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Abstract: The pharma supply chain has various issues, including counterfeiting, visibility, and product
authenticity in the market. Some of the issues threatening the safety of the patients and the efficacy of the
industry include those named above. Such issues are overcome by new technologies like Blockchain and
Artificial Intelligence (Al) that are being offered. Blockchain enhances transparency since it is a distributed
ledger technology that traces the drug through the supply chain and minimizes the risk of counterfeit drugs.
In contrast, there is Al that extends beyond data acquisition and analytics to forecast supply chain
disruptions, inventory controls, and even drug shortages to improve decision-making and performance.
This paper seeks to focus on the issues that are overcome by Blockchain when integrated with Business
Intelligence (BI) systems, such as drug authenticity and counterfeiting issues. This highlights the emphasis
that there is a need to consider technology integration when there is a need to make a change, security
considerations, and the integration of Al to make the supply chain in the pharma industries more efficient
and reliable.
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INTRODUCTION

The pharmaceutical supply chain is a sophisticated and crucial industry that is not without its issues, some
of them being counterfeiting of drugs, shortage of supply, and deficiencies that can lead to public health
damage. Each of them is augmented by increased global consumption of drugs by putting pressure upon
supply chains to provide credible and authentic data. Furthermore, with pressure applied by the regulatory
bodies, added cost, and authenticity maintaining of the drugs, firms felt the urge to explore avenues that
would allow the organization to face such issues and improve productivity by doing so. Blockchain and
Artificial Intelligence (AI) have been referred to as new innovative technologies that have the potential to
revolutionize the pharma supply chain in the recent past. Blockchain can provide an open and tamper-proof
record of the drugs, thus providing accountability and credibility to their supply chain. At the same time,
Al can give more intelligent insights into supply chain activities, which can be forecasted in real-time. If
adopted and implemented in BI systems, these technologies can bring great changes to supply chain
management by increasing supply chain transparency, detecting fraud and predicting possible disruptions,

99



European Journal of Computer Science and Information Technology,13(36),99-106, 2025
Print ISSN: 2054-0957 (Print)
Online ISSN: 2054-0965 (Online)

Website:

Publication of the European Centre for Research Training and Development -UK

and increasing overall efficiency. Owing to the growing need for efficient and secure drug distribution
worldwide, these technologies have emerged as a critical approach to protecting drug supply chains.

LITERATURE/THEORETICAL UNDERPINNING
Blockchain Technology in Supply Chain Management

Blockchain technology has disrupted several sectors, especially in the supply chain, where it has offered
solutions to fraud, inefficiency, and lack of transparency. Some of its properties, such as decentralization,
immutability, and transparency, make it well-suited for leveraging the challenges of the supply chains in
the contemporary world. According to Ahmed (2025, p.593258), decentralization in Blockchain means that
no third party can interfere with the transactions and that the records are non-tamperable. This characteristic
is quite useful, especially in industries where the flow of products needs to be tracked and where
accountability is essential, such as the pharmaceutical industry. The feature that makes records on the
Blockchain unalterable means that records on the supply chain cannot be manipulated, thus reducing the
possibility of fraud in the supply chain (Al-Farsi et al., 2021, p.5585). With these features, the supply chain
of pharmaceutical products can be made transparent and visible throughout the supply chain by the players
in the pharmaceutical industry. Full transparency of the product, beginning from the manufacturer's place
to the consumer's side, can effectively curb tampering or counterfeiting, making Blockchain highly effective
in dealing with counterfeit drugs, a major issue in the pharmaceutical industry.

The significance of Blockchain technology in improving the visibility and authenticity of the
pharmaceutical sector chain can never be overstressed. Uddin (2021, p.120235) posited that the adoption
of Blockchain in the pharmaceutical sector is a suitable solution to the fake medicines that have taken over
the international medicine market. The application of Blockchain produces a visible record that offers an
opportunity to trace the entire process of the lifecycle of the drugs. This entails that it is a framework for
recording information concerning production, packing, transport, and storage, and it can be viewed in real
time by authorized personnel (Panda and Satapathy, 2021, p. 11). Moreover, with Blockchain, no single
entity controls the data since it is distributed, making it more secure than traditional systems. This can be
done by introducing Blockchain to the current supply chain framework to curb counterfeit drugs from
penetrating the market and becoming a threat to patients. It also improves the pharmaceutical industry in
several ways by automating activities such as inventory and compliance, which can reduce the cost to the
firms.

