. The effects of the therapy
can be monitored daily. The test works on smart-
phones, tablets and any web browser. Patients com-
plete the test within 10-15 minutes, which includes
recognizing facial expressions and emotions, and an-
swering a range of health issues, which determine
whether there is a shift in therapy (42).

The American Heart Association and the Ame-
rican Society for Infarction of the brain sponsored a
web environment for the monitoring of cardiac pati-
ents called the Heart360 Cardiovascular Wellness
Center. Heart360 allows patients to monitor their
blood pressure, blood glucose levels, cholesterol,
weight, diet, and physical activity, and on the basis
of these data, they receive advice and information
specific to their condition. More precisely, patients
can collect and record these parameters, set goals,
and monitor their progress, review their data in
charts that they can print and share with others in-
volved in their family health, receive news and arti-
cles of potential interest based on their health infor-
mation (43).

More than 20% of the time of the medical
staff is spent on data entry. Considering that physi-
cians are overloaded with technical tasks, such as
electronic health records, instructions, orders, they
have less time for patients, research, mastering new
technologies and improving their skills. Radical pro-
ductivity improvements are needed, in order to
maintain the current health standards and to make
progress. The combination of human expertise and
automated functionality creates a model of "perfect"
physician (44).

Immortality is the idea of alchemists since an-
cient times. Company Insilico medicine has created
an algorithm, which can calculate the biological age
of any patient based on parameters of their blood.
This is the way in which AI can help people, by cal-
culating biological age, to prolong life. This artificial
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neural network is trained by hundreds of thousands
of patient data. After the acquired values, a person
can change the lifestyle, include certain medications,
supplements in the therapy. In a study published in
2018, the accuracy of the acquired values was test-
ed with this application, and the results showed that
blood parameters can be used reliably in determi-
ning biological age (45).

The modern world is unimaginable without
social networks, where two billion images are publi-
shed each day. After a study showing that blind peo-
ple feel outcast and frustrated about the inability to
access such content, Facebook has decided to help
these people with the help of Al. There are 39 mil-
lion blind people in the world, and even 246 million
have vision disorders. Using AI, which, with the help
of algorithms, recognizes visual representation, blind
people are enabled to recognize the content of the
picture. It is planned that detailed and precise image
descriptions will be written in the upper right corner
of the photo, which will then be translated into an
audio signal, also using the application (46).

Another social network focused on the rese-
arch of users who potentially have depression. With
the help of machine learning and the correlation be-
tween the colors of the published images and the
mental health of an individual examined, a signifi-
cant correlation was observed. In addition to colors,
the use of contrasts and ace recognition were taken
into account, and it was concluded that people with
depression do not have a lot of pictures with other
people on the profile, which is an indicator of socia-
lity, as well as the number of likes and comments.
The researchers have shown that the success of this
algorithm is 70%, which is a higher percentage com-
pared to general practitioners’ (47).

A new application that is used on the software
platform for data analysis processes information
from the sensor. This software platform relies on the
original algorithm for identifying hand-to-mouth ges-
tures that characterize smoking cigarettes. Observa-
tion of smokers while smoking and immediately no-
tification of smokers through the SmokeBeat appli-
cation led to a reduction in smoking and showed a
significant change in the study group regarding the
number of cigarettes per day, while the control
group did not make any significant changes (48).

Application of AI in Pharmacy

The application of Al is not only seen in the
diagnosis, monitoring, prediction of the disease, but
also in the development of new drugs. The use of
machine learning, in preliminary (early stages) drug
discovery, starts from the initial screening of drugs
to the predicted rate of success.

Clinical trials

Clinical trials of drugs are long-lasting and
costly, and machine learning has several useful po-
tential applications in helping to organize clinical tri-
als. The application of an advanced, predictive ana-
lysis in identifying candidates for clinical trials, find-
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ing the best size sample for increased efficiency, ad-
justing the differences in patient recruitment sites
and using electronic medical records to reduce data
errors can lead to more efficient and more cost-ef-
fective testing.

