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Serialization Software in the Pharmaceutical
Industry

Overview of Serialization and Regulatory Significance

Pharmaceutical serialization is the process of assigning a unique identifier (typically encoded in a 2D barcode) to each
saleable unit of a drug product. This unique “serial number” is linked with product data (e.g. product code, batch number,
expiration date) and is recorded in databases to enable tracking and verification of every package through the supply
chain . Serialization has become a cornerstone of global efforts to combat counterfeit and diverted
medicines by enabling end-to-end traceability and authentication of drug products. Governments worldwide have
introduced laws mandating serialization as a patient safety measure, notably the U.S. Drug Supply Chain Security Act
(DSCSA) and the EU Falsified Medicines Directive (FMD)health.ec.europa.eu.

Under the DSCSA (enacted in 2013), the U.S. has now fully implemented an interoperable electronic system to identify
and trace prescription drugs at the package level. Following a phased rollout, as of May 27, 2025, the FDA began
full enforcement of the law’s final requirements. Manufacturers and repackagers must now fully comply with all DSCSA
requirements, wholesale distributors reached their compliance deadline on August 27, 2025, and large dispensers (with
26+ staff) must comply by November 27, 2025. Small dispensers have been granted exemptions until November 27,
2026 . All trading partners must now exchange T3 data (Transaction Information, History, and
Statement) in a fully electronic and standardized format using EPCIS (Electronic Product Code Information Services)—
paper, PDF, or manual spreadsheets are no longer acceptable . The goal is to prevent harmful
drugs (counterfeit, stolen, contaminated) from entering the supply chain and enable rapid removal if they do

. In Europe, the FMD (Directive 2011/62/EU) requires that every prescription medicine
pack bear “safety features” — a unique identifier in a 2D DataMatrix code and an anti-tampering device — and that
manufacturers upload the identifiers to a centralized European hub health.ec.europa.eu. Pharmacies must scan packs
upon dispensing to verify authenticity against the European Medicines Verification System (EMVS), which flags any
pack not in the system or already dispensed. As of 2025, EU-wide adoption is now essentially complete: Greece’s
Hellenic Medicines Verification System (HMVS) became fully operational in February 2025, and Italy entered a two-
year stabilization period in February 2025 (with full EU-FMD compliance mandatory from February 2027)

. According to the European Commission, between 2011 and 2026 there were only 30 confirmed
cases of falsified medicines detected in the legal supply chain, with the trend declining after FMD implementation.
Meanwhile, the UK (including Northern Ireland as of January 2025) has disapplied FMD following Brexit. These
regulations (along with similar mandates in countries like Russia, Turkey, Brazil, India, Indonesia, and others) have made
serialization software and systems an essential component of pharmaceutical compliance and supply chain management
globally. By assigning every package a digital identity, regulators aim to secure the supply chain against falsified
drugs and improve patient safety . The global pharmaceutical serialization services market was
valued at approximately USD 14.8 billion in 2024 and is projected to reach nearly USD 29.4 billion by 2030, growing at a
CAGR of over 12%

How Serialization Works in Pharma Manufacturing and Supply
Chains
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Implementing serialization in a pharmaceutical manufacturing environment involves both technology and process
changes across packaging, IT systems, and partner integrations. On the packaging line (Level 1-2), serialization
equipment prints a unique 2D barcode (or RFID/NFC tag in some cases) on each unit and verifies it with vision systems.
Each unit’s code is typically linked to higher packaging levels through aggregation, which is the process of building
parent-child relationships (e.g. which unit packs are in which case, which cases on which pallet). Aggregation allows a
case or pallet code to represent all its contents, so that downstream handlers can scan one code to know all included
serial numbers, greatly improving efficiency in distribution. After printing and verifying codes, the data is sent to a site or
enterprise serialization system (Levels 3-4).

At the enterprise level (Level 4), a serialization repository software manages the pool of serial numbers, stores the
commissioning (creation) events, and handles updates like shipments, decommissioning (for destroyed/expired product),
or returns. It ensures numbers are unique and not reused, and it interfaces with other systems (ERP, MES) to tie
serialization into business processes. The software must also perform compliance reporting — for example, formatting
and sending data to regulators or industry hubs. Under EU FMD, the manufacturer’s system transmits each pack’s data
to the EU HUb/EMVO as part of batch release . Under DSCSA, as products move, transaction information
(including serial numbers) is exchanged between trading partners, often via EPCIS electronic data files, creating a chain-
of-ownership record

In the distribution and dispensing phases (Level 5/network), serialization enables verification and traceability.
Wholesalers and logistics providers can scan inbound cases and use aggregation data to know the units inside, allowing
them to accept or quarantine products efficiently. They are also required to verify the legitimacy of returned medicines
intended for resale by querying a Verification Router Service (VRS) or manufacturer database to confirm the serial
number is valid (a DSCSA requirement) — a process streamlined by serialization software. Pharmacies, under DSCSA,
will eventually be expected to receive and store electronic records for each drug’s journey and respond to verification
requests in suspect product investigations . Under EU FMD, pharmacies simply scan each pack — the
system instantly checks the pack’s status in the national database and “decommissions” (marks as dispensed) that
serial number . If an attempt is made to dispense a code already marked or not recognized, it alerts as a
potential counterfeit.

Thus, serialization works by creating a digital twin for each physical product and updating its status with every supply
chain event . Effective serialization software connects the shop-floor devices up through
enterprise IT systems to external networks. This often follows a “Levels 1-5" architecture: L1 devices (printers, cameras),
L2 line controllers, L3 site systems, L4 enterprise repositories, and L5 network/portal solutions. A successful system must
manage high volumes of data (billions of serial numbers for big manufacturers), ensure data integrity and security, and
integrate with many stakeholders’ systems. The complexity is significant — pharmaceutical companies frequently rely on
specialized serialization software vendors or module add-ons to accomplish this, rather than building everything in-house.
In all cases, the end result is enhanced visibility: manufacturers can trace where each pack went, regulators can identify
supply chain weak points, and patients are protected by the ability to verify that a medicine pack is authentic and safe.

Major Serialization Software Vendors and Solutionses, and
facilitate data exchange with supply chain partners. Below is a
comprehensive list of major serialization software providers
globally, along with their key offerings and characteristics:

TraceLink Inc.

« Product/Platform: TraceLink Digital Network (Opus platform) — a cloud-based multienterprise network platform for track-and-trace and

supply chain collaboration . TraceLink is delivered as a SaaS network, meaning all customers connect to a common platform.
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+ Key Features: End-to-end serialization and compliance modules for all major regulations (serialization, track & trace, verification,
reporting) on a unified network. It provides a secure data exchange network where companies integrate once to TraceLink and can

[16]

share data with any partner on the network in real time tracelink.com. It also offers value-added applications (analytics, supply chain

visibility, inventory tracking) on the same platform 70 tracelink.com. The focus is on interoperability and a no-code environment for

[15]

building supply chain apps hda.org.

+ Regulatory Compliance: Supports a broad range of global mandates — US DSCSA, EU FMD, Brazil ANVISA requirements, Russia’s
crypto-code system, Saudi Arabia, India, China, and others. TraceLink’'s Country Compliance modules cover country-specific reporting

[17]

(e.g. EU EMVO integration, Russia Chestny ZNAK integration, etc.) %! tracelink.com tracelink.com.

« Target Market: All segments of the pharma supply chain — used by 1,600+ life science companies (from top 10 pharma manufacturers
to small biotechs, CMOs, wholesalers, and dispensers) and connecting over 290,000 network members on its Opus digital network

[19]

platform tracelink.com. TraceLink played a key role in helping the U.S. pharmaceutical industry achieve full end-to-end serialization

[20]

by 2025, positioning the sector as a leader in digitalized supply chain capabilities tracelink.com. Its scalable cloud infrastructure

appeals to large enterprises for global compliance, as well as mid-sized firms who want an out-of-box solution with minimal IT overhead.

+ Known Clients: TraceLink’s customer list (per company literature) includes many of the world’s largest pharmaceutical manufacturers,
contract manufacturers, and wholesale distributors (191 tracelink.com. For example, national pharmacy chains and hospital systems in
the US have also joined for DSCSA interoperability. The broad adoption makes TraceLink one of the most widely used serialization
platforms.

+ Deployment Model: 100% cloud (multi-tenant SaaS). Clients access it via web interface or APIs, and TraceLink manages all
infrastructure, updates, and validation support.

« Integration: Pre-built connectors and open APIs for common systems (ERP, WMS, MES). Many pharma companies integrate TraceLink
with SAP or Oracle ERP systems to send master data and receive serial data. TraceLink’s Network Success team also onboards trading
partners (like smaller distributors) who may not have their own systems, enabling even those partners to use a web portal to exchange
EPCIS files ) tracelink.com.

« Pricing: Not publicly listed, but generally subscription-based, often tiered by transaction volume or number of product lines. TraceLink
has emphasized that it does not charge per serial number (a model used by some early solutions) but rather uses fixed subscription
fees for its software modules and network access.

SAP Advanced Track and Trace for Pharmaceuticals (SAP ATTP)

* Product: SAP ATTP — an on-premises (or private cloud) enterprise application by SAP specifically designed for pharmaceutical
serialization and traceability. It integrates with the SAP ecosystem (ECC/S4HANA ERP, SAP Warehouse, etc.).

+ Key Features: Central repository for serial number management and regulatory reporting. SAP ATTP manages product master data,
serial number generation/allocation, commissioning events from packaging lines, aggregation data, and distribution events (21]
sumble.com. It uses the GS1 EPCIS standard for data exchange and can generate compliance reports for various authorities. Strong
integration with SAP’s ERP and Plant Connectivity means it can directly interface with production systems and packaging line
equipment. It provides tools for serialization analytics and validation, and can handle high-volume transaction throughput for large

manufacturers.

¢ Regulatory Compliance: Supports global regulations including US DSCSA and EU FMD out-of-the-box (22 sumble.com. SAP updates
ATTP’s compliance pack as regulations evolve (e.g., supporting Russia’s crypto codes and Brazil’s requirements). Companies can use it
to connect to the EU EMVO hub or send EPCIS to U.S. trading partners. It also covers markets in MENA and Asia through configuration
[23]

or partner add-ons 3keys.com.

« Target Market: Predominantly large pharma manufacturers and those already running SAP. ATTP is often chosen by companies that

want an internal solution within their own IT landscape, especially if they have SAP ERP — it's known for scalability to enterprise needs.

Many top pharma companies (Novo Nordisk, AstraZeneca, J&J, etc.) have implemented SAP ATTP for global serialization [24]

sumble.com ?* sumble.com. It's also used by some CMOs who serve large SAP-based clients.

