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Abstract. As a result of the systematic structural analysis of the collected scientific data on the problem under study, the trends in the
development of the pharmaceutical sector that have established in the global space, including the Russian Federation, have been marked,
the changes in the modern healthcare systems have been noted, and it has been proven that the problem of finding accelerated and efficient
methods of drug development that meet the interests of all stakeholders needs the priority solution. The structure of distributing the clinical
studies of drugs in the world practice has been presented, and data on the funds for the development of the main stages of the process under
study and therapeutic groups of drugs for various nosologies have been presented. The main difficulties of objective assessment of the
formulation development costs have been defined, the influencing factors have been identified, and the methodical approach to calculating
the resources spent has been proposed. The results have been summarized, and the prospects for the rational use of the advanced
information technologies for the development and support of innovative domestic developments in the pharmaceutical sector have been
demonstrated. As a result of the research into the scientific data, a real opportunity to optimize the costs of developing innovative drugs
through their repositioning has been demonstrated for the first time, the conceptual methodical approach to solving the identified problems
has been justified, and prospects for its implementation have been outlined, with due consideration for the further development of the
pharmaceutical market and the introduction of personalized pharmaceutical care. The study has been conducted on the basis of systematic
analytical structuring of the information data and the results of independent research with the identification of global trends and the
determination of practical significance, as well as scientific perspectives in the field under study.
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1. Relevance
The scientists and experts in the modern global scientific community note that the majority of states recognize the

pharmaceutical industry as a priority for the innovation-driven growth of the country. Along with this, there are a
slowdown in the average annual growth rate of R&D costs and a decrease in the growth rate of the original drug
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segment, with a simultaneous growth in the generics segment (Sholomitskaya, 2013). The introduction of the new
and increasingly expensive drugs to the market is accompanied by long-term procedures, as well as objective and
subjective risks. While subjective risks are associated with the conscious actions of the market actors, objective
risks are associated with the real state of the environment of the pharmaceutical industry and the related
industries. These include the general level of knowledge in the natural science and medical science, the use of
technological and digital platforms in chemical and biological synthesis, etc. In this context, pharmaceutical
companies seek to reduce operating costs and the length of the R&D cycle, using various strategies for improving
the efficiency and optimization of R&D processes, including outsourcing, Big Data, strategic partnerships,
business process management, etc. (Frank, Ginsberg, 2017).

Along with changes in the pharmaceutical sector, some events also occur in the systems of public healthcare
caused by the rapid growth of infectious and noncommunicable diseases threatening the world community and
accompanied by the emergence of promising methods of their control. The development and introduction of new
medical technologies, as well as the intensive development of personalized medicine necessitate the launch of
innovative drugs with proven safety and efficacy on the pharmaceutical market (World Health Organization,
2019). It is known that the drug development, including personalized drugs, is a complex, time-consuming, costly,
and labor-intensive process. Therefore, the problem of finding accelerated and efficient methods of
pharmaceutical development that meet the interests of all stakeholders is of priority.

Of scientific interest are the analytical systematization of various approaches used in the world practice to
optimize the cost of drug development, as well as the justification of rationalization options for this process by
expanding the opportunities used in the Russian economy. From this standpoint, it is necessary and relevant to
determine the development trends in the pharmaceutical industry in the global space, including the Russian
Federation, conduct a structural analysis of the new drug development, identify problems of objective assessment,
and justify the efficient methods to reduce its cost.

Goal of the article is to carry out a structural analysis of the drug development process and its cost evaluation
with the rationale of the most priority and promising scientific and practical approaches to the cost optimization in
the formulation development.

The study of the modern methods for solving similar conceptual problems has allowed to formulate the following
tasks to achieve the goal: 1) justify the existence of a real opportunity to optimize the cost of developing drugs
that meet the needs of the modern medical practice; and 2) form a methodical approach to building informational
and mathematical models for optimizing costs that are most adapted to Russian conditions, taking into account the
further development of the drug market and the introduction of personalized pharmaceutical care.

The authors selected scientific methods that allowed to ensure the reliability of the results obtained in order to
solve these goal tasks.

2. Materials and methods

The method of the study is based on the principles of the systemic structural analysis and conceptual modeling.
The data from the state and departmental statistics, international analytical agencies, reports of the largest
pharmaceutical companies, published results of research by Russian scientists, data from independent research, as
well as information from publicly available electronic databases of international organizations (World Health
Organization, World Medical Organization, International Pharmaceutical Federation), etc. were used in the course
of the study.
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The study was conducted on the basis of a systematic critical review and analysis of the collected data and the
results of independent research using various scientific methods: retrospective, content analysis, system analysis,
process approach, computational analytical, economic statistical, logical, graphical, and modeling approach.

