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DIRECTIONS OF IMPROVING MANAGEMENT OF INNOVATIVE ACTIVITIES IN
PHARMACEUTICAL COMPANIES

Sanjay Kumar Nayak, Olga Posilkina, Olena Litvinova

The purpose of the work is to substantiate theoretical provisions and practical recommendations for improving the
management of innovative activities of pharmaceutical companies (PC) for the implementation of strategic tasks
regarding innovative development and increasing competitiveness.

Materials and methods. To achieve the goal of the study, scientific sources on innovation management and intellec-
tual property management and the peculiarities of the organization of innovation processes in pharmacy were ana-
lyzed. When conducting research, methods of information search, systematization, comparison, and generalization
were used, as well as the method of expert evaluations, taxonomic analysis, and a graphic method to increase the
clarity of the presentation of the material.

The results. The main directions and features of innovative activity in pharmacy have been studied. A generalized
algorithm for managing innovative activities in pharmaceutical companies is given. The relevance of evaluating
and managing the innovative potential of PC to achieve a synergistic effect from the use of resources involved
in innovative activities is substantiated. A structural model of the innovative potential of PC is proposed, which
considers the peculiarities of the flow of innovative processes in pharmacy, related to the development and intro-
duction of new pharmaceuticals to the market. A methodical toolkit for quantitative and qualitative evaluation
of the innovative potential of PC has been defined. To improve the management of the PC's innovative activity, a
methodology for determining the range of management decisions is proposed based on the results obtained in the
framework of creating a report on the patent landscape.

Conclusions. In order to achieve the provision of effective and safe domestic drugs to the population of Ukraine,
it is necessary to intensify research in the direction of the formation of an effective system of management of the
innovative activity of pharmaceutical companies (PC), focused on their gradual transition to an innovative devel-
opment model. The conducted analysis showed that despite a sufficiently large number of publications devoted to
the problems of innovation management, issues related to the problem of forming an effective system of managing
the innovative activity of PCs, as well as choosing an effective toolkit for evaluating and managing their innovative
potential, taking into account the specifics of the flow of innovative processes in pharmacy, remain insufficiently
disclosed and require further research. The proposed structural model of the innovative potential of the FC, a jus-
tified methodological toolkit for its assessment, as well as the construction of a cognitive map to determine the most
appropriate key components and directions for further improvement and development of the innovative potential
will contribute to increasing the efficiency of the innovative activities of enterprises and the implementation of the
goals of the innovation strategy. The developed algorithm of preventive management of innovative activity of the
PC, aimed at improving the quality of decisions made on innovation management thanks to the use of patent land-
scape tools, will also contribute to the faster entry into the market of domestically produced innovative medicinal
products
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1. Introduction
The pharmaceutical industry is the most high-tech

ever, the availability of innovative medicines is a serious
problem worldwide in the context of the COVID-19 pan-

and science-intensive industry in the world economy, with
a share of research and development costs in total sales of
more than 14 %. At the same time, the companies, the
leaders of the world pharmaceutical market, plan to in-
crease R&D expenditures by another 30 % by 2026 [1, 2].
Creation of innovations in pharmacy, especially in
the treatment of non-infectious diseases, has a favourable
effect on the health and quality of life of patients. How-

90

demic, the global economic crisis, the aging population,
and the increase in the number of non-infectious diseases.

At the same time, according to foreign experts, the
number of new drugs approved in the US every year has
increased only marginally in recent decades, while re-
search and development costs have become incompara-
bly higher. It is noted that the cost of pharmaceutical in-
novation has reached gigantic proportions — bringing a
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new drug to the market costs more than 1.3 billion US
dollars (direct costs), and the amount of capitalized costs
for one drug is more than 2.5 billion dollars. Since only
one of the many drugs being created turns out to be suc-
cessful, the final cost of one successful drug consists of
the costs of all other studies [3—7].

Table 1
Spending on R&D of the world’s leading PCs [1]
Expenditures on R&D,

Company billion US dollars

2019 2026

Roche (Switzerland) 10.3 12.9
Merck & Co (USA) 8.7 11.0
Johnson & Johnson (USA) 8.8 10.7
Novartis (Switzerland) 8.4 9.7
Pfizer (USA) 8.0 9.7
Bristol-Myers Squibb (USA) 5.9 9.4
GlaxoSmithKline (United Kingdom) 5.5 7.6
AstraZeneca (United Kingdom) 5.3 7.5
AbbVie (USA) 5.0 7.3
Eli Lilly (USA) 5.6 7.0

Total 71.5 92.8

Others 114.5 139.7

All in total 186.1 232.5

Among the main problems faced by innovative
activity in pharmacy today, experts include the difficulty
of predicting the final success of innovative projects,
high regulatory requirements, shortening of the effective
term of patenting, etc. Often, the process of drug devel-
opment is interrupted at the final stage of clinical trials.
Thus, out of 10,000 substances synthesized in laborato-
ries, only 1-2 successfully pass all stages of testing and
enter the pharmaceutical market in the form of ready-
made drugs. And even if all phases of clinical trials have
been successfully completed, the decisive decision to
bring the final product to the market is beyond the com-
petence and influence of the PC, which fundamentally
distinguishes the life cycle of innovative drugs from the
products of other science-intensive industries. In addi-
tion, the duration of the period of clinical trials and the
terms of consideration of their results by regulatory bod-
ies significantly reduced the effective term of patenting,
when the drug already brought to the market is still under
patent protection [5, 8].

