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Abstract

This study presents a bibliometric analysis of scientific publications on process-oriented quali-
ty management systems in the pharmaceutical industry. The aim of the study is to identify key
trends, popular topics and gaps in the existing literature. The data were collected from the Web of
Science Core Collection, which includes 2147 English-language articles published between 2020
and 2025. The content analysis undertaken in the methodological part allowed to identify the most
cited articles related to Pharma 4.0, digital technologies and artificial intelligence-based quality
systems. The analysis of the obtained data shows that this research area is still evolving, although
it covers a wide range of topics in the pharmaceutical industry. The findings indicated common
studies in the areas of productivity, innovation, business process management and quality by de-
sign, digital transformation, while in the pharmaceutical sector the focus was often on systematic
reviews of drug safety and regulatory practices. The results of this study allowed to define a con-
ceptual framework, content and direction that could become the foundation for future quantitative
and qualitative research, highlighting existing gaps and problems in the subject area.

Keywords: Process-oriented quality management, pharmaceutical management, pharmaceutical
quality system management, bibliometric analysis, Pharma 4.0
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5.1 Introduction

5.1.1 Background of the Research

Quality management systems (QMS) are essential in the pharmaceutical industry. They
assist companies in complying with strict regulations and ensure medicines are safe, effective and
of high quality (World Health Organization, 2021). A strong QMS is necessary at every stage,
from manufacturing to distribution, helps organizations improve their processes and meet the ex-
pectations of governments and health organizations (Asif et al., 2013). In recent years, the phar-
maceutical industry has experienced significant changes. New technologies, innovative treatments
and increased global collaboration have emerged (Baimbetova, 2025). Because of this, traditional
quality control methods are no longer sufficient. Nowadays, experts and companies are placing
greater emphasis on process-oriented quality management systems. This approach means that
quality should not only be verified at the end but also integrated into the entire process from the
start. There are new concepts like Quality by Design (QbD) and digital tools, known as “Pharma
4.0,” which help make medical systems more modern, innovative and practical (Chang & Lin,
2019; Zhang, 2021; Khoklov & Pyatigorskaya, 2025).

This study analyzes the literature on process-oriented quality management systems in the
pharmaceutical industry using advanced technological tools. The results of such research are ex-
pected to help the researcher understand how research in this area has evolved and where the
gaps exist. The purpose of this article is to provide a clear overview of the published literature on
process-oriented quality management systems in the pharmaceutical sector. The research aims to
identify patterns, key themes and areas requiring further study.

5.1.2 Problem Statement and Research Inquiry

Although many researchers write about Quality Management Systems, the information is of-
ten scattered. Some articles focus on risk management, others on technology or production issues,
but they mostly fail to connect these topics. This makes it difficult to see the whole picture. There
is no clear summary of all the work done in the quality management system within pharmaceutical
area and it is not clear which topics are most studied or which need more attention. According to
literature one of solution is to use bibliometric analysis statistics (Van Eck & Waltman, 2010). This
method helps examine many research articles at once using. It can design which topics are popular,
who the leading researchers are, which countries or universities publish the most and how ideas are
connected (Sartal et al., 2020; Patel & Desai, 2022).

5.1.3 Research Questions

To study the research problems indicated above this research aim to find answers to the fol-
lowing research questions:

Which topics would have the greatest impact on quality management systems in the pharma-
ceutical industry that have not been sufficiently researched?

What conceptual model reveal the existing gaps in the QMS within the pharmaceutical in-
dustry?

How collaborative research practices and co-authorship methods produce the best research
results?



By answering these questions, the study aims to contribute to the theoretical understanding
of the existing areas requiring research attention, as well as to contribute to the missing knowledge
for practical application of existing advanced technologies by providing a clear overview of the
published works on process-oriented quality management systems in the pharmaceutical sector.

5.1.4 Significance and Justification of the Research

The paper provides content analysis of the theoretical and methodological aspects of the
formation of process-oriented quality management systems in the pharmaceutical industry. Par-
ticularly, the research used bibliometric analysis to examine scientific publications on QMS in the
pharmaceutical area. Bibliometric methods help analyze a large number of articles through statisti-
cal tools and visual maps (Kamble et al., 2020). This enables the researcher to identify key trends,
topics and relationships between authors or institutions.

