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16 PIC/S IN LATIN AMERICA: HARMONIZATION
OF cGMP PROCEDURES

This article offers an overview of the benefits of Pharmaceutical Inspection Co-operation Scheme
(PIC/S) membership for regulatory authorities and industry. It also highlights Latin American
regulators’ current perspectives on PIC/S membership to increase awareness and encourage open
dialogue about harmonization, recognition agreements, and potential increase for export facilitation,
allwhich will help increase the access of high-quality medicines to patients. Given that only three
countries are PIC/S members in the Latin America region, this represents a huge opportunity for
cGMP inspection.

22 GLOBAL COLLABORATIVE REVIEW: UNDERSTANDING
OVERALL CONTROL STRATEGY AND PATIENT BENEFIT-RISK

The pharmaceutical industry faces considerable challenges throughout the development,
manufacturing, and supply of medicines, largely due to the intricate and divergent global regulatory
landscape. The adoption of structured data standards and utilization of cloud-based platforms offer
immense potential to overcome these challenges by facilitating faster and more efficient global
collaborations between health authorities and industry. This potentially can be achieved by using a
visual roadmap of the overall control strategy to help understand patient benefit-risk more effectively.

31 INDUSTRY PERSPECTIVES ON PRACTICAL APPLICATION
OF PLATFORM ANALYTICAL PROCEDURES

Pharmaceutical and biotechnology companies employ platform analytical procedures in the
development stages of their synthetic and biological drug products and are beginning to leverage
them for commercial products. This shift is supported by the acceptance of platform procedures in the
recently adopted ICH Q2(R2) and ICH Q14. Six case studies are shared in this article to highlight how
platform procedures are developed, applied to products in development, and assessed for extent of
validation needed to determine if appropriate for use.

ON THE COVER The converging flow patterns capture the essence of collaboration and harmonization.

2 PHARMACEUTICAL ENGINEERING



Keeping this short and sweet...

Thank you for 35 years!

Y E AR S

Ips

IPS is your partner for Engineering, Procurement, Construction Management & Validation

ipsdb.com



SEPTMEBER/OCTOBER 2024

DEPARTMENTS

6 MESSAGE FROM THE CHAIR
ALook at ISPE Activities: Summer to Fall

10 WOMEN IN PHARMA®
EDITORIAL
Empowering Women in Regulatory Affairs

12 EMERGING LEADERS
EDITORIAL
Opportunities for Emerging Leaders and
Students

14 GUEST COLUMN
ISPE Regulatory Operations

PEOPLE + EVENTS

43 Global Drug Shortage
Prevention Convergence
Opportunities

44 2024 ISPE Aseptic Regulatory
Panel Q&A

47 Meet the ISPE Staff:
Wendy McGhee

48 Community of Practice
Leader Profiles
48  Sarah Pope Miksinski, PhD, Regulatory
Steering Committee Chair
49  Anil Mathai, Pharmaceutical
Compounding Community of
Practice Chair

50 ISPE Global Pharmaceutical
Innovation Survey Findings:
A Review

88 Ad Index/Classifieds

4 PHARMACEUTICAL ENGINEERING

TECHNICAL

57 PROCESS VALIDATION

FDA’s 2011 Process Validation
Guidance: 10 Years On

In 2011, the US Food and Drug Administration (FDA) introduced
the revised “Guidance for Industry: Process Validation: General
Principles and Practices.” The document incorporated principles
from existing ICH guidance in place since 2005 (ICH 08 and Q9)
and 2008 (ICH @10). ISPE formed their Product Quality Lifecycle
Implementation (PALI)® initiative to provide guidance on the
practical implementation of the concepts described in these ICH
quidelines.

62 CELL AND GENE THERAPY

Potency Measurements for Cellular
and Gene Therapy Products

Cell and gene therapy (C&GT) products address various diseases
at the cellular or genetic level, offer innovative treatment
approaches, and represent a significant advancement in the field
of medicine. However, developers of C&GT products face unique
challenges due to their complexity, such as establishing assays
that show a clear link between potency, mechanism of action
(MoA), and clinical performance. Sponsors face a significant risk
of a clinical hold if an adequate “potency assay” has not been
established by the pivotal phase of clinical trials.

68 COMPUTER SOFTWARE ASSURANCE
Finding the Assurance in Computer
Software Assurance

Computer software assurance (CSA) has been discussed widely
inindustry over the past five years. While the principles are well
understood and welcomed, until now some of the practical detail on

how exactly to implement CSA into an organization has been missing.

77  COMBINATION PRODUCT RELIABILITY

Guiding Principles for Combination
Product Reliability

Drug delivery devices have become an essential component for
many modern medical therapies, and it’s vital that they function
as intended. However, the reality of marketed products shows
that this is not always achieved because drug-device combination
products are becoming increasingly complex, with an increasing
number of potential failure modes. Significant challenges for
engineers include understanding how to develop the reliability
specifications, which tools to use, and when to use these tools.

83 QRM STRATEGIES FOR C&GT

Embracing the Unknown: QRM
Strategies for Cell and Gene
Therapies Facilities

The pharmaceutical landscape is rapidly evolving, and cell and
gene therapies (C&GT) are at the forefront of this transformation.
These therapies are revolutionizing how we approach patient
care, particularly in the realm of personalized medicine. However,
this innovation has also introduced challenges, especially when
establishing new manufacturing facilities.
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MESSAGE FROM THE CHAIR By Scott W. Billman

A Look at
ISPE Activities:
Summer to Fall

Scott W. Biliman

| hope everyone had the opportunity to enjoy the summer.

The ISPE International Board of Directors and ISPE staff have
kept busy through the summer months, launching two new
Communities of Practice: Sustainability and Artificial Intelligence.

oth subjects are important and impactful to industry. The leadership for these

groups will start to bring together industry leaders in these spaces to discuss the

engagement and impact of their respective topics with the pharmaceutical and

biotechnology industries. ISPE will look to bring together the experts in these
spaces to share knowledge and develop programs for our membership. If you are inter-
ested in these areas, reach out and get engaged.

The International Board of Directors had our annual strategic discussion meeting
where we reviewed ISPE’s progress against the 2023-2025 Strategic Plan and started to
discuss what 2025-2028 could look like for our industry. We focused the discussion on
the global aspect of the industry and where ISPE can, and should, play a crucial role. We
discussed the currentindustry trendsand the needsintheareasof guidance documents
and training.

Wealso completed the election processand have established the membership for the
International Board of Directors that will be installed at the 2024 ISPE Annual Meeting
& Expo. Thank you to the members that took the time to evaluate the amazing slate of
candidates and castavote.

Thope youwill take advantage of the various events, topics, and speakers at the 2024
ISPE Annual Meeting & Expo in Orlando, Florida, this year. I invite everyone to attend
our ISPE Membership Meeting & Awards Lunch while you are there. I will be recapping
thelast year of ISPE activities, and you will hear from other ISPE leaders and colleagues

Thank you to the members that took the time
to evaluate the amazing slate of candidates
for the ISPE International Board of Directors
and cast a vote.

about advances in our industry. We will also be celebrating our dedicated volunteers
during the Annual Honor Awards ceremony during the membership lunch. The con-
ference will end on Wednesday, but stick around and join us for the Annual ISPE
Foundation charitable golf tournament that afternoon.
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MESSAGE FROM THE CHAIR

Join us at the 2024 ISPE Annual
Meeting & Expo in Orlando,
Florida, 1316 October.

This issue of Pharmaceutical Engineering®is focused on the
regulatory and quality aspects of the industry. ISPE has an exten-
sive portfolio of regulatory initiatives and interactions with global
health authorities in areas such as quality management maturity
(QMM), the practical application of the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use (ICH) quality guidelines, and drug shortage pre-
vention. Our Regulatory team also published the results of the

Enabling Pharmaceutical Innovation: Delivering for Patients - A
Report on the Barriers to Innovation Survey this summer.

Thisissueincludesan overview of the regulatory Q&A from the
Aseptic Conference. A full transcript of the Q&A is available online
atISPE.org. Youwill also find articles around harmonization efforts
in Latin America and a summary of the ISPE survey on harmoniza-
tion. We have articles from across many of the ISPE volunteer
groups. Members of the Regulatory Quality Harmonization
Committee, Product Quality LifecycleImplementation® Committee,
ProcessValidation Team, Regulatory Steering Council, GAMP* CoP,
and Combination Products CoP all contributed to the articles.Iam
continually impressed with the quality and content of the articles
and technical trainings that these volunteer teams produce. Itisa
true testament to the dedication of the ISPE membership and their
deepindustry knowledge.

Ilook forward to engaging with the membership at the Annual
Meeting & Expo in Orlando, Florida. I hope to see you there. &

Scott W. Billman is Corporate Vice President of Global Engineering, Real Estate, and Facilities
Services at Solventum and the 2023-2024 ISPE International Board Chair. He has been an ISPE
member since 1996.
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MA® EDITORIAL

By Miriam Kremer-van der Kamp

Miriam Kremer-van der Kamp

In the dynamic realm of regulatory affairs,

a significant transformation is unfolding—a
movement that empowers women to assume
pivotal roles in decision-making, policy
formulation, and leadership.

istorically dominated by men, regulatory agencies are now

evolving into inclusive and diverse entities, where women are

making remarkable strides.

Women are reshaping regulatory policies, offering invaluable
perspectives, and challenging long-standing norms. Central to
this advocacy is the urgent call for greater representation of
women in clinical trials. Women have been notably underrepre-
sented in these critical research studies, leading to significant
gaps in our understanding of treatment efficacy and safety, par-
ticularly across diverse genders and backgrounds.

The imperative for diverse representation is fundamental to
ensuring that medical interventions are tailored to meet the needs
of all patients. The COVID-19 pandemic starkly highlighted the
critical necessity of including pregnant and breastfeeding women
in medical research. Acknowledging the pivotal role women play
in discerning the safety and effectiveness of treatments, stake-
holders are uniting to bridge the gender gap in research studies.
Esteemed regulatory bodies, such as the US Food and Drug
Administration (FDA), are actively collaborating with industry
partners to champion the inclusion of these vulnerable popula-
tions in clinical trials. Through concerted efforts, steps are being
taken to rectify the historical exclusion of these groups, ensuring
their safety and well-being through evidence-based treatments.

Despite persistent challenges, such as the gender pay gap and
unconscious biases, the momentum for change is palpable. A new
generation of unyielding women is propelling us toward a future
where diversity is the bedrock of progress. Embracing initiatives
like Women in Pharma®, we stand as advocates for gender equality
within regulatory agencies. We are optimistic about the trans-
formative journey ahead, one where diverse voices resonate, poli-
ciesare shaped inclusively, and innovation thrives.

Recent insights from the “Women in the Workplace” report [1]
shed light on the evolving corporate landscapes of America and
Canada. Though women’s representation in executive positions
has seen progress, the mid-tier pipeline remains a bottleneck,
especially for women of color. The report dispels myths about
women’s ambition, revealing that post-pandemic flexibility has
fueled aresurgence of drive among women professionals.

10 PHARMACEUTICAL ENGINEERING

EMPOWERING WOMEN [N
REGULATORY AFFAIRS

Drawing from the report’s recommendations, companies can
proactively bolster women'’s representation. Tracking outcomes,
empowering managers, addressing microaggressions, and fixing
the “broken rung” hindering women’s advancement are pivotal
actions for inclusive and equitable workplaces, where all talents
can flourish.

The pharmaceutical industry, particularly within the
Germany/Austria/Switzerland (D/A/CH) region, has witnessed a
remarkable evolution. Robust investments in research and devel-
opment, coupled with collaborative efforts between industry and
academia, have propelled advancements. The region’s well-
established regulatory, exemplified by the Swiss Therapeutic
Products Actof 2019 [2], ensure meticulous testing of medications
before reaching patients, which fosters trust and growth.

Acknowledging the value women bring to the workplace, gov-
ernments in the D/A/CH region have spearheaded initiatives to
foster diversity and inclusion. Gender quotas on boards of direc-
tors and funding for programs supporting women professionals
have raised awareness of gender equality. As a result, companies
actively seek female talent, acknowledging the undeniable bene-
fits of a diverse workforce.

The evolving landscape of the pharmaceutical industry her-
aldsthe dawn of a new paradigm: The workforce of the future. This
paradigm encompasses the evolving nature of work, emphasizing
attributes like digital literacy, lifelong learning, adaptability, and
emotionalintelligence.

Inthevibrantlandscape of regulatoryaffairs, womenareat the
forefront of transformative change. Their stories of resilience,
advocacy, and empowerment serve as beacons for a new era of
inclusivity. As we collectively forge ahead, guided by the princi-
ples of diversity and equity, we pave the way for a brighter, more
inclusive future for healthcare and beyond. It is a future where
women, empowered and supported, lead the charge toward pro-
gress, innovation, and lasting change. &

References

1. McKinsey & Company and LeanIn.Org. “Women in the Workplace: 2023.” Report. https:/
www.mckinsey.com/"/media/mckinsey/featured%20insights/diversity%20and%20inclusion/
women%20in%20the%20workplace%202023%20v2/women-in-the-workplace-2023-full-
report.pdf?%5C=

2. The Federal Assembly of the Swiss Confederation. “Federal Act on Medicinal Products and
Medical Devices (Therapeutic Products Act, TPA).” Updated 1 January 2019. www.fedlex.
admin.ch/eli/cc/2001/422/en

Miriam Kremer-van der Kamp is a Business Developer for VILS Switzerland 6mbH. She is the
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ERGING LEADERS EDITORIAL By Monique L. Sprueil
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Monique L. Sprueill

We are excited about the 2024 ISPE Annual
Meeting & Expo in Orlando, Florida! A special
thank you to the sponsors and planning
committee for the Hackathon. We appreciate
your commitment to ensuring that recent
graduates and college students will benefit from
this challenging and educational experience.

ongratulations to the recipients of the ISPE Foundation Travel

Grants! Many of the grant recipients are also participating in

the Hackathon. We welcome all participants to this year’s
competition. Thank you for partnering with your teammates,
leads, and mentors to work through your case study. We are confi-
dent that you will gain valuable experience and make meaningful
connections during this event.

This edition of Pharmaceutical Engineering® focuses on the
quality and regulatory landscapes. They are becoming more com-
plex as workers are expected to perform multiple activities with
streamlined resources. The roles of artificial intelligence (AI) and
machine learning (ML) continue to increase, impacting how we
execute projects, lead functional areas, and deliver for our
patients. They can be used to simplify data collection and clean-
ing, perform administrative tasks, schedule audits, and assist in
report generation. Increased capabilities to process, organize, and
transform data lead to better decision-making and improved out-
comes for patients.

There are many opportunities for Emerging Leaders and stu-
dent members to use Al and ML to help companies manage, dis-
play, and optimize the use of information. Your innovative ideas,
unique perspectives, and technical skills are needed to help com-
panies continue to evolve and increase capabilities. Full-time,
internship, and co-op open roles may be viewed at jobs.ispe.org

Asan ISPE member, you have access to industry professionals,
potential mentors, Pharmaceutical Engineering®, and networking
events. These—as well as guidance documents, webinars, and
blogs—are tools that can inspire you and assist in professional
development.

Are you interested in being a member of a group that supports
your career advancement? Join ISPE as a student member or

12 PHARMACEUTICAL ENGINEERING

OPPORTUNITIES FOR EMERGING
FADERS AND STUDENTS

View full-time, internship, and
CO-0p jobs at jobs.ispe.org

Emerging Leader. Build your network, develop skills, and take
your career to the nextlevel.

Keep track of whatis going on at yourlocal Chapter or Affiliate.
Find out which committees are in search of new members.
Volunteer to gain more exposure. Actively participate in program
planning to ensure that topics of interest are offered.

Key advantages of joining ISPE as an Emerging Leader or stu-
dentinclude:
= Professional development
= Access to ISPE Good Practice Guides and educational resources
= Opportunities to establish and grow your network
= Exposure to thought leadership events
= Participation in Hackathons
= Career solutions to promote advancement
= Accessto Emerging Leader and student member-only resources

We invite ISPE members to:

= Actively participatein Emerging Leader and studentactivitiesin
your local Affiliate or Chapter

» Join Communities of Practice and connect with other industry
professionals

= Add content, ask questions, and post your ideas

= Write ablog or article

= Talk with your manager and colleagues about presenting your
project ata conference orlocal program

If you are not a member of ISPE, visit www.ispe.org to join today. &

Monique L. Sprueill, CQA, CMQ/OE, PMP, is a Quality Risk Management Leader and the
2023-2024 International Emerging Leaders Chair. She has been an ISPE member since 2002.
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GUEST COLUMN By Carol Winfield

5Pt REGULATORY OPERATIONS

ISPE’s regulatory initiatives and programs
bring visibility and solutions to significant
regulatory and quality challenges faced by
the industry, facilitate the flow of information
between ISPE members and global health
authorities to find solutions, and promote
interaction between regulatory bodies in
the interests of harmonization.

SPE members are the backbone of ISPE’s regulatory operations.

They progress the work of standing committees, limited dura-

tion working groups, and high-profile initiatives. Composed of
ISPE volunteers and supported by ISPE staff and advisors, these
groups ensure ISPE members have access to the latest regulatory
developments and expectations.

Standing Committees

Regulatory Steering Council (RSC)

The RSC establishes ISPE’s global regulatory priorities and strat-
egy in alignment with the direction of the ISPE Strategic Plan.
These members guide ISPE’s interactions with regulators and
health authorities to ensure the singularity of regulatory and
compliance positions. They also act as an advisory council on reg-
ulatory issues and respond to emerging regulatory opportunities.

Regulatory Quality Harmonization Committee (RQHC)

The RQHC anticipates regulatory, quality, and compliance devel-
opmentsand the potential for ISPE’s involvement or response (e.g.,
commentary, publication, educational presentation) to benefit the
ISPE membership. The RQHC coordinates ISPE’s organizational
responsestonew or draftregulationsand guidanceanditensures
the responses are of high quality and representative of the ISPE
membership.

The managementbody of RQHC, referred to as “RQHC Global,”
provides direction and oversight to the RQH Regional Focus
Groups. The regional groups provide ISPE with intelligence and
identify opportunities for ISPE to provide input, guidance,
and scientific and technical support on evolving regulatory
issues and concerns for the specific region. The current Regional
Focus Groups are Asia-Pacific, Europe/Middle East/Africa, and
North America/South America.

Initiative Teams

Advancing Pharmaceutical Quality (APQ)

ISPE’s APQprogramisanindustry-led quality management matu-
rity assessment and benchmarking program that provides a prac-
tical set of tools and systematic approaches for organizations to
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advance the effectiveness of their pharmaceutical quality system.
The program aligns with international initiatives that promote
quality excellence and with the FDA’sfocus on quality management
maturity and rating the maturity of manufacturing facilities.

Drug Shortages

For more thanadecade, ISPE hasbeen instrumental in facilitating
communication between the different sectors of the pharmaceu-
tical industry and global health authorities related to drug
shortages. The Drug Shortages Team provides guidance, tools,
and education toassist companies and supportregulatory collab-
oration in preventing and mitigating drug shortages and works
toward harmonizing expectations. The team’s publications and
tools have been cited in the FDA’s Drug Shortages: Root Causes and
Potential Solutions Report and the EMA/HMA Good Practices for
Industry for the Prevention of Human Medicinal Product Shortages.

Product Quality Lifecycle Implementation (PQLI®)

ISPE’s PQLI® initiative was created to provide guidance on the
practical implementation of the concepts described in ICH guide-
lines, focusing on ICH Q8, Q9, Q10, Q11, and Q12 to help ensure
product quality throughout a product life cycle, leading to contin-
uous product improvement. The original project produced the
ISPE PQLI® Guide Series. Today, PQLI Technical Teams are devel-
oping solutions in emerging regulatory and scientific topics
related to chemistry, manufacturing, and controls (CMC) and
GMP approaches to ensuring product quality. The current PQLI
Teams are Accelerated Development & Manufacturing,
Analytical Methods (ICHQ2/Q14), Continuous Manufacturing
(ICH Q13),ICH Q12 Implementation, Patient Centric Specifications,
Stability (ICH Q1, Q5C), and Transportable/Point of Care
Manufacturing.

RECENT WORK DEVELOPED BY CROSS-GROUP REGULATORY
VOLUNTEERS

A team of ISPE subject matter experts produced the Increasing
Domestic Resiliency in the Supply of Essential Active Pharmaceutical
Ingredientsreportinresponse to arequest froma US federal agency.
The report lays out technical, regulatory, and workforce changes
that stakeholders in any country or region could consider to reduce
the risks of API shortages to meet demands for essential medicines
atany time, but particularly in pandemics and other emergencies.

ISPE also worked with McKinsey & Company to provide tech-
nical and CMC information on two workstreams to inform the
European Commission Directorate-General, Health Emergency
Preparedness and Response Authority (DG HERA).

For more information, visit ISPE.org/initiatives/regulatory &

Carol Winfield is Senior Director of Regulatory Operations for ISPE.
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FEATURE REGULATORY TRENDS AND QUALITY INITIATIVES

PG/ IN LATIN AMERIGA:

Harmonization of cGMP Procedures

By Flavia C. Firmino, Juliana Perlow, Ania Vargas, and Maria Amaya, PhD

This article offers an overview of the benefits
of Pharmaceutical Inspection Co-operation
Scheme (PIC/S) membership for regulatory
authorities and industry. It also highlights Latin
American regulators’ current perspectives
on PIC/S membership to increase awareness
and encourage open dialogue about
harmonization, recognition agreements, and
potential increase for export facilitation, all
which will help increase the access of high-
quality medicines to patients. Given that only
three countries are PIC/S members in the
Latin America region, this represents a huge
opportunity for cGMP inspection.

n 1995, the PIC/S was established as an extension to the
Pharmaceutical Inspection Convention (PIC) of 1970 as a non-
binding,informal cooperative arrangementbetween regulatory
authorities in the field of current good manufacturing practices
(cGMP) of medicinal products for human or veterinary use [1].
PIC/Saimstoharmonizeinspection procedures worldwide by
developing commonstandardsinthe field of cGMPandby providing
training opportunities to inspectors. It also aims to facilitate
cooperation and networking between regional and international
organizationsand competentauthorities, thusincreasing mutual
confidence. Thisisreflected inthe PIC/S mission statement: “Tolead
theinternational development,implementation,and maintenance
of harmonized cGMPstandardsand quality systemsof inspectorates
in the field of medicinal products” [1].
The fact that PIC/S is non-binding allows participating
authorities to cooperate and share information informally while
keeping complete control over imported medicinal products. This
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Table 1: Candidates for PIC/S membership (January 2023) [2].

Interested

Applicants

Pre-Applicants and
Former Pre-Applicants

(Up to 6 Years)

(Gap Analysis Only)
Armenia Azerbaijan India
Bulgaria China Bangladesh
Russian Federation Sri Lanka
Jordan Vietnam
Saudi Arabia Philippines

wasnotedasakeyadvantage overamutualrecognition procedureby
Margaret Hamberg, PhD, former USFood and Drug Administration
(FDA) Commissioner [2]. PIC/S is open to any authority having a
comparable cGMP inspection system.

PIC/S IN LATIN AMERICA

Asof1]July 2023, PIC/S comprises 56 participating authorities from
allovertheworld—Europe, Africa, America, Asia,and Australia—as
shown in Figure 1. Latin America comprises 33 countries, with
the Caribbean Islands. However, of these, only three countries
are members of PIC/S: Argentina, through the Argentina Health
Authority, National Administration of Drugs, Food and Medical
Technology (ANMAT); Mexico, through the Federal Commission
for Protectionagainst Health Risks (COFEPRIS); and Brazil, through
the Brazilian Health Regulatory Agency (ANVISA).

Asindicated in Table 1, the candidates for PIC/S membership
are growing; nevertheless, there are no new candidates from
Latin America. Thereis a great opportunity for cGMP inspection
in the Latin America region seeing that only three countries are
PIC/S members.

MEMBERSHIP T0 PIC/§

An essential prerequisite to become a member of PIC/S is that
the applicant authority must have a fully functional quality



Figure 1: PIC/S participating authorities [1].

management system (QMS). Thisisalso themain differencefroma
cGMPperspectivebetween PIC/Sand the World Health Organization
(WHO). The WHO includes countries with developing quality
systemsand cGMP programsand hencehasabroadlist of countries.
The PIC/S requires the QMS to cover the systems and procedures
of the inspectorate: cGMP inspection procedures, manufacturer
licensing procedures, document control procedures, complaint
and recall handling procedures, a program for the training of
inspectors, code of ethics for inspectors, and more [3].

Beforeanauthorityisaccepted by PIC/S,adetailed assessment
is undertaken to determine whether the authority can apply an
inspection system comparable to that of current PIC/S authorities.
Thisassessment, called theaccession process,isa12-step process.
Intheory, this process canbe completed in 18 months, but for most
applicants it takes three to five years.

Theaccessionprocessinvolvesanexamination of theauthority’s
c¢GMP inspection and licensing system (or equivalent), quality
system, legislative requirements, inspector training, etc. It is
followed by a visit by a PIC/S delegation to observe inspectors
carryingout routine cGMP inspections and includes a visit to the
governmentanalyticallaboratories. During the process, changes
andimprovements mightbe recommended by the PIC/S Committee
and where necessary, follow-up visits are undertaken toverify the
suitability of corrective actions [4].

APIC/Spre-accession process wasintroduced tobetter prepare
potentially interested authorities for PIC/S accession. The main
advantage of the pre-accession procedure consistsin the carrying
outofapre-assessmentbyanauditor. Thisincludesagap analysis

conducted by the applicant and monitoring by PIC/S-appointed
rapporteur(s) to determine areas of noncompliance with PIC/S
requirements. The pre-accession processalso enablesaregulator
todetermine whether theyareready toengageinafullapplication.

PIC/S Activities

The main activities of PIC/S are:

= Experience: Appropriate training for new and established
members of the cGMP inspectorate

= Seminars: PIC/S meetings and training seminars are not open
toindustry

= Joint Visits program and coached inspectors: Inspectors from
threedifferent countriesare teamed up to observe cGMPinspec-
tions to compare inspection procedures and techniques and to
harmonize cGMP interpretation

= Expert circles: Discuss and exchange information on specific
technicalareas of cGMP, develop draft guidance documents,and
provide training opportunities in their field of expertise

= Guidance documents: Development and promotion of harmo-
nized cGMP standards and guidance documents

= Exchangeofinformation: This schemerelies onthe exchange of
information on cGMP inspections on a purely voluntary basis;
thereisnoobligation whatsoever toacceptinspectionresults [4]

PIC/S Benefits

The benefits for members include:

= Access toanapproved reference for pharmaceuticals manufac-
turing facilities inspection
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The authors prepared a survey
with the goal of increasing
awareness of PIC/S in other Latin
America countries, to encourage
an open dialogue about
harmonization and reliance, and
to highlight the benefits for the
Latin America region.

