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Abstract

This article examines the scientific-theoretical and practical aspects of implementing a modern digital
Track & Trace system in the circulation of pharmaceutical products. The study was conducted at the
public legal entity “Analytical Expertise Center” of the Ministry of Health of the Republic of Azerbaijan
and aimed to evaluate the implementation of digital tracking mechanisms in pharmaceutical circulation.
Track and Trace models developed within the regulatory frameworks of the European Union’s Falsified
Medicines Directive (FMD) and the United States Drug Supply Chain Security Act (DSCSA) are
analyzed, and their adaptability to national conditions are assessed.

Based on the analysis, a phased implementation strategy tailored to the national context is proposed.
The model incorporates unique identification of pharmaceutical products, real-time data exchange
across the supply chain, and centralized regulatory control through a unified digital platform.

The proposed strategy contributes to preventing the circulation of falsified and substandard
pharmaceutical products, improving regulatory efficiency, and enhancing overall safety in
pharmaceutical circulation.
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INTRODUCTION

The circulation of pharmaceutical products
represents one of the most sensitive and
high-risk areas of the healthcare system.

Yazigsma ligiin alaga:

Farzullayev S.Y.%, Valiyeva M.N.2, Suleymanov M.Y.!

1 “Analytical Expertise Center” of the Ministry of Health of the
Republic of Azerbaijan

2 Azerbaijan Medical University, department of Pharmaceutical
Technology and Management

E-mail: said.farzullayev2021@gmail.com

Fragmented and non-integrated control
mechanisms across supply chain stages
significantly increase the risk of falsified and
substandard pharmaceutical  products
entering the market.

According to the World Health
Organization, up to 10% of medicines in
low- and middle-income countries are
estimated to be substandard or falsified,
with this figure exceeding 20% in certain
regions characterized by weak regulatory
control. Additionally, global pharmaceutical
supply chain inefficiencies result in
substantial financial losses annually, further
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emphasizing the need for transparent and
traceable systems.

Existing regulatory mechanisms are largely
based on retrospective inspections, limiting
real-time visibility and responsiveness.
Therefore, the development of scientifically
grounded and technologically advanced
tracking systems is essential.

In recent years, the implementation of
digital Track & Trace systems has become
a strategic priority in developed countries.
Within the European Union (FMD) and the

United States (DSCSA), continuous
tracking of pharmaceutical products
through unique identifiers has been

established as a legal requirement.
However, direct replication of international
models does not always vyield effective

results due to differences in legal
frameworks, institutional structures, and
technological readiness. Thus, the

implementation of Track & Trace systems
should be approached as a legal,
institutional, and technological
transformation.

The objective of this study is to develop a
scientifically substantiated national strategy
for implementing a modern digital tracking
system adapted to Azerbaijan’s healthcare
and pharmaceutical environment.

MATERIALS AND METHODS

The study is based on national and
international scientific publications,
regulatory documents of international
organizations (WHO, European

Commission, FDA), and legal frameworks
related to pharmaceutical circulation.

A systematic approach was applied to
analyze the pharmaceutical supply chain as
an integrated system. Comparative
analysis was used to evaluate international
Track & Trace models (FMD and DSCSA)
and their applicability to national conditions.
Regulatory analysis assessed legal
requirements and institutional
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competencies, while structural-functional
analysis identified the roles of stakeholders
(manufacturers, importers, distributors,
pharmacies, and regulators).

Based on the findings, a phased strategic
implementation model was developed.

RESULTS AND DISCUSSION
The study substantiates the strategic
importance of implementing a modern
digital Track & Trace system at the national
level.
Unlike existing international models, the
proposed strategy introduces several novel
elements:

e Integration of risk-based regulatory

control mechanisms

e Adaptation to institutional and
technological readiness
e Implementation of a phased

transition model
e Establishment of a centralized state-
controlled digital platform
These features distinguish the proposed

model from standardized international
approaches.
Analysis of international experience

demonstrates measurable outcomes. In the
European Union, the implementation of
FMD has significantly reduced the
penetration of falsified medicines into legal
supply chains. Similarly, the U.S. DSCSA
framework has improved traceability and
reduced the time required for product
recalls.
These findings confirm that digital
traceability systems enhance both patient
safety and regulatory efficiency.
At the national level, key challenges
include:

e Fragmented control mechanisms

e Limited data integration

e Insufficient digital infrastructure
The proposed model addresses these
challenges through phased implementation
and stakeholder integration.
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Table. Key Indicators for Assessing the Effectiveness of a Digital Track & Trace System

. . . Analytical
Indicator Group Indicator Name Unit . ay_lca
Significance
. Share of products with unique
Traceability . e . P g % System coverage
identification
Control . . .
. Detection of falsified products Cases/month | Risk assessment
Effectiveness
Operational .
p. . Duration of control procedures Hours/days | Response speed
Efficiency
Data Quality Data completeness % Reliability
Risk-Based . . : : .
Identification of high-risk products | Number Risk targeting
Control
R r . o
eggu ce Reduction in control costs % Economic impact
Efficiency

Target benchmarks:
v' 90% traceability coverage

v" 30% reduction in regulatory processing time

CONCLUSION

This study demonstrates that the
implementation of a modern digital Track &
Trace system can increase traceability
coverage of pharmaceutical products to
over 90% within a phased implementation
framework, significantly reducing the risk of
falsified and substandard pharmaceutical
products entering the supply chain.
International experience shows that such
systems can reduce the detection time of
unsafe products by up to 50% and
substantially improve regulatory response
efficiency.

