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Abstract

The pharmaceutical sector is undergoing an unprecedented period of transfor-
mation driven by the convergence of technological innovations, shifting demo-
graphic realities, and global economic shifts. In 2024, the global market was
valued at USD 1.65 - 1.76 trillion and, according to forecasts, is expected to
reach USD 2.35 - 3.15 trillion by 2030-2032, with a compound annual growth
rate (CAGR) of 6.1% - 7.5%. This study provides a comprehensive, multidi-
mensional analysis of the key trends shaping the development of the modern
pharmaceutical market. The research is based on a systematic literature review,
content analysis of market data, and the case study methodology. The article
examines the impact of artificial intelligence (AI) and personalized medicine
on accelerating research and development, explores the transformation of sup-
ply chains through digital technologies and blockchain, and identifies major
barriers and risks, including regulatory and ethical challenges. The study demon-
strates that successful adaptation to the evolving conditions of the industry re-
quires not only the implementation of new technologies but also a systemic
rethinking of operational processes and regulatory frameworks, including the
development of flexible strategies, the integration of innovative approaches,
and closer collaboration between governmental institutions and business. The
article will be useful for researchers and analysts of the pharmaceutical indus-
try, practicing managers and healthcare professionals, investors and consult-
ants, as well as government representatives involved in shaping regulatory pol-
icy in pharmaceuticals and biotechnology.
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1. Introduction

The pharmaceutical industry, one of the pillars of the modern economy and
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healthcare, is on the verge of profound structural changes. Traditional business
models, based on the development of blockbusters and patent protection, are fac-
ing serious challenges due to the expiration of patent protection for key drugs
(Indegene, 2025). This situation is exacerbated by the growing burden on healthcare
systems, caused by the rapid aging of the population and the increasing prevalence
of chronic diseases such as diabetes, obesity, and oncological pathologies (Coyle
& Trikha, 2024). To overcome these obstacles, the industry is actively turning to
innovation, restructuring its approaches to the development, production, and dis-
tribution of medicines.

The research problem is that the traditional model of drug development, char-
acterized by high capital costs (over $2.6 billion per drug) and long timelines
(from 10 to 15 years), is becoming inefficient and unsustainable. The average suc-
cess rate for a drug reaching the approval stage is less than 10% (Paul et al., 2025).
To maintain competitiveness and meet the growing needs in the healthcare sector,
pharmaceutical companies are forced to implement breakthrough technologies.
However, these changes are associated with new, often unpredictable, barriers and
risks that require a comprehensive and in-depth understanding.

The scientific novelty of this work lies in the fact that it presents an original
synthesis of data from various fields—market analysis, technological research, and
regulatory reviews. Unlike highly specialized studies that focus only on individual
aspects, this work describes key trends and establishes causal relationships be-
tween them. We identify systemic barriers that hinder the full implementation of
innovations and provide a holistic picture of the industry’s transformation, which
has both theoretical and practical value.

The objective of this study is to analyze the key trends that determine the de-
velopment of the modern pharmaceutical market, to reveal their structural and
technological features, and to identify the conditions for the successful integration

of innovations into the business models and regulatory practices of the industry.

2. Materials and Methods

The methodological foundation of this study is formed at the intersection of phar-
maceutical economics, digital transformation, and regulatory research, which is
necessitated by the complex nature of the transformation of the global pharma-
ceutical market. The primary research tool is a qualitative content analysis of sci-
entific, applied, and analytical literature, including articles in peer-reviewed jour-
nals, as well as industry reviews and consulting reports.

The study relies on sources covering both technological innovations and the
institutional aspects of the industry’s development. Special attention is given to
the work of Ferreira F. J. N. and Carneiro A. S., which presents a systematic review
of the application of Al in drug development (Ferreira & Carneiro, 2025). The
study by Membrane Technology examines the possibilities of reducing R&D time-
lines through the implementation of predictive models and machine learning al-
gorithms (Paul et al., 2025).

DOI: 10.4236/ajibm.2025.1510077

1461 American Journal of Industrial and Business Management


https://doi.org/10.4236/ajibm.2025.1510077

0. Semchenkova

For the analysis of the impact of personalized medicine, materials from Morsi
M. H. et al. were used, which systematize the barriers and prospects for the imple-
mentation of precision therapy technologies (Morsi et al., 2025). This data is sup-
plemented by the findings of Boudi A. L. and colleagues, who focus on the ethical
challenges of AI in medicine (Boudi et al., 2024).