= Enhanced efficiency and quality of manufacturing practices of
local factories

* Harmonizedandstandardizedinspection proceduresatthelevel
of Member States in GMP

= Arapidalertsystemat the level of Member States

= Efficiency of the inspectors and training opportunities

= Recognition of exporters that comply with international cGMP
standards

= Community adoption of international cGMP standards

= Amoreeffectiveuseof inspectionresourcesthrough thevoluntary
sharing of cGMP inspection reports

Additional benefits of PIC/S membership for cGMP regulatory

authorities include:

= Aninternationally recognized system of cGMP controls, including
aquality system for the cGMP Inspectorate

= Inspection reliance: the 56 member authorities of PIC/S rely on
eachother’sinspectionsandinspectionreports,astheyhelpavoid
duplicate and same scope inspections

= Trainingopportunities forinspectors,includingannualtraining
seminarsof specifictopics, expertcircle ontechnical topics,annual
training seminars for new inspectors, joint inspector training,
coached inspections, and access to the PIC/S Inspectorates’
Academy for online training

= Opportunitiesfornetworkingandinformation sharingamongall
inspectors of the PIC/S member authorities, particularly during
the training events

= Theopportunity toparticipateinthe development of internation-
allyrecognized cGMP guides and guideline documents

= Involvementinanon-political forum for cGMP regulators

HISTORY OF PIC/S IN LATIN AMERICA

Argentina, ANMAT

ANMAT acceded to PIC/S in January 2008 [5], after a meticulous
evaluationprocessthat determined that thebodyhasaninspection
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system equivalent to that of the high surveillance regulatory
authorities belonging to PIC/S.

Inline with the Joint Reassessment Programme, ANMAT was
reevaluated by PIC/S in November 2018. Members of the PIC/S
audit team reassessed the standards of GMP and quality systems
of ANMAT’s inspectorate. The delegation—made up of officials
fromtheregulatoryauthorities of France, the Netherlands, Spain,
and Israel—met with professionals from the General Coordination
of the Inspectorate and the National Institute of Medicines
to analyze the regulatory systems and inspection procedures for
drug plants. The evaluation included a visit to various pharma-
ceutical plantsin the country [6].

In April 2019, at the 47th PIC/S Meeting, the Compliance
Subcommittee (SCC)informed ANMAT that they complied with the
good practices standardsand quality systems of their inspections
formedicines.Indoing so, ANMAT also successfully obtained full
membership of the PIC/S regime [7].

Mexico, COFEPRIS

COFEPRIS acceded to PIC/S in January 2018 [5]. The process fol-
lowed by COFEPRIS to enter PIC/S corresponds to the relevance
ofbeingpartofthisinternational cooperationinitiative thatfacilitates,
strengthens, and maintains mutual trust among its members in
the field of inspections of GMP for pharmaceutical products.

COFEPRIS assumed the commitment toalign the regulatory
processesrelated to the standards established by PIC/S. This was
done through intense institutional work for the development,
implementation,and maintenance of actions that would allow the
agency to effectively comply with international guidelines. Asa
resultofthis process, regulatory capacitiesindruginspectionshave
beenstrengthened with a view to optimize decision-making and
the strategic development of inspections carried outby COFEPRIS.

In the context of increasing globalization of the pharma-
ceutical industry and advances in health sciences, it is essential
tohavearobustregulatory system. This system should ensurethe
supply of quality pharmaceutical products thatare safe, effective,
and economically accessible to the population.

The entry of COFEPRIS into PIC/S recognized the agency’s
implementation of health regulation tasks with the following
mainbenefits [8]: international harmonization of cGMP allowing
participationin the development/update of international guide-
lines; training opportunities (e.g., seminars, joint inspection
visits); the exchange of informationand fastalert system among
participating agencies; and the facilitation of the negotiation of
instruments for recognition of cGMP certification between the
member agencies.

Brazil, ANVISA

In2014, ANVISAformalizeditsinterestinbecomingamember of
PIC/S.This meant that the agency was willing to start efforts to
modernizeitsregulatory framework, investin the qualification of
inspectors workingin the National Drug Inspection System, and
harmonize inspection procedures for GMPinall Brazilian states.



The decisive yeartoboost the process of joining PIC/Swas 2019.
Inthatyear, director Fernando Mendesand deputy director Meiruze
Freitasadopted the process of joining ANVISA to PIC/Sasapriority
project. A major effort to modernize regulatory instruments and
work processes was therefore initiated.

In2019, theregulatory frameworksrelated to GMPfor medicines
and public health laboratories were widely discussed and duly
updated. The audit work of state and municipal health surveillance
was also intensified. In October 2019, the country received PIC/S
inspectors from members of health agencies in the UK, Portugal,
Malta, and Hong Kong (who audited ANVISA), the State Health
Surveillance of Minas Gerais,and the Municipal Health Surveillance
of S&o Paulo.

Additionally, the Ezequiel Dias Foundation (Funed) in Minas
Geraisand private pharmaceuticallaboratories werealso audited.
Allthistook place for the certification, by foreign health authorities,
toensurethattheBrazilianinspection processisequivalenttothat
of the other countries that are part of PIC/S.

The decision for ANVISA’s PIC/S membership was expected for
the first meeting of the PIC/S Committee of 2020, held annually in
April. However, due to the pandemic, the decision was postponed
until a committee meeting was held on 15 October 2020. On
30 November 2020, ANVISA was formally notified of the approval
ofitsmembership. MembershipbeganinJanuary2021and ANVISA
become the 54th member of PIC/S.

Technical Cooperation in cGMP

Reliance may take many forms, including full recognition of an
inspection decision of a reference national regulatory agency
(NRA). Thisallows for the use of minimal documentation to make
a subsequent decision by another PIC/S member. Members may
also use full, unredacted assessment reports and/or additional
informationtomakeanindependentdecision. The extent of reliance
applied,and documentationrequired, isup to eachnational health
authorityagency todetermineinline with their capacity capability
andlegalframeworks [9]. Latin America PIC/S membersare taking
stepstoward formalizing regulatory cGMPinspection cooperation
agreementsin the region.

Tothatend, ANVISAand ANMAT agreed toexchangeinspection
certificatesissued by bothagencies withaview toissuing the cGMP
certificates. This was done within the framework of MERCOSUR.
MERCOSUR, the Southern Common Market, isaregional integra-
tion process, initially established by Argentina, Brazil, Paraguay,
and Uruguay, and subsequently joined by Venezuela and Bolivia.

This cooperation agreement was signed in 2006, in the city
of Sdo Paulo, where both agencies also agreed that the cGMP
certificatesissued by them mustberelated to the historicaldata of
the companiesand products,inaccordance withnationalregulation.
Theexchange of aninspectionreportiscurrentlystillrequired for
each agency to conduct theirlocal verification [10].

Recently, during the meeting of the national regulatory
authorities of regional reference of the Pan American Health
Organization (NRAr/PAHO) in July 2023, the alternatives to

strengtheningregulatory convergence and reliancein the region
were discussed. As a concrete example, officials from Mexico
(COFEPRIS)and Brazil (ANVISA)announced that they are working
toward regulatory convergence and recognition of inspectionsand
good manufacturing practice certification through PIC/S.

This step indicates an expansion of scope of existing coop-
eration agreement in place between the agencies. When imple-
mented, itwould helprealize benefits forboth countries, under the
auspices of PIC/S, around joint inspection visits to standardize the
surveillance processes while ensuring safe and effective health
suppliesareavailableinboth countries. Toadvancein thisdirection
would require the confirmation of legal frameworks [11, 12].

PERSPECTIVES ON PIC/S MEMBERSHIP: SURVEY RESULTS

The authors prepared a survey to obtain the current perspectives
of the Latin America regulators on PIC/S membership. This was
done with the goal of increasing awareness of PIC/S in other
Latin America countries, to encourage an open dialogue about
harmonization and reliance, and to highlight the benefits for the
Latin America region. Key learnings from the survey responses
provided by ANVISA are presented in the following section.
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Application Process

Pre-accession process

The pre-accession process provides an effective tool for under-
standing theaudit criteria. Through self-assessment, each agency
can identify its gaps, understand its current status in relation to
PIC/S requirements, and prepare the necessary action plans for
the accession process.

Accession process

PIC/Sauditorsare trained and perform their functions within what
isdetermined and required by the PIC/Saudit checklist. Applicants
with a positive pre-accession process, and those that have made
thenecessary improvements, will not have difficultiesin relation
to the expectations from PIC/S.

Advice for new applicants

Dig deeper into the pre-accession process. Be sure to thoroughly
understand each criterion set out in the PIC/S questionnaire and
audit checklist during this step. Theaudit checklistinterpretation
guide provided by PIC/S[13]isauseful toolforadjusting expectations
between the auditee and the auditor.

MEMBER BENEFITS: EXPERIENGE FOR COUNTRIES

Asapre-applicant, countriesalready have partialaccesstotraining
events, networking, harmonization, and information exchange.
Withtheaccession, countrieshaveaccesstothe PIC/SInspectorates’
Academy, withitsvast technical bibliographyand training courses
available online. The pre-accession processitselfleads to harmoni-
zation to meet the audit criteria according to PIC/S expectations.

BENEFITS FOR OTHER COUNTRIES IN THE REGION: RELIANGE

Some PIC/S member countriesrely on ANVISAinspectionreports.
Each authority has autonomy and a strategy for dealing with
reports issued by partner authorities. ANVISA accepted reports
issued by all health authorities that are members of PIC/S during
the COVID-19 pandemic (contingency and exceptional measure).
The experience was positive, withnoincreased publichealth risk.
Theexperiencetriggered ANVISAtoaccelerateactionsinrelation
to the creation of a mutual recognition agreement.

INDUSTRY PERSPECTIVES

There are also related benefits to local industries within Latin

America when their relevant regulatory authority becomes a

member of PIC/S. These benefits may include the following [1]:

= Reduced duplication of inspections, especially since the intro-
duction of the PIC/S Inspection Reliance Initiative

= Exportfacilitation (including export to non-PIC/S countries)

= cGMP control of imported medicines (a level playing field for
localindustry)

= Improved competitive standing internationally

* Enhanced marketaccess

= Enhanced reputation of local industry

= Transparentinspection standards
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= Consistency of cGMP inspections
= Reliable quality medicines availablelocally and internationally

Whenaregulatoryauthority becomesamember of PIC/S, it shows
commitment to reliance and harmonization efforts, optimizing
theuseofinspectionresourcesand increasing confidenceand the
reputation of the local industry while strengthening the reliable
quality of medicines available locally and internationally.

The “Annual Regulatory GMP/GDP Inspection Survey 2022
Data” published by European Federation of Pharmaceutical
Industries and Associations (EFPIA) confirms the PIC/S benefits
toindustry [14]. The survey was conducted to monitor trends and
new focus areas while promoting the use of inspection resources
to materialize the benefits of PIC/S membership. In summary,
the survey shows thatinspectorsareback at manufacturing sites
with numbers similar to 2019, after a reduction observed during
2020-2021influenced by the COVID-19 pandemic.

Additionally, a much higher on-site presence for domestic
inspections (about 95%) was found compared to foreign inspections
(50%). The survey results demonstrated that routine domestic
inspections performed by trusted inspectorates (such as PIC/S
member states) are most efficient and demonstrate control of the
QMS process. The survey also provided visibility to the inspection
practice and the varying degree of acceptance for using electronic
files, and requests from industry for regulators to continue cGMP/
GDPinspectionsbased onregulatory guidanceratherthan for-profit
standards, which are developed by experts and may have conflict of
interest.

A MORE EFFECTIVE USE OF RESOURGES

PIC/S membership allows a more effective use of inspection
resources. The following inspection processesare encouraged for
an efficient management of inspection workload: recognition of
inspectionreports;adoption of flexible inspection modes (on-site,
remote, or hybrid); and a risk-based approach to adapt the scope,
length, and frequency of inspections.

The establishment of a legal framework to allow acceptance
for inspection from PIC/S participating authorities—along with
the continuous skill-building and exchange of information—can
playanimportantroleinaccelerating manufacturingsites’cGMP
certifications. This will also help accelerate access to important
medicines to patients.

PIC/S IMPROVEMENTS

Although limited, some positive improvements have been made
betweenPIC/Sparticipatingauthoritiesinthe Latin Americaregion. Of
noteisthelong-lasting cooperationagreementbetween ANVISAand
ANMAT.Thiswasestablishedin2006, priortoeitheragencybecoming
aPIC/Smember, toexchange inspection certificatesissued by both
agencies. Mostrecently, on11July 2023, the heads of COFEPRISand
ANVISA pledged todesignawork plan for regulatory convergence,
the recognition of inspection visit reports, and cGMP certificates
and to harmonize inspection procedures in both countries [10, 11].



The ANVISA-ANMAT collaboration agreement, and potentially
the future ANVISA-COFEPRIS collaboration agreement, mark
an important step toward the adoption of reliance procedures
for regulatory inspections in the Latin America region. Further
benefits could beachieved byleveraging full or partialinspection
reliance,and ultimately mutual recognition agreements between
authorities. Advancing in this direction would make the best use
of available resources and expertise, preventing duplication of
regulatory assessments. It would also improve and expedite the
regulatory inspections while enabling access of quality-assured,
effective, and safe medical products to patients.

CONCLUSION

PIC/Soffersavariety of advantagesforboth participatingauthorities
andindustry. However, the fullbenefitshave not yetbeenachieved
in the Latin America region. Only 3 out of the 33 countries are
PIC/Smembers, whichrepresentsan excellent opportunity for the
non-PIC/S participating authorities in the region. Furthermore,
theimplementation of formalinspection cooperation agreements
and mutual recognition agreements in the region are in the early
stages,and thereis opportunitytodevelopand shape thissphere. &
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The pharmaceutical industry faces considerable
challenges throughout the development,
manufacturing, and supply of medicines,

largely due to the intricate and divergent

global regulatory landscape. The adoption of
structured data standards and utilization of
cloud-based platforms offer immense potential
to overcome these challenges by facilitating
faster and more efficient global collaborations
between health authorities and industry. This
potentially can be achieved by using a visual
roadmap of the overall control strategy to help
understand patient benefit-risk more effectively.

orldwide, industry has many regulations to comply with
Wand compliance to these regulations can be challenging

[1]. The process of preparing, submitting, and maintaining
regulatory documents for product approval is a lengthy and
expensive endeavor.

Formany organizations,itis currently amanual processdueto
limited utilization of software tools to assist with these processes
[2]. Another challenge thatindustry facesismanaging postapproval
changes. This is a vital and complicated part of pharmaceutical
manufacturing and regulatory compliance, which requires a
thorough understanding of regulatory requirements, effective
risk management, and careful planning.

These changes may take years before they are approved by
regulatory agencies [1]. In addition, the pharmaceutical industry
must comply with inspections of manufacturing facilities by
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regulatory agencies to ensure alignment with GMP standards.
The challenge is that preparing for inspections can be resource
intensive, especially when multiple regulatory bodies conduct
inspections at different times.

However, the burden of inspections can potentially be mini-
mizedbycreatingastandardized structure for the presentation
of the marketing application dossier content. This standardized
structure facilitates easier dossier navigation, helping the
inspector quickly find theinformationandlink to the underlying
supporting data.

Another complicating factor arises from the varying rates at
whichnew International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) mem-
bers adopt ICH guidelines, as well as the interpretation of those
guidelines by regulators from different countries. Additionally,
there is a significant gap in the level of regulatory maturity from
aninnovation standpoint.

The complexity arises when reviewing innovative products,
as there may be challenges in understanding the scientific prin-
ciples behind the innovation, as well as the legal and regulatory
requirements associated with them. These complexities canlead
todiffering perspectives onassessingrisk, ultimately resultingin
country-specific control strategies for new technologies.

A recent study conducted by the International Consortium
for Innovation and Quality in Pharmaceutical Development
(IQ) Control Strategy Global Harmonization Working Group
examined 112 marketing applications encompassing both new
syntheticandbiological products from 11 companies [3]. The study
aimedtoevaluateindustry’s experience with divergences, raise
awareness of common trends, and shed light on the implications
for multiple stakeholders, including regulators, the industry,
and patients.



Usingagreed-upon criteriafor core documentacceptance, the
average core document acceptance rate across the US, European
Union (EU), Canada, and Japan is 54% for synthetic and biologic
products. When this overall acceptance rate (54%) is translated
into the likelihood of core documents being accepted by all four
countries, it results in a probability of 8.7%. This underscores
the subjectivity involved in determining an acceptable control
strategy. A fundamental issue for control strategy divergence is
that the current version of ICH M4Q(R1) does not explicitly state
where or how an overall, end-to-end control strategy is described
inaregulatory submission [4].

There havebeen discussionsaboutstructured dataand cloud-
based submissions to streamline the regulatory review process.
However,asdatacanbeinterpretedindifferent ways, itisimportant
to balance data and narrative to understand the overall benefits
andrisks of the product to the patient. Thus,as partof thisarticle,
we explore each of these interconnected processesand presentan
innovative visual roadmap for the overall control strategy. This
strategy uses structured data- and science-driven risk-based
assessments todescribe the product quality for theintended patient
population within a cloud-based submission.

This concept of presenting structured datawithin the context of
anarrative canserveasavaluable tool for facilitating collaborative
reviewsbetweensponsorsandregulators. By integrating structured
data with a coherent narrative, it can enhance the effectiveness
of communication within the application process. This approach
not only helps ensure clarity and understanding but also fosters
apotential streamlined and productive exchange of information
between the involved stakeholders. This contributes to a more
efficient and informed decision of the application.

THE EVOLVING CHEMISTRY, MANUFACTURING, AND CONTROLS
(CMC] LANDSCAPE

New modalities and innovative manufacturing approaches are
drivingawave of innovationasbiopharmaceutical manufacturers
must adopt novel approaches that incorporate advancements
in technology and new ways of working. For example, advanced
therapy medicinal products (ATMPs), whichinclude celland gene
therapies, and tissue-engineered products offer potential to treat
diseasesand conditions that were previously considered incurable
or thathave limited treatment options.
Otherexamplesareadvanced technologiesthatinclude contin-
uous manufacturing, 3D printing, use of digital twins, and digital
tools to enhance patient compliance for treatments. In addition,
the use of Al and machine learning (ML) is now prevalent. These
technologies are helping reshape drug discovery, development,
manufacturing and analytics. They help evaluate chemical and
biologicaldatasetsto predictdrugcandidates, identify novel drug
targets, optimize drug formulations ensuring the stability and
bioavailability of the product, and enable real-time monitoring
and predictive maintenance of the manufacturing process [5].
The combination of these advancements is transforming the
way drugsare discovered, developed, manufactured,and delivered

to patients. As advancement continues in the pharmaceutical
industry, it is a struggle for global regulations to adapt to these
new technologies in a timely manner, which can cause delays
to the introduction and supply of critical medicines to patients.
However, thereare several ongoinginitiatives that seek toaddress
these challenges. For example, the revision of ICH M4Q (R1) was
endorsed by the ICHmanagement committee and the concept paper
was published 15 November 2021 (ICH M4Q(R2)) [6].

The concept paper for ICH M4Q(R2) has several promising
topics, which include improving registration and life cycle
management, leveraging digital technologies, and accelerating
access of medicines to patients. Also encouraging are global
convergence of science- and risk-based approaches, enabling
efficient use of digitals tools and benefit-risk considerations.
One of the most significant topics is the proposed overall control
strategy, which the concept paper states “should be the backbone
of the revised M4Q structure” [6].

STRUGTURE PRODUCT QUALITY SUBMISSIONS

Inapressreleaseon3June 2020, the ICH Management Committee
introduced a new topic called Structured Product Quality
Submissions [7]. The use of structured CMC data for regulatory
submissionswillbea paradigm shiftinhowindustry submits CMC
information to regulators [8]. Several data standards will impact
the CMC domain.

ISO IDMP

One example is International Organization for Standardization
(ISO) Identification of Medicinal Products (IDMP), which is
designed to establisha common framework for theidentification,
documentation, and exchange of information on the identification
of drug products [9].

Thegoalistoimprove theaccuracy, consistency,and interoper-
ability of datarelated to pharmaceutical products throughout their
life cycle by structuring and standardizing product information
[10]. Although IDMP is not exclusive to the quality aspects of a
regulatoryapplication, the standard includesasignificant number
of CMC-relevant attributes, including details about the active
ingredient(s), strength, dosage form, route of administration,
and packaging.

IDMP promotes global harmonization of product information
standards, making it easier for pharmaceutical companies to
submit consistent data to multiple regulatory agencies worldwide.
Implementation of ISO IDMP standards is an ongoing process.
Regulatory agencies worldwide are gradually adopting these
standards and pharmaceutical companies are working to align
theirinternal datamanagement systems withIDMPrequirements.

PQ/CMC

Another data standard being discussed is the US Food and Drug
Administration (FDA) Pharmaceutical Quality - Chemistry,
Manufacturing & Controls (PQ/CMC). It was introduced in the
Federal Register in 2017 to present structured data elements and
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Figure 1: Potential opportunities to accelerate access of medicines.
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ICH M4Q

Data
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controlled terminology for Module 3 [11]. PQ/CMC uses the estab-
lished healthcaredataexchange standard from Health Level 7(HL7),
called Fast Health Interoperability Resources, which is widely in
useinthegreater healthcare ecosystembutisbeing newly adopted
for pharmaceutical and regulatory applications [12].

Theoverallgoal of the PQ/CMC projectis tosupportapplication
review by standardizing language and terminology to allow
for preprocessing of data, population of review templates, and
aggregation of dataforinspectionsand general dataretrieval [13].

PQ/CMC was designed and developed to be implemented in
support of product assessment. Therefore, it provides detailed
data element definitions, supporting controlled terminology,
and the mandatory/optional aspect for each element to allow for
consistentand standardized datainvarious sections of Module 3.
The FDA attempted to map PQ/CMC data elements to the ISO IDMP
standards, which showed similaritiesand differencesbetweenthe
two initiatives [14].

Need for Data Standards Alignment

Although thereissome overlap inboth concepts, the relationship
between these emerging data standards and the work that willbe
pursued under the ICH Structured Product Quality Submissions
guidelinesisunclearatthistime. The maximum benefits of these
efforts canbe achieved by ensuring alignment and agreement on
onedatastandard, which canreducedivergenceacrosstheregions.
Notably, the use of structured data enables CMC submissions to
be amenable for cloud-based technologies.

CLOUD-BASED PLATFORMS

The introduction of cloud-based, data exchange platforms into
the pharmaceuticallandscape have emerged asatransformative
tool. For example, the nonprofitindustry association Accumulus
Synergy is developing a cloud-based platform to enhance data
information exchange for submission contentand collaboration for
regulatory submission pathways [15]. The adoption of cloud-based
platformswithin the pharmaceutical sectorhas many advantages,
especially when it comes to fostering collaboration across
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diverse teams, organizations,and geographical boundaries. This
accessibility transcends physical and geographical constraints,
enabling real-time global collaboration in a protected shared
environment (see Figure 1).

Currently,industryhas collaborativeinitiatives suchas Project
Orbis [16], the Access Consortium [17], and the International
Coalition of Medicines Regulatory Authorities (ICMRA) [18]. One
of ICMRA’s active working groups is Pharmaceutical Quality
Knowledge Management (PQ KMS). This group has conducted
postapproval collaborative pilots; engaged and coordinated with
external organizations suchasICH, International Pharmaceutical
Regulators Programme (IPRP), and Pharmaceutical Inspection
Co-operation Scheme (PIC/S); and developed high-level reflection
papers to promote collaboration [19]. These initiatives provide an
excellent starting point for global harmonization efforts across
theregulatory agencies and are currently accomplished without
the use of cloud computing technology.

Theuse of acloud-based platform enables further collaboration
and facilitatesagreater number of regulatorsto participatein these
initiatives in a seamless manner. However, there are challenges
to adopting cloud-based technologies, such as cybersecurity
concernsand country-specificlegislations. For example, the EU’s
dataprivacyand security law, General Data Protection Regulations
(GDPR),is one of the toughest privacy and security laws in the world
[20]. GDPR requires that any information collected from citizens
of the EU must reside in servers located in EU jurisdictions or in
countries with a similar scope and rigor with their privacy laws.

Automated Data Interpretation and Computer-
Aided Data Analysis

As we approach this exciting stage for industry, there should be
caution around the interpretation of data using automated tools.
Datainitsraw form can be interpreted ina myriad of ways, but to
fully grasp its scope and utility, context is needed. For sponsors,
context is needed to distinguish nuances in the data that are
relevant to the underlying production approach and technology.
Additionally, the degree to which evidence can be supplemented
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Figure 2: Linking the overall control strategy to product quality.
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by prior knowledge could drive significant differencesinthedata
package between sponsors, which would be imperceptible to the
reviewer with significant contextin the application.

Forhealthauthorities, the incorporation of structured datainto
CMCsubmissionsholdsthe potential toleverage dataanalyticsand
AI/ML to enhance the efficiency of regulatory reviews. A case in
point is the FDA’s adoption of the Knowledge-Aided Assessment
and Structured Application (KASA). KASA establishes rules and
algorithms for risk assessment, control, and communication
related to product, manufacturing, and facilities [21]. KASA also
facilitates computer-aided analysis of the applicant’s submission
to FDA’s institutional knowledge instead of relying solely on the
summarized narratives provided in submissions.

Balance of Data and Narrative
Although the comparison of dosage forms, manufacturing
processes,and other relevant CMC attributes can provide valuable
data-driven assessments, CMC attributes should be considered
within the context of the intended patient population to ensure
thatapharmaceutical productissafe and effective. For example,
patient-centric factorssuch asdisease state, treatment duration,
age, and characteristics of the patient population are important
tounderstand the overallrisk of theadministered drug product.
It is therefore critical to have a balance between data and
narrative to understand the benefits and risks of the product to
the patient. One strategy is to use the overall control strategy to
bridge data and narrative to demonstrate the overall benefit-risk
details of the medicine to the patient population.

OVERALL CONTROL STRATEGY

Theunderstanding of the overall control strategy playsapivotalrole
inthe product’sriskassessmentand insafeguarding drug product
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Ensuring Quality

e Weight of evidence
approach using science-
and risk-based assessments

quality (see Figure 2). It also ensures that the quality attributes
and performance characteristics of the product are consistently
maintained throughout its entire life cycle.
The conceptandaspectsof the control strategyareaddressedin
several ICH guidelines, including ICH Q8-Q14 and in the concept
paper for ICH M4Q(R2) [22-28]. The ICH guidelines emphasize
the importance of designing a robust control strategy as part
of the pharmaceutical development process. This ensures that
pharmaceutical companies have a comprehensive plan in place
to consistently deliver safe and effective medicines to patients. At
thesametime,itallowsthemto considerscientificunderstanding,
risk assessment, and regulatory compliance.
The control strategyisa pivotal component of pharmaceutical
development, representing a structured approach to ensuring
product quality, safety, and efficacy throughout its life cycle. It is
fundamentally linked to the concept of quality by design (QbD),
which promotesaproactiveand science-andrisk-based approach
to development strategies for the CMC controls of the product.
Thesponsor’sinstitutional knowledge is combined with specific
drug product information, including:
= Thetarget product profile (TPP), which identifies the character-
istics of the drug product necessary for the patient population
and disease indication

= Thepatientqualitytargetproductprofile,whichoutlinesthe quality
characteristics of the drug product necessary to meet the TPP

= Critical quality attributes (CQAs)

= Critical process parameters (CPPs)

These specifications, as well as continual improvement, are key
elementsof the control strategy. Its primary objectiveistoensurethat
thedrugproduct consistently meetsitsintended quality attributes,
thusdelivering safe and effective medicines to patients worldwide.



Table 1: Risk communication for product quality.

Risk Assessment Risk Control Result of Quallty Rlsk Management (QRM)
Process/Risk Review

Hazard Identification Risk Analysis  Risk Evaluation Risk Reduction Risk Acceptance Risk Rating

Table 2: Risk rating and definition.