The dataset was extracted from the Web of Science Core Collection, one of the leading data-
bases for peer-reviewed scientific literature. Analyzed obtained data insights to expand the scope
of research in future studies using quantitative methods and a case study qualitative approach.

5.2 Literature Review

5.2.1 Trends in the global pharmaceutical market

As scientific innovation advances, the pharmaceutical industry faces challenges in supply
chain sustainability, trade restrictions and more. As geopolitical tensions impact API sourcing
strategies and governments tighten environmental regulations, pharmaceutical company leaders
are forced to seek new solutions in supply, pricing and manufacturing (Marante, 2025).

Meanwhile, the pharmaceutical industry is undergoing a digital transformation, with Al,
machine learning and predictive analytics playing an increasingly important role in R&D, clinical
trials and market intelligence. Data digitalization is transforming every sector, including the phar-
maceutical industry as a key beneficiary (Marante, 2025).

In global practice, the document that defines the requirements for the production and quality
control of medicines is the “Rules for the production of medicines” - “Good Manufacturing Prac-
tice for Medicinal Products (GMP)” (World Health Organization Guidelines, 2025). This GMP
rule establishes requirements for quality control, personnel, premises and equipment, documen-
tation, product manufacturing and analysis, complaints and product recall procedures. According
to GMP requirements, the facility must have the required number and qualifications of personnel.
The job responsibilities of each employee must be documented and understood by each employee.
All employees must also be familiar with the requirements of this standard that apply to their area
of work.

However, for such a set of elements to be perceived as a system, well-established relation-
ships and connections between individual elements are necessary, forming a unified whole. These
building blocks, which form a unified supply chain of automated systems, have been developed
specifically for the pharmaceutical industry and reflect the entire business process chain, enabling
control of the quality management system.
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A quality management system guides and manages a pharmaceutical company with regard
to quality. Specifically, the Good Manufacturing Practices (GMP) rule lists individual elements
that must be included in a pharmaceutical quality system and is identified as: “Organization of
Production and Quality Control of Medicines,” “Quality Control,” “Product Quality Review,” and
“Quality Risk Management” (Osmolovskaya, 2015).

It should be noted that the top management of a pharmaceutical organization bears primary
responsibility for the existence of an effective pharmaceutical quality system, for the availability
of the necessary resources, for the fact that duties, responsibilities and authorities are defined, com-
municated, implemented and carried out in all divisions of the enterprise (Osmolovskaya, 2015).

With the advent of new technologies, recent years have seen an increase in the number of
changes being made to regulatory documents in the field of quality management. While previous-
ly, even a minor clarification planned for inclusion in an existing standard could be discussed for
years, now the pace of innovation is simply meteoric (Marante, 2025). This also applies to the doc-
uments of the international standards organization “Good Manufacturing Practice for Medicinal
Products” (World Health Organization Guidelines, 2025).

Thus, to meet such challenges process-oriented quality management systems, the introduc-
tion of digital systems becomes relevant. Particularly, the three major forces shaping the future
of pharma: from the growth of therapeutic areas to Al-driven transformation and the evolution of
supply chains provide insight into how companies can remain competitive (Marante, 2025). Data
digitalization is transforming every sector, including the pharmaceutical industry (Marante, 2025),
becoming one of the priority solutions, where process-oriented quality management systems are
becoming one of the leading solutions of business processes in such industries.

5.2.2 Pharmaceutical industry Kazakhstan: current trends and future developments

Citizen health has always been a key factor in the well-being of any society. In Kazakhstan,
with the constant expansion of production and environmental degradation, the problem of dis-
ease evolution and their effective treatment is becoming increasingly pressing (Smagulova, 2025).
Therefore, the dynamic development of the pharmaceutical market is a vital priority, as humanity
requires a constant supply of medications.

