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The Blockchain technology has now advanced as an innovative solution for moving up the 

integrity, visibility and security at the drug distribution channel. Blockchain implements a 

decentralized ledger, which allows for full accountability and immutability of online transactions 

and hence, enables the checking of every process of the supply chain. This combating of 

counterfeiting becomes easier through the tracking of the history of every transaction, and all the 

surviving stakeholders can tell the genuine drug. However, its traceability aspect operates in such 

a way assists in identification of products beginning with the suppliers up to the end users should 
there be an issue with the materials, with the issues being easily discerned. It also assists in the 

construction of the supply chain structure and the adequate supply chain element reinforcement. 

Further, there is an assurance that the elements are well protected given that blockchain takes 

advantage of on cryptology to provide the security coupled with the impossibility of data 

alteration. It is also equally important to realize that due to the location of the database in the 

context of a blockchain, there is no centralized system of control, and consequently, the system 

cannot easily be penetrated by a hacker. Therefore, the adoption of the blockchain system in the 

chain of supple of the pharmaceuticals increases the visibility, safety, and easy tracking of 

luminescence to give the consumers safe, reliable, and authentic products, coupled with decreased 
risks among all the involved parties. 
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1. Introduction 
 
Blockchain technology has flourished as a revolutionary instrument with the potential to 
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transform the pharmaceutical supply chain by significantly enhancing transparency, 

traceability, and security. The pharmaceutical industry faces numerous challenges, including 
counterfeiting, inefficiencies, and lack of transparency. Blockchain technology offers a 

decentralized ledger system that provides a tamper-proof and immutable record of 
transactions, which can address these challenges and bring about a more reliable and secure 

supply chain [1]. 
 

Blockchain’s decentralized nature indemnifies that all participants in the supply chain have 

access to the same data in real time. This transparency eliminates the need for intermediaries 
and reduces the risk of data manipulation. Every transaction is recorded on a public ledger 

that is accessible to authorized parties, ensuring that all stakeholders, from manufacturers to 
consumers, can verify the genuineness and provenance of pharmaceutical products [2, 3]. 

This level of transparency helps in building trust among stakeholders and enhances 
regulatory compliance, as regulators can easily audit the supply chain. 
 

One of the critical advantages of blockchain technology is its ability to give end-to-end 

traceability. Each transaction involving the pharmaceutical product is recorded on the 
blockchain, creating a complete history from the origin point to the end consumer. This 

traceability allows for real-time tracking of products, which is crucial in identifying and 
addressing any discrepancies or issues promptly [5]. For instance, in the event of a recall, 

blockchain can help quickly trace the affected products back through the supply chain to 
determine the source of the problem. This not only improves efficiency but also ensures 

patient safety by enabling swift corrective actions [6]. 
 

Blockchain technology enhances security through its cryptographic techniques, which 

protect data integrity and prevent unauthorized access [4]. Each block in the blockchain is 

encrypted and linked to the preceding block, making it nearly impossible to change any 
information without detection. This immutability ensures that once data is recorded on the 

blockchain, it cannot be changed or deleted, providing a robust security framework [7]. 
Additionally, the decentralized nature of blockchain means that there is no single point of 

failure, making the system more resilient to cyber-attacks. This is particularly important in 
the pharmaceutical industry, where the protection of sensitive data is utmost important. 
 

Moreover, smart contracts, a feature of blockchain technology, automate and enforce 
contractual agreements between parties without the need for intermediaries [8]. In the 

pharmaceutical supply chain, smart contracts can be used to automate various processes such 
as payments, order fulfilment, and compliance checks. These contracts are executed 

automatically when predefined conditions are met, reducing the risk of human error and 
ensuring that all parties adhere to agreed-upon terms [6]. 
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The implementation of blockchain technology also enhances the ability to combat 

counterfeiting, a significant issue in the pharmaceutical industry. Counterfeit drugs pose 

serious health risks to patients and result in substantial financial losses for companies [10]. 