+ Known Clients: SAP ATTP is used by at least 240 organizations (according to a tech usage survey) 25] sumble.com. Publicly
mentioned users include Pfizer, Roche, Merck KGaA, among others (often via SAP case studies). It's considered a direct competitor to

[26]

TraceLink in serving big pharma needs sumble.com.
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+ Deployment Model: Typically on-premise in the company’s data center or hosted in a private cloud. (SAP ATTP runs on SAP HANA
database.) Many firms validate it as part of their internal systems. SAP also offers it via SAP Cloud private edition and has the SAP Life
Sciences Info Collaboration Hub (ICH) for shared network services. Important note: SAP has announced that maintenance for SAP
ATTP based on SAP NetWeaver (software component STTP 300) will end on December 31, 2027, requiring customers to migrate to the

SAP S/4HANA technology stack /! community.sap.com.

« Integration: Strong integration capabilities with SAP MES (Manufacturing Execution) and ERP — it can receive production events and
send back serial data to ERP for order fulfillment. It supports standard EPCIS interfaces to connect to external systems (e.g., sending
data to TraceLink or other networks, or connecting with line management systems from vendors like Antares, Optel, etc.). Its close

alignment to GS1 standards (GTIN, GLN, EPCIS) ensures interoperability 28] sumble.com.

« Pricing: SAP ATTP is sold as a software license (plus annual support) or subscription in SAP’s pricing model. Exact pricing is typically
based on the number of units (e.g. number of packaging lines or volume of serial numbers managed) and is known to be a significant
investment (often viable mainly for large companies with big volumes).

Antares Vision Group (rfxcel Solution)

« Vendor/Product: Antares Vision Group — an ltalian-based provider of track & trace hardware and software — acquired US-based rfxcel
Corporation in 2021. The combined offering includes rfxcel Traceability System (rTS) software as the core Level 4 serialization
solution, integrated with Antares Vision’s Level 1-3 packaging line equipment.

« Key Features: rfxcel (now under Antares) is a cloud-based Traceability-as-a-Service platform that manages serialization, compliance
reporting, and end-to-end supply chain traceability. It can generate serial numbers (with flexible formats), manage events, and track

[29]

products from manufacturing through distribution rixcel.com. The software suite is described as Al-enabled and highly

configurable, offering not just compliance but also real-time supply chain visibility and even integrated monitoring of environmental
[30]

conditions in the supply chain contractpharma.com. Antares Vision Group provides a full-stack L1-L5 solution — from line

[31]

cameras and controllers (Antares tracking hardware) up to the enterprise and network level via rfxcel software hda.org. This

integration can streamline implementations for companies that want one vendor for both machines and software.

* Regulatory Compliance: rfxcel has modules for all major regulations: DSCSA (it was an early provider in the US market), EU FMD
(EMVO-certified connector), Russia’s Chestny ZNAK (Antares/rfxcel is an accredited integrator to the Russian CRPT system) [32]

solution-providers.gs1.org, as well as compliance for markets like Kazakhstan, Uzbekistan, Middle East, India, Brazil, China, etc. In

short, it offers global compliance in one platform. For example, rfxcel’'s software can manage Russia’s crypto-code requirements and

serial aggregation reporting, which is one of the more complex current regulations [33] worldpharmatoday.com.

« Target Market: Medium to large pharma companies, including manufacturers and contract packers. rfxcel historically had a strong
presence among mid-sized pharma and biotech firms in the US and EU, and Antares Vision's customer base includes over 2,500 clients

using its track & trace or inspection solutions [34] contractpharma.com. Together they target any company seeking a turnkey
serialization solution, including those needing packaging line upgrades. The combined Antares-rfxcel offering is pitched as end-to-end,

which appeals to companies that want a single accountable vendor.

« Known Clients: rfxcel’s clients have included major pharma like Vertex and Gilead (per past press releases), and Antares Vision’s
hardware is used by top pharma companies globally. The system is also deployed beyond pharma (food & beverage), but in pharma it's
used by both innovative and generic drugmakers, and solution providers (one example: Antares/rfxcel powers traceability for the Saudi

Arabia drug traceability system via a partnership [35] solution-providers.gs1.org). In November 2025, Antares Vision Group expanded its
partnership with Spherity to become a reseller of Authorized Trading Partner (ATP) digital credentials, facilitating seamless DSCSA

) 3
compliance for customers 361 rfxcel.com.

« Deployment Model: Primarily cloud (SaaS). rfxcel was one of the first serialization solutions offered as a true SaaS with multi-year

subscription contracts (30] contractpharma.com. The cloud approach enables faster updates for new regulations. For customers
requiring it, on-premise or private cloud deployments are possible (especially in highly controlled IT environments), but the trend is
towards SaaS.

« Integration: rfxcel provides a robust API and standard adapters for common line controllers and ERP systems. It can synchronize with

internal systems and even loT sensors [37] antaresvisiongroup.com. For example, it often connects with packaging line management
systems (Antares’ own or third-party like Optel, Mettler-Toledo PCE) to receive serialized production data. Integration with ERPs (SAP,
Oracle) for master data and transaction data is supported. The platform emphasizes validation (comes with IQ/OQ documentation to

simplify computer system validation for GxP) and has a reputation for strong technical support in integrations.
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« Pricing: Sold as subscription, usually based on scope (number of plants, volume of transactions). The acquisition announcement

highlighted that rfxcel’s revenue is largely recurring subscription fees [30] contractpharma.com. It typically does not charge per serial
number event, but rather for the platform and modules used.

Systech (Markem-Imaje)

« Product: Systech provides a suite of serialization, track-and-trace, and authentication solutions. Systech pioneered many pharma
serialization technologies and is now part of Dover Corporation’s Markem-Imaje brand. Key products include Systech UniSeries (a Level
3 serialization site server and line management solution) and UniTrace (a cloud-based Level 4/5 traceability platform) (5!

[39]

systechone.com systechone.com. Systech also offers unique authentication solutions like UniSecure (digital e-fingerprint using

printing microvariations) for brand protection.

« Key Features: A full-stack L1-L5 solution with configurable modules. At the packaging line level, Systech’s software (formerly
Sentinel/Guardian) handles device control and high-speed vision inspection (they are known for reliable vision systems). At enterprise
level, their UniTrace platform (offered as a cloud SaaS) provides end-to-end traceability, regulatory data management, and a centralized

[40] systechone.com [41] systechone.com. Systech emphasizes real-time data visibility

repository for serialization data across sites
and exception management — their solutions can trigger alerts for packaging or data issues and provide dashboards for supply chain
events. They also have brand protection features: e.g., consumers or inspectors can authenticate a product using the existing barcode

[42]

(via Systech’s patented fingerprinting) without needing added tags systechone.com. In summary, Systech’s solution set delivers

compliance while also enabling advanced features like global product authentication and analytics.

« Regulatory Compliance: Supports all global mandates (DSCSA, EU FMD, Russia, etc.), with configurable compliance reporting.
Systech has decades of pharma compliance experience — its software was used in many early implementations of Turkey, China,
and EU serialization pilots. Today, Systech’s traceability platform is kept up-to-date with international regs and can connect to national
systems (they have been an EMVO connectivity provider, and they integrate with DSCSA EPCIS and VRS requirements as well).

« Target Market: Both large pharmaceutical manufacturers and CMOs/CPOs. Systech has a strong track record with big pharma —e.g.,

Takeda standardized serialization on Systech across 60 packaging lines in 7 countries [43]

systechone.com. Many large pharma
companies initially implemented Systech’s on-premise solutions in the 2010s for line and site management. With the introduction of
UniTrace cloud, they also target mid-sized and contract manufacturers who need a fast, flexible serialization system. Systech is often
chosen when a company wants a turnkey packaging line + software solution, or when replacing a failed system (case studies show
Systech was brought in to replace other serialization vendors at Nutra-Med and Boehringer Ingelheim) [44] systechone.com [45]

systechone.com.

« Known Clients: Besides Takeda, Systech’s website references customers like Sharp (a global CMO), Boehringer Ingelheim, Dr.

[43] [46]

Reddy’s, Janssen (J&J), and many others systechone.com systechone.com. It's widely used by contract packagers (Sharp,

PCI, etc.) and was historically deployed in many top-50 pharma companies for in-house serialization.

« Deployment Model: Systech supports both on-premise and cloud. Its traditional Level 3 software (UniSeries) is typically installed on-
premise at manufacturing sites for local control. UniTrace (L4/5) is available as a cloud SaasS for centralized data and compliance, which
Systech hosts. Some customers run Systech’s entire stack on-premise for maximum control (especially before cloud acceptance grew),
but new deployments often leverage the cloud offering for L4/5 to reduce infrastructure burden.

« Integration: Systech’s modules are designed to integrate at all levels: They have standard interfaces to ERPIMES (for example, an
SAP ECC connector for serialization data exchange). They also have proven integration with all major line equipment brands — in fact,
Systech often is the line system or can easily connect to printers/cameras from vendors like Videojet, Domino, etc. For multi-site
enterprises, Systech provides tools to integrate site systems to the corporate level for consolidated reporting. Their solution supports data
exchange via EPCIS and has APIs for custom integration needs. Additionally, Systech’s authentication (UniSecure) can integrate with
mobile apps or customer engagement platforms.

« Pricing: Typically modular. A company might license Systech’s line management for X lines (one-time license plus support) and subscribe
to UniTrace cloud for the enterprise traceability (annual subscription). The pricing is not public, but Systech positions its SaaS as cost-
effective for small/mid companies (who may not afford larger systems). They highlight quick deployment and continue to innovate—in
January 2025, Systech introduced the ST16 Semi-Automated Multi-Aggregation Station, a turnkey solution combining software and

hardware to optimize aggregation and rework processes [47] systechone.com,

Optel Group (VerifyBrand™ Solution)
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* Product: Optel Group offers complete hardware/software solutions for traceability. Key to its software offering is Optel VerifyBrand™, an
enterprise-level L4/L5 serialization and track-and-trace platform Optel acquired (Verify Brand) and enhanced. Optel also provides
line-level solutions (cameras, line controllers) known as Optel Vision, making it another provider of L1-L5 capabilities.

+ Key Features: VerifyBrand is a cloud-based serialization compliance hub designed for pharma’s complex needs. It provides a
centralized repository to manage serial numbers, packaging hierarchies, and event tracking, along with real-time data analytics on
[48]

serialization operations optelgroup.com. It features out-of-the-box compliance connectivity (pre-built integrations to many

national systems and trading partner networks) and emphasizes ease of integration and modularity. Users can choose just the features

needed — e.g., basic serial number management vs. full traceability with EPCIS and aggregation %/

optelgroup.com. Optel highlights a
transparent, fixed-cost pricing model with no per-serial fees and inclusion of validation documentation [50] optelgroup.com. The
platform also boasts strong exception handling tools (to re-trigger events, manage errors) and high security (SOC 2 Type I certified) (511
optelgroup.com. Beyond compliance, Optel’s solution can support additional use cases like product authentication and consumer

engagement, and it can aggregate data for supply chain optimization.

