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Abstract 

Pharmaceutical supply chains are being faced with some increasingly challenging circumstances 

including counterfeit drugs and data silos as well as a lack of timely visibility into supply chain 

data. All of these problems pose a safety risk to patients and threaten the integrity of regulatory 

compliance. This article explores the potential of addressing these issues through the integration 

of blockchain and artificial intelligence (AI) to improve the transparency, traceability, and 

forecasting ability of the pharmaceutical supply chain. Blockchain provides an immutable and 

decentralized way for data to be shared, while AI provides predictive analysis and anomaly 

detection. This article reviews the literature through a secondary data analysis of recent studies, 

case reports, and industrial adoptions to explore the synergy effect of blockchain and AI together. 

This study found that the blockchain and AI hybrid can produce some interesting opportunities to 

reduce fraud, ease logistics, and build trust across a range of stakeholders. This research 

contributes a conceptual model and some recommendations for future implementation. 

Keywords:  Pharmaceutical Supply Chain, Blockchain Technology, Artificial Intelligence (AI), 

Transparency, Traceability, Counterfeit Drugs. 
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1. INTRODUCTION 

The pharmaceutical industry is essential for 

public health and consists of an intricate 

supply chain with numerous stakeholders 

including suppliers of raw materials, 

manufacturers, distributors, pharmacies, 

regulators, and ultimately patients. The vast 

global supply chain needs to operate without 

any interruptions to get live-saving drugs on 

the market, in a timely, safe, and efficient 

manner (Charles et al., 2023). The 

complexity of these global supply chains 

creates many vulnerabilities in the process, 

such as counterfeit medicines, 

mismanagement of the supply chain, creating 

data silos, and no real-time cloud solutions 

for visibility in the supply chain. All of these 

issues threaten drug safety, and regulatory 

compliance and force consumers to question 

the integrity of the health system the system 

in which many drugs are transported to 

patients. 

The most fake and substandard medicines 

remain one of the biggest challenges. The 

World Health Organization (WHO) has 

shared that one in ten medical products 

circulating in low- and middle-income 

countries is substandard or falsified. Not only 

does this threaten treatment outcomes, but 

medicines that cause serious risks to patient 

safety and public health in general. What 

compounds these issues is a lack of 

documentation efficiency, mislabeling, and 

poor data sharing in the supply chain which 

cause delayed deliveries to patients, 

increased costs, and failure to meet 

regulatory compliance. 

As a result of the historical issues in these 

areas, pharmaceutical companies, and 

regulators have begun to implement new 

technologies to improve supply chain 

reliability. The major component of these 

technologies is blockchain and artificial 

intelligence (AI). Blockchain provides a 

decentralized and transparent along with 

tamperproof technology for recording and 

verifying transactions along the supply chain. 

It provides the ability to record and track 

products from origin to user through 

numerous checkpoints along the way. This 

level of traceability increases the difficulty of 

counterfeiting drugs and enhances the trust 

among participants in the supply chain. 

AI brings intelligence to blockchain's critical 

ability to process data. The integration of 

machine learning and predictive analytics, 

have improved the system. AI can analyze 

massive amounts of data from the supply 

chain. Ultimately, AI can reveal patterns of 

behavior and forecast demand as well as they 

can identify anomalies. AI can add value to 
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the blockchain by converting flat historical 

records into real-time information. They give 

patients, clinics, dispensers, and regulators 

the ability to act with information rather than 

historical artifacts and scope risks in a 

proactive way. 

 

Figure 1: Management (Source: Created 

by author) 

1.1 Objective  

This study aims to examine how blockchain 

and artificial intelligence technologies can 

improve transparency and efficiency in the 

pharmaceutical supply chain. The 

pharmaceutical industry faces serious 

problems with counterfeit drugs and 

fragmented data systems as well as regulatory 

non-compliance. This research will explore 

how a blockchain-AI hybrid solution can help 

alleviate these challenges. Blockchain is a 

decentralized and tamper-proof record of 

every transaction in the supply chain, 

providing end-to-end traceability of 

pharmaceuticals. The AI complement can 

leverage big data and provide real-time 

insights through predictive analytics, 

anomaly detection, and automated decisions 

about logistics. There will be a secondary 

data analysis of existing literature, industry 

reports, and case studies until saturation is 

reached, to gauge the success of a blockchain 

and AI-integrated solution. The exploration 

also aims to propose a conceptual model 

demonstrating how blockchain and AI can 

operate together in a single system to increase 

visibility in the supply chain, build trust 

among stakeholders, and conform to 

regulatory requirements. 