Risk Rating Risk Definition

Medium

_ High impact on quality affecting safety and efficacy of medicinal product, if no further significant/novel controls are put in place

OVERALL CONTROL STRATEGY WITH THE USE OF
STRUCTURED DATA

One innovative approach to understand product quality for the
intended patient populationisby creatinga visual roadmap of the
overall control strategy. The roadmapis created using structured
data and risk-based assessments for cloud-based submissions.
This entails organizing and presenting data in a structured and
interconnected manner that provides reviewers with a holistic
overviewandin-depthunderstanding of the overall control strategy.

Tables 1 and 2 illustrate an example of how risk can be com-
municated toregulators by using quality risk management (QRM)
principles from ICH Q9(R1) [23]. The evaluation of therisk to quality
should be based on scientific knowledge and ultimately linked to
the protection of the patient.

Inthe example shownin Table1, the sponsor can communicate
risks qualitatively by initiating a QRM process that describes
the risk assessment, risk control, rating output, and review for
the product. Table 1 provides an opportunity to discuss data and
narratives that support a science-driven, risk-based approach
that describestheriskintermsof howitcanimpact quality of the
product. Table 2 provides an example of risk definitions that can
be used for risk communication.

The goal for thisapproachisthat risks are systematically and
comprehensively evaluated by a weight of evidence approach to
the sponsor’s product-specificknowledge, overall control strategy,
and benefit-risk assessment of the product with the intended
patient population.

For example, risk should not be evaluated in isolation, but
understood and assessed against the overall control strategy. This
should be done with the understanding of how that risk impacts
quality in terms of safety and efficacy for the intended patient
population. This approach brings transparency and clarity to the

Low impact on quality affecting safety and efficacy of medicinal product

Medium impact on quality affecting safety and efficacy of medicinal product, if no further controls are put in place

dossier, enabling regulators to navigate through the application
of the pharmaceutical products more efficiently and understand
the risks in a patient-centric manner. It potentially can be a
communication toolbetweenregulatory bodiesand theindustry,
fosteringacollaborative environment for reviewand understanding
of product quality.

AlthoughtheICHguidelinesstresstheimportance of developing
arobustcontrol strategy as part of the pharmaceutical development
process, thereisno currentregulatory guidance that clearly states
where orhowa comprehensive end-to-end control strategy should
bedescribedinaregulatory submission. Oneinnovative approach
tounderstand product quality for the intended patient population
isby creatingavisual roadmap of the overall control strategy, using
structured data, and providing a risk assessment for cloud-based
submissions.

This concepthasbeeninitiated by the ISPE Risk-Based Quality
Overall Summary (QOS) Working Group. The approach entails
organizingand presentingdatainastructured andinterconnected
manner that provides reviewers with a holistic overview and
in-depth understanding of the overall control strategy.

Figure 3 presents an example of the visual roadmap concept
for the overall control strategy of an antibody-drug conjugate
(ADC).Inacloud-based environment, reviewers have the flexibility
to choose specific sections of the control strategy for review. For
instance, as depicted in Figure 3, the reviewer can opt to examine
the cytotoxin control strategy by selecting thebox. Thiswill provide
further details of the cytotoxin synthetic pathway and controls, as
shown in Figure 4. If the reviewer wishes to delve deeper into the
pure cytotoxin, they can access additional information, which is
presented in Figure 5.

This interface empowers the reviewer to explore various
options, gaininga comprehensive understanding of the cytotoxin’s
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quality. Reviewers can also download data
forindependentassessmentswhilehavinga
cleargraspoftheinnovator’s provided control
strategy. Thisinteractive approach allowsfor
a systematic exploration of the application.
Thisfacilitatesanin-depth evaluation of the
product’sbenefit-risk profile for the patient
population. It’simportant tonotethatthe ADC
exampleillustratedin Figures3-5servesas
aconceptual representation.

The ISPE Risk-Based QOS Working
Group plans on illustrating this concept in
acloud environment by structuring a mock
submission. This demonstration within a
cloud environment shows one example
of the potential use of structured data in
cloud-based submissions.

CONCLUSION

The pharmaceutical industry plays an
indispensable role in ensuring patients
worldwidehaveaccesstoessential medicines.
However, it faces considerable challenges
throughoutthedevelopment, manufacturing,
and supply of medicines. Thisislargely dueto
theintricateand divergent globalregulatory
landscape. The adoption of structured data
standardsand utilization of cloud-based plat-
forms offer immense potential to overcome
these challenges by facilitating faster and
more efficient global collaborations between
health authorities and the pharmaceutical
industry. It is crucial to strike a balance
between data-driven assessments and the
narrative context to comprehensively eval-
uate thebenefit-risk profile of the medicine
for the patient population.

One innovative concept is the creation
of a visual roadmap for the overall control
strategy using structured dataand science-
and risk-based assessments that describe
product quality for the intended patient
populationin cloud-based submissions. This
approach allows reviewers to gain a holistic
understanding of the control strategy. Italso
allows each piece of information linked to
describe the medicine’s quality in terms of
benefitandrisk for the specified patient pop-
ulation. Ultimately, theseimprovements may
translate into better healthcare outcomes
for patientsacrossthe globe, reaffirming the
industry’s crucial role in delivering quality
medicines to patients. &
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Figure 3: Visual roadmap of the overall control strategy for ADC.
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Pharmaceutical and biotechnology companies
employ platform analytical procedures in the
development stages of their synthetic and
biological drug products and are beginning to
leverage them for commercial products. This
shift is supported by the acceptance of platform
procedures in the recently adopted ICH Q2(R2)
and ICH Q14. Six case studies are shared in this
article to highlight how platform procedures are
developed, applied to products in development,
and assessed for extent of validation needed to
determine if appropriate for use.

he recent revision to ICH Q2(R2) Validation of Analytical
.|- Procedures[1] and new guideline ICH Q14 Analytical Procedure

Development [2] have provided a pathway for pharmaceutical
and biotechnology companies to develop and use platform
analytical procedures for commercial products.

ICH Q2(R2) defines a platform analytical procedure as “an
analytical procedure that is suitable to test quality attributes of
different products without significant change to its operational
conditions, system suitability,and reporting structure. Thistype
of analytical procedure canbe used to analyze molecules thatare
sufficiently alike with respect to the attributes that the platform
analytical procedure isintended to measure” [1].

BACKGROUND

Platform analytical procedures have been commonly used
across industry to streamline clinical development by making
analytical development and validation activities more efficient.
The inclusion of the platform analytical procedure concept in
ICH Q2(R2) formalizestheideain guidance for the first time. ICH
Q2(R2)states, “whenanestablished platformanalytical procedure
isused for anew purpose, validation testing can be abbreviated,
if scientifically justified” [1].

ICH Q14 further describes the rationale for application of
platform analytical procedures and reduction of subsequent
developmentactivities: “In certain cases,ananalytical procedure
can be applied to multiple products with little or no modification
of measurement conditions. For a new application of such plat-
form analytical procedures, the subsequent development can be
abbreviated, and certain validation tests can be omitted based on
ascience- and risk-based justification” [2].

The Food and Drug Omnibus Reform Act (FDORA)—a US
Food and Drug administration (FDA) “rider” that is part of the
Consolidated Appropriations Act, 2023—required the US FDA to
establishaprogram for the designation of platform technologies [3].
Itstatesthat the sponsor of adrugapplication should demonstrate
that the platform technology has the potential to be incorporated
in, or utilized by, more than one drug without an adverse effect
on quality, manufacturing, or safety. Although FDORA applies
tomanufacturing technologies, some concepts may also relate to
platformanalytical procedures, which thisarticleaimsto explore.
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Figure 1: Analytical platform procedure assessment.

To date, industry has used the platform analytical procedure
approach primarily for biological products and nearly exclusively
in clinical development [4-6]. However, recent research applied
a platform approach to the analysis of residual solvents in small
molecules [7] and has offered suggestions for submitting infor-
mation on analytical platform technologies in regulatory filings
[5]. Monoclonal antibodies (mAbs)are good candidates for platform
analytical procedures. This is because most attributes can be
analyzed by an established set of conditions where the mAbs are
of similar size and structure.

Inarecentguideline from the World Health Organization (WHO),
platform technologies were defined for methods and processes
as they apply to mAbs [8]. Similarly, messenger RNA (mRNA)
vaccinesaregood candidatestoadopt platformanalytical procedure
strategies, as they may have common structural elements with
only the codon-optimized sequence encoding the target antigen
being unique to each new mRNA construct/variant. Moreover,
many platformanalytical procedures with established conditions,
system suitability, and reporting structure have been used to
analyze mRNA attributes for a commercial product [9].

Thearticle showcases examples from six different companies
to demonstrate the efficiencies and opportunities afforded by
platformanalytical proceduresacross techniquesand modalities,
leveraging prior knowledgeand historical data. Althougha pathway
hasbeenrecognized through the adoption of ICH Q2(R2)and Q14,
challengeslie ahead in preparing and gaining approval for global
submissions.

By sharing these examples, the aim is to provide awareness
of and create dialogue around global acceptance of platform
analytical procedures. The objective of this article is to describe
how theimplementation of platformanalytical procedures benefits
industry and regulators alike.
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PFIZER: PLATFORM ANALYTICAL PROCEDURES
FOR mRNA VACCINES

The following case study shows the use of platform analytical
procedures to support mRNA vaccine technology. All analytical
procedures supporting release and stability testing foran mRNA
COVID-19vaccinewere fullyvalidated in conformance withexisting
ICH guidelines. Platformshavebeen established through extensive
method development, validation, transfer, and testing of mRNA
vaccine products—and their effectiveness was demonstrated
throughanapplication to change an mRNA strain for the already
approved product.
The approach outlined in this example can be used for any
mRNA vaccine product or product change by following the
appropriate assessment, described next.
Thecritical elements of a procedure and therationale to support
any reduced validation requirements are determined using a
science- and risk-based approach. Figure 1 shows a decision tree
used to apply the strategy with consistency and considers the
following elementsinbox 1:
= Overallconsiderations of the manufacturing processes, matrices,
and attributes

= Qualityattributesandalignment of acceptance criteria (specifi-
cation) to the analytical procedure’s intended use

= Changes to analytical methodology, reference materials, and
critical reagents

= Applicabilityand coverage of the validation, e.g., validated range
and transfer activities

The assessment described in box 1 of Figure 1 concluded that
there is no change for the changed mRNA product other than
the sequence in the platform manufacturing process, the target
concentration, and the specification. The analytical procedures



By sharing these examples,

the aim is to provide awareness
of and create dialogue around
global acceptance of platform
analytical procedures.

havealreadybeen established at the commercial testing sites. Next,
one example of each outcome—scientificrationale (Figure1,box 2a),
laboratoryverification (Figure1,box 2b),and supplemental validation
(Figure1,box 3) and the rationale are given.

Extension of Validation: Scientific Rationale

For box 2a in Figure 1, RNA concentration by ultraviolet (UV)
spectroscopy was selected as the example. The sequence change
from mRNA-to-mRNA products does notalter thebasic structural
components—the purineand pyrimidinebases thatabsorb UV—of
DNA or RNA. This allows for determination of RNA concentra-
tion by the Beer-Lambert law when measuring absorbance at
260 nanometers (nm).

The UV spectroscopy platform procedure was previously
validated per ICH Q2 and transferred to the testing site. No changes
totheplatformanalytical procedurearerequired to support testing
of thenew product. The procedure could be run withoutimpacting
system suitability criteria, operating conditions, and parameters.

Extension of Validation: Laboratory Verification
Forbox2binFigurel, mRNA integrity (purity)using capillary gel
electrophoresis (CGE) was selected as the example. Considering
no significant change in size/valency, the sequence length
of the new mRNA product/strain may affect migration time
and the electrophoretic profile of fragments and intact species
withoutimpacting the ability of the method toaccurately measure
RNA integrity.

Verification was performed to confirm that the potentially
impacted characteristics of the platform analytical procedure
remaininavalidatedstate. For thisexample, precisionand specificity
werechallenged underaprotocol with the sameacceptance criteria.
The CGE platform procedure was previously validated per ICH Q2
and transferred to the testing site.

Nochangestothe platformanalytical proceduresarerequired
to support testing of the new product. The same assay control,
sample preparations, and instrument conditions are used. The
analytical procedure is applied without significant change to its
operational conditions, system suitability,and reporting structure.

Supplemental Validation

Forbox 3inFigure1,identification of mRNA using digital droplet
polymerase chain reaction (ddPCR) was selected as the example.
The procedure requires mRNA product/strain-specific primersand
probes (for specificity). Challenge validation characteristics (e.g.,
specificity) were considered underaprotocolwithacceptancecriteria
againstboth the formulation buffer and other mRNA constructs.
The ddPCR platform procedure was previously validated per ICH
Q2 and transferred to the intended testing site.

Platform Documentation for Regulatory
Submissions

Although there are multiple ways to document this work withina
company, thedocumentation withinaregulatory submissionshould
be considered early in the process. The full validation for each
analytical procedure is a combination of the platform procedure
validation, scientific rationale, and product-specific data.

For any extension of validation or supplemental validation
leveraging historical knowledge and/or previous validations, a
validationreportor summaryintheappropriate commontechnical
documentsections should be provided. Thisincludes the scientific
rationalejustifyingthe strategy for each analytical procedure. In
addition, product-specificresults fromlaboratory verificationsand
supplemental validations should be shared within the submission.

The mRNA technology presentsanapplication of the platform
analytical procedure approach for an already approved product
uponavariant change. The same principles canbeapplied to other
products generated with a similar manufacturing process (for
example, a new mRNA vaccine candidate). The subsequent case
studies aim to expand the approach to other modalities.

GENENTECH: CAPILLARY ELECTROPHORESIS SODIUM DODECYL
SULFATE (GE-SDS) METHODS

Workflow

The platform analytical procedure workflow consists of three
phases: development, validation, and utilization (see Figure 2).
Measurement requirements for a given quality attribute or a set
of quality attributes can be defined in an analytical target profile
(ATP). This predefined approach to analytical development can
ensure thattheanalytical procedureisrobustacrossitslife cycle.

To achieve the optimal procedural conditions, a design of
experiments (DOE) for screening of critical method parameters
is executed. During the second phase, a validation strategy is
devised per ICH Q2. To ensure suitability of the platform analytical
procedure for new molecules, an assessmentalong with a generic
controlis completed.

The platform analytical procedure control is used for system
suitability testing, which ensures the proper performance of the
analytical procedure duringassessment. The platform procedureis
monitored to maintain performance and prevent potential drifting
through the systemsuitability criterion. Usinga common control for
system suitability across multiplelabs, instruments, and analysts
enables collecting more relevant data and improves the precision
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Figure 2: Workflow for platform analytical procedure.
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assessment of the platformanalytical procedure. Furthermore, the
control enables evaluation of any changesintroduced by suppliers,
such as column resins or equipment configurations.

Application
CE-SDS analytical procedures are commonly used to evaluate
the size heterogeneity, purity, and manufacturing consistency
of biologics, under non-reduced and/or reduced conditions. The
non-reduced CE-SDS method separates, detects, and quantitates
distribution of product-related size variants (e.g., hinge fragments,
mainpeak, or partially reduced cysteine-linked subunits). Reduced
CE-SDSseparatesand quantitateslight chain (LC), non-glycosylated
heavy chain (HC), HC components, and other size variantssuchas
non-specific polypeptide cleavages (e.g., LC and HC clips).

CE-SDSisagood candidate foraplatformanalytical procedure
duetowideapplicabilityand well-established robustnessforusagein
testing of mAbs. During the developmental phase,a combination of
single-and multi-factorial studiesare completed toidentify critical
method parameters, minimize the method variation,andincrease
applicability of usage as a platform across multiple mAb formats.

This approach was applied to the determination of critical
dye-labeling conditions for a fluorescent-based platform CE-SDS
method [10]. Critical parameters such as SDS-protein complexation,
dye labeling, gel-lot variation, and auto-sampler stability are
confirmed during validation.

The conditions for platform analytical procedures are
established by leveraging prior learnings and knowledge from
previous product-specificand platform-validation studies. During

3 PHARMACEUTICAL ENGINEERING

the utilization phase, the feasibility of the platform analytical
procedure for new mAbsisevaluated throughlimited assessment
studies, such as precision, specificity, stability indication, and
comparison of UV and fluorescence electropherograms to ensure
proper dye labeling.

Inclusion of a preestablished platformassay control during the
assessment studies ensures proper performance of the analytical
procedure. This approach creates a rigorous process to ensure
that new molecules that meet the predefined criterion during the
utilization phase canbe tested by the platform CE-SDS method.

ELI LILLY AND COMPANY: GAPILLARY ELECTROPHORESIS
T0 INVESTIGATE FRAGMENTATION OF MABS

As previously mentioned, reduced and non-reduced CE-SDS are
standard techniques employed in the purity assessment forlarge
molecules. The following example offers another approach to
establish a platform analytical procedure for CE-SDS analysis
of size variants. The principle of the CE-SDS separation for both
conditions—reducing (the addition of 2-mercaptoethanol [BME]
to break disulfide linkages) and non-reducing—is based on the
use of an electric field to separate proteins through a polymeric
gel matrix based on their hydrodynamic radius.

SDS is a negatively charged ionic detergent used in sample
preparation to promote denaturationand achieve uniform protein
coating. Thisistoobtainauniformmass-to-chargeratio. Undersuch
conditions, molecular hydrodynamic volume is the determining
factor, resultinginasize-based separation. “Ignoring” the diversity
in the complementarity-determining regions that make mAbs
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The objective of this article

is to describe how the
implementation of platform
analytical procedures benefits
industry and regulators alike.

unique allows for common method conditions to be applied to
mAbs of similar size and structure.

US Pharmacopoeia (USP) <1053> provides guidance and proce-
duresused for characterization of biotechnology-derived articles
by capillary electrophoresis [11]. That chapterisharmonized with
the corresponding chaptersinJapanese Pharmacopoeia (General
Information 4) and European Pharmacopoeia <2.2.47> [12,13].

Process

Four platformanalytical proceduresare established (reducingand
non-reducing conditions with pressure or electrokineticinjection)
based on prior knowledge and experience with allowable ranges
around the main parameters. When a new molecule enters the
portfolio, experiments (e.g., exploratory DOEs) are conducted.
Thisisto confirm that the two main factors found to be molecule-
dependent—heating time and temperature—fall within the
established allowableranges for the platformanalytical procedures.
The same s true for slight alterations of other method conditions
that are covered by the underlying dataset used, e.g., minor
adjustments in BME concentration.

Molecule-specificinstructionsfor sample preparation that differ
fromthe platformanalytical procedurestextare documented. The
analysts are pointed to this documentation when executing the
platform analytical procedure. If more significant modifications
were needed to achieve the intended separation (e.g., changes to
gel buffer detergent, reductant, wavelength, polarity, separation
voltage, or instrument model), non-platform method conditions
would have to be developed. These changes would resultin a
molecule-specific procedure.

Based onscientificevaluation (e.g., matrix components, analyte
concentration, and selectivity need),a decisionis made touse the
pressureor electrokineticinjection platformanalytical procedures.
They are used throughout development for final drug substance/
drug product, as well as in-process and characterization testing.
The procedures are stability indicating, consistent with global
regulatory guidance and industry expectations for mAbs.

Duringtheclinical stages of development, method qualification
for the platform analytical procedure is abbreviated. Linearity
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acrossthepurityrange, extrapolatedlinearity,accuracy,and matrix
specificity are notexecuted. The only experiments performedare
those to determine precision/intermediate precision, prepared
sample stability,and stability indication using a stressed sample.

Molecule-specific procedure codesare then introduced at the
time of marketingauthorization. The validation exerciseemploysa
mixed model of usinghistorical data, generated across the platform,
in addition to molecule-specific data. Robustness parameters
are determined based on platform knowledge: the experiments
conducted for each molecule.

AMGEN: LEVERAGING A PLATFORM-SIZE EXCLUSION
CHROMATOGRAPHY (SEC] ANALYTICAL PROCEDURE FOR
MAB ANALYSIS

Purity methods, such as SEC, are ideal candidates for platform
execution. SEC canbe consistently applied across different mAbs
duetoitsversatility and ability tohandle diverse protein samples.
SECmethods developed for one mAb can oftenbe transferred and
applied to others without any changes to the method.

Thismakes SECaconvenientand time-saving approachwhen
analyzing different mAbs within a project or across multiple
projects. SEC is compatible with a wide range of sample matrices,
including different formulations, buffers, and excipients. It can
handle mAbs derived from various sources (e.g., mammalian and
microbial) or subclasses (immunoglobulin G (IgG)1 and IgG2).
This versatility allows for the use of SEC as a consistent platform
method across a mAb portfolio.

By selecting an appropriate column, laboratories can achieve
optimal resolution and separation for different mAbs to generate
a platform procedure, ensuring accurate and reliable analysis.
SEC is extensively used in quality control laboratories for mAb
analysis. Its ability to provide quantitative information about
mAb size distribution, aggregate content, and purity makesita
reliable method for routine analysis of different mAb samples for
both release and stability purposes. By using SEC as a platform
method, laboratories can streamline their analytical processes
and maintain consistent performance.

Method Development

Typically, the development of analytical procedure commences
after preclinical development for new active substances. Method
development should align with the expectations of an analytical
platform, which encompasses the ability to monitor relevant
quality attributes, attribute sensitivity, and reporting intervals.
Theinitiation of qualification and robustness experiments should
occurafterfinalized method conditionsand initial system suitability
criteria are established.

The completion of initial robustness is a prerequisite before
themethod canbe used for release and stability testing of clinical
materials. As illustrated in Figure 3, if the method is applicable
for platform use, the initial qualification and robustness lay the
foundation for implementation. After the platform method is
adopted in the laboratory, the method can be applied to a new



Figure 3: Platform procedure development and implementation workflow.
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molecule with minimal method qualification and robustness to
demonstrate that the method is fit for purpose.

Havingasubset of method qualification parameters tested prior
tonew productintroductionis generally adequate in development.
If product-specificinformation, such as example chromatograms
and integration events, is needed to facilitate attribute testing
of the new molecule, it can be achieved by maintaining specific
supplemental documents. For regulatory submissions, platform
and any product-specific qualification data can be provided to
justify use of the platform procedure.

Insummary, SEC’s compatibility, transferability, and suitability
fordiversemAbsamples makeitanexcellentcandidateasaplatform

methodology.Its consistency and reliability contribute to efficient
androbustanalysisacrossdifferent projects,as showninFigure 4.
Itfacilitates comparability studiesand quality controland ensures
the product quality of mAb-based therapies.

SANOFI: PEPTIDE MAPPING AS A GLOBAL PLATFORM
ANALYTICAL PROCEDURE

Peptide mappinghasbeen developed and implemented asaplatform
procedure for identity testing of mAb and mAb-like molecules
to support lot release at Sanofi. Despite being a comparative and
platform procedure, peptide mapping is not a “generic” method.
A specific map, or a fingerprint, needs to be developed for each
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protein under the same/similar operational conditions, system
suitability, and reporting requirements. General guidance and
procedures for this method are provided in USP <1055>: Peptide
Mapping[14] and harmonized with corresponding chaptersinthe
Japanese Pharmacopoeia <G3-3-142>and European Pharmacopoeia
<2.2.55>[12,13].

Platform Procedure

The platform procedure consists of disulfide reduction under
denaturing conditions, cysteine alkylation, buffer exchange,
enzymatic digestion, chromatographic separation of peptide
fragments with UV detection, and data analysis. Identity is
confirmed based ona comparison of the chromatographic profile
and the relative peak area ratios of selected marker peptides of a
test sample against a reference standard.

To ensure the platform procedure is robust and fit for its
intended purpose, an enhanced approach—as delineated in ICH
Qi14—was used during development. Sample preparation (from
reduction to digestion), separation and detection of peptide
fragments,and dataanalysisare three major parts of the procedure.
The potential variations that may occur in the first two parts are
known to introduce artifacts or impact the method performance
(e.g.,chemical modifications, miscleavage,and poor resolution of
peptides), and thus may lead to invalid results.

The risks associated with performance were assessed based
on prior knowledge using a systematic approach (e.g., failure
mode and effects analysis [FMEA] or Ishikawa diagram), and
risk probability numbers were generated for the various method
parameters. The method operable design region (MODR)was then
definedbased ontheresults from threerepresentative mAbs (two
IgG subtypes) using DOE and one-factor-at-a-time experiments.
These MODRs are expected tobe applicable to many other mAbs.
Thus, the platform approach affords reduced method development
fornewmAbs. For molecules thatbehave differently and donot fit
the platform, a product-specific method will be developed.

Specificity, as a key requirement for identity, was assessed
based on the overall chromatographic profile and through a set of
purposely selected marker peptides. The finalization of marker
peptides was based on ultra performanceliquid chromatography
withultraviolet detection and mass spectrometry (UPLC-UV-MS),
e.g., quadrupole time-of-flight MS detector, data from the target
molecule, and their chromatographicbehaviors. The development
of the peptide map generally requires theidentification of most, if
notall, peptide fragments by MS.

To prepare the platform procedure for release testing of new
mAbs, an abbreviated qualification (e.g., only the specificity
performance characteristic with a limited number of samples) is
performed for early-stage programs. A validationis completed with
additional parameters considered (e.g., intermediate precision,
column lot-to-lot variations) to support late-stage programs.
The robustness data from development may be included into the
validation report as ICH Q14 states. The platform procedure has
been implemented for multiple mAbs and mAb-like molecules
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across different UPLC instrument platforms and data analyses
applications.

MERCK & CO: PLATFORM GAS GHROMATOGRAPHY PROGEDURE
FOR RESIDUAL SOLVENT QUANTIFICATION IN SMALL-MOLECULE
PHARMAGEUTICALS

Organic solvents are commonly used in the production of
small-molecule pharmaceuticals, primarily for drug substance
and occasionally for formulated drug product. Ensuring that the
levels of residual solventsare withinacceptablelimits,as defined
by ICH Q3C (R8) [15], is crucial for both clinical and commercial
release. Therefore, itis essential toanalyze and control the organic
solvents used in the manufacturing process.

Gaschromatography withflameionization detection (GC-FID)
isthe preferred technique for quantifying residual solventlevels.
Thisis duetoits compatibility with solvents of different boiling
points, availability of various stationary phases for different
selectivity, separation capability of capillary columns, and the
universality and sensitivity of FID.

Analyzing Residual Solvents

Whenanalyzingresidual solvents with GC-FID, two main factors to
considerare sample preparation/introduction (directinjection or
staticheadspace sampling) and chromatographic procedure. The
chromatographic procedure typically employs single capillary
columnsand an oven temperature program for baseline resolution
of the analytes.

USP <467>: Residual Solvents [16], which is harmonized with
European Pharmacopoeia Chapter 2.4.24, Identification and
Control of Residual Solvents [13], describes three headspace GC-FID
procedures that employ capillary columns and static headspace
injection. These procedures use hydrogen, nitrogen, or helium
as the carrier gas for the determination of solvents. They have a
chromatographic runtime of approximately 60 minutes and use
capillary columns with different phasesand coating thicknessas
well as temperature programs.

During development, the drug substance process undergoes
frequent changes and optimization to enhance cost, yield, and
processrobustness. This necessitates the rapid analysis of samples
produced under diverse conditions. Itinvolves conducting solvent
testsforisolated intermediatesat different stages of synthesisand
forthe finaldrug substance. Having a platform GC-FID procedure
simplifies analysis for residual solvents under these varying
conditions, minimizing method development, accelerating key
results, and reducing validation activities.