+ Regulatory Compliance: VerifyBrand supports global compliance requirements: it is aligned with U.S. DSCSA and EU FMD out of the
box (48] optelgroup.com, and also compliant with regulations in China, India, Russia, Middle East (UAE, Saudi), Latin America and

others 7!

optelgroup.com. Optel claims support for emerging markets and has updated its software for specific needs like Indonesia
BPOM, etc. movilitas.cloud movilitas.cloud. As a result, a pharma company can use VerifyBrand to comply with multiple countries’

mandates in one system. It also handles the Russian crypto code and complex serial verification flows as needed.

« Target Market: Optel’'s solutions are used by both large and mid-sized pharma. The VerifyBrand platform, coupled with Optel’s line
hardware, has been chosen by some top 10 pharma companies as well as many generic manufacturers. It's suitable for companies
looking for a scalable, pharma-specific SaaS that can be rapidly deployed. Optel also targets contract packagers — for example,
packaging CMO Reed-Lane uses Optel’s carton serialization suite 1531 reedlane.com. with its competitive pricing model and legacy of
providing equipment, Optel’s software is popular among firms that may be switching off older costly systems to a more cost-transparent
solution.

+ Known Clients: Optel’s track-and-trace solutions are used by pharma companies like Merck & Co., Novartis, and others (Optel has
publicly mentioned these in case studies). The VerifyBrand software specifically has a loyal customer base — Optel notes “80% of our

customers have used VerifyBrand for over 5 years”, indicating high customer retention and reliability [54] optelgroup.com.

« Deployment Model: Cloud-hosted (SaaS). Optel VerifyBrand is delivered as a cloud service with web interfaces and APIs. Optel handles
the validation (IQ/OQ) support, and updates are delivered in a controlled manner (they can schedule updates per customer needs) [55]
optelgroup.com. Optel’s line systems (line master controllers) are on-premise equipment that can connect to the cloud repository.

« Integration: Optel prides itself on easy integration and migration. VerifyBrand offers a full suite of REST APIs and supports batch file
transfers (EPCIS XML) for connectivity. It has out-of-the-box connectors to major serialization systems, meaning it can integrate with or
even replace other solutions with minimal disruption %/ optelgroup.com. For instance, it can connect with SAP ATTP or TraceLink to
exchange data, and with line systems (Optel's own or third-party like Marchesini, etc.). Additionally, Optel's platform can provide portal
access to partners — if a small distributor or CMO needs to see data, they can be given secure access to view or upload EPCIS data (56]

optelgroup.com. This flexibility helps in multi-company collaboration.

¢ Pricing: VerifyBrand is promoted as having competitive, transparent pricing[SO‘ optelgroup.com. It uses a fixed annual subscription
model that includes serial number issuance (no per-code cost), validation services, and support. Optel often touts cost savings versus
“legacy providers” due to this all-inclusive model [49] optelgroup.com. This is particularly attractive to small/mid companies concerned
about unpredictable costs as volume grows.

LSPediA OneScan Suite

e Product: LSPediA is a U.S.-based SaaS provider focusing on DSCSA compliance and serialization for pharma. Its flagship OneScan
Suite is a cloud platform composed of various modules to manage serialization, traceability, and verification. LSPediA has gained
prominence especially for solutions tailored to DSCSA 2023-2024 requirements (electronic interoperable tracing, Verification Router
Service, etc.).
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+ Key Features: OneScan is a secure cloud-based system that integrates with any ERP or warehouse system and enables end-to-end

DSCSA compliance out of the box 57] Ispedia.com. Major features include: EPCIS Serialization repository (managing serials and
event data), Trading Partner Onboarding tools, an APl Hub for connecting to other systems, and Automated Data Exchange for
DSCSA Transaction Information (TI) and Transaction Statements. It also has specialized modules like Investigator (exceptions
management and error handling for DSCSA data), VRS (Verification Router Service for processing saleable returns verifications),
Authorized Trading Partner (ATP) validation module, and a Recall/Expiry management feature that uses the serialized data to
pinpoint affected products. OneScan emphasizes ease of use: intuitive web portals and step-by-step workflows to handle tasks like
receiving EPCIS files, aggregating data, etc., so that even small companies or pharmacies can use it with minimal IT support.

+ Regulatory Compliance: Geared primarily toward U.S. DSCSA (the suite covers all DSCSA requirements for manufacturers,
wholesalers, and dispensers: serialization, 2D barcode scanning, data storage for 6+ years, EPCIS exchange, verification, and reporting).
LSPediA is an official FDA-approved VRS provider and has been active in DSCSA pilots. The OneScan Suite also has an EU FMD

Compliance module that can upload data to the European Medicines Verification System (via the EU Hub) (58] Ispedia.com.
Furthermore, LSPediA mentions coverage for other regulations such as food traceability (FSMA) and even other regions via its “Global

[59] [60]

Traceability Cloud” in development aithority.com

solution for companies to meet the 2023/2024 interoperability and verification rules.

Ispedia.com. However, its stronghold is DSCSA, where it provides a turnkey

o Target Market: Primarily small to mid-sized pharmaceutical companies, wholesalers, and healthcare dispensers in the U.S. Many
smaller manufacturers and repackagers who found larger systems too costly or complex have adopted OneScan for DSCSA. It's also
used by some larger firms as an easy way to connect trading partners. Additionally, LSPediA partners with pharmacy system vendors —
for example, integration with pharmacy software to help independent pharmacies comply. With the DSCSA deadline, LSPediA gained a
reputation for being “fast to implement” and offering a compliance guarantee, which appealed to companies that were late in preparing.
Distributors have also used its solutions for managing serialized inventory and handling exceptions.

+ Known Clients: LSPediA has announced clients like Johnson & Johnson’s U.S. distribution arm for VRS, numerous generic pharma
companies (e.g. Rising Pharmaceuticals), and many regional wholesalers. It was named an Inc. 5000 fastest-growing company, reflecting
its uptake in the industry. Case studies show even large full-line wholesalers tested LSPediA's DSCSA tools for managing EPCIS data.

[61]

The Altro Pharmaceuticals partnership and others show traction among tier-2 manufacturers biospace.com.

« Deployment Model: Cloud (Multi-tenant SaaS), hosted and managed by LSPediA. Customers access via a web portal or integrate their
systems to it via APIs. This allows rapid updates (LSPediA has frequent version releases, e.g. OneScan 6.2, 7.1, etc., each adding
features for compliance or user feedback). No on-premise installation is needed, which is ideal for clients without extensive IT
infrastructure.

« Integration: The OneScan Suite provides RESTful APIs (24+ standard APIs) to integrate with ERP, WMS, or other business systems
(62] Ispedia.com. This enables automatic sending of master data (products, trading partners) and receiving of serialization and

transaction data without manual steps. For those not integrating, the web interface allows upload/download of EPCIS files, scanning of
barcodes via a Ul, etc. LSPediA has worked on integrations with SAP, Oracle, Blue Yonder, and also offers a Customer Portal feature

for downstream partners to retrieve their data on their own [63] Ispedia.com. This is particularly useful in DSCSA where a manufacturer
can allow a hospital to log in and get the transaction file if needed. LSPediA also integrates with GS1’s Verification Router Network and

the PDG (Partnership for DSCSA Governance) interoperability networks, ensuring its clients can connect to any other DSCSA solution.

« Pricing: LSPediA usually offers subscription packages often structured by module or by usage band (e.g. number of transactions). It has
positioned itself as affordable for small companies, sometimes with packages based on company size or role (manufacturer vs.
dispenser). Exact pricing isn’t public, but a small manufacturer or pharmacy can subscribe to just what they need (e.g., a dispenser might
only take the Pharmacy Pro module).

e 2025 Developments: In August 2025, LSPediA unveiled a Serialized Recall Management Module designed to transform recall
initiation, tracking, and resolution across the pharmaceutical supply chain, with general availability in October 2025 and an enhanced

[64]

Recall+ version entering early access in Q1 2026 prnewswire.com. Additionally, LSPediA achieved FedRAMP® “In Process”

designation at the Moderate level in October 2025, positioning its OneScan Vault solution for federal government compliance needs [65]

prnevvswire.com.

Arvato Systems (CSDB)

o Product: Arvato CSDB (Corporate Serialization Database) — a serialization and track & trace software platform from Arvato Systems
(Bertelsmann Group, Germany). It has been provided in a Software-as-a-Service model and gained wide usage especially in Europe for
FMD compliance. Arvato also offers related services and was the developer of several National Medicines Verification Systems in Europe.
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+ Key Features: Arvato CSDB is a central serialization data management system that ensures compliant coding and reporting. It is
known for its smooth integration capabilities — connecting production lines, ERP/MES systems, and external partners via standard

interfaces [66]

us.arvato-systems.com. Core functions include: serial number generation/allocation, repository of serialization events,
aggregation management, and compliance reporting (e.g., automatic reporting to EU Hub or other authorities). The system is designed
to reliably handle all serialization workflows (commission, aggregation, shipping, decommission, rework) and maintain data integrity
across processes [67] us.arvato-systems.com. It also provides a web portal for managing CMO integrations — for example, marketing
authorization holders can exchange serial data with contract manufacturers through Arvato’s network instead of custom point-to-point
Jinks [°° us.arvato-systems.com. Arvato highlights high security and validation, given their experience running national systems. The
platform can be extended with Arvato’s other modules (like their platbricks Healthcare logistics suite for wholesalers) 691 ys.arvato-
systems.com.

+ Regulatory Compliance: Primarily built to support EU FMD requirements and similar track & trace laws. It natively connects to the
EMVO European Hub for uploading serial numbers and batch data (Arvato is an EMVO-certified IT provider) [70] ys.arvato-
systems.com. It also supports serial number exchange/verification processes needed for markets outside the EU. For instance, Arvato
has implemented functionality for Russian compliance (integration with CRPT) through projects in CIS countries, and can handle
aggregation data for markets like Brazil or others via customization. Because Arvato ran 17 European countries’ National Verification

[72]

Systems (including Germany'’s securPharm, France, Spain’s SEVeM, etc.) (1] us.arvato-systems.com us.arvato-systems.com,

their software is tightly aligned with regulatory standards and kept up-to-date with changes.

o Target Market: Small-to-mid size pharma companies and some larger firms in the EU. Over 80 pharmaceutical companies use
Arvato CSDB as their serialization solution |/ us.arvato-systems.com. It has been very popular among European generic and specialty
pharma companies that needed a quick and proven solution for the 2019 FMD deadline. The solution’s SaaS nature, plus Arvato offering
managed services, appealed to firms that did not want a heavy IT project. It's also been used by contract manufacturers who have
multiple client reporting needs. In Asia-Pacific, Arvato partnered with Korber to roll out CSDB to more companies, targeting especially

those who use Werum PAS-X MES (Korber) and need a serialization layer [74] pharmaceutical-networking.com.