2. LITERATURE REVIEW  

2.1 Blockchain in Pharmaceutical 

Logistics 

Mirdad, 2023, examines the transformational 

effects of blockchain technology on 

pharmaceutical supply chains. The study has 

shown its ability to improve transparency and 

security as well as traceability being key 

components of the work. The dissertation 

further identifies blockchain's decentralized 

ledger as a best practice for dealing with 

counterfeit drugs and establishing regulatory 

compliance. The dissertation is based on real-
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world case studies and existing frameworks, 

demonstrating that blockchain's secure 

transfer of information among stakeholders 

enables real-time verification of 

pharmaceutical products. Some of the issues 

raised relate to implementing blockchain and 

include issues around system interoperability 

scalability and adoption by stakeholders. The 

author ends by noting how, although 

blockchain cannot solve everything, it can be 

an essential part of improving pharma 

logistics by developing interpersonal trust, 

reducing fraud, and enhancing efficiencies 

across the supply chain. 

According to Aung & Ko, 2020 investigate 

the use of blockchain technology as a means 

of addressing the rising issue of counterfeit 

drugs, especially in developing countries 

where enforcement of regulations is often 

weak. Their study offers a blockchain-based 

architecture that includes QR codes and IoT 

sensors to verify drugs at every stage of the 

supply chain. This model can effectively 

track product authenticity and traceability in 

real-time and allows stakeholders to have 

access to transparent, tamper-proof records in 

a continuous end-to-end manner. The authors 

explain how this helps to establish a trust-

centered ecosystem among pharmaceutical 

manufacturers, regulatory agencies, 

distributors, and consumers. Overall, the 

authors provide evidence that blockchain 

may serve as a legitimate structure for 

securing pharmaceutical logistics and 

contribute to better public health by enabling 

better accountability in the supply chain.  

 

Figure 2: Integration of Blockchain and AI 

(Source: Created by author) 

According to Shuaib & Asim, 2021, 

performed a comprehensive analysis of 

blockchain applications within 

pharmaceutical logistics with respect to 

transformational potential along with 

operational constraints. The authors highlight 

the key contribution of blockchain in 

pharmaceuticals which included traceability, 

transparency, and immutable documentation 

throughout the supply chain. These key 

features are essential in pharmaceutical 
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logistics, which has to protect the integrity of 

a medical product from the time lapsing for 

its transportation, storage, and delivery.  

In addition, the study recognized several 

initiatives in Europe and Asia, in which 

blockchain platforms were commissioned as 

projects to digitalize supply chain records. 

The work provided for successful drug 

traceability, data sharing at distributed nodes, 

and improved response time for delivery 

exceptions. 

A simplified model of verification latency 

can be expressed as: 

�� =
�� ⋅ ��
�

 

Where: 

 Tv = Total verification time 

 Nb = Number of blockchain blocks 

verified 

 Tc = Average computation time per 

block 

 p = Parallel processing nodes (peers) 

in the network 

This equation shows how the parallelism 

achievable by blockchain networks can 

greatly decrease the time needed for 

validation and tracing pharmaceutical data. 

The authors provide a bit of caution when 

considering if data can be trusted, as they did 

not examine whether blockchain held 

promise beyond pilot projects. The main 

barriers include scalability and latency. 

Whether a blockchain solution can be 

integrated with existing enterprise resource 

planning (ERP) systems. By taking example, 

legacy ERP systems were not designed to 

accept real-time transaction data from the 

blockchain and can cause synchronization 

issues. 

2.2 Artificial Intelligence in Supply Chains 

According to Roy et al., 2025, completed a 

thorough systematic review assessing AI use 

in the pharmaceutical supply chain. Their 

findings reveal that AI tools, especially 

machine learning and natural language 

processing, are being used in areas like 

forecasting demand, optimizing inventory, 

maintaining quality, and assessing risk. The 

review integrates data from more than 60 

peer-reviewed works and notes clear 

advantages such as improved decision speed, 

access to real-time data, and better regulatory 

compliance. The authors maintain that the 

implementation of AI increases operational 

resilience and reduces drug shortages during 

supply chain disturbance. The authors note 

that while AI has great potential, challenges 

still exist such as the existence of data silos, 
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challenges of system-to-system 

interoperability, and cost of implementation. 

They recommend a combined approach 

involving hybrid models of AI, blockchain, 

and IoT for the greatest success. 