Thus, even half a century ago, the 20-year patent
period was significantly longer than the time necessary
for companies to conduct clinical trials and reach agree-
ments with regulators. Instead, now the market entry of
one innovative pharmaceutical product is preceded by
12-13 years of research, due to which a significant part of
the exclusivity period is lost, and therefore the profitabil-
ity of the developed drug is reduced.

Scientists single out the following reasons for the
decline in the effectiveness of pharmaceutical innova-
tion: exhaustion of “low-hanging” fruits: the industry’s
successes led to the emergence of effective drugs for
many common diseases, and further progress is aimed at
very complex and often rare diseases. Moreover, the in-

crease in the cost of drugs does not always reflect their
clinical benefits and negatively affects the availability of
innovative pharmacotherapy for the population [8, 9].

The increasing role of biotechnological drugs, as well
as orphan drugs, which are admitted to the market every
year, should be attributed to the trends of innovative activity
of PC and the specifics of pharmaceutical innovations. In
addition, in recent years, the focus of PC has shifted towards
the specialization of activities: there is a narrowing of the
research profile, increased interaction with contract re-
search organizations, small and medium-sized companies,
and state research institutes [1, 10, 11].

According to pharmaceutical market experts,
Ukrainian companies seeking to withstand competition
and develop need to constantly invest in R&D, particular-
ly in the following three main areas: product portfolio
expansion, process automation and digitalization, and
staff training [2, 12, 13].

Therefore, it can be argued that innovative activity
in pharmacy differs from the development of innovations
of a general nature in specific aspects, which requires
adaptation of the general provisions of innovation man-
agement to the peculiarities of management of innovative
processes in the pharmaceutical industry.

Therefore, in order to achieve the provision of the
population of Ukraine with effective and safe domestic
drugs, it is necessary to intensify research in the direc-
tion of the formation of an effective management system
for the innovative activity of FC, focused on achieving
the target indicators of innovative development, capable
of levelling the influence of internal and external nega-
tive factors and which will meet the set tasks and target
orientations of the innovation strategy companies

The study, understanding and analytical evaluation
of the works of foreign and domestic authors allow us to
draw a conclusion about the undeniable presence of scientif-
ic interest in the management of innovative activities of en-
terprises in the conditions of a market economy. At the same
time, despite considerable research experience and consid-
erable study of the problems of innovation management, it
should be noted that the issues related to the formation of an
effective system of management of innovative activity in the
pharmaceutical industry, as well as the selection of an effec-
tive toolkit for evaluating and managing the innovative po-
tential of PC require further developments.

Thus, the complexity and multifacetedness of this
problem, as well as its high practical significance for re-
plenishing the assortment of innovative domestically
produced pharmaceuticals, determined the choice of the
research topic.

The aim of the work is to substantiate the theoretical
provisions and practical recommendations for improving
the management of innovative activities of pharmaceutical
companies to implement the strategic tasks of their inno-
vative development and increase competitiveness.

2. Research planning (methodology)

The following research plan has been developed:

— determination of the features of innovative activity
in pharmacy and the specifics of innovative processes re-
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lated to the development and introduction of pharmaceuti-
cals to the market, and their further consideration in the
process of developing scientific and practical principles for
improving the management of innovative activity of PC;

— substantiation of the need to manage the innova-
tive potential of FC on the basis of its objective assess-
ment for choosing an appropriate innovative strategy and
diagnosing promising directions for its development;

—analysis and generalization of theoretical and sci-
entific-practical approaches to determining the structure
and methods of evaluating the innovative potential of PC;

— formation of a system of local indicators based on
the components of the innovative potential of FC, taking
into account the features of innovative processes for the
creation of new pharmaceuticals;

— development of an algorithm for calculating the
complex and integral indicator of the PC’s innovative
potential;

— justification of the expediency of building a cog-
nitive map based on the determination of correlations
between indicators characterizing the innovative poten-
tial of PC, to determine the priority directions of its de-
velopment and develop the map on the example of one of
the investigated PC;

— development of an algorithm for preventive man-
agement of the innovative activity of PC with the appli-
cation of patent landscape tools to improve the quality
and validity of decisions on the management of pharma-
ceutical innovations.

3. Materials and methods

Research was conducted using databases on the
Internet: the European Center for Information Systems
Research, the European Medicines Agency, the State
Statistics Service of Ukraine, scientific and metric data-
bases — Scopus, Web of Science. The search was con-
ducted using keywords: innovation activity, innovation
process, innovation potential, assessment methods, pat-
ent strategy, toolkit of patent landscapes.

Following research methods were used: logical,
systematic analysis, comparison, generalization, graphic,
expert, and statistical methods and methods of taxonom-
ic and correlational analysis.