The country’s pharmaceutical industry development strategy sets ambitious goals, including
breakthrough scientific, technological and socially oriented development of the pharmaceutical in-
dustry, the creation of a highly productive export-oriented sector and, consequently, an increase in
pharmaceutical exports (SK-Pharmacia, 2022; Pharmnewskz, 2024). Strategic objectives include
establishing and maintaining close ties between science, education and existing pharmaceutical
production, which will stimulate the development of fundamental science and strengthen Kazakh-
stan’s scientific heritage (SK-Pharmacia, 2022).

The country’s developed pharmaceutical industry is considered an indicator of the country’s
highly innovative economy. With the arrival of foreign partners, production sites certified to inter-
national GMP standards have begun to emerge in Kazakhstan. Leading domestic pharmaceutical
companies have now started receiving GMP certificates (SK-Pharmacia, 2022). It should be noted
that most of these companies are enterprises with foreign participation. GMP certificates for cer-
tain production facilities should help increase production volumes and facilitate the freer promo-
tion of domestic drugs on foreign markets.



In May 2025, as part of the Kazakhstan International Exhibition ‘’Equipment, Raw Materials
and Technologies for the Pharmaceutical Industry” via PharmaTech Kazakhstan, a conference on
current issues in the pharmaceutical industry’s development was held with the support of the Asso-
ciation for the Support and Development of Pharmaceutical Activities of the Republic of Kazakh-
stan. Representatives of government agencies, industry associations, businesses and international
companies participated in the event (Baimbetova, 2025). According to Smagulova (2025) the chief
expert of the Department for the Development of the Pharmaceutical and Medical Industry of the
Ministry of Health of the Republic of Kazakhstan, Kazakhstan has made significant progress in
developing local pharmaceutical production over the past few decades. The expert also noted that
in 2024, the pharmaceutical market was worth $2.5 billion, of which 13.1% was accounted for by
domestic producers.

Overall, the Kazakhstani pharmaceutical market is relatively young; however, over the
years, significant progress has been made to develop the domestic pharmaceutical industry (Ka-
zakhstan Pharmaceutical, 2025). However, Kazakhstan is one of the fastest-growing manufactur-
ing industries, boasting leading indicators both in the Central Asian region and within the Eurasian
Economic Union (EAEU) single market (SK-Pharmacia, 2022). Thus, manufacturing production
growth in 2024 amounted to 106.9%. The industrial production index for basic pharmaceuticals
and pharmaceutical products was 114.1% (Stat.gov.kz, 2025).

Also, Sultanov (2025), President of the Association of Manufacturers of Pharmaceutical and
Medical Products “PharmMedIndustry of Kazakhstan,” noted that Kazakhstan’s pharmaceutical
industry has currently achieved significant achievements following the introduction of support
measures for domestic production and SK-Pharmacia LLC, which enabled the conclusion of long-
term contracts. For example, in 2009, production volume was only 14.9 billion Kazakh tenge.
Today, this figure has grown to 171 billion tenge - more than 12 times claim him. Sultanov (2025)
emphasized this is the result of systematic efforts by the government, investors and the manufac-
turers themselves in innovation practice.

Nevertheless, the shortage of medicines and medical supplies, the degree of product range
expansion and service quality remain important research issues today. Literature notes that the
main global trends in the development of Kazakhstan’s pharmaceutical market include consoli-
dation and the growth of vertically integrated companies. Specifically, according to a quantitative
study by Vostok-Capital (2024), the key challenges facing the pharmaceutical industry in Kazakh-
stan include (Kazakhstan Pharmaceutical, 2025):

- a shortage of medicines, dressings, equipment and medical instruments;

- low wages for healthcare workers, preventing the attraction and retention of highly quali-
fied personnel.

- the need to modernize and adapt the pharmaceutical industry to modern market conditions,
and others.

A Vostok-Capital study published in the Kazakhstan Pharmaceutical (2025) also notes the
need for stronger government regulation and guaranteed financial support for the successful mod-
ernization and adaptation of the pharmaceutical industry, aimed at eliminating its intellectual,
technological, and infrastructural gaps. They also note the need for reorganization of the pharma-
ceutical industry, which will require streamlining the registration, certification and quality control
processes for medicines and medical equipment, highlighting the importance of developing pro-
cess-oriented Quality Management Systems in the country.
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Furthermore, a study by Vostok-Capital (2024) identified several innovative solutions and
services in the pharmaceutical industry to address the identified challenges. Specifically, the re-
searchers noted that services using artificial intelligence and digital technologies could significant-
ly improve the efficiency of translating, processing and storing medical data. This approach will
enable the use of electronic prescriptions, electronic medical records and telemedicine. Further-
more, the researchers note that digitalization of processes will help reduce bureaucracy, improve
information accuracy, and ensure more productive collaboration between doctors, patients, and
pharmacists (Kazakhstan Pharmaceutical, 2025).