The critical analysis of scientific sources about the evolution of the drug development in historical sequence was
carried out, and priority problems were identified using the methods of retrospective, systemic structural and
content analysis. The process approach allowed analyzing the process of drug development and the results of
clinical studies differentiated by the selected stages, steps, and phases. The structure of the pharmacotherapeutic
focus of research in new drugs was determined during the systemic structural analysis, and the results of
structuring were obtained using the calculation and analytical method by several cost criteria for the drug
development. The economic and statistical methods were used to estimate rate changes in the growth/decrease in
the average cost of drug development over time, and the trend established over the past decade was defined. The
main factors influencing the increase in R&D costs were identified during the structured logical analysis. The
results of the cost formation simulation in creating the original drug were presented using the graphical method.

3. Results and discussion

The critical analysis of scientific sources about the drug development evolution allowed to trace the scientific
methodological approaches used to find innovative medicines, provide a situational description of the current state
of this scientific and practical problem, identify the emerging challenges, and propose a conceptual approach to its
solution.

According to literary data, about 4,500 companies in the world are engaged in the development of innovative
medicines (new molecular units) or new biological preparations (based on proteins). The quantitative ratio of all
the invented active substances in the composition is distributed as follows: 2/3 are new chemical compounds,
more than 1/10 are substances of biological origin, and about 1/5 are genetic engineering ones (Nuzhnova,
Gribova, 2013). The advanced high-tech approaches involve the use of the high-throughput screening (HTS)
method, the main purpose of which is to identify potential candidates by screening specialized libraries of
components that have desired impact on the receptor. Such a rapid scanning of biological processes allows to
quickly remove the compounds with an unsuitable or zero potential from the list of substances for analysis, and
thus allows to identify potential active substances and make proposals for their optimization regarding the
molecule under study. However, the screening processes are not able to assess toxicity and bioavailability of
substances. As such, the results of the HTS analysis provide a starting point for further steps in the drug discovery
and understanding the interaction or role of a particular biochemical process.

The biological activity is modeled at the next stage using specialized software such as Quantitative Structure
Activity Relationships (QSAR), which results in the creation of a highly active substance with the lowest possible
side effects and financial costs of the developer during the synthesis. QSAR is implemented using one of the
following approaches: 1) direct (creating an appropriate ligand suitable for a specific receptor) and 2) reverse
(selecting a receptor for the existing natural ligand). The scientific principles for implementing these two
approaches are based on various technologies, such as nuclear magnetic resonance (NMR), molecular genetics,
3D modeling of the active molecule using such systems as computer assisted design (CAD). The technology of
full computer simulation of chemical synthesis is also used, which allows to not only find less economically
costly algorithms, but also to bypass international patents by retrosynthesis. Chematica, which is programmed by
developers to comply with about 50,000 rules of synthesis, can be provided as an example of such software.
Based on the reactions published in the chemical literature over the past 250 years and the findings of organic
chemists, each rule informs the software which transformations are possible from any given molecule. The
Chematica algorithms move through this network of options to generate synthetic routes to identified targets for
defining new, efficient, and selective paths. The pharmaceutical company Merck acquired this software to
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improve its business processes in 2017 (Kolenov, 2019). As a result, the final choice of the synthesis process and
design of potential biologically active substances is based on the experience, selectivity, and intuition of the
researcher.

Research approaches to finding innovative medicinal substances constantly change. The elementary empirical
screening has been the main method used for the existing or synthesized chemical compounds in recent decades
(Figure 1).

) , , Molecule’s Molecule’s Human
Molecule’s Molecule’s Molecule’'s A o R
Target ID : : . testing in testing in testing kick-
design synthesis screening Vi vivo off
PC & Lab Research Lab Research Testing in human

Fig. 1. Stages of the modern drug development
Source: Compiled by the authors

The Russian scientist A.V. Pogrebnyak, engaged in the study of new properties of known drugs, noted that the
synthesis of new substances and their pharmacological screening had been the main method of searching for
drugs until recently. Only one-fourth of the total number of the known chemical compounds (more than 60 min)
are available for research, but their pharmacological screening cannot be realized in practice due to the high cost,
since it consumes most of the funds allocated for the creation of a new original drug. Virtual screening has been
extensively developing in the past fifty years due to the increased availability of computing resources, which to a
certain extent can compensate for the high financial costs and labor intensity of the total pharmacological
screening. The use of virtual analysis allows reducing costs as soon as at the stage of the preliminary screening,
where more than 98 % of the substances are screened out. Moreover, computer analysis can be used to identify a
previously unrecorded pharmacological action for the already used drugs. Such an approach is economically
different from the generally accepted one "synthesis first, research second", since pharmacokinetics,
pharmacodynamics, and toxicity have already been studied for the known drugs, and changing their field of
application does not require extensive research. This is especially relevant for certain diseases, where the search
for new drugs for treatment requires great effort and financial costs (Pogrebnyak, 2013).

