INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 01, MAR 2025

A Blockchain-Based Approach for Drug Traceability in
Healthcare Supply Chain

1Dr.V.Rama Krishna, 2D.Uday,® S.Gopi Chand,* V.Vignesh

234UG Student, Department of Computer Science and Engineering, Anurag University, Hyderabad, Telangana,
India.

Abstract. A blockchain-based approach for drug traceability in the healthcare supply chain offers a
transformative solution to persistent challenges such as counterfeit drugs, lack of transparency, and inefficient
tracking systems. Traditional supply chains in the pharmaceutical industry are complex, involving multiple
stakeholders including manufacturers, distributors, regulators, and healthcare providers. These fragmented
systems often lack real-time visibility and suffer from data tampering risks, leading to compromised drug safety
and public health. Blockchain technology, with its decentralized, immutable, and transparent nature, provides
a secure infrastructure to trace the journey of pharmaceutical products from production to end-user delivery.
By leveraging smart contracts, each transaction and movement of drugs can be automatically recorded and
verified on a distributed ledger, ensuring that data is tamper-proof and accessible only to authorized participants.
This enables real-time monitoring of drug provenance, authenticity, and storage conditions, which is critical for
regulatory compliance and patient safety. Moreover, blockchain integration allows for quick identification and
removal of counterfeit or expired drugs from the supply chain, reducing the risk of harmful medication reaching
patients. The adoption of such a system can also enhance trust among stakeholders, reduce administrative
overhead, and improve inventory management through accurate demand forecasting. In addition, the
interoperability of blockchain platforms can support seamless data sharing between global entities, fostering
cross-border collaboration in pharmaceutical logistics. Challenges to implementation include scalability, high
initial costs, data privacy concerns, and the need for standardization across the industry. However, ongoing
advancements in blockchain scalability solutions, such as Layer 2 protocols and hybrid models, offer promising
avenues to overcome these limitations. Regulatory frameworks and industry-wide collaboration will also be
essential to ensure widespread adoption and integration with existing systems. Pilot projects and case studies
have already demonstrated the feasibility and benefits of blockchain in drug traceability, showcasing enhanced
supply chain resilience and operational efficiency. In conclusion, a blockchain-based drug traceability system
represents a significant step forward in securing the healthcare supply chain, offering a transparent, verifiable,
and efficient method for tracking pharmaceuticals that ultimately safeguards public health and reinforces the
integrity of the healthcare system.
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INTRODUCTION

The healthcare supply chain is a highly sensitive and complex network that plays a vital role in ensuring
the availability, safety, and quality of pharmaceutical products delivered to patients. It involves various
stakeholders such as manufacturers, suppliers, wholesalers, regulatory bodies, pharmacies, and healthcare
providers, all working together to ensure that medical products reach end-users efficiently and securely. However,
this intricate web of interactions also presents significant challenges, particularly in the area of drug traceability.
Ensuring the authenticity, origin, and quality of pharmaceutical products is of paramount importance, especially
given the global rise of counterfeit drugs, logistical inefficiencies, and regulatory non-compliance.

Counterfeit drugs remain a major global concern, with the World Health Organization (WHO) estimating
that around 10% of medical products in low- and middle-income countries are substandard or falsified. These
counterfeit medications not only endanger lives but also damage public trust in healthcare systems and lead to
massive economic losses. The traditional drug supply chain, characterized by paper-based documentation and
siloed data systems, is ill-equipped to detect and prevent the circulation of these fake products. Moreover, the lack
of real-time tracking, tamper-proof records, and system interoperability further complicates efforts to achieve end-
to-end visibility and accountability.

To address these pressing issues, innovative digital solutions are being explored to modernize the
healthcare supply chain infrastructure. Among these, blockchain technology has emerged as a promising approach
due to its unique attributes of decentralization, immutability, transparency, and security. Originally developed for
cryptocurrencies like Bitcoin, blockchain has since evolved into a versatile tool applicable to various sectors,
including healthcare. Its ability to create a shared and trustworthy record of transactions across multiple parties
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without the need for a central authority makes it especially suitable for managing the complexities of
pharmaceutical logistics.

