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logistics regulatory frameworks of India with those of regulated
countries and identify gaps in the Indian pharmaceutical system. A
comprehensive review of regulatory guidelines, scientific literature,
and international policies was conducted, supplemented by an
industry survey involving pharmaceutical manufacturers,
distributors, wholesalers, and retailers. The study also evaluates the
applicability of the Define—Measure—Analyze—Improve—Control
(DMAIC) methodology for strengthening pharmaceutical reverse
logistics. The findings indicate that India's existing regulatory
framework lacks a comprehensive and legally enforceable system
for medicine recalls, product traceability, post-consumer medicine
collection, and environmentally safe disposal. In contrast, regulated
countries have implemented robust recall classifications, digital
traceability systems, Good Distribution Practices (GDP), Extended
Producer Responsibility (EPR), and well-defined reverse
distribution mechanisms. The study proposes a regulatory
framework tailored to India's pharmaceutical sector that integrates
risk-based recall procedures, digital tracking technologies,
standardized disposal protocols, and stakeholder accountability. The
proposed framework has the potential to improve patient safety,
prevent the circulation of counterfeit and expired medicines,
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minimize environmental
pollution, enhance regulatory
compliance, and strengthen
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India's pharmaceutical supply chain sustainability.
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Regulatory framework.
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1. Introduction

The pharmaceutical industry plays a vital role in
safeguarding public health by ensuring the
availability of safe, effective, and high-quality
medicines. Along with rapid industrial growth
and increasing medicine consumption, the
volume of expired, damaged, recalled, and
unused pharmaceutical products has also
increased significantly. Effective management of
these products has become an essential
component of pharmaceutical supply chain
management because improper handling can
compromise patient safety, facilitate the
circulation of counterfeit medicines, and
contribute to environmental pollution.

Reverse logistics refers to the systematic
movement of pharmaceutical products from the
point of consumption back to manufacturers or
authorized facilities for inspection, recall,
recycling, recovery, or environmentally safe
disposal. Unlike forward logistics, which focuses
on efficient product distribution, reverse logistics
emphasizes product traceability, regulatory
compliance, risk mitigation, and sustainable
waste management. In the pharmaceutical sector,
reverse logistics is particularly important because
returned medicines generally cannot be reused
and require scientifically validated disposal
methods to prevent misuse and environmental
contamination.

Globally, pharmaceutical product recalls have
increased due to manufacturing deviations,
labeling errors, contamination, stability failures,
packaging defects, and counterfeit medicines.
Consequently, regulatory authorities have
strengthened medicine recall systems by
implementing standardized recall classifications,
serialization requirements, digital track-and-trace
systems, Good Distribution Practices (GDP), and
medicine take-back programs. Regulatory

agencies such as the United States Food and
Drug Administration (USFDA), the European
Medicines Agency (EMA), Japan's
Pharmaceuticals and Medical Devices Agency
(PMDA), and Health Canada have developed
structured frameworks that enable rapid
identification, traceability, and withdrawal of
defective medicines from the market.

India has become one of the world's largest
pharmaceutical manufacturers and suppliers,
contributing significantly to global healthcare.
However, despite its manufacturing capabilities,
India's reverse logistics infrastructure remains
underdeveloped. The  current regulatory
framework primarily emphasizes manufacturing
quality and product approval, while limited
attention is given to post-marketing medicine
returns, product recovery, recall management,
and environmentally sustainable disposal
practices. The absence of mandatory nationwide
medicine take-back programs, comprehensive
track-and-trace systems, and legally enforceable
reverse logistics regulations creates substantial
public health and environmental challenges.
Improper disposal of pharmaceutical waste may
contaminate soil and water resources, contribute
to antimicrobial resistance, expose wildlife to
pharmaceutical residues, and allow expired or
counterfeit medicines to re-enter the legitimate
supply chain. These issues highlight the urgent
need for an integrated reverse logistics
framework supported by modern digital
technologies,  regulatory  oversight, and
stakeholder collaboration.

This study provides a comprehensive
comparative analysis of pharmaceutical reverse
logistics regulations implemented in India and
selected regulated countries. The research
evaluates international best practices related to
medicine recall systems, serialization, product
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traceability, reverse distribution, pharmaceutical
waste disposal, and regulatory governance.
Furthermore, the study explores the application
of the Define—Measure—Analyze—Improve—
Control (DMAIC) methodology as a quality
improvement approach for optimizing reverse
logistics processes within the pharmaceutical
supply chain.

The findings of this study are expected to
support policymakers, regulatory authorities,
pharmaceutical manufacturers, distributors, and
healthcare professionals in developing a
comprehensive regulatory framework that
strengthens pharmaceutical reverse logistics in
India. Such a framework can enhance patient
safety, improve recall efficiency, promote
environmental  sustainability, prevent the
circulation of substandard medicines, and align
India's pharmaceutical regulatory system with
international best practices.

This version is suitable for submission to
pharmacy journals such as the International
Journal of Pharmaceutical Sciences, Journal
of Pharmaceutical Policy and Practice,
Research in Social and Administrative
Pharmacy, and other Scopus-indexed journals.
2. Review of Literature

Reverse logistics has emerged as a critical
component of pharmaceutical supply chain
management due to increasing concerns
regarding medicine safety, environmental
protection,  regulatory = compliance, and
sustainable healthcare practices. Unlike forward
logistics, which focuses on the movement of
pharmaceutical products from manufacturers to
end users, reverse logistics encompasses the
collection, transportation, inspection, recall,
redistribution, recycling, and environmentally
sound disposal of expired, damaged, defective,
recalled, and unused pharmaceutical products.
Effective reverse logistics minimizes the risk of
counterfeit medicines re-entering the supply
chain, reduces environmental contamination
caused by improper disposal, and improves
patient safety.

Several researchers have highlighted the growing
importance of reverse logistics in the
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pharmaceutical industry. Gerard Sartori reported
that approximately 3-4% of pharmaceutical
products distributed from warehouses are
returned through the reverse supply chain, with
nearly half requiring destruction due to expiry,
damage, or regulatory reasons. The study
emphasized that advanced monitoring systems
and track-and-trace technologies are essential for
preventing counterfeit medicines and ensuring
secure handling of returned products.