Developing a Platform GC-FID Procedure

A platform GC-FID procedure based on direct injection has been
developed and validated using five different diluents to achieve
this goal [7]. The procedure uses hydrogen as the carrier gas and
canresolve over 30 commonly used solvents withinashortruntime
(eight minutes), which also makesitamenable to high-throughput
analysis.



Figure 5: A representative chromatogram for the analysis of residual solvents.
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The procedure was established by conducting extensive
developmentand validated using standards for sample independent
attributes, such as linearity, sensitivity (limit of detection/limit
of quantitation [LOD/LOQ)]),and precision. Various clinical-stage
compounds, approved drug substances, and commercially avail-
able materials were used as model compounds to assess matrix
effects, and the method’s accuracy was demonstrated through
spike and recovery experiments for solvents likely to be present
in the respective compound (see Figure 5 for a representative
chromatogram and Table 1 for procedure details).

The platform GC-FID procedure is commonly used during
development of small-molecule programs at Merck & Co. When
considering a new program in early clinical development, the
suitability of the platform procedure is evaluated based on its
ability to separate the desired solvent(s) from process impurities
and sample matrix interferences (specificity). Additionally, the
stability of the sample solutionisassessed to ensureanappropriate
analysiswindowafterpreparation.If the peakresolutionand solution
stability results are acceptable, the method can be implemented
without the need for further validation.

For commercial programs, supplemental validation of the
platform procedure has been performed for application to drug
substance. This includes accuracy assessment through spike/
recovery, intermediate precision, and robustness evaluation
using specific solvents of interest. Additional program-specific
requirementsare determined througha case-by-caseassessment,
and prior knowledge of the platform procedure is leveraged to
support validation studies as needed.
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Table 1: Platform GC-FID procedure details.

Methanol
2 Ethanol 12
3 Diethyl Ether 13
4 Acetone 14
5 i-Propanol 15
6 Acetonitrile 16
1 Dichloromethane 7
8 t-Butanol 18
9 Methyl tertiary-butyl ether 19
(MTBE)
10 n-Hexane 20

With accelerating clinical
development, streamlining
analytical activities without
negatively impacting the
assessment of product quality
becomes essential.

In many cases, no further validation may be needed to apply
this method to regulatory starting materials, intermediates, and
in-processtesting. Usinga platform procedure for residual solvents
has significantly accelerated process development and reduced
validation requirements for introducing new small-molecule
compounds to clinic as well as for commercialization.

DISCUSSION AND EXAMPLE COMPARISON

Six companies shared examples that highlight how platform
procedures are developed, applied to products across modalities
in development, and assessed for extent of validation needed to
demonstrate fitness. The two CE-SDS examples illustrate that
multiple approaches are suitable to establish platform analytical
procedures for the assessment of the same quality attributes.
Although one example wasapplied to commercial registration
of mRNAanalytical procedures, the remaining examples describe
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n-Propanol 1,4-Dioxane
Ethyl Acetate 22 Toluene
Tetrahydrofuran (THF) 23 i-Butyl Acetate
Cyclohexane 24 n-Butyl Acetate
i-Butanol 25 Dimethylformamide
Isopropyl acetate (IPAc) 26 Ethyl Benzene
2-Methyltetraydrofuran 21,28 p-Xylene/m-Xylene
n-Heptane 29 o-Xylene
n-Butanol 30 Dimethyl sulfoxide
Methylcyclohexane 31 Dimethylacetamide

use of platform procedures for the clinical development of mAbs
and small molecules. However, consistent with ICH Q2(R2),
the principles described in these examples can be applied to
commercial productsbeyond the modalities discussed previously.

Eachexampleleveragedascience-andrisk-basedapproachand
followed similarapproaches to those outlined in the presented flow
charts. Extensive prior knowledgeis employedin the development
of the platform analytical procedure. This consists of knowledge
of the modality as well as requirements of the measurement,
analytical technique, and procedure parameters. Measurement
requirementsforthe quality attribute(s) canbe describedinan ATP,
which guides technology selection. Anevaluation canbe performed
if the platform analytical procedure meets the performance
requirements of the ATP.

ICH Q14 states, “prior product knowledge plays an important
roleinidentifyingtheappropriateanalytical technique. Knowledge
of best practicesand current state-of-the-art technologies as well
ascurrentregulatory expectations contributes to the selection of
the mostsuitable technology foragiven purpose. Existing platform
analytical procedures (e.g., protein content determination by UV
spectroscopy for a protein drug) can be leveraged to evaluate the
attributes of a specific product without conducting additional
proceduredevelopment” [2]. Ariskanalysisis completed to evaluate
if the platform can be applied to a product with or without any
modifications, then the extent of validation experimentsrequired
canbe determined.

Benefits of Platform Analytical Procedures

There are many benefits to the application of platform analytical
procedures, particularly in the commercial environment. With
accelerating clinical development, streamlining analytical
activities without negatively impacting the assessment of product



qualitybecomesessential. Platformanalytical procedurescanenable
rapid support of new products during developmentand subsequent
commercialization. Thisalsoleadstoanincreased probability for
enhanced robustness. They offer operational, compliance, and
training advantages for analysts that do not need to learn unique
procedure parameters for every test of every product.

Beyond areductioninvalidationactivities, transferactivities
may be streamlined where testing is consolidated in the same
commercial testing laboratory. Additionally, platform analytical
procedures provide opportunities for automation that canincrease
throughput. These advantages may lead to greater reliability of
the supply chain, providing value to companies, regulators, and
patients. Using the same procedure parameters and validation
resultsadditionallyleads to more rapid completion of registration
documentsand inspectionreadiness. Thisincreasesefficiency for
healthauthoritiesduringreviewandinspection wherethe procedure
has previously beenregistered and implemented.

Once the product and procedure are registered, there are
additional benefits throughout the productlife cycle. Continuous
monitoring of analytical proceduresin the commercial environ-
mentisaresource-intensive, yet necessary, activity. Continually
monitoring a platformacross multiple productsis more efficient
and increases detectability of performance issues requiring

mitigation. Management of this knowledge is critical due to the
larger amount of data for one procedure and should lead to rapid
and effective troubleshooting with any issues that may arise
during routine use.

Although there are many benefits to the use of platform
analytical procedures, there are challenges moving forward with
this approach in commercial registrations. ICH Q2(R2) allows
for validation testing to be abbreviated if scientifically justified.
However, the extent of studiesrequired tosatisfy health authorities
from non-ICH members may delay global acceptance of platform
procedures and realization of their benefits. Applicants would
also need to address documentation concerns, as the validation
results would be provided in the dossier of another product. How
thatinformationislinked or copied for anew product would be of
concern to the applicant.

The analytical procedure control strategy for the platform,
including system suitability,and specific controland/or reference
materials used to ensure acceptable performance should be
considered. Also, the risk analysis for why a platform analytical
procedure was applied to the new product and the extent of
validation required would need to be communicated. Perhaps
the most challenging aspect would be addressing the change
management strategy.
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Theneed tochange parametersina platform procedure for one
product would require assessment for all other products that use
the platform. These concerns may be reason for some applicants
toreconsider or delay registering platform procedures. However,
the sixexamples provide an excellent overview of the science-and
risk-based approach that the authorsbelieve are representative of
the principles described in ICH Q2(R2) and Q14.

CONCLUSION

Therecentadoption of ICHQ2(R2)and ICH Q14 supportsthe potential
for registering platform analytical procedures. This publication
describessix examplesthatoutline varying yetscientifically sound
approaches for developing, applying, and implementing platform
procedures. Primarily, these examples have been successfully
usedin clinical development, but the principles can be applied to
commercial registration.

Applying platform analytical procedures from one product
toanother has many benefits that facilitate efficient pathways
toregistration. Beyond registration, amore streamlined path for
postapproval changesisimportant for thelife cycle management
of the product. Withincreasing pressures of cost, speed to market,
and product quality, the use of analytical procedure platforms
is one aspect of a science- and risk-based strategy for product
commercialization that will ultimately benefit patients today. &
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Global Drug Shortage Prevention
Convergence Opportunities

By Jessica Hale, PharmD

The regulatory landscape related to drug
shortage prevention has changed in recent
years due to large-scale, highly visible events
(e.g., COVID-19 pandemic, geopolitical issues,
hurricanes).

This has created rapidly evolving drug shortage requirements,
generatingnuanced differencesindefinitions, approaches, reporting
expectations,and risk management planningacross multiple mar-
kets. Asaresult, ISPE formed a Global Convergence Opportunities
team within its Drug Shortages Initiative. This team conducted
a study to assess trends in drug shortage-related requirements
andidentify opportunities to harmonize definitions and proactive
approaches for drug shortage prevention across markets.

STUDY FINDINGS

A preliminary readout of the study findings was presented at the
2024 ISPE Europe Annual Conference, and the final readout
willbe presented at the 2024 ISPE Annual Meeting & Expo. Please
see the online article at ispe.org/pharmaceutical-engineering/
section/online-exclusives foradetailed discussion of the findings
and correlated recommendations in the interest of bolstering
supply chain resiliency. Proposals presented in the article are
intended to serve as a starting point for further discussion on
drug shortage prevention regulatory requirements that could be
optimally harmonized, as well as approaches to provide a holistic
framework worldwide, for industry and regulators.

GLOBAL CONVERGENGE

Giventheimportance of ensuring continuous supply of biopharma-
ceutical products for patients, the increasing pressures on global
supply chains, and the rapidly evolving regulatory drug shortage
landscape, weanticipatediversityinhealth authority expectations
intended to ensure or bolster product availability could continue
to grow. We believe considering convergence proposals specific
to drug shortage prevention activities are important, as global
convergence can allow faster reactions to disruptive events and
correspondingly increase patients’ accessibility to medicines.
Anyefforttoeffectivelyaddressthe complexand multifaceted

Read the complete Global
Convergence Opportunities
Report at ispe.org/
pharmaceutical-engineering/
section/online-exclusives

issues contributing to drug shortages requires close technical
collaboration and clear communication between the pharma-
ceutical industry and global health authorities. ISPE has had a
long-standing commitment to facilitating communication and
progress between the different sectors of the pharmaceutical
industryand globalhealthauthorities related todrug shortages[1].
ISPE and its Drug Shortages Initiative Team of industry experts
continue to be prepared to provide platforms for discussion with
appropriate government or regulatory agenciesin support of global
harmonization activities [2]. &
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2024 ISPE Aseptic Regulatory Panel Q&A

By Jorg Zimmermann

On 13 March 2024, ISPE concluded the 2024
Aseptic Conference with a regulatory panel
question and answer session. Attendees were
invited to submit questions to representatives
from the Austrian Agency for Health and Food
Safety (AGES), US Food and Drug Administration
(FDA), Regierungspraesidium Tubingen (RP
Tubingen), World Health Organization (WHO),
Therapeutic Goods Administration (TGA),

and Swissmedic.

he panelists provided valuable insights and perspectives from
-|- their areas of work. Please note that views expressed by the
panelists are not necessarily representative of the position of
the AGES, FDA, RP Tiibingen, WHO, TGA, or Swissmedic,and that
questions and responses are lightly edited for clarity.
The panelists included:
= Christina Meissner, GMP Inspector, AGES
= Daniel Miiller, GMP Inspector, RP Tiibingen
= RickFriedman, Deputy Director, Office of Manufacturing Quality,
FDA/CDER (virtual)
= Vimal Sachdeva, GMP Inspector, WHO (virtual)
= Matt Davis, Senior GMP Inspector, Inspections Team Leader,
TGA (virtual)
= Christian Scharer, PhD, Head Inspectorate, Division of Inspec-
torate and Licenses, Swissmedic (virtual)

Thisarticle offershighlights from the discussion. For the complete
report, visit ispe.org/pharmaceutical-engineering/section/
online-exclusives

Annex 1 has been in effect since August 2023 and
section 8.123 will come into effect in August 2024.
What are the high-level learnings from inspections
using the current Annex 1 version?

Christian Schérer

Although Swissmedic had been part of the drafting group, Annex 1
is a big document and we had to go through the document and
evaluate the differences to the previous version of Annex 1and
identify the impact on our inspections. This was also the trigger
which led us to drafting the Swissmedic Q&A document.
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Industry was proactively asking questions on what theimpact
onourinspectionswould beand what the impact would be on their
facilities. Companies started very early to make gap assessments
to the new Annex 1. We saw companies going into projects where
they wanted to modify their own zoning concepts, for example.
Everybody knew the document very well, so there were no big
surprises in the content. Industry had enough time to prepare
themselves. Inourexperience, theindustryreally took the changes
in Annex 1seriously.

Rick Friedman

The evolution to new technologies always has challenges as they
might have different failure modes and we learn new things. The
greatthingabout Annexlisthatitissolidifyingwhere European,
US, and Pharmaceutical Inspection Co-operation Scheme (PIC/S)
authorities have been going for a long time. In the year 2024,
there should be extensive barrier systems like restricted-access
barrier systems (RABSs) and isolators used as the baseline in any
facility—unlessthere’san extremely strong rationale [to grantan
exception for a conventional type of cleanroom].

With that comes questions like, how often do you sterilize
the RABS gloves and do integrity testing on them? The same of
course also applies to the integrity testing of isolator gloves, but
that seems to be a little better understood. What do you do if you
have aleaking isolator glove? Do you need to replace them more
frequently? Doyouhave theright thickness of those gloves, or the
right material, and still have dexterity for the operators? Are you
making the right choices in terms of your vendor?

Another thing in legacy facilities is insufficient space for
operators to perform work and poorly designed human-machine
interaction.

Vimal Sachdeva

Thishasbeenaverysimilar case for WHO. We have been doing
alot of inspections, mainly in the low- and middle-income
countries, and we are seeing some deficiencies. The com-
panies have not used the time when Annex 1 (WHO TRS 1044,
Annex?2)wasindrafttodo their gap assessments. If they had,
they would be much more ready by now. During the inspections,
we have seen companies that are still struggling. One of the
examples is a manufacturer that has difficulties because of
the limited space in the production area. They would have to
doalot of work to comply with the current Annex1(WHO TRS
1044, Annex 2).



Matt Davis

Australia is in a unique position, as we haven’t adopted the new
Annex1lunderourlegislation yet. However, Iwant to give you two
examples from our experience so far. The first example would be
very proactive organizations that we’ve inspected domestically
and overseasthatarelookingat supplying to Australia. Some new
facilities have really looked forward to the new annex and have
adopted some amazing new technologies to help them achieve a
good level of compliance but also futureproof them against the
future adoption of Annex 1.

The second example is from an initial inspection of a man-
ufacturer of radiopharmaceutical products. There were several
issues, and it was kind of bittersweet because the issues that we
identified arebetter explained in the new Annex 1; butbecause that
manufacturer waslooking to the previousversion of Annex1, they
missed some of the salient pointsthatareanexistingrequirement
but maybe not spelt out as clearly. I get the feeling that the new
Annex1lisreally goingtofacilitateabetter understanding of what
it takes to make quality sterile medicines.

Christina Meissner

The old version of Annex 1told you what was acceptable. The new
Annex 1 will tell you what the expectation is and how to move
forward.Ithinkthat’sagood vision forindustryand forinnovation.

Where do companies struggle most in the
implementation of Annex 1?

Daniel Miiller

Companies are usually struggling most with all cost-intensive
requirements and time-consuming tasks, like upgrading of
whole lines, introduction of PUPSIT [pre-use, post sterilization
integrity testing of filters] into established equipment by rebuilding
equipment. Even introduction of PUPSIT into a single-use filling
assembly (SUS line) that has been developed over the last five
years (the design was set before the new version of Annex 1), which
now must be upgraded. It requires a complete redesign of the
single-use assembly and a repetition of process validation. Both
are time-consuming and costly.

Joérg Zimmermann

With high investments required, we might see some lines going
out of operation. We might see some products disappearing from
the marketbecause there’snojustification for the upgrades. That’s
always the challenge and the trade-off that could come from new
requirements.

Vimal Sachdeva

The companiesthat WHO isinspectingare in thelow-and middle-
income countries.Inaddition to the costand time, thereisanother
thingthatthey maynothave,andthatistheexpertisetounderstand
and interpret the new Annex 1 (WHO TRS 1044, Annex 2) before
they implement it. There is also a silver lining. While inspecting

some of the sitesinIndonesia, we have seen that the manufacturers
havedecided to goahead with thisrevised guidelineand they have
started abigengineering project to comply, implementing PUPSIT
and the removal of all conventional cleanroom setup, replacing
it with open RABS and barriers. For a lot of companies, it is not
easy because the products have very little profit margin. They are
contemplating whether this investment is viable or not.

Matt Davis

My answer to that questionisbased on discussions withindustry
associations and manufacturers in this space. It’s the change in
mindset where we’re asking manufacturers to really understand
their processes and better define how they’re controlling their
processes. It boils down to interpretation of the requirements in
the sense of we’reasking people to take anotherlook at something
they may have just taken for granted. PUPSIT is a good example:
Previously, people would give us a risk assessment that just said,
“It’s a business risk, we are not doing anything about it.” Now,
Annex1says, “It’snotjustabusinessrisk. Youneed tounderstand
the process.”

PUPSITisadefaultrequirement. Youreally need tounderstand
the nature of your process and the risk to the sterilizing filter to
thenlookat whetherit should be performed ornot. That’sadditional
knowledge around your processesand people need to take a deeper
diveinto that.

Have you seen major engineering projects that
have been started because of Annex 1?

Vimal Sachdeva

We have seen engineering projects that have been initiated by
some of the manufacturers as a consequence of Annex 1 (WHO
TRS1044,Annex2). For example, two sterile product manufacturers
have decided to go ahead and make significant changes to their
vialfillinglines by removingall flexible curtains, replacing them
with barrier systems, and implementing PUPSIT—all based on
their contamination control strategy. Wehavealso seenacompany
thathasdecided toexpand their manufacturingarea,asspacewas
minimal around the filling line.

Christian Schérer

We see companieslookingat the requirement for zoning concepts
ontheairlocksand upgrading some zones. Some companiesare
challenging their facility to understand what the right zone
conceptin their facility is. Based on that, engineering projects
have been initiated, which will take some time to implement.
This includes shutdown of the facility for a certain time. We
understand that those changes cannot be done immediately
and that’s why we also accept alonger implementation period.
Annex1alsobringsin clarification on some terminology: e.g.,
whatisanopenisolator, whatisaclosedisolator,whatisa RABS,
which again can be open or closed. Industry is starting to use
this new terminology now.
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Industry has seen requests for smoke studies on
isolators during setup. Smoke studies with open
doors is something that the industry is really
struggling with.

Rick Friedman
Annex1mandatesthatbothdirectandindirectcontact parts must
besterile. That meansthat thereisinstallation of partsinisolators
thathave gone throughvalidated sterilization cycles. Thisincludes
sterilization of stopper hoppers or rails to convey the stopper or
other equipment that will be installed in the isolator prior to the
decontaminating cycle. That meansthat youdohave touseasepsis
so as not to contaminate the sterilized processing equipment.

I think what’s most important is that personnel who set up
isolators are fully gowned in sterile gowns. They should not be
shedding particles into the isolator. They should handle setup
with careand basically follow the aseptic setup they would useona
conventional processline to prevent introduction of contamination
into the isolator’s surfaces or the presterilized parts of contact
equipment. Maybe my colleagues who perform inspections want
to provide further insight into whether smoke studies are an
expectation.I'mnotsurethatissomething thatalwayswould need
tobe done.Ithink most important is asepsis.

Matt Davis

It all comes back to the function of the isolator and how it’s being
used.In Annex1,section 4.19 is the mostrelevant clause whereby
ifit’san openisolator, you must demonstrate that the critical parts
of the machineryare subject to firstair only and thata directional
airflowiskept.Ifitisaclosedisolator, then there’sdiscretion about
airflow.Itmaynotbe unidirectional, but youstillneed tounderstand
howtheisolator operates,and what the airflow iswithin theisolator.

The people whoareinteracting with these pieces of machinery
when they’re setting them up, if it’s an aseptic setup, need to
understand the airflows and need to understand the function of
the system so that they can use asepsis; they can handle things
and transfer things in an appropriate manner without breaking
first air principles or without operating in a manner that is close
to the bottom of the isolator where you might see bounce-back or
some other kind of contamination of the isolator.

Sohow do you do that? How do you demonstrate the airflows?
You could do it through computational modeling, I'm sure. But
smoke studies would be another way of achieving it. I don’t know
if we would necessarily mandate smoke studies as the only way
of achieving this. ButI think if you’re trying to demonstrate that
a)theisolator functionsinthe wayit’smeanttodoasperthedesign
and b) when you interact in operation, you are maintaining the
cleanliness of the isolator, you are going to have to come up with
some methodology to demonstrate to yourselves primarily, but
alsotoaninspector, thatit’s working correctly.

I would ask: How do you know it functions properly, and
how do you know your in-operation activities don’t affect the
isolator in a negative way? It would be up to the manufacturer to
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demonstratehow you ascertain that and smoke studies may be
avery reasonable way to do that.

Based on lyophilizer loading, section 8.123, will
manual lyophilizer loading be acceptable after
August 2024 and under which circumstances?

Rick Friedman

FDAhasoftencited 483 deviationsrelating toill-advised transfers
into lyophilizers. We have also cited lyophilizer sterilization
frequencies that are insufficient. Generally, the sterilization
frequency should be every cycle. For charging and discharging,
at least the charging of units into the lyophilizer must be done
under unidirectionalair conditions and asepsis mustbe observed
throughoutallloading. Ifit’snot done correctly, there’salot of risk
in manualloading.

Therearealotofaerodynamicissueswiththefulldoor openings
of many of the old open lyophilizers, where air bounces off the
floorand people are standing in front of the big open door. And, as
the engineers in the audience know, that creates a lot of issues of
space and management of air and the ability of air to ingress into
thelyophilizer and contaminate units on shelves.

Pizza oven doors on lyophilizers are common these days, but
alsootherautomated loading approaches are common. You could
do arisk assessment based upon Annex 1 principles, which align
with FDA standards,and perhapsjustifylessfrequent sterilization
frequency for a lyophilizer than each cycle under certain
conditions. Specifically, it would need tobe automated loadingand
better be well-justified, and nonetheless use a cautious approach
so that sterilizations still occur every couple or few cycles.

Daniel Miiller

In my area of Germany, the last manual loading/unloading
was discontinued almost eight years ago. What is the major
contamination source in a cleanroom? It’s ourselves; it’s people.
We need to keep personnel away from the open productif we want
to get better in aseptic processing, for example, by using barrier
systems.Isitforbidden to have manualloadingat this stage?It’s
not clearly forbidden, but the industry needs to move toautomation.

In many isolated and non-isolated aseptic fill
lines, there are several components that break
first air: tubing, needles, stopper mechanisms,
and so on. What is the guidance for what is
allowed to break first?

Matt Davis

Ideally nothing should break first air, but if something does, that
equipment should be sterile. That way you largely mitigate the
risk associated with it, assuming that it doesn’t affect the airflow
downstream of it to a point where it’s going to negatively affect
product. If the item itself that is breaking first air is sterile, then
you're mitigating a lot of the risk. With some of the designs of



new isolators and automated filling machines, the designs are
now moving toward no breakage of firstairat all, which is great.

But there are existing systems, as the question mentioned,
where you do have other components above open product.
Now tubing should have been sterilized with the filling needles
themselves, but there may be other parts of the filling equipment,
like the blocks in which the needle sits. You're going to have to do
some assessment as a manufacturer as to whether these items
need to be sterilized or not and decide as to whether the sterility
of those items that break firstairis directly affecting the sterility
of your product. If the answer is yes, then your risk assessment
should drive you to maybe undertake further sterilization of the
components. Andif you have equipment that you cannot sterilize,
you’re really going to have to look at risk management tools and
improvements to the system to make sure that contamination
controlisachieved.

Rick Friedman
Iwant to note that the first airis defined in Annex 1, so I refer the
audience to the Annex 1definition.

Why is WHO Annex 2 worded differently than
Annex 1, replacing the words “working position”
with “working level” on the airspeed requirements
of 0.45 meters per second?

Vimal Sachdeva

WHO has its own mechanism of writing guidelines and must
consider several factors. We have 194 member states that we
are responsible for. Whenever any of the guidelines are drafted,
finalized, and adopted, we do form a consensus. But that’s the only

thingIcansay here.

Joérg Zimmermann

This gives me the opportunity toremind everybody torefer to the
article “Air Speed Qualification: At Working Position or Working
Level?” in the September/October 2023 issue of Pharmaceutical
Engineering® where we published the data on what the difference
isand what kind of effect it has.

CONCLUSION

Annex1limplementationiswell underway, with some deficiencies
still noted by the regulators during inspections. The answers
provided by the panelists willhelp companies move toward better,
more accurate compliance, resulting in safe processes for sterile
products. &
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Meet the
ISPE STAFF

Wendy McGhee
Hometown:
Fort Worth, 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 Wendy McGhee, Health Authority
Outreach Manager in the Regulatory Operations group.

Tell us about your role at ISPE: What do you do each day?
Overall, my role is heavy in professional writing, project manage-
ment, and relationship building. It requires strong communication,
organizational, and interpersonal skills to convey ideas, manage
tasks, and cultivate productive relationships. | manage various
ISPE initiatives, including ISPE’s regulatory commenting, which
is a member benefit.

The Publications team and | work closely together to ensure
draft ISPE guides are reviewed for regulatory compliance. |
collaborate with the Training team to develop training for regulatory
agencies. Finally, | am responsible for coordinating requests for
regulatory speakers to speak at ISPE conferences and events held
by Chapters, Affiliates, webinars, and Communities of Practice.

What do you love about your job?
What | love the most is my job working at conferences. | love
the energy, the teamwork, wearing many hats, the members,
the regulators—everything about it.

I thrive on the challenges that come with my job. | enjoy the
opportunity to collaborate with my colleagues and contribute to
our collective goals. | am a lifelong learner, and | am grateful for
the opportunity to continually develop my skills and knowledge.

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

My goal is to read as much as possible on weeknights to stay
current with quality and regulatory activities. In addition, it is
helpful to me when | am engaging with members and regulators.
Itis not uncommon for me to be on the go every weekend with
friends or family members. | enjoy attending local events in
the Dallas-Fort Worth area, such as festivals and shows, and
my husband and | also have a camper so we can take our dogs
on excursions. Additionally, | am active in my local community.
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REGULATORY STEERING COMMITTEE CHAIR

SARAH POPE MIKSINSKI, PHD

After completing
her doctoral degree
at Oklahoma State
University, Sarah Pope Miksinski received a
fellowship at the National Institutes of Health.
While working there, she realized that research
was not the best career path for her.

& | t was kind of an identity crisis because I had gone to school
forall these years for a PhD, which by definitionis a research
degree and then to realize I didn’t really like research and

could not work by myself in a lab all day. I decided I needed to

think in terms of a career where I would be talking to people and
challenging myself.”

“Isentoutmore than 80 resumesand one of my interviews was
withthe FDA. During theinterview, Iasked them whatkind of work
Iwould be doing. Iwas told it would be alot of writing and analysis
and that sounded like something I would be more interested in,
andIwas hired to work there asa primary reviewer.”

“Now, whenImentor someone, I tell them, ‘If you want to know
whatajobislike, find someone who hasitand talk to them.’ There
are lots of options out there for scientists and engineers, but as
an undergraduate and graduate student you don’t always know
what theyare.”