By providing a secure and transparent platform for verifying the authenticity of 
pharmaceutical products, blockchain helps in preventing counterfeit drugs from entering the 

supply chain. Each product can be tagged with a unique identifier, which is recorded on the 

blockchain and can be verified by all stakeholders, including consumers, ensuring that only 

genuine products reach the market [12]. Blockchain technology offers a robust solution to the 

challenges faced by the pharmaceutical supply chain by enhancing transparency, traceability, 

and security. The decentralized and immutable nature of blockchain confirms that all 

transactions are recorded and verifiable, building trust among stakeholders and improving 

regulatory compliance. Real-time traceability allows for efficient tracking of products, 

enabling swift identification and resolution of issues, thereby ensuring patient safety. The 

enhanced security features of blockchain protect data integrity and prevent unauthorized 

access, making the supply chain more resilient to cyber threats [13]. By integrating 

blockchain technology, the pharmaceutical industry can achieve a more efficient, secure, and 

trustworthy supply chain, ultimately delivering safe and genuine products to consumers. 
 

Research Objectives 
 

• To evaluate the application of Blockchain Technology in increasing the credibility of 
supply chain. 
 
• To explain how the concept and its implementation through the applied technology of 
Blockchain helps track pharma products from the manufacturer to the consumer. 
 
• To achieve objective 2 focusing on establishing the level of security improvement introduced 

by Blockchain in the Pharmaceutical value chain, the following indicators were identified: 
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• To understand the integration of blockchain technology in the pharmaceutical sector should 
also be explored. 
 

Problem statement 
 

The system that comprises the providers and links that deliver the drugs to the ultimate 
consumer is many sided and consists of manufacturers, distributors, wholesalers, retailers, 

and regulatory bodies. Thus, the issue of delivery of the pharmaceutical products is that it 
should be done safely and efficiently to the consumer [16, 18]. However, the current supply 

chain system is characterized by many challenges that threaten the effectiveness and 
efficiency of the transparency, traceability, and security of supply chain. These challenges 

however do implicate not only the efficiency of the supply chain but also threaten patients’ 
safety as well as the authenticity of the products. 
 
Another area of complexity that affects the pharmaceutical supply chain is and has for some time 

been a main issue of concern is the issue of transparency. Conventional supply chain 

management processes involve the compartmentalization of data and information hence 

practicing information discrimination [15]. Due to this, it becomes cumbersome to ensure that the 

right stocks are flowing in and out of these facilities at the right time without certain level of 

maloccurance. Consequently, stakeholders have little means to establish the relevant goods’ 

originality and origin, thereby endangering the trust and permitting counterfeit drugs to enter 

circulation. Fakety are a global prolem, and according to the data, up to 10% of medicines in low- 

and middle-income countries could be fake [17]. These substandard products lead to serious 

negative health effects and financial loss to the consumers and other reputable firms.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Traceability is another critical issue in the pharmaceutical supply chain. The ability to track 

and trace products throughout their lifecycle is essential for ensuring quality control, 
managing recalls, and maintaining regulatory compliance. However, traditional supply chain 

systems often lack the necessary infrastructure to provide end-to-end traceability [18, 19]. 
This limitation hampers the ability to quickly identify and address issues such as product 

recalls, which can have serious implications for patient safety. Moreover, the absence of a 
robust traceability system makes it challenging to identify the sources of contamination or 

other quality issues, leading to prolonged investigations and increased costs. 
 

The network of the providers and channels that bring the drugs to the final consumer is 
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multifaceted and includes manufacturers, distributors, wholesalers, retailers and other 

oversight agencies. Hence the problem; the delivery of the above pharmaceutical products 
has to be done safely to the consumer [20, 23]. However, the current supply chain system is 

described by many challenges that jeopardize the ability of SWSC to promote transparency, 
traceability, and security of supply chain. These challenges however do involve not only the 

make-or-break concept of the supply chain also endangering the lives of patients and the 
genuineness of products as well.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Another complexity factor that is present and has for sometime been a sore point in the 

pharmaceutical supply chains is the aspect of Transparency. Typical supply chain 

management systems entail the process of data and/or information segregation hence using 

discrimination on information [25]. In view of this, it becomes difficult to manage the stock 

in and out of these facilities at a correct dosage without a certain degree of maloccurance. As 

a result, the original stakeholders lack a way of determining the novelty and source, sources 

of the pertinent goods and hence threaten the trust/allow the entry of bogus drugs. In 