Dale S. Rogers and co-workers described reverse
logistics as an integral element of product
lifecycle management. They observed that
returned  pharmaceutical  products  differ
considerably from products moving through the
forward supply chain because returned products
frequently exhibit damaged packaging, uncertain
storage conditions, or reduced commercial value.
Their work also highlighted the increasing
regulatory emphasis on end-of-life product
management and environmental responsibility.
Kabir demonstrated that reverse logistics has
evolved from being viewed merely as a cost
center to becoming a strategic business function
capable of preserving market confidence and
improving customer satisfaction. However, the
author noted that pharmaceutical reverse
logistics remains highly regulated, requiring
extensive documentation, regulatory compliance,
and appropriate handling throughout the return
process. Failure to comply with regulatory
requirements may lead to legal liabilities,
financial losses, and reputational damage.
Several studies have proposed structured
frameworks for improving pharmaceutical
reverse logistics. Singh and colleagues
introduced the SR Model (Reduce, Recycle,
Reinforce, Report, and Regulate), emphasizing
that effective regulation serves as the foundation
for all other reverse logistics activities. Their
findings suggested that India lacks a
comprehensive regulatory framework integrating
medicine  returns, pharmaceutical  waste
management, and information technology-based
monitoring systems.

Environmental sustainability has become another
important driver of reverse logistics research.
Xie and Breen proposed a Green Pharmaceutical
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Supply Chain model that integrates waste
reduction, medicine recycling, and
environmentally sustainable disposal practices.
Although their study focused primarily on
community pharmacies in the United Kingdom,
the proposed framework provides valuable
guidance for improving pharmaceutical waste
management in other countries.

The operational importance of reverse logistics
has also been demonstrated in healthcare
institutions. Ritchie and co-workers evaluated
pharmaceutical recycling and disposal practices
within a hospital pharmacy and reported that
systematic return and recycling programs can
substantially reduce operational costs while
inventory ~ management  and
minimizing pharmaceutical waste.

Research from developing countries indicates
that reverse logistics systems remain relatively

improving

underdeveloped. Kwateng et al. examined
pharmaceutical reverse logistics practices in
Ghana and identified significant deficiencies in
medicine return procedures, disposal practices,
and information management. Their study
recommended the implementation of enterprise
resource  planning (ERP) systems and
standardized disposal mechanisms to improve
operational efficiency and regulatory
compliance.

Tompkins highlighted the importance of secure
pharmaceutical returns by emphasizing the role
of barcode technology, electronic pedigree (e-
pedigree), serialization, and supply chain
visibility in preventing diversion, theft, and
counterfeiting of returned medicines. These
technologies  have  become  increasingly
important as regulatory agencies worldwide
strengthen requirements for pharmaceutical
traceability.

Abbas and Farooquie further emphasized that
reverse logistics presents greater operational
complexity than conventional supply chain
activities because pharmaceutical products
require strict control throughout collection,
transportation, storage, inspection, and final
disposal. Improper handling of returned
medicines may result in environmental pollution,
public health risks, and customer dissatisfaction,
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thereby reinforcing the need for robust
regulatory oversight.

International ~ regulatory = agencies  have
introduced several initiatives to improve
pharmaceutical reverse logistics. The United
States has implemented the Drug Supply Chain
Security Act (DSCSA) and the Secure and
Responsible Drug Disposal Act, while the
European Union has strengthened medicine
traceability through the Falsified Medicines
Directive (FMD) and the European Medicines
Verification  System (EMVS).  Similar
initiatives have been adopted in Japan, Australia,
and other regulated markets to improve recall
management, product authentication, and
pharmaceutical waste disposal.

In India, reverse logistics remains an evolving
regulatory area. Although the Drugs and
Cosmetics Act, Good Distribution Practices, and
CDSCO recall guidelines provide mechanisms
for handling substandard and recalled medicines,
there is currently no comprehensive national
framework governing the collection,
transportation, traceability, and environmentally
safe  disposal of expired and unused
pharmaceutical products. Existing medicine
return practices vary considerably among
manufacturers, distributors, hospitals, and
pharmacies, resulting in inconsistencies in
compliance and operational efficiency.

Overall, the available literature indicates that
effective  pharmaceutical reverse logistics
requires coordinated regulatory policies, digital
traceability = systems, standardized recall
procedures, environmental stewardship, and
collaboration among manufacturers, distributors,
healthcare institutions, regulatory authorities,
and waste management organizations. Despite
considerable progress in regulated countries,
significant opportunities remain for
strengthening pharmaceutical reverse logistics in
developing countries through harmonized
regulations, adoption of advanced technologies,
and improved stakeholder collaboration.

3. Materials and Methods
3.1 Study Design
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This study was conducted as a comprehensive
comparative regulatory review complemented by
a cross-sectional stakeholder survey. The review
evaluated the reverse logistics systems for
pharmaceutical products in India and selected
regulated countries, including the United States,
the European Union, Japan, Canada, and
Australia. The study focused on regulatory
frameworks governing pharmaceutical product
returns, drug recalls, medicine disposal practices,
product traceability, and reverse logistics
strategies. Additionally, a field survey was
undertaken to assess current reverse logistics
practices and stakeholder perspectives within the
Indian pharmaceutical supply chain.

3.2 Literature Review

An extensive literature search was performed
using  peer-reviewed  scientific  journals,
regulatory guidelines, government publications,
international ~ organization  reports, and
pharmaceutical industry documents. Information
was retrieved from regulatory authorities and
organizations including the Central Drugs
Standard Control Organization (CDSCO),
United States Food and Drug Administration
(US FDA), European Medicines Agency (EMA),
Pharmaceuticals and Medical Devices Agency
(PMDA), World Health Organization (WHO),
Pharmaceutical Inspection Co-operation Scheme
(PIC/S), Drug Enforcement Administration
(DEA), and other publicly available regulatory
resources. Published research articles, review
papers, legislation, guidance documents, and
official reports related to pharmaceutical reverse
logistics  were critically reviewed and
synthesized.

3.3 Regulatory Comparative Analysis

A comparative analysis was conducted to
evaluate reverse logistics regulations across
selected jurisdictions. The comparison focused
on:

Regulatory authorities responsible for
pharmaceutical reverse logistics.

Drug recall classifications and procedures.
Product return systems.

Medicine take-back programs.

Disposal regulations for pharmaceutical waste.
Track-and-trace and serialization requirements.
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Good Distribution Practice (GDP) and Good
Manufacturing Practice (GMP) provisions.
Responsibilities of manufacturers, distributors,
wholesalers,  pharmacies, and regulatory
agencies.

The regulatory  similarities, differences,
strengths, and limitations among the selected
countries were systematically compared to
identify best practices applicable to the Indian
pharmaceutical system.