Afterworkingatthe FDAasaprimary,secondary,and tertiary
reviewer, Sarah was promoted to head of two offices in the FDA’s
Office of Pharmaceutical Quality—serving as the Director of the
Office of New Drug Products and the interim director of the Office
of Surveillance. “There’snotas much difference between the FDA
andindustry as people might think. Bothare trying to ensure the
supply of medication to patients.”

Now at Gilead, Sarah is the Executive Director/Head of
Chemistry, Manufacturing and Controls (CMC) Policy, Advisory,
and Intelligence, and the interim Head of Synthetic Molecules,
CMC Regulatory Affairs. “I work with people from all across the
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industry, regulators, nonprofit organizations, lobbying firms,
international companies. I've always liked working with people
and solving challenging problems. The pharmaceuticalindustryis
complicated, and regulatory and pharmaceutical manufacturing
arenotstraightforward fields.Ilike being able to use my technical
and personalskillstosolve some of the very complicated challenges
inthe field.”

Even outside of work, Sarah uses her knowledge to help
solve issues in the pharmaceutical industry. In 2021, she was
appointed as the PhRMA Topic Lead for International Council for
Harmonisation (ICH) M4Q(R2)and also serves as the Rapporteur
of the ICH Quality Discussion Group (QDG).

“It’s an international effort with a great group of people
discussing a really difficult topic. It has been more than 20 years
since the guideline was updated and a lot has changed in that
time. The update requires a lot of international collaboration,
creativity, commitment, and understanding. You have to take
into consideration all the different viewpoints from industry and
regulators and negotiate to discover and create common ground.”

Additionally, Sarah is very active with ISPE. She serves as
Chair of the Regulatory Steering Committee and is a Director
on the ISPE International Board of Directors. “I am incredibly
grateful for the opportunity ISPE has given me to work with other
leaders across industry. I come away from every ISPE project
I work on thinking that it is such a privilege to work with the
other volunteers, to have these opportunities to lead and gain
experience,and to use my own experience tohelpa collaborative
organization thatis very directly connected to patients.”

— Marcy Sanford, ISPE Publications Coordinator
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ANIL MATHA

Anil Mathai first
heard about
ISPE 30 years
ago. “| attended Drexel University, where you
are required to complete three cooperative
education jobs. One of mine was for Rhéne-
Poulenc Rorer, Inc. in Collegeville, Pennsylvania.
While | was there, | learned about validation and
decided that | wanted to be in pharmaceuticals
as a chemical engineer.”

g6 | fterIgraduatedand gotmy firstjob, someone suggestedIjoin
ISPE tostay up to date onthelatestindustry standardsandI
havebeenamembersincethen.ISPEandallthe Communities
of Practice (CoPs) have been helpful to me throughout my career.
If youhave a question, thereisa CoP with experts who are willing
to help you.”

Anil recently became Chair of the new Pharmaceutical
Compounding CoP. “We want to bring issues of concern to the
community and start providing consistent guidance. Every state
has its own variance and regulations combined with the FDA’s.
We want people to join us for discussions on the current state of
the industry. Even if you’re not in pharmaceutical compounding
but are in pharmaceuticals or you have some kind of related
experience, we’d like you to join the group, as it will help us have
robust discussions.”

Anil has more than 27 years of experience in the field and
has worked with KMI/Parexel, Centocor (a subsidiary of Johnson
& Johnson), Schering-Plough, and Merck. He has validation
experience with medical devices and pharmaceuticals in the
US and Europe, as well as other countries. As Vice President of
Quality & Regulatory Compliance at STAQ Pharma, he specializes
indeveloping quality systems, adhering toregulatory expectations
and ensuring safe, timely product delivery.

An FDA-registered 503B Outsourcing Facility, STAQ Pharma
provides cGMP prepared and ready-to-administer medications
to healthcare providers and patients across the US. STAQ has a
particular focus on addressing drug shortages and providing
critical medications that are short and in need.

At STAQ Pharma, Anil oversees quality assurance and regu-
latory affairs at the company’s Denver, Colorado, and Columbus,
Ohio, sites. “Every day we send out syringes, pumps,and IV bags of
ready-to-administer medicationsacross the country to hospitals.
Wefocuson ‘right first time’to make sure thatweareable to get the
productthrough our processesand to providersand their patients.
Atour Columbus facility, we're planning to take on more contract
manufacturing opportunities as they present themselves.”

“We would like to help clinical trials, small start-up
companies, researchefforts,and othersthatneed clinical trial help
inmakingtheirmedicationsunder cGMP. Wewant toprovidesupport
in that area so that if their information, product, and design are
correct,it’llgive themleverage tomove forward toward larger-scale
manufacturing and producing medicines to help patients.”

Anil says one of the most interesting aspects of his current
positionis predicting what the company willlooklike in the future
and developing strategies to get it there, including leading the
company and his team through process improvements.

“We're trying to move away from more and more paper, because
as we grow, the paper process for batch records becomes more of
aspeed bump. We’veinstalled an electronic quality management
system that will help us move away from paper and allow us to
close out issues quicker. We are always looking at our processes
and asking ourselves, ‘What does it look like today and where do
wewanttogo?’ Ourteamisalwaystryingtogetahead of anyissues
and resolve them before they become a problem. That’s one of the
ways that we add value to our customers.”

— Marcy Sanford, ISPE Publications Coordinator
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ISPE Global Pharmaceutical Innovation
Survey Findings: A Review
By Christopher Potter, PhD

In 2023, ISPE launched an expansive

and significant initiative, Enabling Global
Pharmaceutical Innovation: Delivering for
Patients, to address the barriers to technological
innovation in the pharmaceutical industry. The
first activity of the initiative was to conduct

a three-part survey of ISPE members to
understand the circumstances and confirm the
sources that create barriers to innovation.

herationale for this initiativeis given in aniSpeak blog, “ISPE
Launches Enabling Global Pharma Innovation: Delivering for
Patients” [1], which was published as part of the initiative’s
launch. In late 2022, ISPE assembled a team of industry leaders
with expertise in advancing innovative technology and products
and with experience in addressing regulatory divergence.
ThisISPE team developed a comprehensive survey to under-
stand the specific origins, extent, and magnitude of challenges
and barriers that limit and reduce both the development and
implementation of innovative technologies. A full report of the
survey was published in April 2024 on the ISPE website [2].

BACKGROUND

Regulatory authorities globally have embraced technological
innovation toimprove productquality assurance,accelerate product
development, reinforce supply chainreliability,and increase patient
accesstomedicines. Several regulatory authorities—including the
USFoodand Drug Administration (FDA), the European Medicines
Agency(EMA),and the United Kingdom’s Medicinesand Healthcare
Products Regulatory Agency (MHRA)—haveactively promoted the
adoption of innovative and advanced pharmaceutical manufac-
turing technology. They have done thisby introducing regulatory
options that enable industry to develop and implement advanced
manufacturing technologies.

Although it is incumbent upon industry to modernize
manufacturing processestoimprove productivity and increase
confidence in product quality assurance by introducing novel
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technology and modalities, economic and regulatory barriers
discourage the development and implementation of new,
innovative technology globally. Perhaps most significantly, the
conspicuous lack of global regulatory harmonization reduces
incentives forindustry toinvestininnovations, whichindirectly
limits access to safe, effective, and quality drug products to
patients globally.

THE INITIATIVE

Thisinitiativeis consistent with ISPE’s mission and vision [3]and
isaligned with the advancement of ISPE’s Pharma 4.0™ program
[4]. Itaimsto catalyze consistent, harmonized interpretation and
implementation of the International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use
(ICH) guidelines to improve global patient access to innovative
medicines and technology [5].
The phrase “enabling pharmaceutical innovation” encom-
passes technical innovations in pharmaceutical manufacturing
and analytical technology, the introduction of new medical
modalities, modes of delivery and administration of medicines,
and digital transformation (Pharma4.0™). The phrase “delivering
for patients” addresses improved assurance of product quality,
supply consistency and reliability,improved product convenience
and use, expedited patientaccess globally,and, where applicable,
improved productivity and reduced manufacturing costs.
Seven pivotal objectives describe the scope of the initiative:

1. Contemporize manufacturing technologies, i.e., advanced
modeling and simulation, digitalized technologies

2. Reinforce globally harmonized interpretation and imple-
mentation of ICH guidelines necessary to advance innovative
technology and industry approaches such as Pharma 4.0™,
establishing criteriaforagloballyaccepted drug product control
strategy

3. Identify sources of regulatory challenges that are barriers or
create limitations in applicability across multiple therapeutic
modalities

4. Increase the level of clarity and consistency in harmonized
approachesandidentify and promote incentives for implemen-
tation of innovative technology



Figure 1: ISPE pharmaceutical innovation survey demographic.
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5. Leverage relevant regulatory harmonization initiatives and
convergent regulatory approaches that are in progress
regionally, and accelerate the adoption and implementation
of ICH guidelines and other harmonization proposals, i.e.,
mutual reliance/recognition as promoted by the International
Coalition of Medicines Regulatory Authorities ICMRA), World
Health Organization (WHO), and Pharmaceutical Inspection
Co-operation Scheme (PIC/S)

6. Identify incentives for regulatory authorities to collaborate

7. Assess learnings from the COVID-19 pandemic, where global
regulatory and supply distribution experience can serve asa
roadmap, i.e,, mutual reliance, parallel development, regulator
engagement

SURVEY DESIGN

The survey consisted of three parts, with the option to respond
to all or any of the parts. Part 1 was a list of questions requiring
simple multiple-choice answers focused on demographics and
summary-level innovation experience. Part 2 requested brief but
specific examples of innovation development experience. Part 3
requested more detailed informationand, where appropriate,anec-
dotalexamplesand case studiesdescribing innovation challenges.
Thesurveylaunchedin April2023 and closed on12 December 2023.

SUMMARY OF SURVEY FINDINGS

Responsestothe survey wererelatively high (391respondents)and
reflected a representative sector of the pharmaceutical industry.
This included a diverse mix of large to small pharmaceutical

manufacturers, contract manufacturingand development organ-
izations, component and equipment suppliers, and facilities and
software service providers located in multiple countries and
reflecting multiple product modalities (see Figure 1).

Although the majority of responses came from innovator (brand
name)companies (23%),asmall proportion of responses came from
companiesresponsible for manufacturing generic products (6.1%)
and biosimilar products (3.6%).

Embracing Innovative Technologies

Companies manufacturing generic products were asked, “If
you are a supplier or manufacturer of generic products, do your
partners/clients embrace innovative technology? Why or why
not?” Generally, respondents (22) indicated that companies
manufacturing generic products do not embrace new technol-
ogy mainly due to economic factors and the risk of disrupting
supply chains. Several companies and partners to companies
manufacturing generic products indicated, however, that some
companies do embrace new technology when the business case
supporting cost reduction is strong.

Respondents also identified a variety of product types for
which they were responsible. These included large and small
molecules, combination products and vaccines, medical devices,
and companion diagnostics, as well as vendors of manufacturing
and analytical equipment, components, and facilities; digital
software; process materials; and reagents (see Figure 1).

From this broad cohort of companies, 545 wide-ranging
innovations were reported. Biologics manufacturing (11.7%),
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Figure 2: Manufacturing and control operations for technical innovations.
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Figure 3: Outcomes from regulatory applications.
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continuous manufacturing processes (10.1%), and in-process
monitoring process analytical technology (9.1%) were the top
innovations reported (see Figure 2).

Of these innovations, not all were submitted in regulatory
applications for approval. However, a wide range of innovative
technologies, mostnotably with respect tobiologics manufacturing
(13.5%) and novel product formulations (11.0%), were submitted in
regulatory applications predominantly in the US (21.8%) and the
European Union (EU) (18.3%), with fewer application submissions
in the other geographic regions globally.

Respondentsreported arange of experiences with submission
of applicationsforinnovative technologies. Anumber of responses
indicated their applications for innovative technologies were
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approved (20.4%). However, differentregulatory expectations from
individualregulatory authorities (28.5%) and delaysinapplication
assessments/inspections (15.3%) also were reported. A relatively
low number of rejections (2.9%, or 4 of 152 reported) indicate
that regulatory authorities have generally accepted applications
containing innovative technologies (see Figure 3).

Investment Considerations

When determining cost and benefit for capital investment, in
general, respondents indicated that economic factors were the
primary drivers. The potential for long-term revenues and the
anticipated efficiency or productivity (ranked as the top factor
by 33.6% and 14.3% of respondents, respectively) determine



whether a company proceeds with developing and implementing
aninnovative technology.

Table 1 outlines the top five critical factors cited in determin-
ing the cost of and benefit for investment, which also included
improvingassurance of quality, globalregulatory acceptability,and
manufacturing flexibility (ranked first by 10.1%, 15.1%, and 18.5%
of respondents, respectively). Table 1shows the top five factors, the
percentofrespondents thatranked each factor first,and the percent
of respondents who selected that factor asa top-five critical factor.

Respondentsreportedarange of businessfactorsthatled tothe
discontinuation of innovation projects, such as economic consid-
erations, “fear of change,”levels of competence—including that of
contract development manufacturing organizations (CDMOs)—and
concern that short-term risks would incur delays in regulatory
approvals. Certain improvements in manufacturing or analytics
maybeaddressed directly by technical teams during development;
however, decisionstoinvestinsignificant technologicalinnovations
are made at senior levels within organizations.

Regulatory Acceptability
Regulatory challenges were reported as a significant factor
influencing decisions to develop innovative technology. For a
large proportion (48%) of respondents, these regulatory challenges
were deemed most significant or significantly greater than other
factors (see Figure 4). The top five concerns with regulatory
acceptability are summarized in the first column in the following
table (see Table 2).
The top three concerns with regulatory acceptability were:
1. Challenges during application review: regulator adherence to
conventional expectations that do not apply
2. Lack of globally harmonized regulations
3. Challengesduringapplicationreview: regulator understanding
of innovative technology

Responses to the questions in parts 2 and 3 confirm and amplify
these concerns and provide additional specificity. For example,
these concerns were confirmed inresponses to the question, “Has
your company/organizationreceived divergent recommendations
from different regulatory authorities regarding approval and
implementation of innovative technologies and has this created
asignificant obstacle toimplementinginnovative technologies?”

A significant number of respondents (14 of 38 relevant
responses) reported not receiving different recommendations
fromdifferentregulatoryauthorities. However,alarger proportion
of respondents (18 of 38) reported receiving different regulatory
expectations from different regulatory authorities and provided
many examples. Divergentregulatory expectations werereported
in both assessment and inspection criteria. Examples were not
limited to specificissuesor technologiesbutreflected differences
inregulatory expectations forinnovative formulationsand devices,
processes, and analytical methods.

Of particular interest was the response that COVID-related
medicines did not face regulatory differences . However, for

Table 1: Critical factors in determining cost/benefit for investment.

Percent That
Factor Ranked Factor in
Top Five
Long-term revenues 33.6 891
Manufacturing flexibility 18.5 95.0
Global regulatory authority acceptability 151 61.3
Efficiency/productivity/minimizing SKUs 143 90.7
Quality assurance 101 95.9

Figure 4: Regulatory challenges as a factor influencing
development of innovative technology.

Not at all
6% Most significantly than other factors

Marginally relative to other factors 15%

15%

Equally to other factors
31% Signigicantly more than other factors
33%

Table 2: Top five concerns with regulatory acceptability.

Ranked Percent That

Ranked Factor

First
(%) in Top Five

Concern

Challenges during application review:
regulator adherence to conventional 29.6 90.0
expectations that do not apply

Lack of globally harmonized regulations

and guidance 197 617
Challenges during application review:

regulator understanding of innovative 14.5 93.8
technology

Challenges during inspections 8.6 4.4
Lack of implementation of globally 79 571

harmonized guidelines, i.e., ICH
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other projects, such as new development approaches (quality by
design) and less common manufacturing processes, differences
in regulatory divergence that challenged implementation were
observed. Understandably, healthcare leaders and regulatory
authorities desperate for certain therapies to address significant
threats to local health are prepared to be more flexible than they
might be for conventional therapeutic products. The responses
to this question imply that where technological innovations
can improve therapeutic platforms a similar level of regulatory
flexibility may be warranted.

Similar findings were found in responses to the question,
“Have cGMP inspections from multiple regulatory authori-
ties resulted in increased quality/regulatory requirements,
i.e.,implementation of excessive or duplicative controlsduetoa
lack of globalregulatory harmonization?” A significant number
of respondents (14 of 40 relevant responses) reported not
receiving differentrecommendations from different regulatory
authorities.

However, alarger proportion (20 of 40) of respondentsreported
receivingdifferentregulatoryexpectationsfromdifferentregulatory
authorities and provided many examples. Although no direct
correlationbetweendivergentregulatory expectationsandimpact
onspecificinnovative technologyapplications canbe established,
divergence implicitly leads to increased costs and potentially to
delays in approvals.

Respondentsindicatedanoverwhelmingadvantageinengaging
witharegulatoryauthority innovation pathway—suchasthe FDA’s
Emerging Technology Program (ETP) [6] or Center for Biologics
Evaluationand Research (CBER)’s Advanced Technologies Team
(CATT) program [7], and the EMA’s Quality Innovation Group
(QIG) [8]. However, a significant proportion of respondents also
reported a relatively low level of engagement with these two
groups: 22% for the FDA Emerging Technology Team (ETT) and
14.5% for the QIG.

Generally, respondents reported that meetings with a single
regulatoryauthority were positiveand appeared toreduce concerns.
Engagingwith the FDA'SETT wasreported asbeing very positive,
and the EMA’s QIG was also mentioned asbeing helpful. However,
specificrespondent feedbackindicated experiences where there
were differencesin outcomesfrom different regulatory authorities
and disconnects between regulators reviewing the merits of
innovative technologies with regulatory personnel involved in
inspections.

Meeting with multiple regulatory authorities was reported in
13 of 41relevant responses as not a problem. A larger proportion
(21 of 41), however, did report meeting with multiple regulatory
authorities as a challenge. This indicates that the possibility of
different regulatory expectations or outcomes was a deterrent to
theintroduction of newtechnology.Inaddition, several respondents
highlighted theburdenassociated with preparingforand conducting
separate and multiple meetings. Relevant comments could be
summarized as “there is lack of harmonization and meeting
multiple agencies is burdensome.”
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Insummary,divergent globalregulatory expectations,based on
previousexperience,areaprimaryconcernandcreateaconcomitant
challenge for a majority of respondents:

» Agreementsatmeetingswithsenior-levelregulatorsdonotalways
lead tothe sameinterpretationand acceptancebyreviewersand
inspectors that perform the assessments and inspect facilities.

» Engagements with multiple individual regulatory authorities
frequentlylead todifferentregulatory expectationsforinnovative
technologies, i.e.,separatespecificationacceptance criteria, differ-
entoperational process parameters,andlevel of registered details.

* Engagements with multiple regulators is a logistical and
resource-intensiveburdenand generally extendsoveralongtime.

Inaddition,itwasalsomentioned that thereisnoregulatory pathway
yetavailablein any market to facilitate the reviewand approval of
chemistry manufacturing controls (CMC) platform technologies.
Theseinclude, for example, analytical methodsthatare developed
as applicable to multiple products.

Summary of Regulatory Challenges

Accordingtorespondents, thesedifferencesinregulatoryauthority

expectations ultimately result in:

» Increasesinregulatory commitments and resource costs

= Extended timescales due to delays to accommodate alternative
oradditional productdevelopmentand characterization studies,
which adversely impact estimated return on investment (ROI)
benefits

» Increased compliance complexity and inventory management
due to multiple control strategies for a single process or the
most conservative control strategy governing a manufac-
turing process

Whenthelevel of uncertainty associated with divergentregulatory
expectationsisrelatively high, the potential value of aninnovation
relative to its ROI becomes difficult to estimate and justify.
According to many respondents, innovative approaches are
subsequently postponed until the regulatory environmentis more
favorable or are simply terminated.

Indeed, thefactorsassociated with perceivedand realregulatory
barriersbywhichdecisionstoproceed withaninnovative technology
aremade, haveled toa“it’salltoo difficult, let’snot change” or “we
don’t want to be the first to prosecute an innovative approach”
mindset within the industry.

SUMMARY OF REGULATORY INITIATIVES

Multipleinitiatives focused on eliminating or reducingbarriersto
innovationare currentlybeingaddressed by several organizations.
The following is a nonexclusive list of global initiatives; more
explanationis given in the full survey report [2].

United States
The USFDA established the Framework for Regulatory Advanced
Manufacturing Evaluation (FRAME) [9] and the ETP [6] under



the Center for Drug Evaluation and Research (CDER) and the
CATT program [7] under the CBER. It also established Project
Orbis, a framework for concurrent submission and review of
oncology products [10]. The Duke Margolis Institute for Health
Policy established the Advanced Manufacturing and Innovation
Program [11].

European Union and the UK

The EU EMA created the Innovation Task Force and QIG [8]. The
UK MHRA Innovation Office “provides freeand confidential expert
regulatory information, advice and guidance to organisations of
allbackgroundsandsizesbasednationally orinternationally”[12].

Asia Pacific

Japan’s Pharmaceuticalsand Medical Devices Agency established
the Innovative Manufacturing Technology working group
(IMT-WG) [13]. Singapore Health Services Authority’s Innovation
Office provides a “pilot to provide a conducive regulatory
environment that will also support the development of the
biomedical sector” [14].

International

A number of guidelines and initiatives inform more globally:
ICH guidelines [5]; the International Coalition of Medicines
Regulatory Authorities’ Pharmaceutical Quality Knowledge
Management System (PQKMS) pilot programs [15]; the WHO’s
Collaborative Registration Procedure (CRA) using Stringent
Regulatory Authorities’ (SRA) medicines evaluation [16]; PIC/S’s
harmonized Good Manufacturing Practice (GMP) standards [17];
and the Access Consortium [18].

WHAT DID THE SURVEY CONFIRM?

The survey confirmed that, in addition to developing innovative
technology, the pharmaceutical industryis committed to continual
improvement to ensure a reliable and sustainable supply chain,
and toincrease quality assurance and patientaccess to medicines
globally. However, it is also clear from the survey feedback and
responses that the current global regulatory environment poses
asignificant challenge to implementing continual improvement
and innovative technologies.

Although several respondents indicated that regulatory
pathways, like the ETP and CATT programs and the QIG, offer
effective approaches that enable development and implemen-
tation of innovative technologies, globally divergent regulatory
expectations remainaconspicuous concernand challenge.Infact,
collectiveindustry feedback clearly indicates that collaboration
with regulatory authorities globally—either to revise existing
regulatory options or introduce alternative global regulatory
pathways—will facilitate the introduction, development, and
implementation of innovative technology.

Survey Suggestions
Thefollowing suggestionssummarize the surveyrecommendations.

= Establishanefficientsystemthat connectsregulatoryauthorities
and fosters opportunities for companies and vendors to propose
and establish innovations for global consideration, acceptance,
and implementation.

= Align application review/assessment processes that cultivate
a convergent approach to evaluate the merits of innovative
technologies and produce a combined list of queries from global
regulatory authorities.

= Adoptasingleorlimited GMPinspection schedule for assessing
theimplementation of innovative technologies per manufactur-
ingfacility (whenrequired)inaccordance with globalinspection
standards,i.e., PIC/s,and afocusontherequisite Pharmaceutical
Quality Standards that support the innovative qualities of the
product control strategy that is acceptable globally.

= Initiateglobalregulatoryauthority approvals thatrely onmutual
reliance/recognition. Several respondents emphasized that this
conceptualapproach, whereappropriately established toreduce
the chronic regulatory lag for global approval of post-approval
changesassociated with continualimprovement, could serveas
akey enabler to innovative technologies.

= Establish a predictable global regulatory authority review/
assessment/inspectionand approvalschedule thatensuresglobal
supply chainreliability and patient access.

= Introduce a globally harmonized regulatory process to support
review, inspection, and approval of platform technologies (e.g.,
analytical procedures) which may apply to multiple products.

A concerted globally aligned/integrated regulatory approach
would undoubtedly increase the confidence within theindustry to
overcomeregulatoryrisksand effectively enable the development of
innovative technology. Inaddition, it would improve theindustry’s
commitment to continualimprovement, cultivating the curation of
alife cycle mindset. The unequivocal success with theintroduction
of the FDA’'SETPand CATT programs and the anticipated success
of the EMA’s newer QIG program should serve as the basis for
these recommended global regulatory approaches. It is worth
noting the industry experience during the COVID-19 pandemic.
The expedientregulatory assessmentand distribution of vaccines
could nothave occurred without regulatoryauthority collaboration
and mutual reliance.

NEXT STEPS FOR THE ENABLING GLOBAL PHARMACEUTICAL
INNOVATION INITIATIVE

Data and information from the survey—supported by in-depth
discussion with several respondents who have direct experience
developing,adopting,and implementinginnovative technologies—
will serve as the basis for case studies. This also provides
opportunities for potential solutions, which could serveas substrate
for engagement with regulatory assessors and inspectors globally.

ISPE’s Enabling Global Pharmaceutical Innovation Initiative
Team will present proposals to multiple regulatory agencies at
appropriate forums dedicated to advancing globally accepted
regulatory approaches. These efforts are intended to promote
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practical incentives for both industry and regulatory authorities
to address specific challenges to innovation and continual
improvement initiatives.

TheISPE teamwillwork withindustry and equipment suppliers
tounderstand the steps to introduce innovative technologiesand
develop a “points to consider document” of how to present these
internally and externally to regulatory authorities. &

ISPE Team

Roger Nosal, Head of Global Regulatory Strategy and Submissions, NGT Biopharma Consultants
(Initiative Chair)

Nina Cauchon, PhD, Director Requlatory Affairs — CMC, Amgen, Inc.

David Churchward, Head of Operations, Quality, Compliance and External Affairs, AstraZeneca
Jean-Francois Duliere, Regulatory Advisor, ISPE

John Lepore, PhD, Principal, JVL Pharma Consulting LLC

Maurice B. Parlane, Principal/Director, New Wayz Consulting Ltd./CBE Pty Ltd.

Chris Potter, PhD, CMC Pharmaceutical Consultant, ISPE Advisor (Initiative Rapporteur)

Alice Redmond, PhD, Chief Strategy Officer, CAl

Gregory Rullo, Executive Director, Regulatory Affairs — CMC, AstraZeneca

Hirofumi Suzuki, PhD, Product Supply Japan, Head of Project Supply Coordination, Bayer
Yakuhin Ltd.

Timothy J.N. Watson, PhD, Vice President — Head of CMC Regulatory Affairs, Gilead Sciences, Inc.

Carol Winfield, Senior Director, Regulatory Operations, ISPE (Initiative Operational Project Manager)
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2025 ISPE
Facilities of the
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27-28 January
San Francisco, CA, USA and Virtual

2025 ISPE
Aseptic Conference
17-18 March
Washington, D.C. USA and Virtual

2025 ISPE
Biotechnology
Conference
2-3 June
Boston, MA, USA and Virtual
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TECHNICAL PROCESS VALIDATION

JAS Z

By the ISPE Process Validation Team

In 2011, the US Food and Drug Administration
(FDA) introduced the revised “Guidance for
Industry: Process Validation: General Principles
and Practices” [1]. The document incorporated
principles from existing ICH guidance in place
since 2005 (ICH Q8 and Q9) and 2008 (ICH
Q10) [2—4]. ISPE formed their Product Quality
Lifecycle Implementation (PQLI)® initiative

to provide guidance [5] on the practical
implementation of the concepts described in
these ICH guidelines.

henthe processvalidation (PV) guidance was published, the
tharmaceutical industry was adopting quality by design

(QbD) approaches to pharmaceutical development. This
broughtawareness of critical quality attributesand allowed critical
process parametersto find their way into industry discussionand
regulatory submissions. However, the FDA PV guidance created
significant change to PV approaches with the introduction of the
now-familiarthree-stagelife cycleapproachand otherscience-and
risk-based terminology and requirements. It was also known that
the European Union (EU) regulatory authorities were planning to

publish similar guidance for the EU.

