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14 UPDATED GAMP® GPG INCORPORATES Al AND
OPEN-SOURCE SOFTWARE

The landscape of clinical trials has been transformed in a post-pandemic world. The first
edition of the ISPE GAMP® Good Practice Guide: Validation and Compliance of Computerized
GCP Systems and Data - Good eClinical Practice was issued in 2017. In July 2024, ISPE
released the second edition which addresses managing the complexities associated with
an uptick in decentralized clinical trials, the benefits and challenges of using

open-source software, the use of data science and Al in clinical trials, data privacy, and
data processing.

21 A GAMP® APPROACH TO COMPUTERIZED SYSTEM
LIFE CYCLE AND IT PROCESS RECORDS

This article describes a practical and pragmatic approach to the management of
computerized system life cycle and information technology process records. The objective
is to effectively achieve and maintain compliant GxP-regulated systems that are fit for
intended use, and to support patient safety, product quality, and data integrity.

26 REMOVING THE FRUSTRATION FROM FUNCTIONAL
RISK MANAGEMENT

There is no doubt that risk assessment in the context of wider risk management is
essential to ensuring computerized systems are fit for intended use. Risk assessment is
only one element of the risk management process. Controls must be verified and risks
must be monitored to ensure the risk treatment is effective.

ON THE COVER The focus of this issue is GAMP®. The cover art represents advanced technological systems that serve as a driving force in pharmaceutical engineering.
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30 CELEBRATING 25 YEARS OF GAMP® AMERICAS

This special anniversary article addresses the history and milestones that define the
GAMP Community of Practice (CoP). In celebration of the 25th anniversary of the

creation of GAMP Americas, we reflect on the vital role GAMP Americas has played in
that journey. We commemorate key accomplishments of its members, share recent
activities, and look ahead to the future of GAMP Americas.
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50 AI/MLTECHNOLOGY

Harnessing Al/ML Technology for the
CQV Life Cycle

Technology is advancing at an extraordinary rate. Industries
are gaining the benefits of automation and artificial
intelligence (Al). The life sciences industry is no exception.

As technological developments continue to reform the way
industries run, the integration of Al and machine learning

(ML) technologies are redefining the traditional approach

to commissioning, qualification, and validation (CQV) in
pharmaceutical manufacturing

57 PRODUCTION SYSTEMS

The Role of Al and ML in Efficiency
and Innovation

The integration of artificial intelligence and machine learning
into bioprocess development represents a rapid shift in the
way discovery, development, optimization, and production of
biological products are approached.

64  ARTIFICIAL INTELLIGENCE

Artificial Intelligence in Drug

Target Discovery

The intersection of artificial intelligence (Al) and drug development
has ushered in a transformative era, revolutionizing the way
researchers approach hiomarker/target identification, drug/
target interactions, and drug-like molecule design. Rooted in

an interdisciplinary fusion of computer science, statistics, and
biology, Al in the life sciences seeks to unravel intricate biological
phenomena through systematic assimilation, analysis, and
interpretation of expansive and diverse datasets.

74  PACKAGING AND HANDLING PROCESSES

Reevaluating Transfer of RTU
Containers into Grade A

At first glance, ready-to-use (RTU) primary packaging material
(tub systems) give production lines more flexibility and reduce
container preparation complexity for aseptic fillffinish operations.
However, the aseptic introduction of RTU tub systems requires a
thoroughly designed transfer process to avoid contamination of
the sterile RTU items and the aseptic core.
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MESSAGE FROM THE CHAIR By Jeffrey A. Biskup, PE

Celebrating

45 Years of
Innovation

'Y
Jeffrey A. Biskup, PE

For nearly half a century, ISPE has served as a resource for the
industry. With a global footprint that includes 22,000 members
representing 120 countries, we continue to provide guidance to
address pressing challenges within the industry.

SPE is growing. We now have 22 Communities of Practice (CoPs), with the recent addi-
tions of Artificial Intelligence (AI) and Sustainability CoPs. Our global presence is
expandingas well, with 40 Affiliates and Chapters.

We are proud of our history and always want to engage with pharmaceutical engi-
neers who have been with us from the start. As we look ahead to 2025, we also want to
broaden our collective perspective to ensure we’re supporting allaspects of the pharma-
ceuticalindustry. We willadvance our vision of shaping the future of the global pharma-
ceuticalindustry by providing solutions to complex challenges through manufacturing
and supply chain innovation, member and workforce development, and technical, regu-
latory, and quality leadership.

In 2025, we will stay true to our mission: ISPE is the global industry leader in con-
necting pharmaceutical knowledge to deliver manufacturing innovation, supply chain
resilience, operational excellence, and regulatory insights to advance industry efforts
todevelop, manufacture, and reliably deliver quality medicines to patients. This entails
a more expansive approach. It involves a heavy focus on engagement with regulators
and thosein quality assurance.

FOCUS ON INNOVATION

Theindustry shows persistent promise and, at the same time, has complex challenges to
address on the road ahead. These include manufacturing and supply chain innovation,
member and workforce development, and technical, regulatory, and quality leadership.

We have made strides in providing GAMP-related guidance to the industry and will
extend our commitment to do so in 2025. We are grateful to our dedicated “GAMPers”
for their many years of service as dedicated volunteers and are happy to celebrate the
25th anniversary of GAMP Americas.

In2024,wereleased the ISPE GAMP® Good Practice Guide: Validation and Compliance
of Computerized GCP Systems and Data - Good eClinical Practice (Second Edition). As we
look ahead to 2025, we have already begun to pursue revisions of at least three ISPE
GAMP Good Practice Guides to ensure they are as up to date as possible. We were also
proud to announce our ISPE Al®initiative in the second half of 2024. We will endeavor to
support companies and the industry in the responsible adoption of Al as more applica-
tions are identified and case studies are tested for this rapidly evolving technology.
Additionally, ISPE was recognized with an APEX Award of Excellence in Writing for
“ChatGPT, BARD, and Other Large Language Models Meet Regulated Pharma,” pub-
lished in Pharmaceutical Engineering® in 2024. This marks the fifth consecutive year
Pharmaceutical Engineering® has received an APEX Award.

In 2025, we look forward to releasing a highly anticipated ISPE GAMP® Good
Practice Guide on AL We will also advance our recently launched AI CoP. Our confer-
ence attendees will continue to benefit from educational sessions on AL Our 2024 ISPE

] PHARMACEUTICAL ENGINEERING

& ISPE.

PHARMACEUTICAL
ENGINEERING.

PHARMACEUTICAL ENGINEERING COMMITTEE
Chair: Dr. Ferdinando Aspesi, Bridge Associates International
Siou-Ping (SP) Chew, Takeda Pharmaceutical Co.
Robert Dream, HDR Company, LLC

Michelle Gonzalez, Biopharm Consulting

Matthew Gorton, GBA Life Sciences

Wendy Haines, PharmEng Technology

Lata Harish, SynergBiopharma

Anthony Margetts, PhD, Factorytalk Co. Ltd.

Robert Perks, POF Group

Pietro Perrone, Rentschler Biopharma

Chris Smalley, ValSource, Inc.

Charles Tong, Suzhou Ribo Life Science Co. Ltd.
Anders Vidstrup, NNITA/S

Steven Wisniewski, CA/

Christian Wolbeling, Werum IT Solutions

Vinzenz Zauner, Memo3 GmbH

Jorg Zimmermann, Vetter Pharma Fertigung GmbH

PHARMACEUTICAL ENGINEERING REVIEWERS
Christopher Ames, Sanofi/Akebia Therapeutics
Joanne R. Barrick, RPh, £l Lilly and Company
Brian Beck, Zoetis, Inc.

Malik Belattar, Pharma Biot Expert

Theodore Bradley, Pfizer, Inc.

Rory Budihandojo, Boehringer Ingelheim
Magali Busquet, Sanofi

Jose A. Caraballo, Kite Pharma, Inc.

Chris Clark, TenTenTen Consulting Limited
John T. Connor

Nick Davies, Verta Life Sciences

Robert Del Ciello, Northshire Associates
Martin A. Diiblin, One One Eleven GmbH

Paul S. Egee, IMA North America

Steven Ensign, £/i Lilly and Company

Michael Faia, Jazz Pharmaceuticals, Inc.
Petter Gallon, Gallon Partners AB

Andrew Gee, Boefiringer Ingelheim

Charles Gentile, Sanofi

Norman A. Goldschmidt, Genesis Engineers, Inc.
Adam S. Goldstein, Thermo Fisher Scientific
Sean Goudy, Regeneron Pharmaceuticals
John T. Hannon, CPIP, CA/

Nicholas R. Haycocks, Amgen

Tse Siang Kang, Pfizer

Nigel D. Lenegan, Energy & Carbon Reduction Solutions Ltd.
John V. Lepore, PhD, Merck & Co., Inc.

Sarah E. Mancini, Zoetis, Inc.

Joseph J. Manfredi, GMP Systems, Inc.

Peter J. Marshall, AstraZeneca

James W. McGlade, Longfellow Real Estate Partners, LLC
Donald Moore, DRMoore Consulting, LLC

Lars Olsen, Sigma Quality & Compliance ApS
Maurice Parlane, New Wayz Consulting

Andre J. Petric, Kraemer US, LLC

James T. Robinson

Gregory M. Ruklic

Judith Samardelis, GlaxoSmithKline

Terry Seanard, New England Controls, Inc.
Stephen J. Sirabian, Glatt Air Techniques, Inc.
Alan M. Solomon, Baxter Healthcare Corp.
Oliver Stauffer, PTI USA

David Stokes, Convalido Consulting Ltd.

Robert Sussman, PhD, SafeBridge Regulatory & Life Sciences Group

Andrzej J. Szarmanski, Steriscience Sp. z o.0.
Zam Shabeer Thahir, /PS

Matthew VonEsch, United Therapeutics
Terrence Walsh, TransCelerate BioPharma, Inc.
Bruce R. Williams, Williams Process Ltd.

Sion Wyn, Conformity, Ltd.

‘I\Lﬂ'll#ll Cortified Sourcing
HTATR




Annual Meeting & Expo included 16 presentations on AI. We’ll
provide even more AI- and Pharma 4.0™-related content in 2025
at the upcoming 2025 ISPE Facilities of the Future Conference
and 2025 ISPE Biotechnology Conference. In the second half of
2024, welaunched three Al-focused webinars, all part of a six-part
seriestitled, “AI/ML in Regulated (GxP) Life Sciences Sectors.”

Sustainability isanother priority area for which ISPE is provid-
ing additional support to the industry. We launched a new
Sustainability CoP in late 2024. We will continue to grow this CoP
and plan to release an ISPE guide on sustainability in 2025.
Additionally, we will accelerate our strides in Pharma 4.0™ to sup-
port the industry’s persistent pursuit of digital transformation as
new technologies proliferate.

RECENT ISPE ACCOMPLISHMENTS

I'dlike to takea moment to highlight an especially significant ISPE
accomplishment that has positively impacted the industry: the
release of the updated ISPE Baseline Guide Vol 6: Biopharma-
ceutical Manufacturing Facilities (Third Edition) in late 2023. The
first edition of this ISPE Baseline Guide was released in 2004. At
that time, biopharmaceutical practitioners were aware of the wide
variety of processes available, and with parallel improvements in
analytical methods, they had evolved a better understanding of the
cause-and-effect relationship between process variables and

product quality. However, the technology was still advancing rap-
idly, and the industry was working hard to move forward. For
example, single-use technology and segregation of open processes
in isolators were not yet widely adopted technological advances in
2004.Theindustry stillhad alot tolearn, and companies had alot to
learn about adapting to new biopharma technology.

Fastforward to 2023: The biotech industry had matured signif-
icantly, and thelatestrevision of this ISPE Baseline Guidehasbeen
updated substantially. [ highly recommend investing in this valu-
able resource if you haven’t done so already. The ISPE guide team
that wrote the 2023 edition has done a great job.

We anticipate a successful year ahead: celebrating our suc-
cesses, honoring our commitment, and shaping the future of the
pharmaceutical industry. We will continue to expand ISPE’s ser-
vice to the industry by connecting pharmaceutical knowledge to
help organizations deliver manufacturing innovation, supply
chain resilience, operational excellence, and regulatory insights
to support the development, manufacturing, and reliable delivery
of quality medicines to patients. Thank you for your support. We
look forward to sharing a successful year together. &

Jeffrey A. Biskup, PE, is a Co-Founder of Clark, Richardson and Biskup Consulting Engineers
Inc. (CRB) where he serves as CEQ and Executive Chairman of the Board.
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EMERGING LEADERS EDITORIAL By Rebecca Roscher

'ﬁ :
é’;.

¥

Rebecca Roscher

For decades, success within the pharmaceutical
sector was governed and constituted by linear
career paths. A linear path, though predictable,
may disregard an individual’s personal drivers
and goals. Professional success should not only
be defined through the height of your ladder
position, but also by the alignment of your work
to personal interests.

arly-in-career professionals are prone to falling into the trap of
Esqueezing themselves into a predefined model of achievement.

Alinear career path poses the risk that these professionals may
feel trapped and dissatisfied. Aligning work to your personal
interests instead provides a sense of purpose, as displayed by the
principle of ikigai. This Japanese concept celebrates the intersec-
tion of what you love and what you’re good at, but also what the
world needs and what you can be paid for.

What does the pharmaceutical world need now and in the
coming years? In this time of volatility, uncertainty, complexity,
and ambiguity (VUCA), technical standards can rise at any given
time through advancements in automation, machine learning,
and artificial intelligence. Further, we have seen how war, natural
catastrophes, and pandemics can alter resource availability and
our complete way of working, impacting job safety in general.

This VUCA world demands one major thing from employees: a
quick adaptability to change, which makes a broad skill set highly
valuable. This is why organizations started emphasizing opportu-
nities for lateral career movements. But how can we bridge the
demand for lateral skills with the pursuit of professional success
when society only measures success by vertical movement? How
do we prevent the impression of career stagnation?

First, we need to gain a relaxed mindset that embraces
change. Second, we ought to redefine our perception of career to
include fluidity. This will allow for the necessary flexibility of
growth. Unlike career development, which suggests a fixed path
and endpoint like product development, professional growth
implies no predetermined direction or limit. It carries a sense of
nurturing, allowing the possibility of aligning personal and pro-
fessional priorities.
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[HE GRALLENGE T0 GHANGE:
SUGGEEDING PROFESSIONALLY

Aligning work to your personal
interests provides a sense of
purpose, as displayed by the
principle of ikigai.

HOW T0 CHANGE AND GROW SUCCESSFULLY

Know Your Priorities and Drivers

To build a stable core for the professional life, self-awareness
and reflection are key. As elaborated in The Palgrave Handbook
of Fulfillment, Wellness, and Personal Growth at Work, regularly
assessing your current drivers empowers you to make deci-
sions more easily and with a deeper sense of purpose [1].
Intuitive career decisions invite you to pursue what feels right
in the moment, which leads to more fulfilling career decisions
and a clearer understanding of your authentic self and goals,
helping you be more confident in yourself and better prepared
for change.

Visualize SMART Goals

Define your goals based on your interests and drivers, then visual-
ize them via a vision board, an Excel file, or a Post-it note. Think of
your goals as progression parameters and make them SMART:
Specific (somewhat), Measurable, Achievable (with your own
efforts), Relevant (to you personally), and Time-bound (transient).
With SMART goals, you're in a better position to track work goals,
such as taking on new assignments to polish skills you want to
hone. Before or during big changes, you can create your safety net
by assessing how you can enable your goal pursuit even after
making a change. It will let you focus on avoiding stagnation in
future situations instead of mourning old ways.

Follow Your Intuition and Make Interest-Based
Decisions

Professional stability is not often felt based on how secure your job
is,butrather when you feel your work has purposeand are satisfied



with your tasks and responsibilities. We flourish when we follow
our passions. If you follow your interests when choosing a new
opportunity, even despite high risks, it will never be a wrong deci-
sion. Interests might shift, justas priorities do over time, but thatis
not a problem if we allow ourselves to be flexible. Aligning your
professional and personal interests will let you enjoy work more
and make you resilient to the stress of frequent change.

Reduce the Tension of Getting it Right Immediately
Just like mobile phone software and apps that receive regular
updates, we can continuously improve through trial and error
until we succeed. If the current version of yourself didn’t get it
rightthe firsttime, youwilllearn from this experience. Adapt your
approach so that the next version of yourself might succeed.

Learn New Things and Establish a Broad

Talent Portfolio

Focusing on professional growth through lifelong learning builds
a diversified and evolving talent portfolio, which is crucial to
thrive in today’s job market. Exposure to new topics and continu-
ouslyacquiring newskillsenhancesresilience and adaptability,as
well as employability, during VUCA times. Gradually reduce the
unknowns step by step; this will empower you to handle future
uncertainties and manage significant changes.

REDEFINING SUCGESS AND EMBRACING CHANGE

The shift toward professional growth over career development
reflects a broader redefinition of success. Modern professionals
are moving away from rigid career paths and are embracing flexi-
ble, interest-driven approaches. By focusing on growth, individu-
als can adapt to the fast-changing job market and pursue careers
aligned with their evolving priorities without fear.

Professional growth leads to a more fulfilling, adaptable
career, where success is defined by personal satisfaction, continu-
ouslearning, and alignment with core values. This approach helps
usachieve career success alongside a greater sense of purpose and
wellbeing.

Winston Churchill said, “Toimprove is to change; to be perfect
isto change often.” &

References

1. Marques, J. The Palgrave Handbook of Fulfillment, Wellness, and Personal Growth at Work.
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BUEST E[]I_UMN By Lou Schmukler

Lou Schmukler

Mahatma Gandhi, Winston Churchill, and

Golda Meir were some of history’s greatest
leaders. One thing they all had in common was
that they were leaders of incredible personal
character. General Norman Schwarzkopf said,
“Leadership is a potent combination of strategy
and character. But if you must be without one,
be without the strategy.”

n the inaugural edition of this column published in the

November/December issue, I shared five key principles of effec-

tive leadership. The first of the five was having the highest ethics
and integrity. I placed this principle first because I believe it is the
most essential quality of successful leadership. To further exam-
ine this principle, I'dlike to consider it under the broader umbrella
concept of character. Character extends beyond ethics and integ-
rity. We’ll look to answer a few key questions about leadership
character to assist our understanding of the concept: How is lead-
ership character defined? Why does it matter? And how can it be
measured and developed?

We can break leadership down into three main components:
competency, commitment, and character. Competency refers to
knowledge and skills. Commitment means a willingness to do the
hard work. Character is somewhat more difficult to define and
measure. It canbe thought of asa combination of values, traits,and
virtues that shape how a leader goes about their job. Values are
beliefs about what is important and worthwhile. Traits are habit-
ual patterns of thought, behavior, and emotion. VVirtues are a
concept that isless understood.

The ancient Greek philosophers defined virtues as courage,
moderation, justice, and wisdom. With a few additions, such as
accountability, humility, etc., I think this definition still stands
today. Character is doing the right thing, for the right reasons, and
with the right mindset. It is central to being able to effectively lead
peopleand organizations. So, although character can seem subjec-
tive and difficult to comprehend, it can be reliably defined, devel-
oped, and measured.
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GRARAGTER 15 DESTINY

When leaders are faced with
especially tough situations, their
character is revealed and becomes
most critical. Martin Luther King, Jr.,
said, “The ultimate measure

of a man is not where he stands

in moments of convenience

and comfort, but where he

stands at times of challenge

and controversy.”

Many organizations do not devote adequate attention to
leadership character. This is a significant missed opportunity.
Character matters because it can affect the quality of leadership
and the outcome of aleader’s actions. Leaders can marginalize it,
notrealizing thatitis foundational to other important leadership
attributes or that it can have a major impact on the organization’s
culture. And there is certainly a correlation between leadership
character and organizational performance. Research has shown
that leaders and organizations with high leadership character
scores deliver five times the return on assets than those that
score lower.

Aleader’s character shapes how they interact with their envi-
ronment, and most importantly, it shapes their decision-making
process. Every day, leaders make decisions, large and small, con-
sciously or unconsciously, such as between speed or quality,
long-term vs. short-term results, or whether to terminate an
employee. These decisions can have a significant impact, both
internally and externally.



When leaders are faced with especially tough situations, their
character is revealed and becomes most critical. Martin Luther
King, Jr., said, “The ultimate measure of a man is not where he
stands in moments of convenience and comfort, but where he
stands at times of challenge and controversy.” These “moments of
truth” can differentiate a great leader from the mediocre and
shape aleader’slegacy.

We find various organizations investing much more in compe-
tency development than character growth. Leaders canbe exceed-
ingly competent and achieve great operational success, yet still
lack character. This often leads to organizations with strong
results but an unhealthy culture and poor employee engagement.
Character, therefore, can be considered as important as compe-
tence when it comes to evaluating leadership potential.

Organizations need to be more intentional when it comes to
leadership character development. Mere posters on a wall and
clever catchphrases are insufficient. We know that what manage-
ment focuses on gets done and what is ignored is dismissed. To
place the right emphasis on leadership character development, it
needstobearegular part of the conversation. It should beincluded
in position profiles and assessments. Making it a criterion for pro-
motions, succession planning and recruitment is also important.
It should be included as part of coaching and mentoring initiatives

and reinforced through company training programs. Validated
assessment tools can help measure progress.

Over the past decade, we've come a long way in our under-
standing of leadership character. A leader’s character can now be
assessed and developed as easily as leadership competencies.
Strong leaders possess more than just leadership competencies;
they also possess leadership character. Character enables leaders
tonavigate change and drive better alignment, teamwork, produc-
tivity, creativity, and overall organizational effectiveness.

Lackof character canhaveasignificant negative impact on the
organizationandresultinleader derailment. Aswe progressinour
career, and our responsibilities grow, our character will be tested
at new and higher levels of intensity. So, character development
needs tobe an ongoing process.

In conclusion, I would submit that leadership character can
and should be appropriately viewed from the perspective of a stra-
tegic and competitive advantage for the organization. &

Lou Schmukler served as Executive Vice President and President of Global Product Development
and Supply at Bristol Myers Squibb until his retirement. His pharmaceutical industry career
spanned over 40 years. He holds a BS from Temple School of Pharmacy and an MA from Webster
University. He joined ISPE in 1993.
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MA® EDITORIAL

By Vivien Santillan

Vivien Santillan

In the ever-evolving landscape of the
pharmaceutical industry, the Women in Pharma®
Steering Committee has taken significant steps
to foster collaboration, share insights, and
strengthen community engagement among
the ISPE community. Over the past year, our
commitment to these initiatives has opened
doors for Women in Pharma Affiliate and
Chapter leaders to connect, exchange best
practices, and collectively enhance the
Women in Pharma program.

BUILDING GLOBAL CONNECTIONS

Recognizing the value of a diverse and interconnected commu-
nity, the Women in Pharma Steering Committee initiated a global
engagement strategy. This strategy includes a platform for
Women in Pharma leaders from Affiliates and Chapters to share
their events, insights, and plans, which bridges geographic
boundaries for a robust support network. This collaborative
approach not only strengthens our initiatives, but also enriches
the experiences of our members. Open forum sessions were
organized, inviting leaders to discuss how we can further
improve the Women in Pharma program, ensuring its relevance
to the ISPE community and the pharmaceutical industry in gen-
eral. This dialogue has sparked innovative ideas and renewed
enthusiasm for our shared mission.

GOALS AND ASPIRATIONS: A VISION FOR THE FUTURE
Mentorship Programs

The success of our mentorship program has been a highlight of
our initiatives. As we prepare for its third run in 2025, we are
committed to introducing new programming and improve-
ments that enhance engagement and support for our members.
By fostering mentorship, we empower our members—whether
they are students, Emerging Leaders, or professionals—to nav-
igate their careers, continue to inspire, and reach their full
potential.
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EMPOWERING WOMEN [N
PRARMA FOR GOLLABORATION
AND GROWTH

Webinars

To further develop our members and prepare the workforce of
the future, we will continue to align with the ISPE mission to
connect pharmaceutical knowledge to deliver manufacturing
and supply chain innovation, operational excellence, and regula-
tory insights to enhance industry efforts to develop, manufac-
ture, and reliably deliver quality medicines to patients. ISPE
webinars will serve as valuable learning opportunities, provid-
ing insights into industry trends, professional and personal
development, and leadership strategies.

Engagement in Conferences

Active participation in conferences is essential for building con-
nections and showcasing our initiatives. The Women in Pharma
Steering Committee aims to ensure our presence at every confer-
ence, organizing dedicated sessions that highlight our work and
promote networking among attendees.

Social Impact Initiatives

We believe that our commitment to social impact is a cornerstone of
our mission. By focusing on initiatives that create meaningful
change within our communities, we not only uplift Women in
Pharma, but also contribute positively to society. Our advocacy for
diversity, equity, and inclusion (DEI) will serve as a key focus as we
aim to foster an environment that is aware, compliant with strategic
initiatives, integrated, and sustainable. By promoting DEI principles,
we can create aworkplace that is inclusive and supportive for all.

The Women in Pharma program will continue to drive mean-
ingful change and create a supportive network for women and
allies in the pharmaceutical industry. Through our initiatives,
we strive to empower members, advocate for social impact, and
champion DEI principles. As we move forward, we invite all
stakeholders to join us in this journey toward a more inclusive
and equitable future.

Together, we can make a difference—one connection, one mentor-
ship,and oneinitiative ata time—as we shape the future of pharma.

Vivien E. Santillan is Regional Director for Asia and Novatek International and the 2024-2025
Chair of the ISPE Women in Pharma International Steering Committee. She has been a member
of ISPE since 2012.



ISPE NEWS

Mike Martin Named President and CEO

of ISPE, ISPE Foundation

By Katie LeChase

Mike Martin assumed his new role as
President and CEO of ISPE and the ISPE
Foundation in January.

The announcement was made
in October. “We are pleased to
announce Mike Martin will
be joining ISPE and the ISPE
Foundation as the new
President and CEO,” said
Jeffrey Biskup, Chair of the
ISPE International Board of
Directors and Executive
Chairman of the Board for
CRB. “ISPE extends its sin-
cere gratitude to Michael

Mike Martin

Rutherford for his outstanding leadership and commit-
ment during his tenure as Interim President and CEO. His
guidance and dedicationhave beeninstrumentalin ensuring
ISPE’s continued success through this transition.”

Martin has had a distinguished
career spanning more than

35 years in the pharmaceutical
industry.

Martin has had a distinguished career spanning more than
35 years in the pharmaceutical industry. Most of his career was
withalarge global pharmaceutical company, where he held leader-
ship positions in engineering, operations, and project manage-
ment across diverse global settings. Martin most recently served
as the CEO of an engineering consulting company. His extensive
experience includesleadinglarge-scale capital projects in the US,
Puerto Rico, China, and Ireland. He holds a bachelor’s degree in
mechanical engineering and amaster’s degree inbusiness admin-
istration, as well as a professional engineering license.

“Mike Martin has successfully led diverse teams in various
settings. Hehas demonstrated hisability tointegrate into different
cultures and inspire teams to achieve ambitious goals,” said
Michael Rutherford.

As a seasoned professional, Martin’s experience spans a vari-
ety of pharmaceutical manufacturing operations, including dry
product, aseptic, API, and delivery device manufacturing. He has
led engineering, operational, and large-project organizations
across these sectors. Martin has been a long-standing member of
ISPE. Prior to assuming the role of President and CEO for ISPE and
the ISPE Foundation, he served on both the ISPE International
Board of Directors and the ISPE Foundation Board. &
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Updated GAMP® GPG

Incorporates Al and

Open-Source Software

By Petch Ashida Druar, Martin Heitmann,
Frank Henrichmann, Brandi Stockton,
and Lorrie Vuolo-Schuessler

The landscape of clinical trials has been
transformed in a post-pandemic world. The first
edition of the ISPE GAMP® Good Practice Guide:
Validation and Compliance of Computerized GCP
Systems and Data — Good eClinical Practice was
issued in 2017. In July 2024, ISPE released the
second edition [1] which addresses managing
the complexities associated with an uptick in
decentralized clinical trials, the benefits and
challenges of using open-source software, the
use of data science and Al in clinical trials, data
privacy, and data processing.

he conduct of clinical trials and their support by technology
-|- solutionshasdramatically changed since the first publication of
the Guide. The COVID-19 pandemic forced sponsors to rapidly
develop solutions so that clinical trials could be conducted during
lockdown, whichled tothesignificantadoptionand advancement of
decentralized trials. This paradigm shiftrequired technical solutions
thatwere patient-friendly, easy touse, fit for purpose,and compliant.
The pandemic also pushed the analysis of real-world data
(e.g.,fromelectronic healthrecords)inattemptsto find treatment
approaches from data collected outside of clinical trials. Both
approachesrequire handlinghuge amounts of data, necessitating
using tools typically associated with processing big data.
Inparallel, significantadvancementsinartificialintelligence
(AI) and machine learning (ML) have enabled new approaches
for clinical trials, from protocol design to clinical trial closure.
This updated guide reflects the content and concepts published
in the ISPE GAMP® 5: A Risk-Based Approach to Compliant GxP
Computerized Systems (Second Edition) [2]. It was time for ISPE
to update this key guidance document to reflect technological
progress and regulatory advances.
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The overall approach, framework, and key concepts as pre-
sented inthe firstedition remain unchanged. However, the second
edition advances these concepts to continue promotion of patient
safety and data integrity in clinical trials in the post-pandemic
world. Thisisdoneby facilitatingand encouraging theachievement
of computerized systems that are effective, reliable, and of high
quality. Thisarticle providesan overview of the Guide’supdateand
discussesaselection of four major topics related to theinnovations
inthe second edition.

BACKGROUND AND DRIVERS

Inrecentyears,atransition from the traditional, site-centric model
toahybrid or participant-centric decentralized model hasbecome
more prevalent. Thistransition was supercharged by the COVID-19
pandemic. However, the transition to more decentralized models
started even earlier. The aim was to reduce cost, enhance data
accuracy,improve participantaccessand engagement, overcome
geographic barriers, and promote diversity.

Today, virtual or decentralized models have gained traction
asclinical trial computerized system applications enable remote
datacollectionand virtual monitoring. Regulators havereacted to
thisandissued guidance for decentralized models, suchas the US
Food and Drug Administration’s (FDA) guidance on “Conducting
Clinical Trials with Decentralized Elements” [3].

Decentralized clinical trials (DCTs) led to an increase in the
development and usage of wearables and sensors within clinical
trials. These technologies produce vast amounts of data, as they
are continuously monitoring parameters and recording data that
are important for a clinical trial. The management, evaluation,
and analysis of this data requires approaches and tools by which
clinical trial teams can extract insights from large amounts of
data.Assuch, manualreview, control,and assessment by humans
is becoming infeasible. Still, these approaches need to be fit for
the purpose. Therefore, data management in clinical trials has
evolvedinto datascienceandisnowadoptingadvanced approaches
including the use of Al methods, ML in particular.



Figure 1: Overview of clinical project layers [1].
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Layer Il - Trial Reference Architecture (TRA)

Similaramounts of datafromvarious sourcesin thereal-world
context are evaluated by researchers to gain new insights or
leads and to support controlled clinical trials. The quality of such
real-world data, their management, and further analysisis of key
importance to allow the generation of real-world evidence. The
impact of biased data and inappropriate methodology proposes a
significantrisk to the safety of patients. Thisishighlighted by the
COVID-19 hydroxychloroquine study published in The Lancet that
had toberetracted because the findings were based on electronic
healthrecord (EHR)data frominconsistent sources, compromising
the overall quality of the combined data set [4-5].