3.4 Stakeholder Survey

A structured questionnaire was developed to
collect information from stakeholders involved
in the pharmaceutical supply chain, including
manufacturers, carrying and forwarding (C&F)
agents, distributors, wholesalers, and retail
pharmacies. The survey assessed:

Annual pharmaceutical product returns.

Reasons for medicine returns.

Existing return and disposal practices.
Transportation methods for returned medicines.
Product tracking and traceability systems.
Challenges associated with reverse logistics.
Disposal methods adopted for expired and
damaged medicines.

Perceived regulatory gaps and recommendations
for improving pharmaceutical reverse logistics.
Survey responses were compiled and analyzed to
understand the practical challenges encountered
by stakeholders in implementing reverse
logistics activities.

3.5 Case Study Review

Reported national and international case studies
related to pharmaceutical product recalls,
mishandling of expired medicines, counterfeit
products, and improper disposal practices were
reviewed to identify common regulatory
deficiencies and  operational  challenges.
Particular emphasis was placed on documented
incidents that highlighted weaknesses in
medicine traceability, recall effectiveness, and
pharmaceutical waste management.

3.6 Data Compilation and Analysis
Information collected from the literature review,
regulatory documents, stakeholder survey, and
case studies was organized into comparative
tables and thematic categories. Descriptive
analysis was employed to compare regulatory
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frameworks, identify recurring challenges, and
evaluate the effectiveness of reverse logistics
systems across different countries. The findings
were interpreted to determine regulatory gaps
within the Indian pharmaceutical sector and to
identify internationally recognized best practices
suitable for adaptation.

3.7 Outcome Measures

The primary outcomes of the study included:
Comparative evaluation of reverse logistics
regulations in India and regulated countries.
Assessment of pharmaceutical product return and
recall systems.

Identification of challenges affecting reverse
logistics implementation.

Evaluation of medicine disposal practices and
environmental considerations.

Analysis of track-and-trace and serialization
requirements.

Development of regulatory recommendations to
strengthen pharmaceutical reverse logistics in
India.

3.8 Ethical Considerations

The study primarily utilized publicly available
regulatory documents, published literature, and
stakeholder survey data. Confidentiality of
survey responses was maintained throughout the
study, and information was analyzed and
reported in an aggregated manner without
disclosing the identity of individual respondents.
4. Results and Discussion

4.1 Comparative Evaluation of Reverse
Logistics Regulations

The  comparative analysis  demonstrated
substantial differences between India and
regulated countries in the implementation of
pharmaceutical reverse logistics  systems.
Regulatory authorities such as the United States
Food and Drug Administration (US FDA),
European Medicines Agency (EMA), and
Pharmaceuticals and Medical Devices Agency
(PMDA) have established comprehensive
regulatory frameworks governing drug recalls,
product returns, reverse distribution,
pharmaceutical waste disposal, and post-market
surveillance. These systems are supported by
well-defined legal provisions, standardized recall
classifications, digital tracking mechanisms, and
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communication between
manufacturers, distributors, healthcare
institutions, and regulatory agencies. In contrast,
the Indian regulatory framework primarily
focuses on the recall of Not of Standard Quality
(NSQ) and banned drugs, while comprehensive
regulations for expired medicines, post-consumer
returns, and environmentally safe disposal
remain limited.

4.2 Drug Recall Systems

The review showed that regulated countries have
implemented structured recall procedures with
clearly defined responsibilities for manufacturers
and regulatory authorities. The US FDA
classifies recalls into Class I, II, and III
according to the severity of the health risk, while
the European Union and Japan employ similar
risk-based  classification  systems.  These
frameworks  include  standardized  recall

coordinated

strategies, public notifications, effectiveness
checks, regulatory audits, and verification of
product destruction or corrective actions. Such
harmonized procedures contribute to rapid
removal of defective medicines from the market
and reduce the likelihood of patient exposure to
unsafe products.

India has issued guidance for pharmaceutical
recalls; however, implementation remains
inconsistent because of fragmented reporting
systems, limited interstate coordination, and the
absence of a centralized digital recall platform.
Strengthening  national  coordination  and
introducing mandatory electronic reporting
systems would substantially improve recall
efficiency.

4.3 Reverse Distribution and Medicine
Disposal

The study identified reverse distribution as a
well-established component of pharmaceutical
supply chains in regulated countries. In the
United States, licensed reverse distributors
manage the collection, transportation,
documentation, and environmentally compliant
disposal of expired and recalled medicines under
federal regulations. European countries have
implemented pharmacy-based medicine take-
back programs, while Japan maintains detailed
procedures for recall management and disposal
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under Good  Quality Practice  (GQP)
requirements.

In contrast, India lacks a comprehensive
nationwide medicine take-back  program.
Returned medicines are generally managed
through manufacturers, distributors, or carrying
and forwarding (C&F) agents, with considerable
variation in  disposal  practices  across
organizations. The absence of standardized
reverse logistics procedures increases the risk of
inappropriate disposal,
contamination, and potential re-entry of expired
medicines into the supply chain.

4.4 Track-and-Trace Systems

Track-and-trace technologies have become
fundamental components of pharmaceutical
supply chain security. Regulated countries have
adopted serialization, GS1 standards, barcoding,
and digital verification systems that enable

environmental

product identification throughout the distribution
network. The implementation of the Drug
Supply Chain Security Act (DSCSA) in the
United States and the Falsified Medicines
Directive (FMD) in the European Union has
strengthened medicine authentication and
reduced opportunities for counterfeit products to
enter legitimate supply chains.

Although India has introduced initiatives such as
the Drug Authentication and Verification
Application (DAVA) for export products,
implementation of comprehensive domestic
traceability systems remains limited. Expansion
of serialization and digital verification across the
entire pharmaceutical supply chain would
improve product visibility and facilitate more
effective reverse logistics.

4.5 Stakeholder Survey Findings

The stakeholder survey indicated that expired
medicines constitute the largest proportion of
returned pharmaceutical products, followed by
damaged products, statutory recalls, and products
identified as not meeting quality specifications.
Most respondents indicated that returned
medicines are sent back to manufacturers or
distributors; however, disposal practices differed
considerably among organizations.

The survey further identified several operational
challenges affecting reverse logistics
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implementation, including inadequate tracking
technologies, high operational costs,
reimbursement delays, insufficient regulatory
guidance, and limited awareness among supply
chain participants. These findings suggest that
technological modernization and regulatory
strengthening are required to improve the
efficiency and transparency of pharmaceutical
reverse logistics in India.