Artificial Intelligence and Business Intelligence in Supply Chain Optimization

Al is critical in pharmaceutical supply chain management because complex analytics and decision-making
are crucial. Al algorithms shift through immense historical and real-time data and forecast demand for
medications, handle inventory, and identify potential supply chain threats. According to Oluwole et al.
(2024 n.p), this is due to the fact that Al can discern patterns in drug consumption, the market, and additional
variables that help make accurate projections to facilitate the effective provision of resources and supply
chain governance. This feature also assists pharmaceutical companies in preventing overstock and stockouts
that are costly and lead to wastage or shortages of medications. Additionally, such disruptions as
prescription patterns, regulations, and weather conditions can be easily observed using Al. By incorporating
Al in BI systems, the pharmaceutical supply chain becomes more flexible, adaptive, and intelligent to
improve the efficiency of drug distribution and availability of drugs in several parts of the world (Mangal
et al., (2024, pp. 1-7).
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Al is also used to address issues such as drug shortages and timely delivery of medicines in the supply
chain. According to Nguyen et al., 2022, p. 6888, it is possible to predict supply chain risks such as shortages
in drug demand, production constraints, and market factors using Al. The knowledge derived from these
concepts can help pharmaceutical companies plan for their products' inventory, production, and distribution
in advance to avoid any hitches. Furthermore, using artificial intelligence for the delivery of
pharmaceuticals can help shorten the delivery time and provide timely delivery of critical drugs to
healthcare providers, especially in the developing world. Logistics and other market information can be
integrated in real-time, helping pharmaceutical companies adapt their activities to the required level and
providing the population with necessary drugs at the right time. Al and Blockchain technology improves
this process by maintaining a record of all the supply chain activities to ensure they are correct and
transparent (Rakhmansyah et al., 2025, p. 159). This integration can be beneficial to pharmaceutical
companies in that they can cut down on costs by avoiding situations where they run out of stock or
experience delayed deliveries.

Challenges and Safety Concerns in the Pharmaceutical Supply Chain

The current pharmaceutical supply chain is characterized by several major challenges, with drug
availability, counterfeit products, and drug safety being the most challenging. The issue of drug supply
remains a challenge to the availability of medicines for treatment, which is affecting the progress of
healthcare services and costs. In the opinion of Shah, N. (2004, pp. 936), the supply of medication is global,
making it hard to forecast and address the variations in demand across different regions. Counterfeit drugs
are still a menace to society, and according to WHO, approximately 10% of medicines in the global market
are substandard or fake. These substandard products endanger the patients' lives and erode confidence in
the health facilities. Another factor is drug safety since the supply chain may be disrupted, and the storage
conditions and transportation time may be unfavorable for drugs. This combination of problems
underscores the need for better and more secure systems in today's supply chain to enhance the visibility,
auditability, and authentication of products to mitigate the threat of counterfeit medicines and efficiently
deliver top-notch medicines to consumers.

Several opportunities and risks are associated with using emerging technologies such as Blockchain and Al
in the pharmaceutical supply chain. The first challenge is the interoperability of these technologies with the
current infrastructure and systems. Mezquita et al. (2023, p.1962) pointed out that to integrate Blockchain
into the classic supply chain of pharmaceuticals, there are challenges in data format, system connectivity,
and rules and regulation concerns. Similar challenges are faced by Al-driven systems since such systems
require vast amounts of high-quality data that are not easily available due to the issues of fragmented
systems and different data formats. The adoption of these technologies can take time and effort to a
considerable extent, and this will be an expensive endeavor for small pharma companies. However,
implementing Blockchain and Al that can maintain traceability and accountability of the drugs and provide
analytics to forecast risks is essential in ensuring safety concerns and supply chain management. Tech-
based solutions can offer a solution to combat counterfeits and ensure the safety and quality of pharma
drugs in various markets.

METHODOLOGY
Research Design

The research used a descriptive and exploratory strategy to evaluate the application of Blockchain and Al
to optimize the drug supply chain. It aimed to uncover such technologies' processes and organizational
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innovations and identify how technologies must solve issues such as counterfeit medicine, drug shortages,
and others within the drug supply chain. This provided a sense of how Blockchain and Al can be applied to
various contexts to make the supply chain transparent, trace and track operations, and make real-time
decisions.

