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ABSTRACT
ResearchonBlockchain implementation in thePharmaceutical Supply Chains (PSC) is lackingdespite
its strong potential to overcome conventional supply chain challenges. Thus, this study aims to
provide critical insight into the nexus between Blockchain and PSC and further build a conceptual
framework for implementationwithin the pharmaceutical industry. Following a systematic literature
review and text mining approach, 65 interdisciplinary articles published between 2010 and 2021
were studied to capture the decade long developments. Descriptive and thematic analysis show-
cases nascent developments of Blockchain in PSC. The drivers and barriers to adoption, implemen-
tation stages, and applications identified through the thematic analysis guide in setting the agenda
for future research, primarily focussing on the use of Blockchain for drug counterfeiting, recall issues,
along with other sector-specific challenges such as patient privacy, regulations and clinical trials.
Research on Blockchain for PSC has been slow compared to other sectors, but has accelerated since
the Covid-19 pandemic. Identified influential factors, implementation process and apparent applica-
tions are expected to influence researchers and practitioners in developing a roadmap for adopting
Blockchain in the pharmaceutical industry. The proposed conceptual framework is novel and pro-
vides valuable directions to producers, regulators and governments to implement Blockchain in the
pharmaceutical industry.
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1. Introduction

Pharmaceutical supply chains (PSC) deliver medicines
to multiple stakeholders, including biotechnology com-
panies, health regulatory agencies, pharmacies, hospi-
tals, and patients. With the ongoing Covid-19 pandemic
and geopolitical situations, the shortage of medicines has
placed PSC at the top of several governments’ priorities.
According to the World Health Organization (WHO)
estimate, nearly 10 percent of drugs in circulation are
substandard, and almost 50 percent of drugs sold online
are counterfeit (WHO 2017). These drugs containing
toxic, dangerous ingredients are on the rise in the phar-
maceutical industry (Sylim et al. 2018; Ahmadi et al.
2020; Hosseini-Motlagh, Nematollahi, and Nami 2021),
posing increased risks to public health (Chang and Chen
2020).

In the pharmaceutical supply chains (PSC), the Food
and Drug Agency (FDA), USA, is a regulatory body
responsible for monitoring the safety, quality and effec-
tiveness of drugs (Azzi, Chamoun, and Sokhn 2019).
The Drug Supply Chain Security Act, first signed in 2013,
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urged drug/medicine supply chain participants to col-
laborate and generate an electronic and interoperable
system to trace prescribed drugs through their physical
movement by 2023 (FDA 2021). However, despite strict
policies by regulatory bodies and other collaborative ini-
tiatives by the pharmaceutical industry, drug breach inci-
dents are still on the rise, putting millions at risk and are
expected to cost billions in healthcare fraud.

The low efficiency of PSCs is due to a lack of coor-
dination among supply chain members and stakeholders
(Moktadir et al. 2018). Lack of transparency and visibil-
ity of drug supply within PSC are fundamental reasons
for the increased disease progression, drug resistance,
and death (Buckley and Gostin 2013). Fortunately, global
sourcing and online markets make it easier to procure
and supply medicines in different countries; however,
they pose an increased health risk without the ability to
trace the origin. Even with stringent standards and the
latest technologies (e.g. holograms, barcodes, RFID tags)
to maintain the integrity of pharmaceutical products,
counterfeiting remains a major challenge for global PSC.
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Recently, Interpol observed a significant rise in fake phar-
maceutical products during Covid-19 and seized around
4.4 million units of illicit pharmaceuticals worldwide
(Interpol 2020).

Blockchain, a shared digital ledger, is used by the
peer-to-peer network to achieve immutable recording
and self-executive transactions using cryptography prin-
ciples (Saberi et al. 2019; Pournader et al. 2020); Wang,
Han, and Beynon-Davies 2019). With increasing focus
and successful implementation attempts in other sectors
such as finance, energy, food/agriculture, there is a strong
potential for Blockchain’s implementation in the phar-
maceutical sector due to its distinct intrinsic attributes
such as decentralisation, immutability and auditability
(Karamchandani et al. 2021). Yaqoob et al. (2019) pointed
out that decentralisation could be used to upend the
healthcare hierarchy by developing new systems to help
patients manage their data. Blockchain technology could
maintain patients’ sovereignty and control over their per-
sonal data, providing themost accurate data for precision
medicine (Panwar et al. 2022). Furthermore, high data
transparency of the Blockchain can improve trust in drug
delivery, conditions, documentation, and end-to-end vis-
ibility, especially for the cold chain management. Several
studies have identified Blockchain’s strong potential for
pharmaceutical supply chains (e.g. Hussien et al. 2019;
Jangir et al. 2019; Fraga-Lamas and Fernandez-Carames
2020; Chang, Iakovou, and Shi 2020; Bamakan, Moghad-
dam, andManshadi 2021). However, a comprehensive or
systematic literature review discussing Blockchain inter-
facing the PSC is still missing.

Most importantly, a framework for possible Blockchain
implementation in PSC is non-existent in the extant liter-
ature. Thus, this study aims to conduct a holistic review
of Blockchain adoption in PSC and develop a concep-
tual framework. A systematic literature review combined
with a text mining approach followed by Ghadge, Dani,
and Kalawsky (2012) and Galati and Bigliardi (2019) is
adopted to investigate the advancements in Blockchain
implementation in the PSC. The thematic analysis builds
the agenda for future research and the development of an
implementation framework. This study provides practi-
tioners and researchers with a holistic understanding of
the nexus between Blockchain and PSC.

The rest of the paper is structured as follows: Section 2
presents the research methodology adopted for con-
ducting a systematic literature review. Section 3 and
Section 4 provide the descriptive and thematic analy-
sis, respectively. Section 5 develops a conceptual frame-
work of Blockchain implementation in the PSC, along
with the identification of future research avenues. Finally,
section 6 concludes this study with discussion, contribu-
tion to theory and practice, and limitations.

2. Researchmethodology

A systematic literature review (SLR) provides a com-
prehensive, replicable and transparent overview of the
study (Tranfield, Denyer, and Smart 2003). Further-
more, predefined inclusion and exclusion criteria during
data identification help make the SLR objective com-
pared to the narrative literature reviews (Durach, Kem-
bro, and Wieland 2017; Thomé, Scavarda, and Scavarda
2016). To make the SLR process unbiased and robust
in its approach, text mining has been effectively used
for analysing literature reviews (e.g. Ghadge, Dani, and
Kalawsky 2012; Khan, Akhtar, and Merali 2018; Galati
and Bigliardi 2019; Ghadge, Weiß et al. 2020). Besides,
the text mining approach supports the SLR process by
cutting a fewmanual, iterative processes such as identify-
ing search strings and data synthesis (Daneshvar Kakhki
and Gargeya 2019).