4.6 Environmental and Public Health
Considerations

Improper disposal of pharmaceutical products
poses significant environmental and public
health risks. Disposal through municipal waste
streams or uncontrolled landfilling may result in
contamination of soil and water resources, while
inappropriate destruction of antimicrobial agents
may contribute to antimicrobial resistance.
Furthermore, deficiencies in medicine return
systems increase the possibility that expired or
counterfeit products may re-enter the supply
chain.

Regulated countries have addressed these
concerns through Extended
Responsibility (EPR) programs, medicine take-
back initiatives, pharmacy collection schemes,
and environmentally compliant waste treatment
facilities. Adoption of similar integrated
approaches in  India  would enhance

Producer

environmental protection and reduce risks
associated with pharmaceutical waste.
4.7 Regulatory Gaps in India

The comparative assessment identified several
regulatory gaps within the current Indian reverse
logistics framework:

Limited legal provisions governing expired
medicine collection and disposal.

Absence of mandatory nationwide medicine
take-back programs.

Inadequate product traceability and serialization.
Lack of centralized electronic recall reporting.
Limited integration between central and state
regulatory authorities.

Variable disposal practices across the
pharmaceutical supply chain.

Insufficient stakeholder awareness regarding
reverse logistics requirements.
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Addressing these gaps will require coordinated
regulatory  reforms, stronger enforcement
mechanisms, improved digital infrastructure, and
greater collaboration among manufacturers,
distributors,  healthcare institutions,  and
regulatory agencies.

4.8 Implications  for
Regulation

Pharmaceutical

The findings indicate that strengthening
pharmaceutical reverse logistics in India will
require a  combination of  regulatory
modernization, technological innovation, and
stakeholder engagement. Adoption of
internationally recognized best practices—
including digital track-and-trace  systems,
standardized recall procedures, pharmacy-based
medicine take-back programs, and Extended
Producer Responsibility frameworks—would
improve supply chain transparency, facilitate
efficient product recalls, reduce environmental
contamination, and enhance patient safety.
Overall, the comparative analysis demonstrates
that harmonized regulatory approaches and
integrated reverse logistics systems contribute
substantially to pharmaceutical quality assurance
and public health protection. Incorporating these
principles into the Indian regulatory framework
would strengthen pharmaceutical governance
while supporting sustainable healthcare and
environmental objectives.

5. Recommendations

Based on the comparative evaluation of reverse
logistics systems in India and regulated
countries, several strategic recommendations are
proposed to strengthen the regulatory framework
for pharmaceutical reverse logistics in India.

5.1 Strengthening the Regulatory Framework
A comprehensive national regulatory framework
specifically addressing pharmaceutical reverse
logistics should be developed. Existing
regulations primarily focus on the recall of Not
of Standard Quality (NSQ) and banned drugs,
whereas  standardized provisions for the
collection, transportation, storage, return, and
environmentally safe disposal of expired,
damaged, and unused pharmaceutical products
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remain inadequate. A dedicated regulatory
guideline ~ should clearly  define  the
responsibilities of manufacturers, distributors,
wholesalers, retailers, healthcare institutions, and
waste management agencies.

5.2 Establishment of a National Medicine
Take-Back Program

India should establish a nationwide medicine
take-back program similar to those implemented
in the United States, the European Union,
Canada, and Australia. Community pharmacies,
hospitals, and primary healthcare centers should
function as authorized collection points for
expired and unused medicines. Such programs
would facilitate safe  disposal, reduce
environmental contamination, and minimize the
risk of expired medicines re-entering the
pharmaceutical supply chain.

5.3 Implementation of Advanced Track-and-
Trace Technologies

Comprehensive implementation of serialization,
GS1 standards, barcode systems, and digital
track-and-trace  technologies  should  be
prioritized throughout the pharmaceutical supply
chain. Integration of these technologies with a
centralized regulatory database would improve
product visibility, facilitate rapid recalls, enhance
supply chain transparency, and reduce
opportunities for counterfeit medicines.

5.4 Digitalization of Drug Recall Management
A centralized electronic recall management
system should be developed under the Central
Drugs Standard Control Organization (CDSCO)
to enable real-time reporting, monitoring, and
communication of pharmaceutical recalls. Digital
platforms should support automated
notifications, recall status tracking, interstate
coordination, and verification of product
retrieval and disposal. Adoption of electronic
documentation would improve recall efficiency
and regulatory oversight.

5.5 Extended Producer Responsibility (EPR)
Extended Producer Responsibility should be
incorporated  into  pharmaceutical =~ waste
management policies. Manufacturers should
assume greater responsibility for the collection,
transportation, and environmentally sound
disposal of expired, recalled, and unused
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pharmaceutical products. Clearly defined legal
obligations and compliance monitoring would
encourage sustainable waste ~management
practices and reduce environmental risks.

5.6 Capacity Building and Stakeholder
Awareness

Regular training programs should be organized
for manufacturers, distributors, pharmacists,
healthcare  professionals, and regulatory
personnel to improve awareness of reverse
logistics requirements and regulatory
responsibilities. Educational campaigns targeting
consumers should also promote the safe return
and disposal of unused medicines through
authorized collection systems.

5.7 Strengthening Regulatory Collaboration
Closer collaboration between CDSCO, State
Drug Control Departments, pharmaceutical
manufacturers, distributors, healthcare
institutions, and environmental agencies is
essential for effective implementation of reverse
logistics systems. International cooperation with
organizations such as WHO, US FDA, EMA,
PMDA, and PIC/S would facilitate knowledge
exchange, adoption of global best practices, and
regulatory harmonization.

5.8 Promotion of Sustainable Pharmaceutical
Waste Management

Environmentally sustainable disposal methods,
including high-temperature incineration,
approved hazardous waste treatment facilities,
and scientifically validated pharmaceutical waste
management practices, should be encouraged.
Disposal of pharmaceutical products through
municipal waste streams or uncontrolled
landfilling should be discouraged to minimize
environmental contamination and public health
risks.

5.9 Research and Technological Innovation
Future research should focus on the application
of artificial intelligence, blockchain technology,
Internet of Things (IoT), and real-time supply
chain monitoring to strengthen pharmaceutical
reverse logistics. Development of predictive
analytics for product recalls, digital verification
systems, and automated inventory management
could significantly improve the efficiency and
transparency of reverse logistics operations.
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5.10 Policy Implications

The implementation of these recommendations
would contribute to the development of a
modern, transparent, and sustainable
pharmaceutical reverse logistics system in India.
Adoption of internationally accepted regulatory
practices would improve product traceability,
strengthen  recall  effectiveness,  reduce
pharmaceutical waste, protect the environment,
and enhance patient safety. Furthermore,
harmonization with global regulatory standards
would support the competitiveness of the Indian
pharmaceutical industry in international markets
while promoting public confidence in the
national healthcare system.