Thus, a process-oriented QMS, as one of the innovative solutions and services, is expected to
contribute to the development of the pharmaceutical industry in Kazakhstan, improve the quality
and accessibility of medical care and ensure more efficient use of resources and processes in the
organization and production.

5.2.3 Quality management systems

5.2.3.1 Quality management systems in the enterprises

In the context of the emergence and development of the digital economy, the widespread
implementation of a modern quality management system and international standards in priority
industries and sectors of the economy is a key task (Averin, 2023). A quality management system
ensures the competitiveness of national products and increasing their export potential is directly
related to ensuring the quality and safety of products, both in the domestic and foreign markets and
plays a crucial role in economic development (Movahedi et al., 2013; Averin, 2023).

A quality management system is a set of processes, policies and procedures that an organi-
zation establishes to ensure the consistent quality of its products or services and enhance customer
satisfaction (ISO, 2015). The primary goal of a quality management system is the continuous
improvement of business processes, the reduction of errors and the standardization of activities to
meet customer requirements and international standards (Movahedi et al., 2013).

However, alongside the benefits of implementing a quality management system, it’s im-
portant to note the key challenges associated with its operation. Particular attention is paid to the
stages of implementing a quality management system and the challenges an organization may face
at each stage (Grebennikova, 2009; Averin, 2023).

The organization of a QMS involves the creation of the following documentation structure
(Howard, 2001; ISO, 2015):

- Quality manual.

- Quality policy and objectives.

- Documented procedures.

- Process and procedure regulations, work instructions.
- Quality records, etc.

Difficulties in business processes may arise from the moment a quality management sys-
tem is implemented notes Grebennikova (2009). According to practical evidence implementing an
innovation may entail restructuring several organizational processes. Issues may arise due to staff



being unprepared to work under the new conditions. Such problems are avoided or mitigated when
implementation is accompanied by a staff training program (Grebennikova, 2009).

However, modern technologies can significantly accelerate and simplify the process of
developing and updating a QMS. Indeed, methods for constructing one can vary significantly. For
example, most organizations choose the simplest and most common method - developing QMS
regulatory documents manually, without the use of automation tools (Grebennikova, 2009). To
achieve this, a bureau or an entire department is created that focuses on keeping these documents
up-to-date. There are several reasons for this: ignorance of the existence of information systems
that automate the documentation process; a lack of understanding of the scope of QMS documen-
tation and the work required to keep it up-to-date; and a focus on obtaining certification rather than
building an effective management system (Grebennikova, 2009; Averin, 2023).

This indicates that a quality management system is a technological system of internal cor-
porate management aimed at achieving specific quality criteria for manufactured products, opera-
tional processes and the entire range of enterprise activities. Implementing a QMS IT product at an
enterprise allows for the creation of an internal corporate system in which each enterprise process
is distributed and documented in a unified system for recording the movement of goods and ser-
vices. Quality management through such process tracking systems allows for the application of
requirements not directly to the quality of pharmaceutical products, but rather to the management
system, which in turn is designed to ensure a predictable and stable level of product quality, the
production process and the organization’s overall operations.

Thus, despite all the challenges and complexities, QMS implementation is expected to
benefit the overall economy, improve enterprise competitiveness, optimize business processes, in-
crease resource efficiency and reduce production costs by reducing defects. This business process
optimization helps attract investment in any industry as well.

5.2.3.2 Quality management systems in the pharmaceutical industry

Several commonly used quality management systems in the pharmaceutical industry in-
clude Good Pharmacy Practice, the process-based approach, ICH Q10 and other ISO standards
(ISO 9000-2015, 2025).