A structured process adopted from Tranfield, Denyer,
and Smart (2003) and Ghadge, Dani, and Kalawsky
(2012) for conducting a systematic literature review sup-
ported with text mining is presented in Figure 1. The
process can be broadly divided into three stages – Identi-
fication of data sources, Data extraction & synthesis and
Data analysis & Dissemination. A brief description of
the activities involved in each stage of SLR is presented
below.

Figure 1. Systematic literature review process (adapted from
Tranfield, Denyer, and Smart 2003, Ghadge, Dani, and Kalawsky
2012).
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2.1. Identification of data sources

Data identification is a critical stage in the SLR, attempt-
ing to clearly define the scope and quality of the study
(Swanson et al. 2018). Here the keywords are identified
for searching relevant information from multiple data
sources. The pilot search results for apparent keywords:
‘Blockchain’ and ‘Pharmaceutical supply chain∗’ received
only 20 and 86 hits from Web of Science and EBSCO
databases, respectively. Scanning through these limited
papers thoroughly, other keywords were identified. In the
Blockchain review articles (Wang et al. 2018; Chang and
Chen 2020), other synonyms or technical names such as
‘distributed ledger’, ’shared ledger’ and ‘Smart contracts’
were found to be commonly used.

Similarly, the pharmaceutical and healthcare indus-
tries closely collaborate and associate with each other
(Narayana, Kumar Pati, and Vrat 2014). In the phar-
maceutical sector, the words – medicine’, ‘pharmaceu-
tical’ and ‘drug’ are often used interchangeably (Taylor
2015). Two commonly used online databases, namely
Scopus and Web of Science, were used to identify peer-
reviewed, high quality (based on ranking, citations,
impact factor, etc.) papers for conducting the SLR. Both
databases are commonly used to screen data sources and
are proven to provide reasonably comprehensive results
(Harzing and Alakangas 2016). The choice of two dif-
ferent databases was to capture the inter-disciplinary
work comprehensively. The Boolean operations con-
nected different terms with ‘OR’ and ‘AND’. The detailed
choice of search strings used for this study is presented
in Table 1.

Predefined inclusion criteria comprised papers pub-
lished between 2010–2021 to capture a decade long hori-
zon. Although the first Blockchain-related paper was
published in 2014, a more significant time span was
selected to capture the broader growth of the PSC. Only
peer-reviewed academic journals were included, while
conference proceedings, books, book chapters and other
grey literature (e.g. newspapers, white papers, HTML
links, etc.) were excluded. This exclusion of the ‘grey
literature’ in SLR studies helps to focus on the quality
publications (Seuring and Müller, 2008; Ghadge, Dani,
and Kalawsky 2012). Given the interdisciplinary nature
of the study capturing the nexus between Blockchain
and the pharmaceutical industry, papers published in

Table 1. Search strings used for SLR.

Keywords Search strings

Blockchain ‘Blockchain’ OR ‘Distributed ledger’ OR ‘Digital ledger’
OR ‘Shared ledger’ OR ‘Smart contract∗ ’

Pharmaceutical "Pharma∗ OR ‘Drug∗ ’ OR ‘medicine’ OR ‘healthcare’
Supply Chain ‘Supply chain∗ ’ OR ‘Value chain∗ ’ OR ‘Cold chain∗ ’ OR

‘Logistics’ OR ‘Demand chain’

wider journals (beyond operations and supply chain dis-
cipline) were considered to ensure the study is holistic
and unbiased.

2.2. Data extraction & synthesis

The data extraction & synthesis stage helps to filter
highly relevant papers. After removing the duplicates
and excluding literature from the two selected databases;
each paper was carefully synthesised by considering the
title, keywords, and abstract to select 119 papers that
were found to be relevant to the study. Following an
iterative process, a full-text assessment of the selected
paper identified 65 papers for final assessment. Figure
2 shows the flow diagram followed for screening the
dataset, adapting a PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analysis) approach, a
systematicmethod to visualise the study selection process
(Siddaway,Wood, andHedges 2019). Textmining is used
in this study for the data synthesis activity. Text mining
of selected papers was conducted to validate the search
strings identified in the previous stage and provide fur-
ther support for the data analysis (Ghadge, Wurtmann,
and Seuring 2020). QDAMiner©, a qualitative data anal-
ysis software developed by Provalis Research, was used as
a text mining platform.

Table 2 presents the most important words or phrases
identified in the selected database by their term fre-
quency and inverse document frequency (TF-IDF).
TF-IDF is a measure of significance and provides infor-
mation regarding the number of occurrences of a given
word or phrase in the selected dataset (Aizawa 2003). It
is noticeable that Blockchain, healthcare, supply chains,
smart contracts appear as the most frequent words
or phrases through text mining/analysis. Furthermore,
most of the identifiedwords and phrases (refer to Table 2)
strongly correlate with identified search strings for data
identification. This retrospective validation of the pre-
identified search strings provides confidence in the reli-
ability of the process followed for data identification and
analysis. Furthermore, data sources were (text) mined for
extracting patterns to develop suitable themes using the
clustering and correlation approach. Finally, the emerg-
ing themes were used for developing a typology for con-
ducting thematic analysis, as shown in Figure 5.

2.3. Data analysis & dissemination

The data analysis and dissemination stage consist of
descriptive and thematic analysis (Tranfield, Denyer, and
Smart 2003). The former analysis aims to provide a brief
overview capturing the depth and spread of the subject
under study. In contrast, the thematic analysis attempts to
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Figure 2. PRISMA flow diagram for data screening.

Table 2. Keywords and phrases captured by text mining.