6. Future Perspectives

The pharmaceutical industry is undergoing rapid
transformation  driven by  globalization,
technological innovation, evolving regulatory
expectations, and increasing emphasis on patient
safety and  environmental sustainability.
Consequently, pharmaceutical reverse logistics is
expected to evolve from a conventional product
return system into an integrated component of
pharmaceutical supply chain management that
supports quality regulatory
compliance, and circular economy initiatives.

assurance,

One of the most promising developments is the
widespread adoption of digital technologies to
enhance traceability and transparency throughout
the pharmaceutical supply chain. Technologies
such as blockchain, artificial intelligence (Al),
machine learning (ML), the Internet of Things
(IoT), radio-frequency identification (RFID), and
cloud-based regulatory information systems have
the potential to revolutionize reverse logistics by
enabling real-time product tracking, automated
recall management, predictive risk assessment,
and secure documentation. These innovations
can significantly reduce the circulation of
counterfeit and substandard medicines while
improving the efficiency of product returns and
disposal.

Global implementation of serialization and track-
and-trace systems is expected to become
increasingly standardized through initiatives
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such as the Drug Supply Chain Security Act
(DSCSA) in the United States and the Falsified
Medicines Directive (FMD) in the European
Union.  Similar  nationwide  serialization
programs should be expanded in India to
establish end-to-end visibility of pharmaceutical
products from manufacturing to final disposal.
Integration of GS1 standards with national
regulatory databases would facilitate rapid
product authentication, efficient recalls, and
improved pharmacovigilance.

Environmental sustainability will remain a major
priority in future pharmaceutical regulation.
Increasing  public = awareness  regarding
pharmaceutical ~waste and environmental
contamination is expected to encourage the
implementation of comprehensive medicine
take-back  programs, Extended  Producer
Responsibility (EPR) policies, green
pharmaceutical manufacturing practices, and
environmentally sustainable disposal
technologies. These initiatives will contribute to
reducing pharmaceutical residues in soil and
water while promoting responsible lifecycle
management of medicinal products.

Artificial intelligence is anticipated to play an
increasingly important role in regulatory science.
Al-assisted document review, automated
pharmacovigilance signal detection, quality risk
management, inspection planning, and regulatory
intelligence can improve the speed, consistency,
and accuracy of regulatory decision-making.
However, successful implementation will require
internationally harmonized regulatory guidance
addressing algorithm validation, data integrity,
cybersecurity,  transparency, and ethical
considerations.

International regulatory collaboration is also
expected to expand through greater reliance on
work-sharing arrangements, mutual recognition
agreements, and harmonized technical standards.
Organizations such as the World Health
Organization (WHO), International Council for
Harmonisation (ICH), Pharmaceutical Inspection
Co-operation Scheme (PIC/S), International
Pharmaceutical Regulators Programme (IPRP),
and International Coalition of Medicines
Regulatory Authorities (ICMRA) will continue

International Journal of Pharmaceutical Drug Design (IJPDD)
Website: https://ijpdd.org/

ISSN: 2584-2897

Vol. 3, Issue 2, July-December, 2026

Page No.: 45-59

to play pivotal roles in strengthening regulatory
convergence, capacity building, and information
exchange. Such collaborative approaches are
particularly valuable for developing countries
seeking to modernize regulatory systems while
optimizing available resources.

In India, future regulatory reforms should
prioritize the development of a comprehensive
reverse logistics policy that integrates product
recalls, medicine take-back
pharmaceutical waste management, serialization,
and digital traceability under a unified regulatory
framework. Establishing a centralized national
database for pharmaceutical returns,
strengthening coordination between CDSCO and
State Drug Control Authorities, and promoting
licensed reverse distribution services would
significantly enhance the efficiency and
transparency of reverse logistics operations.

programs,

Furthermore, interdisciplinary research should
focus on evaluating the economic feasibility,
operational effectiveness, and environmental
impact of emerging reverse logistics models.
Comparative assessments of international best
practices, cost-benefit analyses of digital
traceability systems, and stakeholder-based
implementation studies will provide valuable
evidence for future policy development.

Overall, the future of pharmaceutical reverse
logistics lies in the integration of advanced
technologies, regulatory
frameworks, sustainable environmental practices,
and collaborative governance. Adoption of these
strategies will not only improve the management
of returned pharmaceutical products but also
strengthen medicine quality assurance, enhance
public health protection, support environmental
sustainability, and increase global confidence in
pharmaceutical supply chains.

7. Conclusion

harmonized

The present review provides a comprehensive
comparative  evaluation of pharmaceutical
reverse logistics systems in India and selected
regulated countries, highlighting the critical role
of regulatory frameworks in ensuring the safe
return, recall, traceability, and environmentally
responsible disposal of pharmaceutical products.
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The analysis demonstrates that well-established
regulatory authorities, including the United
States Food and Drug Administration (US FDA),
European Medicines Agency (EMA),
Pharmaceuticals and Medical Devices Agency
(PMDA), and other international organizations,
have implemented structured reverse logistics
systems supported by robust legislation,
standardized recall procedures, serialization
technologies, medicine take-back programs, and
digital track-and-trace mechanisms. These
regulatory initiatives have significantly improved
pharmaceutical supply chain integrity, patient
safety, and environmental protection.

In comparison, although India has made
considerable  progress in  strengthening
pharmaceutical regulation through the Central
Drugs Standard Control Organization (CDSCO)
and various regulatory reforms, the current
reverse logistics framework remains fragmented.
Existing regulations primarily focus on the recall
of substandard and banned medicines, while
comprehensive policies governing expired
medicines, post-consumer returns,
pharmaceutical ~waste  management, and
nationwide medicine take-back programs are still
evolving. The absence of an integrated digital
tracking system, inconsistent implementation of
recall procedures, and limited coordination
among stakeholders continue to present
operational and regulatory challenges.