All real-world data and data collected, used, and analyzed in
clinical trials originate from humans. This data is typically of
a highly sensitive nature because it is concerned with medical
conditions, treatments, and lifestyles. Therefore, the protection
of data privacy is paramount when conducting clinical trials
using real-world evidence and in the management of associated
real-world data.

The outsourcing of clinical trials and supporting technology
hasprogressed further since the first edition’s release. Almostall
sponsors and clinical service providers routinely use the cloud-
based Software-as-a-Service (SaaS). The regulators have issued
guidance documents,including the European Medicines Agency’s
(EMA) “Guideline on Computerised Systems and Electronic Data
in Clinical Trials” [6].

This guidance clarified the quality expectations and roles
and responsibilities in the usage of cloud service providers, such

Layer | = IT Infrastructure, Software, and Services

as SaaS. Additionally, it also clarified the quality expectations on
clinical site operated systems thatare used to generate, collect, or
analyze dataduringaclinicaltrial. Furthermore, the guide needed
to be aligned with the concepts and principles of ISPE GAMP® 5
(Second Edition) [2]. This included emphasis on critical thinking,
testing of computerized systems, and guidance on outsourced IT
infrastructure or systems.

GAMP guidance must stay fully aligned with current good
practice toprovide optimal valueto theindustry,avoiding guidance
based onoutdated technical concepts, approaches, or techniques,
evenifsuchconcepts,insome cases, remaininregulatory guidance
orcompany policiesand procedures.Inlightof currentdevelopments
as described in this article, an update of the ISPE GAMP® Good
Practice Guide: Validation and Compliance of Computerized GCP
Systems and Data - Good eClinical Practice [1] was necessary.

OVERVIEW: FRAMEWORK AND NEW CONGEPTS

The updated Guide contains the same approach and key concepts,

including the Clinical Project Layer Model, from the first edition

(see Figure1). It also provides the following:

= Updated overview of current regulatory guidance documents

= Ahigh-level process overview, including the Clinical Project
Layer Model

= Relevantdataflows

= Required oversight activities

= Inspectionreadiness

= Arisk-based approach for the setup of clinical systems
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Each process step—from planning, conduct, and analysis to
reporting—isanalyzed forits potential risks to patient safety and
the data integrity of the potential supporting technologies. Then
anoutline is formed for a potential validation approach for these
technologies. Thelife cycle of clinical dataand theassociated data
integrity risks are analyzed, and approaches for mitigating these
risksare presented. Thisincludes specific guidance for electronic
sourcedata,audittrailsand audit trailreviews, interfaces and their
validation, electronicand digital signatures,and certified copies.

The newly created appendices provide practical guidance on
(1) data privacy in clinical trials, (2) the specific aspects to be
considered in decentralized clinical trials (DCTs), (3) good clinical
laboratory practice, (4) the use of data science and Al-enabled
systems, (5) real-world data, (6) real-world evidence, and (7) the
open-sourcesoftware usedin clinical trials. The Guide emphasizes
that critical thinking should be applied through the trial, data,
and system life cycle and is fully aligned with the principles and
concepts of ISPE GAMP® 5 (Second Edition) [2].

DATA SCIENCE AND Al IN CLINICAL TRIALS

Data science disciplines, including the use of Al and ML, offer
new ways toanalyze data, extractinformation and patterns, form
predictions, createrecommendations,and generate contentsuchas
textandimages. Assuch, clinical processes may beaugmented with
AL Alapproachescanimproveefficiency of clinical trialsand support
success and quality of clinical trial outcomes. Especially where a
high volume of data is generated, and several possible paths and
choicesareevaluated, classical ways of quality assurance, analysis,
and assessmenthitlimits of efficiency and practicability. However,
the statistical nature and the complexity of these approaches
comes with their own risks, as is the even higher dependency on
high-quality data and an understanding of representativeness
of data for a given application, both for data science as well as Al
approaches [7-8].

ISPE GAMP®5 (Second Edition) appendix D11 offersalife cycle
model focused on ML subsystems and the three life cycle phases
of concept, project, and operation with good ML practices and
operations (MLOps)[2]. Theseinclude conceptssuchassplitting data
fortraining, validation,and testing purposesaswellasaniterative
fine-tuning approach for the final tailoring of the model, toward
acceptance, release,and ongoing monitoring. Inaddition, the ISPE
GAMP®5 (Second Edition) appendix D11 elaborates on supporting
processes, including risk management, data governance, and
change management. Thisunderpinstherelevanceandimportance
of dataand the forward-looking perspective of careful evaluation
of risks to patient safety, product quality, and data integrity.

Although ISPE GAMP®5 (Second Edition) appendix D11 provides
anoverarching framework, this guidance needs tobeinterpreted
and tailored for specificuse casesinthe clinical trial context[2]. To
servethisgoal, thedatascienceand Al chapterinthe ISPE GAMP®
Good Practice Guide: Validation and Compliance of Computerized
GCP Systems and Data - Good eClinical Practice (Second Edition)
elaborates on specific aspects that are relevantin clinical trials.
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Suitability Assessments

The innovative and project nature of clinical trials requires a
thorough assessment of the suitability and fitness for purpose
in use of data science and Al approaches. Such assessments are
performed during the concept phase of the computer system
development and part of a dedicated trial.

Diligence

Clinical trial protocols require diligence, not only in terms of
patient safety, but also commercial viability regarding the use of
AI ML, and data science approaches.

Patient Data

Clinicaltrialactivitiesrequire closeinteraction with patientdatain
variousprocesssteps (e.g., recruiting, data capture,and evaluation)
and potential areas of direct interaction with patients via digital
health technologies. Therefore, a thorough understanding of the
stakeholder ecosystem is crucial for successful use of Alin the
clinical context.

Guidance Provided

Considering these aspects, the chapter on data science and Alin

the new guidance document provides detailed guidance tailored

to supporting clinical trial operations. In particular, the chapter

provides dedicated guidance regarding the following themes:

= General definitions and an overview on regulatory standards
with relevance to data science, AI,and ML concepts

= The evolution of clinical data management into clinical data
science and data analytics approaches with the application of
emerging technologies

* Guidance on Al-/ML-enabled systems across use cases along
the clinical trials process, to provide overarching guidance on
thelife cycle management decisions, considerations on fitness
for purpose, and importance of human-machine interaction
concerning a variety of stakeholders in the clinical trial eco-
system. Example use casesillustrate potential risks to consider,
risk control, and validation strategies throughout the clinical
trials process

This chapter should support the safe and effective adoption of
datascience, Al,and MLapproachesintheclinical context. These
are integrated with further cross-sectoral operational guidance.
In particular, this guide was developed with the focus of Good
Clinical Practice (GCP) based on concepts included in ISPE GAMP® 5
(Second Edition) [2].

REAL-WORLD DATA AND EVIDENGE

Real-world data (RWD) and real-world evidence (RWE) have
been integral in epidemiology for years, but their significance
in healthcare and pharmaceutical research has surged recently.
Regulatory agencieslike the USFDA and the EMA now recognize
the value of RWD and RWE for evaluating medical product safety
and efficacy. Thesebodies have developed frameworks to facilitate



theincorporation of RWEinregulatory decision-making processes.
Mistakesinthe selection and processing of RWD have significant
impact on the safety and well-being of patients, as seen in the
retracted article in The Lancet article [4-5]. For this reason, the
Good Practice Guide covers the following themes:

Key uses of RWD and RWE include:
» Clinicaltrials:
= Historical control group or concurrent control group
= Patientrecruitment, site selection and feasibility assessment
analyzingdemographicdata, treatment patterns,and healthcare
utilization from RWD sources, researchers can identify sites
with a sufficient patient pool for specific clinical trial criteria
= Patient population analysis to provide insights into the char-
acteristicsand distribution of patient populationsindifferent
geographical regions

» Post-marketing:

= Post-marketingsurveillance to enable continuous monitoring
of drugsand medicaldevices/digital health technologiesafter
they enter the market

= Post-market effectiveness studies to assess the effectiveness
of drugsafter they have beenlaunched in the market

= Label expansion and regulatory submissions support label
expansion efforts by providing additional evidence on drug
effectiveness, safety, and efficacy in broader patient popula-
tions or new indications

= Evidencegeneration for thesafety, efficacy,and effectiveness
of interventionsindiverse patient populations and real-world
settings

= Comparative effectiveness and safety studies to compare
the effectiveness and safety of different drugs or treatment
interventions in real-world clinical settings

= Healthtechnology assessmenttosupportevaluations of phar-
maceutical products providing evidence on the comparative
effectiveness, safety, and cost-effectiveness

= Treatment access and reimbursement use RWE to assess the
value of therapies, make coverage decisions, and determine
appropriate pricing

» Personalized medicine and biomarkers:

= Personalized medicine and precision health (e.g., identifica-
tion of patient subgroups, biomarker analyses, and treatment
response assessments)

= Identification of biomarkers that are associated with specific
clinical conditions, outcomes, or treatment responses

Challenges Using RWD and RWE

Data quality and standardization

RWD is derived from various sources, such as EHRs, claims
databases, patient registries, and even wearable devices. These
sources often have inherent limitations, including missing data,
inconsistencies,and variationsindata collection practices. Ensuring
dataqualityandachieving standardizationacrossdifferent sources

is a significant challenge. High-quality, standardized data are
crucial for generating reliable and actionable RWE.

Data privacy and security

RWD frequently contains sensitive patient information, raising
concerns about privacy and security. Robust anonymization
and stringent security measuresare essential to protect patient
privacy whileleveraging RWD for research purposes. Balancing
the need for data access with privacy protection is critical to
maintaining public trust and complying with legal and ethical
standards.

Bias and confounding

RWD can introduce biases and confounding factors that may
affect the validity and reliability of research findings. Unlike
randomized controlled trials, real-world studies cannot always
control all variables, making it challenging to isolate the effects
of the intervention being studied. Researchers must develop and
apply sophisticated statistical methods toaccount for these biases
and confounders to ensure credible RWE.

Reproducibility and transparency

For RWE to be trusted, the methods used to generate it must
be transparent and reproducible. Research findings should be
independently validated and reproduced to build confidence in
RWD and RWE studies. This requires clear documentation of
methodologies, datasources,and analytical techniques, allowing
otherresearcherstoreplicate the studiesand confirm the results.

Regulatory and reimbursement acceptance

Althoughregulatorybodieslike the USFDA and EMA haverecog-

nized the value of RWD and RWE, consistent industry standards

and methodologies for generating RWE are still needed. These

standards are essential to ensure that RWE is acceptable for

regulatoryand reimbursement decision-making. Establishing clear

guidelines and frameworks that provide consistency and clarity

in the generation and use of RWE remains an ongoing challenge.

Regulatory and reimbursement bodies must work together with

industry stakeholders to develop these standards and facilitate

the integration of RWE into decision-making processes.

Toaddressthesechallengesthe Good Practice Guide [1] provides

aprocess for evaluating and using RWD to generate RWE, which

covers:

= Determination of the intended use based on a defined research
question

= Dataaccrual to determine the required data and their quality
criteria

= Selection and assessment of data sources that can provide the
required data

= Datapreparationand curation, including data cleaning, usage of
acommon datamodel, and data standardization

= Managementand assurance of data privacy aspects

= Datamanagement throughout the entire datalife cycle
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With clinical trial computerized
system applications enabling
remote data collection and virtual
monitoring, decentralized models
have become more efficient from
a technology point of view.

= Dataretention requirements based on usage and applicable
regulations

The detailed guidance given for each of these steps in the Guide
ensures data integrity and data quality that is sufficient for the
intended use of the RWE generated from RWD.

DECENTRALIZED CLINICAL TRIALS

Multiple clinical trial delivery models are used in the phar-
maceutical industry. In recent years, a transition from the
traditional, site-centric model to ahybrid or participant-centric
decentralized model hasbecome more prevalent. Drivers from
centralized to more decentralized models include cost and
limited engagement of some trial participants due to geographic
and socioeconomic barriers. With clinical trial computerized
systemapplications enabling remote data collection and virtual
monitoring, decentralized models have become more efficient
from a technology point of view.

According to the US FDA guidance document “Conducting
Clinical Trialswith Decentralized Elements,” publishedin September
2024, DCT is defined as a clinical trial where some or all of the
trial-related activities occur at locations other than traditional
clinicaltrial sites [3]. ADCT model bringsall or part of the clinical
trialtothe patient, suchastotheirhome,alocalhealthcarefacility,
or a laboratory, thus reducing some of the challenges for trial
participants. Witha DCT, the goalis tominimize the patientburden
while collecting real-time, accurate clinical trial data. While the
concepts and principles of validation are consistent across GxP
areas, there are key areas where additional considerations are
needed to support these technologies [3].

When transitioning fromtraditional toa decentralized or hybrid
clinical trial delivery model, the readiness of the organization’s
infrastructure and workforce must be considered. Integrating
systemsto supportremote monitoring, data collectionand training
forthe organization, clinical site staff, and patients may be needed.
Aswithallaspectsof clinical trials, regional and local regulatory
compliance requirements should also be considered.

Decentralization introduces further complexities to various
processesin clinical trials, including monitoring, audits, privacy
and blinding, and business continuity. For instance, where the
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participants receive investigational medicinal products (IMPs)

directly, additional focus should be placed on the expiration date.

Furthermore, patient safetyisaconcern whereaccess tobulk IMP

may be available for the trial participant.

Reflecting on these challenges, this new chapter provides

guidance regarding:

= Key prerequisites to be considered when implementing DCTs,
including the business process flow, data flow, technical needs,
and site feasibility

= Supplierrelationship considerationsand theneed to ensure that
contractualagreementsandservicelevelagreementsareinplace

= Ensuring mechanisms for data control throughout the clinical
trial to maintain data integrity

= Use of digital health technologies and devices including pro-
visioning, support, access, and safety and biohazard concerns

= Establishing fitness for intended use of a potentially complex
clinical trial setup, including activities for infrastructure qual-
ification, software development, and operational support and
maintenance

= Theimportance of developing a dedicated training program for
participants, investigators, clinical trial staff, sponsorsand other
parties, including training materials and the delivery method

= Considerations regarding shipment of IMPs or investigational
products direct to patient or direct to site, and storage and dis-
posalneeds

GOOD CLINICAL LABORATORY PRACTICE

In clinical trials, analyzing samples from participants is crucial
for proving drug effectiveness and ensuring participant safety.
These samples are examined based on parameters outlined in
the clinical trial protocol. Effective tracking and handling are
vital to maintain data accuracy and completeness. Samples are
often analyzed away from the collection site, necessitating strict
control over their chain of custody, including time, environmental
conditions, and transportation routes. Adequate training for staff
atthe collection site ensures proper samplelabelingand handling,
withblinding maintained throughout all stages.

Mapping the Business Process and Data Flow

To establish the necessary technical, procedural, and behavioral
controls for sample and dataintegrity, it’s essential tomap out the
businessprocessanditsdependencies. Thisinvolves understanding
the computerized systems and responsible partiesinvolved, from
sample collection to result reporting. Particular attention should
begiventosysteminterfacesand the datalifecycle (i.e, transfers,
archiving) to ensure these systems are well-specified, tested,
controlled, and fit for purpose. The integrity of the data must be
maintained throughout thelife cycle.

Risk Evaluation and Documentation

Understanding the business process and data flow allows for
evaluating and documenting risks associated with the process.
Key risk considerations include:



= Unavailability of source or target systems within a data flow

= Corrupted or incomplete laboratory data related to participants
= Lossofassociation to a participant number

= Unblindingissues depending on the trial design

= Inadequate control of third parties

Decisions should be based on risk assessments using critical
thinking. Ensuring computerized systemsand data transfersare
specified, tested, and controlled is essential for data integrity.

Roles and Responsibilities

Samples may be analyzed by the sponsor company or third parties,
including investigator sites, clinical service providers, central
laboratories, hospital laboratories, or university laboratories. All
partners performing sample analysis must be qualified, with
responsibilities clearly defined in contracts. This clarity ensures
accountability and proper management of the sample analysis
process.

Regulatory Guidance

The EMA’s “Guideline on Computerised Systems and Electronic
Data in Clinical Trials,” published in March 2023, outlines the
necessary controls to ensure data integrity throughout the data
life cycle [6]. This guidance addresses technical, procedural, and

behavioral controls to maintain data accuracy and completeness
inclinical trials.

Good Clinical Laboratory Practice

The World Health Organization’s “Good Clinical Laboratory Practice
(GCLP),”based on principles from Good Laboratory Practice (GLP),
apply to the analysis of samples from clinical trials [9]. These
principlesensure thereliabilityandintegrity of data generated by
analyticallaboratories. Clinical trial samplesinclude variousassays
and tests such as chemical, biological, safety laboratory samples,
pharmacokinetic (PK), pharmacodynamic (PD), and biomarkers.

Quality Management Systems and Laboratory
Standards

Laboratoriesanalyzing clinical trial samples mustbe qualified, with
allinterfacestolaboratorysystemsvalidated. The EMA’s “Reflection
Paper for Laboratories that Perform the Analysis or Evaluation of
Clinical Trial Samples,” published in February 2012, details the
quality system elementsnecessary for suchlaboratories, including
procedures foremergency release of safety-impacting results [10].

Standard Controls and Documentation
Controls necessary to support sample analysis in clinical trials
are standard requirements within quality management systems.
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Theseinclude policiesand procedures for environmental controls,
sample labeling, storage, transport, data transfer, review and
release of sample analysis, maintaining the blind, sufficient
resources, appropriate training, contracts, agreements, and
quality assurance. Both the ISPE GAMP® Good Practice Guide: GxP
Compliant Laboratory Computerized Systems (Second Edition) and
ISPE GAMP®5 (Second Edition) provide information on ensuring
computerized systems are fit for purpose. They also safeguard
patient safety, product quality, and data integrity [2, 11].

Theupdated Good Practice Guide provides practical guidance
criteriaforselecting partnersinvolvedin theanalysis of the samples.
Therequirements for thelogisticsand the analysis of samplesare
explored and a typical workflow forlaboratoryis outlined. Typical
challenges in the implementation and validation of supporting
computerized systems for this processare outlined. Thisincludes
systems such as laboratory information management systems
and also addresses the data transfer between partners and the
necessary retention and archiving of laboratory records. The
need for clearly defined responsibilities, adequate facilities, and
processesis explored in detail.

CONCLUSION

The principles of ISPE GAMP® 5 (Second Edition) needed to be
interpreted for computerized systems used in clinical trials to
providepractical guidancetovalidationexpertsthatare challenged
withthevalidationof these systems. Thehigh degree of outsourcing,
the cross-organizational usage of many of the systems, and the
variousregulatoryaspects (including data privacy) provide unique
challenges in the validation of GCP systems.

This article only outlines a few sections of the ISPE GAMP®
Good Practice Guide: Validation and Compliance of Computerized
GCP Systems and Data - Good eClinical Practice (Second Edition).
As of today, it is the most comprehensive guide on the validation
of computerized systemsused in the context of drug development
and clinical trials available. &
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A GAMP® Approach to
Computerized System Life Cycle
and IT Process Records

By Sién Wyn, Arthur (Randy) Perez, PhD, Chris Reid, and Heather Watson

This article describes a practical and pragmatic
approach to the management of computerized
system life cycle and information technology
(IT) process records. The objective is to
effectively achieve and maintain compliant
GxP-regulated systems that are fit for intended
use, and to support patient safety, product
quality, and data integrity.

INTRODUCTION AND OVERVIEW

A GAMP®best practice approachisachieved by applying current
good IT practice and modern software engineering techniques
as well as principles supported by the effective use of commonly
used standard software tools. Using practices that have been
traditionally applied to GxPrecords, particularly paper records, can
beinappropriate and unnecessary. Doing so may also potentially
cause harm by:
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= Increasing complexity and therefore risk

= Discouraging the use of widely used and well-understood stand-
ard tools, theapplication of modern methodsand techniques,and
effective communication between those involved

= Encouraging unnecessary duplication of information, cumber-
some manualworkarounds,and the development of custom, often
homegrown solutions

Computerized system life cycle and IT process records man-
aged with modern techniques and automated tools are not
uncontrolled. They canberigorously managed through access
control, privilege management, security features, auditing
and logging, enforced roles and responsibilities, segregation
of duties, and using many other features and functions that
are built into modern tools.

Robust, reliable, and effective GxP computerized systems that
support product quality and patient safety require the application
of effective modern methodsand techniques that followaccepted
softwareengineering principlesand IT good practice. Thisincludes
processes such as version and configuration management,
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Figure 2: Relationship of IT infrastructure and processes with business systems and processes [1].

requirements managementand traceability, testing, verification
and defect prevention, and release management. In a modern
softwareand IT environment, this can only be achieved by using
suitable tools.

SCOPE

GAMP® guidance makes a valuable distinction between (1) GxP
records supporting the medicinal productlife cycle and required
by predicaterules,and (2) theinformation, data,and artifactsthat
supportcomputerized systemlife cycleand IT processrecords (see
Figure1). Thisdistinction, applied with critical thinking, supports
anapproach thatiseffectiveinreliably deliveringand maintaining
systems that are fit for their intended use.

Examples of computerized system life cycle records include
requirements, specifications, designs, test definitions, and test
results. IT process records include those supporting incident,
problem, capacity, performance, change, and configuration man-
agement processes. Suchrecordsare valuable to the organization
and should be securely and effectively maintained as part of the
IT quality management system, but they do not directly support
the GxP medicinal product life cycle.

Records supporting system life cycle management, IT,
and infrastructure process are typically maintained in GAMP
Category 1systems or tools, as shown in Figure 2. A modern best
practiceapproach totheuse of such toolsisdescribedin Appendix
D9 - Software Tools of GAMP® 5 (Second Edition).
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As noted by the US Food and Drug Administration (FDA),
suchrecords are kept for the benefit of the company, for a specific
purpose, and to support business processes and objectives: “The
work that you do should be valuable to the organization, right?
You'remaintainingarecord. You'remaintaining theactivities, not
necessarily because you need to demonstrate it to the agency or
toany otherauditor. You're doing this work and maintaining this
recordbecauseitbecomesyoursource of truth for your organization
down theroad” [2].

Examples of GxP records supporting the medicinal product
life cycle include those for clinical trials, master production and
control, batch production, calibration, cleaning, deviation and
correctiveand preventative actions,and pharmacovigilance. GxP
recordsalsoinclude formalvalidation plansandreports,including
those for process validationand analytical method validation, and
datathatdirectly supportsa GxPactivity (e.g., process performance
qualification batch data used in commercial products). Such
validation plans, reports, and data should be managed using GxP
document and records management approaches.

Computerized system validation plansand reports would be
regarded as GxP documents in the same way. Other life cycle
deliverables should be managed by applying normal and easily
achievable good documentation practices, or, if inaformat other
thanatraditional paper or electronic document, be maintained
securely in an appropriately managed and controlled tool
or system.



US FDA Narrow Scope

As noted by the US FDA, inappropriate application of Part 11
requirements can lead to unnecessary controls and costs and
can discourage innovation and technological advances without
providing added benefit to the public health: “...concerns have
beenraised that some interpretations of the part 11 requirements
would (1) unnecessarily restrict the use of electronic technology
inamannerthatisinconsistent with FDA’s stated intentinissuing
the rule, (2) significantly increase the costs of compliance to an
extent that was not contemplated at the time the rule was drafted,
and (3)discourage innovation and technologicaladvances without
providing a significant public health benefit.”

Part 11 also addresses narrow interpretation of scope: “We
understand that there is some confusion about the scope of Part 11.
Some have understood the scope of Part 11 to be very broad. We
believe that some of those broad interpretations could lead to
unnecessary controls and costs and could discourage innovation
and technological advances without providing added benefit to
the public health. As a result, we want to clarify that the agency
intends to interpret the scope of Part 11 narrowly” [3].

According to narrow scope as described in the US FDA
“Guidance for Industry. Part 11, Electronic Signature —Scope and
Application,” Part11applies only to records required by predicate
rules. Computerized system life cycle records and IT process
records are not required by predicate rules and are out of scope.
Thesemaybe contrasted withrecordsthatarerequired by predicate
rules, including batch, calibration, and laboratory product test
records,and processvalidationand analytical validation data. The
USFDArecommends thatregulated companies determine, based
onthe predicaterules, whether specificrecordsare Part1irecords
and recommends documenting such decisions [3]. Establishing
processes to achieve this (e.g., defined in an standard operating
procedure)is suggested.

Computerized systems supporting the supply of medicinal
products to multiple markets must also comply with GxP regu-
lations applicable in those countries and not only US FDA record
requirements. The GAMP approach to computerized systems
compliance and record and data integrity is designed to satisfy a
broad range of international requirements.

RISK-BASED APPROACH

Regulatory guidance from the UK Medicines and Healthcare
Products Regulatory Agency (MHRA) and the US FDA are clear
thatformality and extent of controls for any recordsand signatures
should bebased onrisk. The focus should be on patient safety, not
on compliance. The approach described in this article is aligned
with suchrisk-based thinking.

MHRA

“Controls should be proportionate to therisk considering the type
of documentand the methods used fordistributionand approval...
Aspectsto consider whenassessingriskinclude ... whether there
is alegislative requirement or GxP guidance for a signature. If

The GAMP approach to
computerized systems
compliance and record and
data integrity is designed
to satisfy a broad range of
international requirements.

there is, then the signature should be considered more critical
and have proportionately greater control—for example whena QP
[qualified person] certifies a batch of finished product to enable
release for sale” [4].

FDA

“Wesuggestthat your decision onhow tomaintainrecordsbebased
onpredicaterulerequirementsand that youbase your decisionon
ajustified and documented risk assessment and a determination
of the value of the records over time” [3].

CRITICAL THINKING

Inappropriate application of rigid GxP record approaches and
rulesdesigned for other situations and contexts, without critical
thinking, can discourage or prevent the use of best practice
techniques and tools with no concomitant benefit to product
quality or patient safety.

There have been cases of the use of standard tools being
disallowed, being used inineffective ways, or beinginappropriately
customized tomeet spurious and unnecessary expectations. This
can lead to unnecessary costs, lower quality product, decreased
flexibility,and inferior process control. It candiscourage innovation
and technological advance, and it may prevent IT, software, and
quality professionalsfromselectingand using the mostappropriate
and effective tools and systems to perform their duties.

For example, itisincorrectand unhelpful toargue that Part11
requiresadataaudittrailtobeapplied to changesto software code,
maintenance of system configuration records, or maintenance of
user access privileges. A data audit trail is simply not an effective
mechanism in those cases. It is also incorrect and unhelpful
to insist on unnecessary Part 11 signatures, where there is no
requirement for regulatory approval or legally binding equivalent
of the individual’s handwritten signature.

Other examplesinclude printing maintained recordsin order
to apply handwritten signatures, duplicating electronic records
in a paper format, or duplicating other actions and activities in
unnecessary and cumbersome paper processes.

System life cycle management and IT process management
tools have been routinely used in other industries (including
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automotive, consumer electronics, finance, energy, military, and
aerospace)fordecades, but they are often underutilized or misused
in the pharmaceutical and other life science industries due to
conservativeinterpretations of regulations,amisguided perception
of regulatoryinflexibility,and alack of understanding of modern
software and quality assurance practices. A modern approach to
theuse of suchtoolsisdescribed in Appendix D9 - Software Tools
of GAMP®5 (Second Edition) [1].

PRACTICAL IMPLICATIONS FOR QUALITY, GOST, AND TIME
T0 MARKET

This is not just an academic or theoretical discussion: It has
important practicalimplications. Inappropriaterequirements, rules,
and practices thatdonotenhance product quality and patient safety
may act counter to current good practice. This canlead toactivities
thatareunnecessarily costly, time-consuming, orineffective. These
may alsobe potentiallyharmful by adding complexity, duplication
of information, and unnecessary customization.

The USFDAhasdescribed howan excessive focusoncompliance
may divert resources and management attention away from
investments in quality and toward compliance activities like
documentation, which do not directly lead to improved quality
outcomes [5]. The USFDAhas observed thata compliance-centric
approach has not only hampered innovation in manufacturing
and product development practices, ithasalsoresultedin quality
issues, and the perceived regulatory burden has contributed to
outdated compliance practices [2].

This is, therefore, not purely a matter of interpretation of
regulation but selecting and applying methods and techniques
that best serve the interests of the patient and the public. From
the perspective of the public, patient, shareholders, colleagues,
and other company stakeholders, we mustapply critical thinking
tomake pragmatic and logical decisions. For example, a practical
questiontoaskwhenapplying critical thinkingis: “Whatapproach
provides the most value and gives the best outcome for the patient,
the shareholders, and other company stakeholders in general?”

It is more beneficial to apply modern processes using state-
of-thearttoolsand automation (designed specifically to support
IT and software activity) that deliver systems that work instead
of costly,inefficient, and unnecessary practices. These practices
may have a negative impact on quality and may be based on
a dogmatic reading or misunderstanding of regulations and
historical perception.

Such judgements are not purely academic; there is a key
ethical dimension. Decisions we make asanindustry canimpact
time to market, limit the availability of medicines to patients,and
drive up the price of medicines unnecessarily. We mustapply ethical
critical thinking and choose the option that gives the greatest
benefit to the patient and the public.

BENEFITS OF USING APPROPRIATE AND EFFECTIVE TOOLS

The approach described in this article supports effective system
life cycle processes, including version, change, and configuration
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management; requirements managementand traceability; testing;
verification; and defect prevention.

Practical examples of the advantage of using standard and
widely used tools include effective configuration management
and data management, automatic version control with auditing
capabilities, change management and documentation, automated
testing, and continuous integration and efficient issue tracking.
Tools support and ensure both accountability and traceability in
the coding, testing, and deployment processes.

Code modification, managed through a robust commit pro-
cess, is recorded with details of the who, when, and how of the
modification. Automated checks are performed at each commit.
Thisallows forimmediate notification to the developerin case of
errors or defects, supporting the identification and addressing
of issues during the life cycle. Regression tests are built in and
are routinely run. The transparency and accountability that
such toolsautomatically provide greatly contribute to the overall
quality control process.

Key operational processes—including incident, problem, and
configuration management; security; performance; capacity;
and cybersecurity threat management—can only be performed
effectively by using the appropriate tools. Traditional paper-based
approaches cannot provide the desired controlled state.

Asnoted by the Cloud Security Alliance (CSA),aleadinginterna-
tional organization dedicated to definingand raising awareness of
best practices forasecure cloud computing environment, issues
impacting good software development practices that hamper
secureand effective deployment are manualand haphazard coding,
testing, deployment, and patching practices:

“Withoutautomated quality checks, manual coding can easily
resultinpoor performingandinsecure software that needsrework.
Inaddition, manualand poorly-timed testing reduces the chance
that vulnerabilities will be identified before deployment. Manual
deploymentand patching practices canresultininsecure software
frombeing released to production.

“Automated security practicesare the core of processefficiency
because they canreduce manual processes, increasing efficiency
andreducing rework. Software quality canbebettered by improving
thethoroughness, timelinessand frequency of testing /feedback.
Processes that can be automated should be automated, and those
that can’tshould beautomated asmuch as possible or be considered
for elimination” [6].

CONCLUSION

GAMP guidance makes a valuable distinction between GxP
records supporting the medical product life cycle and required
by apredicate rule, and non-GxP information, data, and artifacts
that support computerized system life cycles and IT processes.
The unnecessary application of some customs and practices
traditionally associated with GxPrecords, without critical thinking,
tosystemlife cycleand IT processrecords canlead tounnecessary
costsandlower quality and process control. It canalso discourage
innovation,and may preventIT, software, and quality professionals



from selecting and using the most appropriate and effective tools
and methods to perform their duties.