Ords Frequency % of CASES TF • IDF Phrases Frequency % of CASES TF • IDF

Blockchain 5018 94.74% 117.8 Blockchain Technology 888 89.47% 42.8
Healthcare 890 47.37% 288.8 Supply Chains 536 73.68% 71.0
Drug 790 57.89% 187.6 Smart Contracts 322 73.68% 42.8
Smart 712 89.47% 34.4 Blockchain-Based 224 68.42% 37.0
Traceability 678 84.21% 50.6 Blockchain network 180 57.89% 42.8
Transaction 588 84.21% 43.8 Drug Supply Chains 174 36.84% 75.4
Medical 518 73.68% 68.8 Blockchain Application 156 68.42% 25.8
Health 466 78.95% 47.8 Traceability Systems 148 26.32% 85.8
Logistics 414 73.68% 55.0 Drug SCM 100 21.05% 67.6
Trust 410 84.21% 30.6 Healthcare 98 31.58% 49.0
Contracts 388 78.95% 39.8 SC Performance 90 26.32% 52.2
Security 386 89.47% 18.6 Supply Network 84 26.32% 48.8
Patient 342 68.42% 56.4 Counterfeit Drug 82 42.11% 30.8
Operations 316 78.95% 32.4 Healthcare Records 60 42.11% 22.6
Framework 308 84.21% 23.0 Supply Chain Partners 76 42.11% 28.6
Adoption 286 73.68% 38.0 Blockchain Platform 74 36.84% 32.0
Performance 270 78.95% 27.8 Logistic &Transport 70 15.79% 56.2
Pharmaceutical 270 84.21% 20.2 Medical Data 70 26.32% 40.6
Organisation 250 36.84% 108.4 Pharmaceutical SC 68 52.63% 19.0
IoT 232 73.68% 30.8 Blockchain integration 64 5.26% 81.8

provide comprehensive insights based on the developed
themes. Following text mining, common themes were
identified and formulated on different ‘clusters’ shaped in
dendrograms and cluster diagrams (examples shown in
Figures 3 and 4). Below identified ‘cluster-based’ themes
were extensively discussed between authors to finalise a
comprehensive typology for the thematic analysis and are
shown in Figure 5.

• Based on implementation stages: This theme attem-
pts to capture developments through three stages
adopted for implementing Blockchain: initiation,
adoption decision, and implementation.

• Based on drivers for Blockchain implementation:
This theme attempts to identify enablers or drivers for
adopting Blockchain technology in pharmaceutical
supply chains.
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Figure 3. Example of Dendrograms.

Figure 4. Identified clusters in ‘cluster diagram’.

• Based on barriers to Blockchain implementation:
This theme summarises the barriers/challenges to
implementing Blockchain in PSC.

• Based on Blockchain applications: This theme cap-
tures the broader applications of Blockchain within
the pharmaceutical sector.

3. Descriptive analysis

The descriptive analysis captures an overview of the
development of Blockchain technology within PSC.
Academic papers published over the last decade show
that research on Blockchain within PSC has grown
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Figure 5. Typology developed for thematic analysis.

Figure 6. Number of selected studies by year.

significantly over the last six years (2015-2021). Although
Blockchain has been explored by researchers in other
sectors (such as the financial, energy, food and con-
struction), it is observed that the growth of research
on Blockchain for pharmaceutical supply chains is slow
compared to other sectors. Figure 6 shows an exponential
growth of research since 2018. Clearly, there is a growing
interest in Blockchain implementation in PSC; however,
it is believed that the research is still in the nascent stage,
demanding several SC managers, decision-makers and
researchers to explore the feasibility of this technology
further.

In terms of the geographical location of these selected
studies, the USA and the UK were the leading countries
for exploring Blockchain in the pharmaceutical sector.
Other countries such as China, India, UAE, Germany
and Brazil also contribute to the growth of this research
field. Developed countries have more mature use cases
or ‘pilots’ on Blockchain for the medicine/drug supply
chain, while the development of Blockchain in the phar-
maceutical sector in developing countries is restricted
by poor healthcare systems and networks (Kassab et al.
2019). This could be a possible reason for most studies
undertaken in developed countries. Significant growth in
the pharmaceutical sector in India and China has been
observed since the pandemic and could be a reason for
the growth in the research interest.

Most studies linking Blockchain with PSC are quali-
tative in nature, with only a small number of quantita-
tive studies. It was noticed that the number of literature
reviews on the broad topic of Blockchain implemen-
tation within various logistics and supply chain areas
accounts for the majority (38%) of studies. Concep-
tual (15%) and pilot/case studies (15%) were also lead-
ing in the selected papers. Conceptual research involves
interpreting the Blockchain’s potential or utilising exist-
ing operations/SCM theories to generate new insights.
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In contrast, case studies are an effective way to develop
hypotheses and theories (Levy 2008). Few conceptual
models attempted to demonstrate how Blockchain can
be adopted in the supply chain for logistics monitor-
ing, information sharing and integration with supply
chain networks. These models are often combined with
other disruptive technologies from Industry 4.0, such
as IoT, Automation and Big Data Analytics (BDA), to
achieve higher efficiency and reduce the adoption bar-
riers (Ghadge, Kara et al. 2020). For example, IoT com-
bined with Blockchain can help to record SC activities
for network-wide security. Similarly, Blockchain coupled
with BDA can support informed decision-making.

In contrast, proof of concept studies attempts to
demonstrate Blockchain implementation’s functionality
in SCs and verify the concepts following pilot pro-
gramme(s). Business cases and surveys by ‘early adopters’
and Blockchain experts are observed to primarily study
the feasibility of Blockchain adoption and its drivers
and barriers within supply chains. Research attempting
to conduct empirical/experimental studies to build the
link between Blockchain and PSC is missing. A mixed
methodology approach combining surveys and mod-
elling may be helpful for the nature of the study. Oper-
ation and supply chain management theories have been
broadly explored, namely- theory of constraints, system
theory, game theory and transaction costs theory. Fur-
thermore, only one-fourth of the selected studies con-
tain some form of framework or model development
approach following the use of existing theories (Table 3).
This further evidence that the theoretical perspectives on
the Blockchain are inadequate and entail more research
following existing or new theoretical lenses.

4. Thematic analysis

The thematic analysis provides comprehensive and inter-
pretative research findings following a mixed- inductive

and deductive approach (Castleberry and Nolen 2018;
Nowell et al. 2017). The thematic analysis follows the
typology-based assessment model shown in Figure 5.
Blockchain implementation stages, drivers and barriers
to adoption and applications within the PSC context are
explored in this section.

4.1. Blockchain implementation stages for PSC

IT innovation adoption follows user acceptance and tech-
nology acquisitionmodel stages: pre-adoption, adoption,
and post-adoption (Hameed and Arachchilage 2016;
Pichlak 2015). With the process of the adoption phase,
many impacting factors are influencing the project’s suc-
cess, such as organisational and environmental factors
and user acceptance. It is observed that the implementa-
tion process and associated activities for integrating new
technology within SC/Business models remain consis-
tent (Hameed, Counsell, and Swift 2012; Pichlak 2015).
Based on this generic principle and research development
by authors (Refer to Vu, Ghadge, and Bourlakis 2021a,
2021b), the Blockchain implementation in PSC can be
broadly classified into three stages: (1) Initiation – the
organisation explores various aspects of the innovation
in consideration, (2)Adoption decision – the organisation
decides whether and how to implement the innovation,
and (3) Implementation – the organisation deploys large
scale implementation and integrates the innovation into
its structure.