Blockchain operates as a distributed ledger system where all participants have access to a single,
verifiable source of truth. Each transaction is recorded in a cryptographically linked block that is virtually
impossible to alter once confirmed. In the context of drug traceability, this means that every movement of a
pharmaceutical product—from raw material procurement to final delivery—can be securely logged and time-
stamped. Smart contracts, programmable scripts that execute automatically when predefined conditions are met,
can further enhance supply chain operations by enforcing compliance and streamlining workflows.

Several real-world pilot projects and research initiatives have already demonstrated the potential of
blockchain in enhancing traceability and trust in the healthcare sector. For instance, IBM’s blockchain-based
solution for pharmaceutical tracking, developed in partnership with the U.S. Food and Drug Administration
(FDA), showcases the feasibility of using blockchain for monitoring drug provenance and improving regulatory
compliance. Similarly, the MedilLedger Project is working to create an interoperable blockchain network that
connects pharmaceutical manufacturers and distributors to ensure drug authenticity and eliminate counterfeits.

Beyond counterfeit prevention, blockchain can address other significant challenges in the healthcare
supply chain. These include reducing administrative costs, improving inventory management, facilitating recalls,
and enabling data-driven decision-making. Real-time access to accurate and tamper-proof information allows
stakeholders to identify bottlenecks, optimize logistics, and respond swiftly to disruptions. Moreover, blockchain
can support global regulatory compliance by providing an auditable trail of product movements and handling
conditions, which is particularly valuable in the case of temperature-sensitive drugs and vaccines.

Despite its numerous advantages, the implementation of blockchain in the healthcare supply chain is not
without hurdles. Technical limitations such as scalability, energy consumption, and integration with legacy
systems must be addressed for widespread adoption. Moreover, data privacy concerns, particularly in light of
stringent regulations like the Health Insurance Portability and Accountability Act (HIPAA) and the General Data
Protection Regulation (GDPR), need careful consideration. Ensuring that sensitive information is securely stored
and shared while maintaining compliance with data protection laws is a complex but critical aspect of blockchain
deployment in healthcare.

Another significant barrier to adoption is the lack of industry-wide standards and regulatory frameworks
governing the use of blockchain in drug traceability. While several initiatives are underway to develop such
standards, the fragmentation of efforts across different regions and organizations poses a challenge to
interoperability. Collaborative efforts among governments, industry stakeholders, technology providers, and
regulatory agencies are essential to establish common protocols and promote trust in blockchain-enabled systems.

The economic implications of adopting blockchain technology also warrant attention. While the long-
term benefits in terms of cost savings, efficiency, and risk reduction are substantial, the initial investment in
infrastructure, training, and process redesign can be significant. Small and medium-sized enterprises (SMES) in
particular may struggle to keep up with the pace of digital transformation. Therefore, tailored strategies and
supportive policies are needed to facilitate equitable access to blockchain solutions across all segments of the
pharmaceutical industry.

In this context, this paper explores a blockchain-based approach for drug traceability in the healthcare
supply chain, focusing on its potential to enhance transparency, security, and efficiency. The objectives of this
study are threefold: first, to analyze the current challenges and limitations of traditional drug supply chain systems;
second, to evaluate how blockchain technology can address these issues through its unique features and
architecture; and third, to propose a conceptual framework for implementing a blockchain-enabled drug
traceability system, including considerations for smart contracts, data access control, and system integration.

This research contributes to the growing body of knowledge on digital transformation in healthcare
logistics by offering insights into the practical and strategic aspects of blockchain adoption. By synthesizing
findings from existing literature, industry case studies, and technical analysis, the paper aims to provide a
comprehensive understanding of how blockchain can revolutionize drug traceability and reshape the future of
pharmaceutical supply chains.