« Known Clients: Public references include Horus Pharma (France), Aristo Pharma (Germany), Basic Pharma (Netherlands), Bausch +
Lomb (for some markets), Bluepharma (Portugal), Delorbis (Cyprus), Dr. Kade (Germany), and others, as listed on Arvato’s site (751

[76]

us.arvato-systems.com us.arvato-systems.com. Many are medium-sized European pharma companies. Arvato also served as the

serialization provider for Portugal’s national system and is thus implicitly trusted by Portuguese pharma companies (77

grandviewresearch.com.

+ Deployment Model: Provided as a hosted/managed solution (SaaS) by Arvato. They handle the IT infrastructure, and clients access
the system via secure connections. This allowed rapid deployment — e.g., Arvato notes a customer went live in under 8 weeks with the
Saa$S approach [78] pressebox.com. Some larger clients could opt for a private installation, but the majority use the cloud multi-tenant
solution for its ease and Arvato’s 24/7 support.

« Integration: Arvato CSDB emphasizes standard interfaces — it can easily connect to packaging line systems (it has proven connectors
for major line equipment providers) [/ us.arvato-systems.com [80] us.arvato-systems.com. It also integrates with ERP systems (SAP,
etc.) to pull master data and push transaction data. One of its strengths is facilitating data exchange with external partners: Arvato’s

(80] us.arvato-

network allows Marketing Authorization Holders and their CMOs to request and share serial numbers and reports securely
systems.com. This hub-like capability saved companies from developing custom integrations for each CMO relationship. For
wholesalers, Arvato’s solution can integrate with warehouse systems to perform verification or decommissioning scans (they leverage

their platbricks logistics platform for this) [81] us.arvato-systems.com.

« Pricing: Usually subscription-based (since it's SaaS) with pricing tiers based on number of packaging lines or transaction volumes.
Arvato often packaged initial setup, validation, and ongoing support into a service agreement. Given it targeted mid-sized firms, it was
generally more cost-effective and less up-front expense than giant enterprise systems.

Movilitas.Cloud

« Product: Movilitas.Cloud — a next-generation cloud serialization and traceability platform developed by Movilitas (now part of Engineering
Industries eXcellence). Movilitas has roots as an SAP consulting firm, and this product aims to provide a flexible, quick-to-deploy
serialization solution for various industries, with a focus on life sciences.
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« Key Features: Movilitas.Cloud is a multi-tenant platform hosting a suite of tailor-made applications for manufacturing, serialization, and
compliance reporting support.movilitas.cloud. It helps companies digitally serialize, track, and trace products globally while ensuring
regulatory compliance movilitas.cloud. Key capabilities include: Serialized Manufacturing app — to manage serial number provisioning,
printing, and commissioning on packaging lines; Serialized Logistics app — to handle warehousing operations like packing, shipping,
receiving with serialized items (including aggregation and disaggregation); built-in support for label printing (integrations with Zebra and
NiceLabel cloud print solutions) movilitas.cloud; and verification and decommissioning processes (scanning via a Movilitas mobile
app) for wholesalers/pharmacies movilitas.cloud. It also features a Partner onboarding model — companies can create a partner
network in the platform to share data and get real-time feedback on shipments movilitas.cloud. The platform is GAMP5 validated and
configurable per user role (MAH, CMO, wholesaler, etc.), making it adaptable across the supply chain movilitas.cloud movilitas.cloud.

+ Regulatory Compliance: Movilitas.Cloud supports multiple regulations out-of-the-box. It explicitly mentions compliance with US
DSCSA, EU FMD (including connectivity to EU Hub and national systems), Russia Chestny ZNAK, Indonesia BPOM, and others
movilitas.cloud. It includes features like scanning and sending data to NMVS for EU, submitting re-pack data for EU, managing crypto
codes for Russia, etc. It also handles DSCSA requirements like authorized trading partner checks and EPCIS data exchange (Movilitas is
Gateway-certified for DSCSA verification requests) movilitas.cloud movilitas.cloud. Essentially, it's a unified platform where a company
can manage serialization for all markets — rather than using separate local solutions — and ensure each market's data is transmitted
properly. The platform keeps up with regulatory updates (they frequently update the “Global Traceability Map” of regulations in the
system).

« Target Market: Small and mid-sized manufacturers, CMOs, and distributors who need a lightweight, quick solution. Movilitas.Cloud
has been used by companies that want to avoid heavy IT projects — it can be self-onboarded relatively fast (with “fast self-onboarding”
listed as a benefit) movilitas.cloud. It's also appealing to companies with multi-country compliance needs but limited internal resources
(for example, a mid-size pharma selling in EU, US, and emerging markets can do all with one platform). Additionally, it integrates nicely
with SAP, so SAP-centric organizations that didn’t adopt ATTP might use Movilitas as an alternative.

« Known Clients: Movilitas has case studies like Boehringer Ingelheim (which did a tech chat about using Movilitas.Cloud for some
functions) movilitas.cloud. Also, some smaller EU pharma and even non-pharma (agrochem, etc.) use it. Engineering USA's acquisition of
Movilitas suggests growth in user base across industries. While not as widely publicized, Movilitas.Cloud is known in the SAP community
and has been used in DSCSA pilots for exceptions handling.

« Deployment Model: Pure cloud SaaS. Users access via web and mobile apps. There is no on-premise component, which means no
infrastructure needed on client side aside from devices to scan/print. Movilitas handles updates and offers the service in regions (with
multi-region cloud for performance).

« Integration: Designed to integrate easily with ERP/MES and other networks. Movilitas.Cloud provides APIs and connectors, including
integration to SAP ECC/S4 (they have a pre-built connector leveraging SAP Cloud Platform integration). It can also connect to TraceLink
or SAP ICH as mentioned (to exchange data if needed) movilitas.cloud movilitas.cloud. For hardware, it supports loT integration with
printers and scanners — e.g., direct connection to Zebra printers and use of their cloud printing, and it has a mobile app that can utilize
phone or dedicated scanner cameras for data matrix scanning movilitas.cloud. It also supports GS1 Digital Link / DataMatrix scanning
via its app for future-proofing. Essentially, Movilitas.Cloud aims to be a plug-and-play layer that sits between production and regulatory
systems, with minimal fuss in connecting all parts.

« Pricing: Known to be subscription-based with flexibility (you can subscribe to just the needed applications — e.g., only Serialized
Logistics if you are a wholesaler). It's marketed as requiring “no major investment” and no big infrastructure, which implies costs are
manageable as operating expense movilitas.cloud. The exact fee structure is not public, but likely tiered by usage (number of users or
number of transactions).

SoftGroup SaTT

o Product: SoftGroup offers SoftGroup® SaTT — an end-to-end software and hardware solution for pharmaceutical serialization and track
& trace. Based in Bulgaria, SoftGroup has two decades of experience and caters to global serialization needs, especially in Europe and
CIS markets. “SaTT” stands for Serialization and Track & Trace.

* Key Features: SoftGroup SaTT covers all Levels 1-5 of serialization [82] solution-providers.gs1.org. On the shop floor, they provide
machinery (e.g., labeling machines with integrated cameras) and line management software for serialization/aggregation. At enterprise
level, the SoftGroup SaTT software platform manages serial numbers, aggregation hierarchies, and compliance workflows via an intuitive
interface softgroup.eu. It includes real-time monitoring dashboards for production and allows batch recall/expiry management. Given
their focus on emerging markets, SoftGroup’s solution is very adaptable to new regulatory requirements and can be customized. They
also have a track & trace repository that can consolidate data from multiple manufacturing sites. The system supports multi-tenant
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setups (useful for contract manufacturers handling data for multiple clients separately). SoftGroup places emphasis on being “reliable
and user-friendly”, to allow companies to implement quickly and run the system with minimal downtime.

* Regulatory Compliance: SoftGroup’s solution is built to comply with EU FMD fully (they were early movers in Eastern Europe for FMD).
They are an EMVO Trusted Partner and Gateway Provider, meaning their software can directly upload to the EU Hub and connect to
National systems (83] solution-providers.gs1.org. They also support Russia’s requirements — SoftGroup is an accredited integrator

83

with Russia’s CRPT (Chestny ZNAK) for pharma, and similarly accredited for Uzbekistan’s “Asl Belgisi” and Kazakhstan's system [
solution-providers.gs1.org. Additionally, their global map covers requirements in the Middle East, Asia, and the Americas (they keep an
updated regulatory guide). For example, they have modules for US DSCSA (for companies exporting to US or doing aggregation), and
support Turkey’s ITS system and others. Their comprehensive approach means a client can rely on them for compliance in diverse
regions.

« Target Market: A significant portion of generic drug manufacturers and contract manufacturers in CEE (Central and Eastern Europe)
and the CIS have used SoftGroup, especially those who wanted a cost-effective local partner during FMD implementation. It's also used
by some mid-size pharma in Western Europe. SoftGroup is a good fit for small/medium pharma companies that need hands-on support
and perhaps don't have internal serialization experts. Because SoftGroup can supply the physical equipment and the software as a
package, it appeals to companies setting up serialization from scratch. They have also partnered with packaging machine OEMs to
embed their software in certain machines.

« Known Clients: SoftGroup has implemented solutions in over 50 manufacturing sites. Notable references (from their news) include
Sopharma (a leading Bulgarian pharma), Pharmstandard in Russia, and various regional producers. They also won contracts with
government tenders (like setting up national serialization infrastructure). Industry recognition includes awards for innovation in

84]

serialization | solution-providers.gsl.org.

« Deployment Model: Primarily on-premise for Level 3 (site server) and a hosted cloud or on-prem for Level 4/5, depending on client
preference. Many of their customers opt for on-site installation of the core system (especially if internet connectivity or data sovereignty is
a concern). However, SoftGroup also offers a cloud-based centralized system which some clients use to manage multiple sites.
SoftGroup provides extensive on-site support for installation and validation, which was crucial in initial FMD rollout.