4.1.1. Initiation stage
Blockchain’s initiation stage captures the understand-
ing of Blockchain and its potential benefits, including
the rationale for adoption (Pichlak 2015). The external
environment and technology initiatives drive the need
for Blockchain adoption. Majority of conceptual studies
in the pharmaceutical sector claim that the immutable
and decentralised distributed ledger could stimulate a

Table 3. Use of conceptual models/theories.

Theories used for
frameworks/models Reference Observations

11 (24%) papers Helo and Hao (2019) Blockchain-based logistics monitoring system (BLMS)
Wang et al. (2019) A research framework for smart contracts based on a novel

six-layer architecture.
López and Farooq (2020) A multi-layered Blockchain framework for Smart Mobility

Data-market (BSMD)
Wang et al. (2018) A framework of parallel healthcare systems (PHS)
Dhagarra et al. (2019) Blockchain-anchored integrative healthcare framework
Abbas et al. (2020) A novel Blockchain and drug supply chain management

and recommendation system (DSCMR)
Dwivedi, Amin, and Vollala (2020) A Blockchain-based scheme for information sharing
Hald and Kinra (2019) Theory of constraints
Hosseini-Motlagh, Nematollahi, and
Nami (2021)

A Nash-bargaining game model

Schmidt and Wagner (2019) Transaction costs theory
Queiroz, Telles, and Bonilla (2020) System theory

54 (75%) other papers NA No evidence of the use of any theoretical lens
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transparent, efficient, falsified-free pharmaceutical sup-
ply chain network. However, without common tech-
nical standards and other related regulations in the
Blockchain-based solution for the PSC, stakeholders will
not be willing to take risks to support the adoption. Tseng
et al. (2018) suggest an open government surveillance
net by risk benchmark on medication movement in the
PSC. The government and other participants in this sup-
ply chain could require inspecting the transaction infor-
mation and protect the drugs’ authenticity. The initia-
tion stage supports conceptualising a healthy Blockchain
ecosystem for the PSC and further helps in enhancing the
user acceptance of this technology.

4.1.2. Adoption decision stage
Moving from initiation to the adoption decision stage
requires strategic, financial and technological evaluation
for organisations (Pichlak 2015). This stage evaluates the
inter-organisation resources and allocates them to sup-
port technology adoption. In other technology imple-
mentation cases such as RFID and IoT, top management
commitment in the adoption decision stage is critical
(Zelbst et al. 2019; Reyes, Visich, and Jaska 2020) as this
is a strategic level decision, which is likely to change the
structure and resource requirements of the organisation.
The stakeholders’ support is beneficial in this stage to
develop a Blockchain-based culture within the organ-
isations and acquire related knowledge on Blockchain.
The cost model is needed for the stakeholders to explain
how Blockchain benefit the whole pharmaceutical sup-
ply chain from the financial perspective (Kshetri 2018;
Chukwu and Garg 2020; Khatoon 2020). The long-term
benefits of Blockchain, such as improved supply chain
efficiency, high data security and combating counter-
feited drugs, could persuade large enterprises to join the
pilot project for implementation. Furthermore, the tech-
nical issues need to be tackledwith the help of Blockchain
platform companies (Hölbl et al. 2018; Chang and Chen
2020). Rather than integrating different healthcare infor-
mation systems and pharmaceutical producers’ ERP sys-
tems, Blockchain provides interoperable interfaces with
different systems and shares drug movement.

4.1.3. Implementation stage
The implementation stage refers to the practical use of
Blockchain at the firm or supply chain level. It is rea-
sonable to start a pilot project with few supply chain
participants and test Blockchain’s feasibility in the PSC.
van Hoek (2019) emphasised that meaningful and valu-
able lessons can be obtained through pilot projects on a
small scale. MediLedger is the famous FDA pilot project,
including the collaboration of 25 leading pharmaceutical

companies and other pharmaceutical supply chain par-
ticipants, aiming to track drugs at a package level. This
pilot project is appealing to more stakeholders and is
likely to convince small businesses to join theBlockchain-
based ecosystem of the pharmaceutical industry. With
the success of pilot projects, scaling up those projects at
a supply chain level is the next step. However, as iden-
tified earlier, scalability, especially the transaction speed
and interoperability for multiple nodes, are the barri-
ers that need to be overcome (Monfared 2016; Hughes
et al. 2019; Wang et al. 2019; Singh, Dwivedi, and Sri-
vastava 2020). If successful, Blockchain can be commonly
accepted by users, with fewer technical issues and imple-
mentation costs. Bocek et al. (2017) predict that themore
mature the Blockchain market, the lesser the Blockchain
adoption costs. Interestingly, the pharmaceutical market
is projected to achieve at least 1.6 billion dollars in 2025,
contributing to Blockchain implementation.

4.2. Drivers of blockchain implementation in PSC

Blockchain has a strong potential tomitigate pharmaceu-
tical supply chain issues (Clauson et al. 2018; Bamakan,
Moghaddam, and Manshadi 2021; Babu et al. 2022), and
several practitioners such as IBM have adopted pilot
projects with pharmaceutical manufacturers, distribu-
tors, and hospitals to prove the feasibility of Blockchain-
based solutions in the PSC. Internal and external drivers
facilitate this cooperation of multi-participants in PSC to
implement Blockchain successfully.

4.2.1. Internal drivers
Thematic analysis into internal drivers identified three
internal drivers for successfully implementingBlockchain
in PSC. The need for improved transparency and visi-
bility, enhanced data security and improved operational
efficiency within the pharmaceutical supply chain were
identified as key drivers.

• Improved transparency and visibility

Sensitive medical records of patients are scattered across
hospitals, manufacturers and distributors primarily for
the demand planning of medicines/drugs. However,
patients do not have access to the drug provenance (Jamil
et al. 2019; Abbas et al. 2020; Musamih et al. 2021).
Therefore, achieving total transparency and visibility in
PSC is a challenge unlike any other supply chain but
can help to increase collaboration, trust and efficiency.
Thus, the immutable, tamper-proof, interoperable char-
acteristic of Blockchain is a driving force in overcoming
the above challenges (van Hoek 2019; Hastig and Sodhi
2020; Helo and Hao 2019; Reyes, Visich, and Jaska 2020).
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Due to these attributes, the use of Blockchain to influence
personal health records while adhering to data protec-
tion regulations is highly attractive (Fang et al. 2021).
In doing this, PSC stakeholders will have access to the
transactional data without exposing it to third parties
(Bocek et al. 2017; Wang et al. 2018; Sharma, Kaur, and
Singh 2021). In addition, it can help with optimised data
accuracy, contributing to the reduction in information
delays. Recently, BlockRx, a pharma ecosystem, collabo-
rated with pharmamanufacturers, retailers, and pharma-
cies to integrate their existing information systems, break
the information silos, and provide transparency within
the supply chain (Farouk et al. 2020).