The transformation of the research content is evident in Figure 2.
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Fig. 2. Stages of the drug development using virtual models
Source: compiled by the authors

The development of the modern information technologies undoubtedly makes a great contribution to the creation
of innovative drugs (Kazancheva, Gerasimenko, 2016). At the same time, computer simulation does not always
guarantee the drug creation since it requires a preclinical evaluation of pharmacological properties. The use of
computer modeling with a wide use of advances in genomics, proteomics, molecular biology, pharmacology, and
medicine promotes a more rational and efficient development, which is manifested in the targeted synthesis of
drugs with given pharmacokinetic and pharmacodynamic parameters.

As a result, the final product is a result of not only the use of the latest information technologies, combination of
knowledge in the various sciences and their domains, but also the rational organization of the necessary
experimental research.

As such, a well-structured sequence of the drug development and research has been established by now: the
process begins with finding a biologically active molecule, hypothesizing, and creating a research project to
determine the therapeutic potential of the new drug (Schuhmacher et al., 2016). Then a study is conducted using
the process approach method, which allows analyzing the results of individual stages of that process and noting
the following features. Only after a potential candidate for the drug has been synthesized, and its structure and
properties have been defined, it is possible to decide whether the drug is ready for clinical trials and move to an
extensive preclinical trials on animals that provides preliminary information about efficacy, toxicity,
pharmacokinetics, and safety. Wide variations in the drug dose are tested using in vitro and in vivo experiments.
An in silico profile can also be implemented using the computer models of the drug-target interaction (Ayn de
Jesus, 2019). As can be seen in Figure 3, about half of the candidate substances for drugs fail to pass tests at the
stage of preclinical studies in testing due to low stability, teratogenicity, high mutagenicity, and many other
reasons.

According to the statistics, the potential drug fails to reach the registration process in the following cases: toxicity
(30 %), insufficient clinical efficacy (27 %), unacceptable safety profile (13 %), preference for other drugs (9 %),
lack of further investment (5 %), and other reasons (16 %) (Belousov, 2012).

The further use of the process approach to research was aimed at identifying reserves for reducing the temporary

resources. As has been shown above, R&D of the innovative medicines is an expensive and lengthy process
consisting of a series of mandatory stages.
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Fig. 3. Proportion of cases of abandoning the drug development at various stages, %.
Source: compiled by the authors

According to many researchers, it takes five to fifteen years to move from the idea to the drug introduction on the
market. In general, the development of a new molecule (development, preclinical phase, subsequent clinical
studies and obtaining regulatory approval) takes 11.8 years on average (Development of new drugs: how much
does it actually cost?, 2014). The search for an innovative active molecule takes three to six years. According to
statistics, only 2 — 3 % of the molecules under study move to the next stage. The subsequent R&D process of the
identified substance can take up to a decade. This includes preclinical studies, which take approximately two
years. Clinical studies involve four phases, three of which last from six to seven years. After this, registration and
production take up to two years.

However, once the drug becomes available to consumers, phase IV of clinical trials comes, called post-
registration or post-marketing. They are usually carried out after the launch of the drug sales in order to obtain
more detailed information about its safety and efficacy. The results of its use in various groups of patients and
with various risk factors are usually analyzed in this phase, with the detection of previously unknown and rarely
encountered side effects. Along with this, new properties can be found in the already registered drug, and data for
registering its new indications can be obtained, the prospects for creating a new delivery or research system and
registering a new, more rational dosage form can be proposed, taking the patient's age into account, which
contributes to the personalization of pharmaceutical care (Jain, 2019). Besides, the analysis of the results of
registering some drugs for new indications suggests that this contributes to the reduction of the duration of the
development process because certain types of clinical research become optional, and their duration may vary. The
length and cost of the marketing research of the pharmaceutical company for this product are also reduced
(Belousov, 2006). See Figure 4.
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Fig. 4. Chart of the sequence of clinical studies phases, their average length and impact
Source: Compiled by authors