Patient safety, product quality, and data integrity are best
achieved by managing computerized system life cycle and IT
processrecordsthroughuseof currentgoodIT practiceand software
engineering principles supported by effective standard tools. &
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REMOVING THE FRUSTRATION

from Functional Risk Management

By Chris Reid, Sion Wyn, Charlie Wakeham, and Heather Watson

ISPE GAMP® 5: A Risk Based Approach to
Compliant GxP Computerized Systems (Second
Edition) [1], section 2.1.4 states “Quality Risk
Management (QRM) is a systematic process

for the identification, assessment, control,
communication, mitigation, and review of risks.”

SPE GAMP® 5, Second Edition [1] states that, “Controls are
developed to reduce risks to an acceptable level. Implemented
controls are monitored during operation to ensure ongoing
effectiveness.”
Risks maybe managed by elimination by design, reduction to
anacceptable level, and verification to demonstrate thatrisks are
managed toanacceptablelevel. Examples of risk control measures
include designing failure detection mechanisms, implementing
procedural monitoring, and testing to demonstrate that controls
are fit for intended use.
The International Council for Harmonization of Technical
Requirementsfor Pharmaceuticalsfor Human Use (ICH)harmonized
guideline “Quality Risk Management Q9 (R1) [2]” defines two
primary principles of QRM:
= “Theevaluationof therisk toquality should bebased onscientific
knowledge and ultimately link to the protection of the patient.

= Thelevel of effort, formality, and documentation of the quality
risk-management process should be commensurate with the
level of risk.”

Wecanderivefromthisthateffectiveriskmanagementisdependent
on product and process understanding, critical thinking, and an
understanding of howacomputerized system supports the process.

PLANNING RISK ASSESSMENTS

QRM focuses effort where there is greatest risk to patient safety,
product quality, and data integrity. However, experience shows

26 PHARMAGEUTICAL ENGINEERING

that, too often, riskassessmentsare purely formal documentation
exercisesthathavelimitedinfluence onthe computerized system
designortheimplementation of controls to managerisk. Thereare
anumber of considerations when planning the risk assessment
approach.

The value of risk assessment is limited by, for example:
» Failureto
= include subject matter experts with product and process
understanding who can clearly define the severity of a process
or functional failure or whohave the ability to detectafailure.
= includesubject matter experts with theappropriate system or
technicalunderstanding who canassesstechnical complexity
and the probability of process or functional failure.
= define appropriate mitigating actions to reduce risk.
» Riskassessmentsthatare
= conducted too early, so information is not mature enough to
make valued judgement about risk.
= conducted too late, so there is reluctance to modify design or
conduct additional testing to reduce risk.
= conductedagainstoff-the-shelf functionality thatimplement
industry best practice processes.
= toogranular(e.g,everysinglerequirementisassessed rather
than a feature area).

Scaling

High-level risk assessments conducted against processes or
application modules can determine whether there is any patient
safety, product quality, or data integrity risk. For example, this
wouldinclude determining whetherafinance modulehasany GxP
risk. Processesand/or application modules thathave no GxPimpact
are excluded from more granular functional risk assessments.

Lack of subject matter expertise
Even with the best-designed risk assessment process, a lack
of subject matter expertise will lead to an erroneous outcome.



Process owners have process and product understanding and are
bestplaced to determine the severity of risk scenarios. Functional
experts have technical understanding of how the functionality
isimplemented and are therefore best placed to determine the
probability of failure.

Generic risks

A number of risks can be anticipated in advance and managed
as generic risks, particularly the failure modes. As such, it is not
necessary to repeatedly evaluate generic risks. Table 1 provides
some examples.

Granular or grouped requirements

Often, everysinglerequirementisevaluated by theriskassessment.
When requirements are written at a granular level, it is better to
takeaholisticapproachandassessarelated group of requirements,
processes, or feature areas. In such cases, the primary risks
requiring control can be identified rather than determining
unnecessary controls for each specific requirement.

ISPE GAMP® Good Practice Guide: Enabling Innovation - Critical
Thinking, Agile, IT Service Management [3] section 2.3.1stresses the
importance of logically grouping requirements in a structured
manner. This approach significantly helps with the assessment
of related requirements as a feature area or process area. (Note:
it may be beneficial from a business perspective to conduct more
granular risk assessments.)

Software/configuration error

Risk assessments often record “software/configuration error” as
ariskscenario. Thisisthe cause of the failureand isa superfluous
and obvious statement. The failure scenario should clearly state how
patient safety, product quality, or dataintegrity could be impacted.

Off-the-shelf solutions

Off-the-shelfsolutionsare designed by vendors to reflectindustry
bestpractice. Solution evaluationshould confirmthatthisisthe case.
Thelikelihood of failure is low for mature off-the-shelf solutions.
Therefore, for such solutions, the primary focus should be to
determinefunctional severity todefine thescopeof validation effort.
Assessment of probability of failure and detection mechanisms
will be of limited value.

Novel solutions

Novel solutions are typically new or innovative solutions that
may include limited process or functional understanding. It is
essential thatsufficient understandingisestablished before therisk
assessmentisstarted. Asdiscussed previously, ariskassessment
may evolve iteratively with the solution design. Process owners
may require training to better understand the solution prior to
commencing risk assessments.

INTEGRATING RISK ASSESSMENTS INTO THE DESIGN PHASE

Risks may beinitially evaluated against business processes and/

Table 1: Examples of anticipated risks.

Feature Generic Failure Scenarios

Data Interface Data transfer does not trigger when required
Data transfer does not recover following interface failure
Data is incomplete
Data is not loaded/mapped correctly

Reports Report layout is incorrect

Data is incomplete/incorrect

Data resolution is incorrect/inaccurate
Report is not generated when required
Report is not saved

Report is not approved

Data Data entered by unauthorized person
Data entered out of range
Data not saved
Data not stored accurately or in wrong data item
Data approved by unauthorized person
Data accessible by unauthorized person
Data not protected against loss

or requirements. However, for complex systems, risks should be
further evaluated during the design and configuration phase.
Additional information provided by design and configuration
records is useful in confirming risk assessments or in revising
to address additional information relating to detectability or the
likelihood of failure.

Inform Design

Risk assessments are often conducted as a separate activity from
processand functional design. As such, riskassessmentsare used
toassessratherthantoinformthe design. Riskassessment should
beanintegral partof the design, where theriskassessmentevolves
with the design to establish a robust solution, rather than being
handled by a separate team that conducts the risk assessment to
challenge a completed design.

Agile frameworks cater to this very well when the risk assess-
mentisanintegral partofuserstorydevelopment,and whenitisbuilt
intosprint planning, sprintreview,and sprintretrospective—when
the current risk conclusions and selected controls are developed
and continuously monitored.

Evaluate Controls

Often the focus of risk assessment is to formulate test plans and
test scenarios. The primary focus of risk assessment should be to
ensurethe designed controlsareadequate. Testingisthenusedas
one approach to verify that designed controls function correctly.

Consider Different Designs

For complex solutions, a different design or configuration may be
used to deliver the same requirement. For example, this would
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Table 2: Components of a risk assessment.

Risk Assessment
Component

Description

Considerations

Severity The potential impact on patient safety, product quality,

or data integrity.
« Direct impact: High
« Indirect impact: Medium

« Negligible or no impact: Low

Probability/Likelihood
of Failure

Software is more likely to fail if it is a new code or
complex configuration. Out-of-the-box software is well
proven and less likely to fail.

What does it tell us?

« Non-configured off-the-shelf software: Low

Whenis it relevant?

« Configured software: Medium

What do we do about it?

« Customized software: High

Note: These are guidelines only. Complex configuration
could increase the probability, and low-complex custom
software could be medium.

Probability should also consider human factors/error.

Detectability Should the system malfunction, will it be readily

detected?

Who should evaluate?

« Automated or procedural detection that specifically
looks for the failure: High

What does it tell us?

« Thorough observation and/or focused data review,
including consideration of audit trails: Medium

« Unlikely: Low

When is it relevant?

What do we do about it?

occur when deploying multiple releases to different organizational
units for a corporate solution (e.g., enterprise resource planning).
Insuch cases, itis possible that the severity, probability of failure,
and detectability could change.

For example, if the same requirement applies to similar
processes but different products of differingrisks, the severity of
failure may differ.If the complexity of the design and configuration
is different, the likelihood and detectability of failure may be
different. Assuch, risksneed tobe reassessed considering different
product severity, design, and configuration.

DETERMINING PROBABILITY OF FAILURE

GAMP Guidance

ISPE GAMP® 5 (Second Edition) [1] software categories provide
high-level guidance on the probability of functional failure
and should not be taken literally. Category 5, Customized
Software, suggestsahigh probability of failure. However, if the
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When to evaluate?
Who should evaluate?
What does it tell us?
When is it relevant?

What do we do about it?

When to evaluate?

Who should evaluate?

When to evaluate?

When the process and/or user requirements are defined and understood
Process owners

The potential harm

Always

« Scale the validation effort; higher severity leads to greater
validation effort

« |dentify and/or design controls specifically to control the harm and to
minimize the impact on safety and/or quality to an acceptable level

During design and configuration

Functional subject matter experts (SMEs)

Likelihood that the function will fail

For solutions that have complex design and configuration

« Lower the probability by verifying that the function works
« Avoid customized solutions when possible

« Design should consider human factors/error and minimize the
probability of such errors (e.qg., with data entry verification)

When process design is complete
« Process owners who understand how failures could be detected

« Functional SMEs who understand how the detection functionality works

« Whether there is a failsafe mechanism to limit the risk of patient safety,
product quality, or data integrity

« The detection mechanism should be verified
Most valuable for high-severity functionality
« Consider alternative detection mechanisms if the risk is high

« Verify that the detection mechanism is in place and working

code comprises only 20 lines, then the probability is likely to
beless. Similarly, configuration, especially on large corporate
applications suchasenterpriseresource planning systems, may
be complex and need to be considered as a high risk of failure.
Input from functional experts is essential when considering
the likelihood of failure.

CONDUCTING RISK ASSESSMENTS

Timing

Riskassessmentsare often conducted too early or toolate, or they
taketoolongto complete dueto protracted discussions. Conducting
risk assessments early without sufficient process and/or product
understanding canlead toinsufficientinformation to make valued
judgements about potential failure scenarios and severity of
failures. Further, assessing thelikelihood of failure before solution
design and configuration phases may mean there is insufficient
knowledge to correctly evaluate the likelihood of failure.



Completing risk assessments late limits the influence of the
riskassessment outcome on the solution designand testing. Risk
assessments completed after design approval are unlikely to
lead to design changes to lower the risk and are too late to input
to test planning.

Testing

Riskassessmentsuse testingagainstdesigned controlsasameans
of reducing risk. Testing confirms that designed controls are fit
for intended use and reduce the probability of functional failure.
However, risk assessments often simply state “to be tested in
functionaland acceptancetesting,” rather than stating the specific
test objectives arising from the risk scenario. As such, test teams
must rethink the outcome of the risk assessment to determine
what needs to be tested.

Planning Considerations

Thereisnodoubt thatriskassessmentinthe context of widerrisk
managementis essential to ensuring computerized systems that
are fit for intended use. However, mechanical application of risk
assessments without critical thinking canlead toa poor outcome
thathaslittle influence on the design and validation of a solution.
Table2 explainsthe different components of ariskassessmentand
other considerations, such as when and by whom the evaluation
will be done.

MANAGING RISK ASSESSMENTS

Riskassessmentisonlyanelementof theriskmanagementprocess.
Controls must be verified and risks must be monitored to ensure
therisk treatment is effective. As such, the risk assessment must
bemanagedinawaythatcanbereadily maintained asexperience
during the project and operational phase is gained. Thus, risk
assessments mightbe managed withinatoolorasanintegral part
of the solution design.

CONCLUSION

Riskassessmentisessentialifrisksare tobe effectively managed
during the projectand/or operational phase. However, the output
of the risk assessment is of limited value if it is not conducted
by a team with the necessary process, product, and functional
understanding. Conducting risk assessments prematurely may
lead to invalid assessment of the overall risk. Conducting risk
assessments too late will limit the opportunity to address design
flaws and effectively test processes and functionality.

Mature out-of-the-box functionality is unlikely to present a
significant risk, and therefore risk assessment should focus on
identifying functionality that impacts patient safety, product
quality,and dataintegrity to scope the validation effort. Complex
systemsthatrequire significant designand/or configuration should
be assessed for the likelihood of failure and the ability to detect
failuresthat mightarisefromtheincorrect designor configuration.

Anefficientriskassessment process conducted atanappropri-
atelevelby theright SMEswillsignificantly increase thelikelihood

of deliveringa solution thatisfit forintended use. Risk assessment
is a means of evaluating the effectiveness of designed controls
and, where necessary, taking action to lower the risk through
designing, testing, or proceduralizingactivities to lower the risk.
Risk management is primarily a process for identification and
control of quality risks. As stated by the US FDA, “our primary
focus ...[is] to minimize the risks to the public health” [4]. &
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GELEBRATING 20 YEARS

of GAMP® Americas

By Brandi Stockton, Lorrie Vuolo-Schuessler, and Charlie Wakeham

This special anniversary article addresses the
history and milestones that define the GAMP
Community of Practice (CoP). In celebration
of the 25th anniversary of the creation of
GAMP Americas, we reflect on the vital role
GAMP Americas has played in that journey.
We commemorate key accomplishments of
its members, share recent activities, and look
ahead to the future of GAMP Americas.

ORIGINS OF GAMP AND ITS GUIDES

The GAMP CoP originated in the United Kingdom in 1991. Led by
ateam of leading innovators from within the pharmaceutical
engineeringsector, the forum steering group included David Selby,

Figure 1: Key GAMP milestones and publications.

1991: Pivotal
US FDA 1995: GAMP
Inspections V1 Supplier
in Europe Guide

1994: Draft 1996: GAMP
Guide V2 Supplier

Guide

2001: GAMP 4 2008: GAMP® 5
published published

2003: GAMP 2017:Records

Japan and Data
formed Integrity Guide

published
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PhD, then with Glaxo International Quality Assurance; Clive
Taylor, then of Wellcome plc; Tony Margetts, PhD, then of Zeneca
Pharmaceuticals; and, Annis Bratt, then with SmithKline
Beecham. The group was formed in response to US Food and
Drug Administration (FDA) inspections that increased focus on
the management and controls of automated systems. Under the
group’sleadership,industry expertsworked to createdraft guidance
to improve the understanding and communication of regulatory
expectations for the use of automated systems supporting Good
“x” Practice (GxP) activities. The history of GAMP can be traced
through some of the guidance documents created and key
milestones shown in Figure1.

The Supplier Guide, or GAMP Version 1.0 as known today, was
published in electronic format in March 1995 [1]. It addressed
expectations from the US FDA and the European Commission’s
Good Manufacturing Practice recommendations from Annex 11.

Late 2000:
1998: GAMP 3 GAMP
publication by Americas
ISPE formed
2000: GAMP
joins ISPE as
technical
committee
2020: Data
Integrity by 2025: 2 regional
Design Guide GAMP CoPs, 18
includes CSA local GAMP
and Al/ML CoPs

2022: GAMP® 5
(Second Edition)
published



Thesecond edition of GAMP followed in May 1996 with new content
inresponse to comments from the European Commissionand the
US FDA [2]. In March 1998, GAMP Version 3.0 [3] was published
with funding from ISPE. It included user and supplier guides.
Its publication was a foretaste of GAMP becoming a technical
subcommittee of ISPE in 2000.

Previously, only pharmaceutical companies were directly
involved in writing GAMP guidance. The Supplier Forum was
establishedin1995with support from the Medicinesand Healthcare
Products Regulatory Agency (MHRA). Guy Wingate, PhD (retired,
VP & Compliance Officer, GlaxoSmithKline), served as chair of the
forumwith the goal of providinga community for UK and European
vendors, suppliers and consultants, and regulators to discuss the
practical application of GAMP guidance. This group was fully
incorporatedinto GAMPin 2000, from which point pharmaceutical
companies and vendors would work directly together towriteand
develop future GAMP guidance.

The ISPE GAMP®4 Guide for Validation of Automated Systems
wasreleasedin December2001andrepresentedamajorrevisionand
new contentaddressingregulatoryand technological developments
[4]. Key members of the newly formed GAMP Americas—Paul
D’Eramo, Arthur (Randy) Perez, PhD, and Rory Budihandojo—
contributed significantly to this updated guide created through
a truly international effort, with representatives from sponsor
companies, suppliers, and regulators globally. This version of
the industry-leading guide broadened the scope to include a
widerrange of regulated healthcare industries, whereas previous
iterations had only focused on systems used for GMP systems.
GAMP 4 applied to all regulated systems and included greater
focusonuserresponsibilities and details on the operational phase.

NO LONGER AN ACRONYM

Priortotherelease of GAMP®4,GAMPhad originallybeenanacro-
nym for Good Automated Manufacturing Practice. With the scope
broadenedin GAMP®4toinclude much more thanjustautomated
manufacturing, GAMP instead became a name, trademarked by
ISPE, and the acronym was discontinued. GAMP now represents
guidance applicable to computerized systems used in regulated
activities covered by Good Laboratory Practice, Good Clinical
Practice, Good Distribution Practice, Good Pharmacovigilance
Practice, Medical Device Regulations,and GMP. Collectively, these
arereferred to as GxP.

TAKING TECHNOLOGY FROM THEORY T0 PRACTICE

ISPE GAMP®5: A Risk-Based Approach to Compliant GxP Comput-
erized Systems was released in 2008, with the GxP in its title
reinforcing the broader scope [5]. Aswithall GAMP guidance, this
versionwas created in response to changesinthe industryandin
regulatory expectations. In particular, the US FDA’s promotion of
risk-based approachesand the publication of ICH Guideline Q9 on
Quality Risk Managementin 2006 [6]. GAMP®5emphasized product
and process understanding and offered a practical application of
risk-based approaches to computerized systems

Figure 2: GAMP wins committee of the year for a second time.

Technology and methodology continued to evolve after the
publication of GAMP®5,and GAMP guidance documentshaveled
the way in facilitating industry adoption of innovative solutions
and new technologies within the often conservative life sciences
industry. For example, GAMP published guidance on using and
managing cloud computingand agile methodologiesasfarbackas
the 2012 ISPE GAMP® Good Practice Guide: A Risk-Based Approach
to Testing GxP Systems (Second Edition).

Computer software assurance (CSA) approaches were written
into the 2020 ISPE GAMP® Records and Data Integrity Good Practice
Guide: Data Integrity by Design [7) which was published two years
before the USFDA released it’sdraft guidance “Computer Software
Assurance for Production and Quality System Software” in 2022,
bywhichtime, the fullapplication of computer softwareassurance
(CSA) principles had already been adopted and expanded in the
second edition of GAMP® 5. The Guide also includes guidance
onblockchainand artificial intelligence/machine learning (AI/
ML), providing companies with a framework to leverage these
advances into their regulated applications.

Thesuite of 15 current GAMP® good practice guideshasrecently
beenenhanced withanupdatetotheguideoneClinicaldata. Later
thisyear, ISPEwill publish the first-of-its-kind Good Practice Guide
on AI/MLtechnology. It wasled and produced by Brandi Stockton,
Founderand Managing Partner with the Triality Group, LLC,and
Chair of ISPE GAMP Americas CoP Steering Committee.

Recognizing its impact within the life sciences industry, the
GAMP Global Steering Committee won ISPE’s Committee of the
Yearin 2016 and again in 2022 (see Figure 2).

Havingoriginated in Europe, GAMP Americas was established
in2000asthe first GAMP committee outside of Europe, providing
apositive step toward globalrecognition and participationinthe
GAMP community. The GAMP Americas CoP Steering Committee
introduced GAMP principles and methodologies into the US via
a forum event, which included keynotes by Selby, Wingate, and
D’Eramo.

During the initial GAMP Americas Forum, several special
interest groups (SIGs) were formed to begin working on various
GAMP good practice guides (e.g., the GAMP Forum Laboratory
Systems SIG, and the Global Information Systems SIG). Although
these teams started and were led by members of GAMP in the US,
and overseen by the GAMP Americas CoP Steering Committee,
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Figure 3: GAMP around the world.
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Figure 4: GAMP Americas founding members and Chairs over the last 25 years.

GAMP Americas Trailblazers and Leaders

Thanking our Founding Members
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. Ed Kanczewski 2

. Kevin Martin
. Mike Wyrick
. Paul D'Eramo
. Randy Perez

they were open to and supported by GAMP members throughout
the entire international GAMP community.

GAMP continued to grow globally through the combined efforts
and dedication of GAMP Americasand the original GAMP founders
andleadersin Europe, later formalized into GAMP Europe, which
todayhas12local CoPs. The 2003 creation of GAMPJapan saw GAMP
expand into Asia Pacific for the first time; 20 years later, GAMP
South Asiawas formed in the region to promote and support GAMP
across Australia, Indonesia, Malaysia, New Zealand, Philippines,
Singapore,and Thailand. An overview of the GAMP communities
around the world is shown in Figure 3.

The GAMP Americas Steering Committeehasalwaysmaintained
a seat for representation from the US FDA. Robert D. Tollefsen,
of the US FDA'’s Office of Regulatory Affairs (ORA), was an active
and valued member of the Americas Steering Committee for many
years, providing hisinsightinto discussions and expertreview of
many GAMP guides. GAMP Americas is now privileged to count
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Celebrating 25 years of GAMP Americas Chairs
. 2000 -2001 Rory Budihandojo

SenecaToms, MS,RAC, of the USFDA’s Center for Drug Evaluation
and Research as among its current members.

The formation of GAMP Americas and the boundless dedi-
cation of its founding and ongoing members have strengthened
and expanded the GAMP community throughits quarter century
of operation, and Figure 4 shows the original committee and the
committee chairs throughits history.

GAMP AMERICAS ACTIVITIES

GAMP Americas has been a very active regional GAMP CoP. Its
steering committee hasled and/or collaborated with the creation
of many GAMP good practice guides. Members of GAMP Americas
have also actively participated with other areas of the GAMP
community in presentations and workshops during ISPE meetings
and conferences.

Intheir firstdecades, the GAMP Americas Steering Committee
held multiple forums and meetings primarily in the northeast



Figure 5: Some of GAMP Americas inspirational members.

Mike Rutherford
2013 -2015 GAMP Americas Chair
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Winnie Cappucci

. 2010 - 2013 GAMP Global Chair
. 2013 Richard B. Purdy Award

. Multiple guide author

. ISPE GAMP trainer

Arthur (Randy) Perez

. 2002 - 2006 Americas Chair

. 2005 Max Seales Yonker Member of the Year
. 2005 - 2013 ISPE Board of Directors

. 2011 - 2012 Chair, ISPE Board of Directors

. 2014 Richard B. Purdy Award

. Multiple guide author

. ISPE GAMP trainer

Lorrie Vuolo-Schuessler

. 2020-2023 GAMP Americas Chair
. 2023 Richard B. Purdy Award

. Multiple guide author

. ISPE GAMP trainer

Brandi Stockton
2022 Winning Team Coach, ISPE EL Hackathon
. 2023 - Present GAMP Americas Chair
. Multiple guide author
. ISPE GAMP trainer

United States. They also held full day forums at ISPE conferences
in the United States.

During the last several years, the GAMP Americas Steering
Committee has been working to offer more opportunities to
GAMP members throughout the Americas by starting local
ISPE Chapter GAMP CoPs. These new GAMP CoPs provide local
GAMP chapter members with ongoing access to GAMP experts,
networking opportunities, and platforms to showcase work and
accomplishments, share experience, and cultivate professional
growth and visibility within the industry. To date, several new
GAMP CoPshavebeenchartered under GAMP Americasincluding
the ISPE Boston Chapter GAMP CoP, the New Jersey Chapter GAMP
CoP, and the Great Lakes Chapter GAMP CoP.

AWARDS AND ACHIEVEMENTS

Members of GAMP Americas have also been awarded multiple
ISPE international honor awards, including the Max Seales
Yonker Award thathonorsanISPE member who hasmade the most
significant contribution to the society during the last year, the
Richard B. Purdy Distinguished Achievement Award given to an
ISPE member who has made significant, long-term contributions
to the society, and the rarely given Joseph X. Phillips award that
recognizestheextraordinary contributions ofitsrecipients. Among
them, GAMP Americas members have been awarded eight ISPE
individual honor awards. Figure 5 highlights the achievements
of some of the most inspirational members of GAMP Americas.

Cappucci said: “Iloved every minute I worked with the
GAMPers and still do. What a changing of the guard and a firm
foundation for the future.”

Selby reflected recently on GAMP’s continual growth and
success from its beginningsin1991: “Itis really impressive to see
how the baton has been passed on and enthusiastically taken up
by eachnew generation. Hearty congratulations toall whohad the
faithtowork togetherinthose early daysand have continued after

me for making GAMP what it is today and so much better than I
could ever have imagined.”

SUCCESSION AND NEW MEMBERS

Membership ona GAMP Steering Committee, Americasor other, has
alwaysbeenbased on merit (i.e., demonstrated leadership and/or
involvement with GAMPactivities through extensive volunteering).
Some of our committee members have been investing their own
time and expertise into GAMP over decades and their input has
been foundational to its success.

New members and new ideas, especially from our industry’s
Emerging Leaders, are not only desirable but essential to keep
GAMPenergizedandtopical. GAMP Americashasbeeninspirational
in recruiting new steering committee members and engaging
with universities, students, and Emerging Leaders, collectively
strengthening GAMP’s future.

Toencourage succession planning and create opportunities for
recruiting new steering committee members, arecentrevision to
guiding principles applicable to all GAMP CoPs has introduced a
limit on the duration of membership on its committees.

Randy Perez and Mike Rutherford: Thank you for
your exceptional contribution!

Two of GAMP’s most respected leaders, Randy Perez and Mike
Rutherford, are now exiting the Americas Steering Committee
under the revised principles. Their volunteer highlights and
achievementsare vast (see Figure 5) deserving of much more than
afewbullet points.

Aformerseniorleader within Novartisand afounding member
of GAMP Americas, Perezhas continued todevote much of his time
to the furtherment of GAMP since his retirement in 2015. During
recent years, he has been an active GAMP trainer, acted as an
importantliaisonbetween GAMP and other ISPE initiatives,andis
always willing to share hisideas for GAMP direction and strategy.
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Any ISPE Affiliates or
Chapters interested in
including GAMP topics at
a meeting, please contact
GAMP Global or GAMP

Americas Leadership. It iswital .~
that all ISPE activities have
consistent, aligned messaging
around GAMP topics.

Rutherford had an extensive and distinguished career with Eli
Lilly and then Syneos Health before retiring in 2023. During his
successful executiveroles,and continuing after hisretirement, he
has always made time for GAMP and ISPE. He was instrumental
in driving and developing data integrity best practices, many of
which are captured in the ISPE GAMP® Records and Data Integrity
Guide, which he co-led with Sion Wyn (Conformity Ltd.) and Nigel
Price (QCDI Ltd.). No distance was too far, with him sharing his
knowledge at ISPE conferencesasfaras South Koreaand Singapore.

Although Rutherford is leaving the steering committee, we
know he will continue to be one of GAMP’s strongest supporters.
In recognition of the universally high esteem in which he is held
within ISPE and GAMP, in September, he was named Interim
Presidentand CEO of ISPE and the ISPE Foundation, a posthe held
until December. Thank you to both for exceptional contributions
over the years.

In addition to Perez and Rutherford, there have been many
extraordinary GAMP Americas Steering Committee members
who have made significant contributions to GAMP Americas
throughout the years. Although there are too many to list here,
we thank them all for their contributions.

The same succession planning has also happened within
the GAMP Global Steering Committee. In addition to Perez and
Rutherford, we arealso saying goodbye witha heartfelt thanks to
Guy Wingate, PhD, (Chair GAMP Council2000-2010 and ISPE Board
of Directors), Chris Reid (Chair GAMP Global Steering Committee
2017-2019 and ISPE Board of Directors), and Chris Clark (Chair
GAMP Editorial Review Board 2009-2023). They have all been
giants of GAMP and will be missed.

We'’ve sadly lost Anthony (Tony) Trill who passed away in
August. He was a long-time ISPE member with a decades-long
career in the pharmaceutical industry with expertise in Good
Manufacturing Practices (GMP) standards. Tony was a major
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influencer and contributor in the early days of GAMP guidance
and deserves much credit for getting Europeanregulatorsinvolved
withand supporting GAMP.

A BRIGHT FUTURE FOR GAMP AMERICAS

The knowledge-sharing forums adopted by GAMP Americas and
its new local GAMP Community of Practice (CoP) are drawing
in attendees both within and outside of current ISPE and GAMP
membership. They areattractingnew event sponsors and tempting
inactive sponsors back after a hiatus of several years. There is
new and renewed interest from regulated companies (including
supporting chapter/leading committees), increased interest from
emergingleaders/students,andincreasingly inspiring other ISPE
Chapterswithinthe Americastoestablish theirownlocal CoPs. The
GAMP Boston eventachieved a massive level of engagement from
younger professionals with approximately 20% of the attendees
currently attending school full time.

The GAMP Forums bring much more than just a seminar
approachasevidenced by this feedback from one of our members
attending our Great Lakes Forum event:

“For me, the ISPE Great Lakes Chapter GAMP Forum in
Chicago wasn’t just an educational event, it was a vibrant hub
of industry expertise and camaraderie. I met so many fantastic
people from theindustry, each bringing their unique experiences
andinsights. This gathering was truly an exceptional experience,
blending learning with meaningful connections. The sessions,
ranging from critical thinking to the latest in Machine Learning
and Al, were notonly informativebutalsoinspiring. It’srare tofind
an event where you can so deeply immerse yourself in the spirit
of innovation and collaborative problem-solving,” said Jahnavi
Vellanki, alaboratory systems validation specialist with Labcorp
and Great Lakes Forum attendee.

With GAMPeventsin2023inPrincetonand Raleigh,and forums
in2024in Chicago, Indianapolis,and Boston, GAMP’saccessibility
throughout the Americasis growing, makingiteasier thaneverto
getengaged. There are now links from GAMP Americas to GAMP
Brazil, ISPE Mexico, and ISPE Canada Affiliates. The energy in
the current GAMP Americas Steering Committee is spreading
through its geography.

AnyISPE Affiliate or Chapterinthe Americasinterestedinestab-
lishinga GAMP CoP, please contact GAMP Americas leadership.

GETTING INVOLVED

GAMP experts around the world are here to help you plan events
arounddigital transformationand to connect you with exactly the
right people to help you get involved as a GAMP volunteer.

GAMP topics may overlap with and complement other CoPs. We
have experts from our SIGs that can present on many topics with
case studies including, but not limited to, software automation
and artificialintelligence, blockchainand distributed ledger, data
(integrity, quality governance, management),infrastructure, cloud,
Agile software development, CSA, and more.

For anyone interested in becoming involved with GAMP:



= Ensure you have selected your affiliate or chapter in your ISPE
profile

= Contactyourlocalaffiliate or chapter (details canbe found onthe
ISPE affiliates and chapters page)

= Select GAMP CoP in your ISPE profile

* Postintothe GAMPcommunityinISPEEngage—wewillrespond

= Volunteer fora GAMP SIG or other specific activities: Reach out
toany GAMPleaderinyourregionthrough either the ISPEmem-
bershipdirectoryor LinkedInmessaging. Weareheretohelpand
glad to connect to new enthusiasts

Any ISPE Affiliates or Chapters interested in including GAMP

topics at a meeting, please contact GAMP Global or GAMP

Americas Leadership (depending on yourlocation). Itis vital that

all ISPE activities have consistent, aligned messaging around

GAMP topics. We are happy tohelp you do thisby recommending

speakers, reviewing materials,and promoting your event through

our networks, committees, and communities.