« Integration: SoftGroup SaTT can integrate with third-party equipment and ERP systems. For instance, if a plant has existing
printers/cameras (not SoftGroup’s), their software can interface via standard protocols. It also has APIs for ERP/WMS integration to get
product data and send status updates. They provide connectors for SAP and have done integrations for Oracle systems as well.
SoftGroup’s accreditation with EMVO and CRPT means the integration to those external bodies is built-in. In terms of partner integration,
they can set up secure data exchange with CMOs or MAHSs similarly to other solutions (often using EPCIS file exchange or direct
database links).

e Pricing: SoftGroup often bundles hardware and software, so pricing can be project-based. For pure software, it's typically license-based
with support fees. They have positioned themselves as more affordable for developing-market pharma compared to big global
vendors, which helped them gain adoption in places like the Balkans and CIS. Their SaasS offering (if chosen) would be subscription-
based.

tracekey Solutions

« Product: tracekey solutions GmbH is a German provider offering cloud-based pharma serialization solutions branded as mytracekey

PHARMA. It is known as the “No. 1 for small and mid-sized companies” in serialization (as they market themselves) 185] |inkedin.com.
The product is a secure SaaS platform that manages Level 4/5 serialization data.

* Key Features: tracekey provides a reliable, validated SaaS for pharmaceutical serialization with an emphasis on user-friendliness and
comprehensive validation support‘%] tracekey.com. Features include serial number management (they often supply the random
numbers as a service), batch and product master data management, straightforward EMVO connectivity for EU FMD, and EPCIS data
exchange capabilities. It has a simple web interface which is largely self-explanatory (as users have noted) [87] manufactu ring-supply-
chain.com. tracekey’s system handles commissioning, aggregation, and decommissioning events and can generate the required
reports (EPCIS, PDF reports of serials, etc.). They also focus on quick onboarding: minimal setup time and guided migration from other
systems. For example, they have migration tools for companies moving off another provider onto tracekey. The platform is built on
modern cloud architecture, allowing it to scale up usage on demand without the customer worrying about infrastructure.
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« Regulatory Compliance: Initially focused on EU FMD — tracekey was one of the early SaaS that connected many small EU pharma to
the EU Hub. It continues to provide full compliance with FMD (2D code management, alerts handling, etc.). It also supports DSCSA
(particularly for European clients exporting to the U.S. who need to serialize with FDA requirements or manage EPCIS for US trading
partners). Additionally, tracekey has kept pace with markets like the Middle East and CIS — e.g., they have solutions for serializing to

meet Saudi or Russian requirements, by accommodating those extra data elements or crypto codes as needed (88] ankhero.com.

Essentially, while EU is core, tracekey can meet global needs for those smaller companies that distribute widely.

« Target Market: Small and mid-sized pharmaceutical manufacturers, CMOs, and brand owners. tracekey explicitly targets
companies for whom the big enterprise systems are overkill. For instance, a pharma with one or two packaging lines, or a CMO handling
serialization for several clients, can use tracekey without large IT teams. It's also favored by companies that started serialization late and
needed a quick, no-fuss solution to become compliant by 2019 in Europe. The cost and ease advantages make it popular with many
German mid-tier pharma. Some larger companies have also used it for specific subsidiaries or lower-volume product lines due to its
flexibility.

¢ Known Clients: tracekey has shared success stories like Mensana Pharma (who switched from another vendor to tracekey) (851
linkedin.com, and contract packager Stegemann (which uses tracekey alongside Mettler-Toledo line equipment) (89] manufacturing-
supply-chain.com (90] manufacturing-supply-chain.com. The Stegemann case is telling: with ~120 employees, they found tracekey to
be a perfect fit for their size, providing L4-L5 functionality in the cloud without heavy infrastructure [91] manufacturing-supply-

chain.com. Many similar-sized firms across Germany, Austria, and Switzerland use tracekey, often referred by word of mouth in the

pharma community.

+ Deployment Model: Cloud/SaaS only. tracekey runs in the cloud (hosted likely on a secure European data center for GMP compliance).
Clients access it via browser. There is no on-premise option, which aligns with its target market’s preference for low IT burden. tracekey
takes care of all upgrades (e.g., changes in EMVO specs or new DSCSA requirements).

« Integration: tracekey can integrate with line systems and ERPs if needed. In practice, many of its small clients initially used it in a semi-
standalone mode (uploading production data via CSV or manual input). But it has APIs that allow automated data flow from production
lines — for example, in the Stegemann case, tracekey acted as an interface receiving serial numbers from the MAH, then passed data to

Mettler-Toledo’s line manager, then received back the results to report to the MAH 192] manufacturing-supply-chain.com 193]
manufacturing-supply-chain.com. This shows tracekey’s role as a cloud hub that sits between MAH and CMO systems. For ERP
integration, they support EPCIS exports/imports which can be used to connect with SAP ATTP or others if a client has a hybrid
environment (some tracekey clients feed data to partners on SAP or TraceLink networks using EPCIS files).

« Pricing: tracekey’s Saas is typically subscription-based with tiered pricing according to number of serial numbers managed or
number of sites. They have aimed to be an affordable solution — sometimes pricing was published in the past (e.g., a base fee plus a
volume-based component, but without exorbitant costs for extra serials). The affordability and lack of large upfront costs are part of
tracekey’s appeal to SMEs.

(Note: In addition to the above, there are other notable providers such as Axway (offering DSCSA serialization data
exchange solutions), IBM and Chronicled’s MediLedger (blockchain-based network pilots), and various ERP/Cloud
vendors that have add-on modules for serialization. However, the list above covers the major pure-play serialization
software vendors in the pharma industry.)

Advantages and Challenges of Different Serialization
Approaches

When implementing serialization software, pharmaceutical companies face strategic choices — whether to build an in-
house system vs. adopt an external vendor solution, and whether to host systems on-premises vs. in the cloud.

Each approach has distinct advantages and challenges:
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* In-House (Custom-Built) Solution: A few large pharma companies initially pursued building their own serialization repositories or
integrating serialization into existing systems. The advantage is a solution tailored precisely to the company’s processes and full control
over data and functionality. In-house systems can be designed to seamlessly fit internal workflows and may avoid licensing fees.
However, the challenges are significant. Serialization compliance is complex and regulations keep evolving, requiring constant updates
(e.g., new country requirements, changes in data exchange standards). Maintaining an in-house solution demands dedicated expert IT
teams and substantial validation effort for each change. It can be costly and slow to adapt. Many companies discovered that building an
end-to-end track & trace system (including connecting to global partners) is not core competency and carries risk of non-compliance if
something is missed. Thus, while an in-house system offers flexibility, it can become a burden in the long run as global compliance needs
grow. Today, few companies opt to build from scratch; those that started often have migrated to vendor platforms for broader compliance
support and reliability.

« Vendor (Outsourced) Solution: Using a commercial serialization software vendor (like the ones listed above) brings the benefit of
expertise and ready compliance. These vendors distill best practices from dozens or hundreds of implementations, and they update
their software for new regulations (for example, adding support for new government reporting systems) so the company doesn’t have to.
Deployment is typically faster — a cloud solution might be live in weeks or a couple of months, whereas a custom build could take a year
or more. Vendors also provide validation packages, support, and scalability that would be expensive to develop in-house. The challenges
with outsourced solutions include dependency on the provider — the company must trust that the vendor will stay current and financially
stable. There’s also potential for less customization; the software might enforce a certain workflow that requires the company to adapt its
processes. Additionally, licensing and subscription costs can be high (especially for top-tier vendors), and companies must consider long-
term total cost of ownership. Integration with legacy systems can also be challenging and may require middleware or custom dev if the
vendor’s standard connectors don't fit exactly. Nonetheless, for the majority of pharma companies, the risk reduction and compliance
assurance offered by established vendors outweigh the downsides, which is why outsourced solutions dominate the market.

« On-Premises Deployment: Installing serialization software on-premises (on company’s own servers at sites or data centers) was the
traditional route, favored in the early days due to data security and control concerns. Advantages: the company retains full control over its
data locally, which can ease certain validation steps and alleviate regulatory or IT security apprehensions about sensitive data in the
cloud. On-prem can be ideal if real-time latency is a concern (e.g., local connection to high-speed packaging line equipment). It also
allows companies to operate independently of internet connectivity for critical packaging operations. However, on-prem comes with
significant IT overhead — hardware provisioning, system monitoring, backups, disaster recovery, etc., all fall on the company. Scaling up
may require purchasing and configuring new servers. Applying updates or patches (for new regulations or bug fixes) can be slower, as it
has to go through internal IT change control. In some cases, companies fell behind on software versions, which risked compliance. On-
prem may also have a higher upfront cost (capital expenditure for licenses and hardware).

« Cloud (SaaS) Deployment: In recent years, cloud serialization solutions have become widely accepted in pharma. Cloud/SaaS offers
rapid deployment, as the infrastructure is already in place with the vendor. It eliminates the need for local servers and reduces IT
maintenance — the vendor handles uptime, security, backups, and scaling. This is especially beneficial for smaller companies or those
with limited IT support. Cloud solutions also make it easier to collaborate across the supply chain — since data can be shared in a
common network environment, it's inherently more interoperable (indeed, industry has “converged on using cloud-based traceability
platforms” for data exchange) [94] eawlogistics.com. Another advantage is that vendors can roll out updates more swiftly across all users
(for example, adding a new regulatory module by a certain deadline, without each customer individually installing it). The challenges with
cloud include the need to ensure data privacy and regulatory compliance in a multi-tenant environment — reputable vendors address
this with strong security controls and often offer private cloud options if needed. Some companies have concerns about dependency on
internet connectivity — a downtime could disrupt operations, so they often require fallback procedures. Validation in a cloud context can
also be tricky: vendors provide 1Q/OQ documents, but the customer must ensure any changes are assessed; frequent cloud updates
require an agile validation approach. Lastly, custom integration in SaaS can be less flexible — you have to use the vendor’s APIs and
constraints, whereas on-prem solutions might allow deeper database-level integrations.

In summary, cloud-based vendor solutions have become the preferred approach for most, given the heavy
compliance burden serialization carries. They allow companies to focus on their core business (drug production)
rather than IT while staying up-to-date with regulatory mandates. On-premises systems or in-house builds are chosen
only in special situations (e.g., very large companies with unique needs or stringent policies). Many companies adopt a
hybrid: for instance, an on-prem Level 3 site system to ensure packaging lines aren’t internet-dependent, feeding into a
cloud Level 4 system for compliance reporting and data exchange — leveraging the reliability of local control with the
reach of cloud collaboration °* eawlogistics.com. Each organization must weigh its regulatory risk tolerance, resource
capacity, and strategic priorities when deciding the approach, but the general industry trend is clear: leveraging
specialized, cloud-enabled serialization platforms to ensure compliance and supply chain security.
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Market Trends and Emerging Technologies

The pharmaceutical serialization landscape continues to evolve beyond basic compliance, with several key trends and

emerging technologies shaping the future:

Interoperability and Data Sharing Networks: With DSCSA's full enforcement now in effect (May 2025 for manufacturers, August 2025
for wholesalers), the vision of interoperable networks where all supply chain partners exchange data seamlessly has become reality.
Industry consortiums like the Partnership for DSCSA Governance (PDG) have established governance standards for how different
systems communicate. The use of standards like EPCIS is now mandatory—paper, PDF, or manual spreadsheets are no longer
acceptable. The result is a fully connected ecosystem: manufacturers upload serialized data to cloud platforms, and distributors and
dispensers retrieve it via secure queries. Most manufacturers achieved 80-95% coverage for transmitting serialized tracing data by May

2025 1%l mckesson.com. Vendors have built robust connectivity hubs, with shared Credentialing services for Authorized Trading
Partner (ATP) verification now standard components of compliance solutions. The Verification Router Service (VRS) network enables

real-time verification of product authenticity during transactions and returns [96] Ispedia.com.