Machine learning can also be used for remote
monitoring and access to real-time data for increas-
ed security; for example, monitoring biological and
other signals for any sign of injury or death of the
participants (49).

Drug design

The way in which Al is used in the design of
new drugs is based on monitoring the interaction of
the 3D models of molecules and target sites (recep-
tors, enzymes,...) which can represent possible the-
rapy. This is achieved by the application of deep
learning based on the existing behavioral history of
the molecules. In other words, just as Al manages
to learn how to recognize images - by inspecting
thousands of examples of images, it generates po-
tential drugs based on the behavior of the molecules
in its base. Different programming companies, in
collaboration with scientists from natural sciences,
have created an algorithm that detects an inter-
action between drugs and a broad biological system,
which then narrows into smaller groups of activities.
It also points out that the testing of tens of millions
of cases makes extremely accurate and quick pre-
dictions. And that is precisely the key to ensure suc-
cess in the development of drugs, primarily because
Al can scan all possible combinations more quickly
and narrow down possible actions. In addition, in-
stead of average 12 years and $2.9 billion for drug
development, scan results can be obtained in a few
weeks with a significant reduction in costs (50).

Last year, a virtual search was launched for
safe, existing drugs that could be redesigned to treat
the Ebola virus. Two drugs were found through the
Al technology of the company that can significantly
reduce the Ebola virulence. This analysis, which usu-
ally lasts for months or years, was completed in less
than one day (51).

Epidemiology

By using machine learning and Al, the history
of the epidemic can be studied, the activity of social
media analyzed, and it can be predicted where and
when the epidemic can occur with considerable ac-
curacy. The AIME-AI Project in Medical Epidemiology
and their platform make it possible to predict the
exact geographical location and the date of out-
breaks of infectious diseases such as tropical fever
or zyka for three months in advance, with a preci-
sion of 86.37%. It has been found that 270 change-
able factors affect the outbreak of epidemics. An au-
tonomous system was developed so that every 23
seconds it autonomously automatically goes through
270 variables. Some of them are the speed and di-
rection of the wind, the temperature, the movement
of the population (52).
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Formulation of Pharmaceutical Preparations

The application of neural networks as one of
the Al technologies is a modern approach to solve
the complex problems of formulating pharmaceutical
preparations. The application of ANN represents a
new dimension in the formulation of pharmaceutical
preparations due to unique advantages, such as
nonlinearity, the ability to model and optimize with a
small number of experiments. ANN have been suc-
cessfully applied in designing compositions of phar-
maceutical preparations, optimizing production pro-
cesses, providing and controlling quality, predicting
the stability of pharmaceutical preparations, in vitro
testing the rate of release of the active substance
from the pharmaceutical form and in vitro / in vivo
correlation. With the development of new, powerful
software packages adapted to the user, the applica-
tion of ANN in the design and development of new
pharmaceutical preparations is also foreseen, as well
as for the quick and simple assessment of their sta-
bility, safety, and efficiency while at the same time
significantly reducing costs (1).

Adherence

The development of medicine is aimed at tre-
ating the disease, but without an adequate way and
frequency of taking drugs, the success of therapy is,
almost certainly, impossible. New technologies in
medicine have found application in monitoring of
therapy. Chronic therapy adherence is important be-
cause chronic diseases such as diabetes, hyperten-
sion, have no clear symptoms, so patients can often
skip the dose. Studies suggest that 33-50% of pati-
ents do not take medication correctly, which contri-
butes to nearly 100,000 premature deaths each
year. Inadequate adherence is the main cause of
uncontrolled hypertension, which is the main cause
of stroke, coronary heart disease, cardiac insuffici-
ency, and mortality.

To cope with these challenges, researchers
have applied Al to develop an adherence model that
automatically adjusts the communication of text
messages to the individual needs of patients. An ad-
herence monitoring study was conducted in two
groups of patients. One group was control and res-
pondents applied a drug from the bottle that had the
ability to record the date and time of the opening.
The second group was examined and respondents
used the same bottle and SMS reminder system.
SMS had a motivational content, but content and
frequency of messages would automatically be ad-
justed using AI algorithms. Adjustment of the con-
tent is done due to differences in the use/non-use of
drugs. It is based on the principle of rewards and
punishments, and further content and frequency of
messages depend on it. The results showed that the
adherence of the investigated group was significan-
tly improved over 3 months, compared to the con-
trol group (53).