In the sections that follow, we begin with a literature review that outlines existing research and
applications of blockchain in healthcare and supply chain management. We then present the proposed framework
and its key components, followed by a discussion of implementation strategies, challenges, and potential solutions.
Finally, we conclude with recommendations for stakeholders and future research directions to ensure the
successful integration of blockchain in healthcare systems.

Ultimately, the pursuit of a secure and transparent drug supply chain is not merely a technical challenge
but a moral imperative. Ensuring that every patient receives safe, authentic, and effective medication is a goal that
unites all stakeholders in the healthcare ecosystem. Blockchain technology, when thoughtfully implemented, holds
the potential to make this vision a reality by providing the tools necessary for trusted, verifiable, and efficient
pharmaceutical traceability.
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LITERATURE SURVEY

1. Bali et al. (2021) - Blockchain Application Design and Algorithms for Traceability in
Pharmaceutical Supply Chain

Bali et al. (2021) introduced a blockchain-based solution, PharmaChain, utilizing Hyperledger Fabric to
enhance pharmaceutical traceability. Their approach emphasizes the importance of secure and transparent data
management across the supply chain. This aligns with findings by Kumar et al. (2019), who highlighted the
potential of blockchain to improve drug traceability and combat counterfeiting in the pharmaceutical industry.
Additionally, Dwivedi et al. (2020) discussed the adoption of serialization regulations and blockchain-based
solutions in the Italian pharmaceutical industry, underscoring the global trend towards blockchain implementation
for drug traceability.

2. Humayun et al. (2022) — Securing Drug Distribution Systems from Tampering Using Blockchain

Humayun et al. (2022) focused on securing drug distribution systems against tampering through blockchain
technology. Their work complements the findings of Shi et al. (2019), who explored the integration of 10T devices
with blockchain to ensure data authenticity and assess the current status of pharmaceutical products. This
combination enhances the reliability of drug traceability systems by providing real-time monitoring and
verification.

3. Jamil et al. (2019) — A Novel Medical Blockchain Model for Drug Supply Chain Integrity
Management

Jamil et al. (2019) proposed a blockchain model incorporating smart contracts for drug supply chain
integrity management. This approach is in line with the work of Kumar et al. (2019), who emphasized the role of
smart contracts in automating and securing transactions within the pharmaceutical supply chain. Moreover,
Alangot and Achuthan (2019) introduced the "trace and track™ model, combining loT frameworks with blockchain
to combat counterfeit drugs, further supporting the integration of smart technologies in drug traceability.

4. Musamih et al. (2021) — Blockchain-Based Solution for the Administration of Controlled
Medication

Musamih et al. (2021) developed a blockchain-based solution for administering controlled medication,
ensuring transparency and accountability. Their research aligns with the findings of Ahire et al. (2020), who
proposed a blockchain-powered approach for transparency and traceability in controlled drug supply chains. Both
studies underscore the importance of decentralized systems in enhancing the security and efficiency of
pharmaceutical logistics.

5. Kumarswamy & Sampigerayappa (2024) — Leveraging Blockchain Technology to Establish a
Transparent and Counterfeit-Resistant Pharmaceutical Supply Chain

Kumarswamy and Sampigerayappa (2024) explored the use of blockchain to create a transparent and
counterfeit-resistant pharmaceutical supply chain. Their work resonates with the research of Chen et al. (2019),
who developed a full-process drug traceability system using blockchain technology to enhance supply chain
transparency. Both studies highlight the effectiveness of blockchain in preventing counterfeit drugs and ensuring
the authenticity of pharmaceutical products.

6. Wu et al. (2022) — High-Efficiency Blockchain-Based Supply Chain Traceability

Wu et al. (2022) addressed the efficiency challenges in blockchain-based supply chain traceability by
proposing a high-efficiency model. Their approach is supported by the findings of Sermpinis and Sermpinis
(2018), who discussed the decentralization of supply chain traceability using blockchain technologies. Both
studies emphasize the need for scalable and efficient blockchain solutions to manage the growing volume of supply
chain data.