When developing theoretical and scientific-practi-
cal approaches to determining the essence, structure, and
methods of evaluating the innovative potential of PC,
logical and systematic methods and the method of con-
tent analysis were used. Content analysis was also used
in the justification of the system of local indicators for
assessing the innovative potential of PC.

Methods of comparison and generalization were
used to determine the features of innovative activity in
the pharmaceutical industry.

The graphic method was used to visually present
the research results.

The expert method was used to form a system of
local indicators based on the components of the innovative
potential of PC. The collection of information was carried
out by the method of a standardized expert survey. The
formation of the group of experts took place with the in-
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volvement of representatives of the scientific field and
practical pharmacy. The choice of the method of assessing
the degree of competence of experts and the establishment
of the minimum necessary number of the expert group
were carried out using statistical research methods based
on the methodology [14]. The level of agreement of expert
assessments was determined using coefficients of varia-
tion and concordance. Pearson’s test was used to assess the
significance of the concordance coefficient.

The taxonomic method was used to calculate com-
plex and integral indicators of PC innovation potential.
Correlation analysis was used in the process of determin-
ing the indicators that have the most significant impact
on the level of innovative potential of PC, to build a
cognitive map.

4. Research results

Innovative activity in pharmacy differs from the
development of innovations of a general nature by specif-
ic aspects of conducting preclinical and clinical research,
strict regulatory frameworks, the presence of legal liabil-
ity problems, high cost and high probability of risks and
failures.

And, if for most industries, depending on the depth
of the changes, innovations are divided into radical (ba-
sic), improving and modifying (partial). In pharmacy,
most researchers, based on modern ideas developed in
the world pharmaceutical industry, use the classification
of pharmaceuticals in view of their innovativeness, ac-
cording to which all drugs can be divided into 3 groups:
original pharmaceuticals, generics, and other pharma-
ceuticals (phyto-, homeopathic drugs, combined drugs).
In the composition of original drugs, the priority of
which is determined by their patent protection, innova-
tive drugs and analogue drugs are distinguished, the lat-
ter are divided into drugs with signs of innovation and
pseudo-innovation (me-too). However, innovativeness is
not a constant feature, and analogue drugs because of
their use and disclosure of pharmacotherapeutic potential
can receive the “title” of innovation either in the basic or
in a new field of application. At the same time, medicinal
products that were previously innovations are losing their
positions and moving into the category of analogue
drugs. The last statement is valid when it is necessary to
clearly differentiate drugs that have grounds for priority
registration consideration, priority appointment, inclu-
sion in reimbursement programs, etc. [2, 15].

Implementation of PC innovation activities can
take place in different directions (Fig. 1).

Therefore, in order to achieve the provision of ef-
fective and safe domestic drugs to the population of
Ukraine, it is necessary to form an effective management
system for the innovative activity of PC, considering its
specifics, and which will be oriented towards achieving
the target indicators of innovative development, capable
of levelling the influence of internal and external nega-
tive factors, and which will meet the tasks and target
orientations of the company’s innovative strategy.

The management of innovative activities of the PC
should involve the implementation of certain stages (Fig. 2).
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necessary at this stage to use mod-

Research and development of new drugs and dosage
forms

| ern economic-mathematical, statis-
tical methods and models in order

to construct accurate and reliable

Innovations in the field of pharmaceutical production
technologies

| forecasts.

Improvement of forms and methods of administration of

medicinal substances

The organization stage in-

| volves the implementation of mea-

sures to achieve the goals of the se-

lected innovation strategy. At the

| same time, it is necessary to con-

Implementation of quality management systems

stantly adjust the innovation strategy

|—[ Biological and genetic research

| depending on changes in the exter-

nal environment, which requires per-

and management mechanisms

— ~—/ ~— ~— ~— —/

Development and implementation of new organizational

manent monitoring of the market
| situation.

Fig. 1. The main areas of implementation of innovative activities of PC

The final stage of the manage-
ment of innovative activities of the

As can be seen from the given algorithm, the first PC is constant control over how suc-
stage of managing the innovative activity of the PC cessfully the innovative strategy is implemented and
should be the assessment of its innovative potential, that how effective the measures (projects) are aimed at
is, the determination of the level of innovative resources achieving the goals of innovative development.

and opportunities, the analy-
sis of the ability to use them
effectively.

At the same time, an
assessment of the favourable
market situation should be
carried out, because when
developing both the general
PC strategy and when choos-
ing an innovative strategy, it
is necessary to consider the
threats and opportunities of
the macro environment.

Based on the obtained
evaluation results, the stage
of the PC life cycle is deter-
mined, which is an import-
ant intermediate stage of
management, because it
makes it possible to choose
the vector of further innova-
tive development of the
company based on the gen-
eration of the influence of
internal and external envi-
ronmental factors

The second stage —
planning and forecasting, in-
volves determining the long-
and short-term goals of the
innovative development of
PC, forming an innovative
strategy considering the
stage of its life cycle.

