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PREFACE

The year 2025 marks a decade of the Quality Forum (QF), an initiative launched by the Indian Pharmaceutical Alliance (IPA) in April 2015 to support
Indian pharmaceutical manufacturers in achieving global quality benchmarks. Committed to a multi-year journey, the QF has continuously addressed
key industry challenges and developed best practice guidelines to enhance quality standards.

Over the past 10 years, the QF has focused on several critical areas relevant to the pharmaceutical industry, including Data Reliability, Best Practices &
Metrics, Culture & Capability, and Investigations. It has taken on the challenge of developing comprehensive Best Practices Documents for these
topics. To date, best practice guidelines have been established for manufacturing, quality assurance, regulatory compliance, and engineering.

For the first time, the QF has extended its scope to a crucial aspect of pharmaceutical processes—primary and secondary packaging. This document
highlights best practices for authentication and track-and-trace mechanisms in pharmaceutical product packaging, reinforcing the industry's
commitment to quality, safety, and regulatory compliance.

For this compilation, participation was open to all IPA member companies. The Quality Forum (QF) nominated senior managers to study best
practices and develop the guidelines. The core team included Harshad Tambe (Ajanta Pharma), Anand Bera (Sun Pharma), Vivek Jain (Lupin Ltd.),
Nirav Trivedi (Torrent Pharma), and Bhagyesh Kulkarni (Emcure), working under the guidance and mentorship of Rajender Rajput (Cipla) and Manoj
Telguntha (Zydus Lifesciences).

IPA sincerely acknowledges their dedicated efforts over the past 12 months. They collaborated to share current industry practices, benchmark them
against existing regulatory guidelines, and develop a robust draft document, which was subsequently reviewed by a leading subject matter expert
and regulatory agencies.

Additionally, IPA extends its gratitude to the CEOs of all member companies for their commitment, personal involvement, and financial support in
making this initiative possible.

This document will be officially released at IPA’s 10th Global Pharma Quality Summit and will be available on the IPA website (www.ipa-india.org),
ensuring free access to pharmaceutical companies in India and abroad.
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sl INTRODUCTION

1.1 Importance of Authentication and Track And Trace in Pharmaceutical Industry

The pharmaceutical industry faces immense pressure to ensure patient and drug safety while navigating a complex
web of global and national regulations. The World Health Organization estimates that around 10% of medicines in
low and middle-income countries are counterfeit or substandard. This alarming statistic underscores the urgent
need for effective track and trace solutions to protect public health and maintain the integrity of the pharmaceutical
supply chain.

Consequences of poor tracking and tracing
Without real-time tracking and tracing systems, pharmaceutical companies can experience significant supply chain
disruptions. The absence of a robust track and trace system can lead to:

% Product duplication : Increased risk of counterfeit drugs entering the market.

< Tampering and diversions : Unauthorized alterations and redirection of drugs.

< Errors and wastage : Mismanagement of inventory leading to errors and wasted resources.

% Loss of brand perception : Damage to brand reputation due to counterfeit products.

< Increased costs : Manual paperwork, human errors, and lack of automation increase operational costs.

Roles in preventing drug counterfeiting

End consumers
End consumers should be proactive in recognizing and reporting any discrepancies in their medicines. They need to
be vigilant and informed about the potential signs of counterfeit drugs.

Health care professionals
Health care professionals have a critical role in educating consumers about the differences between genuine and
fake drugs. They should :

< Provide education : Informing patients about the risks of counterfeit drugs and how to identify them.
< Monitor and report : Observing any unusual patterns or adverse reactions that may indicate counterfeit

medicines.

Producers
Producers must advance and maintain transparency in supply chain management to prevent counterfeit drugs from

entering the market. They should :

< Adopt advanced technologies : Implementing blockchain, RFID, and other technologies for tracking and
verifying authenticity.

% Conduct regular audits : Ensuring thorough inspections to prevent counterfeit products.
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Policymakers and international organizations
Policymakers and international organizations play a vital role in establishing and enforcing guidelines to curb drug
falsification. They should :

% Set standards: Developing and maintaining national and international regulations.

< Ensure compliance : Monitoring and enforcing adherence to these guidelines.

% Foster collaboration : Promoting international cooperation to address the global nature of drug
counterfeiting.

Holistic approach to combat counterfeit pharmaceuticals

The battle against counterfeit pharmaceuticals requires a holistic approach involving :

< Innovation: Leveraging cutting-edge technologies for anti-counterfeiting measures.

< Regulation: Establishing and enforcing stringent regulatory frameworks.

< Industry collaboration : Encouraging cooperation among stakeholders to protect public health and trust in
healthcare systems.

Advanced anti-counterfeiting measures

Advanced anti-counterfeiting packaging and technologies are essential to safeguard public health and strengthen
trust in healthcare systems. By adopting these measures, the pharmaceutical industry can ensure the safety and
efficacy of its products, ultimately saving lives and protecting global economies.

1.2 Current Challenges in Pharmaceutical Supply Chains

The pharmaceutical industry in India is one of the largest and most diverse globally, producing both generic
medicines and active pharmaceutical ingredients (APIs) for international markets. However, the industry faces
significant challenges, notably the proliferation of counterfeit drugs. These counterfeit medicines not only
undermine the integrity of the pharmaceutical market but also pose severe health risks to patients.

Indian pharmaceutical companies, particularly those involved in exports, encounter additional hurdles when
accessing foreign markets due to concerns over counterfeit drugs. In response, many international markets have
implemented stringent anti-counterfeiting regulations, such as track-and-trace systems for pharmaceutical
products. These global measures often impose an added burden on Indian pharmaceutical companies to comply

with these regulations to maintain market access.
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Key Points:

< Prevalence of counterfeit drugs : A major challenge undermining market integrity and posing health risks.

< Challenges in market access : Concerns about counterfeit drugs complicate access to foreign markets.

< Stringent international regulations : Requirements such as track-and-trace systems add complexity for
exporters.

< Government support : Critics argue that there has been inadequate support and resources from the Indian

government for compliance.

Efforts to address these issues require collaborative action from the industry and government, focusing on both
regulatory compliance and enhancing the overall integrity of the pharmaceutical supply chain.

< DGFT’s ‘I Veda’ portal : This was launched to streamline international trade, but operational challenges have led
to delays. In contrast, countries like the EU, Uzbekistan, Kazakhstan, and Russia have successful, fully functional
trade portals with mandatory compliance measures.

< Adoption by companies : Some mid-sized and larger companies have independently implemented these
technologies. Smaller or less-resourced companies struggle to adopt these measures without government

support.

Proposed solutions :

< Incentivize technology adoption : Financial support and incentives for companies to integrate advanced anti-
counterfeiting technologies.

< Improve technical support : Enhance technical support for initiatives like the ‘I Veda’ portal to ensure smoother
operations and compliance.

< Support smaller companies : Provide targeted financial and technical assistance to smaller companies to help
them adopt necessary technologies.

A collaborative approach between the government and industry stakeholders is essential to effectively combat

counterfeit drugs and safeguard public health.

1.2.1 Resistance to anti-counterfeiting measures in the industry
The Indian pharmaceutical industry, a major supplier of generic medicines to the global market, faces
significant challenges in combating counterfeit drugs. The reluctance of many manufacturers, particularly
smaller companies, to adopt anti-counterfeiting technologies is a significant barrier. These companies view
such measures as an additional cost burden in a price-sensitive market where profit margins are already thin.
This resistance is compounded by insufficient government support and incentives, making it difficult for

companies to invest in expensive anti-counterfeiting solutions.

The lack of investment in cutting-edge technologies such as serial number tracking, barcoding, holograms,
and radio-frequency identification (RFID) further exacerbates the issue. Without these technologies, the

industry struggles to ensure the authenticity and safety of its products.
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In response to these challenges, the Indian government has been urged to implement strong initiatives to support
the pharmaceutical sector in its fight against counterfeit drugs. Key measures proposed include :

1. Strong regulatory reforms : Updating and enforcing regulations to ensure compliance with global standards
and improve the tracking and tracing of pharmaceutical products.

2. Export promotion : Enhancing support for export initiatives to help Indian pharmaceutical companies gain
better access to international markets.

3. Financial incentives : Providing financial support to pharmaceutical companies, especially smaller players, to
help them integrate anti-counterfeiting technologies into their operations.

4, Subsidies and tax benefits : Offering subsidies and tax benefits to reduce the financial burden on companies
adopting anti-counterfeiting measures.