The structure of the pharmacotherapeutic focus of research in new drugs is represented by the following data: 31
% are related to the search for drugs in oncology, 14 % are related to the creation of new drugs for the treatment
of various infectious diseases, and about 13 % are related to scientific developments in the therapy of
cardiovascular diseases. The remaining part of the structure is represented by the most relevant research in the
creation of new anti-diabetic, anti-inflammatory drugs, medicines for the treatment of various mental diseases,
etc. (World Health Organization, 2019). A chart of the distribution of the global clinical studies of drugs in
various therapeutic groups in 2018 is represented in Figure 5, which indicates that 2/5 of all studies are conducted
in oncology. Currently, most drugs are in Phases | and Il of clinical studies because not all studied drugs move to
the next stages.

The likelihood of a successful clinical study is subject to classification by type of disease. For example, it is
relatively easy to do a blood test and monitor the efficacy and safety of a new drug in infectious diseases, but this
task is much more complicated in the case of cancer or cardiac diseases.

According to statistics, the focus of all scientific research in pharmaceutical development is distributed as follows:
70 % are focused on the synthesis of an innovative molecule, about 24 % are aimed at identifying a new dosage
form, improving dosage, etc., and the remaining 6 % are studying new indications of the already existing drugs
(Nuzhnova, Gribova, 2013).
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Fig. 5. Structure of the distribution of clinical studies of drugs by nosology in the world practice in terms of phases, items
Source: compiled by the authors

According to the results of the express survey of 35 leading experts from a number of pharmaceutical companies,
a decision on repositioning is most often based on the opinion of medical practitioners about the effects of drugs
that are not presented in the instructions (57 % of the respondents), as well as the analysis of data from various
clinical studies, including retrospective, observational, etc. (43 % of the respondents). The programs for
repositioning drugs used in medical practice are already developed.

Repositioning allows saving hundreds of millions of US dollars by eliminating the need for a series of studies on
pharmacokinetics, carcinogenicity, acute and chronic toxicity, including cardiotoxicity, nephrotoxicity,
allergenicity, etc., even though the second and the third phases of clinical studies are unavoidable and costly. The
research laboratories have accumulated numerous data on new therapeutic effects of the known drugs, which
remain unclaimed due to the lack of investment in large-scale clinical studies. Charitable foundations are most
often the main sources of funding for clinical studies on the drug repositioning. For example, the required $50
min to finance the "Metformin against aging" clinical study was collected by the American Federation for the
Study of Aging (Pryor, Cabreiro, 2015).

The length of development of an innovative drug has the most obvious impact on the cost of the development
process. The authors carried out a structured analysis of the cost of the drug development over the past decades in
the course of the independent research, using the data from domestic and foreign scientific sources structured
according to several criteria. It was revealed that the cost of developing an innovative drug was one of the most
variable values: it ranged from $1 bin to $11 bIn in the scientific publications of various authors. Some experts
believe that pharmaceutical companies (especially large ones) try to overestimate this forecast, thus justifying
high prices for new drugs. It is not beneficial for large pharmaceutical companies to make the true information
about their development costs publicly available. Therefore, it is important to take into account that any estimates
of the cost of developing an innovative drug can only be very approximate (Emanuel, 2019). The inconsistency in
determining the cost structure for developing a new drug is one of the reasons for such a significant disagreement
in cost estimates. Besides, the studies conducted in recent years most likely use databases not related to each
other.
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The Tufts Center for the Study of Drug Development published the results of its research in May 2018, where the
average R&D costs for innovative drugs were estimated. The resulting amount is $2.6 bln, and includes $1.4 bin
of direct investments and $1.2 bln of an expected cash return to investors in the long-term development. Taking
the cost of the post-marketing research into account, this amount increases to $3 bin. It is also noted that the
likelihood of the successful completion of Phase I11 of clinical studies and the release of the drug to the market by
regulatory authorities has almost halved over the past four years, and is no more than 12 % (it was 21.5 %,
according to the previous study in 2014) (Sullivan, 2018; Farm giants are going to use blockchain to reduce the
cost of the drug development, 2018). As a result of processing the collected data, the established trend in the
dynamics of the rate of growth/decrease in the average cost of the drug development over the past decade was
defined. A chart presented in Figure 6 indicates their sharp growth over the past five years.