• Enhanced data security

Central cloud storage of electronic medical records has
been proved as a standard way of dealing with dis-
persed data, while it is vulnerable and easy to be dam-
aged by cyber-attacks (Hussien et al. 2019). By adopting
Blockchain, each transaction record will be grouped into
time-stamping and immutable blocks and can be shared
through the decentralised distributed ledger (McGhin
et al. 2019; Vu, Ghadge, and Bourlakis 2021a). Thus,
Blockchain protects healthcare and medicine/drug data
from being attacked by hackers or cybercriminals.

Interestingly, medical data management has received
substantial interest in Blockchain for PSC (e.g. Radanović
and Likić 2018; Wang et al. 2018; Khezr et al. 2019;
De Aguiar et al. 2020). Some pharmaceutical products,
such as vaccines, require delicate temperature monitor-
ing and humidity during transportation. Utilising IoT
devices (e.g. GPS, temperature sensors) during shipment
can quickly capture any unqualified environmental con-
ditions for drugs and generate an alert to the authorised
parties on the Blockchain platform (Zhao, Li, and Yao
2019; Leal et al. 2021). Patients can also secure the trans-
portation conditions of vaccines throughout the supply
chain (Singh, Dwivedi, and Srivastava 2020).

Smart contracts in this process play a vital role in ver-
ifying the authenticity of products and contingency of
pre-set protocols and rules, as well as the termination
of contracts and refunds (van Hoek 2019). In addition,
several Blockchain companies recommend Blockchain-
based projects such as ‘SmartHub’ to track and trace
pharmaceutical product characteristics- such as location,
ingredients, temperature settings and product images
while dealing with international trade (Helo and Hao
2019). Another use case, ‘LedgerDomain’, utilises BRU-
INchain and bar-coding for patients to trace and track the
drugs (Palas and Bunduchi 2021). In short, the need for
traceability and security of drugs drives the Blockchain-
based implementation in the PSC.

• Improved efficiency

Adopting Blockchain helps to improve supply chain
efficiency (Hald and Kinra 2019; Wong et al. 2020).
Blockchain is expected to positively impact quick
response to emergencies, accelerating the payment pro-
cess and forecasting in the pharmaceutical industry
(Ding 2018; Schmidt and Wagner 2019; Reyes, Visich,
and Jaska 2020). In previous studies, the PSC’s noti-
fication process and drug recall were time-consuming
due to the manual paperwork and fragmented, com-
plex systems, leading to long response times and dis-
satisfied healthcare services. With the increased trust
and information transparency among the supply chain
parties, Blockchain helps speed up the processing
time and warn supply chain parties quickly regarding
drug recalls (Hosseini-Motlagh, Nematollahi, and Nami
2021). Besides, smart contracts can eliminate other inter-
mediates and reduce labour costs, where the validation
process is completed within the Blockchain network. The
self-executed agreement will be valid when each party’s
pre-set conditions, rights, and obligations are satisfied.
Furthermore, Blockchain increases the extent of infor-
mation sharing, contributing to identifying bottlenecks,
avoiding overstocking, and eventually achieving higher
efficiency in the pharmaceutical supply chain.

4.2.2. External drivers
Apart from internal drivers, the external market envi-
ronment, such as the macroeconomics, regulations, and
pressure from the competitors, also stimulates the adop-
tion of new technology (Ciliberti, Carraresi, and Bröring
2016; Vu, Ghadge, and Bourlakis 2021b). In addition,
external drivers are motivated by external environments
such as suppliers, pharmaceutical regulatory bodies, gov-
ernments and patients.

• Enforcement by regulatory bodies

The pharmaceutical industry is strictly supervised by
government departments such as the FDA and FMD
(Falsified Medication Directive) and other non-profit
organisations like WHO. Organisations are required to
follow the regulations and combat counterfeited prod-
ucts. Developed countries are taking more practical
actions in detecting falsified drugs than developing
countries. The pilot projects on Blockchain, such as
MediLedger and PharmaLedger, are designed to collabo-
rate with global pharmaceutical manufacturers, distrib-
utors, hospitals, and pharmacies to make transactions
on the distributed ledger. Similarly, the European Fed-
eration of Pharmaceutical Industries and Associations



6642 A. GHADGE ET AL.

(EFPIA) is also focused on detecting counterfeited prod-
ucts in the PSC and are trying to eliminate unquali-
fied drugs. The NHS (National Health Service, United
Kingdom) follows the FMD directives and brings phar-
macies together to supervise this medication movement.
Developing countries like India and Brazil also promote
Blockchain projects to improve their healthcare service
level (Dhagarra et al. 2019).

• Stakeholder’s pressure

Patients are increasingly interested in the provenance
and ingredients of the medicines they use for check-
ing side effects or adhering to sustainability and qual-
ity certificates (Yang et al. 2017). Furthermore, during
the COVID-19 pandemic, consumers were restricted in
using local pharmacies, leading to an increasing trend
toward purchasing drugs online. Thus, governments
demanded strict supervision of online pharmacies, espe-
cially their legitimacies and authenticity to reduce the
chances of purchasing falsified drugs. My Net Doctor, a
registered online pharmacy, recently signed up to join
MediConnect’s Blockchain platform in the UK. This
collaboration enhances the PSC traceability of online
drugs, especially prescription drugs. MediConnect’s pri-
vate, permissioned distributed ledger will store confiden-
tial customer prescription data and provenance data for
medicines, preventing the misuse and overprescribing of
prescription drugs.

4.3. Barriers to blockchain implementation in PSC

Previous studies emphasise Blockchain’s challenges in
three aspects: system-related adoption barrier, concep-
tion and regulation barrier and data security barrier.

4.3.1. System adoption
Regarding technology adoption, technical and opera-
tional issues are the most common issues faced during
implementation (Haseeb et al. 2019; Aceto, Persico, and
Pescapé 2020). In the multidiscipline studies, scalabil-
ity, smart contract design, and high adoption costs of
Blockchain are ranked as the highest barriers to adoption.