The proposed strategy is specifically
adapted to the legal, institutional, and
technological conditions of Azerbaijan. It
ensures practical feasibility through gradual
implementation while maintaining
alignment with international best practices.

The results indicate that successful
implementation will lead to:
v" Increased transparency in

pharmaceutical circulation
v Improved regulatory efficiency
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v' Enhanced patient safety
v' Reduced operational costs

Thus, the proposed model represents not
only a theoretical contribution but also a
practical roadmap for the digital
transformation of pharmaceutical regulation
in Azerbaijan.
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9CZACILIQ MBHSULLARININ DOVRiIYYSSIND® MUASIR ROQOMSAL iZLaMa
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Xllase

Bu maqala aczagilig mahsullarinin dévriyyasinds muasir reqamsal Track & Trace sisteminin
totbiginin elmi-nazari ve praktik aspektlarini arasdirir. Tadqgigat Azerbaycan Respublikasi
Sahiyya Nazirliyinin “Analitik Ekspertiza Markazi” publik haquqi sexsinde apariimis va
aczacliliqg dovriyyssinde ragamsal izlema mexanizmlarinin tatbiginin giymatlandiriimasina
yonalmisdir.
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Avropa lttifaqinin Saxtalasdiriimis Darmanlara qgarsi Direktivinin (FMD) ve ABS-in Derman
Toechizat Zancirinin Tahlukesizliyi Aktinin (DSCSA) normativ gergivaleri asasinda formalagmig
izloma modelleri tehlil olunur ve onlarin milli geraite uygunlagdiriimasi imkanlar
giymatlendirilir.

Aparilmig tahlil asasinda milli konteksta uygunlasdiriimis marhalsli tetbiq strategiyasi toklif
olunur. Model aczagilig mahsullarinin unikal identifikasiya ile markalanmasini, techizat zanciri
Uzra real vaxt rejiminds malumat mubadilesini va vahid ragemsal platforma Uzarindan
markazlagdirilmis dovlet nazaratini 6ztinds birlasdirir.

Taklif olunan strategiya saxta ve keyfiyyatsiz aczagiliq mahsullarinin dévriyyasinin qarsisinin
alinmasina, tanzimlayici nazarstin semaraliliyinin artirlmasina ve Umumilikds aczagiliq
dovriyyssinds tahlikasizliyin yuksaldilmasina tohfe verir.

Acar sozler: aczagilig mahsullari, regamsal izlemas, track & trace, tahlikasizlik, keyfiyyet,
reqemsallagma.
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Pe3ome

[aHHas cTaTba NocBsiLeHa nccnegoBaHUo HayYHO-TEOPETUYECKUX U NPAKTUYECKMX acrekToB
BHeOpeHusi coBpemMeHHon uudpoBon cuctembl Track & Trace B obOpallieHumn
dapmaueBTmyeckon npoaykumn. MccnegoBaHue npoBedeHO B MyOnMYHOM HOPUONYECKOM
nvue  «AHanUTUYECKMN  JKCMepTHbIM  uUeHTp»  MuHucTepctBa  34paBOOXpaHEHUSA
AzepbangxaHckon Pecnybnukn wn HanpaBneHO Ha OUEHKY BHeOpPEeHUss MeXaHM3MOB
LMGPOBOro OTCEXMBaHUS B cUCTEMe obpalleHnst hapmaLeBTUYECKOM NPOAYKLMN.

B cTaTbe aHanuanpyoTcs MOAENN OTCREXUBaHUSA, pa3paboTaHHble B paMKax HOPMaTUBHbIX
TpeboBaHunm [dupektnBbl EBponenckoro coto3a no 6opbbe ¢ danbcnpuumpoBaHHbIMK
nekapcteeHHbIMn cpenctBamu (FMD) n 3akoHa CLUA o 6e3onacHOCTU LENOYKM MOCTaBOK
nekapcTtBeHHbIX cpefctB (DSCSA), a Takke OLEHMBAKTCA BO3MOXHOCTU MX agantauumn K
HaLUMOHaNbHbIM YCMOBUSIM.

Ha ocHoBe npoBedEHHOro aHanuaa npegraraeTcsa noatanHas cTpaTerns BHeApeHus,
afjanTupoBaHHass K HauuMOHanbHOMY KOHTeKcTy. Mopgenb BkYaeT  YHWUKasnbHYHO
naeHTUrKaumio apmaueBTMYecKon NpoayKuun, obMeH OaHHbIMW B peXUMe pearibHOro
BPEMEHM MO BCEW LENOYKe MOCTaBOK, a TaKKe LEeHTParnM3oBaHHbIN rocy4apCTBEHHbIN
KOHTPOJSIb Yepes eauHY0 LM POBYO NraTtgopMmy.
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Mpepnaraemas cTparerus crnocobeTByeT npeaoTBpaLLEeHNIo obpalleHuns
dranbCcnUuUMpoBaHHOM U HeKayeCTBEHHOW dhapMaueBTUYECKON MPOAYKLUMU, MNOBbLILLEHUIO
9P PEKTUBHOCTUN PErYNATOPHOrO KOHTPONSA U yKpenneHuto obuien 6e3onacHoCT B cucteMe
obpalyeHnsa nekapCTBEHHbIX CPEACTB.

KnioueBble crnoBa: (papmaueBTuyeckad npoaykumsa, umdgpoBoe oTcriexuBaHue, track &
trace, 6e3onacHoOCTb, Ka4eCcTBO, LMPOBM3aLNS.
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