Quality management in the pharmaceutical industry can be achieved using a process-based
approach through the implementation of GMP. Tsivov & Orlov (2018) believe that consistent and
predictable results are achieved more effectively and efficiently when activities are understood and
managed as interrelated processes that function as a coordinated system. However, when choosing
an approach, a pharmaceutical company should focus on four elements according to Tsivov &
Orlov (2018):

- senior management review,

- process and product quality monitoring system,
- change management system,

- corrective and preventive action system.

On the other hand, Mukhanova & Makhatova (2014) report that pharmaceutical companies
worldwide, in order to comply with legal and market requirements, are forced to simultaneously
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implement multiple management systems, several of which were mentioned above. The difficulty
of finding partners drives this decision and also increases the opportunity to participate in tenders
or government procurement.

Bragin & Korolkov (2006) propose creating integrated management systems based on a
process approach to ensure enterprise stability and viability. They believe that combining multiple
systems will ensure flawless measurement of process effectiveness and efficiency and their im-
provement. For more effective overall management, integrated organizational management also
includes subsystems - second-level systems - such as a quality management system, social and
environmental management, risk management, knowledge management and others. This approach
is particularly suitable for improving quality management in organizations with various organiza-
tional structures, including multi-level ones (Bragin & Korolkov, 2006).

However, Aleksandrov et al. (2007) proposed a list of quality management parameters for
a pharmaceutical enterprise, which can already be considered as an integrated system that achieves
high product quality, process quality and structural quality. These are:

- product development in compliance with all requirements and standards (ISO);

- preparation of clear documentation for all production and control operations in accordance
with the standard;

- clear definition of responsibilities and authorities;

- implementation of measures for the production, supply and use of appropriate raw materi-
als and packaging materials;

- implementation of intermediate product, process control and validation;

- control and inspection of finished products in strict compliance with standard and legal
requirements;

- systematic implementation of self-inspection procedures (internal quality self-audit), which
enables regular assessment of the effectiveness and efficiency of the quality assurance system.

Aleksandrov et al. (2007) claim that various components of an organization’s management
system can be integrated into a single management system if the above-mentioned pharmaceutical
product quality management parameters are maintained. Such integration, according to experts,
facilitates planning, resource allocation, the definition of additional goals and the evaluation of the
organization’s overall performance.

5.2.4 Conclusion of the Literature Review

According to the reviewed materials, data digitalization in pharmaceutical organizations is a
priority, with process-oriented quality management systems becoming a better automated solution
(Marante, 2025) than manual accounting methods using simple computing tools that have no con-
nection with databases (Grebennikova, 2009; Averin, 2023).

This review demonstrates that QMS issues in the pharmaceutical industry remain relevant
and, moreover, that old problems have not yet been resolved. Many pharmaceutical organizations
use manual record-keeping, which is incapable of ensuring quality management.

To advance QMS, the key forces shaping the future of the pharmaceutical industry were



examined: from the growth of therapeutic areas to artificial intelligence-based transformation and
the evolution of supply chains, which provide insight into how companies can remain competitive
(Marante, 2025). Integrated approaches to solving the management system problem by combining
multiple systems have also been described (Bragin & Korolkov, 2006; Aleksandrov et al., 2007).
This solution clearly remains relevant and can improve the quality of process performance and
efficiency measurement and improvement.

The literature reviewed was found to be widely dispersed across the study periods. To de-
termine the conceptual robustness of the problem under study, the study then attempts to conduct
a content analysis to establish strong conceptual links related to process-oriented quality manage-
ment systems in the pharmaceutical industry. The goal is to identify and understand key trends,
themes and gaps in this field through a review of publications, keywords and references to further
construct a conceptual foundation.

5.3 Methodology

5.3.1 Research Design

The research paradigm of this study was built on interpretivist’s approach. The qualitative
method was aimed to become a preliminary step of collecting of research building information
to construct conceptual foundation and develop hypothesis statement for the wider next coming
dissertation research purpose to survey and case study research.

In this study, bibliometric content analysis was used to examine scientific publications on
process-oriented quality management systems in the pharmaceutical industry. Bibliometric meth-
ods help analyze many articles through statistical tools and visual maps (Kamble et al., 2020).

