mareand :ﬁ\

Connected Data. Deep Insights.

Embracing Anti-Fragility
in Pharma Manufacturing

How Mareana Connect Enables Seamless Transitions Between
Internal and External Manufacturing



http://mareana.com

Embracing Anti-Fragility in Pharma Manufacturing

Executive Summary

Scope and Key Insights

This white paper examines the transformative role of Mareana
Connect CPV™ (Continued Process Verification) in pharmaceutical
manufacturing, emphasizing its unparalleled ability to enhance anti-
fragility in operations. Unlike traditional systems, Mareana Connect
CPV™ supports seamless transitions between internal and external
manufacturing or between different sites without reconfiguring data
models for each specific molecule, significantly improving speed

and efficiency over conventional systems. This adaptability is critical,
particularly in an industry where operational flexibility can dramatically
impact time to market and overall productivity.

Mareana’s Role

Mareana Connect CPV™ significantly boosts manufacturing agility
and resilience, enabling pharmaceutical companies to swiftly adapt
to anticipated and unexpected changes in production demands

and regulatory environments. Maintaining uninterrupted operations
and ensuring compliance under varying conditions is a cornerstone

of modern pharmaceutical manufacturing, as noted in the FDA’s
guidelines on process validation, which discuss the importance of
flexible and adaptable systems in maintaining drug quality and safety.
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Anti-Fragility in
Pharmaceutical
Manufacturing

Anti-fragility is not just about resilience or the ability to recover
from shocks; it's about thriving and growing in the face of chaos.

In the highly regulated and fast-paced world of pharmaceutical
manufacturing, the ability to be anti-fragile becomes a competitive
advantage. Systems that can gain from disorder provide
companies with the agility to respond to unforeseen changes
without losing momentum. Mareana Connect CPV™ exemplifies
this anti-fragile approach by enabling pharmaceutical companies
to seamlessly switch manufacturing strategies and sites without
delay, thereby not just maintaining but often improving their
operational efficiency in unpredictable situations. This flexibility is
supported by Mareana’s advanced data integration tools, which
allow for real-time adjustments and decision-making.

Challenges in the
Pharma Industry

The pharmaceutical industry often needs help with
rigid data models that are ill-equipped to handle the
dynamic nature of modern manufacturing needs. These
traditional systems can lead to substantial operational
delays and escalate costs, especially when companies
need to adapt to new regulatory environments or
shifting market conditions. For instance, McKinsey &
Company reports that the industry’s slow adaptation to
digital innovations contributes to inefficiencies, noting
that companies with agile, data-integrated systems
are better positioned to respond to changes without
compromising on compliance or quality.!




The Need for Flexibility
in Pharma Manufacturing
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Market Pressures

Rapid regulatory changes and shifting market demands pressure the pharmaceutical sector. These pressures
necessitate a manufacturing system that is compliant and adaptable enough to respond to new guidelines and safety
standards swiftly. The COVID-19 pandemic, for example, highlighted the crucial need for manufacturing systems capable
of quickly adapting to new vaccine production demands. This scenario tested the limits of many existing pharmaceutical
systems. The FDA’s ongoing updates during the pandemic underscored the importance of having flexible manufacturing
capabilities to keep pace with evolving scientific understanding and emergency health strategies. For more details, refer
to the FDA's guidelines.?

Real-World Scenarios

Consider the scenario where a pharmaceutical company needs to suddenly increase the production of a vaccine in
response to a global health crisis. Traditional systems might struggle with such a scale-up due to rigid data models
that are slow to adapt to new manufacturing processes or sites. In contrast, Mareana Connect CPV™, in a real-world
application, facilitates such transitions smoothly and swiftly, minimizing downtime and maintaining production
efficacy. This capability not only helps in managing immediate crises but also stabilizes the supply chain under adverse
conditions. Furthermore, in situations involving geopolitical tensions that may necessitate shifting manufacturing

to different geographic locations, Mareana Connect CPV™'s flexibility allows companies to make these transitions
seamlessly, ensuring that production continues without significant interruptions.
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The Solution: Mareana Connect CPV"™

Mareana Connect CPV™ is a state-of-the-art digital Saas solution for the pharmaceutical industry. It ensures real-
time monitoring, compliance, and optimization of processes, enhancing product quality and regulatory confidence.
Using advanced Al/ML (Artificial Intelligence and Machine Learning) technologies, it automates data processing,
contextualizes data from various sources, and provides actionable insights for better business decisions.

Role in the Manufacturing Process

Mareana Connect CPV™ seamlessly integrates data from raw
materials to finished products using advanced Al/ML algorithms.
It monitors and optimizes every step in the manufacturing
process, ensuring comprehensive data visibility and traceability.
The platform handles diverse data sources, including paper batch
records and third-party systems, providing robust operations.

Enhanced Compliance

Meets global regulatory standards, including FDA and EMA guidelines.

{Z}" Improved Efficiency

It automates routine tasks and data management, reducing manual errors and
increasing operational efficiency, leading to faster time to market.

(@) Data-Driven Decisions

Provides deep insights into manufacturing processes through advanced analytics,
enabling data-driven decision-making and predictive maintenance.