= GAMP Americas chair: Brandi Stockton,
bstockton23@outlook.com

* GAMP Americas past chair: Lorrie Vuolo-Schuessler,
lvschuessler@verizon.net

= GAMP Global chair: Charlie Wakeham,
charliewakeham@wakeuptoquality.com

MORE ON GAMP

A more detailed discussion of GAMP’s beginnings and the
community’s current objectives was published in “Happy 30th
Anniversary to the GAMP Community of Practice!” in the May/
June 2021 issue of Pharmaceutical Engineering [9] written by Sién
Wyn, who has provided exceptional expertise and dedication to
the GAMP community for well over 20 years and continues to do
so, bringing significant benefit to our industry. &

EDITOR’S NOTE: In more recent years, David Selby, worked for Glaxo Wellcome Operations,
Barnard Castle, and later Voss, until retiring in 2017. Tony Margetts currently serves as the
principal consultant for Factorytalk in Bangkok.
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PEOPLE + EVENTS

ISPE Announces the 2024-2025 International Board
of Directors and Honor Award Winners

By Marcy Sanford

The new ISPE International Board of Directors
was introduced, the gavel was passed to a

new Chair, and Honor Award Winners were
announced on 15 October 2024 during the 2024
ISPE Membership Meeting and Awards Lunch

in Orlando, US, during the 2024 ISPE Annual
Meeting & Expo.

ISPE Board of Directors Inmediate Past Chair Scott W. Billman (right)

passes the gavel to incoming Chair Jeffrey A. Biskup, PE, (left).

CHANGES T0 THE BOARD

Incoming Chair Jeffrey A. Biskup, PE, Executive Chairman of the
Board at CRB, began his year as Chair. Outgoing Chair Scott W.
Billman, Senior Vice President, Global Engineering, Technology,
and Facilities, Solventum, moved into the Past Chair position of the
International Board’s officers. The Membership Meeting included
presentations by Billman, Biskup, and Michael Rutherford, 2024
Interim ISPE Presidentand CEO, as wellasreports on the financial
health of ISPE and an update on the ISPE Foundation.
Billman gave an overview of ISPE’saccomplishmentsin 2024,
which included the following:
= Distributing $154,785 to Affiliates and Chapters for local mem-
bership projects
= Reaching 22,000 members
= Starting new Communities of Practice (CoPs) for Sustainability
and artificial intelligence (AI)
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= Expanding professional development and custom training
offerings
= Continuing engagement with regulatory agencies

“ISPE is positioned to drive expanded knowledge sharing across
the industry,” Billman told attendees. He also thanked outgoing
board membersfor their contributionsas they stepped down from
theboard. Past members include:
= NinaS.Cauchon, PhD — Director, Regulatory Affairs-
CMC, Amgen Inc.

= Teresa Minero — Founder and CEO, LifeBee, a Product-
LifeGroup Company

* Monique L. Sprueill, PMP — Director and GCP Process Quality
Lead, Bristol Myers Squibb

» HirofumiSuzuki, PhD — Manager, Regulatory Affairs CH
Japan, Bayer Yakuhin Ltd.

= Michael L. Rutherford — Interim President and CEO, ISPE and
ISPE Foundation. Resigned from the board in 2024.

HIGHLIGHTS AND UPDATES

Rutherford welcomed attendees to the Membership Meeting and
spoke about the ways the 22,000 ISPE members in 120 countries
are helping shape the future of the pharmaceutical industry.
“Our subject matter expertise is growing with CoPs. Guidance
documentshaveadded newwaystosubscribe throughinstitutional
and corporate licenses. Conferences continue to highlight the
innovativeadvancementswithintheindustry throughkeyeducation
sessions, and the ISPE Foundation continues to provide professional
development grants to students and recent graduates.”

James A. Breen, Jr., ISPE Foundation Board of Directors Vice
Chair, 2022-2024, Vice President, Global Engineering and
Technology,Johnson & Johnson Innovative Medicines, introduced
the ISPE Foundation Board and gave an overview of the ISPE
Foundation’saccomplishments for 2024, including the Technology
without Borders Program, which will provide essential ISPE
guidance documents and delivered nearly $250,000 worth of
trainingin Portuguesetoindividualsin Brazil,and the Workforce
Diversity Pillar, which awarded a scholarship through the Women
in Pharma® program.

Healsothanked the ISPE Delaware Valley Chapter for estab-
lishing the Delaware Valley Chapter Scholarship Fund. Thelargest
Affiliate/Chapter giftin the Foundation’shistory, the Fund provides
academic scholarships to aspiring students in the Mid-Atlantic
region. This enables them to concentrate on their educationand
career development in the pharmaceutical industry. &



THE 2024—2025 INTERNATIONAL BOARD OF DIRECTORS

1 S,
Pictured from left are David Churchward, Jeffrey A. Biskup, PE, Mike Martin, Vivianne Arencibia, Vivien Santillan, Sarah Pope Miksinski, PhD, Shanshan Liu,

Liz Dooley, MSc, Rebecca Roscher, Michael Rutherford (2024 ISPE Interim President and CEO), Timothy J.N. Watson, PhD, and Scott W. Billman
Not pictured: Ylva Ek, Norman Goldschmidt, James Grunwald, and George Singewald, PhD.

Officers Directors
Chair David Churchward
Jeffrey A. Biskup, PE Head of Operations Quality, Compliance and External
Executive Chairman of the Board, CRB Affairs, AstraZeneca
Vice Chair Liz M.D9oley, MSc . .

.- s Senior Director, Global Engineering and Technology,
Vivianne]. Arencibia h &loh
Vice President, Global Quality Systems and Compliance, Johnson & Johnson
Moderna Norman A. Goldschmidt

President, Genesis AEC

Treasurer James Grunwald
YlvaEk

. . . Senior Vice President US Business Development, Arcadis
Founder, Robur Life Science Advisory AB

Shanshan Liu

Secretary Director, No Deviation Pte Ltd.

Vacantat Time of Printing Sarah C. Pope Miksinski, PhD

. Executive Director, CMC Regulatory Affairs, Gilead Sciences, Inc.
Past Chair g y
S W. Bill Vivien Santillan
coil:t . ! mar} . . Regional Director, Asia, Novatek International

Senior Vice President, Global Engineering,

Technology, and Facilities, Solventum Georg Singewald, PhD
SVP, Global Head of Quality & Compliance,

Ex Officio Non-Voting Member Roche Pharma & Genentech

Mike Martin Timothy J.N. Watson, PhD

Presidentand CEO, ISPE, ISPE Foundation Vice President, Head of CMC Regulatory Affairs, Gilead Sciences
Ex Officio
Emerging Leaders Representative (non-voting)
Rebecca Roscher

Project Manager, Bayer AG
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2024 INTERNATIONAL HONOR AWARDS

The 2024 ISPE Honor Awards were distributed to recipients by Michael L. Rutherford, Jeffrey A. Biskup, PE, and Scott W. Billman.

2023 ISPE Roger F. Sherwood Article 2024 Company of the Year Award
of the Year Award Takeda
Winners were awarded for Pharmaceutical Engineering® content

published during 2023.

“Comparability Considerations for Cellular and Gene
Therapy Products,” published in the November/December
2023 issue by Andrew Chang, PhD, Katherine Donigan, PhD,
Kathleen Francissen, PhD, Sam Gunter, MPP (pictured),and
Emily Hernandez, PhD

2024 ISPE Affiliate and Chapter Excellence Award
Chesapeake Bay Area Chapter

2024 ISPE International Emerging Leader
Hackathon Winning Team
Milton Engineering

Team members

= Bonnie Brown
= Denzel Dollano
= Marcella Ayala
= Susan Gamboa 2024 ISPE Committee of the Year
= TiffanyLee Pharma 4.0™ Baseline Guide Team
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2024 ISPE Max Seales Yonker Member of the Year
Award

Niranjan S. Kulkarni, PhD — Senior Director, Consulting
Services, CRB

2024 ISPE Richard B. Purdy Distinguished
Achievement Award

Roger Nosal — Head of Global Regulatory Strategy and
Submissions, NGT Biopharma

2024 ISPE Joseph X. Phillips Professional
Achievement Award
Antonio (Tony) R. Moreira, PhD — Vice Provost, Academic
Affairs, University of Maryland; 2020-2024 Chair, ISPE
Foundation.

Theaward was granted posthumously. Members of the Moreira
family, pictured above, accepted the award on behalf of Tony.

FOYAI32
25
ISPE Facility of the ¥ar Awards YEARS OF INNOVATION

CALENDAR OF EVENTS

2025 FOYA Submission Finalists announcement
1545-1615 | Held in Continental Ballroom 8
2025 ISPE Facilities of the Future Conference
27-28 January | San Francisco, California, USA

ISPE FOYA Banquet and Awards Celebration
2025 FOYA Category Winners celebration and
announcement of the 2025 FOYA Overall Winner
Charlotte, North Carolina, USA

Learn more at ISPE.org/FOYA
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VOLUNTEER
PROFILE

Mark Cherry is the IT Compliance
Director and GXP subject matter expert
at AstraZeneca. A chartered engineer, he
has been with AstraZeneca for 22 years
and was previously with GlaxoSmithKline
in a variety of computer compliance

and engineering roles. He has been a

member of ISPE since 1999.

In addition to serving on the GAMP Europe Community of Practice
(CoP) as Chair, he led the team that produced the second edition of
the ISPE GAMP® Good Practice Guide: A Risk-Based Approach to

GxP Process Control Systems. He was a core team member in the
development of the second edition of ISPE GAMP® 5: A Risk-Based
Approach to Compliant GxP Computerized Systems and the ISPE
GAMP® Good Practice Guide: Enabling Innovation — Critical Thinking,
Agile, IT Service Management. In 2017, he played a key role in forming
GAMP CoP in India.

What do you do in your current role?

| provide IT risk consulting and partnership for AstraZeneca IT areas that support
the business units in order to ensure existing and emerging technology-related
risks are identified and appropriately mitigated or escalated. | also have the role of
GxP “subject matter expert” for AstraZeneca IT, ensuring that we have appropriate
IT standards to meet pharmaceutical regulatory requirements. The aspect of
being able to work with departments across the entire enterprise—research
and development, manufacturing, etc.—is something I really enjoy.

| started my career in engineering within manufacturing (both projects and
maintenance) but then moved into quality assurance when regulators started
to look more in detail at computer compliance, and subsequently into more of
a standards, risk, and assurance role in IT. | think having had that experience
and background of having to deliver GxP-validated systems (in my case, an
engineering role) really helps you understand the challenges when you move
into a quality or assurance role.

I've been working with validation almost all of my career. Validation can
seem complex, but | try to make things simpler for people, and often after talking
them through the processes, we can usually simplify the approach. | think there
is often the view that it is “one size fits all” with validation and its associated
complexity and bureaucracy, with mountains of documentation. But when you
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discover the particular challenge and boil it down to the real risk areas—and
fundamentally understand potential areas of patient safety, product quality, and
data impact—you can almost always make it much simpler.

What do you see next for your area?
Clearly thereis a lot of focus around artificial intelligence and machine learning,
and the challenges of dealing with massive amounts of data, and within an
emerging regulatory environment for artificial intelligence. From a validation
perspective, | think we still need to focus more on critical thinking and computer
software assurance (CSA) principles and techniques. What we tried to do with
GAMP® 5 (Second Edition) was to provide more examples of how to apply true
risk-based thinking in practice, and in the context of technological advances, such
as cloud computing, blockchain, and Al, and how to leverage information rather
than have a documentation-based approach, from software tools, for example.
The other big challenge the industry has is cybersecurity. That is probably
the top risk for many companies. The cyber criminals are leveraging the same
technology we’re using. In a regulated environment, you have to balance the
need for control and/or compliance and the ability to protect assets with the
need for agility and customer experience.

What advice would you give emerging leaders in the
pharmaceutical industry?

If the leader is in IT, they must absolutely try to understand the business and
the business processes. At AstraZeneca, we have a program where people
are given the opportunity to spend three months working in a different area.
Getting that experience early in your career, and expanding your knowledge
of the business, is invaluable.

For you, what are the benefits to being an ISPE member?

The biggest benefit is having the opportunity to network with a broad range of
people—from other pharmaceutical companies, suppliers, consultants, and even
regulators—and hearing different views, perspectives, and approaches. | think
hearing those different perspectives is really important; you can always learn from
that. Itis very valuable that we get to hear the regulatory perspective and have
the ability to provide commentary and feedback via ISPE on draft regulations. It
has also been good over the years to see how GAMP has expanded its content
and relevance beyond its original manufacturing focus to cover all GxP-regulated
areas, such as clinical, and continues to develop as new IT technologies emerge.

— Marcy Sanford, ISPE, Publications Coordinator
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Brandi Stockton is Founder of The
Triality Group, LLC, where she provides
quality, regulatory, and compliance
consulting services for life sciences
companies. She has more than 20 years
of GxP experience, with a specialization
in computer systems quality and data
integrity. Brandi joined ISPE in 2014.

In addition to being chair of the GAMP
Americas Community of Practice, she is a member of the GAMP Global
Steering Committee. She is also Co-Lead of the GAMP Global Software
Automation and Artificial Intelligence Special Interest Group, leading
the team working on an ISPE GAMP Good Practice Guide on artificial
intelligence and machine learning, and Vice President of the ISPE
Great Lakes Chapter.

How did you become interested in working in the
pharmaceutical industry?

| was studying to be a paralegal and you had to find an internship for the last
part of the program. Most of the members of my cohort went to law firms. At
the time, the Diagnostic and Statistical Manual of Mental lliness (DSM-5) had
undergone updates, and articles about mental illness, therapy, and Prozac
were all over the news—on the cover of magazines like Newsweek and Time.

Iam from Indiana where Eli Lilly is headquartered. Prozac was their product,
and I thoughtit would be a great place to learn about not only what was happening
inthe medical field, specifically with the DSM-5, but also mental health generally,
andto look at law from a different perspective. | think it was the first time Eli Lilly
had someone ask to be a paralegal intern in their legal department.

After graduation, | decided I really wanted to do something that helped
people. | worked for a law firm that focused on civil rights and one that focused
onimmigration for hospital staff. | received a call from Eli Lilly asking me to cover
a childbirth leave and spent much of the next 14 years working there in sales
and marketing and quality control labs, setting up good manufacturing practice
libraries. In between a couple of contracts, | also worked at Riley Children’s
Hospital and the American Diabetes Association.

What do you enjoy most about your work?
| wear a lot of different hats: overseeing operation strategy, managing client
relationships, and providing quality and regulatory consultancy services for

life science organizations. | really enjoy being able to bring people together to
collaborate and to design teams based on a company’s specific needs. | enjoy
knowing that what | do truly helps organizations. I like to solve complex problems
and help people understand what is possible, like what we are exploring in the
artificial intelligence space right now.

What do you see next for your area?

There are great technologies out there and in development. But we, as an
industry, have not invested enough time upfront to train and prepare people
and we have not always learned from past opportunities. | think organizations
are beginning to have a better understanding of the true challenges they face
when trying to implement innovative technologies like artificial intelligence and
recognizing that they should be seeking advisors and trainers.

In my experience, those that have reached out for external help have been
able to more easily and successfully adopt new technologies. | hope we're going
to see more and more connections, more collaboration, and sharing of success
stories. Because once we develop trust and confidence, have the processes in
place, and get the training and upskilling of people right, then we’re going to
see some truly amazing products and therapies.

What advice would you give emerging leaders in the
pharmaceutical industry?

Get involved in something that is a challenge. If you volunteer for something
you don’t know a lot about, you are going to learn so much more as opposed
to volunteering for something you're already an expertin.

Do not undervalue your worth. At ISPE I've seen many emerging leaders
who sit on the sidelines and think they don’t have anything to contribute right
now, but they do. Don’t hesitate to raise your hand, speak up, or ask questions.
When you ask good questions, others learn as well. Also, it is okay to walk away
from opportunities that you are not learning from.

You are already awesome. Don’t wait to become something you already are.

For you, what are the benefits to being an ISPE member?

| get to help shape the industry and connect with stakeholders that | might
not have met otherwise. You may work in operations, but you have little
interaction with regulatory affairs, for instance. At ISPE | get to meet people
from all those areas. Itis a place to go to interact with those stakeholders in
a meaningful way.

— Marcy Sanford, ISPE Publications, Coordinator
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ISPE Announces the 2024 Facility of the
Year Award Winner

At the 2024 Facility of the Year Award (FOYA)
Celebratory Banquet, ISPE announced the 2024
overall FOYA winner: Eli Lilly Kinsale Limited’s
IE2b project. In addition to winning the overall
award, Eli Lilly’s IE2b project was recognized

as the 2024 Innovation category winner for its
innovation in synthetic peptide manufacturing.

ocated on the Eli Lillyand Company manufacturing campusin
I- Kinsale, Ireland, the IE2b Peptide Manufacturing Facility is a
state-of-the-art complex that represents years of innovation,
teamwork, and attention to detail. The facility manufactures
crude drug substance synthetic peptides that can be shipped to
othersites for final product purification, isolation, and packaging.

In designing the facility, the Eli Lilly team took a step back
from the traditional synthetic peptide manufacturing process to
evaluatebest practices from the world of peptidesand beyond. The
resulting vision wasa first-of-its-kind hybrid active pharmaceutical
ingredient (API) synthetic peptide manufacturing platform that
could support high-volume production of life-saving peptide
medicines ata commercial scale.

“There were more barriers to doing this than anyone could
imagine, but we putagroup of people together who were thinking
big with a bold, can-do attitude. It’s amazing to see what can be
achieved and has been achieved here,” said Darragh McDonagh,
Senior Director of Engineering at Eli Lilly Kinsale Limited.

The now active [E2b facility uses a combination of innovative
technologies, includinganovelhybrid manufacturing platformthat
significantlyincreasesannual throughputandreducesrisksduring
the peptide manufacturing process. Continuous flow processing
and a first-of-its-kind nanofiltration system remove the need for
downtime between steps while ensuring more precise control of
reagentsand materials. Meanwhile, processanalytical technology
(PAT)lends visibility and control, allowing the team to seamlessly
manage stoichiometry to ensure high-efficiency reaction step
conversions and yields.

Equallyintegral to the newmanufacturing platformand facility
isitsdigitalmandateand material tracking model that marriesthe
flow process with digitization. With thismodel, facility personnel
candetermine what raw material inputsareinany process step or
item of equipment at any point in time. Together, these features
enablearobust,data-rich process control strategy and significantly
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reducethetraditional time-consuming workload, complexity,and
risk of completing these calculations manually.

Theemphasison cross-functional collaborationandrisk mitiga-
tion,includinginvestinginproven technologyand consulting with
regulators along the way, paid off for the team behind the project.
The facility was finished on schedule, achieved a right-first-time
startup, and experienced no significant safety disruptions after
over1.6million constructionhours. Ayear of operation hasrevealed
the value of high-frequency monitoring, high-quality data, and
theability tocontrolandreleasebatchesatan unprecedented rate.

To date, the team estimates IE2b has an annual throughput
multipletimeshigherthantraditional peptide production processes.
The innovative hybrid manufacturing approach can yield more
productswithhigher quality and less waste. Thisultimatelybrings
amore reliable supply of medicines to patients.

ABOUT ISPE’S FOYA

Since 2005, ISPE’s FOYA has recognized state-of-the-art projects
using new, innovative technologies to improve the quality of
products, reduce the cost of producing high-quality medicines,
and demonstrate advances in project delivery.

Eachyear, submissionsareaccepted from projects worldwide,
representingbreakthroughsinvariousdisciplines, fromautomation
andintegration to the development of medicines for underserved
populations. Ultimately, a panel of industry leaders chooses the
projects that set the standard to receive a FOYA in the following
categories:

* Innovation
= Operations
= Supply Chain
= Pharma4.0™
= Social Impact

Tolearn more, visit ispe.org/facility-year-awards &



The Need for a New HVAC Good Practice Guide

By Marcy Sanford

Since its original publication in 2009, the

ISPE Good Practice Guide: Heating, Ventilation
and Air Conditioning has been helping
engineers design heating, ventilation, and

air conditioning (HVAC) systems that meet
regulatory compliance while maintaining product
safety, worker safety, and comfort.

owever, the need for a second edition was evident, as options

available to HVAC designers and engineers have evolved due

totechnologicaladvancementsand shifting project pressures.
Theupdatesinthe second editionreflect these changes, providing
readers with a more current perspective on the challenges and
resources involved.

“Since the original guide was published, both the technology
and guidance on how to implement an HVAC system for the
pharmaceuticalindustryhaschanged. Thereisalsoaneed formore
efficiencyand a push toward decarbonization,” said guide co-lead
authorJosh Williams, Senior Mechanical Engineer, Genesis AEC.
“There are new products that are being produced now that didn’t
exist then, or even five years ago, and new technology sectors
that are coming about due to recent advances in cell and gene
processing techniques.”

“Thenew guidealsoreflectsnewand updated regulations such
asAnnex1,”said guide co-lead author Christopher Anderson, CPIP,
HVACEngineer, Hikma. “Itisavaluableresourceif youarelooking
for answers of where to start when designing an HVAC system or
what to doif a problem arises.”

Designing HVAC systems for the pharmaceutical industry
involvesunique considerations. Facilities where medicineand other
health-related treatmentsare manufactured mustbe exceptionally
cleanand safe environmentsto protectboth personneland products.

Asaresult, HVAC systemsin pharmaceutical settingsrequire
higher levels of reliability, robustness, design scrutiny, and
operational assurance compared to less-stringent applications.
Given that HVAC systems can consume a significant portion of
the energy used by a facility, their design necessitates a blend
of good engineering practice (GEP) and good manufacturing
practice (GMP).

“If an HVAC system is not designed properly, thereis a
significant risk of potential danger to individuals within the
facility from product contamination and cross contamination

& IsPE
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amongingredients which could lead toloss of life-saving products,
and discomfort or suboptimal operating conditions for facility
workers,” Williams said.

“Auditorsalways want tosee well-designed systems,” Anderson
added. “If you look at FDA 403s there are plenty of examples of
companiesbeing cited for HVAC systems thatare either not properly
qualified or not properly operated. Issues with the HVAC systems
canlead tononcompliance withregulationswhich canaffect overall
business operations, while a good well-designed system will help
your company get through an audit quicker.”

This updated guide aims to clarify GMP HVAC issues that
are critical to the safety, identity, strength, purity, and quality of
pharmaceuticals, biopharmaceuticals,advanced therapy medicinal
products, and medical devices, from raw materials to finished
products. It covers HVAC control and monitoring requirements
and addresses GEP issues related to sustainability, economics,
and environmental health and safety. The guide provides best
practices forimplementing international regulatory and industry
guidance, with appendices containing industry examples and
templates for the reader’s reference.

Written by industry experts with input from members of the
ISPE HVAC Community of Practice, additional topics covered in
the guide include:
= Energyuseand sustainability considerations
= System configurations by facility type
* HVACand environmental controls and monitoring
= Commissioning, qualification, and quality risk management
= Life cycle documentation, operations, and maintenance

Formore information on this and other ISPE Guidance Documents
visit, ispe.org/publications/guidance-documents &

Marcy Sanford, ISPE, Publications Coordinator
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ISPE Foundation: Recent Highlights

By Isabella Stoup

Since our inception, the ISPE Foundation has
continually invested in people and helped shape
the future of the pharmaceutical industry. We
continued this momentum last year and hope
you will join us in supporting the workforce of
the future in 2025.

ANNUAL GOLF TOURNAMENT

With over 20 sponsors, this year’s Annual ISPE Foundation Golf
Tournament was a huge success. The event took place on the last
day of the 2024 ISPE Annual Meeting & Expo in Orlando, and was
time well spent with networking and friendly competition for a
great cause. Featuringraffles, games,and an opportunity to “Beat
the CEO,” multiple participants went home winners.

Intotal, more than100industry professionals gathered on the
greentosupportthe ISPE Foundation’s greatest needs. Thishelped
advance our mission of fueling global health equity by fostering
access to knowledge and nurturing diverse talent. We eagerly
anticipate our nexttournament, which will take placein Charlotte,
North Carolina, alongside the 2025 ISPE Annual Meeting & Expo.

PROFESSIONAL DEVELOPMENT GRANTS

With a generous contribution from the Moderna Foundation to the
ISPE Foundation Professional Development Grants program,
the ISPE Foundation made strides at the conference by support-
ing the attendance of 24 students and recent graduates from
around the globe.

Thisprogramaddresses the ongoing shortfall of adiverseand
knowledgeable workforce by providing grantees withaccessto ISPE
conferences, where they can grow personally and professionally
thougha plethoraof networking opportunities, educational sessions,
workshops, and trainings. After each conference, grantees are
awarded a two-year ISPE membership and access to various ISPE
trainings so that they can continue to connect with others and
build industry knowledge.

Speakingaboutthe grant, recipient Vincent Nguyen stated, “I
emerged from the conference witharenewed appreciation for the
ISPE Foundation’sunwavering commitment to cultivating the next
generation of leaders in our field. Engaging with fellow grantees
illuminated the organization’s pivotal role in nurturing future
innovators. The discussionshighlighted both the ISPE Foundation
and ISPE’s extensive focus on professional development through
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Thanks to a generous contribution from the
Moderna Foundation, the ISPE Foundation
brought 24 students and recent graduates
from around the world to the 2024 ISPE
Annual Meeting & Expo.

avariety of programs and robust mentorship opportunities. This
investmentinindividualgrowthisnotjustbeneficial,itis crucial,
as it directly correlates to the overall success and sustainability
of ourindustry.”

In 2025, we will continue to provide globally diverse STEM
students and Emerging Leaders access to the life-changing
opportunitiesavailable through the ISPE Foundation Professional
Development Grants program.

ACADEMIC SCHOLARSHIPS

The ISPE Foundation is proud to announce the Delaware Valley
Chapter Scholarship fund in partnership with the Delaware
Valley Chapter of ISPE. Thanks toa USD 60,000 contribution from
the Chapter, each year the scholarship fund will provide STEM
students in the Chapter’s region with scholarships to help cover
academic costs. The Delaware Valley Chapter is paving the way for
many by supporting their local up-and-coming pharmaceutical
professionalsthroughoutevery step of their career. Welook forward
tohearingthe stories of the many students who will be supported
through this fund.

Please consideracharitable contribution to further the success
of the future of ourindustry to the ISPE Foundation’s Scholarships
and Grantspillar,which supportsboth the Professional Development
Grants programand academic scholarships. Tolearn more, please
visit ispefoundation.org/donate/scholarships-and-grants &

Isabella Stoup, ISPE Foundation, Development Coordinator
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2023 Article of the Year

The article “Comparability Considerations

for Cellular and Gene Therapy Products,”
published in the November/December 2023
issue of Pharmaceutical Engineering, has been
named the 2023 Roger F. Sherwood Article

of the Year. Written by Kathleen Francissen,
PhD, Andrew Chang, PhD, Katherine A.
Donigan, PhD., Emily C. Hernandez, PhD, and
Sam Gunter, MPP, the article discusses key
considerations for evaluating the comparability
of cell and gene therapies when manufacturing
processes are altered.

§ & "Jhe article wins the 2023 Article of the Year Award because
.|-it thoroughly describesthe challenges theindustry facesto
scaleuporoutthemanufacturing processof complex products

like cell and gene therapies, as well as any risk assessment that
needstobe done whenfaced withachangeinthe manufacturing
processorinthematerialsused. Thearticleisvery usefulfor cell
and gene therapy professionalsand stakeholdersin development
and manufacturing,” said Ferdinando E. Aspesi, Senior Partner,
Bridge Associates International, and Chair of the Pharmaceutical

Engineering Committee (PEC).

ABOUT THE AWARD
ISPE’s Roger F. Sherwood Article of the Yearaward was established
in1993.Three decadeslater, the award showcases the best content
in Pharmaceutical Engineering®, increases industry recognition,
highlights ISPE’s reputation as a global knowledge leader, and
bolsters magazine content quality.
Althoughvariousjudgeshave taken partinassessingarticles
over theyears, one constantremains: theaward recognizes quality
and excellence in content by identifying finalists and a single
winning article for each publication year.

2023 JUDGING

A subcommittee of the PEC served as judges for the 2023 award
competition, reviewing articles and providing assessments on
the following criteria:

= Usefulness to ISPE readers

Roger = Sherwood

_@%ﬁf icle of. the Year
PHARMACEUTICAL
ENGINEERING.

The article is very useful for cell and gene
therapy professionals and stakeholders in
development and manufacturing.

» How thearticlesimprove knowledge of key topics
» Clarityand ease of reading

2023 AWARD FINALISTS

Theotherarticlesselected asfinalistsfor the 2023 Roger F. Sherwood

Article of the Year were:

= “AProposal for a Comprehensive Quality Overall Summary” by
Roger Nosal, Connie Langer, Beth Kendsersky, Jennifer L. Brown,
Megan E. McMahon, and Timothy J.N. Watson, PhD

= “AgileData-Driven Life Cycle Management for Continuous Man-
ufacturing” by Rui C. Silva, PhD, Rui Almeida, Pedro Ferreira,
José Cardoso Menezes, PhD, and Angela Martinho

» “AnEvaluation of Postapproval CMC Change Timelines” by Rob
Harris, PhD, Meike Vanhooren, Kara Follmann, PhD, Beth Kend-
sersky, Timothy J.N. Watson, PhD, Melinda Imperati, S. Connor
Dennis, PhD, and Roger Nosal

» “New EU AIRegulation and GAMP®5” by Anders Vidstrup

= “Delivering Curative Therapies: Autologousvs. Allogeneic Supply
Chains” by Pinar Cicalese, PhD, and Niranjan S. Kulkarni, PhD

= “Design Considerations for Large-Scale Stem Cell Manufac-
turing”by Daniel L. Swanson, BSChE, MBA, PE, and Christian
Estes, PE

» “Environmental Sustainability in Biopharmaceutical Facility
Design” by William G. Whitford, Emily Heffernan, PE, and
Aoife Kelly &
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Your Professional Development at the

Facilities of the Future Conference

By Mike Martin

The 2025 ISPE Facilities of the Future (FoF)
Conference will be held 27-28 January in

San Francisco, California, US, and virtually.
Mike Martin, the conference’s Executive Chair,
offers advice and shares what attendees can
expect at the upcoming conference.

What are the top three reasons you would tell
someone they should attend this conference?

Inour work, we often getinsulated orisolated. Welook at and solve
problems the way we have experienced them. This conference will
allow you to see how others have solved similar problems, and
you will likely find a novel idea that will help you in your work.
Attending this conference will help break the insulation and
isolation that so many of us experience in our work.

Second, you don’t know who you don’t know. This conference
presents a great opportunity for you to connect with others in
industry. Youmight getagreattechnicalideafromanew colleague.
You might get a bit of leadership wisdom from an experienced
industryleader. And youmightbe thatsource of ideasand wisdom
for someone else. Maybe your experience and your wisdom will
light the way for another person.

Lastly,weworkinagreatindustryand thereare great stories of
theimpactthatweareallhaving onimproving humanlife. Youwill
findinspirationand energy during the conference that will provide
motivation in the often difficult work in which you are engaged.

What are you most looking forward to?

I'm looking forward to the connections and the stories of others.
I'mconstantly impressed with the work that other people are doing
and how that work has helped the world. Conference attendance
hasalways caused that sense of inspiration for me,and I'mlooking
forward to that experience again.

Any advice for someone to make the most out of
the conference?

Our world is full of distractions and urgent requests from work
and home. Do your best to connect to the conference and its topics.
Listenclosely. Submit questions. Diveintodiscussionsatthe network
breaks. Be present in the “conference moment.” You will get the
best reward if you can set aside your regular work for a couple of
days and focus on your professional development.
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The greatest mentors that | have
encountered in my career made their own
professional development a priority.

Why do you think professional development is
important?