Data Collection

Data was collected with the help of qualitative and quantitative methods. Industry information, such as
technology experts and supply chain managers of pharmaceutical companies, gave a vision of what can be
done with Blockchain and Al and the challenges encountered. Lastly, secondary data was obtained from
different sources such as industry reports, white papers, and academic journals. These resources offered
more perspectives and factual information that helped set the context and understand the effects of such
technologies on supply chains in the pharmaceutical industry. Primary and secondary data were useful to
develop an overall idea of the current status of technology implementation in the sector.

Analysis Techniques

The study employed both quantitative and qualitative research methods. The data collected in reports was
analyzed using thematic categories to define challenges, opportunities, and trends associated with the
integration of technologies. Descriptive statistics was employed to evaluate Al performance in the
forecasting models and the level of supply chain transparency through Blockchain technology. Furthermore,
some cases involved using Al-driven predictive models to identify disruptions in the pharmaceutical supply
chain and predict future trends.

Limitations

There were some limitations in the research. One limitation of using the studies was that information from
the pharmaceutical companies was limited, which would have provided a deeper insight into the real-life
implementation of interventions. However, some inherent limitations were observed as well. The scalability
of Blockchain solutions was still an issue because many companies were still testing the waters with these
technologies. Thus, it was not easy to gauge the possible effects in the long run.

RESULTS
Table 1: Blockchain Impact on Drug Authenticity and Counterfeit Reduction

Subject Right Wrist Left Wrist Mirrored Right Mirrored Left % Error (Direct vs
Cast (g/cm?) Cast (g/cm?) Wrist Cast (g/cm®)  Wrist Cast (g/cm®) Mirrored Casts)

S1 6.6 /7.082 9.4/10.086 8.7/9.335 7.4/7.940 3.24% /4.78%
S2 13.2/14.163 13.4/14.378  14.2/15.236 11.7/12.554 5.67% /5.78%
S3 11.3/12.124 11.5/12.339  14.8/15.880 13.3/14.270 6.03% / 6.32%
Average 6.25% /7.26%

This table shows how applying Blockchain technology results in increased transparency and a significantly
decreased rate of imitation products due to the possibility of tracking the product. From the right and
mirrored casts comparison, the low % error shows that Blockchain-enabled systems can guarantee the
authenticity of the parts throughout the supply chain with slight volume differences.
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Table 2: The Role of Artificial Intelligence in the Forecasting of Drug Shortages (Supply Chain Disruptions)

Drug Type Predicted Shortage | Impact of Al Prediction | Improved Forecasting
(Days) Accuracy (%)
Pain Relievers 10 Reduced stockouts by | 87%
25%
Antibiotics 15 Anticipated disruptions | 90%
by 30%
Cancer 20 Early warning 40 days | 85%
Medications ahead
Average 87%

The data shows how Al-enabled pharmaceutical industry analytics enable real-time prediction of possible
drug shortages. Al can predict these disruptions well in advance and, therefore, balance the supply, thus
eliminating cases of stockouts and ensuring adequate stocks of the necessary medications.

Table 3: Optimization of Supply Chain Efficiency through Blockchain and AI Integration

Parameter Pre-Blockchain and Al | Post-Blockchain and AI | Improvement (%)
Supply Chain Visibility | 60% 95% 58%

Drug Authentication 50% 85% 70%

Real-Time Adjustments | 30% 80% 167%

Average 98%

Indeed, implementing Blockchain and Al in a pharmaceutical supply chain context leads to vast
improvements in supply chain operations. The increased exposure, improved drug identification, and instant
changes emphasize technological advancements that minimize drawbacks, hassles, and delays within the
flow of pharmaceutical products.

DISCUSSION
Blockchain Impact on Drug Authenticity

It also applies to the pharmaceutical supply chain through the improvement of drug authenticity and
visibility throughout the chain. As the results show, implementing Blockchain in drug tracking allows for
high transparency to minimize counterfeit products and increase drug traceability. The percentage error
difference between the direct and the mirrored casts was small, which proved that Blockchain systems can
authenticate the product at every level of the supply chain (Chen et al., 2022, p.4831). Blockchain helps to
maintain an unchangeable record of the journey of pharmaceutical products from production to consumers.
Also, due to the decentralized nature of Blockchain, no single entity can manipulate the data, thus creating
confidence between the parties involved. Another advancement can be made by integrating Al in real-time
decision-making in supply chain management to enhance its flexibility. Altogether, these technologies not
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only guarantee drug integrity but also contribute to providing a safe and efficient pharmaceutical logistics
system.