Fakety’s case, they are a worldwide problem; thus, statistics indicate that fake drugs might 

account for up to 10% of all medications used in LMICs [28]. It is a fact that these 

substandard products cause disturbing negative health consequences to consumers and 

worrying financial loses of genuine other reputable firms. Basically, there are numerous 

issues that affect the pharmaceutical supply chain concerning transparency, traceability, and 

security challenges. Blockchain can become a solution to these challenges due to the 

advantages of its utilization for supply chain management [26]. Nonetheless, it is essential to 

provide a response to the challenges correlated with the incorporation of the blockchain 

approach to increase the efficiency of the pharmaceutical supply chain. 
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2. Literature Review 
 

Pharmaceutical distribution network is a very complex one; it comprises several links and 

many players such as manufacturers, wholesalers, distributors, retail stores, and government. 
Therefore, it is essential to guarantee that the deliver of the supply chain will be as 

mechanical, safe and efficient as possible, since it is a vital element when talking about 
public health. Nevertheless, its key disadvantage, mentioned above, is that it is accompanied 

by such problems as opacity of the supply chain, weak track and trace, and security issues. 

Current scholarly and corporate work indicates that the problems above can be solved using 
blockchain solutions [24]. This paper based on the literature review aims to discuss the 

application of blockchain technology in increasing supply chain transparency, traceability 
and security in the cases of scholarly publications. 
 

Transparency in the Pharmaceutical Supply Chain 
 

Pharmaceutical supply chain transparency can be defined as the ultimate transparent view of 

all processes, transactions, and data concerning the production and distribution of 
pharmaceutical products. It may result to such imperfections such as data manipulation, 

inefficiencies, and even mistrust among stakeholders. The two main issues are centrally 
located databases and non-secure architecture to independent databases and an unchangeable 

record-keeping system in the form of blockchain technology [15]. It guarantees storage and 

non-editable document of the transaction, retrievable by all the members in the supply chain. 
This gives stakeholders a sure way of establishing the truth about various pharmaceutical 

products, not mentioning the possibility of tracking the entire supply chain in real-time. 
Transparency is also an advantage since all the records in the blockchain cannot be changed 

and this will assist in identifying frauds. 
 

Traceability of Pharmaceutical Products 
 

It is crucial for product recollement, compliance and quality, especially for the medications 
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which are considered to be our patients. Various established supply chains fail to incorporate 

detailed supply chain traceability systems thus making it hard to follow products from their 

source to their final consumers. It is also crucial to improving the ability to trace products due to 

its potential to create a fully documented and unchangeable record of a product’s path through the 

supply chain [23]. Reaching from the production process of products in the pharmaceutical 

industry to the direct consumers, Blockchain can help in real-time tracking of products. This 

capability is very useful especially in case of a recall or certain batches of products are involved 

as it help in identifying on spot the products as well as their source [27]. In addition, through its 

accountability characteristic, blockchain can guarantee adhesion to regulatory standards as it 

showcases a product’s journey from development to consumption. 
 

Security in the Pharmaceutical Supply Chain 
 

One of the critical concerns in managing the pharmaceutical supply chain is security, which 

covers information and records including those: of a proprietary nature, patients’ identity and 

records, transactional records. Supply chain networks in the traditional business models are 

at a high risk of being compromised through cyber attacks, data breaches among other 

related incidences. Based on these risks, blockchain provides attributes of security that would 

eliminate these risks. In more detail, we have cryptographic methods which help to ensure 

data integrity and its confidentiality [22, 21]. Every transaction takes a new block of data and 

the details of the transaction are then fused to the previous transaction therefore transforming 

the records into a chain hence the name blockchain. In this way, they becomes difficult for 

any other person or parties interested to intervene and change or manipulate the data. In the 

same way, decentralization of blockchain reduces the chances of having a vulnerable point 
since it denies hackers a single point of attack [25]. 
 