5. Single-window clearance : Streamlining regulatory processes through a single-window clearance system to
facilitate easier compliance with anti-counterfeiting regulations.

Additionally, the Directorate General of Foreign Trade (DGFT) launched the ‘1 Veda’ portal to streamline international
trade processes. However, operational challenges have led to delays and postponements. In contrast, countries like
the European Union, Uzbekistan, Kazakhstan, and Russia have successfully developed robust trade portals with

mandatory compliance measures, ensuring smoother trade operations.

While some mid-sized and larger companies in India have independently implemented advanced anti-counterfeiting
technologies, smaller or less-resourced companies continue to struggle without adequate government support.
Addressing these challenges through collaborative efforts between the government and industry stakeholders is
essential for safeguarding public health, ensuring the integrity of the pharmaceutical supply chain, and maintaining
India's reputation as a reliable supplier of high-quality generic medicines. With continued government support and
increased private-sector participation, India's pharmaceutical industry is poised for further growth and success.

1.3 Objectives of Implementing Authentication and Track & Trace

The prevalence of counterfeit pharmaceuticals poses a significant global challenge, endangering lives and
undermining trust in healthcare systems. As counterfeiters become more resourceful, pharmaceutical companies
must adopt advanced anti-counterfeiting features in product packaging to ensure drug authenticity and patient
safety. This white paper delves into these measures, exploring overt, covert, and digital technologies, and analyzing
the regulatory landscape and challenges in their implementation. Case studies and recommendations for future
strategies emphasize the importance of innovation, collaboration, and stringent compliance.

Importance of packaging authentication and track & trace

Packaging for authentication and track & trace purposes is crucial for ensuring product integrity, reducing
counterfeiting, and enhancing supply chain visibility. By integrating these practices, companies can create robust,
secure, and efficient packaging systems for authentication and track & trace. These measures are vital in industries

where product integrity and safety are paramount, such as pharmaceuticals, food, and consumer goods.
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Key objectives:

< Product authentication : Ensuring the authenticity of products to prevent counterfeiting.

< Supply chain transparency and visibility : Enhancing visibility to monitor and manage the supply chain
effectively.

< Regulatory compliance : Meeting regulatory requirements to ensure product safety and market access.

< Consumer safety and confidence : Protecting consumers and maintaining their trust in the product.

< Product recall and incident management : Efficiently managing product recalls and incidents to minimize
harm.

< Preventing diversion and grey market activity : Reducing unauthorized distribution and grey market activities.

< Operational efficiency : Improving operational efficiency through streamlined processes.

< Tamper detection: Detecting and preventing tampering to ensure product integrity.

By implementing these best practices, companies can protect their products from counterfeiting and fraud, enhance
supply chain visibility, and ensure regulatory compliance. These efforts are essential for securing the supply chain,

protecting consumers, and enhancing operational efficiency.
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yl Understanding Authentication In Pharmaceuticals

2.1 Definition and Importance

Authentication in pharmaceuticals refers to the processes and technologies used to verify the legitimacy and origin
of pharmaceutical products. This is crucial for ensuring drug safety, efficacy, and integrity. With counterfeit drugs
posing a significant threat to public health and undermining trust in healthcare systems, robust authentication
measures are essential to prevent the distribution of fake medicines.

Key Points:

< Ensuring drug safety : Authentication helps confirm that medicines are genuine, thus safeguarding patients
from harmful counterfeit drugs.

< Maintaining efficacy : Verifying the authenticity of drugs ensures that patients receive effective treatments.

< Protecting brand integrity : Pharmaceutical companies can protect their brand reputation by preventing the
circulation of counterfeit products.

< Regulatory compliance : Adhering to stringent authentication protocols helps companies meet regulatory
requirements and maintain market access.

Authentication is fundamental to building and maintaining trust in the pharmaceutical supply chain, ensuring that

consumers receive safe and effective medications.
2.2 Types of Authentication Technologies

Overt features (visible to consumers)
These features are designed for easy recognition and are tailored for consumer validation. They are visible to the
naked eye and difficult to copy or remove without damaging the package.

< Holograms and foils

> Holographic seals : Eye-catching, tamper-proof, multi-dimensional designs that are difficult to duplicate.
Advanced holograms include hidden layers accessible with specialized tools.

> 3D holographic labels : Provide a clear, visual indication of authenticity recognizable by consumers.

> Guilloche patterns: Intricate, fine-line patterns challenging to duplicate accurately.

< Tamper-evident seals
These seals provide clear evidence if a package has been opened. Examples include adhesive seals, shrink bands,
and breakable caps. Tamper-evident seals provide consumer confidence and deter tampering.

< Color-shifting inks and patterns
Features that change appearance when viewed from different angles, providing an instant verification
mechanism. Such technologies are widely adopted in currency printing and pharmaceutical packaging.

< Watermark patterns

Unique patterns are integrated into packaging design, visible when held against a light source, enhancing

security and making counterfeiting difficult.

Best Practices for Authentication and Track & Trace in Pharmaceutical Products Packaging EPA _




% Fresnellens
AFresnel lens is a thin, lightweight lens with concentric grooves that bend light rays to a common focal point.
These are highly expensive and difficult to copy, making this a robust anti-counterfeiting measure.

Benefits of overt packaging

1. Ease of verification : Visible and recognizable features make it simple for consumers and healthcare
professionals to verify authenticity.

2. Cost-effective implementation : Many overt measures can be integrated into existing packaging processes
without substantial costs.

3. Consumer engagement : Features like QR codes and digital watermarks can be scanned by consumers,
involving them in the verification process.
Deterrence factor : The visible nature of overt features deters counterfeiters, making imitation less likely.
Quick implementation : Overt designs can be rapidly implemented into packaging lines, allowing companies
to respond promptly to counterfeit threats.

These overt features and benefits collectively enhance the integrity of pharmaceutical products, ensuring

consumer safety and trust.

Covert features (hidden for verification)

Covert features are not visible to the naked eye and require specific tools for detection, making them ideal for
supply chain stakeholders and regulators. They are designed to be difficult for consumers to verify and may require
tools like a magnifying glass or marker pen to reveal.

% Invisible inks and watermarks
These features remain invisible under normal conditions and can only be viewed using UV light or other
specialized devices. Pharmaceutical companies embed these into labels and seals to create an additional layer
of authentication.

% Micro text and nano printing
Extremely small text or graphics, often smaller than 1mm, can be printed on packaging to verify authenticity.
These features are nearly impossible for counterfeiters to replicate accurately.

% 2.2.6.3 Coinreactiveink
This anti-counterfeiting technique involves printing text in an invisible format. The encrypted information
becomes visible when the printed text is rubbed with a coin.

< Decoding text
Hidden text or logos involve a printed patch that includes an image or text invisible to the naked eye and
requiring a special decoder film. The encrypted information becomes visible when this semi-transparent

decoder is applied.
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% Photochromic effect
The hidden text becomes visible only on exposure to sunlight or UV light. The text remains invisible under
ordinary conditions.

< Thermochromic effect
The hidden text becomes visible only when there is a change in temperature. The text is invisible under ordinary
conditions.

% Hydrochromic effect
The hidden text becomes visible by applying a few drops of water at the authentication point on the carton.

< Unigram latentogram
This is a combination of mastering technology and chemical process, detected by an authenticity identifier. The
covert image becomes visible when the identifier is brought to the security element applied to the packaging.

Benefits of covert features

Enhanced security : Difficult for counterfeiters to replicate due to the need for specialized tools.

Supply chain integrity : Helps ensure the integrity of products throughout the supply chain.

Regulatory compliance : Supports compliance with stringent regulations by providing multiple layers of
verification.

4. Reduced counterfeiting: Acts as a strong deterrent against counterfeiting.

These covert features, combined with overt features, provide a comprehensive approach to securing

pharmaceutical products and ensuring their authenticity.

2.3 Case Studies of Successful Implementation:

1. BASF & holography:

< BASF has partnered with technology partners to develop eco-friendly holography authentication using
biodegradable materials. These sustainable holographs allow for product identification without relying on
harmful plastics or metals, reducing environmental impact while ensuring drug authenticity.