The construction of
these plans should consider
the expected changes in the
macro-environment of the
enterprise; therefore it is

GENERAL ALGORITHM FOR MANAGEMENT OF
INNOVATIVE ACTIVITIES OF PC

|

Assessment
- Evaluation of the
~ Evaluation of the favorable conditions of
innovative potential of the pharmaceutical
PC market
\ Defining of the PC life cycle /
stages
v
Planning and forecasting
Development of PC Forecasting chapges in the
innovation strategy, PC macro—env1r0nment
formation of innovation ‘t})lased on lecon(})lmlc-
policy depending on the mathematical methods and
stage of the company's A } summarizing the opinions
life cycle, selection of ol of experts, determining
innovative projects Sa project budgets an the
suitable for terms of their
implementation implementation
Organization
Implementation of the Adjustment of innovative
selected innovative strategy and projects
strategy depending on changes in the
\ external environment

<
Control
(observation of the
implementation process of
innovative strategy and
projects, evaluation of
effectiveness and
efficiency)

Fig. 2. Generalized algorithm for managing innovative activities of PC
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Thus, it can be noted that the basis of effective in-
novative activity of any PC is its presence of sufficient
innovative potential, which we consider as a set of knowl-
edge, skills, technologies, equipment, organizational and
management mechanisms, and other resources that can be
used for development, production, and successful intro-
duction of innovative pharmaceutical products to the mar-
ket. It is the development and effective management of
innovative potential that is a key condition for the creation
of new, more effective, and safer pharmaceuticals.

Effective management of the PC’s innovative po-
tential involves its comprehensive assessment, which is
due to several reasons:

— understanding the level of innovative potential of
PC, the sufficiency of resources, strengths and weakness-
es of the potential is the basis for forming a balanced in-
novative strategy and creating competitive advantages on
the market;

— the results of the assessment and diagnosis of the
innovative potential of PC significantly increase the flex-
ibility of choosing innovative projects suitable for imple-
mentation from several available alternatives, choosing
intellectual property objects created at the enterprise
suitable for further commercialization;

— the presence of a strong innovative potential in
PC is an important condition for increasing its invest-
ment attractiveness and attracting the necessary invest-
ments;

— on the basis of an objective assessment of the in-
novation potential existing in the PC, its opportunities for
timely identification and prevention of certain risks relat-
ed to the implementation of the innovation strategy are
improved;

— the presence of appropriate innovation potential
in the PC contributes to the development of partnership
relations, increases the opportunities for participation in
public-private partnership programs, the conclusion of
effective partnerships with universities, research institu-
tions and other stakeholders;

— the presence of appropriate innovative potential in
PC and its skilful positioning significantly increases the
market value of the company, its market capitalization.

In our opinion, the theoretical and methodological
basis for evaluating the innovative potential of PC should
be based on the main provisions of the theory of evalua-
tion of economic systems [16], taking into account cer-
tain principles of evaluation (objectivity, complexity,
systematicity, structuredness, continuity and flexibility,
adaptability, effectiveness, determinism , comparison),
the selection of adequate methods of potential assess-
ment, which would take into account the specifics of in-
novative activity of PC, the justification of the appropri-
ate structure (components) of the innovative potential of
PC, the construction of a system of local indicators based
on the components of innovative potential.

Based on the results of the analysis of existing ap-
proaches to the assessment of the innovative potential of
enterprises, it was determined that scientists use various
assessment methods, depending on the goals of the assess-
ment, the sphere of activity of the enterprises, etc. (Table 2).
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In our opinion, considering the multifaceted na-
ture of innovative activity of PC, the innovative potential
should be evaluated based on the principles of the system
approach, when the synergistic interaction of the compo-
nents of the innovative potential contributes to the emer-
gence of new qualitative characteristics of the innovative
PC system as a whole. The emergence of the synergistic
effect of the innovation system is caused by the mecha-
nism of combination, interaction, and intersection of
various resources of the innovative potential of the PC.
Considering the above, in our opinion, the most appropri-
ate way to assess the level of innovative potential of PC
is to use the method of integral assessment based on
taxonomic analysis. The expediency of such a choice is
due to the fact that the taxonomic analysis allows solving
the problem of ordering the multidimensional system of
local indicators in accordance with the normative vec-
tor-etalon and provides an opportunity to “collapse” the
multidimensional statistical matrix in relation to local
indicators that characterize the innovative potential of
PC by various components, into a single quantitative
characteristic that allows to obtain a summary assess-
ment and contributes to increasing the efficiency of man-
agement of innovative activities.

The development of methodological approaches to
the evaluation and management of the innovative poten-
tial of PC also requires the definition of its structure. As
the analysis showed, as structural components of the in-
novative potential of companies, depending on the field
of their activity, scientists single out [22—-26]: material
and technical; financial (financial and economic), mar-
keting, organizational, organizational and managerial),
personnel, information components.

But, in our opinion, for pharmacy, which has signif-
icant features regarding the organization of innovative ac-
tivities and the nature of the flow of innovative processes,
associated with the presence of certain specific stages (pre-
clinical biological research of the active pharmaceutical in-
gredient (API); development of quality control methods
(QCM) of API and other non-biological studies; preclinical
biological study of the drug; clinical trials of the drug (I, 11,
III phases of clinical trials); choice of drug form and compo-
sition development; development of the QCM of medicines;
study of drug stability; scaling of the production technology
of drug products; preparation of documentation (registration
file) and registration of medicinal substances and drugs;
post-marketing clinical trials of drugs, etc.), on each of
which scientific research is carried out (Fig. 3), the scientific
research component should be an important component of
the structure of the innovative potential of PC.