THE ISPE PROGESS VALIDATION TEAM

Thus, the ISPE PQLI Teamrecognized the need for specific support
around PV and a working group which became ISPE’s Process
Validation Team. This team has remained active since then,
publishing a number of discussion papers [6]. In 2019, they also
published a comprehensive Good Practice Guide, titled ISPE Good
Practice Guide: Practical Implementation of the Lifecycle Approach
to Process Validation [7].

In addition to publication of discussion papers and the Good
Practice Guide, the group has facilitated industry and regulatory
dialogue and discussion through many forums, including:
= Presentingbest practices from ISPE member companies
= Hosting work groups and discussions on challenging subtopics

| PROGESS VA
SUIDANGE: 10 YEARS ON

{DATION

= Publishing articles in ISPE’s Pharmaceutical Engineering® mag-
azine and other industry journals
= Deliveringrelevant conference and workshop sessions

The team regularly facilitates full sessions at the ISPE Annual
Meeting & Expo on PV-related topics and has organized five
well-attended stand-alone PV workshops in 2012, 2013, 2015,
2016,2017,and 2019. Additionally, the team developed the content
for ISPE’s popular three-day process validation training course
and has provided the core group of instructors who present and
maintain this offering.

LIFE CYGLE PV IMPLEMENTATION

Now that overadecade has passed since the publication of the 2011
USFDA Process Validation guidance, the team posed the question:
What doestheimplementation oflife cycle PV1ooklike? Thisarticle
is a collection of individual and collective responses from team
members who are practitioners and industry participants in this
field, representinga cross-section of pharmaceutical organizations,
locations, and roles from all parts of the world.

Implementation and maturity of the life cycle approach to
PV varies widely across the pharmaceutical sectors (including
biotechnology) and markets around the world. For some early
adopters, the principles and practices are now part of business
asusual. However, evenin these organizations, there canstill be
challengestoimplementation or understanding. Some organiza-
tions recognize the business benefits of the life cycle approach,
whereas others have implemented programs with a minimalist
compliance perspective. The following summarizes our team’s
key observations regarding the evolution and current state of
this approach.

THE KEY TO LIFE GYCLE PV: PLANNING WELL

It may first appear that the three stages of life cycle PV are
wrapping Stages 1and 3 around an existing proven validation
program. Tosome extent thatistrue. However, it’'snot that simple,
and the consequences of that simplification vary. The mostbenefit
isrealized when organizationsbreak thetraditional wallsbetween
development, technology transfer, validation,and operationsand
approachvalidation cross-functionallyacrossthe productlife cycle.
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The most benefit is realized
when organizations break
the traditional walls between
development, technology
transfer, validation, and
operations and approach
validation cross-functionally
across the product life cycle.

Stage 1
For new product introductions, the concept of a new “Stage 1”
outputdemandsincreased effortand reliance ongood science-and
risk-based approaches to product development and technology
transfer. While the 2011 FDA PV guidance was being finalized,
the incorporation of ICH concepts, such as control strategy, was
becoming an expectation for the registration of new products.
To some extent this has been an evolution of development
and regulatory practices moving in tandem so that regulatory
submissions containinformation compatible with Stage 1 concepts.
Althoughtheconceptofa“designspace” submissionwasfound to
bechallengingand did notalwaysafford theanticipated regulatory
flexibility, the efficient development and understanding of
multivariaterelationshipsofattributesand parametersusingadesign
of experiments (DOE) approach has become more commonplace.
Thesituationbecomes considerably more clouded in the case of
existing productswhere developmentinformationisnotnecessarily
aligned with ICH principles. In this case, organizations may need
to evaluate development knowledge and/or retrospectively
developacontrol strategy using risk-based principles. Members of
the PV team continue to see challenges with this approach where
lack of science, process understanding, or data complicates
implementation. Executing effective and complete Stage 1
programs can be a challenge for late-product acquisitions and
breakthrough therapies.

Stage 2

The conceptandrelatedactivities of intra-and inter-batch variability
(withinandbetweenbatches)introduced inthe FDA guidance was
initially challenging for most manufacturers. Althoughthe sampling
and analysis necessary to provide adequate evidence of control
of both variability components has become well-established for
some manufacturers, it remains unclear for other organizations.

a8 PHARMACEUTICAL ENGINEERING

The introduction of the life cycle approach to PV eliminated
the automatic magic number of three batches for PV Stage 2. It
even opened the door for potentially fewer than three PV batches
for highly automated processes, or process changes with very
limited risk. However, most manufacturing organizations deliver
products globally and many marketsstillexpectathree-batch PV.
Organizations thatexecuteariskanalysis prior to PV, todetermine
the number of batches, will often perform additional PV Stage 1
development work, in lieu of doing more than three PV batches.

The level of input variability already studied or level of
experienceinthecommercialmanufacturingsettingare notalways
key factors in the evaluation. Due to supply availability or lack of
planning, itisnotalwayspossible toinclude worst case variability
as part of PV. Although between-batch variability evaluation is
required per the life cycle approach to PV, most organizations
delay statisticalanalysis of this component until Stage 3 (continued
process verification [CPV]).

Stage 3

Creating a CPV/ongoing process verification (OPV) program
(like those required for Pharmaceutical Inspection Convention/
Pharmaceutical Inspection Co-Operation Scheme [PIC/S]and the
EU)canseemreasonably straightforward. The conceptsand toolsare
readily understood. However, the program canbecome problematic
without careful planning and well-designed procedures. Itisnot
assimpleastrendingallresults of heightened and routine testing.
Such an approach could result in an unmanageable and wasteful
increaseindataand effort forits management. Thus, mostadopters
have come to recognize that you cannot effectively implement
Stage 3 without Stage 1.

Stage 1 understanding gives an organization the foundation
required to manage resources and focus efforts where it matters
most, and the framework to manage responses to the variation
we see in processes when monitoring these more frequently.
Understanding interactions between material characteristics,
processparameters,and extended control strategy variables—such
as different operators, equipment trains, and shifts—is vital to
establishing a meaningful testing and monitoring plan.

Withnoreal Stagelinputs, theresourcesrequired toadoptand
manage Stage 3 can quickly become overwhelming. Thisimpacts
thevalidation ortechnical operations departmentsand the quality
department, which manages the additional process information
and its significance (or insignificance) to product quality. They
must assure batches are not released until all heightened testing
results are confirmed within limits.

Our first observation: If an organization has a life cycle PV
program in place (and hopefully most do), it is understood that
thisisajourney that requires considerable effort and will evolve
as you gain experience. For those just starting the journey, a
comprehensive planisrequired. This will take considerable time
toimplement and there are many potential pitfalls, beyond what
may appear to be resource needs.



EXPECTATIONS FOR LIFE CYCLE PV COMPLIANGE VARY GLOBALLY

Lifecycle PVisfounded onthe principles of process understanding
and control, whichhasobviousbusinessand patientbenefit. However,
there is also a compliance component, which in our experience,
varies substantially across the global pharmaceutical sector.

Based onrecent (and not sorecent) 483 observationsinthe US
and other markets, itis clear that the FDAhasadopted principles
and concepts of life cycle PV. However, it would appear from our
experience that other regulatory authorities may be slower to
observe deficiencies to validation programsin thisarea. Itis our
impressionthatthereisagapinthelevel ofimplementationof these
principles based on geography and market. This gap is unlikely
to persist, and ISPE has recently seen significant international
demand for content related to original concepts developed by the
PV team when it was presented in webinar format.

There appears to be a delay with adoption of these principles
inauditsinsome marketsand jurisdictions. We expect part of this
delay is to permit some inspectorates to develop the process and
statistical skill setsnecessarytoinspectinthisarea. Nonetheless,
industry should not be waiting for inspection observations to
change to implement life cycle PV.

We feel this lag is not due to hesitancy; it is recognition of
the challenge inherent in application of science- and risk-based
principles to a pharmaceutical process. Essentially, it takes
some time to develop the skill set. For instance, proper use of
statistical methodsrequires knowledge of both the processand
the appropriate statistical tool. However, few process expertsare
statisticians and even fewer statisticians are process experts.
Building the necessary capability within an organization to
effectively leverage statistical methods requires an investment
of time and resources.

Oursecond observation: Thebestadoptershave planned tomake
sensibletoolsand decisionsavailable widely. They have structured
alearningenvironmentwhereknowledgeand understanding of the
process grows within thebusiness. These organizations generally
build capability at the processingleveland leverage subject matter
expertsas needed for specific issues and situations.

ADOPTION OF CPV/OPV IS BECOMING EMBEDDED
AND WELL UNDERSTOOD

Oncetheinitial challenges of managingresourcesand processes for
implementation of a CPV/OPV programare overcome, the processis
generally easy to understand for staffand management. Thereare
clearbusinessbenefitsto havingincreased visibility over process
performance. However,somerefinementandlearningsarerequired.

Earlyinthe program,organizations mustreconcile thebalance
between the cost of data collection (sample size and effort) and
process understanding. Early estimates of process variation can
paintaconservative picture of process control. Gatheringinsufficient
information to truly understand underlying sources of variability
in processing can make control look less effective. True process
controlunderstandingrequiresagood dataset, whichtakestimeto
collectand process.Onceinitialdata collection efforts commence,

focusis required to ensure that efforts are prioritized into areas
thatimprove product quality and reduce risk.

CPV/OPV programs must maintain the flexibility to allow
process owners the ability to manage and react to learning while
operating within the pharmaceutical quality system (PQS) and
GMP rules. Frequent data collection and evaluation (both formal
and informal) are key to an effective program. Operations that
areoutof trend are not necessarily out of specification, and terms
suchas “notunder control” can have different meaningsacrossthe
businessand tomanagement. Successful CPV/OPVimplementation
requires a common understanding of the intent and language of
process control across multiple functions.

Ourthird observation: The CPV/OPV programisthe stage where
adoption oflife cycle PVis mostadvanced in many organizations.
Once the initial framework is established, the program provides
business, operational, and patient benefits that are clear to those
involved and serves a mutual purpose to improve process under-
standing and management. CPV/OPV is not simply an extension
of the annual product quality review (APQR) program; it is more
nuanced than this.

LIFE CYGLE PV FORMS THE BASIS FOR PRODUCT
ROBUSTNESS PROGRAMS

Although there are compliance requirements for implementing
CPV, organizations canrealize significant benefits. But these can
onlybe achieved if an organization truly understands how to use
CPV to leverage process knowledge and understanding.
The deliverables of CPV should be seen as:
= Confirmingtheongoingrobustnessof the manufacturing process
= Creatinga proactive approach that provides early identification
of a performance change and potential intervention, thereby
avoiding process quality issues (e.g., out-of-trend [OOT] and
out-of-specification [OOS] results)
= Using routine CPV trending and process understanding to
support process changes
= Supporting the identification of improvement projects

The CPV plan should define what parameters/attributes should be
trended; the frequency of trending; and whetheradditional samples
arerequired tosupportassessment of processrobustness/capability.
Thesedetailswilldepend on the robustness of the manufacturing
process, the process capability of the parameters/attributes, the
level of process knowledge that exists (e.g., development batches,
data from other manufacturing sites), and the level of input
variability already experienced by the process, and relationship
to allowable limits.

Some organizations may judge theseactivitiesasrequiring too
many resourcesand choose toimplement the planto only meet the
compliance requirements. It is only by fully implementing CPV
that the wider benefits can be realized. Many organizations have
recognized the benefits of enhanced process understanding and
areusing the dataand information tobuild additional robustness
intomanufacturingandbusiness processes. Information fromlife
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The CPV/OPV program is the
stage where adoption of life
cycle PV is most advanced in
many organizations.

cycle PV canbe used to enhance “platform knowledge,” enabling
faster and smoother tech transfers and more rapid new product
introductions.

Understanding external sources of variability in processes—
suchasfactorswithin supplier networks—can enable significant
improvements toproductsand processes.Itcanalsoreduce therisk
and effort required for onboarding new suppliers and developing
efficiencies in materials management, in turn helping assure the
reliability of supply.

Understanding the capability and variability of a process can
prioritize efforts elsewhere in the manufacturing organization
to maximize benefit and minimize risk; for example, reduction
of measurement error, optimal quality control testing, in-process
monitoring, and automation.

Asprocessunderstanding grows, the effortrequired tomaintain
and improve a process decreases. For well-understood processes,
smallerand morefocused efforts often bring measurable or signif-
icant improvements, and the process becomes self-perpetuating
as theriskassociated with improving diminishes.

Our fourth observation: Organizations with relatively mature
CPV/OPV programs soonrecognizebenefitsand beginleveraging
PV efforts to improve manufacturing robustness.

DEVELOPING OF SCIENGE- AND RISK-BASED
UNDERSTANDING IS NOT EASY

Althoughrealizing gainsthrough measurementandimprovement
issomewhat intuitive to manufacturing organizations, the devel-
opment of science-and risk-based understanding and application
to develop more robust processes or improve themislesstangible
and more difficult to implement.

Most manufacturing organizations hold inherent process
knowledge and when presented with new data or information can
reconcile that in the context of that knowledge. However, more
fundamental or new process understanding can be more difficult
to master when organizations do not expect or understand this.

For example, multivariate interactions can occur in quite
simple unit operationsand may be difficult to measure or explain,
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evento experienced operators. Whena processistolerant to these
interactions, this may notbe material to process control. However,
if these interactions are significant to the process and resulting
product, they need to be understood.
Understanding and communicating or transferring process
knowledge still presents challenges in some organizations, even
thosewithahighlevel of competencyinotherareasof PV.Itcanbe
astruggleto capture, maintain,and communicate thisknowledge
effectively, which canimpederealizingallthebenefitsof alife cycle
PV program or recognizing sources of variability in processing.
We have observed—from ISPE training and workshops, as well
as experience in our own companies—that the utility of risk
management and control strategy for knowledge management
isunderutilized.
The risk assessment tools traditionally used in the pharma-
ceuticalindustry may notbe optimal to communicate science-and
risk-based knowledge. Successful development and validation
programs are more effective at managing this knowledge and
can effectively transfer process understanding to operations in
a format that is readily understood and can be maintained and
improved. Effective quality risk managementlinks knowledge and
understanding fromall phases of the productlife cycle. When this
doesnotoccur, suboptimal riskassessmentsor failure torecognize
and control risks can result.
Facilitating the linkage between development and manufac-
turing as well as feedback from the process in operation requires
careful planning and can be difficult to achieve. Common errors
include:
= Poorly founded or developed hazard analysisthat doesnotreflect
the true situation

= Difficultyinrecovering platform-relevantdatawhenithasbeen
collated in product-specific databases

= Subjectivescoringorranking, which distortsresidualrisklevels
or the relative importance of risks

= Difficultyincapturingactual capability inrisk estimates, dueto
lack of visibility and feedback

Our fifth observation: Organizations with highly effective PV
programs have structured tools for capture and communication
of science- and risk-based information. These tools areinteractive,
allowing forlearning and improvements.

NOT YET SEEING FULL BENEFITS THROUGH REGULATORY
ACTIVITY AND CHANGES

Industryandregulatoryauthoritieshavelong desired astate where
regulatory flexibility could occur with product submissions based
on understanding of science and risk. The adoption of ICH Q12
internationally has created a framework where this is possible.
A few organizations are using this approach for new product
registrations,and thereis generalinterestinthe potential benefits
fromtheseapproacheswithinindustry. Although the number of new
products registered in this manner is increasing, the proportion
of approvals worldwide remains relatively small.



Theuseof science-and risk-based approachesfor development
and validation facilitates product and process understanding,
which would support plans for regulatory flexibility but does not
directly enableit. This knowledge certainly assistsin managing
operationsand potentially reducesissues,including those that
arereportable or of concern. There is some potential leverage
from an effective PV program for compliance programs such
as annual product quality review (APQR), but while these
programs overlap in terms of their focus on process variability,
both PV and APQR are required to be operated within the
organization’s PQS.

It can be difficult to realize the benefits of effective product
and process understanding when the rationale for reduction of
compliance efforts is not clearly justified—an issue related to
challenges in communication and maintenance of knowledge.

Some regulatory authorities and inspectors appear, like
industry, tobestillbuilding the technical competence to confidently
operateascience-andrisk-based environment. They may distrust
the motivation of a manufacturer using these techniques unless
they fully comprehend the data. While organizations are looking
to register products in a number of markets, the divergence of
understandingand therate of adoption for thislife cycleapproach
presents an unintended impediment to the realization of full
benefits, such as regulatory flexibility. Some organizations are
championing this by presenting packages thatreflect high levels
of process control and understanding.

Recent trends to accelerate medicine approvals for products
such as vaccines or new-generation medicines appears to have
encouraged both manufacturers and regulatory agencies to
focus more on the use of science- and risk-based approaches and
understanding to facilitate availability of medicines.

Our sixth observation: Organizations with well-established
productand process understanding are often those that seek and
gain some degree of regulatory flexibility.

CONCLUSION

Technology for pharmaceutical development, manufacturing,and
data management is advancing and the products are becoming
more specialized. At the same time, industry and regulators
are being exposed to techniques and applications that demand
better utilization of science- and risk-based techniques. These
products and technologies challenge the paradigm of historical
risk, knowledge-management practices,and our application of PV.
They also create an environment that encourages our industry to
explore new techniques.

The paceoflearningisincreasing, but thereisasignificant gap
betweenunderstandingand application of science-and risk-based
techniques for older products and in some markets. This gap
might be accentuated as pharmaceutical organizations look to
divestorrationalize. Asanindustry, we need to focus onbuilding
robustness into manufacturing pharmaceutical productsatboth
endsof the spectrum to ensure better outcomes for our operations
and patients worldwide. &
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TEGHNICAL CELL AND GENE THERAPY

POTENGY MEASUREMENT

for Cellular and Gene Therapy Products

By Maria Amaya, PhD, Andrew Chang, PhD, Keith Wonnacott, PhD, Derek T. Scholes, PhD,
John MacNair, PhD, Lawrence C. Starke, PhD, and Lesbeth C. Rodriguez, MS

Cell and gene therapy (C&GT) products address
various diseases at the cellular or genetic level,
offer innovative treatment approaches, and
represent a significant advancement in the field
of medicine. However, developers of C&GT
products face unique challenges due to their
complexity, such as establishing assays that
show a clear link between potency, mechanism
of action (MoA), and clinical performance.
Sponsors face a significant risk of a clinical hold
if an adequate “potency assay” has not been
established by the pivotal phase of clinical trials.

BACKGROUND ON GUIDANGE

The USFood and Drug Administration (FDA) has defined potency
in the Code of Federal Regulations (CFR) Title 21 as “the specific
ability or capacity of the product, as indicated by appropriate
laboratory tests or by adequately controlled clinical data obtained
throughtheadministration of the productin the mannerintended,
to effecta givenresult” [1].

Similarly, ICH Q6B “Specifications: Test Procedures and
Acceptance Criteria for Biotechnological/Biological Products”
describes potencyas “the measure of the biological activity using
asuitably quantitative biological assay (also called potency assay
or bioassay), based on the attribute of the product which is linked
to therelevant biological properties” [2].

Furthermore, the FDA 2011 guidance on potency tests for C&GT
products states that “potency measurementsareanecessary part
of product characterization testing, comparability studies, and
stability protocols, which are used to establish that a consistently
manufactured productisadministered duringall phases of clinical
investigation” [3].

The 2011 guidance [3] emphasizes the importance of accurate
measurement methods to ensure product quality and outlines
specific considerationsand methodologies for assessing potency.
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However, itacknowledgeschallengestoassay development forthese
products, such as the inherent variability of starting materials,
limitedlotsize, material for testing, and stability;lack of appropriate
reference standards; multiple active ingredients; the potential
forinterference or synergy between active ingredients; common
MoA(s); and in vivo fate of the product. Consequently, it suggests
that a single assay may not be sufficient to measure the product
attributes, and multiple assays in combination may be required.

In December 2023, the FDA published “Draft Guidance for
Industry: Potency Assurance for Cellular and Gene Therapy
Products”[4], which providesrecommendations forascience-and
risk-based strategy to ensure the potency of human C&GT products.
The potency assurance strategy proposed in this guidance
document includes manufacturing process design, control,
material management, in-process testing, and release potency
assays to minimize risks and ensure the intended therapeutic
effect for each productlot.

The draft guidance [4] advocates for the application of quality
risk management principles throughout the product life cycle,
whichissimilar totherecommendations outlined in ICH Q9(R1)
[5]. These principles are adapted to C&GT products by using
formal risk assessment tools to identify and mitigate factors
affecting potency.

The 2023 guidance also addresses assay development [4].
However, it reduces rather than elaborates on principles related
to assay selection and development. Though it provides a holistic
overview and addresses assay development, it lacks depth when
it comes to elucidating principles related to the selection and
development of potency assays when compared to the 2011
guidance. Once the 2023 draft guidance becomes final, it will
replace the 2011 guidance.

In Europe, the European Commission’s 2017 guidelines on
GMP foradvanced therapy medicinal products (ATMPs) [6] address
scenarios where traditional release testing may not be feasible due
to various constraints. For investigational ATMPs, alternatives
suchastestingkeyintermediates orin-process controls, real-time
testing for short shelf-life products, and increased reliance on
process validation are suggested.



Moreover, asroutine testing may belimited, the importance of
processvalidation becomesheightened, though any adjustments
to release testing strategies require approval from competent
authorities. The European Medicines Agency guidelines, similar to
the FDA guidance, offer concrete instances of adaptation strategies.
Nevertheless, much like the 2023 FDA guidance, it falls short in
delving into the foundational principles governing the selection
and refinement of potency assays.

CURRENT CHALLENGES T0 C&GT PRODUCT POTENCY TESTING

The challenges that manufacturers face in developing potency
assays are described in the FDA’s 2011 guidance and continue
to be relevant. Acknowledging that the challenges will require
creativity and flexibility, the guidance states that “FDAregulations
allow for considerable flexibility in determining the appropriate
measurements of potency for each product” [3].

To illustrate that flexibility, the guidance pointed out three
ways in which potency could be measured: a biological assay, an
analytical assay that is a surrogate for a biological assay, and a
matrix of “complementary assays that measure different product
attributes...thatare correlated toarelevantbiological activity” 3].

Despite the publication of the 2011 guidance, potency testing
remainedasignificant challenge for the C&GT field. Sponsors have
found that application of regulatory flexibility has been minimal
and that regulators have linked the three different approaches to
potency (bioassay, single surrogate, or matrixed surrogate) more
frequently by an “and” statement rather than the “or” statement
implied in the guidance.

Thishascreated anexpectation ofadheringtoall three methods
simultaneouslyrather than choosing onebased on context. When
surrogate measures and matrix approaches have been tried,
the pathway to establishing meaningful correlations between
analytical assays and biological activities has proven difficult.

Additionally, the 2023 guidance emphasizes that “because
C&GT products usually have multiple potency-related critical
quality attributes (CQAs) that cannot be controlled adequately
without release testing, your potency assurance strategy should
typically include multiple release assays” [4]. Examples of the
challenges identified for the development of C&GT products are
described in Table 1.

The release of the 2023 Draft Guidance for Industry marks a
continued evolution in the FDA’s approach to potency for C&GT
products. With the introduction of a potency assurance strategy,
instead of viewing potency solely asatest, itisnowrecognizedasa
matrixandasastrategicimperative. However, due to thenewness
of the potency assurance strategy,and the uncertainty around FDA
implementation, this article will not cover testing aspects of the
potency assurance strategy.

Moreover, our accumulated knowledge on potency testing
suggeststhatthe 2023 guidance does not significantly change our
understandinginthisregard. The 2023 guidance eliminatestheuse
of surrogate potency measures or potency matrices, emphasizing
instead that potency testing usually involves a combination of

Table 1: Challenges identified for the development
of C&GT products.

Complex, multicomponent MoA « Lack of one assay to cover all aspects of potency

« Multiple MoA—matrix approach may result in
redundant testing

« Animal models may not be relevant or sufficiently
robust [7]

« The functional biological activity of a product may
not be induced until engraftment and final matura-
tion has taken place post administration

» Certain elements of the MoA might serve solely for
characterization purposes

« As cell therapies progress, adaptability becomes
crucial due to the evolving nature of understand-
ing their MoA

Inherent variability of cell-
based assays

« Complex sample matrix
« Lack of reference materials and/or assay controls

Product-specific vs. patient-
specific attributes may be difficult
to predict and control

« Only product-specific attributes can be tested

« Patient-specific attributes of the MoA cannot be
measured a priori batch

« Composition is not available until it is manufac-
tured

Assays evolving as clinical develop-
ment progresses

« Increased understanding of CQAs, product, and
process

multiple methods and expects sponsors to establish correlations
between potency measures and proposed MoA.

Inthisarticle, weintroduce proposals to overcome some of the
challenges identified. We expect that these proposals will help
sponsors and regulatory agencies advance the discussion on the
topic of potency for C&GT products.

POINTS TO CONSIDER

Theideal potency assay isrelevant, reliable, and can quantify the
functionalbiologicalactivity related to the MoA. For a gene therapy,
the ideal potency assay should be able to determine whether a
particular environmental factor, storage condition/duration,
presence of impurity(ies), post-translational modification of the
product, or other such factors influence the biological activity
associated with the MoA. This may, in turn, have an impact on
clinical performance. In addition, for gene replacement therapy,
theideal potency assay should normally encompassanevaluation
of efficiency of gene transfer (infectivity/transduction/delivery)
and the levels of expression of the therapeutic sequence to its
direct activity.

Potency assays should detect meaningful changes related to
biological activity, have a defined product-specific acceptance
criterion, have meaningful system suitability controls, and be
stability-indicating. The ability to develop theideal potency assay
for C&GT productsisvariableand dependsonthetype of challenges
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Figure 1: Primary strategies for potency assessment.

CASCADE

INFECTION
EXPRESSION

FUNCTION

the developers face, which include but are notlimited to complex
and usually not fully known MoA, lack of assay sensitivity, and
variability of cell-based assays (see Figure 1).

Potency Attributes

Potency is considered a CQA and the development of the relevant
assaysarethe center of many challengesand discussionsamongst
developers of C&GT products and regulators. Measurement of
potency plays an essential role not only for ensuring consistent
bioactivity in each therapeutic dose administered to patients but
alsoinquality controland batchrelease, product characterization,
comparability, and stability.

Anideal potency assay’s results should be quantitative, be
stability-indicating, confirmlot-to-lot consistency, meet predefined
acceptance and/or rejection criteria, and measure a biological
activity that correlates with clinical function in the best-case
scenario.

Fit-For-Purpose Solutions
Asdescribedinthe 2011 FDA guidance “Potency Tests for Cellular
and Gene TherapyProducts”[3], the complexity and diversity of C&GT
products can present significant challenges for the development
of potency assays. Challenges such as variability of starting and
raw materials, multiple active ingredients, complex mechanisms
of action, variable CQAs, and complex manufacturing processes,
make the development of fit-for purpose solutions a necessity.
As stated in the paper “Addressing Potency-Assay Related
Development Delays for Celland Gene Therapies” [8], “geneand cell
therapies oftenundergoaseries of processing events that ultimately
result in the functional therapeutic entity. Further downstream
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events may berequired to achieve the final therapeutic outcome,
which itself may be another cascade. These biological steps are
often referred to as a ‘biological cascade.”

