
          
             International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Volume: 10 Issue: 03 | March - 2026                             SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                   

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM57572                                         |        Page 1 
 

The Significance of Blockchain Adoption in Radiotherapy Management in 

Low-Resource Setting 
 

Kum Bertrand Kum*, Christopher Nwankwo**, Tagne Poupi Theodore Armand***, Austin 

Oguejiofor Amaechi**** 

*The ICT University, Cameroon; **Maecelle Ruth Cancer Centre & Specialist Hospital, Lagos, Nigeria; 

***Institute of Digital Anti-Aging Healthcare, Inje University, Gimhae 50834, Republic of Korea; ****ISD, 

University College, London 

 

Abstract:  

Radiotherapy (especially teleradiology, or remote radiology service) is becoming indispensable. Enabling adaptive 

radiotherapy (AR) is transformative, and effective implementations face a complex, multi-faceted set of challenges 

interconnected across clinical, technical, regulatory, and ethical dimensions that threaten to slow adoption and limit 

efficacy. Addressing these barriers in radiotherapy lifecycle management is of utmost importance as they are vital for 

establishing sustainable, inclusive, and effective radiotherapy ecological systems. This study explored how blockchain 

technology, a decentralized and immutable ledger, enhance radiotherapy management. This study explores integrating 

blockchain technology into the radiotherapy ecosystems to address data access, security and privacy challenges. 

Blockchain’s transparency, confidentiality, and decentralization offer significant potential benefits in the radiotherapy 

domain. In the present paper, adopting a grounded theory method, we propose a meta-methodology for blockchain 

adoption and adaptation that guide the transition from initial awareness to post-adoption maturity. The contribution 

provides evidence-based guidance for policymakers and administrators.  
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1. INTRODUCTION 

Radiotherapy is essential for cancer treatment, yet many resource-constrained settings face significant barriers in 

accessing the services. The future of radiotherapy healthcare benefits is being shaped at the intersection of technology 

and innovation. Disruptive digital health technologies such blockchain are reshaping how cancer patients interact with 

health professionals, how data are shared among providers, and how treatment plans and health outcomes are 

determined. Research (e.g., Nuhu et al., 2020; Aruah et al., 2023) indicates that radiotherapy access gap is wide, with 

some sources suggesting that approximately 90% of cancer patients in low- and middle-income countries (LMICs) who 

need such services do not have access to it. A large deficiency exists for radiation oncological services in Nigeria 

(Adewuyi et al., 2025), Cameroon (Mapoko et al., 2023) and many other African countries (Mallum et al., 2024). The 

reasons for this are multifactorial, including underinvestment in therapy equipment, lack of planning and evaluation, and 

manpower to function optimally (e.g., Zubizarreta et al., 2017; Akinwande et al., 2023; Mapoko et al., 2023; Adewuyi 

et al., 2025; Ogunniyi et al., 2025), and psychosocial factors like depression, anxiety, marital status, social status, 

religious belief  (Evbuomwan et al., 2024).  

        According to the International Agency for Research on Cancer (IARC) publication, the global cancer cases are 

predicted to rise from 20M million in 2022 to 32.6M in 2045. Almost half of these patients will require radiotherapy, 

posing a daunting capacity challenge in some countries (Chandra et al., 2021). Globally, decades of improvements in 

digital technology have improved the capacity, planning and delivery of radiotherapy, making it more precise and 

accurate (Connell & Hellman, 2009). Today’s treatment paradigm is moving from “what you see on paper is what the 

patient receives” to “adaptive radiotherapy and real-time motion” adaptation (Huynh et al., 2020; Bertholet et al., 2019).  

               Adaptive radiotherapy (ART) and radiotherapy management (RTM) system is a multidisciplinary team practice 

and typifies a complex system. Understanding and managing the interactions among subsystems and components is 

critical not only to ascertain objective outcomes, but to maintain the integrity of the whole (Amaechi & Counsell, 2014). 

It is established fact that prevention, early detection, and treatment are vital to successful cancer control. Despite this 

vital understanding, access to effective radiotherapy services is limited or non-existent, especially in resource-limited 

settings. The challenges within these environments are multifaceted. The few available facilities lack essential 

equipment, such as advanced planning systems, and supportive technologies that allow for precise treatment delivery, 
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availability of effective data (Kumar, Mehta, & Chaudhary, 2022). Compounded by socioeconomic factors, the 

availability of experienced radiation oncologists and medical physicists is also jeopardized, creating a gap in the 

knowledge and practices necessary for effective treatment planning (Sikora, Ratanatharathorn & Sweeney, 2020). 