Our professional growth drives our career growth. Whether you
are an aspiring deep technical consultant or a future business
leader, engaging in the idea of lifelong learning is the fuel that
your dream needs. Professional development doesn’tjusthappen;
it must be owned. The greatest mentors that I have encountered
inmy career made their own professional developmenta priority.
Own it,and you will be it.

Why did you volunteer to be a conference chair?
Afterservingasamember of the conference committee, Iwanted
to use my experience and my connections to create a strong
conference that would fuel the professional development of my
colleagues. Watching others grow and get excited about their own
learninghasenhanced my ownexperience. Servingasaconference
chair has multiplied this effect for me.

Why do you enjoy being a member of ISPE?

My entire career has been connected with engineering in the
pharmaceuticalindustry. Atthe center of mylifeisadesireto help
othersand to improve the quality of life for others. ISPE helps me
connect to others who have that same passion and who take joy
in sharing and helping others grow. The ISPE organization is a
brotherhood and sisterhood for likeminded people who want to
improve the way life is lived. @

About the author

Mike Martin is the President and CEQ of ISPE and the ISPE Foundation. Previously he was the CEQ
of CAI, an engineering consulting company that primarily serves the pharmaceutical industry. He
has more than 35 years of experience in the pharmaceutical industry, mostly with a large global
pharmaceutical company. He has a variety of experiences in engineering, operational leadership,
engineering leadership, and large-scale project management in diverse global settings. Mike has
delivered major capital projects in the US, Puerto Rico, China, and Ireland. He is a mechanical
engineer with an MBA. He joined ISPE in 2002.



Aseptic Conference Focuses on Technical

and Regulatory Issues
By Christa B. Myers

The 2025 ISPE Aseptic Conference will be held
17-18 March in Washington, DC, and virtually.
Christa Myers, the Conference Chair, offers
advice and shares what attendees can expect
at the upcoming event.

Why should someone attend this conference?
TheISPE Aseptic Conferenceis considered one of the most complete
technical and regulatory-focused conferences in the industry
because it brings forward case studies, new technologies, and
regulators together in rooms to talk about concepts that are key
todelivering safe asepticand sterile productsto theindustry. The
time spent in the training sessions, in the questions and answer
sessions,andintheexpohallishigh-valuetime duetothefact that
innovation, quality improvements, and cost savings that can be
discovered and planned in a matter of two days.

What are you most looking forward to?
There are really two big things that I am looking forward to:
The regulatory panel and the industry panel. The ISPE Aseptic
Conferenceisknown fortheregulatory panel thathappensonthe
second day. Attendees can pose questions to the USFood and Drug
Administration (FDA) to answer. Over the years, this session has
hadgreatimpact on operations companiesasthey prepare for their
regulatory compliance reviews with the USFDA, EMA, and others.
The other item that always delivers incredible technical
learnings is the industry panel: it is a highly diverse panel that
addresses hot topics for the production of aseptic and sterile
products. Each year, the panelists bring more and more depth to
the discussion by bringing the newest and most complex issues to
the forefront: transfers of sterile materials, training of personnel,
ease of changeover, and improvements in operation are all big
topics this year.

Any advice for someone to make the most out of
the conference?

To make the most out of the conference, my suggestion is that
you show up early and attend the Aseptic 101 event on Sunday
night before the conference. Attending can help solidify your
terminology and allow you to meet students, meet subject
matter experts (SMEs) in the industry, and start to create your
network of mentors. If it takes a village to raise a child, it takes
partnerships across the entire industry to operate and improve
aseptic manufacturing.

Why do you think professional development is
important?

Professional development is extremely important to maintain
current GMP. One of the most dangerous groupsinan organization
isonethatisstagnantand non-improving. Professional development
is one of the most important levers to pull to create an involved,
empowered, continuousimprovement organization. Quality,as per
ICH Q10,is notsupposed tobeastagnant, controlled environment.
Itissupposed tobe ever-improving and ever-evolving. The USFDA,
EMA, and othersare calling for more improvements for methods,
training,and datamanagementevery year. It will take professional
development and exposure to committed people with different
experiencesin order to continue improvement in operations.

CONTINUED ON NEXT PAGE
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CONTINUED FROM PAGE 47

Professional development is extremely
important to maintain current GMP.

Why did you volunteer to be a conference chair?
Iamabigbeliever in giving back to the organizations that have
served my growth, and I know without a doubt that by serving
within ISPE, I gain more thanIgive—no matter how much Igive.
The group servingas the Aseptic Conference Planning Committee
is one of the most incredible groups of people that you will ever
meet. By working with these individuals across the planning
year, I learn more and more about the industry, conference
planning, and individuals.Igaina great deal from being around
them along the way.

Why do you enjoy being a member of ISPE?
ISPE providesan environment thatallows for continuouslearning.
There are ample resources and opportunities to pick up on the

leading edge of industry changesand expectations.Iutilize discus-
sionforums, Pharmaceutical Engineering®magazine, communities
of practice, Baseline Guides, and several of the conferences to
stay up to date on technological advancements and changes in
regulatory expectations.

Aftermanyyearsofinvesting timeand effortinto helping ISPE,
Thavealsofound thatitallowsme the time and places to meet new
peopleandbuild my community. The network of resourcesbecomes
highly valuable when obscure questions around operations
and regulations occur. It is fantastic to be able to reach out to a
community of well-trained people and find the best answer for
the situation. Without ISPE, a lot of time could be spent to come
up with appropriate answers. &

About the author

Christa B. Myers has been in the pharmaceutical industry for over 30 years and is a leader
and SME. She frequently speaks on regulatory requirements, operational issues, and what to
expect in the future of the industry. She champions approaches that integrate strong project
execution and technical solutions. She provides guidance and leadership to clients on how and
when to use common or innovative solutions and she continuously promotes the technical growth
of people willing to learn more to advance the industry. Christa is on the Steering Committee
for the ISPE Community of Practice for Sterile Products Processing, a certified ISPE Instructor
of the Sterile Product Processing Baseline guide, and Annex 1, former Chair of ISPE’s Women
in Pharma® group, and an author of the ISPE Baseline® Guide: Sterile Product Manufacturing
Facilities (Third Edition). She was recently awarded an honor as a 2019 Influential Woman in
Manufacturing. She joined ISPE in 2007.
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Meet the
ISPE STAFF

LANEISHA WALKER

Hometown:
Houston, Texas

In each issue of Pharmaceutical Engineering®, we
introduce a member of the ISPE staff who provides
ISPE members with key information and services.
Meet Laneisha Walker, Manager, Sales Operations.

Tell us about your role at ISPE: What do you

do each day?

As Sales Operations Manager, my day is about ensuring
everything runs smoothly for the sales team. | analyze
sales data to spot trends and find ways to improve
our processes. Whether it is making changes to our
customer relationship management system, managing
forecasts, or working with different stakeholders to
execute contract deliverables, | focus on removing
obstacles so that the sales team can focus on selling.

What do you love about your job?

What | love most about my job is the multiplicity of
tasks and the opportunity to make a real impact.

PHARMACEUTICAL ENGINEERING

Every day is different, whether | am solving problems,
fine-tuning processes, or working with clients across
the globe. | love the challenge of collaborating with
other teams and stakeholders, figuring out how to
make things more efficient, and seeing those efforts
pay off in actual results. The global aspect is especially
exciting. Itis rewarding to build relationships and see
how our solutions can make a difference for clients
and partners worldwide.

What do you like to do when you are not at work?

Outside of work, | enjoy spending time with my family,
especially my 11-year-old son. It is a joy to watch him
explore new interests and discover the world. &



In Memoriam: Tony Trill, a GAMP Legend

by Charlie Wakeham

tisarareand wonderfullegacy to have substantially improved

your chosen industry and to have bestowed a name on an

initiative that, 30 yearslater, hasbecome synonymous with best
practice. Thisarticle celebratesboth these pivotal achievements
of Anthony (Tony) Trill, who passed in 2024.

Tony Trill started his career in the life sciences working for a
series of global multinational pharmaceutical companies. After
18 years, he went on to become an inspector with the Medicines
and Healthcare products Regulatory Agency (MHRA)in the United
Kingdom—a position he held for 24 years. He was responsible for
Good Manufacturing Practices (GMP) standards and inspection
guidelines for computerized systems.

“His personal support was invaluable in helping me set up the ISPE
Supplier Forum with UK government funding in the mid-1990s. This
was later incorporated into the main GAMP organization that we know
today. I am sure he will be deeply missed by all who remember working
with him. I have a vivid memory of his smile, and dry humor with that
twinkle in his eye. So long, Tony. Thanks for the memories along our
shared GAMP journey.” — Guy Wingate, PhD, VP & Compliance
Officer (retired), GlaxoSmithKline

He represented the MHRA during the redrafting of the Euro-
pean Union’s “Eudralex, Volume 4: EU Guidelines for GMPs
for Medicinal Products for Human and Veterinary Use. Annex 11:
Computerised Systems,” specifically chapter 4. Trill also led the
Pharmaceutical Inspection Convention (PIC/S) Expert Circle for
Computerized Systems, the group that developed the “PIC/S Good
Practicesfor Computerized SystemsinRegulated ‘GxP’Environments”
used by regulatory authorities around the world for inspecting
computerized systems [1].

At a meeting at Keele University in April 1989, Trill led a
discussion on the new regulatory expectations for computerized
systems [2]. Thismeeting wasattended by Tony Margetts of Zeneca
Pharmaceuticals (now AstraZeneca), who would go on to form the
UK Pharmaceutical Industry Computer Systems Validation Forum
(UK PICSVF), with Trill as a member. The UK PICSVF leveraged

“I got a lot of earache from the management about involving Tony [in the
original PICSVF], such as, ‘Why are you talking to the inspectors? They
are the enemy!’ I am glad I did. Tony was very helpful in the early days as
we discussed the type of guidance required by the industry.” — Anthony
(Tony) Margetts, PhD, Principal Consultant, Factorytalk Co., LTD

Zeneca’s internal Validation Management document (VMAN) to
create a first draft guidance on computerized systems.

At the time of the first draft’s launch in London in March
1994, Trill suggested a new name for the initiative, replacing the
unpronounceable PICSVF with “GAMP,” then an acronym for
Good Automated Manufacturing Practices. The team became

the GAMP Forum, and ultimately Tony served on GAMP Steering

Committeesatboth the Europeanand globallevels for many years.
Although the ISPE Community of Practice and its many high-level
good practice guides still use the name GAMP Tony coined, it is
nolonger anacronym.

“He was a great GAMP supporter and instrumental in getting the requ-
lators’ attention. His contribution to GAMP’s global acceptance was
enormous. He was very dedicated to the GAMP cause and a very valua-
ble colleague with numerous contributions not only supporting GAMP,
but more widely ISPE. He will always be fondly remembered by those
who worked with him.” — David Selby, PhD, General Site Manager,
Glaxo Wellcome Operations, Barnard Castle (retired)

“Tony was a huge advocate for GAMP. It’s a big loss for our GAMP com-
munity and the industry as a whole. Tony was truly a member of the
GAMP hall of fame.” — Michael Rutherford, 2024 Interim President
and CEO of ISPE

Tony contributed extensively as both author and reviewer
in every edition of the GAMP guides up to and including ISPE
GAMP® 5: A Risk-Based Approach to Compliant GxP Computerized
Systems Guide for Validation of Automated Systems [3]. His long-term
dedication to GAMP was hugely instrumental in both its success
and itsrecognition by the regulatory agencies across Europe. His
involvement set the precedent for other agencies such as the US
Food and Drug Administration (FDA) and Therapeutic Goods
Administration of Australia to interface closely with GAMP. A
strong advocate of the practical execution of GAMP principles,
Trill was a regular conference speaker at ISPE events, sharing
hisin-depthknowledge and unique approach to slide animations
and presenting.

Trill'sretirement from MHRAin 2009 did notreduce his passion
forimprovementin the pharmaceuticalindustry,and he continued
tosupport GAMP and monitor ongoing developments.In 2023, he
joined the GAMP Special Interest Group Global Software Automation
and Artificial Intelligence, and attended the ISPE GAMP CoP UK
Forum event in April 2024 just months prior to his passing. &
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TECHNICAL Al/ML TECHNOLOGY

HARNESSING Al/ML TEGHNOLOGY

for the CQV Life Cycle

By Luca Mussati, Sakthi SSA, and Archa Vermani, PhD

Technology is advancing at an extraordinary
rate. Industries are gaining the benefits of
automation and artificial intelligence (Al). The
life sciences industry is no exception [1-2].
As technological developments continue to
reform the way industries run, the integration
of Al and machine learning (ML) technologies
are redefining the traditional approach to
commissioning, qualification, and validation
(CQV) in pharmaceutical manufacturing.

s the life sciences industry becomes increasingly more
Aregulated, complex,and dynamic, so does the CQV life cycle.

Traditional CQV approaches often fall short, butimplementing
AI/ML can revolutionize the CQV life cycle.

CQV requires huge efforts with the expectation to turn over
equipment, systems, and facilities promptly formanufacturing use.
Thisinvolves generating deliverables that willbe used throughout
the life cycle of the equipment or system within a stringent
timeframe. The speed at which deliverablesare generated carries
the potential risk of human error during document generation,
execution, and turnover management.

AI/MLtechnologiesare appearingasanotable changein CQV
by streamlining, automating, and optimizing various stages of
thelife cycle [3]. Machine learning applications can significantly
accelerate the CQV phase by automating the analysis of validation
data, finding trends, and predicting potentialissuesand anomalies
that may go unnoticed by human observers.

ML algorithms can adapt to changing conditions, improving
theagility of validation processes. This predictive capability allows
for proactive decision-making, reducing the risk of unexpected
issues [4]. Aswe navigate through this combination of innovation
and established industry practices, theinfluence of AI/ML offersa
better future, where efficiency and compliance combine to optimize
the CQV processes.

By harnessing the power of AI/ML, CQV has the potential to
overcome challengesindataanalysis,automated workflow creation,
anomaly detection, riskassessment,and predictive modelling. The
technology issuperior in optimizing the commissioning process,
integrating different systemsand components enabling predictive
maintenance, and supporting decision-making processes—allin
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amuch faster and compliant manner as compared to humans. It
canimprove overall efficiency, accuracy, and effectiveness of the
CQV process.

The transformation of the CQV life cycle using AI/ ML technol-
ogy will streamline and accelerate the overall processleading to
improved outcomessignificantly enhancing productivity, reducing
timelines,andboosting overall effectiveness of the projectlife cycle.

BACKGROUND

CQV serves as a foundation within the pharmaceutical manu-
facturing industry to ensure the integrity and reliability of the
manufacturing processes. “Commissioning” is the process of
ensuring that a system or facility is designed, installed, tested,
and is operating according to its intended specifications which
accounts for Good Engineering Practices (GEP). “Qualification”
is the process of verifying and documenting that equipment,
systems, and processes are installed and operate correctly and
consistently within established specifications. “Validation” is a
process of establishing documented evidence that a system or
process consistently produces results meeting predetermined
specifications and quality attributes. Qualification and validation
account for Good Manufacturing Practices (GMP).

Thisarticle exploreshow Al/MLtechnologies cantransformthe
CQVlifecycle. Astechnological developments continue to reform
thewayindustries operate, the integration of AI/ML technologies
pave the way to redefine the traditional approach to CQV.

AI/ML technologies account for some noteworthy changes
in CQV by streamlining, automating, and optimizing stages
throughout the CQV life cycle [3]. ML applications can signifi-
cantly accelerate the CQV phase by automating the analysis of
validation data, finding trends, and predicting potential issues,
and anomalies that may go unnoticed by human observers. ML
algorithms can adapt to changing conditions, improving the
agility of validation processes. This predictive capability allows
for proactive decision-making, reducing the risk of unexpected
issues[4]. Aswenavigate through this combination of innovation
and industry established practices, theinfluence of AI/ML offersa
better future where efficiency and compliance seamlessly coexist
toredefine the excellence in the CQV process.

REVOLUTIONIZING THE CQV LIFE CYCLE

The pharmaceuticalindustryisexperiencingaparadigm shift with
the integration of AI/ML into the CQV life cycle. CQV is a critical
step in ensuring that manufacturing processes and systems are



properly designed, implemented, and maintained to produce safe
and effective products. Conventional CQV methods often involve
manualtestingand extensive documentation, leading to extended
timelines, inefficiencies, and potential errors. Because AI/ML
technologies can evaluate vast amounts of data quickly and find
patterns or variances, they help in identifying and addressing
gaps that might be missed by operators and reviewers.

Another crucial benefit of implementing AI/ML in CQV is
enhanced dataanalysiscapabilitiesby enablingreal-time monitoring
of process and equipment. This is done by collecting data from
various sourcessuchassensors or electronicrecords. Thisallows
for proactiveidentification of issues before they turnintoa costly
downtime [3]. By harnessing the power of AI/ML technology, we can
addresschallenges, making the workflow smarter, more adaptive,
and efficient. Therefore, the usage of AI/MLtechnologyin the CQV
lifecycle offerssignificantbenefitsand enhances overall efficiency
and effectiveness.

Translating Need to Blueprint

Recognizing the need for AI/ML technology enables the design
and implementation of solutions. As a prerequisite, a complete
understanding of the process, equipment, supply chain, and data
quality compliance are essential tohavingastrong designbasis[5].
Amultidisciplinaryapproachwithdomain expertiseisrequired for
collective functioning, tailoring unique solutions and mitigating
challenges [6].

Because data and records in the pharmaceutical industry are
highly critical, sensitive, and subjected to regulatory reviews,
selection of advanced sensors, instruments and field devices that
canintegrateand exchangedataatalllevels(i.e., fromfield level to
supervisory or managementlevel)arerequired. Thisisbecausedata
playsacrucialrole forreal-time monitoring and control at different
stages of the process [3]. Other considerations, suchasrobustdata
storage systemsand infrastructure,are crucial for managinglarge
data volumes from equipment and systems. Additionally, a clear
datamanagementstrategyis essential tomaintain datareliability
and integrity [3, 6].

When integrating or implementing AI/ML technology with
existing infrastructure, several factors should be evaluated for
further prospects [4]. These include understanding the current
level of automation, layers of data exchange, integration with
different systems (e.g., laboratory information management
systems and inventory management systems) and the capability
of other information technology/operational technology (IT/OT)
infrastructuretoadaptthischange. Ifthe currentinfrastructurecan
supportachange, thenthe datafromvariouslevels,equipment,and
IT/OTinfrastructure canbe collated according to therequirement
to create a data source for an A[/ML model.

If the existing field devices’ infrastructure does not support
the AI/ML implementation, the level of change required can be
assessed with a detailed implementation strategy. The level of
change could range fromupgrading the existinginstrumentsat the
fieldlevel to operational requirement changes at the supervisory/

Because Al/ML technologies

can evaluate vast amounts of
data quickly and find patterns or
variances, they help in identifying
and addressing gaps that might
be missed by operators and
reviewers.

managementlevel. Thisdepends onthe current conditionand the
expected state proposed to achieve using AI/ML technology [2].

Intelligent sensors and Internet of Things devices when
integrated with AI/MLalgorithms, can check system performance
inreal time, facilitating early detection of deviations from the
established limits [3, 5]. This enhances traceability and ensures
thatevery stepis documented and validated in real time, thereby
improving the equipment occupancy. With automation and
controls in place, we can achieve consistent results while the
operators can be assigned to focus on improving more complex
aspects of validation. In addition to improving efficiency and
accuracy, incorporating AI/ML into the CQV life cycle promotes
compliance with regulatory standards. Automated systems can
ensurethatallnecessarydocumentationiscompletewhileadhering
toindustry guidelines throughout every stage of validation.

Since “data” are key influencersinrevolutionizing the AI/ML
technologyin CQVlife cycle,adopting quality by design principles
indata collection processesright from the process developmental
stageisessential to the success of implementation [7]. Hence, focus
should be on designing a scalable system with horizontal and
vertical integration of the processes to handle large amounts of
data, which canbeutilized for dataanalysis, predictions,and more
[3,4, 8] throughout thelife cycle. This further enhances the quality,
safety, and efficiency of the process. A clear, strategic approach
that combines factors is essential for successful implementation
of AI/ML in this highly regulated industry [6, 7]. These factors
include deep understanding of process/equipment, infrastructure/
technical possibilities, technology advancement, cross-functional
domain expertise, and regulatory principles.

A HIERARCHICAL APPROACH TO CQV LIFE CYCLE USING Al/ML

Thehierarchicalapproachto CQVlife cycle using AI/ML, as shown
in Figure 1, employs the automation pyramid, which is followed
by the manufacturing plant [5]. The data and/or signals collected
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Figure 1: Hierarchical approach to the CQV life cycle using Al/ML.
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fromthe equipmentorsysteminfield viasensorsandactuatorsare
processedintoactionableinsightsaspertherequirements specified
ateachlevel [6]. Huge amounts of dataare continuously generated
by sensors, controllers,and recordersin the equipment or system.

Data from these flows into the data server and/or historian,
which servesasaninputfor Al/MLalgorithmand modeldevelopment.
The Al/MLmodelprocessesthisdata, whichcontainsmassiveamounts
of information. This helps in analytics, performance evaluation,
modeling,and decision-making. Italso providesnew opportunities to
find patternsand solvedifficult conditions thathave neverbeenseen
or correlated before [8]. Thisenhances the processand improvement
actions during the CQV phase and routine operations.

To improve the overall process or system, it is important to
focus on the individual steps or unit operations. Changes made
at the individual level will affect the performance of the overall
manufacturing process and/or system. To have effective control
and efficient process, it is important to have correct, reliable, and
quality data at each step [5]. This helps in thorough analysis and
develops an understanding of correlation of how changes made
to unit operation or system parameters are contributing to the
improvement of overall system and manufacturing processes.
Hence, the key to effectively manage and improve a system lies
inhaving quality data at each step of the process that servesasan
input to A[/ML models.

Over time, the AI/ML model will be acquired with more data,
and it will continue to improve its understanding based on the
data feedback loop. The ability of the AI/ML model to iteratively
learn over time depends on the type of approach and algorithm
used. This ability to learn from vast data and experience and
improvise the process over time is the key characteristic of the Al/
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ML system.Italso enables the modeltohandle complex tasksand
provide predictive suggestionsatamuch faster pace thanhuman
beings. Such applications of AI, ML, robotics, and other advanced
technologiesto perform CQV activities thatare traditionally carried
out by human operators is called autonomous CQV [6].
Autonomous CQV refers to a modern approach within the
pharmaceutical industry that involves technologies like AI/ML,
robotics, and automation streamlining and enhancing the CQV
processes. This includes document generation, execution, data
collection, analysis, and reporting carried out with minimal
humanintervention. Theaimistominimize humanerror,increase
productivity, and ensure compliance with regulatory standards
throughout thelife cycle of the equipment or system.

APPLICATION AND BENEFITS OF Al/ML

Implementation of autonomous CQV by integrating AI/ML can have
asignificant impact in improving process knowledge, efficiency,
accuracy,and compliance. SomeapplicationsaredepictedinFigure2.

Piping and Instrumentation Drawing (P&ID) with Al/ML
Requalifying existing brownfield projects can pose challenges,
particularly when P&ID walkdowns are hindered by a lack of
accurate “as-built” P&IDs. The traditional method of creating
orupdating P&IDs relies on manuallabor when draftspersons
physically navigate the site to convert observations into
computer-aided design (CAD) drawings. However, this manual
approachoftenleadstoinaccuracies,delaysintherequalification
processes, and high associated costs. Introduction of the AI/
ML-based robot revolutionizes P&ID development with its
advanced technology.



Figure 2: Some applications of Al/ML in the CQV life cycle.
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During site walkdowns, these robots employ cameras or
scannerstocollectreliable 3D data, ensuring precisedocumentation
that mirrors actual site conditions. An AI/ML-based robot can
be deployed even in confined spaces. It offers a comprehensive
360-degree view through remote access, driving significant time
and cost savings by streamlining data collection and reducing
manual efforts, thus minimizing rework during project execution.

The in-built 3D scanners in the robot produce detailed point
cloud data that can be imported into various CAD software.
Moreover, this technology enhances design visualization, aids
decision-making, facilitates conflict resolution, and ensures
regulatory compliance, ultimately saving time, resources, and
promoting sustainability by minimizing waste.

Al-Enhanced Installation Verification

Alrevolutionizes equipmentinstallation verification during CQV
processes. Through automated image analysis, Al algorithms
meticulously scrutinize the actual site condition/installation
imagesorvideosbycomparingthemagainst predefined trained data
sourceslikeinstallation manuals or videosand CAD models. This
help detect errors such as misalignment or missing components.
Real-time monitoring powered by Al ensures prompt anomaly
detection by analyzing sensor data during installation, enabling
swift corrective actions.

Al-driven computer vision systems visually inspect instal-
lations, capturing errors like loose connections or damaged
components, with remarkable precision. Predictive analytics
models forecast potential issues based on historical data, facili-
tating proactive measures to prevent errors or malfunctions. Al
streamlines the compliance process by automating verification,

reducing human error, and enhancing accuracy, efficiency, and

safety in equipment installation processes, ensuring strict
adherence to standards.

Resource Optimization

MLalgorithmscananalyze projectrequirements, resourceavailabil-
ity,and historical datato optimizeresourceallocation throughout
the CQV process. By accurately matching personnel, equipment,
and materials to specific tasks and projects, organizations can
minimizeidletime,improveresource utilization,and reduce costs,
thereby enhancingschedule efficiency and cost-effectiveness 3, 5].

Project Risk Prediction and Mitigation

AI/ML techniques can analyze project data to anticipate risks
and forecast their probability and consequences on schedule and
expenses. Thesealgorithmsevaluate project risks by scrutinizing
factorslike project complexity, resource availability,and regulatory
demands. Through proactiveidentification and resolution of risks,
organizations can implement mitigation strategies, leading to
smoother execution, reduced rework, and reducing the possibility
of schedule extensions [9, 10].

Predictive Project Cost Analysis for CQV Activities

Al/ML-based predictive modeling techniques forecast CQV project
costsby consideringfactorslike projectsize, complexity, regulations,
andlocation. These modelslearn from pastdata, update predictions
with new information, and continuously improve accuracy over
time. They analyze feedback and performance metrics to refine
predictions and adapt to changing requirements and market
conditions. Al can conductscenarioanalysistoevaluate theimpact
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of different project variables on overall costs. By simulating various
scenariosand adjusting parameters suchasprojectscope, timeline,
or resource allocation, AI can help project stakeholders make
informed decisions to optimize cost-effectiveness.

Automated Test Script Generation

AI/ML algorithms can analyze historical data from previous
validation projects and provide inputs to generate optimized test
scripts automatically. These scripts can be tailored to specific
equipment or systems, reducing the time and effort required to
develop testing protocols fromscratch. By automating this process,
organizations cansignificantly accelerate the validation timeline
and minimize associated costs.

ML models further aid in adjusting test cases as the system
evolves, ensuring ongoingrelevance of validation efforts. Adhering
to change management processes is crucial for maintaining
system integrity, including assessing and implementing ML
model modifications effectively. Monitoring the updated model’s
performance ensures it meets expectations, with robust version
control and tracking mechanisms ensuring transparency and
accountability throughout the equipment life cycle [4, 6].

Real-Time Monitoring and Decision Support
Al-driven analytics platforms can analyze large volumes of data
in real time from validation activities, providing insights into
validation processes, equipment performance, and potential
issues, which supports CQV teams in their decision-making.
For example, these Al-driven systems can flag deviations from
expected performance metrics, recommend corrective actions,
or alert personnel to potential compliance issues. By leveraging
theseinsights, decision-makers canidentifyareasfor optimization,
anticipate challenges,and make informed decisions to streamline
the CQV process [3, 4].

Automated Document Management and Reporting
Al-powered document management systems use natural lan-
guage processingalgorithmsto automate various tasksrelated to
document organization, retrieval, traceability, and review of CQV
documentation. These systems can extract relevant information
from test results, equipment logs, and other sources to generate
reports automatically. By automating these tasks, manual work
isreduced, human errors are minimized, and the documentation
processisaccelerated. Ultimately, this streamlines the CQV process
and improves the overall audit trail.

Predictive Maintenance

AI/ML can be employed in predictive maintenance to predict
failuresbefore they occur by analyzing sensor dataand historical
maintenance records. By implementing predictive maintenance
strategies, organizations can minimize unplanned downtime,
prevent costly equipment failures, and optimize maintenance
calibrationschedulestomaintainthevalidated state of theequipment
and systems. This leads to significant cost and time savings.

64 PHARMACEUTICAL ENGINEERING

Training and Knowledge Management
AI/MLmodelscanadaptthelearning pathbased ontheindividual’s
progress, performance, and interest fora customized experience.
Integratingvirtualreality and augmented reality technologies can
createrealisticandimmersivetraining experiences[9]. AI-powered
chatbots canprovideimmediateassistanceand respond to queries
related to training materials. Thisleads to organizational growth
and moreefficient, personalized,and adaptivelearning experiences
for employees [6].

CHALLENGES AND CONSIDERATIONS

AI/ML in CQV processes can offer numerous benefits, but it also
presents several challenges and considerations [5, 6, 10, 13].

Challenges

Data quality and quantity

AI/MLmodelsrequirelarge volumes of high-quality data to train
effectively. Obtaining sufficient historical data for CQV processes
may be challenging.

Data integrity and security

Ensuringtheintegrityand security of dataused for Al/MLmodels
is critical. Thisis particularly true in regulated industries where
dataintegrityis paramount for compliance with regulations, such
as the US FDA’s 21 CFR Part 11 [14]. Maintaining data integrity
throughout the CQV life cycle is essential.

Data privacy

Stringent security measuresare crucial when handling sensitive
datain CQV processes to prevent inadvertent disclosure. It also
safeguardsorganization, equipment, and personnel information,
which prevents privacy breaches of information used in AI/ML
models. Compliance with data privacy regulations preserves
data utility for AI/ML model training, and robust data sharing
agreementswiththird-party vendors prevent unauthorizedaccess.

Model interpretability and explainability

AI/ML models often operate as black boxes, making it difficult to
understand the reasoning behind their decisions. In regulated
industries, it’scrucial to ensure that CQV processesare transparent
and understandable, which may require using interpretable ML
models for developing methods to explain model predictions.

Regulatory compliance

Adhering to regulatory requirements is a fundamental aspect of
CQV processes. Introducing AI/ML into these processes requires
careful consideration of regulatory guidelines and standards,
such as the US Food and Drug Administration (FDA)’s validation
requirementsforcomputerized systemsand the European Medicines
Agency’s guidelines [11].

Validation of AI/ML models
Validating AI/ML models for use in CQV processes requires



demonstrating their reliability, accuracy, and consistency.
Establishing validation protocols and methodologies specific to
AI/ML models can be challenging due to their complexity and
dynamic nature.

Considerations

Data selection and management practices

Establish a comprehensive strategy to collect important data,
making sure all necessary sources are identified and available to
trainand validate the AI/ML models effectively. Data sources can
bediverseand tailored to meet the specificneeds, each presenting
unique considerations. These sources range from structured to
unstructured data.

Risk assessment

Conductinga comprehensiveriskassessmentisessential toidentify
potentialrisksassociated with the use of AI/MLin CQV processes.
Understanding these risks allows organizations to implement
appropriate risk mitigation strategies and controls.

Expertise and training

Building internal expertise in AI/ML and providing training for
personnel involved in CQV processes are critical considerations.
Organizations may need to investin training programs to ensure

staffhave the necessary skillsto develop, implement,and maintain
AI/ML-based systems.

Collaboration and stakeholder engagement

Collaborationbetween cross-functional teams, including quality,
manufacturing, IT, engineering, and regulatory affairs, is
essential for successful integration of AI/MLinto CQV processes.
Engaging stakeholders throughout the process helps ensure
alignmentwith organizationalgoalsandregulatoryrequirements.