Content analysis was performed using VOSviewer software to process, to analyze and visu-
alize the data on:

- Bibliometric Analysis of Keywords: Process-Oriented Quality Management

- Bibliometric Analysis of Keywords: Process-Oriented Quality Management and Pharma-
ceutical Enterprises

- Bibliometric Analysis of the Citations and Publications

5.3.2 Data collection and sources

The dataset comprised around 2,147 articles published between 2020 and 2025 on pro-
cess-oriented QMS in the pharmaceutical industry, published over the last 5 years. These pub-
lications were selected from the Web of Science Core Collection one of the leading databases
for peer-reviewed scientific literature - English-language articles and represent the most relevant
research in the searching field.

5.3.3 Design of the research instrument

VOSviewer is a free software tool developed at Leiden University primarily for the creation
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and visualization of bibliometric networks (VOSviewer, 2023). The software VOSviewer enables
the creation of visual maps that display relationships between elements such as keywords, authors
and institutions. It, also, allows analysing: co-authorship analysis to identify collaboration net-
works between researchers and countries; keyword co-occurrence analysis to discover common
research topics and their connections; citation analysis to highlight the most frequently cited pub-
lications and authors; and institution and country analysis to show which organizations and regions
contribute most to this field. The software groups items into clusters, helping the researcher under-
stand the main themes and directions in the searching area.

VOSviewer allows to create visualizations based on data from bibliographic databases pri-
marily in English papers: Web of Science, Scopus, PubMed, Dimensions or reference manager
files: RIS, Bibtex, EndNote. As a result, some relevant articles published in other databases or
languages may not be represented in the analysis.

5.4 Data Analysis

The VOSviewer enables the definition of three key features: keyword co-occurrence, which
identifies topics that appear together; co-authorship, which reveals how researchers collaborate;
and citation patterns, which determine the most influential papers. The results indicate and give
understanding how research in this area has evolved and where gaps exist. Since this paper aims
to provide a clear overview of what has been published about process-oriented QMS in the phar-
maceutical sector it gives information to identify patterns, key topics and areas requiring further
research.

The bibliometric analysis made able to identify key trends, topics and relationships between
authors or institutions. The most interesting big areas fall into:

- process-oriented quality management;
- pharmaceutical enterprises.

During the analysis of obtained data reviews, book chapters, and non-research materials
were excluded. All selected records were stored in a format suitable for bibliometric analysis,
including information such as title, author names, keywords, publication year, institution and num-
ber of citations.

From extracted pull of data, it was found that most of the examined articles appeared in
journals related to quality management, pharmaceutical sciences, innovation and industrial engi-
neering. The most frequent journals included Cogent Business & Management, Chemometrics and
Intelligent Laboratory Systems and Journal of Business Research. The analysis also showed that
many articles were written by authors from multiple countries, which reflects international collab-
oration. The most active countries were Pakistan, Brazil, Spain and Morocco. These countries con-
tributed several influential papers, especially on topics such as digital transformation, knowledge
sharing and Pharma 4.0.

Overall, the results show that interest in process-oriented quality management in pharma is
growing. However, the number of publications is still limited compared to other well-established
research areas. This means that the topic is still emerging and has potential for further research.



5.5 Findings of the Research

5.5.1 Bibliometric Analysis of Keywords. Process-Oriented Quality Management

Keyword analysis of the selected 2,147 articles published between 2020 and 2025 displays
a keyword co-occurrence map, indicating the frequency of co-occurrence of specific terms and
identifying which topics are closely related.

Figure 1 demonstrates represent keywords; size indicates frequency; colors show clusters;
lines represent co-occurrence links. In the case of “process-oriented quality management”, the
visualization shows a strong network of connected terms. The most central and frequent keywords

are “quality”, “management”, “impact” and “performance”. These terms appear in large font and

bright colors, which means they are essential in this field.