2. Pfizer & smart labels:

% Pfizer has introduced "smart packaging" that integrates multiple anti-counterfeiting measures, such as QR
codes and RFID tags. These measures prioritize recyclability and minimize the use of complex, non-

recyclable materials, promoting sustainability in pharmaceutical packaging.
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3. Novartis & digital solutions

% Novartis is leveraging blockchain technology along with QR codes to verify the authenticity of its
products. This approach reduces the need for physical tamper-evident labels and holograms, thereby
minimizing waste and energy consumption associated with traditional packaging methods.

Summary

These case studies highlight how leading pharmaceutical companies are adopting innovative and sustainable anti-
counterfeiting solutions. By integrating advanced technologies and prioritizing eco-friendly practices, they ensure
product integrity, enhance consumer trust, and contribute to environmental sustainability. These efforts underscore

the importance of innovation, collaboration, and stringent compliance in the fight against counterfeit
pharmaceuticals.
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K3 Understanding Track And Trace In Pharmaceuticals

Definition and importance:

Pharmaceutical track and trace systems involve the use of records, systems, and processes to securely track
products from the manufacturing plant through distribution to the pharmacy shelf. This process is crucial for the
safe and effective distribution of pharmaceutical products, allowing companies to respond quickly to recalls or
outbreaks and ensuring compliance with regulations. The process is supported by serialization, which involves
generating a unique identifier for each product and including it on the label or packaging. This allows for tracking,
tracing, and authentication at any point.

History

In 2004-2005, counterfeit prescription drugs were a major global problem, affecting up to 30% of the supply in some
countries and causing significant health issues. In 2006, California passed anti-counterfeiting legislation requiring
electronic pedigrees (e-pedigrees) to track drug transactions from manufacturer to pharmacy. The U.S. government
later introduced the Drug Quality and Safety Act (DQSA) in 2013, establishing a national track and trace system for
prescription medications.

Importance

< Regulatory compliance : Regulatory bodies like the FDA require manufacturers to label, track, and document
each object along the supply chain.

< Simplified documentation : Track and trace systems create a digital audit trail, reducing the burden of
compliance.

% Issue identification: Digital tracking helps identify issues such as product recalls and counterfeits quickly.

< Organizational benefits : Improved quality management, compliance, and efficient recall management.

Track & Trace technologies : Advanced technologies are essential for detecting and preventing counterfeit drugs.
Key technologies include:

% Track and trace systems : Serialization and barcoding methods, including barcodes, QR codes, and RFID, enable
tracking of pharmaceuticals at every supply chain step.

< Blockchain technology : Blockchain offers a secure, decentralized method to track drugs, ensuring data
integrity related to the origin, transportation, and distribution of pharmaceutical products.

< Digital authentication : New methods like digital signatures and fingerprints encoded into packaging prove
drug authenticity.

< Artificial intelligence and machine learning : Al can rapidly detect counterfeit drugs through pattern
recognition, image analysis, and cross-referencing data from various sources. Machine learning algorithms can

flag suspicious batches with high accuracy.
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Regulatory Requirements For Authentication And
Track & Trace

4.1 Overview of Global Regulations
Introduction: -overview of counterfeit pharmaceuticals

Counterfeit drugs, ranging from fake active ingredients to entirely fraudulent formulations, is a global issue. The
World Health Organization (WHO) estimates that up to 10% of medicines in low and middle-income countries are
counterfeit, with losses in billions of dollars annually.

Such fake products also compromise patient health, leading to treatment failures and adverse reactions, while also
undermining public confidence in healthcare systems.

% The chart below represents the percentage of counterfeiting incident data with respect to seven regions of the
world [Ref: https://link.springer.com/article/10.1007/s40290-023-00468-w]

®m North America

m Asia Pacific

® Latin America
Near East

m Eurasia

®m Europe

m Africa
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% Graphical view on the global rise of counterfeit drugs
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4.2 Compliance Strategies:

Track and trace systems for pharmaceuticals and medical devices are critical in meeting global regulatory

requirements to ensure the safety, authenticity and traceability of products throughout the supply chain. These

regulations aim to combat counterfeit goods, improve public health, and enhance supply chain transparency. Here’s

an overview of key track and trace regulatory requirements in different regions:

Region/Country

United States

European Union (EU)

China

Brazil

Russia

Commonwealth of Independent
States (CIS)

Regulation

Drug Supply Chain Security Act
(DSCSA)

Falsified Medicines Directive
(FMD)

National Drug Traceability
System

National Drug Control System
(SNCM)

Federal Law No. 425-FZ (2019)

Varies by country (e.g., Russia,
Kazakhstan)

Key Requirements

- Serialization at the unit level
(unique identifier).

- Traceability through T3
(transaction history, info,
statements).

- Verification system.

- Expiration & returns

management.

- Serialization (2D Data Matrix
barcode).

- Tamper-evident packaging.

- EU Medicines Verification
System (EMVS).

- Verification before dispensing.

- Serialization with unique
identifiers.

- Traceability throughout the
lifecycle.

- National Drug Traceability
Platform for tracking and
authentication.

- Serialization for all medicines
(prescription & OTC).

- Data tracking and product
traceability.

- National database for
verification.

- Serialization with QR code.

- Federal State Information
System (FSIS) for tracking.

- Verification at pharmacies via
FSIS database.

- Russia and Kazakhstan have
implemented serialization and
tracking systems, others in
progress.
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Implementation Timeline

Full implementation by 2023.

Full enforcement began on
February 9, 2019.

Phased implementation began
in 2015, ongoing enforcement.

Full implementation expected
by 2025.

Serialization started in 2019, full
implementation expected by
2022, extended due to phased
implementation.

Ongoing, with some countries
having phased rollouts.
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4.3 As per the latest communication dated January 31, 2025, from the Commerce Ministry, Government of

India, the 'track and trace' rule for pharma exports has been withdrawn.

The Commerce Ministry on has withdrawn the provisions related to the track and trace system for pharmaceutical
exports under the foreign trade policy.

The implementation of the authentication system for drug formulations being exported will be undertaken by the
Ministry of Health and Family Welfare in line with the provisions under Drug Rules 1945, according to a public notice
of the Directorate General of Foreign Trade (DGFT).

The DGFT has decided to streamline export regulations by aligning with the evolving regulatory framework of the
Ministry of Health & Family Welfare. Accordingly, the provisions related to the track and trace system for
pharmaceutical exports under the Foreign Trade Policy are being withdrawn.

The system, introduced on January 10, 2011, mandated barcoding at various packaging levels.

While tertiary and secondary packaging requirements were successfully implemented in 2011 and 2013, primary-
level barcoding and parent-child data uploading faced operational challenges and were repeatedly deferred, with
the last extension valid until February 1, 2025.

The health ministry has already implemented barcode/QR code requirements for 300 drug brands under the Drugs
Rules, 1945, from August 1, 2023, with plans for further expansion.

The move also assumes significance as most export destinations have their own serialization requirements,

ensuring product traceability without additional domestic regulations.

With this step, DGFT is enhancing ease of doing business for pharmaceutical exporters while ensuring regulatory

coherence.
Global Health Supply Chain Management (GHSCM) :

GHSCM refers to the management of health-related supply chains on a global scale, typically focusing on the
delivery of medical products, vaccines, pharmaceuticals and other health commodities to ensure access and
availability where needed, especially in low- and middle-income countries. Overall, GHSCM plays a critical role in
ensuring that life-saving health commodities reach those in need, improving healthcare outcomes on a global scale.

Challengesin GHSCM:

< Weak infrastructure : In low-resource settings, poor roads, inadequate storage facilities and unreliable power
supplies can hinder the effective distribution of medical supplies.

< Capacity gaps : Limited local capacity in logistics and supply chain management can lead to inefficiencies and
delays.

% Funding constraints : Inconsistent or limited funding for health supply chains can lead to disruptions in the
availability of health products.
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% Global health crises : Pandemics like COVID-19 put additional strain on global supply chains, leading to

shortages and logistical challenges.

> Harmonization with global standards such as GS1 facilitates interoperability and enhances product

effectiveness and patient safety.

4.4 Impact of non-compliance
Non-compliance regarding traceability can have significant and far-reaching effects across various sectors,
particularly in industries like food and beverages, pharmaceuticals and manufacturing. Some key consequences

are described below.

4.4.1 Safety risks : In industries such as food and pharmaceuticals, a lack of traceability can lead to unsafe
products reaching consumers. If a product is found to be contaminated or defective, inability to trace its

origin or distribution can hinder prompt action to mitigate harm.

4.4.2 Regulatory penalties : Many industries are subject to strict regulations requiring traceability. Non-
compliance can resultin legal penalties, fines or sanctions from regulatory bodies. Companies may also face

heightened scrutiny in future inspections or audits.