Continuous improvement and monitoring

Implementing AI/MLin CQV processesrequiresacommitment to
continuous improvement and monitoring. Organizations should
establish mechanisms to monitor model performance, address
issues as they arise, and incorporate feedback to refine and
optimize AI/ML systems over time.

Ethical and social considerations

Ethical considerations, such as bias in Al algorithms and the
potential impact on workforce dynamics, should be carefully
evaluated. Organizations must ensure that AI/ML systems are
developed, deployed, and maintained in a responsible manner,
aligning with ethical principles and societal values, as defined in
ISO 42001 standard [12].
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Al-powered document management
systems use natural language
processing algorithms to automate
various tasks related to document
organization, retrieval, traceability,
and review of CQV documentation.

Data governance

Privacy by design is crucial in AI/ML system development.
Principles like data minimization and purpose limitation reduce
privacy risks by ensuring that only necessary data is collected.
Transparent communication about data practices fosters trust
and accountability. Obtaining informed consent from users is
essential. Robust data encryption and access controls enhance
data security. By adopting privacy-enhancing technologies,
organizations can mitigate privacy risks and build trust in their
AI/MLinitiatives. By tackling these challenges, organizations can
use AI/MLtoimprove efficiency,accuracy,and compliancein CQV
processeswhilereducingrisksand ensuringregulatoryadherence.

CONCLUSION

AI/ML revolutionizes the CQV life cycle, boosting efficiency,
accuracy, and innovation to meet evolving demands effectively.
Traditional approaches fall short, leading to inefficiencies
and higher costs. Applications like AI-/ML-enabled resource
optimization, P&ID development, installation verification, and
automated test script generation drive productivity, quality, and
cost-effectivenessimprovementsby optimizing resourceallocation.
Proactiverisk predictionand mitigation prevent delays or failures,
and predictive project cost analysis aids resource allocation.
Real-time monitoring offers actionable insights for compliance
and performance optimization.

Automated document management and reporting ensures
regulatory compliance, and predictive maintenance maximizes
equipment uptime. AI/ML-driven training fosters continuous
learning, empowering organizations to thrive in a dynamic
environment. Yet challengessuchasdataintegrity, security, organ-
izationalreadiness, and culturaladaptation persist. Collaboration
among industry stakeholders, regulatorybodies, and technology
providersarevital to surmounting these obstaclesand unlocking
AI/MU’s full potential in CQV. Organizations must stay vigilant,
adaptable,and dedicated todriving positive changeasthey embark
onthistransformative journey. With AI/ML, we canrevolutionize
the CQV life cycle, attaining unparalleled efficiency, agility, and
quality while shaping futureindustry standardsand innovation. &
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[HE ROLE OF ATAND M

in Efficiency and Innovation

By Chloe Lang and Timo Schmidberger, PhD

The integration of artificial intelligence (Al)
and machine learning (ML) into bioprocess
development represents a rapid shift in the
way discovery, development, optimization,
and production of biological products are
approached.

ioprocesses, whichinvolve the use of living cells or enzymes to

manufacturedrugs, vaccines,and other high-value compounds,

are inherently complex and data-intensive. Other fields in
pharma, such as drug discovery or medical devices, seem to be
leading theimplementation of Al/MLmethods. Thereis currently
alist of 950 AI- and ML-enabled devices provided by the US Food
and Drug Administration (FDA) [1]. The increased awareness and
accessibility of ATland ML technologies also offers unprecedented
opportunities to harness this complexity and turn vast amounts
of dataintoactionableinsightsthat canthenlead tomore efficient
and cost-effective bioprocesses.

ALGORITHM GUIDANGE

It is important to acknowledge that many of these concepts,
especially for ML, are currently established in industry as che-
mometric or multivariate data analysis (MVDA) techniques [2].
MVDA isadiscipline within ML that canuseboth supervisedand
nonsupervised algorithms. Although these techniqueshavebeen
used for many years, it does not mean they arelessrelevant orless
effective than other AI/ML algorithms.

In fact, for certain applications and use cases, they provide
advantagesinexplainability. Choosingwhichalgorithmtouseshould
beassessed onacase-by-casebasisandbased onfactorssuchasthe
availabledata, complexity of the problem,andriskassessment. There
isexisting guidancein place from the United States Pharmacopeia
[3], FDA [4], and European Medicines Agency (EMA) [5] providing
clear starting points for further utilization of AI/ML applications.

HEALTH AUTHORITIES

Avariety of healthauthoritieshave been proactive in encouraging
the adoption of Al and ML. For example, in 2014, the US FDA
Center for Drug Evaluation and Research (CDER) established
the Emerging Technology Program to work collaboratively with
companies to support the use of advanced manufacturing. In

2019, the FDA asked for feedback on the then proposed regulatory
framework for modifications to the “Artificial Intelligence/
Machine Learning (AI/ML)-Based Software asa Medical Device
ActionPlan,” whichwaseventually publishedinJanuary2021. The
US FDA also published the guideline “Good Machine Learning
Practice for Medical Device Development: Guiding Principles,”
published in October 2021 [6].

The benefits of using AI/ML are also acknowledged by the
USFDA [7]and the EMA [8] to establish better guidance for AI/ML
use in the whole development journey from molecule selection
to drug product. International organizations, including the
International Society for Pharmaceutical Engineering (ISPE)
and BioPhorum, are publishing more holistic guidelines on
requirementsand stepstobuild AI/ML-based modelsinaregulated
environment [9-12].

CHALLENGES

However, the successfulimplementation of Aland MLinbioprocess
developmentisnotwithoutitschallenges. Onesignificanthurdleis
the tendency for data scientists toworkinsilos, focusing on narrow
aspects of the data science domain without a holistic view of the
entire system. Typically, that means they are focused more on the
dataitself orthealgorithmsandless on the processscience. Siloed
thinking can limit the potential of Al and ML applications, as the
true power of these technologiesliesin theirability tointegrateand
analyze data across different stages and scales of the bioprocess.
Developing Al expertise internally in organizations isa complex
task. Creating the diverse teamsneeded to spearhead this change
isachallenge. Moreover, the adoption of Al is often carried outin
isolation. Typically, Al-driven processes are executed separately
fromthe core scientificand daily operations, leading to a situation
where Alapplicationsarenotseamlessly integrated with standard
daily procedures [13].

The field of process science increasingly intersects with data
science, as practitionersleverage advanced largelanguage model
(LLM) tools, such as ChatGPT, to develop Al and ML solutions
tailored to specific problems. Although this approach seems to
effectively democratize dataanalysis, enablingbroaderaccessand
utilization, italso carriesinherentrisks, such as the suitability of
the information utilized to produce an output from LLMs. Plus,
process scientists may lack a comprehensive understanding of
the underlying methodologies.

JANUARY/FEBRUARY 2028 57



TECHNICAL PRODUCTION SYSTEMS

Figure 1: The benefits of Al/ML algorithms should encompass key aspects to enhance end user engagement.
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Gapsinexpertise, which canlead tomisguided decisions, were
identified as a current industry challenge ina 2022 report issued
by the Association of the British Pharmaceutical Industry (ABPI).
“Thisisahuge growthareaforhealthcare datascience,and demand
currently outstrips supply. A significant proportion of strong data
science candidates havelimited life sciences experience, and this
must be taught on the job for them to become effective,” said a
respondent of a survey cited in the report [14].

AN INTEGRATED APPROACH

Tofullyleverage Aland MLinbioprocess development, itis crucial
for AI/ML tools to be adopted with a more integrated approach.
This means moving beyond the confines of specific domains of
data science and making the tools accessible to interdisciplinary
teams,includingbioprocess engineersand other domain experts.
By doingso,datascientistswould ensure that AI/ML tools (models
and algorithms) they develop are working as intended, and the
bioprocess scientists would ensure the tool can be utilized in a
meaningful and actionable way.

Teams involved in such projects will vary depending on
the application and complexity. It is important to identify the
stakeholders, which couldinclude engineers developingaspecific
application to improve a control strategy, automate reporting, or
createafeedback modelincorporatingalargeamountof data(e.g.,
from research and development, production, or supply chain) to
identifylearningsthatcanbeleveraged for the next productcreation.

Theintegration of suchtoolsand applications canhaveimpacts
at all levels of operations of an organization, which should be
carefully considered toensuretimeandresourcesaredeployedinan
effective manner. Generating data or applications does notalways
generate more value, and creating a company culture to embrace
changes and adopt new tools or workflows can be challenging.

The Fogg Behavior Model [15] highlights this challenge and
recommendskeyaspectsfor consideration. Introducing new tools or
workflowrequiresintroducinganewbehavior tosomeone’sworkday.
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Behavior is driven by three ingredients working simultaneously:
motivation, ability, and prompts (see Figure 1). This is important
because you could have the best tool in the world, but if there is
no motivation to useit, itis overly complicated for the end user, or
there areno promptsor routine toincorporateits use, it willbring
no value. Considering potential hindrances early in the process
and encouraging necessary behavior changes, canlead to smooth
rollouts that meet milestones..

Incorporating data analytics into the toolkit of process sci-
entists and connecting company-specific applications from data
scientists within their organizationisastep toward creating more
interdisciplinary collaboration. Thisarticleintroduces the concept
of working with both commercially available software platforms
combined with open source to facilitate the rapid configuration
of data analytic workflows. These workflows, crafted by data
scientists, are intended for seamless adoption and utilization by
processscientists, thereby bridging the gap between complex data
analysis and practical application in the field.

CASE I: QUALITY AND PERFORMANGE ASSESSMENT

A safe and efficacious product is the overarching goal for both
manufacturersandauthorities. To enable this goal, many guidelines
andregulationsareimplementedand supportedbyinternal company
procedures. One central requirement for commercial products
according to “Q7 Good Manufacturing Practice Guidance for
Active Pharmaceutical Ingredients Guidance for Industry,” updated
bythe FDAin2020,isthat “Regular quality-reviews of APIs should
be conducted with the objective of verifying the consistency of
the process. Such reviews should normally be conducted and
documented annually...” [16].

Accordingly, thisguidance maybe systematically documented
within the annual product quality review (APQR).

A standard workflow would involve a cross-functional team
comprising a process scientist, an analytical expert from quality
control (QC), or a manufacturing specialist who is responsible



Figure 2: This figure demonstrates workflow to assess data in terms of APQR. Breaches of Nelson Rules are indicated by black dots.
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for aggregating data from various sources. This collated data is
then submitted to the statistical department where professionals
conduct statistical analyses in accordance with the company’s
standard operating procedures. The completed analyses would
then be shared with the originating department. Subsequently,
themanufacturing or QCteam undertakesathoroughreviewand
interpretation of the outcomes to ensure compliance with quality
standards to inform continuous improvementinitiatives or open
investigations for noncompliance findings.

So how can that workflow be simplified so that the analysis
can be done directly by manufacturing or the QC department?
A workflow builder offers exactly this possibility to generate
workflows to execute repetitive tasks and deploy the workflow
to colleagues. How would a workflow be created? First, a data
connection to the well-defined and qualified source data needs
to be established. This should enable a secure connection to all
relevant data (such as defined operating ranges, critical quality
attributes [CQAs], and performance indicators) and increase the
overall data integrity compliance for the application.

Thestatistical departmentistasked with developingamodule
tailored for the statistical analysis and reporting of this data. It is
crucialtoensuredataformatisstandardizedtofacilitate seamless
processing. A common methodology to support this analysis are
Nelson Ruleswhicharetypicallyapplied to control chartstoidentify
datapoints that fall outside of specification as well as trends that
areagainst random noise.

In this example, the statistical analysis would be to apply
four different Nelson Rules to data (see Figure 2). Data points that
violate one or more Nelson Rules should be flagged because they
need to be investigated. The statistical model developed should
encompass not only the statistical evaluation but also a results
component. In the context of our example, this would include a
graphicalrepresentation, suchasaplot, toidentifyinstances where
Nelson Rules may have been breached.

i |— :
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The foremost purpose of the APQR is to quickly assess if the
production process was under control or within specified limitsin
the previousreporting period.In the workflow presented previously,
the manufacturing or QC employee requests to run the workflow
which would be followed by a generated report. Another large
advantage toautomating reporting workflows is compliance with
regulatory standards, asthe stepsinthe process willrequire clear
traceability to qualified systems. This reduces the possibility for
manual errors and ensures compliance through automation and
dataintegrity standards, ultimately resultingin higher operation
efficiency from more effective resource utilization.

There are a variety of further use cases that can benefit from
automated workflows, for example, the APQR result can be used
for continuous process improvement. To achieve this, a second
workflow can be designed for the manufacturing science and
technology (MSAT)departmentusing the very samedataanddata
connection, but running data mining tools or digital twin kind of
models to identify potential improvements to the process.

Thisisjustone example of anapplication whererobotic process
automation (RPA) canbe utilized. RPA has significant potentialin
the pharmaceuticalindustry, withbenefitsinboth operationaland
compliance aspects. RPA can remove repetitive tasks, speed up
decision-making, reduce the risk of errors in data collection and
analysis,and expeditereporting to enable process optimization [17].

CASE 2: SCALE COMPARABILITY

The second use case has a slightly more complex structure but is
equally important. Scaling in bioprocessing is a critical phase in
the development and commercialization of biopharmaceutical
products. Itinvolves the careful transition of biological processes
fromthelaboratory bench or pilot scale tolarger-scale production
systems. This step is essential for meeting the demand for
therapeutic proteins, vaccines, and other biologics. On the other
hand, there might be cases where scaling processes downward is
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Figure 3: Workflow for scale comparison

Large-Scale Data

PCA Evaluation

Visualization PCA

— [

E :
[
[

Small-Scale Data

TOST

needed to support troubleshooting or life cycle management of
commercial processes.

Effective scaling is not merely a matter of increasing the
size of the bioreactors and other equipment. It requires a deep
understanding of the biological systems involved and the impact
of scale on process parameters, such as mixing, oxygen transfer,
and nutrient supply. Although physical propertiesliketipspeed can
be easily calculated, others such as the volumetric mass transfer
coefficient (kLa)are more challenging to derive. One fundamental
problemremainswithinbioprocessing—justbecause most physical
considerations are similar across scales, the biological response
of theliving cellsin the reactor might be different.

Attheendofanyscaling, itisimportant toassessif thescaling
was successful or not, meaning the biological performance,
including the quality of the product, is equivalent across scales.
Typically, different statisticalmethodsare used tocheckif qualityis
preservedacrossscalesor that certainkey performance indicators
(KPIs) are met. The toolbox of statistical tools applied ranks from
univariate comparison such as t-tests or equivalence testing to
multivariate approaches to assess time series data.

Scaling is required for most commercially manufactured
products, meaning that scale comparison and assessment is a
repetitive task. Hereagaina generic workflow canbe of great value
tostandardizeand automate the evaluation. Scaling canbeapplied
inbothdirections (scale-up and -down). Thisexample, highlighted
in Figure 3, shows the workflow for scale-down.

Workflows should address whether scales are equivalent.
The first step is to decide what methods are needed to show the
scale comparability. In this case, a principal component analysis
PCA for time series data and two one-sided t-tests (TOST) for key
performanceindicators (KPIs)and critical quality attributes (CQAs)
were selected. Typically, the data science department could then
start to program the relevant modules. An alternative approach
to build the models or statistical evaluation could be the use of
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self-programming tools like ChatGPT (which will be highlighted
in case 3). Once the statistical modules are finished, the workflow
canbeassembled and tested. The workflow consists of three parts:
dataconnection (blackboxesinFigure 3), MVDA (teal-colored boxes
in Figure 3), and assessment of results (yellow boxes in Figure 3).

The outcome of the workflow is shown in Figure 4. Figure 4A
depictstheresult of the PCAanalysis of the time series data. First,
thelarge-scale data is compressed using PCA. As a next step, the
distance to origin for each large-scale batch is determined and
two standard deviation 2SD limits calculated (shaded blue area).
Inthe plot shown, the small-scaledatais compared tolimitsbased
onthelarge-scale data. Batch 56 and batch 57 are outside and are
displayed in detail in the plot next. Figure 4B shows boxplots of
the harvest titer as a representation of a KPI for both large-scale
andsmall-scaledata. The more KPIsand CQAs, the more boxplots
need to be generated. Figure 4C shows the result of the TOST for
the harvest titer. The more KPIs and CQAs, the more TOSTs need
to be performed.

Asafinal step, the process scientist would simply update the
small-scaledataandrunthe process. The first stepinimproving the
small-scalemodelisinunderstandingif the scalesare comparable.
It requires the right tool set and an understanding of how to use
dataanalytics for the assessment. A workflow like the one shown
inthis section canhelp get to areliable assessment quicker to the
rightend user (thebioprocess subject matter expert [SME]).In case
the evaluation demonstrated comparability, no furtheractionsare
needed other than the summary of the resultsand aformal report
on small-scale validation.

However, in case theresult of the workflow is nonequivalence
betweenthescales,additional workneedstobe done. Typically, the
nextstageistounderstand what the scaling parameter culprit for
nonequivalence could be across scale. Solving this problem could
lead to another workflow that uses AI[/ML with a high degree of
explainability. There are examples demonstrating how design of



Figure 4: Results of Scale Comparison: A) PCA analysis results of the time series data B) Boxplots of the harvest titer, representing a
KPI for both large-scale and small-scale C) TOST results for the harvest titer
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experimentin combination with MVDA can help identify possible
adjustments for more comparable biological performance between
scales [18].

Another approach to detect and understand nonequivalence
can be the use of hybrid models (also called digital twins). Both
techniquescanbebased on AI/ML algorithmstrying torepresent
the biological behavior within a process model. These models
can be used to investigate different process settings and assess
which ones will result to more comparable process[19]. Once anew
scale-down approach was found (independent of the algorithm
used), the equivalence testing (e.g., with the workflow shown here)
must be repeated.

CASE 3: DATA MINING TOOL BASED ON RANDOM FOREST

Acommonandimportant taskinbioprocess developmentismining
historical datatoutilize existingknowledge to establishastarting
point forany newbioprocessing development activities. Typically,
and following quality by design (QbD) principles, thisactivity starts
with risk assessment to identify the most important parameters
tobe investigated in design of experiment (DOE) approaches.
Partoftheriskassessmentinvolveslooking over dozens ormore
dataspreadsheetstoidentify trendsandbehaviors. However,looking
overthehistorical dataset canbeacomplexand time-consuming

exercise and if not done properly, there is the risk of overlooking
important parameters and starting the development journey
from the wrong starting point. Powerful data mining tools such
as principal component analysis or random forest can be helpful
tools to identify trends and patterns in data; however, due to the
limited expertise of processscientists to create these models, these
techniques are not routinely utlized.

To provide the process scientist with a summary of the most
important and influential parameters as a starting point for
follow-up work and toreduce the time required to analyze dozens
of datasheets,arandom forestalgorithm can be implemented. For
thisexample, arandom forestalgorithm to identify the strongest
influencing parameter(s) on the harvest titer of this bioprocess
isrequired.

In the third use case, we want to demonstrate how problem-
solving can be boosted by using chatbots for the programming
task. In our case, the script’s development timeline was reduced
from several hours to less than 5 minutes. The process scientist
used an internal company Al chatbot (see Figure 5) to develop a
robust method with model optimization and feature extraction.

Theresulting Pythonscript contained the dataimportinterface,
a grid search for testing key parameters for the random forest,
and a graphical output to visualize and rank the most important
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Figure 6: Result data mining with random forest.
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parameters. Theresulting scriptwas thenembeddedinanenvelope
script to be uploaded into a workflow builder.
Nextthedifferentbuildingblocksareassembled,asindicatedin
Figure 6A.Figure 6B showsthetop 20 variablesin decreasing order
ofimportance. Thiswould be thebasisfor process science toidentify
which parameters to address first for bioprocess development.
This same data mining strategy can be reused or shared with
colleaguesfor thenextnew productor target assessmentand only
therespectiveinput filesneed tobe exchanged. It should be noted
thatthe output of the modelsand reliability of the data can only be
asgoodasthedatainput. Dataminingremainsacrucial tooltoset
asolid foundation forany further developmentactivity right from
thestart. This solid foundation not only helps the SME profoundly
understand the dependencies with the process but opens more
opportunities like DOEs, digital twin development, or further
(self)-learning algorithms as the process matures.

TYING IT ALL TOGETHER

The ultimate value in the implementation of Al and ML to create
efficiency and drive innovation will come with full connectivity
and utilization of data created across the entire value chain. For
this to be realized, the importance of well-structured, digitized,
compliant, and accessible data should not be underestimated.
The three use cases outlined previously could also bring greater
value to an organization if they were approached in a broader,
holistic way. Case 1 highlighted the use of RPA that can be used
for compiling data, automating workflows, and reporting. Case 2
highlighted the use of cross-scaleanalysis,and Case 3highlighted
the use of data mining.

Combining these techniques and applications builds towards
a future vision of fully integrated systems and processes that
streamline productdevelopment, submission documents, process
control settings, and operational information. This integration
allows manufacturing protocols tobe informed by real-time data,
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enables RPA reporting for batch comparisons, and consolidates
relevantdataforreal-timerelease. Additionally, it could track market
trends forinformed production decisions, creating afeedbackloop
that supports future product development through data mining.

CONCLUSION

Theintegration of ATland ML methodologiesisincreasingly revolu-
tionizing operational processes,enhancingefficiency,and expediting
decision-making. Thistechnologicaladvancementholds the promise
of accelerating the delivery of superior-quality pharmaceuticals to
patients, thereby improving healthcare outcomes.

Despite the transformative potential of AI/ML techniques,
they are not without their challenges. To begin with, there is
the requirement for a well-structured and unified database to
enable effective contextualizationand analysis of data. The proper
application of these technologiesis paramount to avoid misuse and
to ensure the integrity of the outcomes they produce.

Therisk of misuse of Al/MLincreases with chatbotsfor coding,
asitoffersthe possibility to generate complex codes without really
understandingthe principlesor even pitfalls of theapproach chosen.
But a profound comprehension of the underlying principles of
the employed AI/ML methodologies is essential, as is a thorough
understanding of their developmentand validation processes. This
ensures that theresults yielded are not only reliable, butalso safe
for drawing conclusions.

A common obstaclein the implementation of A[/ML solutions
istheknowledge gapbetween datascientistsand domain experts.
Data scientists may lack the specialized expertise required to
interpret results within a particular domain, whereas domain
experts may not possess the technical expertise to constructand
evaluate AI/ML models.

The proposed strategy aims to bridge this divide by fostering
a symbiotic relationship between data scientists and domain
experts. By designing and testing specific A[/ML workflows,



data scientists can tailor these tools for use by domain experts.
This collaborative model not only ensures that workflows are
user-friendly and domain-specific, but also encourages ongoing
cooperation throughout the initial scope definition phase. Sucha
partnershipisinstrumentalinaligning the technical capabilities
of AI/ML with the nuanced requirements of domain expertise,
ultimately leading to more effective and innovative solutions. &
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TEGHNICAL ARTIFICIAL INTELLIGENCE

ARTIFIGIAL INTELLIGENGE

in Drug Target Discovery

By Toni Manzono and William Whitford

The intersection of artificial intelligence (Al) and
drug development has ushered in a transformative
era, revolutionizing the way researchers approach
biomarker/target identification, drug/target
interactions, and drug-like molecule design.
Rooted in an interdisciplinary fusion of computer
science, statistics, and biology, Al in the life
sciences seeks to unravel intricate biological
phenomena through systematic assimilation,
analysis, and interpretation of expansive and
diverse datasets [1].

he convergence of AI with pharmaceutical sciences holds
Tunprecedentedpotential fromdrugtargetdiscoverytothesafety

of drug administration [2]. For example, researchers recently
employed graph neural networks to predict antibioticactivity and
cytotoxicity for more than 12 million compounds. Using explain-
able graph algorithms, they then identified substructure-based
rationales for compounds with high predicted antibiotic activity
and low predicted cytotoxicity. Following empirical testing, they
identified a candidate that evades substantial resistance and
is selective against methicillin-resistant Staphylococcus aureus

(MRSA) and vancomycin-resistant Enterococci (VRE) [3].

Al AND THE DRUG LIFE GYCLE

A synergistic relationship between Al and the drug life cycle,
including drug target (DT) discovery, will make it possible to
streamline therapeutic interventions. It will also pave the way
for personalized, patient-centric healthcare approaches. In
this article, we delve into the multifaceted potential of Al in
revolutionizing one aspect of computer-aided drug design (CADD):
Al-enabled DT discovery systems. This includes an outline of the
key advancements, challenges, and ethical considerations that
underlie this burgeoning frontier [4].

The potential of Al in drug research and development
remains substantial, yet its sluggish rate of integration is a
cause for concern. This reluctance stems from such factors as
entrenched practicesand risk aversion within the conservative
pharmaceutical industry. However, the hesitancy to fully
embrace Al-powered DT development systems may lead tomissed

G4 PHARMACEUTICAL ENGINEERING

opportunities for prospective entity identification, enhanced
candidate precision, personalized treatments, and streamlined
therapeutic interventions.

Asthistechnology advances, the disparity between the capa-
bilities offered by Al-driven techniques and the status quo may
widen, with classical techniques potentially placing patients at
adisadvantage by delaying the implementation of more efficient
therapy development and delivery strategies.

Al SAFETY AND EFFICIENCY

Recognizing the transformative potential of Al in healthcare,
regulatorshave displayed a proactive stancein ensuring the safety,
efficacy,and ethical use of Al-driven technologies in medicine [5].
Thus, it is evident that regulators are playing a constructive role
in fostering the integration of AI, and it is other factors within
the industry that warrant deeper consideration. Governing and
standards bodies are working to ensure the safety, efficacy, and
quality of products employing Al within thelife cycle framework
of ISPE GAMP® 5 Guide: A Risk-Based Approach to Compliant GxP
Computerized Systems (Second Edition)[6]. Examples of thisinclude
recent work of the Council of the European Union (EU) [7-9],
International Organization for Standardization/International
Electrotechnical Commission (ISO/IEC)[10],and The USFood and
Drug Administration’s Center for Drug Evaluation and Research
[11-13] call for an urgent modernization of the pharmaceutical
industry [14].

Alprovidesefficiencyand entirely new capabilitiesinanalyzing
therapidlyincreasing type and amount of biologicaland chemical
data employed in identifying potential DTs. It promises to revo-
lutionize the analysis of laboratory data as well as the mining of
research publications and digital libraries in the discovery and
characterization of biomolecules or pathways associated with
disease [15-16] (see Table 1) [17].

Althoughtherearemetrics,suchasFlscoring [18],available to
report on the efficiency of Alin a particular application, it is hard
to overview this in DT discovery. Al-enabled systems and their
individualimplementationsareimproving sorapidly thatreporting
on speed or precision at any one time point is of little value. Also,
Alisincredibly powerful in some tasks and very weak in others, so
applying Al where itis strongis an important factor in its perfor-
mance. Nevertheless, thespeedandaccuracy of Alinfacialrecognition
is a good example of its potential in discovering physicochemical
moieties practical in the modulation of a disease phenotype.



Table 1: Examples of public data sources for target identification [17].

More than 36 million citations of biomedical literature from MEDLINE, science journals, and online books

Web system providing automatic annotations of biomedical concepts using PubMed abstracts and PMC full-length articles
Bioactive drug-like small molecules: containing 2D structures, calculated properties, and abstracted bioactivities

The Human Metabolome Database (HMDB) contains detailed information about small molecule metabolites

World’s largest collection of open chemical information. Search by name, molecular formula, structure, and other

Provides an open and public collection of pathway maps created and curated by the community in a wiki-like style

A semi-automatically constructed ontology that merges in multiple disease resources in a harmonized ontology
Aknowledge resource on cell lines. It attempts to describe all cell lines used in biomedical research and production

An open archive of reports on the relationships between human variations and phenotypes, with supporting evidence
Provides a centralized resource for researchers studying human genomes and other vertebrates and model organisms
Gene-specific information on genomes completely sequenced, in active research, or scheduled for analysis

Details molecular, biophysical, and pharma properties of e.g., mammalian ion and cyclic nucleotide-modulated channels
A comprehensive database from sources of known and predicted, physical and functional protein-protein interplay

The central hub for the collection of functional information on proteins, with accurate, consistent, and rich annotation

Info on active ingredient chemicals, pharmaceutical products, drug mode of action, indications, and pharmacologic action

Life sciences PubMed
publications PubTator
(Small) molecules ChEMBL
HMDB
PubChem
Pathways Reactome A curated resource of core systems, pathways, and reactions in human biology
WikiPathways
Ontologies Mondo
Genes Cellosaurus
ClinVar
Ensembl
NCBI Gene
Proteins IUPHAR Compendium
String
UniProt
Drug development Drug Central
information Open Targets

Al-driven tools process and analyze highly structured data
from multiple sources, such as analytical instrumentation,
instrumentation tables,and human-generated data. But what could
possibly be the most amazing aspect of Al-driven data analysis,
isits ability to process unstructured data, such as raw text from
articlesand clinical notes, complex spectral data from analytics,
and nucleicacid or gene expression sequences and profiles.InDT
development, automating dataanalysiswith Alcanlead toalevel
of efficiency that has never before seen in life sciences research.

Alalgorithms contribute to theidentificationand validation of
potential drug targets with unprecedented efficiency, beginning
withaccelerating traditional approaches to DT discovery design.
Alimproves the wet-lab affinity measurement and comparative
profiling approaches employing chemogenomic libraries using
high-throughput techniques to rapidly screen thousands of
possibilities. However, Alhasrevolutionized data-mining-driven
approaches in 1) multiomic gene-disease association methods
by analyzing multiple types of biological data (omics), and 2)
computational structure-based approaches examining docking
and pharmacophores. These latter approaches rely heavily on
diverse biological datasets (see Table 1) [17].

AT's power expedites the selection of promising therapeutic
modes and specific candidates. It also enhances the precision of
subsequentdrugdeliverystrategies. Addressing theinterconnected
nature of therapeutic mode, specific candidate properties, and
delivery strategy accelerates the development process, mitigates
risks, and advances the paradigm of precision medicine in the
pharmaceutical domain.

Platform that builds and scores target-disease associations and annotations for target identification and prioritization

THERAPY TARGETS: AN EVOLVING DISCIPLINE

A therapy target is a molecule or system in the body directly
associated with a particular disease that can be modulated by a
therapy. Targetidentification isincreasingly importantin therapy
discovery following recentinnovationsinassay and experimental
technologies. For example, in computational structure-based drug
design (SBDD), the constitution of new pharmaceutical agents
follows the 3D structures of biological targets. By understanding
the structure of a target molecule at the molecular level, ligands
are proposed that can interact with the target in a way that may
modulate its function.

Some drugs, such as aspirin, operate through an irreversible
covalent modification of the target. However, DTs typically involve
thetherapeuticactiveligand and biological target (usually protein)
molecular docking. Once bound, small molecule ligands either
inhibit the binding of other ligands or allosterically adjust the
target’s conformational ensemble.

Investigating these more common, supramolecular (non-ionic/
covalent binding) interactions between biological molecules can
reveal important bindings, signaling pathways, critical nodes, or
chemicalreaction catalyzersindisease-related networks. Thelist
of specific systems supporting such potential targets is growing
(see Table 2) and all are now integral in the field of DT discovery.

Common pharmacodynamics of the interactions between a
druganditsbiological target typically involve receptors, enzymes,
or ion channels. However, other therapeutic approaches involve
the discovery of targets as well. Identification of a defective
geneis a form of target discovery prerequisite to gene editing or
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Table 2: Biological systems supporting therapeutic target identification.