7. Malik et al. (2021) — TrustChain: Trust Management in Blockchain and 10T Supported Supply
Chains

Malik et al. (2021) introduced TrustChain, a trust management framework integrating blockchain and 1oT
for supply chain applications. This concept aligns with the work of Kumar et al. (2019), who explored the
integration of 10T with blockchain to ensure data authenticity and assess the current status of pharmaceutical
products. The combination of these technologies enhances the reliability and transparency of drug traceability
systems.
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8. Longo et al. (2022) — Blockchain-Enabled Supply Chain: An Experimental Study

Longo et al. (2022) conducted an experimental study on blockchain-enabled supply chains, focusing on the
practical implementation challenges and benefits. Their findings are consistent with the research of Meidute-
Kavaliauskiene et al. (2021), who proposed blockchain as a viable method for tracking assets while guaranteeing
security and data integrity in supply chains. Both studies highlight the transformative potential of blockchain in
enhancing supply chain operations.

9. Sermpinis & Sermpinis (2018) — Traceability Decentralization in Supply Chain Management
Using Blockchain Technologies

Sermpinis and Sermpinis (2018) discussed the decentralization of supply chain traceability using
blockchain technologies. Their work is supported by the findings of Agrawal et al. (2021), who highlighted the
benefits of blockchain-based tracing, including secure information sharing, real-time data collection, and quality
control throughout the supply chain. Both studies emphasize the advantages of decentralized systems in improving
supply chain transparency and efficiency.

10. Zoughalian et al. (2022) — Blockchain for the Healthcare Supply Chain: A Systematic Literature
Review

Zoughalian et al. (2022) conducted a systematic literature review on blockchain applications in the
healthcare supply chain. Their review aligns with the research of Katuwal et al. (2018), who discussed the
applications of blockchain in healthcare, including patient data management, pharmaceutical research, and supply
chain management of medical goods. Both studies underscore the growing interest and potential of blockchain in
transforming healthcare supply chains.

PROPOSED SYSTEM

This study proposes a blockchain-based framework for ensuring secure, transparent, and tamper-proof drug
traceability within the healthcare supply chain. The methodology is structured around the integration of blockchain
technology with smart contracts, Internet of Things (10T) devices, and access control mechanisms to provide end-
to-end visibility and trust among stakeholders. The framework is designed to address key challenges in the current
pharmaceutical logistics ecosystem, such as data manipulation, counterfeiting, and inefficiencies in drug recall
and tracking processes.

4.1 System Architecture
The proposed system architecture is a consortium blockchain model using Hyperledger Fabric, which
supports permissioned networks. This model is selected due to its ability to enforce access control, scalability, and
transaction privacy, which are essential in healthcare environments where sensitive data is involved. The
architecture is composed of five primary layers:
1. Data Acquisition Layer
o Consists of 10T devices (e.g., RFID tags, temperature sensors, barcode scanners) deployed at
each node of the supply chain—manufacturers, warehouses, distributors, pharmacies, and
healthcare facilities.
o These devices automatically capture critical data such as drug ID, batch number, manufacture
and expiry dates, and real-time environmental conditions (e.g., temperature, humidity).
2. Blockchain Layer
o Implements the distributed ledger using Hyperledger Fabric. Each block records transactions
(e.g., drug dispatch, storage, delivery) with cryptographic hashes, timestamps, and digital
signatures.
o Ensures immutability and transparency of transaction records. Every transaction is validated
using consensus mechanisms such as Practical Byzantine Fault Tolerance (PBFT).
3. Smart Contract Layer
o Contains business logic encoded in chaincode (Hyperledger’s term for smart contracts).
o Smart contracts automate operations such as ownership transfer, compliance verification,
drug recall initiation, and quality checks.
o For example, a smart contract can automatically reject a shipment if the temperature deviates
beyond acceptable thresholds.
4. Access Control and Identity Management Layer
o Uses Public Key Infrastructure (PKI) and certificate authorities (CA) to authenticate users
and enforce role-based access control (RBAC).

o  Only authorized parties (e.g., FDA, pharmacists, logistics providers) can write or read specific
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segments of the ledger.
5. Application and Interface Layer
o Provides user-facing dashboards and mobile/web apps for supply chain actors.
o Enables real-time visibility of drug status, compliance reporting, and traceability analytics.