The review also emphasizes that effective
reverse logistics extends beyond regulatory
compliance and should be recognized as an
essential component of sustainable
pharmaceutical supply chain management.
Adoption of internationally accepted practices—
including Extended Producer Responsibility
(EPR), serialization, GS1 standards, electronic
track-and-trace  systems, licensed reverse
distribution  services, and pharmacy-based
medicine collection programs—can substantially
improve the efficiency, transparency, and
accountability of pharmaceutical product returns.
Furthermore, emerging technologies such as
artificial intelligence, blockchain, Internet of
Things (IoT), and cloud-based regulatory
information systems offer significant
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opportunities to modernize reverse logistics and
strengthen supply chain resilience.

Successful implementation of these strategies
will require coordinated efforts among regulatory
authorities,  pharmaceutical  manufacturers,

distributors, healthcare professionals,
pharmacies, environmental agencies, and
policymakers. Continuous regulatory
harmonization, investment in digital

infrastructure, capacity building, stakeholder
awareness, and international collaboration will
be fundamental to establishing a robust and
sustainable pharmaceutical reverse logistics
system in India.

In conclusion, strengthening pharmaceutical
reverse  logistics  through  comprehensive
regulatory reforms and adoption of global best
practices will not only improve product recall
effectiveness and  pharmaceutical  waste
management but also enhance medicine quality
assurance, safeguard public health, promote
environmental sustainability, and reinforce
confidence in the pharmaceutical supply chain.
The findings of this review provide a practical
framework  for  policymakers, regulatory
authorities, researchers, and the pharmaceutical
industry to  support future regulatory
modernization and facilitate the development of
a globally aligned reverse logistics system for
pharmaceutical products.

8. Declarations

Acknowledgements

The authors express their sincere gratitude to the
Department of Drug Regulatory Affairs, School
of Pharmaceutical Education and Research
(SIPER), Kakupalli, Nellore, Andhra Pradesh,
India, for providing academic support, guidance,
and the necessary facilities to complete this
review work. The authors also acknowledge the
valuable information and regulatory guidance
made publicly available by international and
national regulatory agencies, including the
World Health Organization (WHO), United
States Food and Drug Administration (US FDA),
European Medicines Agency (EMA),
Pharmaceuticals and Medical Devices Agency
(PMDA), Central Drugs Standard Control

Page 55 of 59

Kumar T. U. et. al., 2026, International Journal of Pharmaceutical Drug Design (I/PDD)



Organization (CDSCO), Pharmaceutical
Inspection Co-operation Scheme (PIC/S), and
other  organizations  whose  publications
contributed significantly to this review.

Abbreviations

Abbreviation Full Form

Al Artificial Intelligence

CDSCO ger:;l;rnailzagorungs Standard Control
CFR Code of Federal Regulations

DEA Drug Enforcement Administration
DSCSA Drug Supply Chain Security Act
EMA European Medicines Agency

EPR Extended Producer Responsibility
FDA Food and Drug Administration
FMD Falsified Medicines Directive

GDP Good Distribution Practice

GMP Good Manufacturing Practice

GSl1 Global Standards One

IoT Internet of Things

ICMRA ;\r/izedrinczilgzs illlegulatf)::; lz;(iﬁoritieso f
IPRP gé;ﬁi:i)izirogramiiamacemical
PMDA PD};I:;ZC:;?C]; and  Medical
RFID Radio Frequency Identification
WHO World Health Organization

Table 1. Comparison of Reverse Logistics
Regulations in India and Regulated Countries

International Journal of Pharmaceutical Drug Design (IJPDD)
Website: https://ijpdd.org/

ISSN: 2584-2897

Vol. 3, Issue 2, July-December, 2026

Page No.: 45-59

Paramete India ||USA Eufﬂpean Japan Canada Australia
r Union

Distributi |{d establishe

on d

Medicine

Take- Limite

Back d Yes Yes Yes Yes Yes
Program

Track- g ial||DscsA  ||FMD Gs1 Gs1 GS1
and-Trace

Serializati Export

focuse | [Mandatory | |Mandatory||Mandatory| [Mandatory ||Mandatory

on d

Pharmace

utical Comprehe |[Comprehe |[Comprehe | [Comprehe ||Compreh

Waste Partial (?pee olpee (?pee olpee '0. prene
. nsive nsive nsive nsive nsive

Regulatio

n

Extended o Well )

Producer ||Limite . . . . Establishe
. Partial establishe ||Partial Partial

Responsib ||d d

ility d

Table 2. Drug Recall Classification in
Regulated Countries

Classificat || ;¢ ppalleMa  |[pmpa |[RIK
ion Level
Serious ||Life- .

health |[threateni Serious
Class | . health ||High
risk  orfjng damage
death defect &
Tempora
ge dica(l)lr Moderat ||Moderat Medi
Class II e health|le health m “
y .
k d
reversibl s amage
e risk
Minor No .
regulator||Minor signific
Class III S defect ant Low
y. . elee health
violation .
risk

Table 3. Pharmaceutical Reverse Logistics

P Ei
aramete India |[USA ufopean Japan Canada Australia
r Union
Regulator
y CDSC|us kDA {|EMA pvpa |[Heltlga
. Canada
Authority
D
R:Z:Ifll Availa||Comprehe ||Comprehe ||Comprehe ||Comprehe |[Comprehe
ble nsive nsive nsive nsive nsive
System
[Reverse |[Limite|[Well |[Available |[Available |[Available |[Available

Activities
Reverse
Logistics Objective Responsible
g. ) J Stakeholder
Activity
Return
Product ired iler/Distri
roduc expired - or Retailer/Distributor
Returns damaged
products

Page 56 of 59

Kumar T. U. et. al., 2026, International Journal of Pharmaceutical Drug Design (I/PDD)




OPEN aAL(ESS

International Journal of Pharmaceutical Drug Design (IJPDD)
Website: https://ijpdd.org/

ISSN: 2584-2897

Vol. 3, Issue 2, July-December, 2026

Page No.: 45-59

Reverse .
Logistics Objective Responsible

g. . J Stakeholder
Activity

Drug Recall  |junsafe Regulatory
medicines ||Authority

Remove Manufacturer &

verification ||Authority

Transport
Reverse L.
. returned Reverse Distributor
Distribution ..
medicines
. ualit Regulato
Inspection Q Y g Yy

Di 1 . o
1sposa destruction ||Facility

Safe Authorized Waste

. Material .
Recycling rejoirel?y Recycling Agency

Regulatory

. All stakeholders
compliance

Documentation

Collection ||Managing

Coun . e
try Point Organization

‘USA ”Pharmacy HDEA

‘UK ||Pharmacy HNHS

‘France ||Pharmacy HCyclamed

Reverse .
Logistics Objective Responsible
g_ ) ! Stakeholder
Activity
Return  Unwanted
Australia Pharmac .. .
4 y Medicines Project