Asanalternative, the matrix approach to potency assessment
recognizes that a single potency assay may not capture the full
spectrum of therapeuticactivity,and advocates for the integration
of multiple assays tailored to the diverse MoA exhibited by these
products. In essence, absent a singular potency assay, a matrix of
assaysis employed, each designed to reflect specific facets of the
product’s therapeutic potential. Figure 1illustrates two primary
strategies for potency assessment: the cascade approach and the
matrix approach.

Potencyisalmostnever univariate.Inthe cascadeapproach, as
seenin Figure1, potency assessment progresses through a series
of assays, eachaddressing specificaspects of the product’s MoA or
biologicalactivity. The matrixapproachinvolves the simultaneous
use of multiple assays, each capturing different dimensions of
potency. These assays may encompass various methodologies,
such as cell-based assays, biochemical assays, and molecular
assays. Integration of data from these diverse assays provides a
comprehensive understanding of the product’s potency profile.

Biological Assays

Biological assaysinherently exhibit variability,and in the context
of celltherapieslike chimericantigenreceptor (CAR) T cell therapy,
thisvariability is compounded by differencesin starting materials.
These challenges underscore the difficulty in selecting the most
suitableactivity for validation and specification setting, especially
concerningits proximity to drug delivery. Despite this, regulatory
agencies often prioritize evaluating downstream protein activity



alongside gene activity. Consequently, developing assays that
capturevariouslevels of theactivity cascade becomes imperative
for product characterization and may even be mandated.

Multiple Distinct or Orthogonal Assays
Based on the MoA, the question of whether one assay is sufficient
orif multipleassayswillbe needed is notalwayseasily determined.
When multiple components come together to make up a product,
multiple potency measures may beneeded. Examples mightinclude
when alentiviral vectorand a T cell are brought together to make
a CAR T cell or when the various components (guide ribonucleic
acid [RNA] and nuclease) of gene editing are brought together in
a delivery vector. Multiple assays may also be needed if multiple
MoAs are intended by the product either due to the presence of
multiple transgenes or the presence of multifunctional cells.
The FDA strongly recommends [3] developing multiple assays
in parallel during early clinical investigations. This may include
the development of orthogonal methods that measure the same
attribute of potency. Having multiple assaysimproves thelikelihood
that an acceptable assay can be found and agreed upon with the
FDA and increases product characterization and understanding.
The 2023 guidance recognizes that redundant assays can be
eliminated when multiple options are available [4]. It also states
that one assay may be sufficient if it is a later step in the chain of
biological activities that is completely dependent on the earlier
steps. However, many sponsors have not experienced the stated
flexibility that the draft guidance offers.

Surrogate Assays

Although the concept of surrogacy assays remains beneficial,
the agency omitted the use of this term in the 2023 guidance
[4]. The adequacy of a surrogate measure is often determined
by the strength of the correlation to the proposed biological
function. However, in some cases where the MoA ishighly complex,
conventional measurement methods may yield insensitive or
highly variableresults. In such scenarios, surrogate assays such
as those quantifying clinically relevant biomarkers, may offer a
more meaningful source of quantitative data.

Asurrogate assay, instead of capturing the entire mechanism
of “functionalactivity” inasingle method, providesanalternative
measure. Presumably, one thatis physiologically and molecularly
linked to functional activity and ideally whose outcome may be
predictive of preclinical or clinical activity. This may include
characterization of one molecular aspect of functional activity
particularly when the functional activity of a transgene product
is complex and involves multiple molecular events. The use
of surrogate assays can strengthen the confidence of potency
assessments for C&GT products, especially when there are
limitations to establish a functional potency assay and/or the
MoA isnotclear.

Pointsto consider for establishing a surrogate potency assay
follow. The extent of the linkage between a surrogate assay
related to potency (e.g., T cellactivation)and clinical performance

should be established through bridging studies during product
development. The surrogate assay may notbe abioassay: Surrogate
assays may be less variable as compared to a bioassay, which
providesanadvantage for establishing product consistency and
dosing recommendation.

Multiple assays may be needed, and, in some cases, a matrix
approach could be considered. Different purposes may require
differentassays. For example: Bioassaysare more meaningfuland
practical for product characterization, comparability, and stability
studies. However, performing a cell-based functional biological
assay forrelease of drug product (DP)is not practical due tolimited
time from formulation of the cell clusters toadministration to the
patients. Surrogate measurements (e.g., surface markers)for cellular
products may be more appropriate and practical for DPlotrelease.

Example surrogate measures include biochemical, immuno-
chemical, physical (e.g., phenotype, viable cellnumbers),and assays
that correlate withbiological activity (e.g., messenger ribonucleic
acid (mRNA) or protein expression, theactivity measure of asingle
functional domain or protein binding).

Bridging Studies
Bridging studies are performed to build a relationship between a
surrogateassay and the performance of the product. The purpose
of bridging studiesisto explore therelationship between product
quality attributes (in this case, surrogate potency assays) and the
clinical profile (efficacy). Some aspects of bridging could be done
at the preclinical level rather than clinical and it could be used
to demonstrate that certain iterations of the product (i.e., forced
degradation, presence of certain post-translational modifications,
impurities, etc.) do not have the intended functional impact.
Points to consider for the development of bridging studies
include the following.

Quantitative linkage

If possible, sponsors should establish a quantitative linkage
between the surrogateassay and thebiologicalactivity asmeasured
usinginvivo studies,invitro studies, or other characterization of
the products biological activity performed as part of the product
development.

The FDA’s 2011 potency guidance states that “the correlative
relationship between the surrogate measurement and biological
activity may be established using various approaches, including
comparison to preclinical/proof of concept data, in vivo data
(animal or clinical), or in vitro cellular or biochemical data” [3].
Previously established scientificknowledge ora platformapproach
could also provide good rationale for bridging a chosen surrogate
measurement to the biological activity.

Processes and models

The outcome of thebridging studiesand relevance of the correlation
madewillguide the decision-making process for choosing theright
surrogateassay for potency. Bridging studies used to demonstrate
that the product doesn’t have the intended functional activity

SEPTEMBER/OCTOBER 2024 65



FEATURE CELL AND GENE THERAPY

Embracing this shift toward platform-
based methodologies holds the potential
to drive advancements across the entire
C&GT field, ultimately enhancing product
development and regulatory processes.

wouldbe very challenging for indications that donothavereliable
preclinicalanimal models.In some cases, extremelynovel assays
may require use of an assay bridging protocol/plan to ensure
effective bridging to more conventional assays.

Changes over time and development

It should be recognized that potency assays may change over
time and with stages of clinical development. With new scientific
information, the test may be optimized, or new tests may be added.
Whenasurrogate method(s)isintroduced atalater phase of product
development, a bridging study or head-to-head comparison is
expected to ensure the adequacy of the replacement of the
original test.

More versatile platform approaches

Furthermore, as collaboration between the FDA and developers
progresses, thereisagrowing consensus ontheneed to transition
fromhighly specialized, product-specific potency assessments to
moreversatile platformapproaches. Analogousto the evolution seen
in the monoclonal antibody field, where binding assays replaced
highly specific biological assays, such platform approaches offer
greater predictability and higher-quality data outputs. Embracing
thisshifttoward platform-based methodologiesholds the potential
to drive advancements across the entire C&GT field, ultimately
enhancing product development and regulatory processes.

CONCLUSION

Although thereisaneedforregulatory flexibility, quality standards
should notbe compromised for C&GT productsand new approaches
may beneeded to ensure sufficiently high standards. Even though
C&GT products pose many new challenges, they also bring new
conceptsand opportunities. In the case of the development of C&GT
potency assays, there is no one-size-fits-all approach. Instead,
fit-for-purpose approaches focused on developing activity-based
methodsor onthe use of matrixed surrogate measures canprovide
aregulatory framework for potency assays that is flexible around
some core requirements.

Specifically, we advocate for the following objectives. We
encourage continued improvement of product and process
understanding, as well as a subsequent evolution to the control
strategy enabled through regulatory flexibility, e.g., persistent
regulatory recognition that potency assays may change over time
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and with stage of clinical development given the limited materials
available, oftenwithhighvariability. Weadvocate forusing surrogate
measures, especially when the MoA is not clear. We recommend
better understandinginstances whenregulatory flexibility canbe
applied. For example: a) where testing each component separately
is necessary, particularly when the product comprises multiple
components that function collectively as a final product; and
b)assessing the final product without mandating multiple separate
assays, enhancing efficiency without compromising the integrity
of the assessment process.

Channels forenhanced communicationand increased dialogue
with health authorities regarding potency assay approaches
will support the development of a roadmap for success. Finally,
we encourage efforts for global harmonization on potency con-
siderations for C&GT products and regulatory convergence in
chemistry, manufacturing, and controls (CMC) development,
includingapproachesforpotencyassays. Relianceand work-sharing
approaches will facilitate timely access to safe, effective, and
quality-assured medical products on a global scale. &
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of the biotechnology industry. Scholes has worked for two decades in science and health policy
inindustry, the non-profit sector, the Executive Branch, and US Congress. Previously, he served
as the first head of policy and advocacy at the American Society of Human Genetics, where he
built the Society’s policy and advocacy department and led the advancement of policies related
to human genetics. He has also served as policy branch chief at the National Human Genome
Research Institute and led advocacy efforts to advance federal legislation addressing heart

disease at the American Heart Association. As a policy fellow on Capitol Hill, he handled a broad
portfolio of health and science issues on the Senate HELP Committee.

John MacNair, PhD, is Senior Director, Head of Analytical Program Development and Management
at Spark Therapeutics. Previously, over a period of 22 years, he progressed through positions of
increasing responsibility in vaccine analytical development at Merck & Co., Inc. Over the last three
years at Spark, John has formed a group, Analytical Program Leads, to guide leads as they design
and facilitate execution of the analytical strategies associated with the gene therapy programs
Spark has in development. He received a BAin chemistry from Binghamton University and a PhD in
analytical chemistry from the University of North Carolina at Chapel Hill. He joined ISPE in 2022.

Lawrence C. Starke, PhD, is the Global Head of Regulatory CMC Policy and Intelligence for Cell
and Gene Therapies at Novartis. In this role, he is responsible for developing requlatory strategies
to expedite CMC regulatory approvals for cell and gene products. In addition to his requlatory
activities at Novartis, he co-chairs the manufacturing subteam of the Bespoke Gene Therapies
Consortium to facilitate first-in-human trials for ultra-rare genetic diseases and is a member
of the ICH Discussion Group for C&GT products. Prior to this role, he led the C&GT CMC team at
Novartis responsible for three global approvals. He has held regulatory leadership positions
at Merck and Eli Lilly & Co and holds a BA from Colby College and a PhD in cell and molecular
biology from Duke University.

Lesheth C. Rodriguez, MS, is Director of Regulatory Policy and Innovation at Bayer, where she
joinedin2003 asa Process Scientist in the Formulation and Freezing Drying team. She isresponsible
for driving the global regulatory policy strategy for C&6T and CMC (all modalities) at Bayer. She
is a regulatory policy professional with over 20 years of experience in the biopharmaceutical
industry with extensive knowledge of global regulatory frameworks. Prior to joining the Regulatory
Policy and Innovation team, she held various roles, including Manager of the Manufacturing
Sciences Final Product Manufacturing and Director of Regulatory CMC. She represents Bayer
at BIO, PhRMA, and International Federation of Pharmaceutical Manufacturers & Associations
(IFPMA) C&GT committees/task forces. She is a member of the ICH Q13 Implementation Working
Group (IWG) and the ICH C&GT Discussion Group (DG), representing PARMA in both groups. She
holds a MS in biochemistry from the University of Pennsylvania.
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FINDIN

5 THE AdoURANGE

in Computer Software Assurance

By Charlie Wakeham, Lorrie Vuolo-Schuessler, and Sién Wyn

Computer software assurance (CSA) has been

discussed widely in industry over the past five

years. While the principles are well understood
and welcomed, until now some of the practical
detail on how exactly to implement CSA into an
organization has been missing.

published GAMP® guidance. It discusses the results of the
workshop “Computer Software Assurance: Next Steps for
Better Compliance” conducted at the 2022 ISPE Annual Meeting
in Orlando, Florida. Finally, it delivers a practical analysis of the

'|' his article reaffirms CSA’s background and alignment with

organizational changes and mindset needed to successfully
implement CSA, critical thinking,and improved risk management.

CSA WORKSHOPS

In a GAMP® South Asia webinar in March 2024, only 14% of the
71respondents claimed a strong understanding of CSA, with
31% having no prior knowledge (see Figure 1). The remaining
55% were unclear around the differences between CSA and
computerized systems validation (CSV).

ISPE developed a two-part series on CSA in conjunction with
the Society of Quality Assurance (SQA). The first workshop, in
September 2022 and titled “SQA-CVIC and ISPE joint Workshop
on CSA,” was attended by 60 industry members. The second, in
October 2022, took the output fromthe firstworkshopasthestarting
point for further investigation and brainstorming.

The second workshop was hosted by the following presenters
(affiliations current at the time of the events):
= Charlie Wakeham, ISPE GAMP
= Lorrie Vuolo-Schuessler, ISPE GAMP and SQA
= Petch Ashida-Druar, ISPE GAMP and SQA
= Joseph Franchetti, SQA
= Ken Shitamoto, ISPE GAMP and FDA Industry CSA team
= Khaled Moussally, ISPE GAMP and FDA Industry CSA team
= Mike Rutherford, ISPE Chair and ISPE GAMP

Over 80 industry professionalsinvested their time and expertise
in Orlando to explore overcoming the perceived barriers of CSA
adoption. Those solutions are presented in thisarticle,along with
our grateful thanks to the attendees of both workshops for their
participation.
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BACKGROUND ON CSA

The US FDA Center for Devices and Radiological Health (CDRH)
CaseforQuality program [1] and theassociated guidance document,
“Computer Software Assurance for Production and Quality
System Software, Draft Guidance for Industry and Food and
Drug Administration Staff” [2], promote a risk-based, product
quality-focused, and patient-centric approach to computerized
systems. This approach encourages critical thinking based on
productand process knowledge and quality risk management over
prescriptive documentation-driven approaches.

The draft guidance has been prepared by the CDRH and the
Center for Biologics Evaluationand Research (CBER)in consultation
with the Center for Drug Evaluation and Research (CDER), Office of
Combination Products,and Office of Regulatory Affairs. It statesthat
when finalized, the guidance will supplement the FDA’s “General
Principles of Software Validation Guidance for Industry and FDA
Staff” guidance document [3].

The FDA’s 21 CFR Part 11 [4] document, which is applicable
to all FDA program areas, describes the FDA approach to CSV. It
specifically refersto the general principles of software validation
guidance and to GAMP guidance. Itis natural and logical for FDA

Figure 1: Results from GAMP South Asia survey question
“What knowledge do you have of CSA?”

No prior
knowledge

Strong understandin
of CSA

of CSA g

Unsure what is different between
CSA and CSV



Figure 2: Overview and benefits of risk management [5].

centersto cross-refer toalready existing guidance created by other
centers rather than create their own. The guidance should not
be seen as applicable only within CDRH or CBER program areas.

TheISPE GAMP Community of Practiceand its globalleadership
strongly supports FDA'’s risk- and quality-based approach to the
assurance of computerized systems, and believes that current
ISPE GAMP guidance, and specifically ISPE GAMP®5: A Risk-Based
Approach to Compliant GxP Computerized Systems (Second Edition) [5],
isalready fully aligned and consistent with such an approach.

Webelieve that the extremely valuable benefits and objectives
ofthe CSAdraftguidance canbefullyachievedbyapplying GAMP®5
(Second Edition). Thisapproach encourages critical thinkingbased
on product and process knowledge, applies effective quality risk
management over prescriptive documentation-drivenapproaches,
and favors a focus on true quality over compliance. We judge that
the draft guidance has already been very helpful in countering
fears of perceived regulatory inflexibility that have traditionally
contributed to outdated compliance practices.

We applaud the FDA’s decision to apply modified terminology
based on “assurance” to underline the fact that industry would
greatly benefit from a change from old-fashioned, outmoded,
paper-heavy compliance-focused approaches. A simple name
change canbeeffective,asitdrawsattention tothe factthatchange
is possible and desirable.

The use of the term “assurance” rather than “validation” is
alsological as it is wider in scope and covers all the essential life
cycle, operational, and governance activities involved. Current
GAMP terminologyis sufficiently flexible to support this thinking.
The European Union, the FDA, and other regulations use the
term “validation,” but are not prescriptive on how this should
beachieved. Webelieve thatany detailed differencesinapproach
or terminology are vastly outnumbered by the similarities in key
concepts and shared objectives and benefits.

ALIGNMENT WITH GAMP

Here we highlight some key principles and objectives of the draft
guidance and show how they are supported by and aligned with
the GAMP approach.

The draft guidance reminds us that testing alone is not
sufficient to establish confidence that the software is fit for its
intended use. It recommends a “software quality assurance”
focusonpreventing theintroduction of defectsinto thelife cycle.
It also encourages the application of risk-based approaches for
establishing confidence that software is fit for its intended use.
Thisis completely aligned with the GAMP®5 (Second Edition)life
cycle and verification approach.

Thedraftguidance supportsflexibility and agility by encourag-
ingregulated companiestoselectand apply the mosteffective testing
approaches for various circumstances, together with continuous
performance monitoringand datamonitoringin operation,as well
as leveraging various activities performed by other entities such
as suppliers and service providers. This is fully aligned with the
GAMPverificationand testingapproachand the GAMP®5 (Second
Edition) key concept of leveraging supplier involvement [5].

The draft guidance recommends focusing on features,
functions, or operations that support areas of high-process risk,
rather than those that do not pose a high-process risk. Failure to
perform as intended not related to high-process risks would not
result in a quality problem that foreseeably compromises safety,
eventhoughthose othersystemsand functionsarestillregulated.
Thisissupported by and consistent with GAMP® 5 (Second Edition),
Section 5.2 Science-Based Quality Risk Management, and
reflected in Figure 2 [5].

The draft guidance reminds us that when deciding on the
appropriate assurance activities, regulated companies should
consider additional controls or mechanisms in place throughout
the quality system that may decrease the impact of compromised
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Figure 3: Session topics within the workshop.

Building critical thinking,
quality, and CSA into your
organization

Measuring CSA benefits
and moving forward with
CSA

safety and/or quality if failure of the software feature, function,

or operation were to occur. Examples of controlsand mechanisms

include:

= Technicaland procedural controls for the production processand
theintegrity of the data generated within that process

= Processes for assessing, selecting, managing, and monitoring
suppliersandservice providers, includingassessment of software
supplier quality and life cycle activities

= Data and information periodically or continuously collected
for the purposes of monitoring or detecting defects, issues, and
anomalies in systems after implementation

= Life cycle management tools (e.g., for defect logging and man-
agement, testing, performance monitoring, release, deployment,
and maintenance)

= Testingperformediniterative cyclesand continuously throughout
the system life cycle

Thesearedescribed and recommended in multiple GAMP guidance
documents, including ISPE GAMP® 5: A Risk-Based Approach to
Compliant GxP Computerized Systems (Second Edition) 5], ISPE
GAMP® Good Practice Guide: Enabling Innovation - Critical
Thinking, Agile, IT Service Management [6], ISPE GAMP®RDI Good
Practice Guide: Data Integrity by Design [7],and ISPE GAMP® Guide:
Records and Data Integrity [8].
Thedraft guidance recommends the maintenance of sufficient
objective evidence to demonstrate fitness for intended use and
outlines what is generally required. The expectations listed are
easily achieved by following an appropriate GAMP® 5 (Second
Edition)life cycle [5]. For example:
= Theintendeduse of the software feature, function, or operation:
Defined in Requirements and other Specifications

= The determination of risk of the software feature, function,
or operation: Captured in a justified and documented risk
assessment

10 PHARMACEUTICAL ENGINEERING

SESSION
2

Adapting vendor
management practices and
audit approaches for CSA

Leveraging vendor
activities, and using CSA in
the operational phase

SESSION
3

= Records of the assurance activities conducted, including
description of the testing conducted, issues found and disposi-
tion, and conclusions: Captured in test specifications, reports,
and life cycle tools

Finally, the draft guidance pragmatically and helpfully reminds
us that documentation of assurance activities need not include
more evidence than necessary toshow that the system performsas
intended for the risk identified. It should also be sufficient to serve
as abaseline for maintenance and improvements or as a reference
pointifissuesoccur.

WORKSHOP OUTPUT

The workshop at the ISPE Annual Meeting in October 2022
comprised four sessions. Each session contained three questions
focused on related aspects of the session topics, which are shown
inFigure 3. Multiple breakout teams addressed each question,and
their responses are presented here with additional input from
GAMP global leadership.

Session 1: Critical Thinking, Quality, and CSA
Question 1: How can critical thinking become fundamental
and utilized routinely throughout an organization?
Foranorganizationtounderstand thevaluethat criticalthinkingcan
bringtotheiroperations,it’skey to first developa quality culturein
which quality, information technology (IT), validationleads,and the
business process owner(s) fully understand and embrace theirroles
and responsibilities to collaborate effectively. The quality culture
should enable management to lead by example and drive a culture
that questionsthe standard approach, breaks down organizational
silos,and allows flexibility in approaches. Critical thinking should
be prioritized through training initiatives and recruitment.
Toinstitutionalize theincorporation of CSAand critical think-
ing, theentire organization mustbe trainedinthevalueand purpose



of including critical thinking and risk management principlesin
all activities. Critical thinking and risk-based approaches then
become operationalized asintegral parts of the company’s culture.

System-levelriskassessmentsand functional risk assessments
shouldbeincludedineachprojectandinclude quality, IT, validation
leads, and the business process owner(s), along with appropriate
subject matter experts (SMEs)asneeded. Theriskfactorsassociated
with the particular product and process may be specific to that
combination. These should be reflected in the assessment when
considering the impact toboth the patient and the businessif the
risk occurs.

Incorporating critical thinking into a process is intended to
strengthen the controls and robustness of the process, not to offer
shortcuts. It should not be misused to that end.

Question 2: How do we get company leadership, and
especially the quality function, onboard and supportive of
CSA concepts?

GAMP®5 (Second Edition) defines the CSA conceptsin clear terms
positioned within thelife cycle and should be the roadmap for any
organization wishing to adopt these practices [5].

Thebenefits of CSAmaybebestachieved with the use of software
toolssupporting thelife cycle (e.g., requirements management and
automated testing tools). It may be challenging for an organization
to move away from paper and “paper-based thinking” and adopt
electronic workflows. Anunderstanding of the potential efficiency
gains with software tools and leveraging artifacts in the place of
traditional documents can support this move.

However, itisimportant thatan organizationunderstands that
investing in tools does create an increased upfront cost. Though,
once implemented and adopted, the CSA approach should deliver
ahighly defensible system with reduced long-term cost.

CSAisanevolution of software validation, and therole of quality
must evolve accordingly to bring their knowledge and expertise
into thismore flexibleand adaptable approach. The quality function
will transform from the gatekeepers (i.e., as essential approvers
on formal documents) into stewards of life cycle activities. These
stewards ensure the life cycle activities are consistent with the
validation strategy and provide strong assurance of fitness for
intended use.

Increased patient focus and critical thinking can optimize
the assessment of requirements and increase effectiveness and
coordination internally and between regulated companies and
vendors.

Question 3: How does a culture of quality vs. a culture of
compliance support the organization?

A culture of quality is one in which the focus is on producing
the right evidence for critical areas. This is done with the goal of
producing a system that is fit for use in the business process that
itsupports, inherently delivering both quality and compliance. It
is supported by collaboration, critical thinking, and a risk-based
approach focusing on ensuring patient safety, product quality,

and data integrity. Conversely, a compliance culture focuses on
meeting perceived regulatory expectations based on completing
a fixed set of universally applied predefined activities for each
system, without any assurance of consistently achieving quality.
A quality culture can only be established within an organization
whendrivenbyacommitted management team. Itisimportantin
such an organization that everyone recognizes quality as part of
their job, that there is tailored training of all personnel, and that
management focuses on rewarding behaviors that support the
set goals. The use of multidisciplinary teams and membership
diversity in governance boards will facilitate and encourage
collaborative working and clear accountability. This is essential
to the quality culture.

Session 2: Vendor Management Practices and
Audit Approaches for CSA

Question 4: After a vendor audit, how do you use the
information gained and leverage that knowledge in planning
your validation and ongoing control activities?

Many organizationsare now partnering with vendorsand wanting
toleverage vendor documentation. So, vendor assessments, clear
service level agreements (SLAs), and quality agreements are
critical to the success of the engagement. Only with knowledge
of the vendor’s quality practices is it possible for the regulated
company toleverage activities performed by the vendor, and thus
avoid repeating activities.

The CSAapproach focusesresourceson performingrisk-based
activities to complement and/or supplement previous activities
where needed. The type and frequency of vendor assessment
activities, including what follow-up and ongoing surveillanceare
needed, should be based on the product/services’ intended use
and associated risk. The information gained during the vendor
assessment allows the regulated company to decide what level of
confidence theyhaveinthe vendor’squality managementsystem,
life cycle, and records.

Afteranaudit or vendor qualification, the regulated company
may decide that the vendor does nothaveasufficient quality system
or knowledge of the industry and that they willnot use the vendor.
Alternatively, theregulated company may decide to proceed with
using that vendorbut establishing additional mitigating controls
based onathorough understanding of the business processand a
documented risk assessment. A follow-up assessment canbe used
todetermineif the vendor actions post-audit have been sufficient
to mitigate risks identified during the audit.

Ifthe vendorhasawell-established quality system, theregulated
company canassess their controlsand testrigorand coverage (e.g.,
viathetraceability matrix)against the intended use of the system.
Thiswillhelp determine whatactivities are needed to supplement
thevendorlife cycle.Itisimportant toidentify, assess,and mitigate
risks associated with differences between the tested vendor
configurationand the intended use; the validation plan should be
used to justify and describe the use of any vendor information or
activities. Anaction planisneeded to mitigateany remainingrisks.
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Avendorauditshould onlybe performed when theinformation
gathered during the audit will result in changes to the activities
performed by the regulated company.

Question 5: How do you audit vendor testing in the system
planning stage when you haven’t done the risk assessment
yet and do not understand the system?
Itisimportantthatarisk-based vendorassessmentisperformed by
SMEs from an appropriate team (e.g., quality, IT, validation leads,
and thebusiness process owner(s)) asneeded. The team should be
selected based on the types of risks associated with the system/
process and should meet prior to the first audit session. During
this meeting, they should agree on the key focus areasrelating to
the intended use of the products/services.

The audit objective should be to evaluate the quality and
maturity of the vendor processes, including their testing processes,
toidentify how the regulated company’s project activities will be
impacted in response to the assessment findings. This should be
donewhilerecognizing that the detail of the vendor’s testing may
need to berevisited later in the project by the validation team.

Question 6: How can a vendor do things differently with CSA,
and where can critical thinking and risk management take a
vendor in terms of more efficient and effective testing?

It is important that a vendor focuses on software development
life cycle elements and applies critical thinking from a product
perspective. The vendor procedures should ensurethat therationale
for decisions impacting their product life cycle (e.g., evolving
requirementsorrevising testcoverage)is captured and maintained
ongoingand canbe clearly understood by personnel from diverse
backgrounds (e.g., IT, quality, or business).