The digitalization of supply chains and the application of blockchain technolo-
gies were studied using the example of the work by Sim C., Zhang H., and Chang
M. L., which examines the eZTracker system as a tool for end-to-end drug trace-
ability (Sim et al., 2022). In a broader market context, the analysis was conducted
based on consulting reviews by Coyle B. & Trikha K., which record the key stra-
tegic shifts in the pharmaceutical industry (Coyle & Trikha, 2024), and Indegene,
which covers global trends in the life sciences (Indegene, 2025). Additionally,
forecast models for growth and structural changes presented in analytical materi-
als from Grand View Research, which record the dynamics of the small molecule
and biopharmaceutical segments (Grand View Research, 2024), and Towards
Healthcare, which offers scenarios up to 2034 (Towards Healthcare, 2025), were
used. Statistical data on regional distribution and sales channels were compared
with reports from Fortune Business Insights (Fortune Business Insights, 2025).

A systematic literature review and elements of content analysis, based on the
recommendations of DDReg Pharma (DDReg Pharma, n.d.), were used as the
methodological basis. This approach allowed for the integration of empirical data
and theoretical concepts, forming a holistic methodological strategy.

The search was carried out in Scopus, Web of Science, PubMed, IEEE Xplore,
ACM Digital Library, and Google Scholar for the period from January 2019 to
August 2025. The main queries combined terms such as “pharmaceutical market”

or “life sciences industry” with “trend,” “outlook,” or “forecast”; “drug discovery”

» <« », <«

with “AL” “machine learning,” “deep learning,” or “generative”; “companion di-
agnostic” or “CDx” with “FDA,” “EMA,” or “IVDR”; and “blockchain” with
“traceability” or “supply chain.”

The review included peer-reviewed articles, regulatory documents (FDA/EMA),
and market reports with transparent methodology. PR materials, blogs without
methodology, and duplicates were excluded. Study selection followed the PRISMA
approach. For grey literature sources (such as ZS, Indegene, Grand View Research,
Towards Healthcare, Fortune Business Insights), the date of access, page version,
and quality indicators—openness of models and data, and the presence of dis-

claimers, were recorded.

3. Results

The pharmaceutical market is demonstrating steady growth, despite global eco-
nomic challenges. The expected compound annual growth rate (CAGR) for the
period from 2025 to 2030 will be 6.1%. This will lead to an increase in the market
volume to $2350429.1 million (Grand View Research, 2024). An analysis of the

market structure reveals two key segments. Traditional drugs, or small molecules,
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maintain a dominant position, accounting for 57.56% of the global market in
2024, with total sales of $947.36 billion. However, the segment of biopharmaceu-
ticals and biosimilars is showing the highest growth dynamics, making it the most
profitable area (Grand View Research, 2024). The biosimilars market itself is
showing impressive growth rates, which is due to the mass expiration of patents
on expensive blockbuster drugs (Indegene, 2025). Regional dynamics are under-
going changes. North America remains the leader, generating 41.9% of the global
sales revenue in 2024 (Grand View Research, 2024). Its dominance is supported
by an advanced infrastructure, significant investments in R&D, and a high speed
of new drug approvals. At the same time, rapid growth is being observed in the
markets of the Asia-Pacific region and the Middle East/Africa (Towards Healthcare,
2025). Table 1 shows the forecast for the growth of the global pharmaceutical
market by region, which clearly illustrates the shift in global growth centers.

Table 1. Forecast of global pharmaceutical market growth by region.

Market Volume,  Projected Volume,

Region 2024 (USD 2034 (USD Sources
billion) billion)
) (Towards
North America 163.49 254.54
Healthcare, 2025)
(Towards
Europe 161.50 258.15
Healthcare, 2025)
T d
Asia-Pacific 154.91 270.12 (Towards
Healthcare, 2025)
. . (Towards
Latin America 142.88 291.97
Healthcare, 2025)
Middle East & (Towards
. 125.02 324.41
Africa Healthcare, 2025)

Regional baseline levels and trajectories were taken from Towards Healthcare
(horizon to 2034) and Grand View Research (to 2030), which differ in time hori-
zons, segmentation (small molecules vs. biologics/biosimilars), and channel cov-
erage (including online pharmacies). As a result, the CAGR spread of ~6.1% -
7.5% is observed across different sections. This range is interpreted as a conse-
quence of differences in scope, time horizons, and providers’ model assumptions.
For a “frame” validation of upper and lower bounds, data from Fortune Business
Insights were used. Where approximation plateaus or repeated intermediate val-
ues appear in tables, we mark them as model artifacts and consider only the di-
rection of change (Grand View Research, 2024; Towards Healthcare, 2025; For-
tune Business Insights, 2025).