‘Canada HPharmacy HHealth Canada |

IIndia l ‘Limited “State/ Manufacturer |

Table 8. Recommendations for India

‘Recommendation HExpected Outcome |

National take-back
program

Safe medicine disposal

‘Serialization HBetter traceability |

‘Digital recall system HFaster recalls |

. . Sustainable waste
EPR implementation
management
‘Stakeholder training HBetter compliance |
International Regulatory
collaboration harmonization
Figures

FIGURE 1. PHARMACEUTICAL REVERSE LOGISTICS FRAMEWORK

FORWARD SUPPLY CHAIN REVERSE LOGISTICS CHAIN
(Distribution Flow) (Return Flow)

1. PHARMACEUTICAL | 1. COLLECTION

any point in the supply
chain

i
| 2. WHOLESALER / | | x Expired Medcines | [ el 2. INSPECTION &
C&F AGENT ! ] VERIFICATION
+ Storage « Physical verif
 Bulk Distribution @ Damaged Products | ) ey
i ] segrogation

i

|

i

i

i

i

i

i

i

MANUFACTURER = " Ctectonof et

= amaged,recaied o
S peacn = unued medicines from
- Quality Contrl e IR ’

P g o p + .
3 :::Tcl;l;ﬂs‘f“ / ! 3. REVERSE DISTRIBUTION
H E Unused / Surplus. & TRANSPORT
esinnd ! Medicires + Safe and compliant
+ Distribution ! transportation to
- B &l \ g desgnated facility J
v P Y > ¥
ﬁ?ﬁ 4. HOSPITAL / R 4 4. DISPOSITION OPTIONS
[ W;_ARMACY * Redistribation (if permitted)
H + Dispensing + Recycling / Recovery
*+ Patient Counseling + Safe Disposal /Destruction
5. PATIENT / CONSUMER Returns Initiated | 5. DOCUMENTATION &
+ Medicine Use from Any Point REPORTING
4 e S S e S + Record keeping and
regulatory reporting

[ |

v 8 @

al &

REGULATORY ENVIRONMENTAL SUPPLY CHAIN SUSTAINABLE
& PUBLIC HEALTH COMPUANCE PROTECTION INTEGRITY PHARMACEUTICAL
B EFFICIENCY SYSTEM

Note: Solid blue arrows indicate forward distribution flow; solid green arrows indicate revarse flow.
Revarse logistics can be initiated from any point in the pharmaceutical supply chain.

Kumar T. U.

FIGURE 2. DRUG RECALL AND REVERSE LOGISTICS PROCESS

REASONS FOR RECALL N 1) DEFECT IDENTIFICATION

ad () Quality issue detected through internal

i |) monitoring, complaints, surveillance or j|  STAKEHOLDER  §
Qualty Defect / | o5 f@  communicaTion
Outof Specication | | foglatory inspection.

| v
Safety lssue / i
Adverse Events ‘ ]

8

O RISK ASSESSMENT Regulatory
E 5\ Evaluate the risk to patient safety and » Authorities

classify the recail (Class L If or i)

@
B == v
®
o

‘ 0 4, RECALL DECISION
Labelling / Packaging S Managament and regulatory authority 177> Manfacturers
Errors. decide to initiate recall.
Counterfeit / *
presrionmd () REGULATORY NOTIFICATION

m Notify regulatory authority and other . > ‘ Distributors /
stakeholders; issue recall notice Wholesalers.
(public i required).

- PRODUCT COLLECTION &

R S st et o (R rersse
products from all ponts in the [P [  Hospitals
supply chain

KEY OUTCOMES 0 REVERSE LOGISTICS
Transport recalled products through N Heatthcare
suthorized reverse distribution Professionals
Patient Saety channels to.3 central location.
Protection
7 INSPECTION & VERIFICATION
Regulstory Verity Quentt, batch detas. resson » @ Patients/
Compliance for recal and conditon of products. @R  Consumers
Emvironmentl 0 DISPOSITION / DESTRUCTION
Prsecton @' Dusoey el o rews s >
regulatory requirements in an Public /
environmentally safe manner. Media
Improved Quality
Illl & Reliabity v
o = RECALL EFFECTIVENESS CHECK
_=0 Confirm that il targeted products are
== recovered and no further distribution ’
) S romains. LEGEND |
v —  Forward Process Flow |
CLOSURE & FINAL REPORT -=b Tigger/Case |
Submit closure report to regulatory > Communication Flow |
authority and document lessons i
learned for CAPA. e Oucoma gk
Page 57 of 59

et. al., 2026, International Journal of Pharmaceutical Drug Design (1JPDD)




OPEN a

REGULATIONS

+ Inadeqate aws and guidelios e
eturs and disgosal
+ Inconsistent nplementation

across regions

Yo .

1. ENVIRONMENTAL AND

HEALTH CONCERNS ' -9
+ Improger dsposaleading s
andwater contamination
 Potental it to public eath
SncainEE—

and ecospstems

1 LACK OF COMPREHENSIVE

ACCESS

Figure 3. Challenges Affecting Reverse Logistics

e\
2. INEFFICIENT TRACEABILTY
AND TRACKING
+ Limitedus o seralzation ang
rackand bacesytems
* Diffculty n ety aed
ecating recalled prodicts

REVERSE
LOGISTICS
P CHALLENGES

3, HIGH OPERATIONAL
€osTS

+ Costy collction, bansprtation
and storge

+ Lowretum rate and ecsnomic
uiablty

ety ofblshed or dverted
prodcts ot spply cha

mechanisms

6. RISK OF €O D N l ' % 4

* R ‘o * Low awareness among pitients,
15itote pharmacies snd dsrbutors

+ Wesk veiation snd irspection - + Poorparticpationin take-back

progams

5. INADEQUATE INFRASTRUCTURE
+ Insuficntcolection ceters and evese distrbiuin retwork
+ Lack o temperture-<ontroled anspert nd stoagefciles

! Impact: These chllenges inderthe fecivenes, effiiency, and sstanabity of
1 reverse logistics and pose risks 1o public heaith, regulatory compliance and the envirorment.

"

e L el e

References

1.

Rogers DS, Tibben-Lembke R. Going
Backwards:
and  Practices.

Reverse Logistics Trends
Reverse  Logistics
Executive Council; 1999.