4.4.3 Supply chain disruptions : Non-compliance can disrupt supply chains. If a product recall is necessary but
traceability is insufficient, it can complicate the process, leading to inventory losses and delays, and

ultimately financial losses.

4.4.4 Loss of consumer trust : Consumers expect transparency and accountability from brands. Non-compliance
can damage a company's reputation, eroding consumer trust and loyalty, which can be difficult to rebuild.

4.4.5 Financial impacts : The costs associated with non-compliance can be substantial, including legal fees, fines
and potential loss of business. Additionally, companies may incur costs related to emergency measures (like

recalls) and efforts to improve traceability systems post-failure.

4.4.6 Operational inefficiencies : A lack of proper traceability can lead to operational inefficiencies. Companies
may face challenges in inventory management, quality control and product development due to inadequate

data about the movement and status of products.

4.4.7 Market competitiveness : Organizations that fail to comply with traceability standards may find themselves
at a competitive disadvantage. Competitors with robust traceability systems may appeal more to consumers

and regulatory bodies, gaining market share.

4.4.8 Crisis management challenges : lin the event of a crisis, such as a product recall, non-compliance can create
chaos. Lack of traceability means that experts may not be able to quickly and accurately identify affected

products or customers, complicating crisis management efforts.
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Developing A Robust Authentication System

5.1 Selecting the right authentication technology

To ensure the authenticity and traceability of products, several advanced authentication technologies can be

adopted. These technologies help to reduce the risk of counterfeiting and tampering, ensuring product integrity

throughout the supply chain.

Digital Watermarks

Blockchain Technology

Smart Packaging

Secure Printing & Serialization

Digital Signatures & Cryptography

Al-Powered Image Recognition

Tamper-Evident Labels & Seals

Biometric Authentication

Digital Twins

Invisible codes embedded into packaging,
products, or designs. These can only be detected
using specialized scanners or software.

Uses decentralized ledgers to create immutable
records of a product’s journey from production to
delivery. Each step is recorded in a secure,
unchangeable digital format.

Incorporates sensors, tamper-evident seals, or
GPS tracking into packaging to monitor and detect
tampering or counterfeiting in real-time.

Uses specialized printers to create secure labels
with unique serial numbers or micro-printed
designs, verified through scanning. Security
features like UV or IR inks can be used.

Utilizes digital signatures and cryptographic
methods to verify that product information (serial
numbers, batch numbers) has not been tampered
with.

Al algorithms recognize unique visual features
(logos, packaging designs) to verify authenticity by
comparing real-time images with a database of
legitimate products.

Seals are applied to packaging that change or
leave a mark if disturbed, indicating potential
tampering.

Uses biometric verification (fingerprint, facial
recognition) combined with product verification
systems to limit access to authorized personnel
only.

Creates digital replicas of physical products that
are monitored in real-time to ensure product
integrity and  identify  discrepancies or
counterfeits.
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Harder for counterfeiters to reproduce. Can
be used for authentication and anti-tamper
purposes.

Transparency and tamper-proof
traceability; ensures product history is
verifiable.

Enables real-time monitoring; prevents
alteration or replacement of products
during transport.

Ensures traceability with unique identifiers;
difficult to duplicate printing methods.

Ensures data integrity and authenticity;
prevents data manipulation.

Fast and reliable authentication using image
recognition; reduces counterfeiting risks.

Simple yet highly effective; provides clear
evidence of tampering during storage or
transport.

High security for limiting access; reduces
human error and fraud in critical stages of
production.

Provides accurate and consistent virtual
records of products; enables early detection
of issues.
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5.2 Implementing holograms and QR Codes
Holograms, QR codes, RFID and other advanced labels are increasingly being used for product authentication and
tracking. These solutions offer a variety of ways to confirm product legitimacy, particularly in sectors vulnerable to

counterfeiting.

Authentication TeChnOIogy _

QR codes or barcodes are attached to products.
Scanners or smartphones are used to scan the
codes, linking to a secure database containing
product information.

Easy for consumers and businesses to use;
real-time  verification of  product
authenticity.

5.2.1 QR Codes and Barcodes

RFID tags embedded in products send out unique
5.2.2 RFID (Radio Frequency identifiers that can be read remotely by RFID
Identification) readers. Allows for real-time tracking and
authentication.

Facilitates easy tracking and detailed
product histories; highly useful in logistics
and high-value items.

Holographic or 3D tags are placed on products or

packaging. These visual features are difficult to Hard to counterfeit; provides a visual layer
replicate and can be verified with specialized of protection that is easily recognizable.
equipment.

5.2.3 Holograms and 3D Tags
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5.3 Integration with Existing Systems

Integrating new authentication technologies into existing systems can present challenges. To ensure a smooth

integration and maintain system efficiency, it is important to address several common issues such as:

Integration Challenge Mitigation Strategies

Compatibility Issues

User Provisioning & Management

Single Points of Failure

Security Risks

Customization Requirements

New authentication systems may not be
compatible with legacy systems or existing
infrastructure.

Managing user access and authentication
can be difficult when multiple
authentication technologies are involved.

A centralized authentication system may
present a single point of failure, risking
total system collapse if something goes
wrong.

New authentication technologies
introduce vulnerabilities such
unauthorized access or data breaches.

may
as

Different  manufacturers may need
different authentication systems, making
customization complex.
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Use middleware to ensure compatibility;
develop APIs for system integration.

Implement a centralized user management
system; adopt role-based access control
(RBAC).

Use decentralized or distributed systems
to eliminate single points of failure.

Regular security audits, encryption, multi-
factor authentication (MFA), and data
access controls.

Use flexible platforms that support a range
of authentication methods to
accommodate various needs.




5.4 Maintaining Data Integrity and Security
As authentication systems are integrated into supply chain management, it’s crucial to maintain data integrity and

ensure security. Key concerns include :
< Unauthorized access : Protect sensitive data from unauthorized users.
< Data breaches: Implement encryption, access control, and monitoring to prevent data leakage.

< Data manipulation: Ensure data integrity through cryptographic techniques and secure storage.

Mitigation Strategies:

o

% Encryption: Encrypt sensitive data both in transit and at rest.

3
*

* Access controls : Enforce strict user authentication and authorization protocols.

<

» Regular audits : Conduct frequent system audits to identify and fix vulnerabilities.

0
”Q

Blockchain and digital signatures : Use blockchain and cryptographic signatures to ensure the tamper-proof
and verifiable history of products and data.

Conclusion:

Developing a robust authentication system is crucial for safeguarding the integrity of products in the global supply
chain. By selecting the right combination of technologies-ranging from blockchain to QR codes and Al-powered
image recognition-businesses can ensure their products are both secure and easily traceable, reducing the risk of
counterfeiting. Maintaining integration with existing systems and ensuring data security will be key to ensuring that

authentication solutions are both effective and sustainable
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Developing A Robust Track & Trace System

6.1 Importance of Serialization
6.1.1 Supply chain transparency

< Explanation : Serialization refers to assigning unique identifiers to each product item, enabling individual
tracking through the supply chain.

< Impact: This provides a more granular level of transparency than batch tracking, allowing brands to monitor the
entire journey of a product from production to consumer.

6.1.2 Avoiding product diversion

< Explanation : Product diversion occurs when goods are sold or transferred to an unauthorized channel,
undermining distribution plans.

< Impact : Serialization helps prevent diversion by enabling brands to track products at the item level, ensuring
goods stay within their designated channels.

6.1.3 Digital re-engagement marketing and consumer loyalty programs

< Explanation : Unique serialization codes provide a direct link to consumers via loyalty programs.

< Impact : When customers scan product codes, they can be enrolled in loyalty programs, receive promotions, and
engage with brands directly, improving consumer retention and driving repeat purchases.

6.1.4 Efficient and rapid productrecall

< Explanation : Serialization allows for quick identification of affected products in case of a recall.

< Impact : Brands can pinpoint precisely which units need to be recalled, minimizing brand damage and
protecting consumer safety.

6.1.5 Anti-counterfeiting measures

< Explanation : Counterfeit products can severely damage brand reputation and consumer trust.

< Impact : Serialization, when combined with anti-counterfeit technologies, can identify and flag counterfeit
goods, ensuring the authenticity of products.