Moreover, limitations in logistics often lead to delays in treatment initiation, which can adversely affect patient outcomes 

(Bhandari, Haynes, & Sulman, 2021), and poor radiation oncology awareness and literacy, complex workflows, 

communication problems, lack of cooperation among stakeholders, high costs, and poor security of data (Kenamond et 

al 2022). Other key challenge includes the privacy concern which restricts data sharing between various organizations 

based on legal and ethical problems (Kalidindi & Srinivasu, 2025). These challenges results in a complex, multistage 

radiotherapy structural components and process requirements.  

         Developing and implementing radiotherapy solutions that evolve with patients’ needs is critical and are paramount 

for overcoming these barriers in such a continuously changing environment. Innovations that can speed up patient care, 

empower the therapists, and other stakeholders’ and reduce the transaction costs are in high demand and will continue 

to be so in foreseeable future. Akintunde and colleagues conducted a narrative review and concluded that digital health 

can reduce the need for people traveling long distances for regular healthcare services in many African countries, where 

the scarcity of adequately staffed medical facilities, primarily located in major urban centers (Akintunde et al., 2021). 

Initiatives aimed at fostering collaboration between institutions in high-income and low-resource countries can facilitate 

knowledge transfer and enhance local capacity (Jaffray, McKenzie, & Tan, 2021). Different researchers (e.g., Alexander 

et al, 2019; Architha & Edwin, 2021; McBee & Chad, 2020; Bercovich & Marcia, 2018) have observed the increased 

usage of digital data in cancer related medical imaging, and the needs for innovations that enhances the solutions.  

        Blockchain technology (BCT) is identified as an innovation capable of providing decentralized communication of 

data and information between healthcare facilities, professionals, and patients (Ghadi et al., 2024). Propagating 

knowledge about the applicability of blockchain is critical because the radiotherapy field is evolving from a purely 

image-based specialty into a data-driven one, where data integrity, security, and interoperability are paramount. Against 

this background, this paper aims to: 

● Explores potential applications and implications of blockchain technology in the radiological 

environment especially in resource-limited settings.  

● develop a systemic framework for preparing organisation for a strategic adoption and adaptation of 

blockchain technology within a radiotherapy ecosystem.   

 

2. Literature Review 

In the next subsections, the building block of BCT is presented, and sample applications in radiotherapy research are 

reviewed. 

 

2.1 Desirable Properties of Blockchain for Radiotherapy Services 

Since the introduction of the BCT in 2008 by Satoshi Nakamoto, the technology has been used in various industries such 

as business, finance, and healthcare.  Blockchain is a distributed database that maintains a continuous list of records, and 

a collection of fundamental components underpins the technology, which collectively establishes its unique attributes 

of transparency, decentralization, and security (Alabdulwahhab, 2018; Rathee et al., 2019; Zhao et al., 2020; Bai & 

Sarkis 2020; Zarrin et al., 2021; Bai, Sarkis, & Xue, 2024; Hariyani et al., 2025). A key feature of blockchain technology 

is the immutability of the data; blocks are incorporated in a permanent manner even in the presence of attack (Crosby, 

2016; Narendra Kumar et al., 2025). The blockchain protocol and in-built cryptographic tools prevent pre-existing data 

from being tampered with, thus ensuring data integrity and protection against fraud. This can be useful in processes 

requiring data tracing, e.g., in clinical audit or for tracking of therapeutic goods along a supply chain (Jamil et al., 2019; 

Haleem et al., 2921).  The innovation of smart contracts – programs that automate pre-determined instructions and 

conditions on the blockchain is another backbone of the technology. In the radiotherapy setting, smart contracts could 

facilitate transfer of images and other data between institutions on the blockchain network, skipping the need of an 

intermediary to fetch data for transfer, streamlining the necessary communication between service providers. In another 

settings, radiologists and other involved clinicians can attend to their patient via information recorded on the blockchain 

and have smart contracts provide an array of services such as booking patients for ongoing routine follow-up without 

the need of a booking administrator.  
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         Blockchain operates in a flexible landscape that allows for different types of network configurations […] may be 

public or private, permissioned or permissionless, or driven by tokenized crypto economics or tokenless.  However, this 

distinction can be nuanced, as there are blockchains that blend elements of to leverage their respective advantages 

(Garriga et al., 2021). Blockchain offers security through cryptography, transparency via immutable shared ledgers, 

decentralization to prevent single points of failure, and automation with smart contracts. Comprehending these 

components is essential for understanding how blockchain has the potential to revolutionize many fields. Different 

methods, theories and perspectives have been applied in academic and industry studies to understand BCT (Melisa Petra 

Benchis et al., 2025; Nsowah et al, 2025).  In their review study, Ghorashi et al (2023) provide a strengths, weaknesses, 

opportunities, and threats (SWOT) analysis discussing the internal strengths and weaknesses as well as the external 

opportunities and threats in relation to blockchain technologies. 