4.2 Stakeholder Integration
The methodology ensures interoperability and secure data exchange between multiple stakeholders:
e Manufacturers record initial data about the drug’s origin, formulation, and batch numbers.
e Distributors and logistics providers update transportation logs and storage conditions.
e Regulatory bodies can access immutable records to verify drug compliance and safety.
e Pharmacies and hospitals scan drug barcodes upon receipt and administer records of
dispensation.
e Patients may verify drug authenticity via mobile apps by scanning QR codes linked to blockchain
records.
Each participant operates a node in the blockchain network or accesses the data via APIs connected to
authorized nodes, depending on their trust level and data privileges.

4.3 Data Flow and Process Lifecycle
The proposed system facilitates the full drug lifecycle tracking through the following stages:
1. Drug Production
o Upon manufacturing, drug batches are labeled with unique QR codes or RFID tags.
o Production data (batch number, expiry date, ingredients, facility 1D) is pushed onto the
blockchain.
2. Distribution and Logistics
o Drugs are shipped to distributors or wholesalers. During transit, 10T sensors monitor
conditions.
o Sensor readings are captured periodically and stored on-chain or in off-chain storage with on-
chain references for data integrity.
3. Retail Dispensation
o Pharmacies scan and validate drug packages upon receipt. Inventory updates and ownership
transfers are executed via smart contracts.
o At point-of-sale or dispensation, details are logged on-chain, ensuring traceability to the end-
user level.
4. Regulatory Oversight and Recall Management
o Regulators can audit the entire trail of a drug’s journey. In case of adverse events or
counterfeit identification, a recall process can be triggered by smart contracts to notify all
downstream entities.
5. Consumer Interaction
o End-users (patients) can scan a drug package to view its history, verify authenticity, and report
issues via a decentralized app (dApp).

4.4 Smart Contract Design
Smart contracts are developed to automate key events:
e Contract 1: Drug Verification — Ensures each drug unit is registered with a verified manufacturer
before it enters the supply chain.
e Contract 2: Temperature Compliance — Monitors real-time sensor data and triggers alerts or
holds shipments that breach safe thresholds.
e Contract 3: Ownership Transfer — Facilitates authorized movement of goods from one
stakeholder to another.
e Contract 4: Recall Initiation — Enables rapid product recall with stakeholder notifications and
supply halts.
These contracts are tested in a sandbox environment to ensure logic correctness, prevent vulnerabilities
(e.g., reentrancy attacks), and simulate realistic scenarios.

4.5 Off-Chain Storage and Data Privacy
Due to blockchain’s storage limitations, large or sensitive data (e.g., full drug composition, sensor logs) is
stored off-chain in secure, encrypted databases or IPFS (InterPlanetary File System). On-chain hashes reference
these datasets to ensure integrity and allow for verification without data redundancy.
To comply with privacy laws like GDPR and HIPAA, personal information (e.g., patient records, private
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transactions) is encrypted and subject to access permissions governed by RBAC policies. Zero-knowledge proofs
(ZKPs) or homomorphic encryption can also be employed for advanced privacy-preserving computation if
required.

4.6 Consensus Mechanism

The permissioned blockchain uses PBFT for transaction validation, which is more suitable than Proof of
Work (PoW) or Proof of Stake (PoS) due to its low latency and energy efficiency in controlled networks. PBFT
allows faster consensus with high fault tolerance, ensuring timely updates for logistics and regulatory compliance.

4.7 System Scalability and Performance Optimization
To ensure performance under real-world loads:

e Batch transactions are implemented to reduce chain congestion.

e Layer-2 scaling solutions (e.g., sidechains or state channels) are considered for regions with high

data throughput.

e Parallel processing and smart contract modularization help reduce transaction bottlenecks.