Scalability: New technology adoption undergoes
hundreds of market tests to prove its plausibility and
feasibility. Blockchain application in the pharmaceutical
industry is still in the early stage with limited successful
pilot projects. According to the previous studies, scal-
ing the Blockchain to a supply chain network level will
need to meet thousands of transactions per second and
manage large data capacity (Kassab et al. 2019). Health-
care and pharmaceutical industry transactions could
lead to 10 billion drugs based on Taiwan’s healthcare

insurance system (Tseng et al. 2018). While the current
Gcoin Blockchain system, a Blockchain-based solution
for drug governance, can only process a million trans-
actions per day thus, time latency for verifying some of
the transaction data will be evident. Moreover, complex
and large medical supplies and decentralised distributed
ledger mean multiple nodes are required to process each
transaction. Therefore, scalability is a generic issue for
wider Blockchain adoption and stands true in the case
of PSC.

Smart contract design: Besides, self-executive smart
contract design and verification between parties would
also make mistakes if there were several permissioned
parties. For example, the process of translating the PSC
operations and regulations to smart contracts is com-
plicated due to the balance of conflicts and benefits
among different stakeholders (Wang, Han, and Beynon-
Davies 2019). The ambiguous clause generated in the
interpretation could cause an unsuccessful or wrong
transaction. Besides, the initial smart contracts can only
carry out simple processes like payment transactions,
while laws and regulations are not included in the
verification clauses (Kumar, Liu, and Shan 2020). An
increase in transaction volumes and contractual agree-
ments may make smart contracts inefficient in detecting
counterfeit products. To overcome this, IBM has devel-
oped a ‘crypto-anchor’ platform to ensure receiving cor-
rect products through user authentication/certification
(Prada-Delgado et al. 2021).

Operational cost: Blockchain adoption is likely to
be delayed by the high system adoption (mining) cost
and related costs like system maintenance and special-
ist consultant costs (Cole, Stevenson, and Aitken 2019).
Practitioners from the pharmaceutical company are cur-
rently finding it hard to see whether Blockchain ben-
efits in terms of improved efficiencies (Bocek et al.
2017) and cost reduction (Kshetri 2018) could cover
its high technology implementation costs. Furthermore,
the current ‘immature’ Blockchain technology market
(van Hoek 2019) may lead to high system adoption
costs and technical issues during the adoption. It is
expected that large enterprises may be ‘early adopters’
of this technology, but medium and small enterprises
may avoid taking this leap due to associated financial
risks. Some scholars also recommend the combination
of Blockchain with other technologies like Cloud, IoT
and RFID for best results (Park and Park 2017; Aryal
et al. 2020; Abbas et al. 2020; Singh, Dwivedi, and Srivas-
tava 2020). Thus, the cost of integrating different systems
would also be high. In addition, technical training for
employees and cost of consultants for implementation
would be high for Blockchain adoption at the supply
chain level.
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4.3.2. Conception and regulation
The support from the top management plays a vital
role in the implementation success (Cole, Stevenson, and
Aitken 2019; van Hoek 2019). In the literature study,
leadership commitment and engagement are the success
factors of Blockchain adoption in the pharmaceutical
industry. However, pharmaceutical SC stakeholders have
different interests inBlockchain projects due to a complex
supply network. Thus, decisions based on a few suc-
cessful pilot projects are challenging to justify an agree-
ment for large-scale investment by the senior manage-
ment. On the other hand, the lack of a defined industry
governance framework associated with the Blockchain
network and standards for information exchange (like
GSI) is another conception barrier (Wang et al. 2019).
Although some government sectors regulate counter-
feited drugs, Blockchain-related laws and regulations are
still insufficient, which poses more risks and pressure for
managers to adopt Blockchain in healthcare as well as
the pharmaceutical industry. Clearly, the industrial archi-
tecture and managerial support hinder the Blockchain
adoption in PSC.

4.3.3. Data security-cyber risks
Digital supply chains will have an increased threat from
cyber risks in the near future (Ghadge, Wurtmann, and
Seuring 2020). Aptly, another challenge in the phar-
maceutical industry is cyber security issues associated
with data management. The cryptographic mechanism
for protecting a patient’s medical records and medicine
transaction information from cyber risks is still in the
testing phase (Hussien et al. 2019). Patients have con-
cerned about their privacy leakage and are unwilling
to provide helpful information for the Blockchain-based
solution. Past incidences, such as privacy leakage cases
like AMCA (American Medical Collection Agency) data
breach in 2018, undermine the patient’s confidence in
data security. Moreover, the loss of core keys could dam-
age the whole Blockchain operation since the verification
process is ceased without private keys, causing millions
of transaction records to be postponed (Dwivedi, Amin,
and Vollala 2020).

Most importantly, the irreversible characteristic of
Blockchain could be a barrier to data accuracy (Tseng
et al. 2018; Wang et al. 2018; Chukwu and Garg 2020).
Although incorrect data in Blockchain can be cor-
rected in the sense that a second transaction corrects
the first transaction. However, this makes the search in
a Blockchain system more complex and can be time-
consuming. Such inaccurate input data in the Blockchain
can be concerning when emergent cases like drug recalls
happen. Besides, the process of verifying and deciphering
codes to text in the Blockchainmay causemistakes due to

themisunderstanding of the coding languages (Dhagarra
et al. 2019).

4.4. Applications of blockchain within PSC

Based on the selected studies, Blockchain applications
can be broadly summarised in five parts, namely- (1)
traceability of drugs, (2) combating counterfeited drugs,
(3) improving clinical trials, (4) immutable data sharing,
and (5) smart contracting.

The pilot projects and use cases captured in the review
are shown in Table 4 - the use cases like Medichain and
BlockRx Pharma track drug status from raw ingredi-
ents to end patients. The real-time tracking of transac-
tion records on the distributed ledger reduces the chance
of counterfeited drugs in the pharmaceutical industry.
For example, pharmaceutical company Pfizer has taken
the Blockchain pilot project to ascertain the authentic-
ity of their drugs. Besides, Blockchain platforms such
as MeDshare proposed in Wang et al. (2018) protect
patients from cyber-attacks and ensure data security. Fur-
thermore, smart contracting in the Blockchain assures
financial transactions, reducing intermediaries’ costs.