 

2.2 Current State of Blockchain Radiation Therapy Management  

Although there is an increasing interest in blockchain technology from healthcare, there are limited use cases and 

research on the use of blockchain in radiotherapy compared to other industries. An overview of different blockchain 

applications is presented in (Fraga-Lamas et al., 2024). Radiotherapy consists of three crucial steps: preparation, delivery 

and evaluation, and each step can be digitalized, from scan simulation (MRI, CT, or ultrasound), oncology imaging, 

planning, dose verification, and image guidance to treatment delivery. In addition, ensuring the security, privacy, and 

accuracy of patient data while sharing them among multiple specialists is a challenging task in radiotherapy. This is 

requirement where BCT offers a robust solution (Xi Peng et al., 2022).   

        Blockchain supports cross-platform safe sharing of radiotherapy resources, streamline interoperability, empower 

patients, and offer transparent impenetrable security capacity, boost precision and enhance patient outcomes (Zhu & Yu, 

2023; Tagliafico et al., 2022; Tomihama et al., 2025; Tadepalli & Amar, 2025).  Myeong and Ram (2025) introduces a 

blockchain-based protocol leveraging Zero-Knowledge Proofs (ZKP) to enable verifiable yet privacy-preserving health 

data sharing. The protocol is built on a permissioned Ethereum blockchain, the protocol ensures that medical data validity 

can be confirmed without disclosing sensitive content.  

              Tomihama et al., (2025) conceptualised that the integration of BCT with teleradiology can be combined with 

multimodal large language models (LLMs) to improve the automation and standardization of radiology reporting. 

According to Nezameslami et al (2025), by utilizing blockchain’s decentralization, transparency, and security features, 

a blockchain-based EHR system can enable real-time data sharing, improve patient care coordination, and build trust 

within the cancer care continuum. BCT promotes seamless information sharing by enabling secure and efficient sharing 

of EHRs among various healthcare providers, which is crucial in oncology, where patients often consult multiple 

specialists (Singh et al., 2025). Othman & Getahun (2025) developed a system named EHRGuard: Enhancing Privacy 

and Security of Electronic Health Records through Blockchain Technology which leverages BCT to address key 

challenges in the management of EHRs, with a focus on improving privacy, security, fosters trust and efficiency, and 

interoperability in healthcare data systems for consumers.  

In another study, Bhasker et al (2025) proposes the Federated Blockchain-IoT Framework for Sustainable Healthcare 

Systems (FBCI-SHS) for a secure health monitoring system further showing the versatility of BCT. A key challenge in 

radiotherapy ecosystems is preventative maintenance which is imperative for ensuring the longevity and reliability of 

diagnostic medical imaging equipment. To solve the challenge, Omar et al (2024) proposed a solution that leverages 

BCT, smart contracts, IPFS, and timer oracles to promote transparency, accountability, and traceability in maintenance 

operations. Dubovitskaya et al research proposed ACTION-EHR as a radiotherapy clinical application that uses BCT 

platforms to provide patients with control over their health data, improve clinical coordination, and support future 

advancements by creating a trustworthy and verifiable data infrastructure (Dubovitskaya et al., 2020).  Discussed in the 

context of managing EMR for cancer patients, the authors (Kamau et al., 2018) talked about the relevance of blockchain 

in managing distributed information in EMR, providing the security and trust mechanism for sharing information.  

        The authors (Azogu et al 2019; Watat et al., 2025) proposed different conceptual frameworks for the adoption of 

BCT in healthcare information management systems. The authors (Adamu Sa’ad Madaki et al., 2020) investigated the 

management of medical records in 3 teaching hospitals in Nigeria and recommends a framework built on three pillars: 

healthcare systems, security, and blockchain technology. In 2018, Patel developed a framework using BCT to permit 

patients to allow electronic access to their medical imaging data preserving security [Patel, 2019]. According to the 
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author, the goal of blockchain usage was to set a series of predetermined endpoints to retrieve imaging studies and 

patient data ensuring that only authorized entities could have access only to the patient's desired data [Patel, 2019].   