Yani & Aamer, 2023, provide a comparative 

study evaluating machine learning (ML) 

techniques for demand forecasting in 

pharmaceutical logistics. The research 

examines a number of models, such as 

Random Forest, Gradient Boosting, and 

Support Vector Machines as well as recount 

their performance relative to traditional 

statistical approaches. Yani and Aamer found 

that ML algorithms provided a forecast 

accuracy improvement over baseline models 

in the range of 10% to 41%; particularly true 

in cases of erratic consumer demand or other 

supply chain disruptions. The authors stress 

ML imputations' performance through data 

quality and feature selection. In addition to 

better model performance, they highlight the 

operational benefits of enhanced forecasting 

capabilities, like reduced stockouts, lower 

holding inventory costs, and better planning 

during public health emergencies. The 

authors suggest that there is considerable 

potential for better utilization of machine 

learning-based forecasting methods in 

pharmaceutical supply chains and such 

professionals could see improved 

responsiveness and effectiveness in 

operations. 

 

Figure 3: Integration of Blockchain and AI 

for Pharmaceutical Supply Chain 

Transparency (Source: Created by author) 

2.3 Integration of Blockchain and AI 

According to Egypt et al., 2022, investigate 

the simultaneous adoption of artificial 

intelligence (AI) and blockchain technologies 

in contemporary supply chains, while 

emphasizing the intertwined developments of 

achieving sustainability and data 

monetization. The study details how 

blockchain establishes secure, transparent, 

and irrefutable data recording, while AI 

provides sophisticated data mining services 

in order to employ demand forecasting, 

anomaly detection and automate decision-

making processes. The authors contend that 
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the combination of AI and blockchain forms 

intelligent and adaptive along with resilient 

supply chain ecosystems. The literature 

review incorporated numerous industry case 

studies, showing that this duality already 

enhances operational performance and 

mitigates risk in many sectors, including 

manufacturing and retail. The authors 

importantly remark that the possibility for 

synergy in pharmaceutical applications has 

yet to be realized despite the benefits it could 

bring in increasing traceability, aiding in 

counterfeits, and regulatory compliance. The 

study wraps up by advocating further 

research and funding in hybrid blockchain. 

AI systems are warranted in order to develop 

data-centered supply chain infrastructure for 

comprehensive industries such as healthcare. 

Emrouznejad & Marra 2023, provide an 

evaluative critique of the convergence of 

blockchain and artificial intelligence (AI) in 

supply chains, with an emphasis on the 

transformative nature of this convergence. 

The authors examine current academic and 

industry sources and reveal how blockchain 

creates immutability and transparency as well 

as security of data. While AI has applied 

predictive analytics and anomaly detection 

along with autonomous decision-making 

capability. When combined, blockchain and 

AI can facilitate smart, resilient, and agile 

supply chain systems. They review multiple 

use cases across various industries yielding 

significant benefits like reduced lead time, 

increased traceability, and improved demand-

supply alignment. The study found 

significant challenges regarding 

interoperability, cost of implementation, and 

the absence of a standard framework for 

integrated systems. The authors wanted to 

emphasize that organizations must align their 

strategies to be ready and actively working to 

adopt and integrate new technology. They 

present a conceptual model that sets out 

pathways to achieve paired technology 

integration. The findings provide valuable 

insights for organizations, for example in 

pharmaceuticals where issues of trust, 

compliance, and efficiency have substantial 

implications for supply chain performance. 

According to Sharma et al., 2022, investigate 

the technological convergence of artificial 

intelligence (AI) and blockchain to develop 

sustainable and reliable smart industrial 

ecosystems. Their research emphasizes how 

blockchain provides a secure and 

decentralized data repository with transaction 

integrity, while AI provides operational 

intelligence via a data-centric decision-

making process, real-time analytics for 

insights, and process automation. The authors 

contend that when combined, the supportive 
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parts of both technologies create 

transparency, security, and efficient outcomes 

across industries. The authors explained how 

several architecture models and 

implementation frameworks show the 

synergetic illustration of combining the 

tamper-resistant tendencies of blockchain 

with the learning capabilities of AI. 

Particularly, the authors highlighted the 

relevance of this convergence in sensitive 

historical paths for pharmaceuticals that 

require traceability, regulatory compliance, 

and data privacy which is integral in 

establishing trust. The authors also labeled 

some potential challenges. The integration 

overhead and computational capacity. 

Overall, this research promotes hybrid AI–

blockchain systems as key enablers of 

sustainable innovation and digital trust of 

future-ready industry applications. 

3. RESEARCH METHODOLOGY  

This research is a qualitative secondary data 

analysis to study the rollout of blockchain 

and artificial intelligence (AI) for improving 

transparency and traceability in 

pharmaceutical supply chains (Agarwal et al., 

2022). Rather than collecting primary data, 

secondary data analysis is the analysis and 

interpretation of existing research, reports, 

academic literature, and case studies 

(Omidian, 2024). This approach allows for a 

larger synthesis of the growing literature that 

is emerging regarding new technologies and 

their applications in complex, regulated fields 

such as pharmaceuticals. 