Artificial intelligence is radically changing the approach to drug development,
shifting it from the realm of lengthy and costly laboratory experiments to the

sphere of predictive analysis and design. Al reduces the time required to bring a
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drug to market and lowers the financial costs of preclinical and clinical trials. Ac-
cording to research, Al can reduce the timelines of the early R&D stage by up to
50% (Paul et al., 2025). Peer-reviewed reviews show that AI provides measurable
gains in hit/lead quality and prioritization, reduces the number of wet-lab itera-
tions, and helps optimize protocol design in early clinical stages. However, the
magnitude of the effect varies across tasks and datasets, and universal percentages
are inappropriate without replicable studies. In this work, we replace the general-
ized “up to 50%” formula with qualified statements grounded in peer-reviewed
reviews and case studies, while reporting specific percentages only where open
and reproducible empirical data are available (Ferreira & Carneiro, 2025; Paul et
al., 2025). This is achieved through the automation and optimization of processes
at all stages of development. The application of Al extends to various stages of
pharmaceutical R&D: target identification (AI algorithms, including graph neural
networks (GNNs) and transformer architectures, analyze vast amounts of ge-
nomic, proteomic, and other biological data to identify new therapeutic targets
(Ferreira & Carneiro, 2025), compound optimization (Generative Al designs new
molecules with predefined properties (Morsi et al., 2025), and clinical trials (AI
optimizes protocol design, using predictive analytics to improve the accuracy of
participant selection (Fortune Business Insights, 2025). Table 2 presents the inte-

gration of Al into the drug development process.

Table 2. Integration of Al into the drug development process.

R&D Stage AI Application Result Sources
Analysis of genomic, proteomic, Di ¢ oust
iscovery of new, previous ) )
Target Identification and biological data; application of Y . P Y (Ferreira & Carneiro, 2025)
unrecognized targets.
GNNs, NLP
. Predictive screening; generative Reduction of development
Compound Screening & . .
L molecule design; use of time (up to 50%) and cost (Paul et al., 2025)
Optimization . .
generative Al savings.

Prediction of toxicity and

Preclinical Studies

pharmacokinetics;

Improved efficiency and (Paul et al,, 2025)

accuracy.
meta-learning-based modeling 4
Protocol design optimization; Reduced recruitment time
Clinical Trials patient selection; analysis of and cost, lower dropout (Paul et al., 2025)
EHR, RWE rates.

Personalized medicine, closely linked to Al technologies, is showing steady
growth. The basis of this growth is advancements in genomics, artificial intelli-
gence, and big data analysis. Next-generation sequencing-based testing allows for
the rapid analysis of significant portions of the human genome, identifying genetic

variations that affect disease predisposition and treatment response (Boudi et al.,
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2024). A key element in this process is companion diagnostics. These tests allow
for the identification of patients who are most likely to benefit from a specific
therapy, or those who are at high risk of serious side effects. Companies are tran-
sitioning from linear supply chains to flexible, interconnected digital supply net-
works. At the core of these networks are advanced technologies such as artificial
intelligence, the Internet of Things (IoT), and digital twins, which provide real-
time visibility and traceability. One of the key applications of digitalization is the
fight against counterfeit products.

Blockchain technology creates a decentralized, immutable ledger that provides
end-to-end product traceability from the manufacturer to the end consumer
(Coyle & Trikha, 2024). This allows for effectively combating the spread of fake
medicines, which cause economic damage and pose a direct threat to the health
and lives of patients. A striking example is the eZTracker case study. Case selec-
tion and transferability of results. eZTracker was chosen as a documented multi-
lateral pilot addressing end-to-end authentication and accelerated recalls in the
Asian region. Although a single case study has limitations for external validity, its
mechanisms—serialization, a permissioned ledger, QR/2D-code verification, and
deviation alerts—align with standard pharmaceutical traceability requirements
(GxP, anti-counterfeit). Therefore, they are transferable under comparable label-
ing standards and data-sharing agreements (Sim, Zhang, & Chang, 2022). After
incidents with counterfeit HPV vaccines in Hong Kong (China) and fake fillers in
Thailand in 2019, several pharmaceutical companies deployed the eZTracker
blockchain project (Sim, Zhang, & Chang, 2022). This system allows patients and
healthcare professionals to verify the authenticity of a drug in real time by scan-
ning a QR code on the packaging. Unauthorized scans or movements of the prod-
uct immediately trigger an alert in the system, which allows for a prompt response
to suspicious activity. Another critical element is smart logistics, especially in the
management of the “cold chain”. With the growing share of biopharmaceuticals,
vaccines, and gene therapies that are sensitive to temperature, maintaining strict
storage and transportation conditions is vital. IoT sensors integrated into packag-
ing continuously monitor temperature, humidity, and location, transmitting data
to cloud systems in real time. This ensures the quality and safety of the product at
all stages of delivery and allows for a prompt response to any deviations (DDReg
Pharma, n.d.). Table 3 examines the workflow of a drug tracking system.