 

2.3 Challenges of Blockchain Adoption  

Despite blockchain’s enormous potential for the radiotherapy related applications, prior researchers have reported 

several technological, organizational, regulatory, and economic” barriers hindering and limiting the technology’s 

adoption. Following a thorough examination of the prior researchers’ articles, eight barriers to blockchain adoption were 

identified and validated by twelve experts who participated in the e-Delphi interviews. 

        Regulations are pivotal in shaping the adoption of innovative systems, with clear and supportive policies 

encouraging its integration across industries, while ambiguity or restrictive laws can hinder its progress (Yeoh, 2017) 

and lack of a regulatory framework leaves businesses uncertain about compliance (Alzahrani, Daim, & Choo, 2023; 

Takashima et al., 2018).            Scalability is another important challenge of blockchain. This is related to transaction 

throughput and latency, storage capacity of blockchains, block sizes, number of nodes connecting to the blockchain, 

which may impact the performance (Shuaib et al., 2019; Maesa & Mori, 2020; Khan, Jung, & Hashmani, 2021; Khan et 

al., 2023; Kim, Kwon, & Cho, 2025). Correct data is a must have in RTM settings. Ability to correct incorrect data is 

perquisite to any RTM digital application. This is sometimes difficult with BCT. Literature shows that BCT is designed 

to be immutable, meaning that once data are recorded on the blockchain, it cannot be easily modified or deleted (Khan 

et al., 2021). As a result, incorrect data can persist and be visible in the system, potentially leading to inaccurate analyses 

or conclusions. High energy requirement, installation costs, as well as the stringent computer requirements to support 

use (Kasyapa and Vanmathi, 2024) are also important challenges. However, a good consensus mechanism selection has 

proved that less energy can be achieved (Bada et al., 2021; Asif & Hassan, 2023). Given the lack of clear implementation 

standards, health care organizations may have hesitancy in sharing patient information with BCT (Kasyapa and 

Vanmathi, 2024). Patients may likewise be hesitant to accept and participate in BCT-enabled systems. Privacy concerns 

arise with BCT due to its inherent transparency, which can expose sensitive data (Khan et al., 2023; Wenhua et al., 2023; 

Mohanta et al., 2019).  

             The shortage of skilled professionals is a significant challenge in the successful implementation and 

management of RTM digital transformation project in countries like Nigeria. This skills gap will stay as a considerable 

barrier to the widespread adoption of blockchain across the RTM ecosystems. The Bazel et al (2025) study shows that 

technology trust, information transparency, disintermediation, cost-effectiveness, top management support, 

organizational readiness, partner readiness, technology vendor support, and viability significantly and positively 

influenced the intention to adopt blockchain-based health information systems in hospitals. According to Abdul-

Moheeth et al (2022), BCT faces challenges of recognition, trust, and usability to widespread adoption as other novel 

interventions. 

        Interoperability, or the ability of different blockchain platforms to communicate and interact with each other, is a 

significant challenge (Anthony Jnr, 2024; Abdulrahman Alzahrani et al., 2025).  Radiotherapy (especially Teleradiology 

or remote radiology service) oncology practices face increasing challenges in cost, data security, and operational 

efficiency. Implementation of a blockchain is strongly accepted as offering transformative potential for managing 

clinical data, informed consent, and governance. Inadequate infrastructure is the most critical issue that must be 

addressed to ensure successful adoption (Wazhi et al., 2024).    

      A 2024 healthtechafrica.org publication said that in the “context of the African radiotherapy ecosystem, the inherent 

rigidity of network topology in many blockchain frameworks presents a critical challenge, primarily due to fragmented 

infrastructure and inconsistent internet connectivity.”  

 

3. Materials & Methods 

The overarching objective of this paper is the construction of a meta-methodology for blockchain adoption and 

adaptation which involves a structured, multi-layered approach to understanding, implementing, and modifying 

blockchain technology within radiotherapy organizational and supply chain contexts. Considering the study's objectives, 

constructivist grounded theory (GT) using exploratory literature review and e-Delphi technique process is considered 

most appropriate. GT is an inductive research methodology that focuses on generating theories directly from data (e.g., 

Strauss, 1987; Glaser & Strauss, 2017). To apply GT, a literature review was conducted. Systematic reviews serve as a 

foundational methodology within healthcare research, enabling a rigorous synthesis of existing literature to address 
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specific research questions. This approach aggregates findings from previous studies to provide a comprehensive 

understanding of a topic, as demonstrated by Kuo et al. (2017) in their examination of blockchain adoption in the 

healthcare sector. By analysing both conceptual and empirical research, the review consolidated current understanding 

and key themes from prior scholarly work. The specific steps taken in this study are shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research methods; step-by-step. 