The data sources for this project consist of 

peer-reviewed journal articles, industry white 

papers, and government and healthcare 

regulatory reports. Case studies of previously 

published research from between 2020-2025, 

are also included. Each of the data sources 

focuses on blockchain, AI, and supply chain 

management, and was chosen for relevance 

and trustworthy sources. The thematic 

analysis provided a way to find patterns in 

concepts, perceived benefits, challenges, and 

technology frameworks in the literature. The 

study's goals were to provide a meaningful 

understanding of how industry stakeholders 

have conceptualized, implemented, and are 

assessing the effectiveness of integrating 

these technologies with supply chains and 

logistics. 

By synthesizing qualitative secondary data, 

much as each author did in completing their 

own case studies, this research aimed to 

provide a more comprehensive, evidenced-

based understanding of current trends, 

possible barriers in implementation, and 

strategy for integrating blockchain and AI 

within pharmaceutical logistics, without the 
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time constraints and resources associated 

with collecting primary data. 

3.1 Experimental Methodology 

An artificial intelligence system that 

integrates a blockchain was designed to 

achieve transparency and ensure traceability 

in pharmaceutical supply chains. A private 

blockchain structure was implemented using 

Python and Flask to create a decentralized 

ledger and record immutable events within 

the supply chain (Mishra et al., 2022). Each 

block had a shipment count of event-specific 

data such as the type of the event, the identity 

of the handler, batch number, expiry date, and 

location. The blockchain has exploited hash 

and digital signature-based proof-of-work 

mining to enable tamper-resistant data 

recording. 

A genesis block had been inserted at the 

beginning of a blockchain, and new events 

were written to the chain using a secure 

HTML (add_event.html). Events were mined 

into their block, indefinitely on a persistent 

JSON file, and displayed on a live dashboard 

(index.html) when their data was submitted. 

Cryptographic hashes connect all the blocks 

to form a provable chain. Each block was 

guaranteed to be intact, with a signature 

verification system checking on it at runtime. 

 

 Figure 4: Add New Supply Chain Event 

Form 

A module of artificial intelligence software 

was constructively mounted above the 

blockchain system to identify abnormal 

distinctiveness in the shipment behavior. The 

discovery of the outliers of shipment quantity 

was performed through statistical analysis. In 

contrast, logical verification was completed 

by considering a pre-determined path of 

supplies: Factory A to Warehouse X to 

Distributor Y to Pharmacy Z. Any block that 

followed some patterns other than the 

expected ones was identified as anomalous. 

This was displayed using the anomalies.html 

interface, where abnormal blocks were 

identified in two categories, namely, 

quantity-based and location-based. 

To fulfill traceability in detail, a search 

facility was deployed through the use of 

trace_batch.html, which would allow the user 

to get the full movement history of any batch 

ID. The backend blockchain assisted this by 
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scanning and creating the respective records 

in the available ledger. 

4. FINDINGS AND ANALYSIS 

4.1 Enhanced Traceability and 

Transparency 

The secondary analysis of new academic 

articles, industry reports, and case studies 

indicates a growing recognition of the 

synergetic potential of blockchain and 

artificial intelligence (AI) in pharmaceutical 

supply chains. The major findings are 

reported in four thematic areas such as 

traceability and transparency. The counterfeit 

mitigation and prediction capabilities along 

with integration challenges.  

Blockchain technology has been used in pilot 

programs to enable real-time traceability of 

pharmaceutical products. Immutable and 

decentralized as well as ledgers create 

enhanced transparency because all 

transactions, from sourcing raw materials to 

final delivery, are recorded. This reduces the 

risk of fraud and diversion of products by 

enhancing transparency between all 

stakeholders and regulators and establishing 

trust. 

4.2 Mitigation of Counterfeit 

Pharmaceuticals 

Additionally, artificial intelligence 

applications, including machine learning and 

predictive analytics, will play a critical role in 

demand forecasting, route optimization, and 

anomaly mapping (Ghorbani, 2025). For 

example, AI has been demonstrated to 

identify oncoming supply issues by 

identifying expirations in drug distribution or 

identifying divergencies of the climate-

controlled transportation of drugs, better than 

generic human functions.  

Moreover, integrated systems provide 

notable productivity improvements. AI 

models relying on data certified by 

blockchain technology will support enhanced 

speed and accuracy of decision-making. The 

findings have revealed 3 major challenges 

such as computational demand, 

interoperability of data, and an absence of 

frameworks to govern blockchain and AI 

integration.  