Application of AI in Genetics

Genome sequencing is known to be a large,
long-lasting venture, which is believed to allow
scientists to inspect etiology of numerous diseases.
However, no one predicted the enormous amount of
data they will receive and which someone will have
to process to get useful information. Today, machine
learning and hardware help to get to data with com-
puter support, which further accelerates research. It
is now known that the causes of various diseases do
not lie in the mutation of a single gene, but involve
multiple genes, as well as their interaction. The se-
quencing of the genome that earlier lasted for days
has now been shortened for a few minutes, and the
information can be used concretely. Genome se-
quencing is extremely important in early detection of
disease, infertility, non-invasive prenatal tests, men-
tal health tests and prediction of genetic therapy, in
infectious diseases, and cluster redistribution of Clu-
ster (Clustered Regularly Interspaced Short Palind-
romic Repeats) genome modification.

Ethical Aspects of applications of AI in
Medicine

The difference between man and machines
and other beings is the ability to think. But, is this
still true today? With the development of Al and
intelligent agents, it may no longer be the case. Is
the man still a "superior" race, and if so, for how
long? What is the distinction between man and ma-
chine now? Today we can say that these are emo-
tions, conscience, empathy. Again, questions arise,
until when? As we could not imagine an agent who
will be able to think independently, make decisions,
so it is incredible to us today that it is possible that
they will have emotions.

It is believed that automation and AI will take
over, and over the next 5 years, 7.1 million jobs will
be extinguished, mainly in the area of administration
and industry. There are various workplaces that are
dangerous to people, such as mines, quarries, so re-
placing them with robots is an exceptional benefit.
Also, in different jobs where there is a continuous
repetition of actions, due to loss of concentration,
injuries, disabilities, even deaths are possible.

The administration is an inevitable obligation
for professionals in all areas, but with Al, it is pos-
sible to shorten the time spent in performing the
bureaucratic chore. This applies, first of all, to medi-
cal staff, who need to be dedicated to patients. Such
changes would certainly influence the improvement
of the quality of health care.

How smart is it to give so much power to
agents? It's one thing that they have a picture of the
environment themselves, and quite another about
the circumstances, aspects of the society in which
they occur. The question arises as to whether they
will turn against us, whether it will have some de-
vastating tendencies. Such dilemmas have surfaced
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since the time of the invention of dynamite, then the
invention of nuclear energy, since they were later
used for the purpose of killing people, i.e. warfare. Is
a human being a humane being? A man has made
various disasters through history, started wars in
which millions have dyed, developed new infectious
agents, etc.

The drone, which transmits defibrillator to pa-
tients with myocardial infarction, was previously me-
ntioned. What happens if there are two simultane-
ous calls? Is the drone, despite Al, capable of ma-
king a decision to help patients? Can we let it make
such important decisions? This is just an example,
but the ethical question of leaving the decision to in-
telligent agents pervades all other areas of Al.

When it comes to Al, it is about collecting and
procesfourquestions: PAPA (privacy, accuracy, pro-
perty, accessibility).

Privacy: What information should a person
disclose to others, and under what conditions? What
can people keep for themselves and not be forced to
disclose to others?

Accuracy: Who is responsible for the authen-
ticity, loyalty, and accuracy of the information? Simi-
larly, who will be responsible for information errors?

Ownership: Who owns information? What is
the fair "price" for information exchange? Who owns
the channels through which information is transmit-
ted?

Accessibility: What information does a person
or organization have the right or privilege to obtain,
under what conditions and with which safeguards?

Who collects this information, where, in what
way? This process is extremely important and res-
ponsible because based on this data, the setting of
an algorithm will play an important role.

Our moral imperative is clear. We must en-
sure that the information technology and the infor-
mation they handle are used to improve the dignity
of mankind. In order to achieve these goals, we
need to formulate a new social contract, which ensu-
res everyone the right to fulfill their human poten-
tial (54).