The keyword “process-oriented quality management” is linked closely with terms like “busi-
ness process management”, “implementation”, “innovation”, “strategy” and “framework”. This
suggests that researchers often focus on how to plan, manage and improve processes in quality

systems.
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Figure 1. Bibliometric analysis of Process-Oriented Quality Management Concept extracted via VOSviewer
based on co-occurrence analysis of keywords from the Web of Science Core Collection selected publications
between 20202025

29 ¢¢

Other related topics in Figure 1 include “process mining”, “governance”, “knowledge man-
agement” and “technology.” These words show that many articles also explore digital tools, data
analysis and knowledge sharing as part of improving quality systems.

The map also shows several clusters (groups of keywords) with different colors. Each cluster
represents a sub-topic in the research field. For example:
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— The red cluster focuses on business processes, performance and strategy.
— The blue cluster includes implementation, information systems and firm performance.
— The green cluster is related to innovation, methodology and process management.

This keyword analysis shows that research in this area covers both technical and organiza-
tional aspects. It combines topics from management science, information systems and industrial
engineering. The wide variety of linked terms also suggests that the field is interdisciplinary and
continues to grow.

In summary, the keyword “process-oriented quality management” is part of a broad and
active research area. The analysis shows strong connections with themes like digitalization, inno-
vation, performance and knowledge systems (see Figure 2), defining related concepts.

Digitalization Knowledge systems

Process-oriented
quality management

Innovation J 1 Performance

Figure 2. Conceptual Model-1

5.5.2 Bibliometric Analysis of Keywords. Process-Oriented Quality Management
and Pharmaceutical Enterprises

To explore how process-oriented quality management is studied within the pharmaceutical
sector, it was performed a second keyword analysis using VOSviewer. This time the map was fo-
cused on publications that include both process-oriented quality management and pharmaceutical
enterprises.
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Figure 3. Bibliometric Analysis of Process-Oriented Quality Management and Pharmaceutical Enterpris-
es Concepts extracted via VOSviewer software on co-occurrence patterns of keywords from the Web of
Science Core Collection selected publications between 2020-2025

According to the obtained data in Figure 3, the most frequent and central keywords are:
“systematic review”, “meta-analysis”, “management”, and “pain management”. The large size of
the terms “systematic review” and “meta-analysis” suggests that many publications in this area are
based on reviewing and summarizing previous studies, rather than presenting new experiments or
case studies.

9% ¢

Several keywords, such as “patient safety”, “medication therapy management”, “drug safe-
ty” and “guidelines” show that much of the research is connected to clinical and pharmaceutical
care, especially around the safe use of medications.

Emerging terms like “’machine learning” and “artificial intelligence” also appear, indicating
a growing interest in digital tools for improving quality and decision-making in pharmaceutical
environments. However, their position on the edge of the network and smaller size suggest that
these topics are still developing within this field.

Other notable keywords include “quality by design” and “drug development,” which are
part of regulatory and manufacturing frameworks in the pharmaceutical industry. These terms are
linked to modern approaches that support process control and product quality throughout the drug
lifecycle.

It is necessary to mention that the map shows fewer keywords and smaller clusters than in
the general process-oriented quality management map. This suggests that the pharmaceutical-fo-
cused literature is narrower and more concentrated, often centered around review-based research
and healthcare applications rather than broad operational strategies. The related to the research
finding concepts from bibliometric analysis of process-oriented quality management and pharma-
ceutical enterprises demonstrated in Figure 4.
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Medication Systematic Review

management —L J
Process-oriented

quality management

Machine learning J' 1 Artificial Intelligence

Figure 4. Conceptual Model-2

In summary, the combination of keywords shows that the field is still growing and that many
studies focus on evidence-based evaluations, safety and digital tools. There is still space for more
original research on how process-oriented quality management can be applied in pharmaceutical
production and industry settings.

5.5.3 Bibliometric Analysis of the Citations and Publications

In the third step it was analyzed the number of publications and their citations to understand
which articles and authors are the most influential in the field of process-oriented quality manage-
ment in the pharmaceutical industry.

From the dataset, several publications received a high number of citations, showing that they
had a substantial impact on later research. The most cited article in the collection is “Pharma 4.0:
Transforming pharmaceutical manufacturing through innovation”, which received 64 citations.
This shows that digital transformation and innovation are central themes in the current discussion
on quality management.