Protein-protein interaction (PPI)
Molecule docking

Chemical reactions’ catalyzers

G protein-coupled receptors (GPCRs)
lon channels

Nucleic acids

Receptor tyrosine kinases (RTKs)
Transporter proteins
Ligand-gated ion channels
Structural proteins

Signalling pathways

Epigenetic targets

Small molecules or biologics can be designed to interfere with specific protein-protein interactions to disrupt disease-related pathways.
Docking studies use computational techniques to predict how molecules, such as a drug and protein, will interact at the atomic level.
Catalysts, such as enzymes, can be targeted to modulate metabolic pathways. Enzyme inhibitors or activators can regulate these reactions.
GPCRs are involved in numerous physiological processes. Drugs targeting GPCRs can modulate these processes to therapeutic effect.

Drugs targeting the proteins in ion channels can regulate the flow of ions across cell membranes, influencing electrical signaling.

Drugs that target DNA or RNA can inhibit replication in pathogens or to modify cellular gene expression in therapeutic applications.

RTKs are cell surface receptors that can be targeted by drugs to inhibit or stimulate cell signaling influencing e.g., cell division.

Drugs designed to interact with membrane transporters can modulate the uptake of specific compounds to a therapeutic effect.

Receptors involved in fast synaptic transmission in the nervous system can be targeted to produce drugs like anaesthetics and anti-epileptics.
Genetic disorders can cause abnormalities in structural proteins. Drugs or gene therapies can stabilize or modify them or their function.
Rather than targeting individual proteins, some drugs aim to modulate an entire biochemical cascade of events known as a signalling pathway.

Epigenetic modifications are genetic alterations regulating gene expression not due to changes in DNA sequence.

Table 3: Al functions employed in therapeutic target discovery.

Causality detection

Data comparison

Dimensional reduction . . -
complexity while retaining patterns.

Dimensional analysis . L
y data in the appropriate dimension.

Pattern recognition ) .
9 the full sequence of information.

Target prediction

Clustering and classification

genereplacement therapies. For example, mutationsin the cystic
fibrosis transmembrane conductance regulator (CFTR) gene
are therapeutic targets in patients with cystic fibrosis [19]. The
primary therapy approach here is not the use of adrugligand,
but tointroduceafunctional copy of the CFTR gene into patients’
cells.

The 3D structure of a proteinis oftenrequired in DT identi-
fication. Conventional techniques have resulted in such virtual
libraries of the 3D structure of proteinsas the open-source Protein
DataBank [20]. This comprehensive virtual repository provides
3Dstructural data of large biological molecules such as proteins
and nucleic acids [21]. When the target proteins’ 3D structures
are unavailable, computational methods such as comparative
or homology modeling [22], threading, and ab initio (from first
principles) modeling[23-24] havebeen successfulin determining
the structures of proteins from their sequences (see Tables 1-3).
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Discovers unknown interactions by identifying dependent and/or independent variables, as well as hidden dependencies.

Compares simultaneous and parallel data from multiple active moieties or components in both time-series and event data sets.

Dimensional reduction transforms a number of possibly correlated variables into a smaller number of uncorrelated variables, simplifying

The analysis of the relationships between different objects by identifying their essential features and tracking these dimensions as it places new

Identifying specific behaviors or motifs over large amounts of data. By establishing a smaller dataset as a model, it finds similar patterns along

This is the process of calculating the most suitable values for target variables based on inputs from the modeled predictor parameters.

Both supervised and unsupervised algorithms reveal groups in datasets by calculating distances in a multidimensional space.

Abinitio protein modelingisacomputational approach used
to predict the three-dimensional structure of a protein based
solely on its amino acid sequence and the physical principles
governing protein folding. For example, the deep learning-based
AlphaFold employs neural networks in a type of machine
learning (ML) to perform such modeling, and its source code
is freely available [26].

Althoughby some measurements AlphaFold predictionsare
remarkably accurate, some note that they do not account for
the presence of ambient ligands, ions, covalent modifications,
or environmental conditions. In fact, Paul Adams, Associate
Laboratory Director for Biosciences at Berkeley Lab, recently
remarked, “However, if a researcher wants to study ligand
docking for SBDD, there is no substitute for experimental data
that provides a higher confidence in amino-acid side chain
conformation” [27].



Figure 1: Al enabled drug target discovery.

Target Data Sources

In-house in-vitro and in-vivo assays
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L Machine Learning
« Databases/repositories/libraries

* Warehouses/platforms/ontology Computer Vision
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Text and figures Deep learning
* Biomedical reports/reviews
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* E.g., text classification
Other Al Tools
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Natural Language Processing (NLP)

Al-Enabled Activities

Data management and integration
Biological network/pathway analysis
Target/ligand docking analysis
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* Genome-wide association studies
* Phenotype prediction
* Pathway analysis
Reverse genetics

* Drug response prediction

Ligand sampling is a computational method to predict and
optimize thebindingaffinity and specificity between drugsand
targets. It explores the conformational space of aligand fromits
pharmacophore to identify energetically favorable interactions
within the target protein. Many software packages are now
available to support either systematic or stochastic ligand
sampling approaches.

Unintended pharmacology or “off-target” effects are often
causedbyadruginteractingwith proteinsorreceptorsotherthanits
intended target. These side effectsoradversedrugreactions cannow
beanalyzed via Al-enabled meta-analysis of the candidate therapy’s
published primary and cross-reactivity. Thisanalysiscanbe used
tomapadrug’soverallbiologicalactivity and targets—suggesting
comprehensive physiological effects and clinical outcomes.

Through exhaustive analysis of both research literature and
clinicaldiagnosticdata, Al deepensunderstandings of demographic
and individual patient biology. In personalized, or precision,
medicines such analysis can help to identify DTs (this includes
beyond universal and subpopulation-specific groups toindividual
patients).Insupporting the repurposing of approved medications
for use in other indications, ML algorithms perceive patterns in
existing medication-related biological dataandlink themto even
targets of unrelated disease [28-29].

PROGRESSION OF COMPUTER-ASSISTED TARGET
IDENTIFICATION

Software valuable in pharmaceutical target discovery has been
developed since the 1970s: Many locally developed open- and
closed-source pipelines,libraries, plugins, webresources, methods,
algorithms, software, and user interfaces have been created.
These include products providing for the analysis, storage, and
interpretation of biological data. Support of evolving fields like
computationalbiologyisprovidedbyanumber of available programs,
including software and tools for sequence analysis (BLAST [30]),
structural biology (PyMOL [31]), genome annotation (Artemis [32]),
next-gen sequencing (HISAT2 [33]), proteomics (MaxQuant [34]),
and cheminformatics (RDKit [35]).

* Protein structure/function

* Genetic variant/phenotype

Software supporting molecular mechanics modeling and
computer-assisted organic synthesisare usedinorganic chemistry
to design and predict both small and large molecule reactions. It
can include the supramolecular chemistries important in many
targetbindings[36]. Insupport of them, databases of commercially
available starting materials provide practical data for target
discovery experimentation [25, 37].

Statistical methods have long been used to identify patterns
indatafromaDT candidate’s measured genotypic or phenotypic
properties as compared to the ideal properties. Results of such
searches indicate genes, gene products, or bodily systems as
potential therapeutic targets. Examples of early work in this
field include genome-wide association studies (GWAS). Their
aimistoidentify associations of genotypes with phenotypes by
testing for differencesintheallele frequency of genetic variants
between individuals who are related but differ phenotypically
[38]. A commonly stated goal for GWAS is to use the identified
associationsto provideastarting point forinvestigating potential
therapeutic interventions.

Al'IN TARGET DISCOVERY AND ANALYSIS

Atremendousamountandtypeof dataisgeneratedinanalyzingthe
multiple physicochemicalandbiological systemsassociated with
discoveringacandidatebiomarkerand pursuingits correlation with
disease.Similardataaidsintheidentification of novel therapeutic
targets—in particular, disease. This is done by predicting the
ligandability of specific regions, as well as in discovering new
targets for existing drugs.
Intargetdiscovery,analysis,and validation, threedistinctand
significant steps now appear:
= Al-assisted governance of data from research experiments,
libraries, and crowd-sourced databases of compounds, polynu-
cleotides, and proteins
= Al-assisted organizationand harmonization of candidate target
and ligand structural classification, relationships, and labeling
(e.g.,0D-3D)
= Application of Almethodsin preclinical studies (see Figure 1).
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Targetligand discoveryand characterizationincreasingly involves
a combination of experimental and computational approaches.
Theseapproachesrequireinterdisciplinary collaborationbetween
chemists, biologists, pharmacologists, and data professionals.
Examples include the actionable conclusions now provided by
ATin multiomic studies [39].

The number of analytical approaches employing tools
like Al-empowered high-throughput screening (HTS) and
high-content analysis (HCA) islarge and growing. HTS allows
researcherstorapidly screen thousands of compounds against
acandidatebiological target (e.g., a protein or cellular pathway)
and reveal which responds to treatment with a particular
compound. For example, affinity-based methods can be used
toisolate and confirm a candidate target that interacts with
the bioactive compounds.

HCA can collect data simultaneously on such multiple
cellular parameters as cell morphology, protein expression, and
subcellularlocalization. Al supports analysis of this multipar-
ametricapproach to generate phenotypic profiles correlating
with disease states or treatment responses. Al-supported
HCA enables the analysis of dynamic processes within cells,
in areal-time, high-throughput manner, revealing candidate
biomarkers or targets actively involved in disease states or
drug responses.

HTSprovidesabroadinitial screentoidentify targets of interest,
whereas HCA provides detailed, contextual information about the
activity of a therapy on cellular processes, which helps identify
candidate biomarkers and targets [40]. For example, Kupczyk et
al.used supervised machineand deeplearning modelsto calculate
mathematical scoresfromtraining databases to create the nodes of
the neural networks. The results were then used as a reference to
organize the HCA data of the experimental set into groups called
classes or classifiers. [41].

ML was the first Al tool applied to predicting target-ligand
interactions. However, deep neural networks have been shown to
outperformbothtraditional physics-basedand knowledge-based ML
models. Forexample, the PotentialNet family of graph convolutions
has demonstrated power in predicting the binding affinity of
targets/ligands [42].

Al ALGORITHMS

We are seeing such Al algorithms playing a pivotal role in the
discovery and analysis of potential DTs. Their proficiency
in handling vast and varied datasets, discerning intricate
patterns, and generating precise classifications or forecasts
revolutionizes traditional, human-dependent approaches
[43]. This transformation empowers researchers with rapid,
robust, and statistically unbiased systems (managed by expert
Al methodologies) for identifying and assessing potential
targets, ushering in a new era of efficiency and accuracy in
drug research. Examples of Al algorithms employed in target
discovery and analysis within the pharmaceutical industry
include support vector machines (SVMs) [44], random forests
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[45], and neural networks [46]. These demonstrate significant
promiseinenhancing the selectionand evaluation of potential
DTs (see Table 3). Asummary of algorithms and areas in which
they can assist are given next.

Computational Docking and Virtual Screening
AutoDock Suiteisa growing collection of computational docking
and virtual screening methods used in the exploration of the basic
mechanisms of biomolecular structure and function that has
proventobe powerfulinstructure-based drugdiscovery.Over the
years, it has been constantly improved and modified to add new
functionalities and features.

The latest version of the AutoDock engine is AutoDock-GPU
[47]. GPU architectures employing deep learning applications
now benefit from new processor types, such as Tensor Core Units.
In fact, a method to improve execution time of a core function of
AutoDock-GPUbyleveraging modern Tensor Core Unitshasbeen
proposed [48].

In Silico Modeling

Comprehensive in silico techniques using ML and deep learning
algorithms model properties, activities, and interactions for
potential disease modulating effects. These include bodily com-
ponents, such as tissues, cell and vesicle surfaces, organelles,
blood, and interstitial fluids. The power of this was demonstrated
by Insilico MedicineinaphaselIl clinical trial of its AlI-discovered
drug, INSO18055 [49].

Multivariate Analysis

Automated and high-throughput techniques provide meas-
urement of several distinct variables in thousands of unique
experimental samples. Variablesinbiological systemsare typically
related to various degrees, and so the enormous data sets are
multiparametricand sometimes of high dimensionality. However,
for historic reasons, they have not always been analyzed as such.
Accurateresultsare ultimately dependent on multivariate analysis
(MVA) [43, 50].

MVA examines the relationships between multiple variables,
which can be challenging using traditional statistical methods.
Al-enabled MVArevealsthe specificrelationships, dependencies,
interactions, and feedback within these complex and dynamic
biological systems. It provides needed approaches to detect and
model numerous interconnected factors to provide an accurate
interpretation of complex realities. Supported by power computing
and cloud capabilities, Alapproaches empowered by MVA provide
timely predictions, understandings, outliers, pattern recognition,
and recommendations.

Examples of this power in currently available drug discovery
toolsincludeanopen-access ML program called ConPLex. Developed
byresearchersat MIT, ConPLex predicts DT interactions. Itrequires
only thesequences of the system’s proteinsand simple descriptions
of the candidate drugs to provide a sequence-based prediction of
DT interactions [51].



Network-Based Sampling

AlI-Bindisan Almodel that combines network-based sampling with
unsupervised pre-training toimprovebinding predictions for novel
proteinsand chemicalligands.Itisadeeplearning DT combination
identificationalgorithmwith promiseindrugdiscovery [52].In2018,
Oztiirk etal. proposed the first deep learning model for predicting
binding affinity between drugs and targets. DeepDTA was a good
start,andithasinspiredanumber of deeplearning-based programs,
including WideDTA [53] and DeepAffinity [54].

Data Resource Searching

Searching compound-target bioactivity dataresourcescanbe
difficult due to non-standardized and heterogeneous assay
types, variability in analytical measurements, and distinct
methods for data organization and storage, for molecular
structure and motif depiction, and forlabels, descriptors, and
other terminology. An open-data web platform, DT Commons,
features tools to assist in crowd-sourced compound-target
bioactivity data annotation, standardization, curation, and
intra-resource integration [55].

Recently, powerful commercially available resources have
appeared tosupporttheingestionandintegration of varied datasets
foruseby Al-enabled processing. ONTOFORCE’s DISQOVER isone
such platform. It integrates public, private, and licensed datasets
to provide a single interface with linked data for optimized data
exploration and search [56].

In Silico Screening

In the field of chemoinformatics, neural networks have been
used for in silico screening through chemical modeling for
years. We are now seeing that, based on furtherapplication of Al
techniques, it is promising much more powerful analyses. This
includes employing virtuallibraries representingamuch larger
chemical space [57-58].

Property Prediction

ML models can now predict the properties of new compounds
in CADD. This is done by employing both measured features of
the chemical and purely theoretical descriptors derived from its
chemical graph (a graph theoretical representation of amolecule)
or 3D structuredata[59]. Anumber of powerful tools for exploring
librariesfor cheminformaticsand related applicationsarebecoming
available [60].

EXAMPLES OF Al IN BIOPHARMACEUTICAL DISCOVERY

The activity of immunogens, receptor traps, and enzymes are
often mediated by a small number of functional residues, with
their domains properly presented by the overall protein structure.
We have seen how Al-empowered AlphaFold can predict protein
structures fromaminoacid sequences. This success created hope
thatsuch neural networks, trained on well-characterized protein
sequences and structures, could also help create novel proteins
with understood functionality.

GPT4

Open AI's GPT4 is a type of generative Al primarily designed
for natural language processing. Such applications are now
demonstrating capability in the design of therapeutically functional
proteins from simple molecular specifications. This innovative
approach, known as protein language model transfer, involves
adapting the underlying algorithms to interpret and generate
proteinsequencesbased onsimplified molecular descriptions. The
modelistrained ondatasets containing information about known
protein sequences and their associated functions.

BioGPT
The success of GPT4 inspired the development of bio-specific
modelssuchasBioGPT, apre-trainedlanguage model that provides
text mining and generation for biomedical domain research [61].
For example, we are seeing the design of novel protein structures
containing prespecified functionalsitesinan effective orientation
customized for a particular use or disease therapy [62].
Withthistraining, BioGPT can generate new protein sequences
based on provided molecular specifications. These generated
sequences undergo evaluation using computational models and
simulationsto assess their potential for therapeutically functional
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It is valuable to realize that Al
supports new, previously impossible,
capabilities and can radically speed
up existing data processing activities
and applications.

properties. Nevertheless, experimental validation in thelaboratory
remains a critical step in verifying the actual functionality and
safety of designed proteins.

Chimeric Antigen Receptor T cell Technology

ML techniques enabled researchers at University of California,
SanFrancisco—incollaboration withateamat IBM Research—to
expand chimeric antigen receptor T cell (CAR T) technology
and make design activities more quantitative and predictive of
functionality. First, they constructedalibrary of CAR Ts containing
synthetic costimulatory domains, built from combinations of
signaling motifs. Then, using neural networks, they discovered
key designrulesof the system, which they describe as the ability
to “decode the combinatorial grammar of CAR signaling motifs,”
[63]. This work illustrates how ML tools employing libraries
of domains support the engineering of receptors with desired
phenotypes [63].

ProSurfScan

ProSurfScan is a new commercially available program to model
the compatibility and binding mode of a candidate on different
regions of a protein surface [64]. There, the protein surface is
represented as a graph of nodes defining local supramolecular
interaction features. Convolutional neural networks can then
agnostically estimate candidate interactions with distinctregions
on the protein surface.

Integrated Biosciences

Researchers at the University of California, Santa Barbara are
collaborating with Integrated Biosciences, a biotech combining
synthetic biology and ML to target aging. Maxwell Wilson,
co-founder of Integrated Biosciences and assistant professor at
University of California, Santa Barbara. explains, “Our synthetic
biology platform enables previously impossible drug discovery
becauseitavoidsinducingthe collateraldamage caused by chemical
poisons, enabling us to observe direct effects of drug candidates
onthe cell’s stress response and perform fast and accurate target
deconvolution” [65].
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EMERGING THERAPEUTIC MODALITIES AND TECHNOLOGIES

We are seeing remarkable developments in advanced therapy
medicinal products (ATMPs) therapeutic entities, the means to
deliver them, and the technologies employed in their production.
Alisbecomingessentialinhandling the amountand type of data
coming from the manyhigh-throughputand high-densityanalytics
and screeningsemployed here [66]. Deeplearningalgorithmssuch
asrecurrentneural networksare well-suited foranalyzing massive
amounts of multivariate time-series data. Thesealgorithmsassist
in tracking changes over time from assays of cell type-specific
responses. This includes the expression of specific genes from
cultured cells and biobank submissions.

ATl'sdeeplearning supportsahigh-levelanalysis of cellmotion,
microfluidics, and panomics. New single-cell analysis techniques
allow the study of an individual cell’s behavior in tissue and
omic contexts. This leads to a deeper understanding of cellular
heterogeneity and disease mechanisms. There, Al is providing a
deep point-to-pointanalysis of hundreds of individual cells. Such
anextension of single-cell multiomicsis yielding more insightful
systemsunderstanding than theresults of the averages of millions
of cells. Recently, improvements in single cell-whole genome
sequencing are showing promise in tumors that display a mosaic
of genetic variation, or subclonal mutations that make the tumor
more aggressive [67]. One can onlyimagine the understanding to
berevealed as Al classifiers are applied to this data.

There are many other Al-powered applications aiding in
therapeutic candidate and DT understanding, such as virtual
reality and augmented reality. These are allowing us to visualize
and eveninteract with complexbiological structuresand datasets.
Such capability was reviewed in a Computer Vision and Pattern
Recognition Conference June 2024 in Settle [68].

Finally,itisvaluable torealize that Alsupports new, previously
impossible, capabilities and can radically speed up existing data
processing activities and applications. For example, Al-driven
naturallanguage processing does not really change the nature of
literature review, but it dramatically reduces the time involved
in examining and summarizing vast amounts of research and
medical literature.

EMPLOYING EVIDENGE-BASED ASSOCIATIONS

By examining the structural, biological, or functional similarity
of putative DT in diseases of related ontology, a new initiative,
The Disease Ontology, promises an open-source tool for the
integration of biomedical data associated with human disease
featuresand mechanisms.Ithopestoserveasareference frame-
work for multiscale biomedical dataintegration and analysis that
will help strengthen the disease information ecosystem [69]. In
linking disparate datasets through disease concepts, it promises
toprovidea computable structure of inheritable, environmental,
and infectious origins of human disease.

Al can efficiently enable comprehensive multiparametric
collection, development, and analysis of the enormous sets of
emergingresearch datawith the vastbody of biomedicalliterature,



clinicaltrial data,electronichealthrecords,and other sources. This
aids in identifying potential DT in specific patient populations
and even personalized medicines. By searching through various
real-world patient data, including published off-label use, pointing
out the many primary and off-target clinical effects of a drug, Al
can help predict candidates in the context of complex endocrine,
immune, or metabolic pathways. ML modeling of the multiplex
interaction networks of existing therapeutic entity activity
with novel candidate DT and disease modulators aids in better
understanding the relationships between them.

CHALLENGES

The lack of transparency (“black boxes”) in some Al algorithms
makesitmore difficult to know whether a systemisfair,accurate,
and complete. An Al system can also be inappropriate based on
flawed data sets or assumptions about its application context,
user understandings, or user requirements and procedures.
Explainability and transparencyinalgorithms and their updates
isdesired to ensureaccuracy and compliance in outputs, yet they
remaindifficulttoachieve. Collaboration between domain experts,
datascientists,andregulatorsiscrucialtoestablishand maintainthe
quality, reliability, safety,and alignment of Alsystems throughout
the entire product life cycle [70].

Regulatory and Validation Requirements
Regulatoryrequirements for DT discovery are muchlessstringent
than those for clinical trials or drug approval. They are limited
to, for example, International Council for Harmonization (ICH)
and good laboratory practice guidelines on data integrity and
transparency as well as potential public funding requirements
for specificreporting and data sharing mandates.

However, the increasing size and complexity of systems are
making it more challenging to identify critical functionalities,
define appropriate testing, and establish acceptance criteria
that meet sponsor internal guidelines for software reliability,
robustness, and performance efficiency. Software-as-a-Service
(SaaS), risk-based validation, computer software assurance,
and Pharma 4.0™ initiatives determined a significant change in
validation demands and solutions. And the unique aspects of Al
now further this need for development in validation approaches.

Cybersecurity and Internal Al Processes
The growing concern of cybersecurity refers to technologies
and policies to protect data, computer systems, and applications
against potential threats such as unauthorized data or systems
access and attacks. There are actually two categories of security
topics associated with AL

Secure Alreferstothe stepstaken toensure theimplemented
Alsystemsare secure fromsuch cyberthreatapproachesasbrute
force, denial of service, and information harvesting. It’s about
designing Alsystemsthatare protected from unauthorized access
or alteration. Both model integrity and data security are topics of
secure Al

Ontheotherhand, Alcybersecurity refersto Altechniquesas
atooltodetect, prevent,and respond to cyber threats by enabling
improved network security, anti-malware, and fraud detection.
There, Al toolsare used toidentify intrusionsby eitheranalyzing
communicationsinreal-timeto detectand respond to threats, or
byanalyzinghistorical datato predict system vulnerabilitiesand
avenues of potential attack. Although it’s true that the internal
processes of some, even static, Alalgorithms canbe hard to inter-
pret, thisisnotauniversal characteristic. An emerging standard
in the field of Al called the Open Neural Network Exchange
(ONNX)isworking toaddress this concern. ONNX aims to create
an open ecosystem where Al models can be developed, trained,
and deployed across various frameworks and tools, provided by
many organizations promoting transparency and interoperability.

Interoperability

Verticalinteroperability in the pharmaceutical sector underscores
thecriticalrequirement forastandardized repository of algorithmic
toolsand foundational structures. These are essential for creating
and deploying Al-driven applications and methodologies across
a diverse range of proposed concepts and use cases within the
pharmaceutical realm.

Horizontal interoperability, on the other hand, centers on the
demand for high-quality datasourced fromavariety of equipment,
hardware, networks, and software utilized throughouta drug’slife
cycle. Al-based models are particularly sensitive to insufficient,
biased, or incomplete data sets. To mitigate this challenge, it is
necessary to establish improved standards for data governance,
curation, and exchange. Data integrity in drug manufacturing,
as outlined in the ISPE GAMP® 5 (Second Edition) guidelines,
emphasizes maintaining the accuracy, completeness, and con-
sistency of data throughout its life cycle, ensuring the reliability
and compliance of pharmaceutical processes [71].

Transparency

Applications associated with ONNX enable model portability,
allowing the same model to be used in different environments.
Thisenhancestransparencyandalsoencourages collaborationand
sharing of best practicesin Almodel development. Therefore, the
adoption of standardslike ONNXisasignificant step toward making
Alsystems more transparent, accountable, and understandable.
Advancements in Al technology, coupled with standardized
practices, are steadily reducing the opacity associated with some
algorithms [72]. Further, the interdisciplinary nature of effective
implementation necessitates seamless collaboration between
data scientists, domain experts, and regulatory professionals to
ensure a harmonious integration of these technologies into drug
manufacturing processes.

Drug Development

Lastly, therehave been published concernsregarding the use of AI
indrugdevelopment,including considerationsof the failure of some
clinical trials following Al-supported candidate identification.
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Althoughthisis obviously concerning, it should be noted that these
events are not outside the current statistics of trial success, and
that the particular causes for the trial failure have not yet been
established. Furthermore, it is implicit that candidate targets, as
wellasearly “hits” orlead candidates, canbe examined and verified
using any classical means available.

CONCLUSION

AT has demonstrated significant power in medical research,
diagnosis, and therapy commercialization. It aids in explaining
biological phenomena through a structured and comprehensive
assimilation,analysis,andinterpretation of biological bigdata. This
providesresearchersand clinicians extraordinary computational
capacity in such comprehensive pursuits as those involving
panomics. The value of such DT identification is being driven
by innovations in both discovery technologies and in such novel
therapeutic modes as precision oncology.

Alisempoweringthemethodologies, applications,and emergent
frontiers that underlie drug discovery and delivery throughout
the entire drug life cycle [73]. The accelerated application of Al
in DT identification profoundly enhances our understanding
of effective therapeutic interactions, and it expedites the entire
process from target discovery to drug manufacturing [74]. This
accelerated Al-driven approach holdsimmense value for patients
by streamlining the development of more targeted therapies.
Ultimately, this will lead to more efficient and personalized
treatments with the potential to reduce off-target effects and
improve clinical outcomes. &
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TECHNICAL PACKAGING AND HANDLING PROCESSES

REEVALUATING TRANSFER OF

RTU Containers into Grade A
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At first glance, ready-to-use (RTU) primary
packaging material (tub systems) give
production lines more flexibility and reduce
container preparation complexity for aseptic
fill/finish operations. However, the aseptic
introduction of RTU tub systems requires a
thoroughly designed transfer process to avoid
contamination of the sterile RTU items and the
aseptic core.

ithmoreindustry experiencein technical transfer solutions
Wand therelease of the European Commission’s updated good
manufacturing practice (GMP) guidelines, specifically
Annex 1, the section on the manufacture of sterile medicinal
products [1],it’s time to reevaluate transfer setups using aholistic

quality risk management approach.

INTRODUCTION

“The transfer of equipment and materials into and out of the
cleanrooms and critical zones is one of the greatest potential
sources of contamination,” per the EU guidelines [1]. RTU tub
systemscanserveasanalternative. They are commonly presented
in nests or trays to avoid glass-to-glass contact. Depending
on the type of pack style (i.e., syringe, vial, and cartridge), the
containers are pre-assembled and pre-treated (i.e., washed and
siliconized). RTU packaging material foraseptic processing comes
pre-sterilizedin their overpack, either by irradiation (gamma or
betairradiation,limited to plastic packaging material) or ethylene
oxide gas treatment.

Besides adequate sterilization, the main challenge to using
RTU is getting the sealed containers recontamination-free into
the grade A core of theisolator or restricted access barrier system
(RABS) for filling/finishing.

4 PHARMACEUTICAL ENGINEERING

Two different approaches have been successfully established in

theindustry:

= No-touch transfer (NTT): Stepwise unwrapping/debagging in
higher-quality cleanroom grades, either automatic or semi-au-
tomatic debagging; and for NTT, single and double-bagged tubs
are established in the market.

= Debagging the closed tub and following re-disinfection of the
tub by one of the following techniques:
= Electronbeamirradiation
= Chemical disinfection (commonly by hydrogen peroxide

(H,0,) fog/vapor

= Pulsed whitelight with ultraviolet (UV)

These techniques canachieve safe transfers (there are references
to approved production lines within the industry).

REGULATORY FRAMEWORK

Annex1and other guidelines do not specifically address transfer
of RTU tub systems into grade A [1]. However, statements of these
guides also apply for RTU transfer or can be interpreted as being
applicable. Here are some popular citations:

The FDA’s 2004 Guidance for Industry [2] establishes transfers
into the aseptic zone as a critical process: “It is critical to
adequately control material (e.g., in-process supplies, equipment,
utensils) as it transfers from lesser to higher classified clean
areas to prevent the influx of contaminants.” However, this
guidance focuses more on the number of transfersand the rapid
transfer port technology. When this guidance was published in
2004, nested RTU pack styles were relatively new in the market
and not yet widely used.

Thedescription of anesttransfer fromanarticle onthe history
of prefilled syringes in 2015 [3] says: “Ready-to-use syringes are
nested in tubs that are sealed and surrounded by at least two
polymeric bags. The bags surrounding the tubs of syringes are
removed progressively as the tubs are transferred to the more
controlled areas of the manufacturing suites. The firstbag may be



removedinthegrade C(ISO7)areaandthenplacedinatransition
zonewhere the second bagisremoved before transferring the sealed
tub into the grade B (ISO 5) area. Finally, an operator will place
the sealed tub in the grade A (ISO 5) area and the Tyvek seal will
beremoved either manually or by the equipment automatically.”

Theprocessdescribed was manualbecauseautomaticandrobust
bagremoval systemswererareand doublebags couldn’tbe peeled
automatically atall, so the first removal had to be done manually.
This situation created the need for safer transfers with basically
no manual intervention. Sections of Annex 1, with relevance for
the transfer of RTU pack styles should be considered [1]:

Section 4.10

This section gives a general heads-up to the process risk of any
transfer in and out of grade A environments. This applies to all
kinds of goods to be transferred regardless of their transport
packaging. This includes equipment such as tools and tweezers,
components such as stoppers, and pre-sterilized pack styles of
vials and syringes.

Section 4.11

This section states thatany transfer be performed inaunidirec-
tional process, ideally withadirectinterface betweenasterilizer
and grade A (“double door autoclave or depyrogenation oven/
tunnel”) [1]. This is not possible for RTU because RTU material
rarely getsautoclaved. Ethylene oxide or gammairradiationare
the sterilization processes of choice for RTU with gamma for
plastic containers only.

These processes must be performed off-site in dedicated
facilities. RTU materialisthen transported in multiple shells(i.e.,
tub, inner bag, outer bag, liner, or carton) to the manufacturing
site. Once there, it must undergo a safe transfer procedure for
introduction into grade A fill/finish.

Section 4.12

This section asks for protection of materials transiting through
grade B (“Equipment and materials (intended for use in grade A
area) should be protected when transiting through grade Barea”)
[1]. This protectionis provided for RTU packsstyles, which comein
(multiple) wraps to the aseptic manufacturing line. The concept
of this section is based on a core aseptic processing cell in grade
A quality, which is surrounded, or at least supplemented with a
grade Binfeed. The ideal “onion skin” concept features a transfer
from grade D (or clean nonclassified area [CNC]) to a grade C
classified area [1]. From there, the material should pass through
grade B (“transit”) and be introduced to grade A [1].