 

In this study, the specific processes used to conduct the research using GT were as follows: literature data collection, 

open coding, axial coding, selective coding and a theoretical saturation test. The framework created by Arskey and 

O’Malley (2005) was used for this scoping review. For this study, searches were conducted for the research questions 

using Google Scholar, Scopus, and Web of Science (WoS) databases in December 2025.  

        Based on the works of (Strauss, 1987; Glaser & Strauss, 2017), we defined ‘Open coding’ as the process of 

labelling, conceptualising and categorising primary documents to form categories. A ‘category’ is a structural concept 

with the same properties and the common property on which things need to be categorised. All the research team were 

involved and conducted open coding. ‘Axial coding’ is the process of summarising and analysing the inner logicality of 

all the obtained categories with higher precision and depth based on open coding, finally forming the main categories. 

‘Selective coding’ is a deeper comparison, analysis and abstraction of the main categories compared to the primary axial 

coding. Through selective coding, a new theoretical framework is constructed by extracting the core categories with 

high generality. A theoretical model constructed from existing data is considered to have reached ‘theoretical saturation’ 

when no new categories can be obtained after introducing new data. The research team performed open coding of all 

studies obtained, and the results showed that no new categories is possible. Therefore, it can be concluded that the 

theoretical model constructed by this grounded theory passes the theoretical saturation test. 

    The theoretical model informs the development of the next step. The Delphi study design, including expert panel 

composition, number of rounds, and consensus definition, was predetermined following the recommendations for 

Conducting and Reporting Delphi Studies (CREDES) (Jünger et al., 2017). Experts were recruited through purposive 

sampling based on their expertise, profession (radiation oncologists, physicists, and implementation scientists), and 

geographical representation (Keeney, McKenna, & Hasson, 2011). This study was designed as a multi-center, assessing 

participant’s familiarity of and current perspectives on the applications of BCT in medical imaging. The study context 

was a cancer specialist hospitals and research institution in Nigeria and Cameroon. All participants were informed that 

their participation was voluntary and anonymous. Following the Delphi methodology in health sciences (Niederberger 
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& Spranger, 2020), this study was structured into three consecutive rounds. Similar to collecting interviewees’ input, 

experts were asked to assess the protocol based on its relevance and applicability. Additionally, experts were requested 

to propose improvements to the implementation protocol throughout all three rounds. A 5-point Likert scale, ranging 

from very irrelevant (=1) to very relevant (=5), was used to score each item of the protocol (Keeney, McKenna, & 

Hasson, 2011). The idea was to screen and validate the information identified in the first phase. “All items were assessed 

in rounds 1 and 2 by the same Delphi panel to maximise consensus. Items that did not achieve consensus in round 2 

were carried forward to round 3, specifically to the individuals who disagreed. In each round, experts were asked to (re-

)evaluate and rate each item, with feedback provided on the calculated scores from the previous round, using the same 

5-point Likert scale”. Each round was conducted using an online questionnaire facilitated through Microsoft Forms. 

Data analysis was performed in Excel. Consensus levels for each item were determined based on the median score, 

interquartile range (IQR), and percentage scoring on a 5-point Likert scale. 

 

4. Findings 

In the healthcare system in Nigeria, Cameroon and the rest of Africa, BCT is being explored and piloted in several ways 

to address radiotherapy and other healthcare related challenges. Blockchain possess multiple features that make them 

general-purpose tools in enabling transparency, coordination, and information sharing. In this section, we share our 

findings on the potential and actual applications of blockchain 

 

4.1 How blockchain enhances the implementation of radiotherapy management 

Blockchain technology in radiotherapy is “emerging as a critical, innovative, and secure framework, designed to enhance 

data integrity, patient privacy, and secure, cross-platform information sharing” (Jian Zhu & Jinming Yu, 2023). A typical 

blockchain-based radiotherapy cycle (Figure 2) includes the following stages: Data Acquisition, Secure Data Transfer, 

blockchain integration, Smart Contract Execution, Real-Time Visibility, and Lifecycle management | Patient Outcome. 

While ensuring security, this model is independent of commercial platforms and is more easily promoted among 

radiotherapy units. Since the system is connected to the blockchain network, all of these activities will be securely 

recorded in the blockchain. This ensures that no physician or individual can manipulate or delete their opinions or 

diagnoses. 