The data collected must be adequately guard-
ed, as the Data Protection Act requires this. The
Deep Mind project is working to analyze 1.6 million
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patients annually in three hospitals in London in or-
der to analyze and improve radiological healing of
the head and neck. Information management has
signed a special agreement with a precise data pro-
tection plan, regulations, methods of implementation
and control, and the possibility for patients to veto
the use of their data. There are always concerns
about possible hacking incursions or the sale of in-
formation.

Google, which is the maker of the Deep Mind
project, is one of the most powerful corporations in
the world, and it is undoubted that with the deve-
lopment of these projects in healthcare, you will
earn huge amounts of money. If this improves
health care and helps save lives and treatments,
then this is not a moral issue, because human health
is imperative about which there is no dilemma. The
real question is not to allow hospitals to become
dependent on the technology of one of the most
powerful companies in the world.

Use of Al is impossible without complex soft-
wares, hardwares, cameras and other sensory sys-
tems, or smartphones. Such devices are not avail-
able in all countries of the world due to lack of mo-
ney. Is it necessary to develop new technologies,
while in some parts of the world there is still a short-
age of food, water, basic livelihoods, where there is
a high percentage of illiterate people suffering from
a wide range of illnesses? The difference in economic
status and the way of life of people in different parts
of the world has always been a big gap, and there
are chances that it will be even greater, using Al

Social networks have possibilities to investi-
gate people’s interests. Based on searched products,
which sometimes can be drugs, psychoactive subs-
tances, plants, herbal products, people’s interests
can be analyzed. Collected data are important for
marketing of companies which produce those pro-
ducts. Advertisings are presented to other people in,
for example, the same social network groups. Social
groups usually consist of people of similar age, sex,
interests, but they are not the same health status. If
advertised products are health products, it is dan-
gerous, because the same products are not safe for
every person. This can lead to many adverse effects
and intoxications.
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PRIMENA VESTACKE INTELIGENCIJE U MEDICINI I FARMACIJI -
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Poslednjih 30 godina zabelezen je razvoj vestacke inteligencije, Cije se dobrobiti mogu
primeniti u skoro svim oblastima nauke i Zivota. Od sredine proslog veka, istrazivaci su otkrili
potencijalne primene (tehnika vestacke inteligencije) u svakom polju medicine. VaZnost
vestacke inteligencije ogleda se u moguénosti pravilnog odlucivanja, bez subjektivnosti, bez
umora, sa neograni¢enim mogucnostima uporedivanja, pamcenja i zakljucivanja. Ovo je
veoma vazno u medicini, za prevenciju i dijagnostiku razliCitih oboljenja, kao i za praéenje
efekata terapije. Brojne studije pokazale su da c¢e uskoro vestacka inteligencija zameniti
medicinske radnike u brojnim aktivnostima, jer su rezultati dobijeni primenom vestacke
inteligencije bolji i precizniji. Razvijene su brojne aplikacije koje bolesnicima pojednostavljuju
pridrzavanje terapije, ¢ime se poboljSava adherenca i u konacnome efekat terapije. Primena
vestacke inteligencije zastupljena je i u farmaceutskoj industriji, u dizajnu novih lekova. Ovim
se skracuju pretklinicka ispitivanja, koja su izuzetno duga i skupa. Vestacka inteligencija
donosi zakljucke na osnovu podataka koji su joj dati, pa se mora voditi racuna o validnosti tih
podataka, jer se na osnovu njih razvijaju izuzetno bitni algoritmi. Vazan je aspekt zastita
podataka o bolesnicima, jer je mogucnost objavljivanja tih podataka veliki eticki problem.
Zbog raCunara i vestacke inteligencije ve¢ mnogo ljudi gubi posao Sirom sveta, a postoji
tendencija nastavka ovakvog trenda. Pitanje je da li je potrebno da masine zamene ljude u
oblasti kao Sto je medicina, gde su osecanja, empatija i toplina vrlo vazni faktori.
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