The presented scheme demonstrates how blockchain technology provides end-
to-end transparency and security in the pharmaceutical supply chain. At the man-
ufacturing stage, each product is assigned a unique encrypted digital identifier,
which is recorded on the blockchain. All subsequent operations—from distribu-
tion to sale—are recorded in the system, which minimizes the risk of counterfeit
drugs entering the market. Scanning 2D or QR codes allows distributors and phar-
macies to confirm the authenticity of products, and patients to independently ver-
ify their origin and integrity. This approach strengthens the trust of market par-
ticipants and promotes compliance with regulatory requirements for drug track-

ing.
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Table 3. Workflow of a blockchain-based drug tracking system.

Stage Participant Action/Technology Sources

Product serialization, uploading of

M facturi M fact Sim, Zh , & Ch , 2022
anulactiring anuactirer encrypted digital ID to blockchain. (Sim, Zhang e )

o Lo 2D code scanning, creation of a unique ID .
Distribution Distributor . . (Sim, Zhang, & Chang, 2022)

in the blockchain.

. Transfer of the product to the end .

Sale Pharmacy/Hospital (Sim, Zhang, & Chang, 2022)
consumer.
R cod ing t i thenticit d

Verification Patient QR code scanning to verify authenticity an (Sim, Zhang, & Chang, 2022)

origin.

4. Discussion

The differences in market forecasts presented by various consulting companies
are not a contradiction, but rather reflect the deep complexity and multifactorial
nature of the pharmaceutical market. For example, the forecast CAGR values
range from 6.1% to 7.5%. These discrepancies may be caused by different meth-
odologies for data collection and analysis, the inclusion or exclusion of certain
market sub-segments, and differences in the forecast horizon (e.g., up to 2030 ver-
sus 2034) (Grand View Research, 2024). Presenting a range of forecast values in-
stead of a single “true” figure is a more academically sound approach, which in-
dicates the high degree of uncertainty inherent in dynamic markets.

The implementation of Al signifies a fundamental shift in the R&D paradigm.
The traditional approach, based on the manual testing of millions of compounds
through “trial and error”, has a high failure rate and leads to enormous financial
and time losses (Paul et al., 2025). In contrast, Al allows the focus to be shifted to
“prediction and design”. Instead of randomness and mass screening, companies
use Al for predictive modeling, which predicts the properties of molecules and
their interaction with biological targets with high accuracy. This does not just “ac-
celerate” old processes but completely rethinks them, leading to a radical increase
in productivity and a change in the economics of pharmaceutical R&D.

The transition to personalized medicine is not just a technological trend but a
systemic transformation of the entire healthcare ecosystem. The development of
targeted therapies and diagnostic tests requires the creation of new drugs and a
complete restructuring of the entire infrastructure, from regulatory norms to clin-
ical practice (Boudi et al., 2024). Existing regulatory frameworks were created for
traditional methods and do not account for the complexities of new technologies,
such as NGS testing, which creates barriers to their widespread adoption (Morsi
et al., 2025). This transition requires new approaches to educating physicians and
raising patient awareness, especially regarding genetic risks and data privacy.

The implementation of blockchain is not just a step towards automation but a
strategic initiative aimed at increasing trust in the industry and ensuring public
safety. The technology allows the function of authenticity control to be transferred

to the end consumer, which is a direct response to the dual challenge—economic
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and social—posed by the problem of counterfeiting. Despite the enormous poten-
tial, the implementation of new technologies faces serious obstacles that slow the
pace of transformation. These barriers are complex in nature and cover the regu-
latory, ethical, and operational spheres.

Existing regulatory frameworks, designed for traditional processes, cannot keep
up with the pace of technological progress. The absence of standardized ap-
proaches to the validation of AI models and new types of diagnostics, such as NGS
testing, creates uncertainty for developers (Fortune Business Insights, 2025). Fur-
thermore, the lack of unified international standards complicates entry into global
markets. Regulatory agencies, including the U.S. Food and Drug Administration
(FDA), are still in the process of developing guidelines for Al applications in phar-
maceuticals.