4.3 Synergy Between Blockchain and AI 

The intersection of blockchain and artificial 

intelligence (AI) is largely due to both 

technologies having complementary 

advantages, with blockchain providing a 

reliable mode of recordkeeping and AI 

allowing the use of this trustworthy data to 

provide insights and make useful decisions. 

In a pharmaceutical supply chain, this 

contributes to real-time visibility of inventory 

and counterfeit detection along with 
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proactive risk mitigation. Satisfactorily 

unifying immutable records with adaptive 

intelligence allows organizations to provide 

trusted, transparent, compliant visibility and 

decision-making speed to all parties within a 

supply chain. 

 

Figure 5: Thematic Findings on 

Blockchain-AI Integration in 

Pharmaceutical Supply Chains (Source: 

Created by the author) 

4.4 Outcome of the Project 

The blockchain deployment was able to 

achieve permanent, irreversible records of 

every single event happening inside the 

pharmaceutical supply chain. Every event 

was cryptographically hashed and verified 

with signatures, establishing that it was 

unaltered. The integrity of the blocks was 

guarded by mining and hash validation to 

ensure alternate changes were readily 

identified. Every transaction contained a set 

of data reflecting shipment details, 

timestamp, handler, and location. 

The web-based interface provided visibility 

of the supply chain in real-time. The principal 

dashboard interpreted the chronological 

comprehension of the entire blockchain 

records, and new events were recorded and 

firmly embedded by using the input form. 

The frontend data was hashed and validated 

through an automatic hash, as well as added 

to the blockchain ledger. 

 

Figure 6: Dashboard 

The anomaly detection system based on AI 

uncovered important insights. Shipping 

amounts were evaluated in standard deviation 

limitations. Blocks with quantities more than 

two standard deviations from the mean were 

marked as quantity anomalies. Also, the 

system led to logistical tracking through valid 

supply points. Any batch that traveled in a 

reverse direction or skipped a planned node 
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of the logistics supply chain was considered 

a location anomaly. These results were 

presented clearly in anomalies.html, and it is 

easy to identify the number of blocks 

attached to suspicious data. 

The trace_batch.html interface featured 

batch-level tracking, allowing a timeline of 

each of the recorded events associated with a 

batch ID. Values contained block index, 

timestamps, event type, location, handler, 

quantity of shipments, and expiry date in such 

a way that the stakeholders could check to see 

whether the batch is compliant and whether 

there is any deviation from it. 

5. CONCLUSION 

This paper explored the transformative 

possibilities of adopting blockchain and 

artificial intelligence (AI) technologies to 

improve pharmaceutical supply chain 

transparency, traceability, and efficiency. 

Using qualitative secondary data analysis, 

this embedded SET methodology study 

provides evidence that blockchain enables 

secure, decentralized, tamper-proof 

technology to record each stage of the drug 

lifecycle, from the sourcing of raw materials 

to the final delivery of the product. AI can add 

value by providing suppliers and producers 

the ability to analyze vast amounts of data to 

anticipate disruptions and better manage 

inventory levels as well as automate 

important decisions along the supply chain. 

These technologies converge to form a novel 

method for addressing traditional problems in 

pharmaceutical supply chains. Previous case 

studies and literature reviewed over the last 

five years suggest that when strategically 

applied, blockchain-AI ecosystems have 

improved operational efficiencies and 

increased compliance across sectors. 

This study also revealed challenges 

associated with this integrated approach 

including the higher costs of maintaining 

blockchain or AI infrastructures, multi-

layered complexity in implementation, the 

absence of interoperability with existing 

supply chain structures, and a common 

governance framework across supply chain 

partners, to realize the value of blockchain 

and AI news ways of doing things. 

Furthermore, collaboration among 

stakeholders and policy or regulatory 

interventions are also needed to facilitate the 

scaling of these solutions to wider networks, 

companies, and jurisdictions. 

Blockchain and artificial intelligence 

integration introduced a secure, transparent, 

as well as intelligent pharmaceutical chain 

supply management system. Blockchain 

made it such that each and every occurrence 
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within the logistics process was recorded in a 

manner where its authenticity could not be 

refuted. Artificial intelligence also improved 

the capabilities of the system with the help of 

identifying data anomalies and possible 

irregularities in the movement of the 

products. The combination of immutable 

logging, anomaly reporting, and traceability 

gave the stakeholders the right to monitor the 

pharmaceutical distribution lifecycle, audit it, 

and secure it. The system will offer a scalable 

solution to strengthen global pharmaceutical 

integrity, reduce fraud, and attain a new level 

of efficiency in operations through the 

development of digital technologies. 
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