5. Framework and future directions

It is observed from the selected past studies that
Blockchain adoption in the PSC is still in its developmen-
tal stage. Due to the lack of empirical research, large-scale
successful Blockchain-based platforms for the PSC are
challenging. Besides, practitioners have difficulty defin-
ing the steps to implementing Blockchain technology in
the pharmaceutical sector, as research demonstrating a
framework for implementation in such a specific sector
is non-existent within the supply chainmanagement con-
text. Therefore, following the insights generated from the
thematic analysis, a conceptual framework of Blockchain
implementation in the PSC is attempted. The proposed
framework is likely to benefit the successful implementa-
tion of Blockchain in PSC. Although conceptual, it can
be retrospectively validated on Blockchain pilot stud-
ies within PSC or tested on the new initiatives in PSC
attempting to implement Blockchain. In the end, unique
research gaps are identified, paving the way for future
research directions in the selected area of study.

5.1. Development of a conceptual framework

The developed conceptual framework integrates mul-
tiple layers to capture the Blockchain implementation
within PSC holistically. As shown in Figure 7, the pro-
posed framework has four layers: technology accep-
tance/integration layer, implementation process layer,
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Table 4. Pilot Blockchain applications.

Blockchain Application Project Name Description Reference

Track & Trace The ‘SmartHub‘ The ‘SmartHub‘ logistics warehouse can track and trace
pharmaceutical product characteristics.

(Ledger Insights 2020)

BlockRx Pharma Ecosystem It complements existing systems and processes, breaks
down data silos, ensures data provenance, and creates
an interoperable environment.

(Farouk et al. 2020)

MediLedger DSCSA This project outlines critical steps to build an interoperable
electronic system for all participants and track sales
units at a package level.

(MediLedger, 2020)

Medi-chain Track medicine movement (Schmidt and Wagner 2019)
IBM Crypto anchors IBM in Hyperledger fabric uses crypto anchor to protect

product ID by associating it with a property that is hard
to clone, forge and hard to transfer to another object.

(Prada-Delgado et al. 2021)

Combating counterfeit drugs Innovative Medicine Initiative
Blockchain Enabled Healthcare

It explores use cases in counterfeit drug detection, supply
chain, patient data, and clinical trials.

(IMI, 2018)

IBM, KPMG, Merck, Walmart It aims to test drug recalls and enable rapid alerts amongst
supply chain participants.

(IBM, 2019)

BlockVerify It uses identification tags to detect falsified products (Radanović and Likić 2018)
Improving Clinical Trials Clinical Supply Blockchain Working

Group (CSBWG)
It aims to assist a digital inventory and event tracking
record in the pharmaceutical clinical supply chain.

(Choudhury et al. 2019)

PharmaLedger MedLedger It assists with the clinical supply of investigational
medicinal products and traceability of finished products.

(PharmaLedger, 2020) (Uddin,
2021).

Smart Contract Anti-counterfeit medicine system
(ACMS)

It aims at eliminating drug cloning and improving the
applicability of Blockchain-based solutions.

(Pham, Tran, and Nakashima
2019)

Blockchain-Based Smart Contract
System

It facilitates medicine workflow processing and reduces
costs.

(Khatoon 2020)

Data Sharing Healthcare Data Gateway (HGD) The solution helps control and share patients’ data without
compromising their privacy.

(Khezr et al. 2019)

Medlock framework Avoid segmented databases stored medical records for
patients

(Khezr et al. 2019)

MeDShare It provides data provenance, auditing, and control for
shared medical data in cloud lake among healthcare
providers.

(Wang et al. 2018)

Blockchain tokens The pilot Blockchain tokens for a container for improved
efficiency.

(Queiroz, Telles, and Bonilla
2020)

application layer and network layer. Understanding of
the first layer and coordination of the second layer is
crucial for the successful implementation of Blockchain
in PSC and for achieving benefits observed in the
application layer. Under the established three stages of
Blockchain implementation - initiation, adoption deci-
sion, and implementation, a set of influencing factors
(drivers and barriers) are captured and presented in the
implementation process layer.

With the development of Blockchain, technology
user acceptance is expected to increase and ultimately
promote several applications in the PSC. The user
acceptance model is a ‘sequent model’ based on the
degree of Blockchain technology acceptance. First, busi-
nesses realise the need to introduce technology (in
this case, Blockchain) to address sector-specific supply
chain issues. After obtaining the knowledge and deciding
whether adopting Blockchain is suitable for the organ-
isation, the resource requirements (like human labour,
and technical support) are identified in the next stage.
In the pre-final stage, small-scale pilot projects with few
participants are proposed. The last phase of Blockchain
implementation is scaling up those successful projects in
a wider environment with more participants nodes and
transactions being processed.

In the implementation process layer, several influen-
tial factors are identified for initiation, adoption, and
implementation stages, as shown in Figure 7. Drivers and
barriers are grouped following their appropriateness to
highlighted stages.Multiple Blockchain applications ben-
efiting the whole pharmaceutical supply chain network
are captured in the application layer. The most common
applications are tracking and tracing drugs throughout
the PSC and combating counterfeited drugs. Besides,
smart contracting rules among different participants
assure safe payment and accelerate supply chain opera-
tion, enhancing supply chain efficiency. Early adoption
work has seen first cases of safe electronic health records,
redistribution of unused drugs, anti-counterfeiting and
reliable clinical trials.

As part of the network later, Blockchain technology
connects with seven key stakeholders of PSC and plays
a vital role in balancing the conflicts and benefits among
multiple supply chain nodes. For suppliers and produc-
ers, the quality of the raw ingredients of the medicine is
guaranteed due to the visibility of data provenance. With
the verification of ingredients, unqualified raw materi-
als will be refused to trade in the PSC, and the pre-set
rules in smart contracts can also intrigue payment ter-
mination. Furthermore, the identification code and serial
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Figure 7. Conceptual framework for Blockchain implementation in PSC.

numbers used on drug packages are helpful for distrib-
utors tracking and tracing these drugs throughout the
whole PSC.

Downstream PSC network- patients, hospitals, and
clinical trials can benefit from Blockchain in secur-
ing healthcare records and personal sensitive health-
care/medicine data. This proposed ‘layered’ framework
capturesmultiple aspects by exploring the nexus between
Blockchain and PSC. It also enables PSC participants
to decide whether Blockchain is a suitable solution for
their organisation based on the identification of influenc-
ing factors for each stage of implementation and wider
applications across PSC.

5.2. Research gaps and avenues for future research

• Potential to enhance sustainability and circular econ-
omy in PSC

Blockchain adoption in the PSC is strongly linked
with environmental and social dimensions of sustain-
ability (Wang, Lin, and Choi 2020). Personal informa-
tion of patients and medical data can be kept confi-
dential without compromising accessibility to data for
demand planning and other supply chain activities
through Blockchain implementation. On the other hand,
Shipchain utilises smart contracts to achieve 100% dig-
ital transactions reducing the amount of paper wasted.