     The literature review highlighted that radiologists should stay informed of BCT given its current capabilities, ongoing 

improvement, growing acceptance across disciplines, and unique potential to support the needs of the adaptive 

radiotherapy. 

https://ijsrem.com/
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Figure 2: A typical blockchain-based radiotherapy (RT) cycle 

 

Based on insights from the interviews and the steps derived from the literature review, blockchain’s capacity to transform 

radiotherapy solutions can be categorized into six applications’ area: secure & immutable data management, data sharing 

& interoperability, patient empowerment & consent management, streamlined clinical trials & research, automation, and 

quality control & error reduction (Figure 3).  
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Figure 3: Radiotherapy BCT Innovative Technological Features 

Secure immutable data management: application must provide a tamper-proof and traceable record of a patient's 

entire radiation oncology journey, from initial imaging and diagnosis to treatment delivery and follow-up. The strength 

of BCT provides a shared, immutable and transparent history of all the transactions to build applications with trust, 

accountability and transparency. Although not every blockchain guarantee to be immutable, the PoS blockchains are 

widely known to be. 

Enhanced data sharing & interoperability: the BCT contract layer and others has the capacity to facilitate the seamless 

and secure exchange of complex data (e.g., medical images, radiation plans, dose distributions, and genomic data) among 

different hospitals, clinics, and researchers. This is particularly useful when patients receive treatment at multiple 

centers, ensuring all providers have access to a complete and current medical history. The scalability of blockchain 

solutions is essential for accommodating various healthcare providers, facilitating seamless information exchange, and 

ensuring continuity of care (Nezameslami et al., 2025) and BCT supports for cross-platform safe sharing of radiation 

therapy resources (Zhu & Yu, 2023) is essential.  

Patient empowerment & consent management: Blockchain have proven that it can secure informed consent, protocol 

changes, and primary endpoints with an undeniable, time-stamped record, creating unparalleled trust among regulators, 

sponsors, and the public. BCT will provide patients with greater control over their health data and can contribute to 

managing who accesses their information through secure consent mechanisms, often using private keys.  

Streamlined clinical trials & research: by using a decentralise, cryptographic ledger, providers can create a record of 

clinical trial milestones, protocols, and critical data points that is truly immutable and publicly auditable. 

Decentralization architecture breaks down data silos between different RTM providers and research institutions, 

allowing for secure, real-time sharing of comprehensive patient records and large datasets (like medical imaging files) 

among authorized stakeholders.  

Automation via smart contracts: Adaptive RTM is better supported by incorporating information systems that 

facilitate intelligent imaging, enable clinical decisions automation, evidence based electronic health records, streamline 

operations, facilitate better integrated communication and collaboration, and capable of adapting to different 

environments. Smart contracts facilitate automation of various administrative tasks, such as managing patient enrolment 

in clinical trials, tracking medication adherence, reducing delays and administrative burdens.  

Quality control & error reduction: BCT enabled solution minimizes the risk of human error and data manipulation 

across the RTM network as intermediaries are eliminated. The decentralised structure enhances accountability by 

making each action traceable to its source, removing the need for oversight from a centralised authority. This closely 

aligns with established quality control mechanisms, which focus on monitoring and assuring the reliability of processes 

and products (Chang et al., 2019). 

 

4.2  Conceptual Resource Sharing Radiotherapy Platform  

The trust building, robustness/fault tolerance, security, and redundancy features of blockchain (Ruoti et al. 2020) make 

it a viable platform for resource sharing among actors operating in different contexts. Such a platform is a teleradiology 

platforms which enable the remote transmission and interpretation of medical images (X-rays, CT scans, MRIs, 

ultrasounds, routine and specialized procedures) among different actors. Teleradiology is a modern radiotherapy solution 

mainly used to address specialist shortages, improve access to expert, timely, and 24/7/365 reporting services for 
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hospitals, particularly in rural or underserved areas.  Figure 4 represents the developed architecture that embeds BCT 

for Teleradiology.  The artefact represented by Figure 4 is a conceptual model with distinct constructs used to share 

resources using a BCT platform.  This model consists of users (radiologists, physicians), organizations (hospitals), 

blockchain ledger, DICOM repository, and blockchain networks. A key component is an immutable audit trail 

(blockchain ledger) which is a dynamic secure technology that records a cryptographic hash of each image and patient 

report, and Picture Archiving and Communication System (PACS) for storing all medical images. Another significant 

component is smart contracts used for managing automated workflow. For instance, an ethereum-based, self-executing 

contracts has capacity to manage workflows such as automatically transferring images to the right radiologist, 

confirming receipt, and verifying the authenticity of images. The blockchain controls and manages access to medical 

images stored in the onsite PACS. In that process, a registered radiologists can request access to medical images. Peer 

nodes in the hospital verify the authenticity of the access request. If access is granted, the radiologist will be provided 

with a link to view the requested images.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. BCT-Enabled Teleradiology architecture  