Other highly cited papers include:
“Quality by design (QbD) approach: regulatory need” — 44 citations
“Artificial intelligence in pharmaceutical quality systems” — 36 citations
— “Implementation of total quality management in healthcare” — 31 citations
— “Knowledge management for pharmaceutical enterprises” — 29 citations

These articles focus on essential topics such as regulatory strategies, technology use and
organizational frameworks, which are key to improving quality systems in pharma (see Figure 5).
In terms of publication volume, most articles were written on topics such as quality performance,
digital systems and business process improvement. The citation analysis also showed that collabo-
ration between authors and institutions plays an important role. Articles with multiple authors from
different countries were often more cited, which suggests that international cooperation increases
research visibility and impact.
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Figure 5. Conceptual Model-3

In summary, the citation and publication analysis shows that while the total number of stud-
ies is still limited, several key papers have shaped the direction of the field. The most cited works
highlight the importance of technology, regulation and innovation in process-oriented quality man-
agement for pharmaceutical enterprises.

5.5.4 Initial Conclusion

Analyzed data indicate that the literature is still fragmented and there is not enough integra-
tion between theory and practice. Different research groups often work alone and there are few
shared models or methods. This shows that more collaboration and real-world case studies are
needed.

The study helps to understand how this field is developing and where the main gaps are. It
can support researchers, professionals and decision-makers who want to improve quality systems
in the pharmaceutical industry. In the future, it is essential to connect process management, tech-
nology and regulatory goals to build more effective and process-driven quality systems.

5.6 Conclusion

5.6.1 Conclusion and Recommendations

The results of this study show that research on process-oriented quality management systems
in the pharmaceutical industry is growing but still developing. The bibliometric analysis made
gave the idea of main trends, topics and gaps in the searching field by examining publications,
keywords and citations.
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First, the number of publications has increased in recent years. This suggests that more
researchers are now interested in improving quality systems using a process-focused approach.
However, the total number of articles is still small compared to other topics in pharmaceutical
science or quality management. This shows that the topic is essential but still underexplored and
more research is needed.

Second, the keyword analysis revealed that process-oriented QMS is often studied together
with business process management, performance, innovation and strategy. In the pharmaceutical
sector, the focus is more on systematic reviews, drug safety and patient care. This means that
different areas of research approach the topic from various perspectives. While management re-
searchers look at process design and effectiveness, pharmaceutical researchers are more concerned
with regulations and clinical outcomes. This separation shows a gap between technical process
development and practical application in real pharmaceutical environments.

Third, the citation analysis showed that the most cited articles are related to Pharma 4.0,
Quality by Design (QbD) and digital tools like artificial intelligence. This means that technology
and innovation are becoming more critical in the design of quality systems. The most influential
authors and articles are often from countries that invest in pharmaceutical research and digital
transformation. International cooperation also plays a significant role in the visibility and success
of research in this area.

However, the study also found that many articles are not well-connected. Different authors
and institutions work separately and there are few common research frameworks. This suggests a
lack of integration and a need for more shared models, definitions and best practices in the field.
Also, most of the work is focused on theory or review and there are fewer case studies or examples
of real applications in industry.

In general, the findings show that process-oriented QMS in the pharmaceutical industry is
an emerging topic that combines ideas from management, engineering and health care sciences.
There is a need to bring these areas together to develop for more practical and effective quality
systems that meet both business goals and patient needs in the medical aspects.

5.6.2 Gaps and Further Research Recommendations

The analysis found that most research focuses on topics such as performance improvement,
digital transformation, innovation and regulatory systems. In the pharmaceutical sector, the most
common themes are related to drug safety, quality by design and systematic reviews. The most
cited articles are those that discuss modern tools and technologies like artificial intelligence and
Pharma 4.0. For example, for Kazakhstan “Pharma 4.0” approaches totally new in the medicine
and pharmaceutical field. But this digital transformation implementation tools or processes are not
designed or studied much in the pharmaceutical industry, and it can serve as prospects for further
research.

Also, since it was found that process-oriented QMS in the pharmaceutical industry publica-
tions are of a great interest in medical sciences then the found and designed conceptual models in
this research can be used as a platform of a further research conceptual foundation constructing for
the wider study or in the dissertation research through both quantitative and qualitative research
design.
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