The use of vast amounts of data (genomic, medical) creates risks of leaks and
unauthorized access (Indegene, 2025). A striking example is the data breach at the
genetic company 23andMe in 2023, which compromised the information of 6.9
million users (Boudi et al., 2024). To mitigate these risks, it is necessary to imple-
ment strict protocols, such as data minimization and “privacy by design”, and to
comply with the requirements of regulatory acts like HIPAA and GDPR.10 AI
models trained on non-representative datasets can reproduce and even exacerbate
existing health inequalities. For example, algorithms in dermatology trained pre-
dominantly on data from light-skinned patients show low accuracy on people with
dark skin, which can lead to delays in diagnosis and treatment. Many complex AI
models are opaque. The inability to understand how a system arrived at a partic-
ular conclusion creates serious risks for patient safety, especially when making
critical decisions in clinical practice.

The implementation of digital technologies faces operational obstacles. In the
pharmaceutical industry, there has traditionally been a significant gap between
information technology and operational technology, especially at manufacturing
sites. This gap complicates system integration. The problem is exacerbated by the
presence of legacy systems that do not support modern data protocols (Fortune
Business Insights, 2025). Moreover, the pharmaceutical industry is traditionally
conservative and slow to adapt to change. The implementation of new solutions
requires technological changes and a transformation of corporate culture, as well
as the presence of qualified specialists, who are often in short supply.

The analysis shows that the key barriers to digital transformation lie not so
much in the technological sphere as in the “soft” infrastructure—people, pro-
cesses, and regulatory and ethical norms. The speed of adaptation of technological
frameworks and human capital lags significantly behind the pace of technological
progress itself. This means that for a successful digital transformation, companies
and regulators need to shift their focus from the simple implementation of indi-
vidual technologies to a comprehensive rethinking of operational processes and
organizational structure, and to the development of flexible regulatory and ethical

standards, which will ultimately ensure resilience and safety in the face of rapid
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change.

This analysis combines peer-reviewed studies with industry and consulting
sources (ZS, Indegene, Grand View Research, Towards Healthcare, Fortune Busi-
ness Insights). The latter provide timely market coverage but disclose their models
and assumptions only partially, which adds uncertainty to forecasts. The reported
ranges for market size and CAGR reflect both genuine scenario variability and
methodological differences among providers. Quantitative claims about AI-
driven acceleration of R&D should be interpreted with caution and, where possi-
ble, triangulated with regulatory documentation and reproducible case studies
(Coyle & Trikha, 2024).

5. Conclusion

The study conducted has allowed for the systematization and theoretical concep-
tualization of the modern trends shaping the development of the global pharma-
ceutical market, the identification of their structural determinants, and the out-
lining of directions for further transformation in the context of technological and
institutional turbulence. It has been established that the industry’s dynamics are
determined by the simultaneous impact of macroeconomic factors, demographic
pressure, and technological breakthroughs, among which artificial intelligence,
personalized medicine, and the digitalization of supply chains play a key role.

A comprehensive analysis has shown that the integration of Al into R&D pro-
cesses provides a transition from the empirical “trial and error” paradigm to a
model of prediction and design, radically increasing the efficiency of drug devel-
opment. The development of personalized medicine necessitates a restructuring
of the healthcare infrastructure and regulatory mechanisms, forming new stand-
ards for diagnosis and therapy. Digital technologies and blockchain are transform-
ing the system of logistics and authenticity control, enhancing the transparency
and resilience of pharmaceutical supply chains.

Special attention in the work was given to identifying the barriers to the imple-
mentation of innovations, including institutional constraints, regulatory uncer-
tainty, cybersecurity risks, and socio-ethical dilemmas. The importance of devel-
oping flexible normative and organizational models, oriented towards a balance
between the speed of technological adaptation and patient safety, has been em-
phasized.

Thus, the presented conceptual model demonstrates that the future of the phar-
maceutical industry is determined by the speed of implementation of advanced
technologies and the ability to build a sustainable system of change management
based on a partnership between the state, business, and society. Prospects for fur-
ther research are related to a deeper analysis of the mechanisms of global integra-
tion of innovations, the modeling of digital transformation scenarios, and the de-
velopment of strategies that ensure competitiveness and public safety in the con-

text of accelerating global transformations.
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