Blockchain for Track-and-Trace: Blockchain technology has been a buzzword in pharma supply chain, and several pilots have shown
its promise. In 2019, the MediLedger project (a consortium including pharma manufacturers and wholesalers) ran an FDA pilot using
blockchain to create a decentralized DSCSA network. The pilot demonstrated that a single blockchain network could handle package-

[97]

level tracing and verification with the needed performance and data privacy eawlogistics.com. Key advantages observed were the

immutability of records and ability to verify transactions without exposing proprietary data (using techniques like zero-knowledge proofs)
[98] eawlogistics.com. Since then, solution providers like Chronicled (the company behind MediLedger) have continued working on a
blockchain-based DSCSA network. While no official requirement for blockchain exists, some wholesalers and manufacturers have
shown interest in using it to add a layer of trust and tamper-evidence beyond traditional databases. For example, a blockchain network
can automatically flag if a serial number that should be unique appears from two different sources, indicating a potential counterfeit. It
also provides a distributed ledger such that no single party solely controls the data, which can alleviate concerns about data ownership.
Reality vs. hype: The adoption is still in early stages — interoperability might first be achieved through more conventional cloud networks
— but blockchain is now a proven feasible approach for pharma traceability [99] eawlogistics.com (100] eawlogistics.com. Countries like
Brazil have even considered blockchain in their national traceability architecture. We may see hybrid models where traditional
serialization repositories write certain events to a blockchain network for auditability while performing day-to-day transactions via APIs. In
summary, blockchain is enhancing track-and-trace by providing an extra layer of security and trust, though it complements rather than
replaces existing serialization systems.

Al and Advanced Analytics: 2025 marks a pivotal moment where Al-driven supply chain management is delivering tangible business
impact in pharmaceutical serialization. With serialization fully implemented, the industry has accumulated vast datasets on drug
movement—millions of serial events, shipment transactions, and scan records—creating unprecedented opportunities for Al applications

supplychainstrategy.media. Companies are deploying Al and machine learning for anomaly detection to identify patterns indicating

diversion or counterfeit activity (101] eawlogistics.com. The industry is now moving toward “Serialization 2.0”—integrating Al vision,

predictive analytics, and blockchain-led traceability. Future serialization systems won't just track products—they’ll learn, predict, and

[102]

protect pharmatrax.net. Serialization vendors have introduced advanced analytics modules—e.g., TraceLink’s “Serialized Product

Intelligence” uses collective network data to highlight supply and demand imbalances, while Optel's VerifyBrand now includes built-in Al

(104] optelgroup.com. Al-driven image recognition

[105]

for real-time visibility and proactive supply chain control 1203] tracelink.com
continues improving line-level serialization with intelligent vision systems detecting print defects or tampering systechone.com. As
the data volume grows, Al is essential to transform raw traceability data into actionable intelligence, enhancing both compliance

monitoring and business decision-making.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights

reserved.

Pharmaceutical Serialization Software and Regulatory Compliance

Page 14 of
23


https://www.mckesson.com/commitments/taking-the-lead/supply-chain-security/
https://www.lspedia.com/products/onescan-solution-suite
https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=Implementing%20DSCSA%20has%20been%20a,knowledge
https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=required%20interoperability%20and%20security%20in,ledger%20of%20drug%20transactions%20without
https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=Leveraging%20Blockchain%20and%20Advanced%20Tracking,Technologies
https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=Several%20pharma%20companies%20and%20solution,where%20it%E2%80%99s%20supposed%20to%20be
https://supplychainstrategy.media/blog/2025/03/18/2025-pharma-supply-chain-trends-how-ai-and-machine-learning-are-defining-the-future/
https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=secure%2C%20shared%20record%20repositories%20that,journey%20deviates%20from%20expected%20patterns
https://www.pharmatrax.net/what-pharma-leaders-need-to-know-about-serialization-in-2025-and-beyond/
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/
https://www.systechone.com/#:~:text=Authentication%20www,trace%20pharma%20solutions%2C%20serialization
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf
https://intuitionlabs.ai/articles/pharmaceutical-serialization-software-regulations?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf

P inwiiontabs  intuitionLabs - Al Software for Pharma & Biotech Pharmaceutical Serialization Software and Regulatory Compliance

+ End-to-End Supply Chain Visibility and Value-Add: Originally, serialization was a compliance cost. Now, companies are looking to
leverage serialization for business value. One trend is integrating serialization data with ERP and enterprise analytics to get real-time
inventory visibility across the supply chain. Knowing exactly which lot and serial is at which location in near-real-time helps with more
precise recalls (targeted recalls down to the lot/serial level, minimizing disruption) and inventory management (preventing overstock or
stockouts by tracking movement). The FDA has even explored using the DSCSA network for improving recalls efficiency (1086]

eawlogistics.com. Returns processing is also improved: serialized product returns can be verified and processed faster, reducing write-

offs of good product. On the patient side, some companies are using the serial as a gateway for consumer engagement — e.g., a patient
scans the 2D code on their package (which, via standards like GS1 Digital Link, can direct them to a webpage) for information or
authenticity confirmation. This bridges serialization with brand trust and patient interaction. Furthermore, track-and-trace data is
feeding into pharmacovigilance and anti-counterfeiting efforts: when a suspect product is found, serialized data can trace its path and
possibly identify where a counterfeit entered. Market surveillance programs are now routinely checking internet pharmacies or parallel
trade using verification of serials. All these use cases mean serialization software is expanding features to serve departments beyond
compliance — supply chain logistics, quality, commercial, and patient safety teams are tapping into the serialized data.

« Expansion to Other Healthcare Sectors: The success in pharmaceuticals is spurring similar traceability mandates in related areas. For
example, medical devices have UDI (Unique Device Identification) regulations; while not as fully traceable as drugs yet, the frameworks
might evolve towards item-level track-and-trace, and pharma serialization vendors are eyeing this as a new market. In some countries,
vaccines and blood products are being serialized to ensure tight control (especially highlighted by COVID-19 vaccine distribution). The
serialization software industry is adapting to manage multiple coding schemas and product types within one platform. Vendors that
can handle drugs, devices, and even combined products in one system could have an edge.

« Regulatory Trends: Globally, serialization mandates continue expanding. Indonesia has emerged as the first ASEAN member state to
implement comprehensive serialization, with narcotics and psychotropics required to be serialized by December 7, 2025, and all

prescription drugs (including biologics) by December 7, 2027 1107] tixcel.com. China continues developing its system aligned with
international standards; India is advancing domestic traceability beyond its export-focused requirements; and Middle East markets (UAE,
Saudi Arabia, Egypt) have active serialization mandates. RussialCIS continues pushing strict requirements with crypto codes and full
aggregation reporting. Italy’s transition to full EU-FMD compliance (mandatory by February 2027) represents one of the last major EU
markets completing implementation. These evolving requirements drive continuous software innovation—including more automated
aggregation solutions, edge computing for offline scenarios, and enhanced ATP credentialing systems. The industry trend is moving

beyond basic compliance toward leveraging serialization data for operational efficiency, anti-counterfeiting intelligence, and

[102]

supply chain optimization pharmatrax.net.

In conclusion, with DSCSA fully enforced and EU-FMD now covering nearly all EU member states, the pharmaceutical
serialization software space has definitively transitioned from a compliance checkbox to a technologically dynamic,
value-generating domain. The common thread in 2025-2026 trends is connectivity and intelligence: systems are fully
connected via cloud networks and increasingly smart, leveraging Al on the rich serialized data now flowing through
supply chains. Industry professionals — from compliance managers to ClOs and supply chain executives — should view
serialization software as an integral part of their digital infrastructure, enabling not just safer and compliant supply chains
but also more efficient, transparent, and intelligent operations. As vendors continue innovating with Al-powered analytics,
automated recall management, and advanced credentialing services, the strategic value of serialization investments will
only grow.

Comparison of Major Serialization Software Vendors

The table below provides a side-by-side comparison of the major serialization software solutions across key dimensions:

Vendor /
- Key Features Compliance Coverage Scalability & Target Users Integration & Deployment
olution

Supports global regs: US DSCSA, EU Highly scalable (1,600+ customers

Network-based multi-tenant cloud platform; ~ FMD Russia, Brazil, Asia, etc. Modules [19] Cloud Saa$ only. Standard APIs and many pre-
end-to-end serialization, track & trace, and for country-specific reporting and including top pharmas) built connectors (SAP, Oracle). One integration
. . . X 1 . 16
TraceLink (Opus  supply chain collaboration apps; large verification (e.g. crypto codes) [18] tracelink.com; ideal for large connects to all partners on network [16]
Platform) trading partner network for direct data o . .
[15] tracelink.com 17 enterprises and also used by CMOs,  racelink.cOm. Litle IT overhead for clients;
exchange "~ hda.or‘g . 3PLs, and even dispensers
3 TraceLink handles updates centrally.
tracelink.com. (pharmacies) due to network approach.
SAP ATTP Enterprise repository tightly i iwith ~ Global i Natively covers Enterprise-scale (used by many top Typically on-premise or private cloud. Deep
(Advanced Track ~ SAP ecosystem; robust serial number DSCSA, EU FMD [22] 20 pharmas); best for large SAP- integration to SAP ERP/MES (plug-ins for SAP
management, aggregation, and regulatory ! centric companies. Can handle very ECCI/S4) and connects to packaging lines via SAP
© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 15 of

reserved. 23


https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=Pharmaceutical%20Serialization%20and%20Track,trace%2C
https://www.eawlogistics.com/pharmaceutical-serialization-and-track-and-trace-ensuring-compliance-in-2025/#:~:text=Pharmaceutical%20Serialization%20and%20Track,trace%2C
https://rfxcel.com/indonesia-track-and-trace-regulations/
https://www.pharmatrax.net/what-pharma-leaders-need-to-know-about-serialization-in-2025-and-beyond/
https://www.hda.org/hda-events/2023-distribution-management-conference-and-expo/exhibitors/#:~:text=TraceLink%20is%20the%20only%20business,of%20the%20pharma%2Fhealthcare%20supply%20chain
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf#:~:text=Create%20a%20digital%20twin%20of,of%20medicines%20around%20the%20world
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf#:~:text=Create%20a%20digital%20twin%20of,of%20medicines%20around%20the%20world
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf#:~:text=SOLUTIONS%3A%20%E2%80%A2%20Serialization%20%E2%80%A2%20Track,MINT
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf#:~:text=SOLUTIONS%3A%20%E2%80%A2%20Serialization%20%E2%80%A2%20Track,MINT
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf#:~:text=TRACELINK%20ECOSYSTEM%20%E2%80%A2%20CUSTOMERS%3A%20From,our%20customers%E2%80%99%20upstream%20and%20downstream
https://www.tracelink.com/sites/default/files/2024-04/TraceLink-Fast-Facts.pdf#:~:text=TRACELINK%20ECOSYSTEM%20%E2%80%A2%20CUSTOMERS%3A%20From,our%20customers%E2%80%99%20upstream%20and%20downstream
https://www.tracelink.com/resources/resource-center/7-reasons-to-integrate-with-your-trading-partners-on-a-multi-enterprise-supply-chain-commerce-network#:~:text=...%20www.tracelink.com%20%20,real%20time%20with%20complete
https://www.tracelink.com/resources/resource-center/7-reasons-to-integrate-with-your-trading-partners-on-a-multi-enterprise-supply-chain-commerce-network#:~:text=...%20www.tracelink.com%20%20,real%20time%20with%20complete
https://sumble.com/tech/sap-attp#:~:text=SAP%20Advanced%20Track%20and%20Trace,partners%2C%20and%20reporting%20to%20regulatory
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf
https://intuitionlabs.ai/articles/pharmaceutical-serialization-software-regulations?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf

W ietuitiontabs  intuitionLabs - Al Software for Pharma & Biotech Pharmaceutical Serialization Software and Regulatory Compliance

Vendor /
- Key Features Compliance Coverage Scalability & Target Users Integration & Deployment
olution
& Trace for 21 high volumes and complex global PCo or partner adapters. Requires SAP HANA.
reporting; uses GS1 EPCIS standards (21 sumble.com; updates for o plex g P P d
Pharma) : . . operations. Less used by small firms Customers responsible for applying upgrades.
sumble.com. Russia, China, MENA, etc., often via due to costicomplexity.

support packs. Leverages SAP's
compliance content.

Global: Full support for US, EU,
Russia (CRPT), Brazil, India, Middle
End-to-end solution with L1-L5 offerings: East, etc. (Antares/rfxcel are accredited

rfxcel Cloud platform for [83]
integrators for Russia, CIS)

Cloud-first SaaS (with on-prem options). Provides
connectors for common ERPs and all major line
systems (Antares or third-party). Offers unified
validation support. Integration can extend to loT

Scales from mid to large. Antares
Vision’s 2,500+ client base gives
credibility. Often chosen by mid-sized

serialization/traceability + Antares line

Antares Vision . . : -
equipment. Strong in real-time monitoring

solution-
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(rfxcel) [ ] companies and CMOs, but also [37]
and supply chain visibility features providers.gsl.org. deployed in big pharma plants devices (e.g., environmental sensors)
- alongside or replacing other systems. i
contractpharma.com. Compliance modules for virtually every 9 placing Y antaresvisiongroup.com.
mandate (including government
reporting).
Global: Proven in US, EU, China (older = Highly scalable; used by large Hybrid: O for L1-L3, cloud SaaS for L4-L5
" isi rid: On-prem for L1-L3, clou or L4-
Comprehensive suite: Line control & vision ¢ codes), Turkey, Brazil, etc. manufacturers (e.g., Takeda's multi- Y i P i X
(UniSeries) plus cloud traceability platform Systech's solutions meet all major regs \ [43] (Un'TEr:'c:?ZAOEr Son_-pre!m 2 p:f:let.ihlmegrates with
Systech (UniTrace). Also unique e-Fingerprint and include EMVO connectivity and country rollout anyf‘ d wals e ard " SI ‘as P:-h d
i ;. Y isti configured connectors and templates which speet
(Uniseries g | authentication (UniSecure) using existing | pSCsA interoperabiliy. Also offers systechone.com. aiso serves o 4] " P
X 42 . . . .
UniTrace) barcodes (42] systechone.com. brand protection beyond compliance mid-size and is popular with contract up partner integrations
. . 108 :
Emphasis on real-time data and high (108] solution- packagers. Good for companies systechone.com, Offers rapid deployment
reliability. . seeking turnkey packaging-line-to- )
prowders.gsl.org. cloud solutions. kits and strong tech support.
Global: Fully compliant with DSCSA,
48]
Cloud L4/L5 platform with comprehensive EU FMD [ .
alizati “p bili d I’;t Scalable to large volumes; used by top Cloud SaaS. Easy integration via full API suite;
serialization/traceabllity and analytics. i
X Y X 0pte|g|’ouplcom and many pharma and many generics. Also modular design allows connecting only needed
Transparent fixed-fee pricing (no per-code ) ) ’ ) i suitable for mid-size companies [49]
optel cost) [50] optelgroup.com. ofters others (China, India, RU%SIa‘ Mldfﬂe needing multi-region compliance. 80%  features optelgroup.com. known for
(VerifyBrand™) end-to-end solution when combined with East, LATAM) du? to ]VerlfyBrand s of customers 5+ years on platform fast integration to existing enterprise systems and
54 uick migrations from other providers. Can also
Optel's line hardware. Focus on ease of use ~ Proad user base shows reliability (54] q 9 X P
. ) connect to competitor systems to pull data
and rich analytics (dashboards, exception Optelgl’oup.com. Often first-to- Optelgroup com (facilitating phased transitions).
handling). : :
9 market with compliance updates (e.g.,
EPCIS 1.2, Russia crypto).
Primarily US DSCSA (complete
Turnkey DSCSA compliance solution :
. Y . P coverage of 2023 requirements) (109] Small to mid-size companies are the ~ Cloud SaaS. Provides 24+ REST APIs for
(serialization repository + EPCIS exchange + sweet spot (many generic pharma, [62]
Verification Router Service + exceptions Ispedia.com [110] indenend ! integration to any ERP/WMS
N independent wt N
N handling) in one package. User-friendly . . H . . .
LSPediA Ispedla.com. Also has EU FMD  hospitals). Also adopted by some larger |Sp€dla-C0m- Light footprint — just needs

(OneScan Suite)

Arvato CSDB

Movilitas.Cloud

SoftGroup SaTT

cloud portal with compliance guarantee
focus. Modules for pharmacies,
manufacturers, wholesalers with relevant
features (e.g., automated receive/verify for
dispensers).

Proven Saa$ serialization platform with
emphasis on compliance and process
integration. Smooth serialization operations,
standard interfaces, and strong process
consulting available. Excels in EU Hub and
CMO integrations (serial number exchange,
data pooling).

Next-gen cloud platform with modular apps
(Serialized Manufacturing, Logistic:

Verification) for end-to-end serialization and
traceability. Emphasizes quick setup, minimal
infrastructure, and easy partner onboarding.
Mobile app for scanning/operations provided.

End-to-end traceability solution with both
software and optional hardware. Intuitive
interface and all-level coverage (line to
enterprise). Particularly strong in
aggregation management and local
compliance customizations. Provides EMVO
gateway and is certified for Russian/CIS

systems (83] solution-
providers.gsl.org.

module and expanding to other regs,
but core strength is DSCSA (authorized
trading partner checks, EPCIS, VRS,
etc.). Adapting to FDA guidelines and
PDG standards rapidly.

EU FMD specialist (built for FMD
compliance) (73] us.arvato-
SYSIems.CoM. Also adapted for

other markets: used for some Russian
compliance, supports global exports.
Operates 13 national systems in

[70]

Europe us.arvato-

SYStems.com - regulatory

know-how is very high.

Global: Supports EU FMD (hub &
NMVS), US DSCSA (including ATP
check, EPCIS, VRS) movilitas.cloud
movilitas.cloud, Russia, Middle East
(e.g. Saudi), Indonesia, and more —
covering many region-specific needs in
one platform. Adapts to new regs via
frequent cloud updates.

GloballEmerging Markets: Full EU
FMD compliance (trusted EMVO
partner) (83] solution-
providers.gsl.org; supports
Russia, Kazakhstan, Uzbekistan with
required crypto and reporting; Turkey,
MENA, and others by configuration.
Also handles DSCSA basics
(commission/verify) for exporters.

companies as an easy-to-deploy
DSCSA component. Recognized for
enabling compliance for those with
limited IT resources.

Designed for mid-sized pharma and
generic manufacturers. 80+ pharma

3
companies use it (73] us.arvato-

systems.com. Can scale to

larger enterprises, but those often have
SAP or others — Arvato’s base is
medium companies and those wanting
rapid deployment in Europe.

Smallimedium manufacturers and
CMOs/3PLs. Often used by companies
that lack legacy systems or want a
fresh, simple solution. Also seen in
larger companies’ pilot projects or
specific divisions. Good for multi-region
smaller firms due to all-in-one
approach.

Focus on emerging-market and mid-
size pharma. Many CEE, CIS
manufacturers and regional pharma
use it. Scalable to larger ops, but more
often chosen by those who want a
cost-effective, all-in-one solution with
personal support.

scanning devices for users. Integration with

common pharmacy and distributor systems through

partnerships. Multi-tenant cloud updated

continuously (major version updates annually).

Cloud (SaasS) hosted by Arvato. Web interface +
some client tools. Standard connectors for lines
and ERP; known for fast ERP integration and pre-
built “connect packages” for common hardware

[79] ys.arvato-systems.com. asa

hosted solution, Arvato handles updates (clients

saw quick go-lives, e.g., <2 months) (78]

pressebox.com.

Cloud SaasS by Engineering/Movilitas. Integrates
well with SAP (provided connectors) and also with

other networks (TraceLink, SAP ICH)

movilitas.cloud. Offers open APIs and direct loT

device integration (for printers/scanners)

movilitas.cloud. Multi-tenant cloud, so clients
benefit from collective improvements; low IT

burden aside from configuring APIs.

Flexible deployment: On-premise or hosted.
Many install on-prem for production control, while
SoftGroup also offers cloud hosting. Integrates with

common ERP/MES; known for fast device

integration on packaging lines (especially if using
SoftGroup’s own machines). Certified interfaces to
EU Hub and CRPT (reduces integration risk for

those authorities).