 

A web-based application that allows radiologists and other interested stakeholders to visualize images and interact with 

the platform will be available, and a capable message-oriented middleware will be used to manage communication 

between the blockchain, PACS, and users, allowing for secure, real-time updates and synchronization. Application of 

BCT has demonstrated its viability as a platform for multiple actors to share resources in a secure manner if these actors 

have a shared goal and an entity exists that is trusted to manage the platform.  
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After developing and introducing new technologies, it is important to consider the adoption rate of the platform utilizing 

the users’ acceptance (Taherdoost, 2022). Understanding whether people accept new specific innovation or not as well 

as the reasons behind that can help stakeholders acquire better results in the innovation process (Taherdoost & Masrom, 

2009). The acceptance rate helps decision-makers in the development step to consider the problems that users may face. 

This factor is illustrated as an important antagonism to the term refusal, which also means the decision to apply a 

technology/innovation positively (Taherdoost & Madanchian, 2020).  Many researchers have employed list of factors 
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to consider in their BCT adoption models and analyzed the collected results to obtain the most significant factors among 

them. The common blockchain acceptance frameworks include Technology Acceptance Model (TAM), Technology–

Organization–Environment (TOE), Diffusion of Innovation (DOI), Unified Theory of Acceptance and Use of Technology 

(UTAUT) and extended TAM/TOE.  

          Implementing an alignment of BCT and RTM is a challenging process that requires careful planning, specialized 

expertise, and a willingness to overcome technical, regulatory, and implementation-related challenges. In this section, a 

framework for blockchain radiotherapy management system readiness needs are defined.  

                The proposed model is illustrated in Fig. 5 and represents an innovative integration of the Fit-Viability Model 

(FVM) and anticipatory capacity.  The FVM is an organizational technology adoption model used to assess the potential 

success or failure of implementing new technologies based on two key dimensions: Fit and Viability (Tjan, 2000) 

adoption.  Together, these two dimensions form a simple matrix.  

 
Fig. 5. A framework for adopting BCT for adaptive Radiation Therapy Systems 

 

The formulated framework underpinned by the Fit and Viability theory, as shown in Figure 5, illustrates the readiness 

constructs. Fit is measured by matching the characteristics of task, anticipatory capacity and technology. Viability is 

measured by the economic, IT infrastructure and organization readiness of the project. The FIT dimension measures 

how well the blockchain's capabilities align with the requirements of the task it is intended to support. The possible 

capabilities are defined in Figure 3 (BCT innovative technological features). For a digitalised RTM, the various tasks 

include workflow requirements associated with the treatment planning, treatment delivery, and outcome evaluation. A 

good fit between a BCT enabled RTM system can lead to various benefits including improved patient empowerment & 

consent management, quality control & error reduction, secure immutable data management, data sharing & streamlined 

interoperability, improved data integrity, increased efficiency, and reduced costs as previously discussed in the last 

section.  From this perspective of this study, BCT fitness refers to how well its unique characteristics and capabilities 

align with the RTM organization’s specific needs and requirements.   

         The VIABILITY dimension assesses the organizational environment's readiness and ability to support the 

blockchain technology's long-term success. This includes economic feasibility, infrastructure maturity, and 

organizational support (top management support, user competence, business process impact). The dimension basically 

examines whether the RTM organization has the resources and capabilities necessary for successful adoption. By 

addressing both alignment and feasibility, the model helps organizations predict potential risks and make informed 

decisions. Viability is affected by the “RTM organization’s infrastructure readiness for implementation” (Queiroz et al., 

2021; Stafford & Treiblmaier, 2020). The infrastructure readiness involves evaluating the existing support infrastructure, 

technical expertise, and processes required to integrate the blockchain technology successfully. According Dhagarra, 

collaboration with sectors such as telecommunications and cloud solution providers also enhances blockchain solution–

related infrastructure (Dhagarra et al., 2019). he viability also examines whether the BCT enabled adaptive RTM benefits 

(cost-effectiveness, efficiency gains) outweigh the costs associated with deployment and maintenance; and ask the 

questions of whether the RTM organization has the resources and capabilities necessary for successful adoption. The 

RTM organisation’s readiness is an important influencing factor because it relies on interoperability and stakeholder 

collaboration to maximize its benefits. The ability of all “stakeholders to collaborate and use the system effectively “is 

a crucial issue to assess. In addition, “overcoming resistance to change and having an organizational culture that is open 
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to innovation is vital for transitioning to a decentralized blockchain system”. It is not feasible for an individual RTM 

provider to unilaterally deploy BCT if it lacks the necessary technical and financial resources (Kulkarni & Patil, 

2020). Thus, an RTM provider’s capability to embrace and integrate BCT is “encompassed by organizational readiness”. 