The proposed scheme of the structure of PC innova-
tion potential is shown in Fig. 4. When justifying it, we
proceeded, firstly, from the fact that the number of compo-
nents should not be too large, which will complicate the
evaluation process, secondly, the results of content analy-
sis of publications of leading experts on the management
of innovative activities in pharmacy were taken into ac-
count, as well as the opinions of industry experts regard-
ing the importance of these components from the point of
view of managing the innovation potential of PC itself.
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Table 2

Methodical approaches to the assessment of innovation potential (summarized according to the data [17-21]

Method name

Calculation mechanism

Integration of partial indicators of the
innovative potential of the enterprise
into a complex indicator by apply-
ing weighting coefficients of partial
indicators

potential of the enterprise; K, — the weighting factor of the indicator of the readiness of the

PL[P= UCE*KI 0+ Gp+K1 1+K1 22

where P, — the level of innovative potential; U, — a general indicator of the frequency
and effectiveness of innovation implementation by enterprises; G,—an indicator of the
readiness of the company’s employees for changes; K — the coefficient of weight of the
generalized indicator of the frequency and effectiveness of the enterprise’s implementation

of innovations; K, — the weighting factor of the indicator that characterizes the innovative

company’s employees for changes

The methodology is based on the
determination of the annual specific
weight of the enterprise in the areas of

innovative activity, including financ-
ing and implementation of innovative
products because of innovative activity
and production

Qo
ecret.
Qin,act, fin

where K., — coefficient of economic return of financing innovative activities of the re-

gion; Q. ommovpr volumes of sold innovative products, UAH; O, et — VOlumes of innova-
tive activity financing, UAH

This ratio shows how many hryvnias of innovative products sold per hryvnia of innovative

activity financing

5

Harrington desirability function

The constituent parts of the enterprise’s innovative potential are translated into a dimen-
sionless scale according to the gradation of Harrington’s desirability function.
For a group of indicators with a one-sided restriction, the desirability function is deter-
mined using the equation:

a()=d"

where d(y) is a desirability function; e is the root of the natural logarithm equal to 2.7182; y
is the coded argument of the desirability function.
The formula is used to determine the generalized desirability coefficient:

D=z3/d xd,x..xd,,

where d|~d — the values of the desirability functions for the given factors, determined
according to the Harrington desirability scale

The method of functional cost analysis
(FCA) makes it possible to calculate
and settle on the most competitive
alternative innovation, which has the
lowest value of the vector wT.E. and

wBi and does not need improvement.

The primary stage includes: structuring the task in the form of a hierarchy with levels: goals —
criteria — alternatives; construction of matrices of paired comparisons of elements of each level,
which allow expressing the relative superiority of one object over another according to their
common feature; determination of priority criteria and alternatives for each of them. The next
stage is the calculation of the integral priority vector wT.E. alternatives according to the target
criterion of technical efficiency. Next, the determination of factor costs for each alternative is
provided using the priority vector wBi.

The last stage is the calculation of the ratio of vectors wT.E. and wBi and selection by the
smallest value of the given vector:

WT.E./3={wT.E./ wB, wT.E./ wB..wT.E./ wB..wT .B./ wB}T,
i, i1, 1, 2, 12, §j, §j, in, in,

where i is the factor of the proposed cost reduction; j=1, n is the serial number of the alter-
native; n is the number of alternatives of the i-th factor; w1 E. and wBi are the values of the
corresponding vectors wT.E. and wBi

Multifactor model of production of new
products of the enterprise

O~f(4,T.M.1,,0.1,),

where Q — this is a new product created by the system at the expense of the enterprise’s
resource potential; 4, T, M, [ , O, I, , — components of potential, respectively: human (4),

ns’

technical (7)), material (M), institutional (/ ), organizational (O) and informational (1 )

When conducting the content

amined scientific sources on the issues of management of
innovative activity and evaluation of innovative potential,
prepared by pharmacy specialists who are well versed in the
specifics of the innovative activity of the industry. In addi-
tion, during the expert survey, experts with considerable

experience in the field expressed thei

When forming a system of local indicators based
on the components of the innovative potential of PC, the
features of innovative processes related to the creation of
medicines were also considered. As already mentioned,
investments in the development of new drugs are high-
risk — newly created molecules in most cases do not reach
the end users for reasons of efficiency and safety. In this

analysis, we first ex-

r recommendations.
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regard, it makes sense to evaluate not only the indicators
characterizing the results of the innovative activity of the
PC manufacturer — the number of innovative drugs
brought to the market, their share in the company’s sales
volume, the renewability of the company’s products (the
coefficient of renewal of the range of manufactured
drugs), as well as the number of received patents for me-
dicinal products. It is also important to consider the indi-
cators that characterize the process of innovation activity
— costs for the development of new drugs and their share
in the total amount of company costs, the share of re-
searchers in the company’s staff, as well as the specific
weight of special experimental equipment involved in the
innovation process. An important indicator, from our
point of view, is also the total number of clinical studies
of all stages conducted by the company to bring new
drugs to the market, including successful and unsuccess-
ful studies, as well as their ratio. It follows from this that
the evaluation of the innovative activity of pharmaceuti-
cal manufacturers should not be reduced exclusively to
indicators of the effectiveness and efficiency of innova-
tive activity but is intended to characterize the intensity
of all processes related to the innovative activity of PC.