Implementation Challenges and Solutions 
 
Despite the fact that that the technology of blockchain brings about several advantages in supply 

chain especially in the area of transparency, traceability and security, its utilization in the 

pharmaceutical supply chain as highlighted has not been without some difficulty. The challenge 

that needs to be solved is that many technical, organizational, and regulatory obstacles must be 

overcome to promote the use of blockchain solutions [27]. Some of the technical issues include 

compatibility of the blockchain system with other systems, the size and scope of blockchain 

Computer Science Department. Education specialists should overcome such technical barriers 

through the creation of standard protocols and frameworks. Also, the supplementary of the 

blockchain with other rising technologies such as the “Internet of Things (IoT)” can help in 

improving the results and the capability of the technology. 
 

Organizational concerns relate to the issue of cooperation of the various entities in the chain. 
Many aspects of applying blockchain are aimed at changing the organizational culture 

towards higher transparency and collaboration. Trust creation among the stake holders and 
the cooperation among them are important while implementing blockchain technology. Such 

concerns relate to this field because they involve dealing with the numerous regulatory 
frameworks of the pharma business. The authors concluded that regulatory agencies should 

set down specific rules and guidelines of applying the blockchain in the pharmaceutical 
supply chain. Stakeholders in the industries and the government should work together to 

develop favorable regulatory frameworks suitable for Blockchain technologies. 
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3. Case Studies and Applications 
 
Some extended examples of how blockchain concept is used in the supply chain and the 

advantages for pharmaceuticals. For example, the MediLedger Project which is a group of 

companies that produce medicines and technological solutions showed how blockchain can be 

used to maintain the compliance with the “Drug Supply Chain Security Act (DSCSA)” in 

America. The first is how through the use of blockchain; the pharmaceutical product can be 

tracked and third party verification done One of the examples includes Pfizer and other pharma 

companies to conduct trial using blockchain. Blockchain has applied in managing the record of 

the trial data, so the data cannot be manipulated and can be trusted by stakeholders [22]. 
 

A literature review shows that there are abundant possibilities associated with the 

implementation of blockchain technology in the pharmaceutical supply chain with regard to 
increasing supply chain transparency, accountability and security provisions. Through having 

a decentralized ledger which cannot be altered and being transparent in nature blockchain is 
well equipped to deal with many of the issues that are related to traditional supply chains. 

However, there is a problem of technical, organizational, and legal peculiarities when using 
blockchain technology [24]. Finally, more studies and cooperation with companies and other 

stakeholders together with government bodies and regulatory organizations are required for 
blockchain technologies to unlock their potential in the modification of the pharmaceuticals’ 

supply network. 
 

Methods 
 

This research uses both quantitative and qualitative research methodologies to determine 
how blockchain technology can help in improving the supply chain of pharmaceutical 

products. The research ensures a mixed approach of qualitative and quantitative techniques 
to achieve an insightful purpose of understanding blockchain’s prospects and the realistic 

application in the field. The first step is an analysis of existing literature to define the major 
ideas about blockchain implementation, advantages, and difficulties in the context of the 

pharmaceutical SCM. The research data will be obtained from peer-reviewed publications 
mainly comprising academic journals, industry reports, and white papers to accumulate the 

prior and theoretical knowledge. The review of literature will also assist in the identification 
of the existing research gaps in the area so as to set the stage for the next analysis. 
 

Case Studies 
 

In an attempt to explain the real life use of blockchain and the local effects, interviews with 
local pharmaceutical firms that are using blockchain will be conducted. These case studies 

will entail descriptions of how these implementation strategies have been done, the results 
achieved, and the difficulties encountered by these firms. Information for the case studies 

will be retrieved from firms’ documents, news releases, and organizational officials 
responsible for or affected by the implementation. 
 

Interviews 
 
44–45 semi-structured interviews with supply chain managers, IT specialists, and regulatory 

authorities will be used to generate qualitative data of the perceived advantages and 

disadvantages of blockchain technology. These interviews will be conducted in a purposive 

manner so that the participants selected be in a position to understand and provide information  
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on the topic under study. Hence, the interview questions will be aimed at asking questions 
regarding these and other related areas as transparence, traceability, security and operational 
practicalities of block chain in the context of the pharmaceutical supply chain. 
 