6.1.6 Evaluation of product performance

< Explanation : Serialization allows brands to gather detailed data on each product’s lifecycle, including where

and how products are sold and used.
< Impact : With accurate tracking, brands can assess product performance, identify trends and improve

forecasting.
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6.1.7 Forecasting product demand

< Explanation : Serialization provides precise data on product availability across various channels.
< Impact : Brands can use this data to more accurately forecast product demand and ensure optimal inventory

management.

6.2 Implementing barcode systems

6.2.1 What is barcode tracking?

< Explanation : Barcode tracking involves assigning a unique code (either 1D or 2D) to each item in the supply
chain, which can be scanned to gather data about the product’s movement.

< Impact: Barcodes facilitate the real-time tracking of assets, providing businesses with up-to-date information on
inventory, location and status.

6.2.2 Importance of barcode tracking

< Explanation : Barcode tracking is essential for accurate inventory management, as it enables businesses to keep
real-time tabs on their stock and assets.

< Impact : It reduces human error, enhances operational efficiency, and improves overall data accuracy, all while
lowering operational costs.

6.2.3 Benefits of using barcode systems in inventory management

% Increased efficiency : Barcode systems speed up processes such as receiving shipments, inventory updates and
order processing.

< Improved accuracy : Automated barcode scanning reduces the chances of data entry errors, ensuring accurate
inventory levels.

< Cost savings : By reducing the need for manual labor and minimizing errors, barcode systems save money and

improve the bottom line.
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6.2.4 Implementing a barcode asset tracking system

< Choosing the right equipment : For successful barcode implementation, businesses need to select the right
barcode printers, scanners, and software.
> Printers : Consider factors such as print volume, label size and durability when choosing a barcode
printer.
> Scanners : Handheld, fixed-mount and mobile scanners offer different advantages depending on the use
case.
> Software : The barcode tracking software must integrate seamlessly with other business systems (ERP,
WMS, POS) to ensure accurate data flow and real-time tracking.
< Software integration : The selected software should support real-time updates, offer reporting tools and
integrate well with existing business processes.
< Training and support : Training is essential to ensure the effective use of the system. Ongoing support helps

resolve issues and maintain efficiency.

6.3 Blockchainin Track & Trace

< How it works : Blockchain is a decentralized, tamper-proof ledger that records each transaction and step in the
product's journey.
< Impact: It provides transparency and security, allowing businesses to track the location, status and authenticity

of products in real time.

6.3.1 Uniting stakeholder groups

< Explanation : Blockchain brings together all parties in the supply chain, providing a unified platform for tracking
goods from production to delivery.

% Impact : This increased visibility helps to mitigate delays, enhance communication and foster trust between

stakeholders.

6.3.2 Ensuring safety and compliance

< Explanation : Industries like healthcare and aerospace require strict adherence to regulations, and blockchain
ensures compliance by tracking product conditions and movement.

< Impact : Blockchain’s immutable ledger offers real-time visibility, making it easier to identify potential risks or

regulatory breaches, thus improving safety and reducing compliance risks.
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6.3.3 Verifying asset authenticity

< Explanation : Blockchain provides a secure method for authenticating assets, especially valuable items like
luxury goods.

< Impact : It enables brands to prove the authenticity of their products by recording ownership and transaction
history on the blockchain, which is especially valuable for fraud prevention.

6.3.4 The path to adoption

< Explanation : While blockchain offers significant advantages, adoption can be costly and complex.

< Impact : Businesses need to invest in training, address integration challenges and ensure their infrastructure is
ready for blockchain adoption. However, the long-term benefits, including improved efficiency, transparency and
trust, often outweigh the initial challenges.

6.4 Real-time monitoring with loT devices
6.4.1 Real-time monitoring

< Explanation : Real-time monitoring involves continuously collecting and analyzing data from devices to detect
anomalies and performance issues in real-time.

< Impact : This enables quick responses to operational disruptions, minimizing delays and ensuring a smooth
supply chain.

6.4.2 Types of monitoring

< Continuous monitoring: Data is continuously transmitted to the cloud in real-time.
< Alert-based monitoring: Only high-priority data packets are transmitted when specific conditions are met.
< Poll-based monitoring: The system polls devices at set intervals to collect data.

6.5 Ensuring data accuracy and integrity

< Explanation : Data accuracy and integrity are critical for any track and trace system, as errors in data can lead to
costly mistakes, delays and trust issues.

% Impact : Implementing secure and robust systems—such as blockchain or loT devices—ensures that data
remains accurate, tamper-proof and accessible, improving decision-making and maintaining supply chain trust.

Summary

Developing a robust track & trace system involves integrating various technologies—such as serialization, barcode
systems, blockchain, loT and real-time monitoring—to provide transparency, security and efficiency across the
supply chain. Each technology brings unique benefits, such as enhanced accuracy, compliance and fraud
prevention, ensuring that businesses can track products from production to the end consumer. By investing in the

right systems, companies can improve operational efficiency minimize risks and provide greater value to customers.
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@ Enhancing Supply Chain Visibility

7.1 Real-time data tracking

Real-time tracking systems have emerged as a vital tool for enhancing the management of supply chains. These
systems provide continuous, up-to-the-minute visibility into the location and status of goods, allowing businesses
to optimize operations, improve customer service and respond swiftly to issues

Real-time supply chain visibility most commonly refers to the tracking of products between each stage of the
production, the technical status of machines and the location of goods traveling from manufacturers to end
consumers real-time supply chain data offers immediate insights into stock levels. Businesses can monitor
inventory in real time, ensuring accurate and up-to-date information. This monitoring helps avoid stockouts and

overstock situations. Companies can maintain optimal inventory levels, reducing waste and improving efficiency

7.1.1 Understanding real-time data
As its name suggests, real-time data refers to information that is collected, processed, and made available
instantly as events unfold, allowing for immediate decision-making. This differs from traditional data, which is
typically gathered, stored, and analyzed after a delay, often resulting in outdated insights. In fast-paced
environments like supply chain management, real-time data provides up-to-the-minute information, enabling
businesses to respond quickly to disruptions or changes.

7.1.2 Benefits for supply chain efficiency
The evolution of supply chain management started with improvements in basic, labor-intensive tasks and has
advanced into sophisticated, globally interconnected systems. Here are some key benefits :

< Improved visibility : Real-time tracking offers a comprehensive view of the entire supply chain,
reducing uncertainties and allowing for proactive management of potential issues. According to a study
by Gartner, companies with real-time supply chain visibility see a 20% reduction in lead times.

% Faster response to disruptions : By detecting delays or disruptions as they occur, businesses can
quickly reroute shipments or adjust schedules, minimizing downtime.

< Enhanced inventory management : The technology helps maintain optimal inventory levels by
accurately forecasting demand and reducing overstock or stockouts.

< Optimized resource allocation : Immediate insights allow for better resource allocation, ensuring that
assets such as labor and transportation are used efficiently.

Challenges and Considerations
Implementing real-time data systems in supply chains offers significant benefits, but it also comes with
several challenges and considerations :

< Integration complexity : Integrating the advancement across multiple platforms and legacy systems
can be complex and may require significant investments in new technology and infrastructure.

< Data accuracy and reliability : Ensuring the accuracy and reliability of real-time data is crucial, as
decisions made based on inaccurate information can lead to costly errors.

< Security and privacy concerns : The continuous flow of this technology increases the risk of cyber

threats, making robust security measures essential to protect sensitive information.
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7.1.3 Impact of real-time data on businesses
Real-time data plays a transformative role in the shipping industry, allowing companies to optimize routes,
track shipments, and respond swiftly to disruptions. By leveraging this data, businesses can enhance
operational efficiency and ensure a seamless experience for their customers.

7.1.4 Reducing shipping delays
Customers continue to expect timely delivery. A study reveals that 52% of consumers prefer their orders to
arrive within 2-3 days. To remain competitive, e-commerce companies must effectively manage customer
expectations regarding shipping and proactively address potential delays before they escalate into larger
issues. For example, a shipping company transporting goods from Asia to Europe might receive immediate
alerts about a developing storm in the Pacific. With this information, they can reroute the ship to avoid the
storm, preventing delays and ensuring the timely delivery of goods.

Additionally, the innovation enables better communication with customers, allowing them to be informed of

any changes in delivery schedules and reducing dissatisfaction. This proactive approach not only minimizes
the impact of delays but also enhances customer trust and loyalty by demonstrating reliability and
responsiveness in the face of potential disruptions.