Page 16 of
23


https://sumble.com/tech/sap-attp#:~:text=SAP%20Advanced%20Track%20and%20Trace,and%20reporting%20to%20regulatory%20authorities
https://sumble.com/tech/sap-attp#:~:text=SAP%20Advanced%20Track%20and%20Trace,and%20reporting%20to%20regulatory%20authorities
https://sumble.com/tech/sap-attp#:~:text=SAP%20Advanced%20Track%20and%20Trace,partners%2C%20and%20reporting%20to%20regulatory
https://sumble.com/tech/sap-attp#:~:text=SAP%20Advanced%20Track%20and%20Trace,partners%2C%20and%20reporting%20to%20regulatory
https://www.contractpharma.com/breaking-news/antares-vision-agrees-to-acquire-rfxcel-corporation/#:~:text=rfXcel%20is%20a%20pure%20play,recurring%20and%20with%20strong%20visibility
https://www.contractpharma.com/breaking-news/antares-vision-agrees-to-acquire-rfxcel-corporation/#:~:text=rfXcel%20is%20a%20pure%20play,recurring%20and%20with%20strong%20visibility
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://www.antaresvisiongroup.com/wp-content/uploads/2023/02/X8530allegato1-2X_rfxcel-Integrated-Monitoring.pdf#:~:text=%5BPDF%5D%20rfxcel%20Integrated%20Monitoring%20,systems%2C%20sensor%20devices%2C%20and
https://www.antaresvisiongroup.com/wp-content/uploads/2023/02/X8530allegato1-2X_rfxcel-Integrated-Monitoring.pdf#:~:text=%5BPDF%5D%20rfxcel%20Integrated%20Monitoring%20,systems%2C%20sensor%20devices%2C%20and
https://www.systechone.com/#:~:text=AUTHENTICATION
https://solution-providers.gs1.org/solution-partners/systech-international#:~:text=Systech%20International%2C%20a%20Princeton%2C%20New,move%20through%20the%20supply%20chain
https://solution-providers.gs1.org/solution-partners/systech-international#:~:text=Systech%20International%2C%20a%20Princeton%2C%20New,move%20through%20the%20supply%20chain
https://www.systechone.com/#:~:text=Takeda%20standardizes%20serialization%20across%2060,7%20countries%20within%206%20months
https://www.systechone.com/#:~:text=Takeda%20standardizes%20serialization%20across%2060,7%20countries%20within%206%20months
https://www.systechone.com/#:~:text=Systech%E2%80%99s%20standard%20templates%20and%20ability,configuration%20surpass%20other%20vendor%20capabilities
https://www.systechone.com/#:~:text=Systech%E2%80%99s%20standard%20templates%20and%20ability,configuration%20surpass%20other%20vendor%20capabilities
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=TRANSPARENT%20PRICING,SURPRISES
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=VerifyBrand%E2%84%A2%20is%20OPTEL%E2%80%99s%20leading%20L4,choice%20for%20global%20pharmaceutical%20serialization
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=VerifyBrand%E2%84%A2%20is%20OPTEL%E2%80%99s%20leading%20L4,choice%20for%20global%20pharmaceutical%20serialization
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=industry,choice%20for%20global%20pharmaceutical%20serialization
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=industry,choice%20for%20global%20pharmaceutical%20serialization
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=%E2%80%9C80,%E2%80%9D
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=%E2%80%9C80,%E2%80%9D
https://www.optelgroup.com/en/solution/enterprise-level-cloud-l4/#:~:text=,Flexible%20Serialization%C2%A0%20%E2%80%93%20Allows%20re
https://www.lspedia.com/products/onescan-solution-suite#:~:text=LSPedia%27s%20OneScan%20Pharmacy%20Solution%20is,you%20do%20best%3A%20patient%20care
https://www.lspedia.com/products/onescan-solution-suite#:~:text=LSPedia%27s%20OneScan%20Pharmacy%20Solution%20is,you%20do%20best%3A%20patient%20care
https://www.lspedia.com/products/onescan-solution-suite#:~:text=OneScan%20Investigator%20is%20the%20go,transactions%20including%20EPCIS%20and%20VRS
https://www.lspedia.com/products/onescan-solution-suite#:~:text=OneScan%20Investigator%20is%20the%20go,transactions%20including%20EPCIS%20and%20VRS
https://www.lspedia.com/products/onescan-solution-suite#:~:text=CONNECTOR%20API%20Integration
https://www.lspedia.com/products/onescan-solution-suite#:~:text=CONNECTOR%20API%20Integration
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=For%20pharmaceutical%20companies%2C%20digitization%20is,own%20software%20solution%20Arvato%20CSDB
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=For%20pharmaceutical%20companies%2C%20digitization%20is,own%20software%20solution%20Arvato%20CSDB
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=Our%20Serialisation%20%26%20Anti,EMVO
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=Our%20Serialisation%20%26%20Anti,EMVO
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=For%20pharmaceutical%20companies%2C%20digitization%20is,own%20software%20solution%20Arvato%20CSDB
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=For%20pharmaceutical%20companies%2C%20digitization%20is,own%20software%20solution%20Arvato%20CSDB
https://us.arvato-systems.com/industries/healthcare-pharma/arvatocsdb#:~:text=requirements%20regarding%20counterfeit%20protection
https://www.pressebox.com/pressrelease/arvato-systems/Cooperation-Between-Horus-Pharma-and-Arvato-Systems-on-Product-Serialization/boxid/1052521#:~:text=Cooperation%20Between%20Horus%20Pharma%20and,The
https://www.pressebox.com/pressrelease/arvato-systems/Cooperation-Between-Horus-Pharma-and-Arvato-Systems-on-Product-Serialization/boxid/1052521#:~:text=Cooperation%20Between%20Horus%20Pharma%20and,The
https://www.movilitas.cloud/insights/verification-router-services-for-the-dscsa/#:~:text=Verification%20Router%20Services%20for%20the,VRS%29%20solutions
https://www.movilitas.cloud/#:~:text=Easily%20comply%20with%20region,DSCSA
https://www.movilitas.cloud/#:~:text=Movilitas,party%20suppliers
https://www.movilitas.cloud/#:~:text=Image
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://solution-providers.gs1.org/solution-partners/softgroup#:~:text=SoftGroup%20is%20a%20Certified%20Gateway,Kazakhstan
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf
https://intuitionlabs.ai/articles/pharmaceutical-serialization-software-regulations?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharmaceutical-serialization-software-and-regulatory-compliance.pdf

E IntuitionLabs  |ntuitionLabs - Al Software for Pharma & Biotech

Vendor /
- Key Features Compliance Coverage Scalability & Target Users Integration & Deployment
olution
Small to mid-sized pharma and
P " CMOs. Ideal for companies with limited
Cloud Saa$ serialization service, designed Primarily EU FMD (direct EMVO oo I dp I I
;i — offers a plug-and-play compliance
to be simple and validated for SMEs. Offers = connection) and support for DSCSA plug play comp
‘alization repository, EU Hub [88] solution. Can scale up to moderate Cloud Saa$S (multi-tenant) — no on-site install.
core serial 3
o P v o and other markets as needed volumes (contract packager case: Provides API for line system integration and uses
connectivity, and EPCIS data handling in an handled multiple clients' serial tandard EPCIS files f i oft
tracekey [87] ankhero.com. geared to meet andled multiple clients’ serials standart PCis |.es o‘r ccnngc ivity. Often
intuitive web Ul [90] deployed with minimal integration (standalone) for
(mytracekey) all EU requirements (safety features, seamlessly)

manufacturing-supply-

chain.com. valiidation and expert

support included, easing compliance burden.

Pharmaceutical Serialization Software and Regulatory Compliance

batch reporting) and adaptable to
additional serializations (some clients
use it for Russia, MENA via custom
add-ons).

manufacturing-supply-

chain.com, but very large

companies might need more

speed, then later integrated once stable. Known for

very fast implementations and “pay as you go”
flexibility.

customization than provided.

Each solution has its unique strengths. Large enterprises often gravitate to SAP ATTP or TraceLink for their proven
scalability and broad compliance, whereas mid-sized and emerging-market companies may prefer agile, cost-effective
platforms like tracekey or SoftGroup. Cloud-native solutions (TraceLink, Optel, LSPediA, Movilitas, tracekey) offer quick
updates and easier connectivity, while hybrid providers (SAP, Systech, Antares) give more on-premise control and
hardware integration. Ultimately, the best choice depends on a company’s size, regions of operation, existing IT
landscape, and strategic priorities — all the compared vendors have enabled pharma companies worldwide to secure their

supply chains and meet the crucial goal of patient safety through serialization.
Sources:

1. FDA - Drug Supply Chain Security Act (DSCSA) description °! fda.gov (6l supplychain.gslus.org

2. European Commission — Falsified Medicines Directive safety features overview health.ec.europa.eu

112]

3. Advanco (serialization solutions provider) — Definition and significance of pharma serialization (111 advanco.com [ advanco.com

4. AbbVie Contract Manufacturing — Explanation of serialization and aggregation in supply chain (113] abbviecontractmfg.com

[10]

5. rfxcel/Antares Vision — White paper on EU FMD compliance and system requirements rixcel.com 131 rfxcel.com

6. GS1 US — DSCSA implementation timeline and requirements (item-level traceability by 2023) (114] supplychain.gslus.org (1]
eawlogistics.com

7. Healthcare Distribution Alliance — Exhibitor info on Antares Vision (rfxcel) and TraceLink solutions (31] hda.org [15] hda.org

(17] tracelink.com

8. TraceLink — “Fast Facts” datasheet (customer and network scale, solutions) (19 tracelink.com
9. Sumble Tech Database — Overview of SAP ATTP and its role in global compliance (211 symble.com 28 sumble.com
10. Contract Pharma — Antares Vision acquisition of rixcel (describing rfxcel’'s SaaS platform capabilities) [30] contractpharma.com
11. GS1 Solution Partners — Systech International profile (serialization and brand protection focus) (108] solution-providers.gsl.org
12. Systech Official Site — Description of end-to-end traceability and compliance features [40] systechone.com [115] systechone.com

13. Optel Group — VerifyBrand pharma serialization software page (features, compliance, pricing model) (48] optelgroup.com [50]

optelgroup.com
14. LSPediA — OneScan Suite product page (cloud-based system integrating with EPCIS and ERP) 1571 Ispedia.com

15. Arvato Systems — Serialization solution page (80+ companies use CSDB, integration and compliance highlights) [73] ys.arvato-

systems.com (66]

us.arvato-systems.com
16. Movilitas.Cloud — About page (serialization made simple, global compliance, partner network) movilitas.cloud movilitas.cloud

17. GS1 Solution Partners — SoftGroup profile (end-to-end solution, EMVO and Russia accreditation) [116] solution-providers.gsl.org 183]
solution-providers.gsl.org
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18. Manufacturing & Supply Chain case study — tracekey cloud solution usage at Stegemann (SaaS L4/5, fit for SME) [90] manufacturing-

[91]

supply-chain.com manufacturing-supply-chain.com

19. Euro-American Logistics Special Report (2025) — Trends in DSCSA, blockchain pilot (MediLedger), and cloud/Al in track-and-trace [o7]

[94]

eawlogistics.com eawlogistics.com
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.
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