Scalability and Flexibility

Its cloud-based infrastructure supports scalability, allowing companies to adapt quickly
to changing demands and regulatory environments.
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Anti-Fragility and Seamless
Transitions with Connect CPV"™

No Need for New Data Models

Mareana Connect CPV™ operates without needing new data models for each molecule or transitioning between
manufacturing sites. Our data models allow existing operating conditions to get reflected automatically in a flexible
structure. This anti-fragile capability ensures continuous operational efficiency without extensive reconfiguration.

@ Stability and Flexibility During Transitions

Mareana Connect CPV™ guarantees minimal disruption and continuous production during transitions between different
manufacturing environments. This stability is crucial for managing production needs and stabilizing the supply chain
under adverse conditions. The platform'’s flexibility allows companies to quickly adapt to changes in manufacturing
requirements, whether due to increased production demands, regulatory changes, or geopolitical factors.
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g Process Twin Technology
Creates virtual replicas of physical processes for simulation and optimization, ensuring
seamless transitions between different sites.
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e Real-Time Data Integration

This process integrates data from various sources in real-time, ensuring all relevant
information is available for decision-making and optimization.

%9  Al-Driven Analytics

Provides predictive insights and detects anomalies, enabling proactive management of
processes.

eecel  Data Consistency and Quality Control

Integrates and harmonizes data from multiple sources, providing a single source of
truth. Al-driven analytics monitor processes, identify deviations or anomalies and
maintain quality control measures.

Compliance

Meets global regulatory standards, provides automated compliance reporting, and
offers audit trails, easing the burden of maintaining regulatory adherence.

i,

By focusing on these aspects, Mareana Connect CPV™ positions itself as a robust, flexible solution for the evolving needs
of pharmaceutical manufacturing, ensuring efficiency, compliance, and adaptability.
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Future Trends in

Pharma Manufacturing

The pharmaceutical manufacturing industry continuously evolves,
driven by technological advancements, regulatory changes, and
market demands. Some of the key future trends include:

2o 53 Digital Transformation

Adopting digital technologies, such as Al, loT (Internet of
Things), and adaptive manufacturing, will revolutionize
pharmaceutical manufacturing. These technologies enable
real-time monitoring, predictive maintenance, and improved
supply chain management.

Sustainability

Increasing emphasis on sustainability and environmentally
friendly practices pushes pharmaceutical companies to adopt
greener manufacturing processes. This includes reducing
waste, optimizing resource use, and ensuring regulatory
compliance with environmental standards.

Regulatory Changes

The regulatory landscape is continually evolving, with new
guidelines and standards being introduced to ensure drug
safety and efficacy. Companies need systems that can quickly
adapt to these changes without significant disruptions.
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Meeting Future Needs
with Mareana Connect CPV™

Mareana Connect CPV™ addresses the evolving needs of the pharmaceutical industry by leveraging advanced
technologies and providing flexible, sustainable, and compliant solutions.

The platform’s Al and ML capabilities enable real-time data integration and analytics, facilitating digital transformation.
Its flexibility allows seamless transitions between different manufacturing environments, making it suitable for
personalized medicine production.

By optimizing processes and reducing waste, Mareana Connect CPV™ supports sustainability goals and ensures
compliance with environmental regulations. The platform’s robust compliance features also allow companies to adapt
to new regulatory requirements quickly, maintaining continuous production and compliance.

Strategic Advantage of Adopting
an Anti-Fragile System

Choosing an anti-fragile system like Mareana Connect CPV™ is a strategic decision. These systems are not just resilient
in the face of disruptions; they also thrive in chaotic environments, helping companies to not just survive but to grow
stronger in the face of unexpected challenges.

Mareana Connect CPV™ enhances operational agility, enabling seamless internal and external manufacturing
transitions without significant delays. This reduces downtime, the need for reconfiguration, and operational costs.
Furthermore, companies that embrace anti-fragile systems are better equipped to respond quickly to market changes
and regulatory updates, giving them a competitive edge in the industry.



summary
of Key Points

Mareana Connect CPV™ is a game-changer in
pharmaceutical manufacturing, as it optimizes
processes by ensuring real-time monitoring,
compliance, and improved product quality. Its
anti-fragile capabilities allow it to adapt without
requiring new data models for each change,
enhancing operational resilience and flexibility.

Positioned to meet future industry trends such

as digital transformation, personalized medicine,
sustainability, and regulatory changes, Mareana
Connect CPV™ offers a significant strategic
advantage. By adopting this system, companies will
not only survive but thrive amid industry disruptions
and maintain continuous, compliant production.

Endnotes

1 The road to digital success in pharma

https://www.mckinsey.com/industries/life-sciences/our-insights/the-road-to-digital-success-in-pharma

2 Process Validation: General Principles and Practices

https://www.fda.gov/media/71021/download
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About mareana R\

Founded in 2015, Mareana is an Al-powered software
company with the mission of accelerating digital
transformation in manufacturing, supply chain, and
sustainability via our connected intelligence platform.
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Mareana’s platform uses Al/ML to rapidly connect
disparate, siloed data across the entire business
process, allowing our customers to shift their time and
effort from data preparation to making complex
business decisions intuitively, in real time.

Our customers are market leaders in life sciences,
chemicals, and general manufacturing who have
realized over a billion dollars in business value by

leveraging our platform.
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