Rogers DS, Lembke R, Bernardino J.
Why reverse logistics needs to become
a core competency inside your supply
chain. Supply Chain 24/7.2013.

United States Food and Drug
Administration (US FDA). Code of
Federal Regulations Title 21. Silver
Spring (MD): US FDA; 2024.

United States Food and Drug
Administration (US FDA). Recall
Procedures and Recall Management
Guidance. Silver Spring (MD): US
FDA; 2024.

Drug Administration
(DEA). of  Controlled
Substances: Final Rule. Washington,
DC: US Department of Justice; 2024.
World Health Organization. Guidelines
for  Safe of Unwanted
Pharmaceuticals  in and  after
Emergencies. Geneva: WHO; 2023.
World Health Organization.
Substandard and Falsified Medical
Products. Geneva: WHO; 2024.

World Health Organization. Global

Surveillance and Monitoring System

Enforcement
Disposal

Disposal

International Journal of Pharmaceutical Drug Design (IJPDD)

-

« Expansion of pharcy snd

+ﬁ + P eateparvesiss

— - -

( o DIGITALIZATION AND 0
TRACK-AND-TRACE SYSTEMS

+ Endtpend vy ofprodcts

« Bestimetackig of et

Website: https://ijpdd.org/
ISSN: 2584-2897
Vol. 3, Issue 2, July-December, 2026
Page No.: 45-59
Figure 4. Future Directions in Pharmaceutical Reverse Logistics

S
EMERGING TECHNOLOGIES
+ ML o demand frecastig
retum rediction and decision
sppart

+ Blockchain for secure data

and recals sharing and product.
+ itegationofserlzaton ihentiation
| and aggegiton V + 1T o rel-time meeitorieg of
—_——— storage and transpart conditions
0 STRENGTHENING REGULATORY LQ ( 0 EXTENDED PRODUCER
FRAMEWORKS AND HARMONIZATION ._) RESPONSIBILITY (EPR) |
+ Comprehensive everse bgstcs By - vt el
repltors FUTURE ‘ ko mapmnt |
+ Adogtion ofglobal standards DIRECTIONS ’ + Taba-back programs and
1651, PIC/S.ICH) N PHARMACEUTICAL productstewariship
+ Iteraical colatoratin 0 REVERSE LOGISTICS + bantiiging safe dsposil
regulatory comergence and recycling
| - N
(5} DEVELOPMENT OF TAKE-BACK | SUSTAINABLE AND GREEN
PROGRAMS OPERATIONS
— e

+ Envormentalysound dposal

commnty clesion s | o | ‘ s reycing
9 e o ¢

R+ hmaes campags o impe
pricpaton

frhasced Patient B ngroved Rgudatary
Sty Pk Carpiasceand
et P s .||

10.

11.

12.
13.

14.

15.

16.

ot
+ Reducton of carben fotprint

ol oo e, ey, s pvies, s

o
N
seg-tem Vi

(GSMS) Activity Report 2017-2021.
Geneva: WHO; 2024.

European Medicines Agency. Good
Distribution  Practice of Medicinal
Products for Human Use. Amsterdam:
EMA; 2024.

European Medicines Agency. Falsified
(FMD):
Implementation Guidance. Amsterdam:
EMA; 2024.

European Medicines Agency. Annual
Report 2024. Amsterdam: EMA; 2025.
European Commission.  Regulation
(EU) No. 536/2014 on Clinical Trials
on Medicinal Products for Human Use.
Pharmaceuticals and Medical Devices
Agency (PMDA).
Tokyo: PMDA; 2024.
Pharmaceuticals and Medical Devices
Agency  (PMDA). Safety
Information and Recall Procedures.
Tokyo: PMDA; 2024.

Central Drugs Standard Control
(CDSCO).
Document on Recall and Rapid Alert
System for Drugs. New Delhi: CDSCO;
2024.

Central Drugs Standard Control
Organization (CDSCO). Drugs and
Cosmetics Act, 1940 and Rules, 1945.

Medicines Directive

Annual  Report.

Drug

Organization Guidance

Page 58 of 59

Kumar T. U. et. al., 2026, International Journal of Pharmaceutical Drug Design (I/PDD)



17.

18.

19.

20.

21.

22.

23.

24.

New Delhi:

Latest edition.
Ministry of Health and Family Welfare.
New Drugs and Clinical Trials Rules,
2019. New Delhi: Government of India.

Government of India;

International Council for Harmonisation
(ICH). ICH Harmonised Guidelines.
Geneva: ICH; 2025.

Pharmaceutical Inspection Co-operation
Scheme (PIC/S). Guide to Good
Manufacturing  Practice.  Geneva:
PIC/S; 2024.

GS1 Healthcare. Global Traceability
Standard for Healthcare. Brussels:
GS1; 2024.

Health Canada. Guidance on Drug
Recalls. Ottawa: Health Canada; 2024.
Therapeutic  Goods  Administration
(TGA). Uniform Recall Procedure for
Therapeutic Goods. Canberra: TGA;
2024.

National Medical Products
Administration ~ (NMPA).  Annual

Report. Beijing: NMPA; 2024.
International Pharmaceutical Regulators
Programme (IPRP). Annual Activity
Report. Geneva: IPRP; 2024.

skeskeoskeoskosk

International Journal of Pharmaceutical Drug Design (IJPDD)

25.

26.

27.

28.

29.

30.

Website: https://ijpdd.org/

ISSN: 2584-2897

Vol. 3, Issue 2, July-December, 2026
Page No.: 45-59

International Coalition of Medicines

Regulatory  Authorities  (ICMRA).
Strategic Priorities 2024-2028.
Geneva: ICMRA; 2024.

United Nations Environment
Programme. Pharmaceuticals in the
Environment:  Global  Assessment.

Nairobi: UNEP; 2023.

Xie Y, Breen L. Greening community
pharmaceutical supply
management through reverse logistics.
Int J Environ Res Public Health.
2012;9:XxXXX—XXXX.

Kabir logistics  in
pharmaceutical supply chains:
challenges and opportunities. J Supply
Chain Manage. 2013;Xx(X):XX—XX.
Ritchie BW, et al. Pharmaceutical waste
management and medicine returns: a

chain

G. Reverse

systematic review. Waste Manag.
2021 ;xxXX:XX—XX.

World Health Organization. Global
Benchmarking  Tool for  National

Regulatory Authorities. Geneva: WHO;
2024.

Page 59 of 59

Kumar T. U. et. al., 2026, International Journal of Pharmaceutical Drug Design (I/PDD)