Future researchers can explore more sustainable and
circular economy practices with the use of Blockchain
in the pharmaceutical industry, like patient-centred drug
supply and sustainable reuse and disposal of the drugs
(Ding 2018).

• Enhancing drug recall management

Supply chain practitioners are still seeking proactive,
efficient drug recall management systems, and with the
help of Blockchain, it is possible to assure drug authen-
ticity and bring transparency and visibility across drug
supply chain networks (Hosseini-Motlagh, Jazinanine-
jad, and Nami 2020; Wu and Lin 2019). The possibility
of Blockchain technology use for reverse pharmaceutical
logistics for expired or recalled drugs is another exciting
research direction.

• Governance of Blockchain standards and regulations

The Blockchain ecosystem in the PSC is still in the initial
stage due to inadequate successful practices and clear reg-
ulations for this digital domain (De Aguiar et al. 2020).
The review clearly identified and highlighted this con-
cern while discussing implementation drivers and barri-
ers. Pharmaceutical supply chain practitioners share con-
cerns related to limited regulations like protection pri-
vacy rules to sensitive data that could hinder Blockchain
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adoption on a large scale. Besides, Zwitter andHazenberg
(2020) suggested that the governancemodel is likely to be
updated and changed by implementing a Blockchain con-
sortium. Clearly, standardising Blockchain practices and
well-defined PSC regulations is lacking and needs further
extensive research.

• Scalability and need for a solid transactionmechanism

The scalability of the Blockchain platform will be a tech-
nical barrier when millions of healthcare/
pharmaceutical transactions are required to be processed
simultaneously (Khezr et al. 2019). Practitioners can con-
sider designing amore secure and robustmechanism and
practices for smart contract rules to meet high through-
put requirements.

• Improving the interoperability and compatibility of
Blockchain

Blockchain interoperability may provide an opportunity
for collaboration among different Blockchain systems.
However, there are concerns that Blockchain interoper-
ability in the healthcare/pharmaceutical system may be
challenging. Besides, integrating Blockchain with other
support technologies such as IoT and RFID is ben-
eficial for PSC in improving supply chain traceabil-
ity (Fernández-Caramés and Fraga-Lamas 2018; Botcha,
Chakravarthy, and Anurag 2019; Bamakan, Moghad-
dam, and Manshadi 2021); but this opportunity has not
been fully explored. A Blockchain-based IoT system,
designed by Ahmadi et al. (2020), assures drug prove-
nance through its life cycle. To better manage larger data,
ERP-integrated Blockchain systems should be estab-
lished. Practitioners can explore further possibilities of
enhancing Blockchain interoperability and compatibility
with other disruptive technologies in the future.

• Building performance measurement of Blockchain

Liu et al. (2019) suggested that the performance optimi-
sation systemof Blockchain is beneficial for organisations
to evaluate its success and failures and decide whether
Blockchain is genuinely needed in this industry. As the
Blockchain pilot projects in the PSC increase, there is
a need to build a performance measurement system to
measure the efficiency of the implemented Blockchain
system. Kuhi, Kaare, and Koppel (2018) pointed out that
performance measurement could facilitate organisations
to follow the benchmarking standards to evaluate their
performance at each implementation stage, ultimately
improving the whole supply chain operations. Research
attempting to conduct empirical/experimental studies to

build the link between Blockchain and PSC is also found
to be necessary.

6. Conclusion

6.1. Discussion

This study aimed to holistically explore the current state
of Blockchain implementation in the PSC and build a
conceptual framework following a systematic literature
review. First, screening academic studies in the PSC
provided an overview and potential of Blockchain as a
disruptive technology. The descriptive analysis provided
insights into the generic trend from a geographical and
publication perspective, along with adapted theories for
conceptualisation. The thematic analysis explored influ-
ential factors (drivers and barriers) to integration, imple-
mentation stages and applications for PSC. Finally, the
insights generated following thematic analysis identified
a conceptual framework and research gaps.

In conclusion, it is observed that the growth of
research in Blockchain for pharmaceutical supply chains
is slow compared to other sectors. Blockchain develop-
ment in the PSC is still at the initiation stage and is likely
to grow significantly in the future. The requirement for
enhanced transparency, efficiency, traceability, and data
security drives Blockchain adoption in the pharmaceu-
tical supply chain. In addition, external pressure, such as
patients, competitors, and regulators, drives SCmanagers
to adopt this technology. Based on the current Blockchain
pilot projects and use cases in the PSC, combating falsi-
fied drugs, recall of medicines, and data security, com-
pliance to pharmaceutical standards, and reliability of
clinical trials are the most promising Blockchain appli-
cations. While PSC system and technology integration-
related identified barriers could hinder the industry-wide
agreement to use Blockchain.

6.2. Contribution to theory and practice

This review delivers several contributions to theory
as well as practice. Firstly, the SLR provides a broad
overview of challenges faced within PSC and captures the
potential of Blockchain to overcome them. To the best of
the authors knowledge, it is the first review attempting
to explore the potential of Blockchain in pharmaceutical
supply chains. The systematic review provides SC man-
agers and academics insights into implementation stages,
adoption drivers and barriers, along with the latest appli-
cations of Blockchain. The conceptual framework based
on Blockchain adoption stages provides directives for
successful implementing Blockchain in PSC. Farouk et al.
(2020) stressed that Blockchain regulations enforcement
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could facilitate more small and medium organisations
to join the Blockchain ecosystem. Identified multiple
research opportunities provide a good starting point for
exploring the nexus between Blockchain and PSC. For
the government and other policymakers, findings can
benefit in designing new regulatory standards and rules
for Blockchain-enabled PSCs.

6.3. Limitations of the study

There are some limitations to this study. Only 65 interdis-
ciplinary papers were selected for the study. The selection
of keywords and screening process can be subjective and
biased; however, an attempt was made to overcome this
limitation through the use of text mining to validate the
choice of keywords. Besides, the study mainly focuses on
the pharmaceutical sector, and thus, studies not strongly
interlinking with the healthcare sector may be neglected.
The technical aspects related to Blockchain such as com-
patibility, interoperability and large data sharing during
and after the implementation, along with legal & regula-
tory challenges of PSC are not considered in detail, need-
ing future focus. Following the empirical study, future
research will test the proposed conceptual framework for
feasibility in a practical setting.
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