7.1.5 Improving customer satisfaction

“Customer satisfaction is the key to business success.” With real-time tracking, customers gain visibility into
their orders, allowing them to monitor the status and expected delivery times with precision. This
transparency reduces uncertainty and builds trust, as customers feel more in control of their purchases. For
businesses, the advancement enables more efficient operations by providing immediate insights into
potential delays or disruptions, allowing for quick adjustments to minimize risk and ensure timely deliveries.
By managing these challenges, companies can significantly improve customer experiences, leading to higher
customer satisfaction and loyalty.

7.1.6 Cost efficiency and resource management

Through real-time tracking and analytics, companies can optimize delivery routes, reducing fuel costs and
minimizing the risk of delays. This level of visibility allows for better management of resources, ensuring that
shipments are processed and delivered on time, meeting customer expectations. By analyzing data on order
volumes and customer demand, businesses can allocate resources more effectively, avoiding overstocking or
underutilization of assets. Furthermore, the system insights help in identifying inefficiencies within the
delivery process, enabling swift adjustments that reduce waste and enhance overall operational efficiency.
These improvements lead to significant cost savings, more reliable deliveries, and a higher level of customer
satisfaction. One relevant statistic related to cost efficiency and resource management in the shipping
industry is that implementing real-time data and advanced analytics can reduce fuel costs by up to
15%, according to research by McKinsey & Company. This reduction is achieved through optimized routing

improved asset utilization, and more efficient logistics management practices.
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7.2 Inventory Management

Inventory management in pharmaceutical distribution ensures medications move through the pharmaceutical
supply chain, safely reaching consumers when needed. In the dynamic pharmaceutical sector, distributors aim to
ensure that the right medications reach the right places at the right time.

7.2.1 Basic types of inventory

% Raw materials.

% Work-in-progress (WIP) inventory.

» Finished goods.

< Maintenance, repair & operations (MRO) goods.
% Packing materials.

7.3 Mitigating risks and preventing counterfeiting
The technologies also bring various risks that need to be managed effectively to ensure their efficiency and to avoid
potential pitfalls.

7.3.1 Types of risks in anti-counterfeiting features
The deployment of anti-counterfeiting technologies can introduce a variety of risks that need to be carefully
assessed and mitigated. These risks can be classified into several categories :

7.3.1.1 Technicalrisks

< Failure of authentication mechanisms : Anti-counterfeiting technologies rely on accurate and consistent
production processes. For example, a failure in the production of holograms or incorrect encoding of QR codes
could lead to authentication errors. This can make it difficult for consumers, healthcare providers, or distributors
to verify the authenticity of a product, leading to potential exposure to counterfeit products.

% Interoperability issues : Different anti-counterfeiting systems (such as RFID and QR codes) may not always
integrate smoothly with each other. Compatibility between systems used by manufacturers, distributors, and
regulators is vital for creating a seamless and effective supply chain.

< Data security and privacy concerns : Digital anti-counterfeiting solutions, such as those based on QR codes or

RFID, involve the collection and transmission of product data. This poses the risk of data breaches or

unauthorized access to sensitive information about the product’s origin, batch, and distribution.
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7.3.1.2 Operationalrisks

< Increased complexity in the supply chain : Anti-counterfeiting technologies can introduce complexities into the
packaging and distribution processes. This may include additional steps for verification, which could increase
the risk of delays or errors in the supply chain. Complex anti-counterfeiting measures can also strain logistics,
particularly in regions with underdeveloped infrastructure.

% Cost implications : The implementation of anti-counterfeiting features can lead to increased packaging costs,
both in terms of materials and production processes. While these costs are often justifiable due to the value of
the products, they must be carefully managed to avoid financial strain on the manufacturer or impact on product
pricing, particularly in competitive markets.

< Overuse of security features : In some cases, pharmaceutical companies may overestimate the need for
multiple anti-counterfeiting features. This can result in the unnecessary addition of features that complicate the
packaging without offering significant additional protection, which leads to increased costs and potential

confusion among consumers.

7.3.1.3 Regulatory and compliance risks

< Regulatory requirements : Different countries have varying requirements for anti-counterfeiting measures, and
pharmaceutical companies must stay up to date with the regulations in each jurisdiction. Failing to comply with
these regulations can result in legal penalties, delayed shipments, or the inability to market products in certain
regions.

% Global harmonization of standards : The lack of global standards for anti-counterfeiting technologies can
create challenges in terms of interoperability. Manufacturers may face difficulties in ensuring that their products
comply with regulations in different markets, leading to confusion, increased compliance costs, and delayed
market entry.

7.3.1.4 Environmental risks

< Waste generation : Anti-counterfeiting technologies often rely on the use of materials such as holographic foils,
RFID tags, and other specialized packaging components. These materials can be difficult to recycle, contributing
to waste and increasing the carbon footprint of packaging. There is also the risk that such packaging features
may complicate efforts to use environmentally friendly or recyclable materials.

< Chemical usage : Certain anti-counterfeiting techniques involve chemicals such as inks and adhesives that can
contain harmful substances, including volatile organic compounds (VOCs) or heavy metals. The use of these
materials can contribute to environmental pollution and may pose health risks during the manufacturing or

disposal processes.
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7.3.1.5 Market and reputation risks

< Consumer confusion : The presence of multiple anti-counterfeiting features on packaging might confuse
consumers rather than provide clarity. For example, a consumer may be unsure which feature to trust when
verifying the authenticity of a product, leading to a lack of confidence in the brand’s anti-counterfeit measures.

< Evolving strategies of counterfeiters : As manufacturers introduce sophisticated anti-counterfeiting measures,
counterfeiters continuously adapt and develop new techniques to bypass them. This creates an ongoing risk of
fraud, as counterfeiters find ways to exploit weaknesses in existing systems.

7.3.2 Risk management strategies

To mitigate the risks associated with anti-counterfeiting features, pharmaceutical companies must adopt
comprehensive risk management strategies. Below are key risk management approaches:

7.3.2.1 Risk assessment and planning
A systematic risk assessment process is essential for identifying and understanding the potential risks associated

with anti-counterfeiting measures. This process involves :

% Conducting a thorough analysis of each packaging technology to assess its effectiveness and potential
vulnerabilities.

% Identifying regulatory, operational, and environmental risks associated with different technologies.

< Engaging with stakeholders (e.g., suppliers, distributors, regulators, etc.) to ensure that all perspectives are
considered.

7.3.2.2 Implementation of integrated solutions
Rather than relying on a single anti-counterfeiting feature, pharmaceutical companies should consider
integrating multiple layers of security (known as a multi-layered approach). This could include a

combination of :
% Physical features: Holograms, tamper-evident seals, and micro text.
< Digital features: QR codes, RFID tags, and block chain-enabled tracking.

< Operational features: Supply chain monitoring systems and real-time data sharing.

Using a layered approach reduces the chances of failure for any single method and makes it more difficult for

counterfeiters to bypass all security measures.
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7.3.2.3 Training and education
Pharmaceutical companies should provide training for employees, distributors, and end-users on how to
authenticate products effectively. Ensuring that all stakeholders understand how to use the anti-
counterfeiting features will reduce operational risks related to user error and enhance the overall security

system’s effectiveness.

7.3.2.4 Collaboration with industry stakeholders
Collaboration with regulators, industry groups, technology providers, and other stakeholders is essential for
creating standardized, harmonized anti-counterfeiting solutions. Working together can streamline
compliance, ensure compatibility, and reduce operational challenges. For example, global standards for QR

codes and RFID can be developed to create uniformity in anti-counterfeiting practices.

7.3.2.5 Continuous monitoring and adaptation
The counterfeit landscape is constantly evolving, and so are the countermeasures. Therefore, continuous
monitoring of emerging threats and vulnerabilities is essential for keeping anti-counterfeiting measures up
to date. Companies must invest in regular audits, track counterfeiting trends, and work with technology

providers to improve their systems over time.

7.3.2.6 Environmental impact assessment
To minimize the environmental risks associated with anti-counterfeiting packaging, pharmaceutical
companies should assess the environmental impact of their packaging materials and explore sustainable

alternatives. Thisincludes:

o

% Utilizing recyclable or biodegradable materials.

B3

» Reducing the amount of packaging material required.

o

% Investigating eco-friendly inks and adhesives.

®,

» Promoting closed-loop recycling systems for packaging components.