$3 000

19%

$2 500
11%
0,
$2 000 26%
12%
$1500 10% 15% 4%
-10%
$1000
$500
$0

2010 2011 2012 2013 2014 2015 2016 2017 2018
Fig. 6. Dynamics of growth in average costs for the drug development from the discovery to the market launch from 2010 to 2018, USD
min

Source: compiled by the authors

The generalized processing of the obtained data allowed presenting the fractional structure of the phased cost
distribution in the integrated form:

* 24.8 % for research, development, and preclinical studies;

* 57.6 % for conducting clinical trials (57.6 % were distributed among the three stages as follows: 8.1 % for the
first stage, 12.8 % for the second stage, and 36.7 % for the third stage);

* 6.4 % for registration;

* 9.1 % for post-marketing research; and

2.1 % for other costs.

As can be seen in Figure 7, almost two-thirds of the costs fall on the first three phases of clinical studies, while the
costs of the post-marketing research in the last phase are allocated separately (The pharmaceutical industry in
figures, 2012).

Some researchers believe that the development costs can be either well below or well over $1.5 bin, since they
depend on the specifics of creating an innovative drug, including the type of disease. For example, T.A. Khonl
pays special attention to the specific factors of the development cost amplitude, noting that the cost of an
innovative drug varies significantly in therapeutic classes, in particular. This is due to the fact that the drug
development for certain classes has an unequal probability of success in clinical studies, and the difference in the
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length of development for drugs of a certain class is even more noticeable (Khonl, 2013). Innovative drugs
created to control cancer and neurological and respiratory diseases have the longest length of launch on the

market.
24,8%
6,4% n Research, development, and
re-clinical trials
m Phase |
= Phase Il
Phase Il

= Registration

8,1%

= Post-marketing research

n Other expenses

Fig. 7. Quantitative ratio of the costs of developing and introducing drugs to the market by stages, %
Source: compiled by the authors

D.Yu. Belousov notes that most of the drugs are now developed in small and medium-sized companies, whose
innovation costs differ significantly from Big Pharma. This became possible due to high mobility, low overhead
costs, more efficient management, and high labor productivity (Belousov, 2006).

The estimated costs of developing a new drug for various therapeutic classes are presented in Table 1 (USD min):

Table 1. Costs of developing a new drug by nosology, USD min.

1 Blood diseases 1,164

2 Cardiovascular diseases 1,140

3 Skin diseases 870

4 Genitourinary diseases 816

5 HIV/AIDS 694

6 Cancer 1,339

7 Musculoskeletal diseases 1,216

8 Neurological diseases 1,306

9 Parasitic diseases 583

10 Respiratory diseases 1,457

11  Diseases of the nervous system 833
12 Averagevalve 18
13 Standard deviaton 42809

Source: compiled by the authors

According to the Investopedia information financial base, pharmaceutical companies spend about 17 % of their
income on R&D on average, which puts the industry in the top by this indicator (Kenton, 2018).
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A structured analysis of the use of approaches to optimize the cost of developing innovative drugs used in the
domestic and foreign science and practice gives grounds to identifying the key factors influencing the growth in
R&D costs:

* increase in the number of "unsuccessful" molecules (up to 50 %), the efficiency of which failed to prove at the
stage of preclinical studies;

» current trend to increase the number and length of the studies, including research for marketing purposes;

» priority of the drug development for chronic and degenerative diseases that require longer clinical studies, due to
the need of longer administration to achieve the result and a more careful study to detect delayed side effects;

» increased commercialization of research (companies more often have to pay for access to research results that
were publicly available in previous years);

« increase in the average length of the preclinical studies phase;

* increase in the share of extended international multicenter clinical studies;

» focus on biotechnological drugs that are more difficult to create and study; and

» reduction of the state funding of pharmaceutical R&D.

As a result of the study, the authors have identified the real reserves to reduce the influence of some factors listed
above. In recent years, cooperation has become one of the key adaptation factors for the development and solution
of some problems in the pharmaceutical industry. The outdated patents, complex diseases, tough regulatory
environment, and new technologies are just some of the reasons why individual pharmaceutical companies enter
all sorts of collaborations with R&D laboratories, research institutions, non-profit organizations, and even
competitors (Buvailo, 2018; Motlagh, 2018).