In the context of this study, organisation readiness refers to an organization’s preparedness to undertake new initiatives 

or changes, while stakeholder readiness is the state of being prepared for the BCT project, determined by their awareness, 

willingness, and ability to adapt. Assessment of stakeholder’s attitudes and capabilities of stakeholders are important 

concepts for new technology adoption and acceptance (Wondirad et al., 2020; Panagiotopoulou & Skoultsos, 2025). 

Savage et al (2010) explains that when a blockchain project is implemented, the stakeholders’ readiness, i.e., their 

availability and capacity of adopting a new technology, is important; and it is important in all its four dimensions: 

motivational, engagement, technological and structural (Balasubramanian et al., 2021; Li et al., 2012). The achievement 

level of each of the above different dimensions of readiness is an important element that impacts the blockchain 

implementation (Balasubramanian et al., 2021) 

       Empirical studies (e.g., Selvamuthu et al., 2025; Wazhi et al., 2024; Olukayode et al., 2023) on the BCT enabled 

healthcare digital transformation difficulties in low resources countries such as Nigeria found out that commitment from 

senior executives is crucial for providing necessary resources and direction for implementation. Top management 

support has a direct and significant impact on the viability of new technology adoption. According to Clohessy & Acton 

(2019), leaders who actively support and allocate resources toward technology adoption create an environment 

conducive to successful implementation, increasing the perceived viability of the technology. The radiotherapy experts 

involved in the study agrees that the involvement of RTM professionals such as radiologist in the development of health 

information system development, understanding of the technology, knowledge on how to use it, availability of skilled 

personnel, availability of supportive technical components, understanding of the risk, availability of sufficient funding, 

policies and regulatory frameworks in place are a must have for the success of any such BCT implementation. The e-

Delphi experts also emphasize on the need for clarity on blockchain regulations and laws, and issues pertaining to privacy 

of patient data. The participants agrees that the proposed platform or system requires a trust layer built on top of the 

technical infrastructure, where users trust the platform, the consensus mechanism, and their peers.   

                 The third dimension in the model is ANTICIPATORY CAPACITY. Anticipatory capacity is well described in 

(Rhodes & Ross, 2009; Amaechi, Kim, & Armand, 2024). Responsible innovative RTM organisation requires a capacity 

to change shape or direction in response to stakeholder and changing circumstances. Thus, anticipatory capacity is a 

must measure in any adaptive RTM setting. This is an assessment of the “capacity of the RTM organization to 

continuously develop and apply knowledge acquired through a structured approach to anticipate changing treatment 

scenarios as needs and context change over time”. The RTM organisation must maintain the “ability to look forward in 

order to take a future decision and action, or the visualization of a future event or state”. Anticipatory capacity extends 

from three key elements: competencies, methods, and a model-based environment. Fostering a culture of continuous 

learning and adaptation is a formidable means of enhancing the RTM anticipatory anticipation challenges.     

                   

5. Conclusion  

Radiotherapy is only as good as the kit and the people. There are significant deficiencies in the availability of all 

components of radiotherapy in Nigeria as well as in most of the low resource countries. Literature and industrial 

experience show that the critical issues in traditional radiation oncology centres around data fragmentation, security 

vulnerabilities, slow information exchange, access-control policy enforcement and poor funding.  One principle of BCT 

that provides an advantage in the field of radiotherapy is having a decentralised record such that patient information is 

securely stored and can be accessed across multiple health networks. In addition, updating or altering records is 

performed in an iterative manner that preserves a record of each change made. BCT is dynamic and capable of 

revolutionizing multiple aspects of radiotherapy practice and management by offering unprecedented transparency, 

immutability, security, and efficiency. Different authors have reported that the functionalities of BCT are continuously 

expanding due to its inherent decentralization, lack of reliance on trust, unchangeable storage, and ability to share 

information anonymously. Successful adoption of the proposed BCT-enabled radiotherapy framework requires a 

structured, multi-phase stakeholder engagement strategy to ensure operational alignment and real-world feasibility. Key 

stakeholder groups must be engaged through targeted efforts focused on awareness, capacity building, and collaborative 

governance.  
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