This concept can be varied with additional measures. Annex
1states that the minimum required cleanroom grade for an open
isolator environment is grade C (Section 4.20, among others) [1].
The transfersinto and out of anisolator do not passa grade B. This,
however, isfineaslongasdifferential pressureand unidirectional
airflow (UDAF) of grade A air provide abarrier against recontam-
ination. The transferred goods must be sterile.

Section 4.18

This section covers barrier technologies like isolators and RABS:
“The hazards introduced from entry or removal of items during
processing shouldbe minimized and supported by high capability
transfer technologies or validated systems that robustly prevent
contamination and are appropriate for the respective technology [1].”
However, it remains unclear what features and controls are
expected tomakeaspecifictechnologyhighly capable for transfer.
The Barrier Technologies chapter does not include more details
for transfer” [1]. However, the chapter “Aseptic Preparation and
Processing” in Section 8.10, Table 4, guides typical examples of
operation in different cleanroom grades [1].

The description of operation examples in grade A “Aseptic
filling, sealing of containers suchasampoules, vial closure, transfer
of open or partially stoppered vials” does not describe the typical
situation for introducing packed/wrapped RTU containers [1]. This
is covered more under grade B examples: “Conveying or staging,
while protected from the surrounding environment, of equipment,
componentsandancillaryitems forintroductioninto grade A [1].”

The examples list is incomplete and does not give guidance
specifically for RTU pack style transfers. It reflects more a static
exposure of aprotected itembeforea transfer process (“conveying
or staging”) and not necessarily the transfer situation itself [1].

Section 8.46

This section is part of the sterilization chapter and addresses the
RTU situation from the sterility point of view: How to maintain
sterility during storage and transfer [1]. Multiple sterile coverings
are listed and a stepwise removal during transfer into grade A
is described: “...configuration of the sterile pack allows the
items to be readily disinfected during transfer by operators into
grade A (e.g., by use of multiple sterile coverings that can be
removed at each transfer from lower to higher grade) [1].” Section
8.46 describes the typical NTT situation with multiple covers.

Section 8.47

This section gets more specific on the transfer technique
and gives advice on re-disinfection: “...this should be done
using appropriate validated methods (for example, airlocks
or pass-through hatches) with accompanying disinfection of
the exterior of the sealed packaging [1].” The concept behind
thisis that the bioburden on the outer covering of a sealed and
pre-sterilized package will be removed by disinfection during
the transfer step. This is an obvious requirement for keeping
grade A free of microbiological contaminants. However, it
does not necessarily apply to the RTU situation with multiple
coverings (this is covered in Section 8.46).

The validation requirements on the packaging of the prest-
erilized RTU tub systemsisaddressedin Section 8.48 stating that
the RTU user validate the full supply chain process, from sealing
and sterilizingatthe RTU supplier to transferinto grade A. Besides
thorough validation, Section 8.48 alsodemandsacheck priortouse:
“...theintegrity of the sterile protective barrier system for each of
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Continuous learning from
production data and quality
assessments in a defined risk
review process helps keep
risk management updated.

the sterilized items should be checked prior to use [1].” In case of
RTU kits, this check is commonly performed visually.

Bothapproaches(NTT and re-disinfection)are valid and could
belinked to Annex1withoutbeingdirectlyaddressedbyit (creating
uncertainty and misleading interpretations). Consequently, this
paper examines the details of RTU transfer solutions from the
perspective of quality risk management, demonstrating that there
exists a multitude of technologies for safe transfers.

QUALITY RISK-BASED APPROACH

The availability of high-quality medicines is a key intention of
Annex 1. In the dualism of quality and availability of medicines,
abalance of measures must be taken to the benefit of patients.
The tool set for thisis a holistic quality risk management process
according to ICH Q9 (R1) [4]. It starts withariskassessment, which
consistsofhazardidentification, riskanalysis,and risk evaluation.
Afterrisk assessment, the process adds appropriate and effective
risk control measures.

The third element of risk management includes risk commu-
nication, whichhelpstoinstallan orchestrated mitigation process
and keeps team members informed. Continuous learning from
production data and quality assessments in a defined risk review
processhelpskeepriskmanagementupdated. Thisisdocumented
and kept up to date in the contamination control strategy (CCS),
according to Annex1[1].

RISK ASSESSMENT

The primaryrisk during RTU transferis product contaminationby
germs,originatingfromanypointinthesupply chain. Contamination
could occuratthe RTU manufacturing stage (despite validationand
controls), during transportation to the fill/finish facility, during
warehousing or unpacking, or within the transfer section itself,
potentially leading to adverse patient reactions.

In the first approximation any kind of contamination (viable
ornonviable particulate), the contaminationis takenasahazard,
which shouldbeaddressed. Risksassociated with thehazard could
come from the following:
= Contaminated surfaces in the transfer section and unbagging

equipment
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= Operatorinterventions (with open doors or through glove ports)

= Insufficientseparationofthe processingareafromthe operator’s
environment (through barrier or damaged HEPA filters)

= Contamination carriedinto the product flow during the material
feed of the debagging station

The probability of potential risks depends very much on the
configuration of the equipment and handling practice of the
operators, whichmustbeaddressed inathorough processdesign.
In a robustly automated debagging and transfer process, risks
deriving from operatorinteractionarelimited toroutine handling
of package material (material feed at debagging station or, in case
of double-bag transfer, at the first debagging station) and manual
handling of environmental monitoring goods through glove ports.

Risks coming from unplanned operator interventions (e.g.,
with open-dooraccess of the transfer section barrier tofixa given
problem) are very critical. These risks increase the likelihood of
recontamination of theinnerbagand, in consequence, recontami-
nation of the tub. Thisalsoimpacts therisk severity, as particulate
mightbe transferred fromthe operator. NTT should be “no touch”
to avoid indirect contamination routes.

Theriskanalysis should also cover the second debagging step
and the situation with theinnerbagopenand tub transferinto the
grade A aseptic core zone. Even if recontamination of the inner
bag should have happened (via whatever contamination route),
contamination spreading to the sealed tub and transferring into
the grade A zone should be avoided.

RISK MITIGATION MEASURES

The first measure to reduce recontamination risks is to apply a
cleanroom approachin the transfer section, comprising abarrier
enclosure,apressure concept withhigher pressurelevel withinthe
transfer section (compared to the environment), HEPA filtration
of incoming air,and UDAF. This is combined with a pre-cleaning
and pre-disinfection step before production starts.

Additional measures needed for operating a grade B or grade
A environment include the control of the cleanroom quality by
sensors (e.g., differential pressurelevels upstream and downstream
terminalair filters), particle counting, active viable sampling, and
settle plates. Whatever gradeis claimed for transferarrangement
isaresult of athoroughrisk analysis and must be reflected in the
CCSwith anappropriate process design, including technical and
operational measures. Thesameappliestotheinactivationefficiency
when are-disinfection process step is part of the transfer.

RE-DISINFECTION

Electron Beam Treatment

The first representatives of re-decontamination systems were
electron beam systems (see Figure 1), which provide electron
irradiationtore-disinfectthesurface of thetub [5-6]. Theirradiation
doseofatleast15kilo-Gray (kGy)isavalidated industrial standard
toinactivate sixlogs of any kind of microorganism on the outside
of the tub and at locations just below the Tyvek cover sheet [7].



There are many established systems that provide a 25 kGy dose
(equivalent to a 12-logs reduction of bacillus pumilus spores).
Thesebringahigherassurancelevelbutincrease exposure of RTU
containers to oxidative side products of the process.

The inactivation dose must be achieved under the nonwoven
cover because the cover is not flush in shape with the sealed area
(overhang),and therefore the gripping tab corner could potentially,
but very unlikely, be contaminated. Due to this penetration of the
nonwovenlid, electronbeamscouldhittheglasscontainersandresult
in discoloration. Therefore, RTU manufacturers deliver specific
electronbeam packswithanextra (double) sheet of Tyvekinlayin
the tub to decrease the dose at the surface of the glass containers
(see Figure 2) [8]. Tubs for electron beam re-decontamination are
commonly wrapped in a single (outer) bag because potentially
transferred contamination duringbagopeningwouldbeinactivated
anyway.

Side Effects

Asideeffectofelectronbeamirradiation atatmospheric pressureis
the generation of nitrogen oxidesand ozonein theirradiation zone,
which mustbe exhausted quantitatively. Residual concentrations
of these gasesare harmful to operators and products. Because the
glass containers are protected by the double Tyvek liner, there
is no dose at the container level; therefore, suppliers can also
demonstrate no ozone at container level. Electron irradiation
also generates some X-ray emissions, which must be blocked by
geometrical measures (alabyrinth-like arrangement of the parts
flowin the electron beam tunnel) and armor plating of the tunnel
with lead sandwich composites.

Electron Beam Design

Well-designed electronbeam tunnelshave grade Ain the transient
zone between electron beam curtain (re-decontamination) and
isolatorinfeed. Thisrequires UDAF airflow and pre-disinfection,
commonly performed withan H,0, bio-decontamination process
before productionstarts. Additionally,a pressure differencebetween
isolator (e.g., + 25 pascals [Pa] to grade C isolator environment)
and re-decontamination zone (e.g., - 20 Pa to grade C electron
beam environment) generatesastrong counterflow of grade A air.
This flushes the re-decontaminated tub on its way to the isolator.
Generally, the transient zone is particle controlled using HEPA
filtersand, asanoption, they canbe equipped with particle counters.
Viablemonitoring dependsonelectronbeamtype: the accessibility
to exchange nutrient media might be limited. Well-designed
systems offer remote viable sampling points.

Electron beams need lead shielding to protect operators from
X-ray exposition. Thisresultsinasignificant weight of the systems,
whichmustbe considered for the facility design (maximumload on
the floor per square meter). However, commonly the electronbeam
systemsarevery compactand space savingindesign. Validation of
anelectronbeam processisstraightforward: color strip dosimetry
is commonly applied to determine the dose distribution on the
tub surfaces.

Figure 1: Electron beam for re-decontamination of tub outside.

Photo Credit: SKAN AG

Figure 2: Picture from typical RTU tub and bag kit. The liner right
above the syringes could be thicker (or double) for use with
electron beam.
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Alternativetechnologieswereexplored toaddresstherecontam-
ination risk by tub transport, storage, and handling of an already
sterile (ex-works) tub. Chemical re-disinfection or an alternative
physical disinfection process, such as UV or pulsed white light
with UV shares of spectrum, was investigated as alternatives to
electronbeamand NTT.

PULSED LIGHT

UVisaclean and simple technology with a simple dose control
capability. It treats the outside only (no dose absorption inside
the tub) and creates little or no relevant oxidative atmosphere
in the treatment chamber. This could deteriorate materials or
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generate persistent residues that might harm the product [9-10].
With the pulsed light approach, flashes (e.g., 300 milliseconds)
transfer enough energy for many types of microorganisms to
cause cell layers to burst and initiate DNA decomposition. But
some pigmented germs (like aspergillus brasiliensis) might be
persistent.

The disadvantage of UV is the low penetration capability.
Nontransparent layers shield germs from interaction with UV
irradiation. For example, the nonwoven cover sheet cannot be
penetrated and so the gripping tab corner of the tub will not
be treated. Multilayer stacks of microbiological contaminants
will also not be completely inactivated, as the residues on the
top layers might shield the bottom layers from UV energy (i.e.,
shadow effect).

CHEMICAL AGENTS

Achemicalbio-decontaminationagent must getinto contact withall
tubsurfaces. The contact time mustbe shorttoachieveahigh output
(e.g., sixtubs per minute)and residuals of the disinfection reagent
must be aerated within the shortest time to avoid contamination
or deterioration of the product.

A common chemical for re-disinfection is vapor-phase
hydrogen peroxide (VPHP)[11]. The vapor has the capability
to penetrate the nonwoven cover sheet and thereby provides
decontamination of the gripping tab corner. However, hydrogen
peroxide will also migrate into the tub and interact with the
packaging material. For glass-only containers, thisisnotanissue
because hydrogen peroxide will be aerated/diluted as soon as
thetubisopenedand exposed to UDAF withinashorttime. With
rubber and polymer components (e.g., tip caps), however, this
might take much more time. For oxidation-sensitive products
like proteins, a risk analysis backed by data must show that
peroxideresiduals stay below a concentrationlevel which might
harm the product quality.

Vaporized hydrogen peroxideisthe decontamination chemical
applied to RTU tubs in a recently introduced continuous transfer
system vapor-phase hydrogen peroxide [12]. In this setup, the
contact with the hydrogen peroxide vapor is only seconds long.
Therefore, a high vapor concentration (6.000-8.000 parts per
million [ppm)])is provided to the outer surfaces of the tub. Up to six
tubs per minute are claimed as maximum decontamination and
transfer speed. The tubs must be unbagged before introduction
into the bio-decontamination tunnel. This could be done with an
automatic or semi-automatic debagging machine.

The bio-decontaminated tubs are aerated by HEPA-filtered
UDAF with their nonwoven lid still sealed. The second step of
aeration happens as soon as the lid is peeled off in the fill/finish
isolator with grade Aairflow (UDAF). Compared with thelow-output
setup, this system has the same advantages and disadvantages:
effective disinfection of the tub surfaces (6 log, alsoin the gripper
tabarea), but penetrationinto the tub, whichleadstoresiduals that
must be removed before filling oxidation-sensitive products. As
thetubsaremovedinthe tunnel during the bio-decontamination
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process, it is not possible for any part of the tubs to avoid contact
with the chemical disinfectant.

RISK CONTROL: NTT

NTT concepts rely on a robust process design, which starts with
safeguarding the sterility of the baginside, preventing recontami-
nation during unwrapping/transfer,and removing particlesbefore
thetubentersthetubopeningand fillingsection. Because thereisno
re-disinfection step involved, each step mustbe well controlled and
shouldbeautomated forreproducibility and separation fromoperator.

In the case of double-bag systems, the concept for folding the
inner bag varies with packaging material vendor. An automatic
unfolding/opening process mustbeable to flexibly handle whatever
tub/bag configuration comes on theline. However, this flexibility
might result in rare handling errors, which could be addressed
with an intervention for keeping the product flow running [13].

Intervention could principally mean robotic intervention (no
need for operatoraccess), manualintervention through glove ports
(doors stay closed), or manual open-door intervention. This last
option should beavoided wherever possible. Depending onthe type
and frequency of interventions, different cleanroomrequirements
and routines are needed.

Avoidingjamsbyrobustdebagging technologyisamajordriver
for risk reduction. This includes sourcing the highest quality
packaging material with a reproducible folding of the inner bag.
In case of stops created during the unfolding step, transport or
debagging, the nextline of defenseisto prevent particulates from
being transferred during the following intervention from the
operator or the operator’s environment to the process.

For NTT, an open-door intervention is clearly the riskiest
measure to fix a problem. But depending on the problem and the
ergonomic situation, it could also be the last resort to resume
production. Interventions through glove ports are significantly
reducingtherisk, particularlywhen performed with sterilized tools.

Afterintervention, the cleanroom (and surface) quality of the
transfer section mustbe recovered to validated levels. This might
include sporicidal treatmentand dwell time onall surfacesinand
close to the intervention area. Packaging material, which has
had contact with gloves or tools during intervention, needs to be
removed and should not be further processed.

Following the path of potential contamination, “blockage - open
doorintervention - transfer of contaminant,” thelastline of defense
is the airflow design at the debagging and transfer station. As
longastheinnerbagis closed, the residual risk of contamination
transfertothetubandviathetubintothe grade A zoneisverylow/
negligible. In the moment the bag is opened with a knife, the tub
should not have any contact with the inner bag around the open
bag “mouth.” Thisisalsoimportant for the following pushover of
the tub into the aseptic core zone.

DOUBLE-BAG SYSTEMS

A basic requirement for NTT is a robust bag opening and tub
transfer system. Double-bagged RTU packages are becoming



Figure 3: Vacuum chamber (labeled #32) for unfolding the inner
bag [14].

more popular due to double safety against damage and support of
a stepwise transfer into higher-grade cleanroom environments.
In the past, bag opening of double bags was commonly a manual
process because the inner bag is folded around the tub and must
beexpandedbeforeanautomatic opening process of theinnerbag
canbestarted. Otherwise, the knife would not completely open the
bag and, consequently, the tub could not be transferred without
additional manual cutting intervention.

Meanwhile, differentautomatic technologiesinthe marketare
available to expand the bag without manual steps, which reflects
Section 2.1.i. of Annex 1: “...the use of appropriate technologies...
shouldbe considered toincrease the protection of the product from
extraneoussourcesof endotoxin/pyrogen, particulateand microbial
contamination... [1].” Some technical solutions are listed next.

Vacuum Chamber

Thevacuum processstarts with the transfer of thetubintoavacuum
chamber. Doorsare closed and pressureislowered, causing thebag
to expand due to the pressure difference between the inner bag
and the chamber. After aeration of the chamber, the bag presents
an easy-to-cut flap on the side of the tub. After releasing the tub

: Figure 4: Retraction (labeled #68) mechanism [15].

from the vacuum chamber (double door load lock style), it can be
transferred to thebag cutand removal machine (see Figure 3) [14].

Grab and Retract

In analternative process, the tub with the inner bag is presented
torollerarrangement, which grabsthe plastic filmand unfolds the
flap by a movement against the transport direction. The package
isretracted, which stretchesthe flap tobe cut. From there, the tub
withbagcanbetransferred tothe cuttingand bag removal station
(see Figure 4) [15].

Pressurization by Spiking

The application of a pressure difference between the inside of the
inner bag and the environment is the basic principle of another
solution for unfolding and grabbing the flap for the bag opening
process.Inthisconcept,apuncture withahypodermic pressurized
needleintoa piece of plasticfilm of the innerbag, whichis grabbed
byasuctiondome principle, createsan overpressureinrelationto
the environment. This helps inflate the bag and allows the flap to
beunfolded and cut. This process canbe combined witha vacuum
dome to increase the pressure difference (see Figure 5) [16].
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Grab with Bristles

Instead of inflating the inner bag, this solution uses the friction
between the plasticfilmandasetof rollerswith bristlesto grab the
foldedflap of theinnerbag. The tworollersare positioned oneabove
the other and rotate against each other to pull the flap between
them [17] for stretching and cutting (see Figure 6).

Tub Opening and Filling in RABS

Avery common expectationisto do transfers from CNCtoD, to C,
toB, to A (or vice versa). In the case of aRABSline, the aseptic core
(grade A)hasagrade Benvironment. For unplanned interventions
and routine manual operations (e.g., change of settle plates or
opening of rapid transfer ports), glovesarerequired. In exceptional
cases, the doors mightbe opened, butthisisavery critical process
anditmustbebased onadetailed descriptioninthe CCSand properly
documented. Partialline clearance together with re-disinfection
of thearea of intervention might beanappropriate measure to get
back into production. As with other equipment design, the door
opening is combined with the end of batch.

NTT WITH DOUBLE-BAGGED RTU PACKS

Although NTT with double-bagged RTU packs in RABS lines
is not common, it should still be noted. There are two different
cleanroom settings possible for transfer into RABS lines with
NTT and double-bagged RTU material. These are a grade Binside
transfer section and a grade Cinside transfer section.

Grade B Inside Transfer Section
Thefirstbagisremovedinagrade Cenvironmentand transferred
into a grade B environment with the inner bag still closed to
prepare for the opening of the inner bag and transfer into the
fill/finish core. The transfer section between the bag opening
units needs to have glove ports for handling goods, which are
needed to perform environmental monitoring (EM) (e.g., plates
for active and passive viable monitoring). This is a requirement
for claiming grade B.

The same glove ports could be used to fix problems with tub
transfer and bag opening processes. The environment of the
transfer section could have a grade C classification. In traditional
aseptic manufacturing, this would require a pressure difference
between the operator environment and the inside of the transfer
section of atleast 10 Pa, according to paragraph 4.14 of Annex 1.

To achieve this pressure difference, the setup would need a
closed RABS-like design. Alternatively, the operator environment
is a grade B (same as inside). But this arrangement (grade Bina
grade B environment) is rare. It might make interventions easier
because under the regime of standard operating procedures (SOPs)
doorscould be opened to fixjams. Nevertheless, for interventions
and exchange of settle plates or active air sampling, gloves would
still be preferable.

Becauseno openly exposed product or unprotected components
arehandledinthetransfersection,agrade Bcouldbeachieved (i.e.,
classification, monitoring) without claiming pressure difference
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of atleast 10 Pa, according to paragraph 4.14 of Annex 1. Airflow
visualization should support the separation claim.

Grade C Inside Transfer Section
Becausethetubisstillsealed and containersarenotexposed tothe
environment, the inside of the transfer section could principally
alsobe classified as a grade C cleanroom with ISO 5 airflow. With
the opening of the inner bag, the tub will be flushed with grade A
airfromtheisolator (pressure difference)and filtered ISO 5 airflow
from UDAF of the transfer section, as described previously. Therisk
of recontamination by alower-grade process environment depends
onthe process. Thisis especially true on the airflow designin the
opening step of the inner bag before the tub enters the grade A
zone of the aseptic core.

The operator environment would be a grade C in this con-
figuration. That is, interventions could be performed via glove
portsorunder strictadherence to detailed SOPsby door opening.
Direct touch of the inner bag should be avoided as sterilized
tools would be preferable. The particle status can be monitored
to control grade C, but clear separation between the inside of
the transfer section and the operator environment is not shown
in data (both grade C). It boils down to a holistic risk evaluation
of packaging material and transfer and to operator handling to
make this simple setup robust.

The doors should stay closed all the time. If there is a need for
opening the doors to fix a jam, material disposal, a disinfection
program, and further safeguards should be applied to avoid any
cross contamination during interventions. These safeguards
could include sterile gloves for operators and optionally UDAF
above door swings. Airflow visualization studies should support
the separation claim.

OPEN ISOLATOR TUB OPENING AND FILLING

Grade A Inside Transfer Section

The transfer of the tub and opening of the inner bagis handled
in an isolator section upstream to the tub opening isolator
with an operator environment of grade C. Although there isno
installation known to the authors, this is principally possible,
but requires a significant additional effort compared with an
open RABS. It would be the most secure situation but would
come with sometechnicaland handling challenges suchasthe
disposal of the inner bagin a contained setup, e.g., with a rapid
transfer waste port.

Also, in this configuration, a pressure difference between the
tub opening and the section for opening or removal of the inner
bag would make sense to avoid particulate from the bag opening
being transferred into the open tub. Therefore,a pressure cascade
from the isolator section to the opening section would have to be
defined and monitored.

Interventionsin the transfer section to correct the position of
the tub or assisted unfolding of a sticky/flappy inner bag must be
performed through glove ports. Opening the door would resultin
amajor interruption with repetition of the bio-decontamination



Figure 7: Typical NTT arrangements for RTU transfer systems in front of an open isolator: A) NTT with double-bag opening and B) with

electron beam. Renderings are not scaled.
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cycleandadditional challengesinthe mouseholearea. Overlapping
bio-decontamination of the seals would hardly be possible.

Grade B Inside Transfer Section

As described previously in the RABS section, the first bagis
removedinagrade Cenvironmentand transferred with theinner
bag still closed into a grade B environment to prepare the bag for
opening. Grade B requires cleanroom monitoring (e.g., particle
counter, active air sampler, settle plates, and monitoring of filter
pressure difference). For the exchange of EM media, gloves need
tobeinstalled ina RABS-like barrier. The gloves can also be used
for manual interventions so that doors can stay closed.

A classified grade B in a grade C environment would require
apressure step between the operator environment and the inside
of the transfer section. This could only be achieved by a closed
RABS with return air ducts. But the operator environment could
principallybeeitheragrade Boragrade C. Grade Bwould be exotic.
This is because in a fill suite layout with an open isolator there is
no other grade B area that could be expanded.

Placing the grade B transfer sectioninagrade C environment
without pressure difference from grade C to grade B is combined
witha pressure step from the transfer section to theisolatorinside
(grade A). This results in the overflow of grade A air into the bag
openingareaand formsan “grade Aairjacket” around the tub. The
required pressuredifferenceistherefore onlymoved fromgrade C/B
to grade B/A and combined with automated stepwise removal of
covers, as described in section 8.46 of Annex1[1].

Grade C Inside Transfer Section

This convenient approach uses theisolatorinagrade C (operator)
environment, whichisexpanded by thearea of the transfer section.
Integrating gloves into the doors might address risks from direct
operator intervention. The bags are still closed, and tubs are still
sealed. Interventionsin the openingand unloading process of the
inner bag should be prohibited anyway. A major issue in this area
wouldlead totheend of batch. Two examplesof typicalarrangements
for RTU tub transfer into an open isolator are shown in Figure 7.
One example is with NTT and one is with re-decontamination
represented by an electron beam setup.

Closed Isolator Tub Opening and Filling

As per the definition in the Annex 1 glossary [1], closed isolators
do not have a continuous flow of material into and out of the
enclosure. In this case, tubs must be transferred and opened
internally before fill/finish processes canstart. Acommonapproach
involves an H,O,chamber with a mousehole to fill/finish section
of the work cell. The tubs must be unbagged manually and loaded
into the hydrogen peroxide treatment chamber still sealed with
thenonwoven cover. The hydrogen peroxide vapor penetrates the
tubs and bio-decontaminates the tub outside with some residual
concentration inside.

The chamber for this does not have a defined classification but
provides HEPA-filtered air to flush the compartment. After the
bio-decontamination process, tub after tubishanded over froma
magazineinthebio-decontamination chamberthroughapassive
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Table 1: Overview of RTU transfer processes and criteria for selection decisions.

Criteria

Electron Beam

Pulsed

Hydrogen Peroxide

Accessability of equipment and
surfaces to cleaning and sanitization

Material flow

Need for interventions by personnel

Frequency of interventions

Complexity of process

Infrastructure requirement

Microbiological reduction

Impact to product

Complexity of validation

Health authorities acceptance

Cleaning and desinfection procedures for
the different machines to be established
and validated

Tub commonly in double bag in grade C
Glove interventions required if bags are

folded incorrectly

Medium

High

Space requirement for different machines:

a) manual, semi-automated, or fully
automated outer bag opening

b) automated inner bag opening station

c) automated tub opening, lid removal

No reduction

No impact

- Intensive airflow visualization study at
mousehole to grade A
- EM in transfer section

Accepted,
but different interpretations of measures

Manual cleaning of the inner chamber,
automated bio-decontamination process
(H,05) for the last chamber

Tub at least in single bag in grade C

Robust transport of tubs into class A without|
intervention

Low

Unwrapping / debagging in front of e-beam;
cleanliness classes:

grade C / unwrapping outer bag -->
irradiation of outer tub surface -->

grade A/ tub opening

High

Weight of electron beam needs appropriate

building structure; space requirements:

a) manual, semi-automated, or fully
automated bag opening

b) Electron beam

c¢) automated tub opening , lid removal

Decontamination (6 log at 15 kGy) or
sterilization (12 log at 25 kGy) [7]

No or low residuals of nitrogen oxides and
ozone at object level

- Color strip dosimetry to be applied

- Residuals study required for sensitive
products

Accepted

Automated bio-decontamination (H,O,) process
for the pulsed light chamber

Tub at least in single bag in grade C

Robust transport of tubs into class A

Unwrapping / debagging in front of pulsed light
chamber; cleanliness classes:

grade C / unwrapping bag -->

grade B / decontamination with pulse light -->
grade A/ tub opening

Medium

a) manual,
bag opening

b) Pulsed light decontamintion chamber; robotic}|

c) automated tub opening, lid removal

or fully

Disinfection (reduction 4 - 6 log) - as per
manufacturer's information [9]

Little or no oxidative atmosphere

- Validation of microbial reduction using
bioindicators

- Residuals study required for sensitive

products

Not yet fully established

Automated bio-decontamination process for the
H,0, chamber/tunnel

Tub at least in single bag in grade C

Robust transport of tubs into class A

Low

Unwrapping / debagging in front of H,0,-deco-
chamber/tunnel; cleanliness classes:

grade C / unwrapping bag -->
decontamination with H,0,, tunnel/chamber
represents a material lock -->

grade A/ tub opening

Low (chamber), Medium (tunnel)
Space requirements for tunnel;
a) manual, i or fully
bag opening
b) H,0, decontamination tunnel or chamber
c) automated tub opening, lid removal

Decontamination (reduction 6 log)

Low H,0, residuals in glass vials < 50 ppB

- Validation of microbial reduction using
bioindicators
- Residuals study required for sensitive products

Accepted (H,0, process for decontamination)

A safe transfer process with the
appropriate technology will minimize

risk. This is done with attention to every
process step after sterilization of the
packaging material at the supplier.
|

mousehole into the fill zone. That principle is also an example of
“no-touch-transfer” fromanonclassified (butbio-decontaminated)
section with HEPA-filtered UDAF into grade A, but this timeina
closed setting with no operator access. A closed isolator setup is
very much dedicated to small batchesbecause storage volume and
handling of nested components (e.g., snap-fit caps)islimited. This
setup is also common with fast transfer H,0, airlocks docked to
the isolator or tubs hanging in the isolator during initial isolator
bio-decontamination cycle.

AERODYNAMIC MEASURES WITH NTT

Airflow studies have been performed to show the aerodynamic
situation in the last debagging and transfer step [18, 19]. One of
these studies was published before Annex 1, in 2022. The other
study was published in 2024. In the last debagging step, manual
interventions should be avoided. However, in case unplanned
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interventions are necessary, they should follow the same SOPs
known from interventions in the fill/finish environment with
openly exposed aseptic products. The goalistoavoid any transfer
of potential contaminants (e.g., particles, microbes) from the bags
or the bag opening environment to the tub.

Thearticle “No-Touch Transfer (NTT)” [19] demonstrates some
of the difficulties in designing the airflow. Vertical UDAF meets
horizontal overflow from the isolator (triggered by the pressure
difference between theisolatorand the debagging environment).
Cutting equipment, flaps of the inner bag, and the tub front face
presentabarriertothehorizontalairflow, whichleadsto deflection.
This could create a turbulent situation that might be limited
by a thorough airflow design. Factors that could impact airflow
include the velocity [20] and direction of the airflow coming from
the HEPA filters above the debagger and leaving to the return air
duct openings in isolators, airflow opening grids in a RABS, or
the pressure difference between grade A (isolator) and grade B or
C (bagopener).

RISK COMMUNICATION AND REVIEW

A safe transfer process with the appropriate technology will
minimizerisk. Thisisdonewithattention to every process step after
sterilization of the packaging material at the supplier. These steps
includeincoming goods control, warehouse storage, cleaningand
disinfection of debaggingand transfer equipment, maintenance of



automationand cleanroom technology, robustrecipe parameters,
and trained interventions, if needed.

Accordingto Annex1,the central documentforriskanalysisand
mitigation is the CCS [1]. It is the guide through the whole process
for production management, operators, quality department, and
authorities. A CCSisaliving document with regular reviews [21].
It serves to document the decisions taken. Regular reviews will
include results from continuous process verification and new
measures taken as a result of effectiveness checks.

CONCLUSION

Inthisarticle, the different systems for RTU componentshave been
described with technical details, advantages, and disadvantages.
All systems described are in use in industry and have proven to
be effective. It is up to the user to evaluate them for individual
applications based on a sound risk assessment as documented
inthe CCS.

Table 1 gives an overview of NTT and re-decontamination
processesthat could beapplied to RTU (tub system) transfers. The
criterialisted addressimportantaspectsfor decisions, but thelist
isfarfrom coveringallaspects of process designand capex criteria.

Asalready mentioned, the new Annex 1strives for quality and
availability of sterile medicinal products. In choosing cleanroom
settings and transfer processes, microbiological aspects are only
one side of the decision framework. Technical complexity and
robustness of equipment, availability of skilled personnel, facility
constraints, and affordability of solutions are further criteria to
be evaluated for a well-considered decision. &
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