Transformation of the R&D through a number of innovative technologies plays a major role in optimizing the
development costs. These include Artificial Intelligence, real data, robotic and cognitive automation, social
networks, mobile devices and telemedicine, which have the potential to improve the research design and decision
making, simplify the recruitment of doctors and patients, and improve the efficiency and accuracy of repetitive
tasks, up to submitting information to regulators. The modern technologies can lead to a dynamic and sustainable
progress in the pharmaceutical industry, focused on achieving high values that are important for the future of
global healthcare (Eremin, Glembotskaya, 2019). According to many experts, the industrialization of innovative
technologies in biopharmaceutics will lead to numerous transformational changes in the operation of the industry,
especially in R&D (World Economic Forum, 2017).

A more detailed study of the results of using the capabilities of the Artificial Intelligence by global
biopharmaceutical companies indicated that the algorithms presented in its applications were capable of analyzing
large amounts of data from such sources as reports on preclinical and clinical studies, medical records, and
genetic profiles. It is able to recognize patterns and trends within these data and develop hypotheses much faster
than the researchers. Possessing an extensive array of information on drugs and research results, the Artificial
Intelligence quickly analyzes the available information and provides assistance to researchers with the search and
new ideas.

Since the traditionally used method of screening a large number of compounds and molecules to identify potential
candidates is a long and expensive process, the Artificial Intelligence is potentially able to carry out this process
faster and at a lower cost through the classification of drugs into categories of therapeutic use with a high degree
of accuracy. It is important to note that even incorrect answers given by the Artificial Intelligence can be useful
because they can identify the secondary use (properties) of a drug that scientists would not have considered
(Conroy, Conroy, 2019).

The above advantages of innovative technologies are aimed at optimizing the development costs and contribute to
the active transformation of the R&D processes in the pharmaceutical sector of the economy in the country.
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The analytical generalization of the scientific data indicated that the costs of developing innovative drugs could be
significantly lower in Russia than in the US and Europe because the Russian government supports domestic
producers. The deployment of the modern domestic R&D system is facilitated by a mechanism of the competitive
targeted funding for economic agents by the state, which allows the former concentrating on the most promising
areas (development of innovative antibiotics, orphan drugs, and bioprinting of tissues and organs) (Global Data,
2017; Jena, 2018).

The studies of the authors are systemic, and the results obtained are basic for modeling the process of optimizing
the costs of the drug development (Glembotskaya, Ivanov, 2017; Glembotskaya, Eremin, 2019). They build the
basis for the formation of an algorithm for a conceptual methodical approach to a more differentiated step-by-step
estimation of the costs of the development, research, and launch of a drug on the market (Figure 8).
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Fig. 8. Model chart of the cost formation when creating the original drug
Source: compiled by the authors

The further plans of research include the development of a transformed model for optimizing the costs of the
pharmaceutical development, taking into account the domestic drug market development, including new
paradigms for creating innovative drugs and personalization technology, which is intended for use by
pharmaceutical companies as a tool for the rational resource planning. A promising area in mobilization of the
identified reserves of reducing the length and cost of pharmaceutical development is a wider use of the advanced
information technologies based on the formation of the appropriate scientific basis.

Conclusions

1. The structured analysis of the scientifically justified approaches existing in the world practice to optimize the
cost of the drug development has been carried out. The amounts of the consumed funds have been analyzed in
terms of the main stages of the process under study and therapeutic groups of drugs for different nosologies. The
key difficulties of the objective evaluation of the pharmaceutical development costs have been defined, and the
influencing factors have been identified.

2. The scientific and practical approaches to the drug development cost reduction that are most adapted to the
Russian conditions and corresponding to the scientific level and the needs of the modern medical practice have
been identified, taking into account the prevailing global trends in the pharmaceutical market. The list of factors
contributing to higher costs for pharmaceutical development has been formed, and real reserves for their
reduction have been identified, taking into account the specifics of the domestic R&D system development,
which necessitates the development of cooperation and transformation of processes through a number of
innovative technologies.

3. The real opportunity to optimize the costs of the drug development in order to make rational use of the R&D
funds by pharmaceutical manufacturers has been theoretically justified and demonstrated by scientific evidence,
which will ultimately contribute to providing the modernized personalized medical and pharmaceutical aid to the
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population. It has been proven that the priority way to reduce the cost of the drug development is the careful
formulation and implementation of post-marketing research programs by pharmaceutical companies, during
which there is a real opportunity to identify additional effects of drugs and to reposition them.

4. A scientifically proven prospect of optimizing the cost of developing highly efficient and safe drugs with high
social significance through repositioning is not only described by scientific novelty for the first time, but also has
a practical focus. The prospects for the further development of the conducted research to solve the problem of
finding accelerated and efficient methods of the drug development by domestic and international scientific
community have been revealed.
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