The final stage of selection of local indicators for
evaluating the innovative potential of PC was carried out
by us with the involvement of experts based on a previ-
ously developed questionnaire. More than 30 specialists
who had more than five years of experience in the phar-
maceutical industry in the areas of innovative and scien-
tific activity and the field of pharmaceutical development
participated in the expert survey. The degree of agree-
ment of experts’ conclusions, which was measured using
the concordance coefficient (#=0.897), can be recog-
nized as high. The significance of the concordance coef-
ficient was assessed by calculating the Pearson test (y2)
and comparing it with the tabular value for degrees of
freedom n—1. Since the calculated value of y2 significant-
ly exceeds the tabular value, this confirms that the agree-
ment of the experts’ conclusions is not a coincidence.

According to the proposed algorithm for evaluat-
ing the innovative potential of PC, which is shown in
Fig. 5, the relevant complex indicators are first calculated
by the components of the potential based on the use of
the taxonomic analysis method. When constructing taxo-
nomic indicators, a data matrix consisting of standard-
ized implementations of features is used. Standardization

allows you to get rid of units of measurement,

‘ Scientific idea and its justification

| both natural and valuable. At the same time,

d

dispersion is equalized [27].

’ Synthesis or other methods of API production

| In the future, in order to carry out a

¢

generalized quantitative assessment of the

‘ Development of API production technology

| innovative potential of PC, on the basis of

o

previously calculated complex taxonomic

preclinical non-biological studies

Development of quality control methods (QCM) and other

indicators, the corresponding integral indica-
tor (fip) is calculated for each component.

-

The value of the integral indicator is in the

Preclinical biological studies of API

range from O to 1: the higher the level of in-

-

novative potential of PC, the closer the value

the composition

The choice of the dosage form of the drug and the development of

of lipisto 1.
The scale proposed in [28] can be used

@

to assess the qualitative zone (level) of the

Development of the drug’s QCM

innovative potential of PC.

¢

—high level of innovation potential —
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Life cycle of drugs
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-

— satisfactory level of innovative po-

‘ Preclinical biological study of the drug

| tential — 0.5</ip<0.75 (satisfactory level of

.

provision of PC with innovative resources;
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Fig. 3. Stages of innovative activity of PC
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nificant use of loan funds is necessary, a follower in the
development of improving technologies; updating the
assortment due to the development of known generic
medicines);

— low level of innovation potential — /ip<0.35 (prac-
tical lack of resources for innovative activities in PC).

Considering the multifaceted innovative potential
of PC in the future, it is advisable to develop measures
aimed at increasing those indicators that have the most
significant impact on its level and maintain stable posi-
tive dynamics in recent years.

For this purpose, it is advisable to apply a correlation
analysis between local indicators for all structural compo-
nents and an integral indicator of the innovative potential of
the PC. Further, on the basis of the obtained correlation
matrix, statistically significant relationships (at the signifi-
cance level of p<0.01 and p<0.05) are established between
the studied indicators. Establishing the existence of a strong
direct correlation between the studied indicators (as evi-
denced by the pairwise correlation coefficient above 0.8)
allows us to determine the key factors in the development of
the innovative potential of PC, which should be developed
and improved. Provided that the pairwise correlation coeffi-
cient between the local and integral indicator is less than 0.5,
the indicator is excluded from the next study.

To visualize the relationships between local indi-
cators of various structural components, it is advisable to
use a cognitive map of the state of innovation poten-
tial [29]. An example of building such a map for one of
the domestic PCs is shown in Fig. 6. On this map, arrows
show the relationships and influence of each of the indi-
cators. The following regularity was also observed: a
high level of the indicator has a positive effect on the in-
terrelated indicators, while at the same time indicators
with an average and low level have a negative effect on
the level of the interrelated indicators.

To ensure the effective innovative development of
PC, it is also necessary to identify promising technolo-
gies and developments that will allow creating effective
and safe domestic medicines and improving the quality
of life of the country’s population. Patent information
contained in the databases of national patent offices is a
reliable source of data on promising and current techno-
logical trends. Expanding the scope of patent analytics is
an important factor that creates conditions for the inno-
vative development of key industries of the national
economy [30, 31].

To improve the management of innovative activi-
ties of PC, we have proposed a methodology for deter-
mining the range of management decisions based on the
results obtained as part of creating a report on the patent
landscape.