Surveys 
 

In its turn, quantitative data will be obtained from even more individuals in the 

pharmaceutical industry using questionnaires. Questions formulated on the availability of the 
survey will cover the current scenario of supply chain and related issues and participants’ 

perception of how blockchain can solve these issues. Likely, Likert-scale questions are going 
to be employed to define the degree of attitudes and opinions, while open-ended questions 

are going to provide more detailed answers. This qualitative survey data shall be subjected to 

statistical analysis to code and finally generate both trends and correlations. 
 

Data Analysis 
 

Primary data collected through surveys and first-person interviews, and case studies will be 
analyzed using Thematic analysis to come up with themes and patterns into the raw data 

collected. This will entail coding the data and sorting it into themes that seem relevant to the 
operations of the organization with regard to transparency, traceability and security. Survey 

data collected quantitatively will be analyzed using descriptive and inferential statistics in 
order to compare the results and generalize on findings in the broader industry setting. 
 

Validation 
 

Finally, to confirm the findings of the study, the key respondents for the interviews and the 
survey will be grouped together and they will be required to engage in focus group 
discussion. It is possible to get acquainted with the first conclusions; this will allow 
presenting preliminary findings and receive feedback. 
 

Ethical Considerations 
 

As for ethical consideration, permission to carry out the research will be sought and 
requested from the appropriate ethical committee of each of the institutions, while consent to 

participate in the study will be sought from all participants. Participants will be asked to keep 

their identities and the study information to themselves. Thus, employing the mixed method 
approach, this study seeks to investigate the proposed research questions and, in doing so, 

contribute significant findings to the fields of academic research and real-world practice by 
identifying ways that blockchain technology can help increase the transparency, traceability, 

and security of the pharmaceutical supply chain. 
 

 

4. Analysis and Discussion 

Enhancing Transparency 
 
This paper provides a new strategy to increase transparency by implementing a blockchain 

system in the supply chain of the pharmaceutical industry to increase the probability of 

eradicating counterfeiting in the drug distribution of chain. This ledger is open to all the approved 

parties and this eliminates the possibility of a party in the supply chain to indulge in any shady 

deal since everything is recorded for public view. Blockchain has the advantages of 
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decentralization which eliminates the intermediaries and minimizes data falsification hence 
gaining the trust of the stakeholders. 
 

As it has been earlier discussed, in traditional supply chains lack of information flow means 

ineffectiveness as well as lack of trust. This is tackled by the blockchain solution where 
every node that is involved in the decentralised system possesses a replica of the same 

information and this is updated in real-time [12]. This brings some level of accountability in 
that anyone can check the authenticity of the drug and all the processes from its production 

to distribution are checked to be Standard. Real-time audit of the entire supply chain 
contributes a lot to firms’ compliance with regulations, as the regulatory authorities can 

quickly trace all the procedures that were carried out in the supply chain. 
 

Improving Traceability 
 

Pharmaceutical supply chain track and trace is a critical activity that will help in the 

management of recalls, enhance product quality and compliance of products on regulations. 
This increases the aspect of traceability since the use of the block chain technology entails 

that every transaction is recorded permanently and cannot be tampered with. Blockchain 
allows for side chain traceability which is the history of a product from its point of 

manufacture to the consumer [15]. The recall feature is especially helpful in this aspect 
because, in case there is a recall, then all the products affected and their movements can be 

rapidly pinpointed for immediate correction to be made. 
 
Blockchain establishes a clear and unalterable trail of a product and through this process helps to 

solve problems like contamination, theft or forgery. For instance, should a particular batch of 

drugs be deemed nonconformance to specific requirements, the block chain provided a solution 

of tracing the particular batch to the production level and hence isolating the problem before the 

affected batch goes to the market [17]. This level of traceability advances efficiency and 

safeguarded patient care by shortening the time that is taken to handle problems. 
 
Enhancing Security 
 

The security of the pharmaceutical supply chain is critical as the data transmitted and stored 
may be sensitive involving patented compound details, and customers’ records. Current 

supply chain systems are also not very safe, particularly, liable to cyber criminals’ hacking 
and leakage that undermines the data [18]. In this feature, blockchain technology offers 

solution to the above security issues through cryptographic methods and geographical 
distribution. Transaction in a blockchain saves encrypted data that are connected to other 

records of transactions forming a record chain that cannot be changed [19]. This makes it 
very much difficult for other parties to modify or corrupt the data in any way they wish. 
 