Stress testing is conducted to measure system response time, throughput, and reliability under peak
conditions.

4.8 Implementation Roadmap
1. Phase 1: System Design and Stakeholder Onboarding
o Define roles, access permissions, and regulatory requirements.
o Establish consortium agreement among participants.
2. Phase 2: Prototype Development
o Deploy private blockchain network and smart contracts.
o Develop dApp interfaces and 10T integration modules.
3. Phase 3: Pilot Testing
o Conduct a pilot with selected supply chain partners to validate usability and performance.
o Refine smart contracts and interfaces based on feedback.
4. Phase 4: Full-Scale Deployment
o Gradual rollout across the broader supply chain.
o Continuous monitoring and updates for security and compliance.

RESULTS AND DISCUSSION

The implementation of the proposed blockchain-based drug traceability framework was tested through a
simulated environment using Hyperledger Fabric. This environment included stakeholders such as manufacturers,
distributors, pharmacies, regulators, and patients. Several use-case scenarios were executed to evaluate system
functionality, performance, and reliability, particularly concerning traceability, data integrity, and counterfeit
prevention. The results of this pilot implementation provide significant insights into the feasibility and benefits of
blockchain integration into the healthcare supply chain.

5.1 System Performance and Efficiency

One of the core performance metrics evaluated was the transaction throughput of the blockchain network,
i.e., how many drug traceability events (such as ownership transfer, batch registration, or shipment tracking) the
system could process per second. Under test conditions, the Hyperledger Fabric network achieved an average
throughput of 250 transactions per second (TPS) with a latency of approximately 2.3 seconds per transaction,
which is well within acceptable limits for pharmaceutical supply chain operations. These values were observed
during moderate loads involving 50 simulated nodes.

In real-time, a pharmaceutical supply chain does not experience the same level of transaction intensity as
financial or e-commerce systems. Therefore, the observed throughput is adequate for practical deployment,
especially when coupled with Layer-2 enhancements or off-chain storage optimizations. Furthermore, the use of
Practical Byzantine Fault Tolerance (PBFT) as the consensus mechanism ensured high-speed validation and
resistance to faulty or malicious nodes, which is critical in a decentralized, multi-stakeholder environment.

5.2 Traceability Accuracy and Visibility

The most significant success of the system was the improved traceability across the drug lifecycle. All
key transactions—from manufacturing to dispensation—were recorded immutably, and stakeholders were able to
trace the provenance of any drug package with full transparency. Each QR code scan performed by distributors,
pharmacies, or patients displayed an auditable history of the drug’s origin, transit events, and compliance records.
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In simulation, 100% of test drugs could be accurately tracked and verified. In contrast, traditional systems
often rely on siloed databases and manual logs, which are vulnerable to human error or manipulation. The
blockchain system eliminated these inconsistencies by providing a single source of truth shared across authorized
stakeholders.

Additionally, simulated tampering events (e.g., modifying shipment conditions or falsifying records) were
automatically flagged or blocked by the smart contracts. For example, when the temperature exceeded the
predefined threshold for vaccine storage, the smart contract prevented further transfer of ownership until an
inspection was logged. This kind of conditional logic adds automated enforcement of compliance policies,
reducing the need for manual audits.

5.3 Counterfeit Drug Prevention

One of the most important discussions surrounding blockchain in pharmaceutical supply chains is its
potential to combat counterfeit drugs. The testbed successfully demonstrated this capability through real-time
verification and unique batch-level identifiers tied to blockchain records.

In scenarios where counterfeit drugs were introduced (e.g., packages with fake QR codes not registered on
the ledger), the system correctly rejected the transactions. Pharmacies were alerted immediately upon scanning
the unrecognized codes, and smart contracts executed a block, preventing sale or distribution. Furthermore,
stakeholders received alerts that allowed them to initiate regulatory or legal follow-ups.

This is a significant improvement over traditional anti-counterfeiting mechanisms like holograms or
barcodes, which can be easily duplicated and offer no real-time validation. Blockchain, by creating a verifiable
digital twin of each physical product, essentially renders counterfeiting detectable and traceable.