Conducting a patent landscape analysis has a
number of advantages that are necessary for successful
PC innovation. Thus, the analysis of the patent land-
scape provides an opportunity to learn about commer-
cially valuable solutions in a certain industry and the
level of technology in the researched direction, allows
you to make informed decisions about the development
of pharmaceutical products and helps companies adapt
to changes in the industry. In addition, such studies
provide an opportunity to identify the main markets
and competitors, directions of commercialization of
drugs. A careful analysis of the patent landscape helps
to avoid intellectual property infringement and reduce
the risks of lawsuits. By analyzing the patent landscape,
it is possible to identify potential partners for coopera-
tion or technology licensing, which contributes to the
faster introduction of new drugs. At the same time, the
identification of gaps in the patent landscape indicates
new opportunities for the development and implementa-
tion of innovative projects.

| Innovative notential of PC ‘

! |

Material and technical Personnel component (Kp)
component (Ky)
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investment in innovative
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. Indicator of the dynamics of

successfully implemented
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Fig. 4. The proposed structure of PC innovation potential
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Preliminary selection of local indicators for evaluating the components of
the innovation potential (IP) of FC on the basis of context analysis

U

> Indicators characterizing the material and technical component of the PC IP

A 4

Indicators characterizing the personnel component of the PC IP

v

Indicators characterizing the research component of the PC IP

Indicators characterizing the financial component of PC IP

A 4

Filtering pre-selected local

A

The indicators correspond to the selected criteria

Y No Rejection of
Formation of the final list of local indicators for the evaluation of PC IP indicators that do
not meet the
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2 Selection of the most adequate method of quantitative assessment of PC IP

| i
E ot | Refusal of !
' The method is adequate 9, indicators thatdo |1
1 1
1 1

not allow correct
l evaluation of PC IP
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4 Calculation of the integral taxonomic indicator of the PC IP on the basis
of previously calculated complex indicators

5 Selection of a scale for qualitative assessment of PC IP

Diagnosing the zone of qualitative assessment of PC IP based on of
| the calculated integral indicator —

Construction of a correlation matrix for evaluating the relationships
6 between local, complex and integral indicators of the PC IP

Assessment of the degree of influence of local indicators on the integral
indicator of the IP FC

Construction of a cognitive map of the state of the PC IP based on the
determined correlations

Justification of the priority areas of development of PC IP

Fig. 5. Algorithm for evaluating the innovation potential of FC IP
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Fig. 6. An example of building a cognitive map of the innovative potential of PC: 1 — the share of profit that is directed to
the innovative activity of PC; 2 — coefficient of renewal of PC fixed assets; 3 — coefficient of labour capital; 4 — fund return
ratio; 5 — the share of expenses for PC innovation activities in the total amount of expenses; 6 — coefficient of provision of
innovative activity of PC with highly qualified personnel; 7 — the share of personnel involved in innovative PC activities;
8 — indicator of the intensity of retraining of personnel involved in PC innovation activities; 9 — coefficient of stability of
personnel involved in PC innovation activities; 10 — indicator of profitability of innovative activity; 11 — patenting activity
indicator; 12 — factorization of the technologies used; 13 — indicator of information armament of personnel involved in
scientific research; 14 — the share of intangible assets in the total assets of PC; 15 — coefficient of renewal of the assortment
of pharmaceuticals; 16 — the share of innovative medicines in the assortment portfolio of PC; 17 — coefficient of renewal of
laboratory and experimental equipment; 18 is an indicator of the dynamics of clinical studies of all stages, which are carried
out by the PC for bringing new drugs to the market

All these factors make the analysis of the patent
landscape an indispensable tool for PCs seeking to in-
crease their competitiveness and successfully implement
new medicines. The algorithm of preventive manage-
ment of the PC’s innovative activity using the toolkit of
patent landscapes is shown in Fig. 7.

As can be seen from the above figure, at the first
stage, the collection and analysis of patent information
is carried out for the formation of the PC’s innovative
activity strategy. The subject of the search is deter-
mined, keywords and categories of patent classification
are formed, and researchers and companies working in
the relevant direction are identified. When determining
the priority directions for the creation of the drug, it is
advisable to also conduct a search in the scientific liter-
ature, which provides an idea of the work and achieve-
ments in a certain scientific direction and allows con-
ducting a theoretical justification. A distinctive feature
of the presented algorithm is the identification of infor-
mation from non-patent sources (PubMed; the Admin-
istration for the Control of Medicines and Food Prod-
ucts, the European Medicines Agency, the State Expert
Center, scientific and metric databases, etc.), which
should be considered when creating a patent landscape
and determining existing patent strategies of competi-
tors. Searching in patent sources provides an opportuni-
ty to learn about commercially valuable solutions in a

certain field and the state of the art in the researched
area. In the complex, these studies create a complete
picture of the technical level in a certain direction of
research with a simultaneous forecast of promising di-
rections of research in the future. After that, the collect-
ed information is analyzed and the data is systematized
in order to assess prospects and identify risks. This
stage is crucial for the successful development and im-
plementation of patent applications, since the effective-
ness of innovative solutions and the possibility of pre-
venting or minimizing risks depend on the correct
analysis of the patent landscape.

At the second stage, the company’s innovative de-
velopment strategy is developed based on the results of
the patent landscape analysis. Specific steps and resourc-
es necessary for the implementation of innovative proj-
ects are planned. Defining an innovative strategy allows
the company to clearly define its goals and direction of
development, which helps to ensure the successful intro-
duction of pharmaceuticals to the market. Timely and
adequate selection of an innovative PC strategy is of
great importance in the conditions of fierce competition
in the pharmaceutical market.