Effective risk management in anti-counterfeiting features on pharmaceutical packaging is crucial for both
ensuring the safety and authenticity of medicines and managing the challenges these features present.
Pharmaceutical companies must carefully assess and mitigate technical, operational, regulatory,
environmental, and reputational risks associated with these technologies.

By adopting a multi-layered approach, ensuring regulatory compliance, collaborating with industry
partners, and focusing on sustainability, pharmaceutical companies can successfully mitigate risks and

safeguard public health against the growing threat of counterfeit drugs.
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7.4 Improving Operational Efficiency

7.4.1 Smart packaging : integration of 10T sensors for temperature monitoring and authentication.

Two types of smart packaging are described below.

Intelligent packaging : These provide diagnostic and indicator functionality.

Active packaging : These interact with the product, with the goal of increasing the product shelf life.

Smart packaging

Intelligent packaging Active packaging

|| Time temperature :
indicator @i 580s — Oxygen absorbers [~

Freshness
indicator

Moisture
absorbers

— RFID tags p— Ethylene remover [~

— Bar code i IIII lll IIII

6001335065324

Odor eliminator

. Cheek i it Is
Gas sensors —

Read the senver bery

Oxygen generator [~
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7.4.2 Al-powered solutions : Advanced machine learning algorithms to detect counterfeit patterns.

Al-powered solutions involve leveraging machine learning, computer vision, and data analysis to identify anomalies

or unusual patterns in various domains.

< Computer vision for visual detection.

% Pattern recognition in financial transactions.

< Natural Language Processing (NLP) for documentation.
% Al-powered material analysis.

< Digital watermarking and ai verification.

% Alin supply chain monitoring.

< Counterfeit detection in online platforms.

% Real-time monitoring and alert systems.

With implementation of these Al-driven techniques we can significantly enhance the ability to detect and combat
counterfeiting not only in pharma industry but also in various industries.

Afew Al technologies that can be implemented are mentioned below.

Convolutional Neural Networks (CNNs) : For image-based counterfeit detection.
Support Vector Machines (SVMs) : Effective for pattern and anomaly detection.
Reinforcement Learning : To improve detection models over time with feedback.

Ealll oA DN

Generative Adversarial Networks (GANSs) : For generating counterfeit scenarios and training models

to detect them.
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n Case Studies and Real-World Application

8.1 Lessons learned from implementation

The ongoing battle against counterfeit drugs requires the collaboration of multiple stakeholders, including
consumers, healthcare professionals, pharmaceutical producers, policymakers, and international organizations.
The following lessons can be drawn from current and past efforts :

1. Consumer awareness:

% Proactivity : End consumers must be encouraged to actively verify the authenticity of medications. By
recognizing potential signs of counterfeit drugs and reporting suspicious products, consumers play a vital role in
preventing the circulation of fake drugs.

< Education : Healthcare professionals need to educate both themselves and the public on how to identify
authentic versus counterfeit medications. This can be achieved through regular training, clear communication,

and providing educational materials.

2. Supply chain transparency:

< Innovation and transparency : Pharmaceutical producers must innovate and introduce more transparent
supply chain management systems. Implementing serialization, RFID tagging, and other traceability systems
ensures the integrity of the pharmaceutical supply chain and helps prevent counterfeit drugs from entering the
market.

< Robust regulation : Policymakers and international organizations must establish clear and enforceable
regulations to curb the production and distribution of counterfeit drugs. These regulations must be consistently
followed and include stringent penalties for violators.

3. TheRole of technology:

% The integration of advanced technologies such as Al, machine learning, blockchain, and QR code labeling are
becoming essential tools for detecting and preventing counterfeit drugs.

% Blockchain technology, for example, provides a transparent and immutable record of transactions, which
ensures that drugs can be traced from manufacturer to end-user.

% Al and machine learning systems can proactively predict counterfeit threats and identify counterfeit products

without relying on physical features like packaging, making the process more efficient.

4, Collaboration across sectors :

% The fight against counterfeit drugs requires strong collaboration across the pharmaceutical industry, regulatory
bodies, and technology providers. By sharing information, best practices, and technologies, these groups can
create a unified front to combat counterfeiting.

% Public-private partnerships (PPPs) are key to successfully enforcing anti-counterfeiting laws, especially in
regions with weaker regulations. Collaborative efforts should also include global health organizations to ensure

that genuine medications reach developing regions that are vulnerable to counterfeiting.
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8.2 Key Requirements for India’s top 300 Pharma Companies

In India, addressing counterfeit drugs is becoming increasingly important, especially with the Ministry of Health and

Family Welfare’s draft guidelines for barcoding the top 300 brands under Schedule H2. As of May 2023, these

regulations were fully implemented. Some key aspects include:

1. Barcodeor QR Code Labeling:

% The top 300 pharmaceutical brands must implement QR codes on their packaging to ensure traceability. The QR

code must contain essential information, including :

>
>
>
>
>

Manufacturing license numbers
Generic and correct drug names
Unique product identification codes
Batch numbers

Manufacturing and expiry dates

< This data consolidates into a single, accessible format, enhancing drug tracking and preventing counterfeiting by

providing easy-to-scan verification.

2. Challengesin QR code scanning:

< Size issues: the QR code on the primary packaging is often too small to scan effectively, especially on smaller

packages, leading to scanning difficulties.

< Inadequate information capture: some QR codes fail to capture all the necessary data, such as the unique

product ID and manufacturing details, making them less effective at preventing counterfeit drugs.

< Lack of standardization: there is an urgent need for standardized QR code sizes and formats to ensure that the

codes are scannable and that all regulatory information is captured effectively.
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8.3 Case Studies of Sustainable Anti-Counterfeiting Packaging

As the pharmaceutical industry seeks to innovate and address the growing challenge of counterfeit drugs,

sustainability is becoming an essential consideration in anti-counterfeiting packaging. The future of sustainable

anti-counterfeiting packaging lies in advancements in technology and industry collaboration. Some promising areas

include:

1.

®,
X4

o,
0

Blockchain integration:

Blockchain technology could reduce the reliance on physical packaging security features by providing a
digital, tamper-proof record of a drug's journey through the supply chain. This could help reduce the
overall environmental footprint of pharmaceutical packaging.

Al and machine learning:
Al-driven solutions can improve the accuracy of counterfeit detection by analyzing large datasets to
predict where counterfeits are most likely to appear. This would reduce the need for heavy reliance on
physical security features like labels and holograms.

Circular economy models:
Sustainable packaging that can be reused or easily recycled will play a critical role in reducing waste.
Packaging systems designed for easy disassembly, using eco-friendly materials, can help balance

security with environmental responsibility.

Eco-friendly materials :
The use of recyclable and biodegradable materials for packaging will reduce the impact of
pharmaceutical packaging on the environment while ensuring that anti-counterfeiting features remain
effective.
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8.4 Collaborative Efforts

To tackle the growing issue of counterfeit drugs, collaborative efforts across various sectors and stakeholders are
crucial. These efforts include :

8.4.1 Industry collaboration

< Pharmaceutical anti-counterfeiting organizations: industry groups such as the International Pharmaceutical
Anti-Counterfeiting Taskforce (IPACT) and the Pharmaceutical Security Institute (PSI) work together to share
information, improve regulatory frameworks, and develop best practices.

% Secure packaging solutions: companies are investing heavily in advanced packaging technologies such as
holograms, tamper-evident seals, and smart barcodes to secure their products and prevent counterfeiting.

8.4.2 Governments and regulatory bodies

Governments and regulatory bodies play a vital role in shaping and enforcing policies. Key initiatives include :

< The WHO's Medicrime Convention and Global Surveillance and Monitoring System (GSMS) tracks counterfeit
drugs worldwide.

< The FDA and European Medicines Agency (EMA) enforce serialization requirements through laws like the Drug
Supply Chain Security Act (DSCSA) and the Falsified Medicines Directive (FMD).

8.4.3 Public and Private Sector Collaboration

< Public-private partnerships (PPPs) allow for better regulatory enforcement, especially in countries with weak
oversight. These partnerships often involve international health organizations and law enforcement agencies to
curb the spread of counterfeit drugs.

8.4.4 International Cooperation

< Interpol and Customs enforcement agencies work together to combat cross-border counterfeit drug distribution.
International data sharing between countries and organizations enhances efforts to track counterfeit products
globally.

% International conferences and workshops allow regulatory bodies and industry leaders to collaborate on new

strategies to combat counterfeiting.
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8.4.5 Consumer Awareness Campaigns

< Drug authentication apps and public education campaigns help consumers identify counterfeit products and
raise awareness about the risks of fake drugs. Healthcare provider training also plays a key role in preventing
counterfeit drugs from reaching patients.