5.4 Recall Management and Compliance Monitoring

Another benefit observed was in recall management. In the simulation, a batch recall initiated by the
manufacturer triggered automatic notifications to all downstream parties—including distributors, pharmacies, and
regulators—via smart contracts. Pharmacies holding the affected batch were able to quickly quarantine the drugs
and report compliance.

In existing systems, drug recalls can be slow and fragmented, often requiring days to reach the end nodes.
The blockchain system reduced the recall response time from an average of 2.5 days (industry standard) to less
than 6 hours, thanks to instant, immutable notifications and record verification.

Regulators had real-time access to compliance records without needing intermediaries. All storage
conditions, transfer logs, and stakeholder interactions could be audited transparently, allowing for improved
regulatory oversight and faster enforcement actions where necessary.

5.5 User Experience and Accessibility

Feedback from test users (simulated roles of pharmacists, regulators, and logistics providers) indicated a
generally positive user experience. The system interface provided intuitive dashboards with detailed yet
understandable logs. Pharmacists especially appreciated the ability to scan QR codes and instantly verify
authenticity without having to consult multiple systems or manual records.

However, one challenge noted was the digital readiness of smaller stakeholders, especially in low-
resource settings. While large pharmaceutical manufacturers and national distributors could easily integrate
blockchain nodes and APls, smaller pharmacies and rural clinics might require simplified mobile applications or
cloud-based interfaces. This issue points toward the need for tiered onboarding strategies and possibly the
inclusion of third-party data providers or integrators to support accessibility.

Comparative Analysis with Traditional Systems

| Feature || Traditional Supply Chain || Blockchain-Based System |
|Data Storage ||Centra|ized and siloed ||Decentra|ized and immutable |
[Traceability |[Partial and delayed ||Full and real-time |
| Counterfeit Detection ||Manua|, error-prone ||Automated, blockchain-verified |
Recall Efficiency || Delayed, manual notifications || Automated, instant smart contracts |
| Audit and Compliance || Paper-based or fragmented || Transparent and always accessible |
|Access Control ||Weak and inconsistent ||Ro|e-based, PKI-enabled |

This comparison clearly indicates that a blockchain-based solution offers superior traceability, security,
and efficiency, although at the cost of increased technical complexity and onboarding effort.
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CONCLUSION

In conclusion, the proposed blockchain-based approach for drug traceability in the healthcare supply chain
presents a transformative solution to persistent challenges such as counterfeit drugs, lack of transparency, and
inefficiencies in data handling. By leveraging the core features of blockchain—decentralization, immutability,
transparency, and security—this system ensures end-to-end visibility across all nodes of the pharmaceutical supply
chain, from manufacturers to end-users. The integration of smart contracts automates critical operations like batch
verification, temperature monitoring, and recall execution, significantly enhancing operational efficiency and
regulatory compliance. The simulated implementation using Hyperledger Fabric demonstrated strong results in
terms of transaction throughput, real-time traceability, counterfeit detection, and recall management, all while
maintaining data integrity and stakeholder accountability. It successfully showcased how blockchain can provide
a secure, tamper-proof ledger that not only deters fraudulent practices but also simplifies auditing and oversight
processes. Furthermore, real-time access to drug lifecycle data empowers stakeholders—including regulators,
healthcare providers, and patients—to make informed decisions, improving trust, safety, and transparency
throughout the network. However, the study also highlights certain limitations, such as scalability concerns,
integration challenges with legacy systems, and the need for broader adoption among low-resource stakeholders.
These issues must be addressed through strategic planning, infrastructure investment, and collaboration across
public and private sectors. Despite these hurdles, the benefits of implementing a blockchain-based system in
healthcare logistics far outweigh the challenges, offering a robust foundation for future innovation in digital health
systems. As global pharmaceutical supply chains grow more complex and patient safety remains paramount,
adopting advanced technologies like blockchain will be essential to building a more secure, transparent, and
resilient healthcare ecosystem.
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