The stage of conducting scientific research is a
key stage in the development of pharmaceuticals, as it
provides a scientific basis for the further development
of innovations. When working on module 3 of the reg-
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istration dossier, it is possible to identify the following
patenting objects: active pharmaceutical ingredient,
pharmaceutical composition, new dosage form, method
of obtaining, process optimization, stability improve-
ment, etc. According to the results of preclinical and
clinical studies (modules 4 and 5 of the registration
dossier), it is possible to identify the following objects
of invention: active pharmaceutical ingredient, pharma-
ceutical composition, new dosage form, method of
treatment, etc. At this stage, legal protection of the de-
velopment is provided, namely the acquisition of exclu-
sive property rights to inventions, utility models, indus-
trial designs, and trademarks.

At the fourth stage, a registration file is created
and the drug is submitted for registration. At the same
time, a risk management program (pharmacovigilance
plan) is presented to continuously collect safety data after
the drug is released to the market. This stage is mandato-
ry for obtaining the necessary permits and legal intro-
duction of drugs on the market. During the implementa-
tion of medicine in production, there is commercialization
of intellectual property objects, possible transfer of
technologies, conclusion of license agreements, monitor-
ing of illegal use by third parties of the invention, which
is protected by the PC’s patent. At the same time, it is
necessary to systematically update the patent portfolio of
PC on medicines.

It should be noted that information about scientific
development is first submitted as part of the registration
dossier when the drug is registered, and then updated
when new knowledge is obtained during the life cycle of
the drug. Thus, the creation of an object of intellectual
property is possible even after the registration of the
drug. Therefore, the development and implementation of
innovative pharmaceuticals require step-by-step quali-
fied patent support. The introduction of innovations
completes the cycle of the innovation process and allows
you to make a profit from new drugs.

The proposed algorithm allows pharmaceutical
companies to effectively manage innovative activities,
starting with the analysis of the patent landscape and
ending with the introduction of new pharmaceuticals to
the market. Each stage is important because it contrib-
utes to the successful completion of the following tasks
and to the minimization of innovation risks.

Practical meaning. The proposed scientific and
practical developments create a methodical basis for fur-
ther improvement of the management of the innovative
activity of PC and will contribute to the appearance on
the market of new drugs of domestic production.

Study limitations. Issues related to the improve-
ment of scientific and practical approaches to the justifi-
cation and selection of an innovative PC strategy are not
considered in the work.

Stage 1. Collection and analysis of information on the patent landscape. Formation of the subject of the search, definition of the rubrics
of patent classification, keywords, surnames of researchers and names of pharmaceutical companies working in the researched direction

Analysis of the received documents, expansion of the search by priority directions.

Systematization of data on the effectiveness and safety of existing technologies in pharmacy

Assessment of the prospects of the identified trends for own developments; definition of trends that have exhausted themselves in
technical development and replaced by new ones: risk assessment

Is the research promising?

Determining the expediency of pharmaceutical development, preclinical and clinical research, and further commercialization of drugs

Stage 2. Definition of innovative strategy. Planning of innovative activities

Stage 3. Conducting research. Identification of patenting objects, preparation of applications for intellectual property objects

Stage 4. Preparation of a general technical document for registration of pharmaceuticals

Stage 5. Implementation of innovations: registration of drugs, industrial production, introduction of new drugs to the market

Patent portfolio management

Monitoring and evaluation of results

Increase in the share of domestic drugs

Fig. 7. Algorithm of preventive management of innovative activity of the PC with the application of the toolkit of
patent landscapes
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Prospects for further research. Prospects for
further research are related to the elaboration of the pro-
posed methodological approaches on the example of PC,
which belong to different zones according to the level of
the integral indicator of innovation potential, and the
comparison of cognitive maps constructed for them, as
well as the justification of recommendations for choosing
an appropriate innovative strategy for PC, based on qual-
itative the zone (level) of the company’s innovative po-
tential and the results of the patent landscape analysis.

5. Conclusions

An important condition for the competitiveness and
stable economic development of the domestic pharmaceu-
tical industry and ensuring the social and economic secu-
rity of our country is the effective innovative activity of
PC. In this regard, the problem of developing scientific and
practical approaches to improving the system of managing
the innovative activity of PC is being updated, which will
contribute to more effective use of innovative resources
and acceleration of the introduction into production and
market release of new domestically produced medicines.
For this purpose, a structural model of the innovative po-
tential of PC was built, adapted to the specifics of the flow
of innovation processes in pharmacy, and a methodologi-
cal toolkit for evaluating the innovative potential of FC

was proposed, which will allow to determine the priority
directions more reasonably for its further improvement
and development for the implementation of the goals of the
innovation strategy. The developed algorithm of preven-
tive management of innovative activity of PC, aimed at
improving the quality of decision-making in the manage-
ment of pharmaceutical innovations thanks to the use of
the toolkit of patent landscapes, which will contribute to
the faster introduction into production and market intro-
duction of innovative drugs of domestic production.
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