8.4.6 Collaboration with Logistics and Distribution Networks

< Securing supply chains through real-time monitoring, GPS tracking, and vendor audits helps prevent counterfeit
drugs from entering the market. Close collaboration between pharmaceutical companies and distributors
ensures that products are stored and transported securely.

8.4.7 Legal and Policy Frameworks

< Stricter penalties for counterfeiters and traceability laws like the DSCSA and FMD provide a legal backbone for
anti-counterfeiting efforts, ensuring that laws are in place to prevent counterfeiting and support the
identification and seizure of counterfeit products.

In conclusion, combating pharmaceutical counterfeiting is an ongoing global challenge that requires innovation,
regulation, and industry-wide collaboration. By continuing to strengthen supply chain integrity, raise consumer
awareness, and collaborate across borders, the pharmaceutical industry can ensure that counterfeit drugs do not

compromise public health and safety
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Recommendations For Pharmaceutical Companies

To address the growing challenge of counterfeit drugs, pharmaceutical companies need to adopt a multi-faceted

strategy combining advanced technologies, regulatory compliance, industry collaboration, and consumer

education. The following recommendations offer practical steps companies can take to prevent and combat

counterfeiting :

9.1 Implement Advanced Serialization and Track-and-Trace Systems

1.

9,
o

9,
o

Unique product identification:

Adopt serialization by assigning a unique identifier (e.g., serial number, barcode, or QR code) to each unit of a
drug. This allows for traceability from manufacturing through distribution to retail.
Technologies such as RFID (Radio Frequency ldentification) and 2D barcodes should be integrated into

serialization systems to improve efficiency and accuracy.

Track-and-Trace systems:

Implement end-to-end traceability systems to track drugs through every stage of the supply chain. Real-time
monitoring, GPS tracking, and secure data transmission should be included to ensure comprehensive visibility.
Integrate with regulatory requirements such as the Drug Supply Chain Security Act (DSCSA) in the U.S. and the
Falsified Medicines Directive (FMD) in the EU to ensure compliance with international regulations.

9.2 Adopt Anti-Tampering and Authentication Technologies

Tamper-evident packaging :
Use packaging that clearly shows signs of tampering, such as breakable seals, shrink-wrap films, or holographic
elements. These features make it more difficult for counterfeiters to replicate the packaging without detection.

Authentication markers :
Implement advanced authentication markers, such as holograms, security inks, micro text, and UV markings, to
help consumers easily verify authenticity and make it difficult for counterfeiters to duplicate packaging.

Digital authentication:
Promote the use of mobile apps or web portals that allow consumers or healthcare professionals to verify the
authenticity of a drug by scanning its barcode or QR code. These digital solutions not only improve product
security but also help build trust in the brand.
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9.3 Strengthen Supply Chain Security

1. Securedistribution partnerships:

< Build strong relationships with trusted distributors and wholesalers. Vet distributors thoroughly and ensure
compliance with anti-counterfeiting measures to reduce the chances of counterfeit drugs entering legitimate
markets.

2. Vendor audits and compliance :

% Regularly audit third-party vendors, warehouses, and logistics partners to ensure that anti-counterfeiting
protocols are being followed. They would be required to have secure storage and transportation practices to
safeguard drugs against theft, diversion, or counterfeit substitution.

3. Temperature and environmental control :

< Use temperature-sensitive packaging and monitoring systems, especially for biologics and temperature-sensitive
medications, to ensure the integrity of products throughout the supply chain. This also acts as an additional
security measure against tampering.

4. Blockchain technology:

< Leverage blockchain technology to create an immutable and decentralized ledger that tracks the lifecycle of
drugs. Blockchain ensures that each transaction in the supply chain is transparent, secure, and cannot be
altered, offering an added layer of authenticity verification.

% Implement smart contracts to automate and verify transactions, ensuring that drugs are moved under

authorized conditions and can be quickly traced in the event of a recall.

9.4 Collaborate with Industry and Regulatory Authorities

1. Engagein public-private partnerships (PPPs):
% Pharmaceutical companies should engage with government agencies, regulatory bodies, and law enforcement
to create and enforce anti-counterfeiting regulations. Joint efforts, including data-sharing initiatives, industry

alliances, and participation in global anti-counterfeiting task forces, can help combat counterfeit drugs.

2. Work with customs and border protection:
< Strengthen collaborations with customs agencies to monitor and intercept counterfeit drugs at international
borders. By sharing intelligence and developing stronger cooperation with global customs bodies, counterfeit

drugs can be prevented from entering new markets.

3. Regulatory compliance:
% Ensure full compliance with international regulations, such as the WHO's Medicrime Convention, and local laws
on drug traceability, serialization, and labeling. Staying up-to-date with the latest regulatory requirements

ensures that anti-counterfeiting measures align with global standards.
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9.5 Enhance Consumer Education and Engagement

1. Consumer awareness campaigns :

< Run public awareness campaigns to educate consumers about the risks of counterfeit drugs. Inform them on
how to spot counterfeit products and encourage purchasing medications only from licensed pharmacies or
trusted sources.

< Utilize media outlets, social media, and healthcare professionals to reach a broad audience.

2. Consumer-accessible authentication:

% Provide easy-to-use tools such as apps or websites that enable consumers to check the authenticity of a product
by scanning its barcode or entering a product code. This helps to empower consumers in verifying the safety of
the medicines they take.

3. Patient and healthcare professional training :

% Train healthcare professionals to recognize counterfeit drugs and provide guidance on how to report suspicious
products. As the first line of defense, healthcare providers play a crucial role in identifying and removing
counterfeit drugs from clinical settings.

9.6 Focus on Product Quality Control

1. Quality assurance programs:

% Implement robust quality control systems to ensure the purity, potency, and safety of drugs throughout
manufacturing. Conduct regular batch testing, random inspections, and third-party quality audits to detect and
eliminate counterfeit or substandard products.

2. Preventparallel trade:
< Combat parallel trade, which often leads to counterfeit drugs entering unauthorized markets, by ensuring that
pharmaceutical products are distributed only through authorized and regulated channels. This limits the risk of

counterfeiting through improper distribution channels.
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9.7 Implement Real-Time Data and Monitoring Systems

1. Real-time reportingand monitoring:

< Develop systems that offer real-time data on drug movement through the supply chain, allowing for quick
detection of irregularities. For example, unauthorized diversion to secondary markets can be flagged
immediately, enabling swift action.

2. loT (Internet of Things) solutions :
< Utilize 1oT devices to track the location, environmental conditions, and handling of drugs during transport. This
ensures the products are not tampered with and helps maintain the integrity of the supply chain.

9.8 Work on Counterfeit Drug Detection and Surveillance

1. Enhanced detection methods:

< Invest in advanced counterfeit detection technologies, such as portable devices capable of analyzing a drug’s
chemical composition. These devices enable rapid identification of counterfeit products at pharmacies, customs
checkpoints, or even distribution centers.

2. Surveillance programs:

< Establish monitoring and surveillance programs to detect counterfeit drugs in the market. Collaborate with law
enforcement and use data analytics to track counterfeit activities and identify trends, enabling a proactive
response to emerging threats.

9.9 Promote Ethical and Transparent Practices

1. Maintain ethical manufacturing practices:

< Ensure ethical manufacturing practices through transparency in sourcing, production, and distribution. Promote
strong corporate social responsibility (CSR) programs to build trust with consumers and reduce the likelihood of
counterfeiting through unethical practices.

2. Transparencyin pricing:
% Ensure that pricing remains competitive yet fair, discouraging consumers from seeking counterfeit alternatives
based on cost alone. By maintaining transparent pricing, companies can reduce the demand for counterfeit

drugs, which are often sold at lower prices.
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il Conclusion

Pharmaceutical companies play a critical role in the global fight against counterfeit drugs. By adopting a multi-
layered approach that integrates advanced technologies, secure supply chain practices, industry collaboration, and
consumer education, they can significantly reduce the prevalence of counterfeit medicines. As the pharmaceutical
industry continues to innovate, the focus must remain on both securing the supply chain and promoting
transparency and trust with consumers. Through ethical practices, stringent monitoring, and continuous
advancements in anti-counterfeiting technologies, pharmaceutical companies can ensure that the medicines
reaching patients are safe, effective, and genuine.
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