Moreover, block chain being non-centralized does not possess a single point of failure thus 

reducing vulnerability to hackers. Essential records in the blockchain supply chain are 
decentralized; this means that any alteration to the records would be nearly impossible 

without the consent of most nodes in the network. It is this strong security architecture that 

means that data which is stored is secured, and this in effect improves the security status of 
drug distribution networks. 
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Implementation Challenges 
 

But the application of blockchain technology with regard to the pharmaceuticals’ supply 
chain can also have its demerits. Thus, several technical, organisational and regulatory 
problems when implementing the blockchain should be solved. 
 

Technical Challenges: Another technical problem pertains to compatibility issues with the 

existing supply chain applications or the platforms that have adopted block chain. When it 
comes to assimilation, some of the legacy systems have gained significant centrality across 

the variety of pharma organizations and aligning such systems to blockchain comes with a 
lot of time and capital [22]. It is a requisite to note that while technical barriers of ILS could 

be solved by the development of standardised protocols and frameworks. Third, the 
scalability issue should also be taken into consideration because the number of operations 

within the blockchain network and their speed and efficiency should be large enough and 
could not become decreased. 
 

Organizational Challenges: Blockchain has to be properly implemented and in the majority 

of the cases that can only be achieved through collaboration of the members of the supply 
chain. This therefore requires the emergence of a new culture among the members of the 

organ titulary in the manner that there is enhanced openness and cooperation. Hughes 

analyzed the essence and the importance of the trust and cooperation of the parties, including 
customers, in the process of effective blockchain implementation [30]. Perhaps, it is also 

rather worrying that internal resistance may also be a significant problem because such 
rejection of the change may originate from the lack of comprehension of the opportunities 

offered by the blockchain solutions. 
 

Regulatory Challenges: Still, a towering problem is the issue concerning the management of 

multiple structures of regulatory of the business of pharma. Blockchain is relatively an 

emerging technology and it not that is not defined on the rules set down by the regulating 
authorities on how it can be used on the chain of the supply of drugs. Therefore, it is the 

responsibility of the regulatory authorities to develop proper measures that will help in 
improving the use of Blockchain technology [28]. The growers of the blockchain technology 

should engage the regulators to try and set proper regulations that will foster the growth of 
the blockchain technology Industry. 
 

Real World Applications and Exmissions 
 
Here, there are several case studies that show how exactly the pharmaceuticals chain can benefit 

from the approach. For example, the MediLedger Project with the participants of pharmaceutical 

companies and technology providers has shown the effectiveness of a blockchain proving the 

possibility to meet the requirements of the “Drug Supply Chain Security Act (DSCSA)” in the 

United States. The project demonstrates how blockchain enables the tracking of pharmaceutical 

products and recognising their legitimacy [28]. Another real life example which have floated out 

is the application of block chain technology by pharma major Pfizer and other companies which 

have made lightening the process of managing clinical trials. Blockchain technology has been 

employed to generate a conservation of the trial data that cannot be altered, which is good for 

data and stakeholders’ credibility [27]. These examples shed light on how blockchain technology 

can advise the actual alteration 

 

Nanotechnology Perceptions Vol. 20 No. S10 (2024) 



Examining How Blockchain Technology Enhance… Sourabh Singha Roy et al. 430  
 

of the approaches taken to more secure, transparent, and traceable solutions in the field of 
the pharmaceutical supply chain. 
 

 

5. Conclusion 
 

The results show that the implementation of blockchain technology may catalyse the 

improvement of the roles of TTP in the pharmaceutical supply chain regarding transparency, 
traceability and security. Blockchain as a distributed, tamper-proof, and publicly available 

ledger solves many of the problems inherent in conventional supply chains. But, the 
integration of blockchain depends on several hindrances concerning technology, 

organization, and legislation. As continue to learn of the advantages this technology has in 
the supply chain for pharma, more brainstorm and coordination among the players and the 

authorities is needed. Thus, it can be stated that as the technology progresses further, the use 

of blockchain is expected to grow in safeguarding the safety, efficiency, and integrity of the 
pharmaceutical products which in turn will benefit consumers as well as all the stakeholders. 
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