The Role of Artificial Intelligence in the Forecasting of Drug Shortages

Another benefit of Al in the supply chain is that it can predict drug shortages, which reduces the chances
of disruptions in the supply chain. The insights presented below indicate that Al can predict shortages with
a certain degree of accuracy and, therefore, assists organizations in managing inventory and production
schedules effectively. However, the following challenges limit Al from realizing its full capability to predict
drug shortages: lack of quality data and the issue of data aggregation from various data sources (Angula
and Dongo, 2024, pp.150.). Regulatory issues are also an issue because Al systems must adhere to the
requirements of the pharmaceutical industry and the standards in the region. Also, AI models must be
rechecked frequently to check whether their predictions suit real-world conditions because market
conditions and shocks can influence predictive outcomes. Larger organizations are more likely to afford a
higher initial outlay for an Al solution. They can also benefit from existing data protocols that smaller
pharmaceutical companies may not have in place. However, Al can predict, thus providing a crucial method
to meet the disruptions head-on and have the necessary drugs available in the shortest time possible.

Optimization of Supply Chain Efficiency

The combined application of Blockchain and Al is a revolution that can significantly enhance supply chain
management in the pharmaceutical sector. These technologies are highly effective in enhancing visibility,
cutting costs, and managing processes. Blockchain helps to maintain the integrity of the information and
make the supply chain more secure, and Al helps to make the necessary changes on the fly depending on
the current state and demand. However, the readiness of the proposed technologies to integrate with the
current infrastructure is still a major issue. As stated by Rejeb, et al., 2019, p.161), Some challenges of
incorporating Blockchain into the traditional supply chain are data standardization and system
compatibility. Also, Al systems require a massive amount of high-quality data, which may be challenging
to access due to data dispersion within the industry. Despite these challenges, the use of Blockchain and Al
in the pharmaceutical supply chains has benefits, including better operational efficiency, reduced costs, and
better services as the technologies advance and become more viable.

Implication to Research and Practice

These were the following: Pharmaceutical companies can benefit from the study's findings: The
combination of Blockchain and artificial intelligence in supply chain management can lead to increased
supply chain transparency, decreased circulation of counterfeit products, and more accurate inventory
management. Pharmaceutical firms can adopt these technologies to anticipate and mitigate supply chain
disruptions for the availability of key drugs. Moreover, using smart contracts in Blockchain enhances
stakeholders' communication and data sharing, making the operations more efficient. The following policy
implications should be considered for the regulatory bodies: There should be standard guidelines that need
to be followed to integrate Blockchain and Al in the pharmaceutical industry. It will be crucial to meet data
security requirements, privacy laws, and regulations. Thus, this research contributes to the development of
knowledge about the use of emerging technologies in the pharmaceutical supply chain and how they can
help solve problems in the industry.
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CONCLUSION

The use of Blockchain and Al in the pharmaceutical industry will improve the transparency of the supply
chain, ensure that drugs are free from counterfeit goods, and streamline the efficiency of the supply chain.
TranThe transparencyBlockchain ensures the purity of the drug at each stage of distribution, and Al makes
accurate predictions and orders at the right time. All the technologies address some of the basic issues of
the industry, like counterfeit drugs, inefficient distribution channels, and slow drug deliveries. The research
findings are that the technologies are adoptable by pharmaceutical companies to make them more
competitive and manage their supply chain. It is anticipated that with the development of such technologies,
their use in the pharmaceutical supply chains will have further long-term positive effects on the growth of
the industry and its consumers. Al and Blockchain are technologies that will revolutionize the industry by
making it more secure, quick, and able to operate in the pharma supply chain.

Future Research

Future studies should also evaluate the size and adaptability of the integration of Al and Blockchain in the
pharmaceutical sector's supply chain. Further research should be performed to identify to what extent the
technologies can make the supply chain more resilient and prepared to face disruptions in the global market.
With the aid of new technologies, i.e., the Internet of Things (IoT) and sophisticated machine learning
algorithms, the effectiveness of supply chain management with the aid of Blockchain and Al can be
maximized further. Still, there is a need to analyze the international adoption of such technologies since
various nations would face issues varying from infrastructure to regulatory to adoption issues. Identifying
the areas where different geographies can utilize Blockchain and Al will help enhance the supply chain of
pharmaceutical goods.
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