Many vendors follow Agile methodologies, including the use
of automated tools supporting the life cycle. Careful selection of
thelanguage used to connect the informationand artifactsinthe
tools to GxP validation terminology can help avoid duplicating
information into a document set.

Session 3: Leveraging Vendor Activities and

CSA in the Operational Phase

Question 7: Having used critical thinking, risk management,
and CSA approaches during the project stage, how does

this impact the ongoing maintenance of the validated state
through the operational phase?

The use of these approaches during the project stage will ensure
a deep understanding of the system and its use in support of
the business process when entering the operational phase. This
understanding should make it easy to continue risk-based CSA
throughout thelife of the system.

Lessonslearned during the project phase canbeusedtotailorthe
operational procedures and ongoing management of the system.
The SLA and/or quality agreement with the support provider can
bestrengthened tospecificallyaddressanyareas of concernand/
or potential risks identified during the system implementation.

12 PHARMACEUTICAL ENGINEERING

Considerationof changesinthe operational phase shouldinvolve
quality, IT, validationleads, and the business process owner(s), just
asinthe project stage. Whenitisachangetoasoftwareapplication,
ratherthanachangetoinfrastructureor process, the vendor release
notes should be scrutinized to understand the changes.

Allchangesshouldbeevaluated based ontheimpact the change
will have on the intended use of the system. The risk assessment
needs to be revisited to identify those changes impacting func-
tionalities determined to be associated with high-risk processes
(including impacts to any other systems that integrate with this
system). Critical thinking should be used to develop test plans
accordingly, and ideally automated test tools should be in place
to provide regression testing on high-risk processes after each
upgrade or set of changes.

It is important to note that automated regression testing is
a valuable and consistent tool for ensuring previously correct
functionality has not been impacted by the change; however, it
is also important to recognize that automated test cases by their
nature are scripted. Therefore, they will only test the same paths
on each execution.

Low-risk changes canbe operationalized through procedural
controls and implemented with minimal disruption to business.

Question 8: If a vendor uses a combination of scripted and
unscripted testing as part of their life cycle, how much can

you leverage this testing and in what situations, if any, would
you need to repeat any of this testing?

All vendor testing is suitable for leveraging if the vendor has a
robust quality management system that defines the risk-based
approach to testing, including scripted and unscripted testing,
andifthe unscripted testing was applied appropriately. However,
vendor testing using undocumented, unscripted testing or using
onlyunscripted testingasablanket replacement for scripted testing
intheinterests of speed and convenience would not be suitable for
leveraging by the regulated company.

Ifthe vendor quality management systemis notrobust, thenit
may benecessary torepeat certain testing to confirm functionality
relating to high-risk processes. The regulated company should
apply additional testing where the software is configured or
customizedand performscenario-based testing using theirinternal
processes and data to ensure the system operates as intended in
their environment.

Question 9: With continuous integration/continuous
deployment (CI/CD) approaches, especially for software-
as-a-service (SaaS) offerings, frequent incremental changes
to our infrastructure and applications are becoming

the norm. How much can the change management and
validation burden be lightened on the regulated user?

If the vendor is managing changes on behalf of the regulated
company, a closer relationship and oversight are required. This
isbecause the vendor is now able to impact the compliance of the
systeminusedirectly. Morerigorous assessmentand engagement



with the vendor’sinternal processesare needed. Thisis to ensure
thevalidationand controlsareadequately maintainedand managed
forboth the application and infrastructure through any changes.

With appropriate SLAs or quality agreements in place with
the right supplier, CI/CD can significantly reduce the regulated
company’s burden for change management and validation when
combined with the right mindset, appropriate process, and
automated tools. The operationalization of low-risk (standard/
routine) changes discussed in question 7 becomes essential in
thisscenario. Vendorswill work on differentrelease cadencesand
notification periods, so the regulated company must understand
and manage the risks and impact these have when working with
multiple vendors and solutions.

Session 4: Measuring CSA Benefits and Moving
Forward with CSA

Question 10: What metrics can quantify and optimize the
benefits of CSA in achieving and maintaining computerized
systems as fit for intended use?

First,baselinemetricsonthe currentvalidation processareneeded.
This is to provide a benchmark against which any differences
arising from CSA changes could be measured. These need to be
captured based on projects completed prior to CSA changes.

Second, both lagging and leading metrics should be used to
capture process improvements and the effectiveness of a CSA
approach. Examples oflagging metrics could include measuring
the time to release a new system, level of validation resource
used, duration of hypercare periods after anew implementation
or major upgrade, number of deviations/incidents after go-live
for functionalities associated to a high-risk process, and time
to implement low-risk fixes/enhancements, with a reduction
allowing an effective continual improvement program. These
example metrics would all ideally decrease with an effective
implementation of CSA approaches, risk management, and
critical thinking.

Leading metrics could be based on items on a “punch list” of
errorsorissuestobeadded tothebacklogandaddressedinafuture
sprint. These could be predictive indicators of both the number of
defects potentially within the software (high number of items on
the punchlistearly in the testing suggests poor quality software)
and of the amount of defect-resolution work still to be completed
to close out the punch list items.

Afteraproject,analyzinglessonslearned and understanding
the effectiveness as measured by the metrics could help optimize
CSA approaches for future projects and releases. This is done by
thinking critically about what updates need to occur to processes,
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Figure 4: Results from GAMP South Asia survey “What barriers or challenges do you see to adopting CSA?”
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systems, or records. Post optimization, the metrics should then
show a corresponding further improvement.

Invest in software life cycle tools and training and use SMEs
to ensure real understanding of risk management and critical
thinking. This will help drive long-term success and efficiency
gains. Companies need to understand the initial implementation
cost of CSA (investment in software tools, upskilling, etc.) vs. the
projected efficiency gains in the future.

Once the approach is fully implemented and matured, CSA
benefits include process improvements that will reduce the
incidence of issues in the operational phase. These will go hand-
in-hand with improvements in the quality culture and the end
product quality.

Question 11: What are the barriers to progressing with CSA
and how can they be overcome?

Question 12: What can we do to confidently defend CSA
approaches to other (non-FDA) regulators?

Note: Questions1landi12areaddressed togetherhere,astheanswers
overlapped and complemented each otherinasynergistic solution.

The conceptsof thedraft guidancearebroadlyapplicableacross
all FDA-regulated areas, as discussed in the background earlier
in this article. This applicability has led to the detailed inclusion
of CSA approaches in ISPE’s GAMP® 5 (Second Edition) [5], which
applies to systems used in regulated activities under GMP, good
laboratory practices, good clinical practices, good distribution
practices,and good pharmacovigilance practices. GAMP®5 (Second
Edition)shouldalsoallayany fearsthat CSAisonlyacceptabletothe
USFDAandnottootherregulators: GAMP guidance has provided
a de facto standard for many years and has been accepted and
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referenced by regulatory agencies around the world.

CSA, as stated repeatedly by GAMP, is just a reinforcement
of the risk-based approach. CSA builds on generally accepted
principles of validation and fundamentally does not introduce
anew way of working. This is because it aligns with the existing
risk-based approach promoted since 2008 and recommended in
the GxPregulations.

Amoresignificantbarrier to CSA adoption may come fromthe
variedinterpretation of CSAacrossindustry (including regulated
companies, vendors,and consultants) and regulators. In the April
2024 GAMP South Asia webinar, 83% of respondents cited the
lack of knowledge and understanding of CSA within their own
organizationsasabarrier. Thisis compared to 57% being concerned
aboutregulatory acceptance, as shown in Figure 4.

Again, GAMP guidance offers a common and pragmatic
approach to implementing CSA and critical thinking; it can be
usedasthe commoninterpretation. Investingin ISPE’s trainingin
GAMPmethodologiesand practices,aswellasexternaltrainingin
critical thinking, will ensure a practical understanding of how to
“do” critical thinking and how to capture and action the output of
thatcritical thinking, i.e., therationale for decisionsandarisk-based
approach. The increased understanding from such training will
make explaining and justifying the validation approach during
an inspection much easier to rationalize to regulators and other
auditors.

Thereisunlikely tobeaneatdeadlinebywhichall projectsusing
theexistingvalidationapproach willbe completed. Therefore, there
willbe ongoing projectsusing thatapproach running concurrently
withnnewer projects using CSA approaches. Record thejustification
for the change in approach and demonstrate there isno decrease
in control when transitioning from existing validation practices
to new practices including, for example, the use of unscripted



Figure 5: Effective approaches for the implementation of CSA.
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testing. Aninspection may include review of projects with existing
practices ornew practices. Both of these—when executed according
togood practiceand documented processes—should be acceptable
to the auditor.

CONCLUSION

CSA is an evolution of software validation using a risk- and
quality-based approachtoassure that computerized systemsand
applicationsarefitfor purpose. The outputsfromthe workshopseries
demonstrate thatthe toolsand techniquesare already available to
supportindustryadoption,andthisarticle providespracticaladvice
on managed and effective approaches for the implementation of
CSAattheleadershipand operationallevels,asshowninFigure5.

As with earlier approaches, CSA should be applied to the full
life cycle of a system. This life cycle includes development to
implementation and operation and eventually system decom-
missioning and destruction. A computerized system life cycle is
bestholistically managed by a multidisciplinary team. This team
includes SMEs from quality, IT, validation leads, and the business
process owner(s).

CSAisneither analternative for, nor a shortcut to, validation.
It will require initial financial investment in life cycle tools and
training, and early projects may consume more resources as
personnel learn and adapt to the improved way of working. The
long-term benefits of CSA done well—potentially shorter imple-
mentation times and less defects in the operational phase—will
justify this initial investment. The focus of the CSA approach is
on quality over compliance, giving an operational system that is
fit for intended use within its business process instead of hiding
behind excessive documentation.

Fundamental to an organization using CSA approaches is for
themto createaquality cultureand embrace critical thinkingand

Culture determines
quality outcomes

QUALITY
CULTURE

MODERN

TOOLS

Adopting automated
approaches to system
life cycle activities

risk management approaches in all their activities. Get critical
thinking and risk management adopted and embedded into the
organization,and CSAwill naturally follow. An open mindsetand
willingness to embrace change, including implementinglife cycle
tools, are vital to success.

Some less mature organizations may experience resistance
in implementing CSA due to the corresponding change in roles
and responsibilities. The role of quality in the project will need
to evolve from a gatekeeper mindset of reviewing and approving
documents to a steward mindset, ensuring the activities proceed
in accordance with the company’s internal policies and provide
guidance where needed in a flexible and versatile way to ensure
regulatory requirements are satisfied.

CSA as areinforcement of risk management complemented
by awider choice of test approaches and the use of life cycle tools
canbe implemented by, and bring benefits to, vendors, providers,
and regulated companies. For a regulated company to be able to
leverage vendor activities and build a long-term partnership, itis
important they establish a robust risk-based vendor assessment
process that drives and reinforces mitigation of any vendor risks
identified during assessments.

Ultimately, the intention of CSA is neither resource saving
nor efficiency gains but rather a substantial improvement in
patient safety. Since GAMP® 4 was published in 2001 [9], GAMP
has promoted a risk-based approach to computerized systems
quality. GAMP®5 (Second Edition) provides updated, detailed, and
pragmatic guidance onacomputerized systemlife cycleapproach
using CSAand critical thinking asareinforcement to therisk-based
approach [5]. This article discussed, in detail, the challenges and
practicalities around adopting the improved approach and how
it canbe achieved. Industry now has everything it needs to make
the transition and find the assurance in CSA. &
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FEATURE COMBINATION PRODUCT RELIABILITY

GUIDING PRINGIPLES

for Combination Product Reliability

By Alan Stevens, Sherwin Shang, PhD, and Kent Abrahamson

Drug delivery devices have become an essential
component for many modern medical therapies,
and it’s vital that they function as intended.
However, the reality of marketed products
shows that this is not always achieved because
drug-device combination products are becoming
increasingly complex, with an increasing number
of potential failure modes. Significant challenges
for engineers include understanding how to
develop the reliability specifications, which tools
to use, and when to use these tools.

he challenge of the correct tools to use is compounded by
.|- the increasing complexity of devices, like reusable, software

controlled, electromechanical infusion pumps, and single-use
devices, such as mechanical autoinjectors. As regulators and the
international standards communityincrease their focus on patient
risks associated with critical therapies, manufacturers must
adapt to deliver reliable products through early implementation

of reliability engineering techniques.

RELIABILITY ENGINEERING

Effectivereliability engineeringreducestherisk of product failures
and otherassociated negative outcomes, suchasharmto patients,
recalls,enhanced regulatory oversight, cost,and damage tobrand
reputation. Thereare many examples of medical devicerecalls that
may havebeen prevented throughapplication of a formalreliability
program. A review of recalls for infusion pumps identifies
many reliability-related issues, including switch malfunctions,
unresponsive user interface, and pump housing cracks allowing
fluid ingress [1]. Reliability engineering is a set of tools to help
manage these risks and this article discusses processes to plan
and implement the use of these tools.

However, it is important to distinguish between reliability as
an objective and reliability engineering as discipline. Reliability
is an attribute of a product, which applies to both multi-use and
single-use devices. Reliability engineeringisasystem of applying
engineering principles to thelife cycle of a product toachieve the
desired reliability objectives.

Itisessential thatbothreliabilityasan objectiveand reliability
engineeringasdisciplineareboth core considerations throughout
a combination product’s life cycle. The level of effort should
be commensurate with the complexity and risk of the product.
Reliability growth has typically been used in a system level to
monitor the productimprovementand maturity—from designand
development to commercialization and continuous improvement
management.

The reliability outcome and deliverables can be quantified in
termsof patient complaintratesand product failurerates. Reliability
valuescanalsoprovide estimated predictions of patient complaints
before product launch based on the clinical data of patient uses
of combination products for therapy and outline product failure
risks after launch based on failure mode and effects analysis
(FMEA), engineering confirmation testing, and the verifications
and validation data from design and development.

Background

A core principle of developing a reliable product is that reliability
engineering needstooccuratasystemlevel whereafundamental
understanding of the design must be established based on first
principles. Every decision—from the number of parts to which
software version updates, technologies, or testing strategies
are used—needs to incorporate reliability engineers into the
decision-making process.

Reliability starts with user needs. It then gets translated into
product requirements and incorporated into risk management.
It is a critical component of design development activities and
a cornerstone of testing. Further, it influences manufacturing
processes, directs on-market activities, and is critical for patient
benefit.

Reliability engagement for combination products begins at
productdesignand development, continuesthroughthecommercial-
ization of productlaunch, and involves continuousimprovement
of patients’ feedback and field observations. Reliability is more
than testing or a demonstration. It is an application of scientific
principles to a set of decisions that impacts patients, product
performance, and business success.

Definition

Reliability of a manufactured product is defined as the proba-
bility that it will perform satisfactorily for a specific period, as
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Figure 1: Key reliability considerations.
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intended, without failure under specific conditions. Itis typically
specified asaR(t)=x%, where t=time and x% = the probability of
performing without failure throughout expected manufacturing,
environmental, storage, and use condition variability [2].

RECOMMENDED RELIABILITY APPROACH

Werecommend thatreliabilitybeimplemented within the existing
design control process, as the chance of successfully integrating
will be improved because the organization has already aligned
around that mode of design and development. Key reliability
considerations are shownin Figure 1.

Design Inputs

Reliability starts at the early stage of development as user needs,
stakeholder needs, productrequirements,and planning documents
are established. For the reliability assessment, the design input
process canbeseparatedinto three parts: a) define context of use,
b) describe reliability requirements, and c) document the plan.

Define context of use

Development of the requirementsand plan occurs with the context
of use and should consider a broad range of issues, including the
intended use of the combination product, patients, users, and
risk to health if the device fails to function. Risk analysis should
consider the intended use and the availability of other medical
interventions when the device fails to function.

Based onthese factors, thelevel of reliability needed will vary.
Forexample, because alternative medical interventions may notbe
provided to the patient quickly enough to prevent harm when the
delivery device fails, thereliability for an emergency use product
willneed tobe high.

An example of an emergency use product is an autoinjector
that contains epinephrine, a medication that can save a patient’s
lifeby mitigating theriskand decreasingabody’sallergicreaction
(relaxing the muscles in the airways to make breathing easier).
If the injector device fails, the patient may not be able to access
medical care before severe harm or death occurs [3].

Dependingonthedrugproductand therapeuticrequirements,
other therapies may havereliability requirementsless strictthan
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Figure 2: Example of a use profile table.

Lines | Condition Experienced by Cycles/RangesEstimated
ine Device Over Expected Service Life
Shipment and distribution
1 to user, environmental
conditions
5 Temperature cycles with
user
3 Button activitions
4 [Use profile truncated]

this. For example, although insulin is a lifesaving medication,
the diabetic patient is more likely to be able to obtain other
medical care tomitigate harm should their device fail to deliver
the insulin.

Other factors to consider for reliability requirements include
the needs of healthcare providers, payors, regulators, and the
manufacturer. Details of the use profile canbe compiled intoa use
profile table (an example is shown in Figure 2).

Describe reliability requirements

It is important to correctly and completely write the reliability
requirements [4]. Therequirements should include the reliability
target, definition of failure, shelf life (the duration of time up
until the product is used or the expiry date is reached, whichever
comes first), use life (the duration of time the device is used for
drug delivery), and environments of use. Overall, it is critically
important to avoid ambiguity and to write the specification in a
verifiable manner.

Complex drug delivery systems should consider partitioning
reliability requirements across subsystems (i.e., mechanical,
electrical, and software) because the product requirements are
partitioned into subsystem requirements. A component of
reliability expectationsisrelated to the use profile requirements.



Figure 3: An example RBD.
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Theuse profilewilldefine environmentalimpacts (patient usesand
shelf life of storage), activation cycles, shipping conditions, and
anticipated worst case conditions (i.e., drop, shock, etc.).

These conditions will provide an outline for reliability evalu-
ations throughout development. Thereliability requirementsand
reliability planning (established at the early stage of development)
become the foundation for all subsequent work and should be
discussed during the design input review.

Document the plan

Reliability should be included in planning documents. It canbe a
partofthe designand development plan, or there canbeaseparate
reliability plan for complex drug delivery systems. The reliability
plan should outline activities from the feasibility phase through
development and up to the commercialization phase.

It is expected that the plan will be updated to accommodate
the increased understanding of the design and performance.
Eachdevice employing differentarchitectures, technologies,and
maturity of design solutions has a substantial impact on the time
required to achieve suitable on-market reliability.

Design Outputs

Once the design inputs have been specified, design output
activities can be initiated: a) establish a reliability budget, b)
implement reliability assessment tools, and c) develop areliability
model.

Establish a reliability budget

The reliability requirement is used to evaluate product concepts
and design decisions. The reliability budget is also established
during this development process. The reliability budget is an
apportionment of the overall reliability requirement across the
various subsystems and interfaces.

For example, if a device that consists of four subsystems
has a reliability target of 95% and the reliability target for each
subsystemisequally divided across the subsystems, then the target
reliability for those subsystems is (.95)", or 98.7%. For simplicity,
thisapportionmentexampleisdivided equallyinto eachsubsystem.

However, thebudget for each subsystem canbe adjusted asneeded
toachieve the overall system-level reliability target.
Keepinmind thatdecisionsabouthow to apportion reliability
to subsystems should always consider the impact on safety
and effectiveness (e.g., a safety-critical subsystem may have
its own independent reliability requirements irrespective of
what apportionment may permit). For example, a post-injection
needle safety protection feature may require 99% reliability per
arisk-based oraregulatory requirement.
Therefore,althoughitmaybe mathematically possibletoallocate
less reliability to this function, other external requirements may
impact reliability apportionment decision-making. The overall
reliability of the deviceisdeterminedby the product of all subsystem
and interface reliability components (see equation 1). Importantly,
toachievethereliability requirement for the device, the composite
reliability of the subsystems and interfaces must be met.

Equation (1)
Reliability .= (reliability ., .. xreliability ,, ..,
x reliability cubsystem, W X (reliability rerface, 1 reliability rerface, 2
xreliability ,, rerface, )

Using functional diagrams to depict major subsystems and
interfacesisoftenuseful to gainalignment on the subsystemsand
interfaces that warrant attention [5]. A reliability block diagram
(RBD) is a diagrammatic method for showing how component
reliability contributes to the success or failure of a redundant.
RBD is also known as a dependence diagram. RBDs are a way of
representingasystem, includingits subsystemsand components,
asaseriesofblocks. Thisisdoneinsuchawaythatequipmentfailure
rates, operating philosophies,and maintenance strategies canbe
quantitatively assessed in terms of the impact they are expected
tohave onasystem [6].

AnRBDisdrawnasaseriesofblocks connectedinparallelora
series configuration. Parallel blocksindicate redundant subsystems
or components that contribute to alower failure rate (see Figure 3).
Eachblockrepresentsacomponent of the systemwith afailurerate.
RBDswillindicate the type of redundancy in the parallel path [1]. For
example, a group of parallel blocks could require two out of three
components to succeed for the system to succeed. By contrast,
any failurealongaseries path causes the entire series path to fail.

AnRBD may be drawn using switchesin place of blocks, wherea
closed switch representsaworking componentand an openswitch
represents a failed component. If a path may be found through
the network of switches from beginning to end, the system still
works. An RBD may be converted to a success tree or a fault tree
depending on how the RBDis defined. A success tree may thenbe
converted to a fault tree or vice versa.

As the product is developed, the budget can be reallocated
between subsystems as needed. However, as part of the product
risk management process, efforts should be made to resolve any
designweaknesses that may be contributing to difficulty meeting
the pre-established budget.
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Figure 4: An example of an FTA.
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Implement reliability assessment tools
Oncetheinitialreliabilitybudgethasbeenestablished, engineering
analysis and testing can be used to create reliability estimates.
These canthenbe compared to theinitial reliability targets. These
reliability estimates are expected to mature as the designs and
analysesarerefined and theamount of test dataincreases. During
this time of engineering analysis and testing, it is important to
establishanunderstanding of the variables thatimpact reliability
and the robustness of the design. A first principle approach is
strongly suggested to understand fundamental behaviors of
the design and to establish an understanding of design margin.

Anassessmentcanbeaccomplished using Monte Carloanalysis
and/ordirect test methods. Reliability at the componentlevel can
be initiated using available support tools [7, 8]. A first principle
approach can be used to analyze components, subsystems, and
systems forreliability assessment.Itallowsatotal systemapproach
for analyzing individual systems and components. The design
team canleverage the initial reliability estimates from the prior
knowledge of each similar component, evenbefore the design team
hasany physical samples forlabtestingand reliability assessment.

A first principle approach also offers a prescreen tool for
component-level analysis and selection. Reliability testing
should be done at the subsystem level during the design and
development phasesand ultimatelyat the systemlevel for finished
product analysis and assessment. Reliability growth is a useful
indicator to show the reliability improvements at each version of
design and development for any device-drug delivery systems.
Accelerated test methods are often used to detect failures early
in development as compared to real-time product assessment
from a shelf-life-based analysis.
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Other valuable tools should be used to probe the reliability
of the design, and often these are used as part of the product
risk management process. FMEA is a structured way to identify
and address potential problems or failures and their resulting
effects on the system or process before an adverse event occurs.
In comparison, root cause analysis is a structured way to address
problems after they occur.

Reliability tools tobe considered for application during devel-
opmentinclude fault tree analysis (FTA), design FMEA (DFMEA),
process FMEA (PFMEA), and use-related risk analysis (URRA).
These tools can be used to understand failure modes and the
causes of system-level failures, which can help prioritize design
analysis and testing.

Fault tree analysis (FTA)

FTAis a type of failure analysis in which an undesired state of
a system is examined. This analysis method is mainly used in
reliability engineering to understand how systems can fail, to
identify the best ways for minimized risk, and to determine a
particularsystem-level (functional)failure. The FTA shows causes
that canlead to the failure of a system using logic gates.

An FTA is especially helpful because it assesses the causes
of failure using a top-down approach considering direct causes
(shownwith “OR” gates) and combined causes (shown with “AND”
gates). Anexample of an FTAisshowninFigure 4. Estimating the
individual probabilities of each failure mode should improve the
accuracy of the budgeted reliability.

FTA has been widely used in pharmaceutical, aerospace,
nuclear power, chemicaland petrochemical,and other high-hazard
industries. FTAisalsousedinsoftware engineering for debugging
purposesandiscloselyrelated to the cause-elimination technique
used forthe combination productsof electromechanicaldrug-device
systems.

DFMEAs and PFMEAs

DFMEAsareabottom-up approach toevaluate device failures. The
DFMEA provides an in-depth view of component and interface
failures and an opportunity to incorporate mitigations early in
development. This in-depth view of component performance
may identify key drivers of reliability and provide justification
for greater understanding and control. Similarly, PFMEAs are a
bottom-up approach to evaluate process failures and provide an
in-depthview of process performance that may influence reliability
and provide justification for greater understanding and control.

URRAs

URRAsareanotherbottom-up approach to evaluate product-use-
induced failures and provide an in-depth view into how the
combination productsarebeingused by patients. The URRA shows
theimpactsof therapeutical riskanalysis onadevice-drugdelivery
system that may influencereliability and provide justification for
greater understanding and control of combination products at
design-use perspectives by the targeted patients.



Process capability studies
Manufacturingprocessesshouldbeassessed using processcapability
studies. The allowable specification ranges should be established
bytheprecedingengineeringanalysisand testing. Those variables
most impactful to reliability and essential performance should
be flagged and considered as a part of the control strategy. The
combination of design and manufacturing characterization will
help define the expected robustness of the product and its ability
to meetreliability requirements.

HALT and HASS

Highly accelerated life testing (HALT) and highly accelerated
stress-screen (HASS) are means to understand and improve the
ruggednessofthedesignand tocreate custom productionscreening
prior torelease for verificationbuilds. HALT involves subjecting
the device to fluctuating temperature and vibration loads to
determine failure modes. Resolving HALT failuresand extending
HALT times and/or loads is an indicator of reliability growth.
HASS is testing that can be incorporated in the manufacturing
process to identify manufacturing defects that could lead to
reliability failures.

Budget and risk management
The reliability budget should be assessed periodically during
developmenttoreflectthe currentlevelof confidenceinmeetingthe
reliability requirement. The confidence of meeting the reliability
requirement is expected to increase throughout development.
Thereisadirectlinkbetweenreliability and risk management.
The reliability information is input to the device system risk
assessment. Failure effectsbecomeapart of the sequence of events
and the probability of failures becomes a part of the probability of
harm. Specificactions toreduce the probability of failuresbecome
apart of risk mitigation.

Develop a reliability model
The culmination of these efforts is areliability model thatis used
to demonstrate that the reliability requirements are met. These
modeling approaches are of particular importance for single-use
devices that cannot be directly tested prior to release. Although
therearedifferent modeling tools that canbe used (e.g., RBDs), we
recommend FTA due toitslevel of detail and flexibility toadapt the
design, manufacturing, and control processes where necessary to
achieve the reliability specifications.
Although we are not intending to delve into how FTA is
conducted, werecommend the following recommendations when
developing a fault tree for a drug delivery device:
= Tiethe top-level fault to the definition of failure for the product.
= Tie second-level faults to drug delivery functions that are con-
sidered important for safety and effectiveness.

» Use the FMEA and other reliability assessment tools to assure
that the FTAis comprehensive.

= Assure that redundancy in the FTA is handled appropriately
during analysis of the FTA.

The reliability model is not intended to be a static activity and
should be updated with current information as manufacturing
is scaled up and continuously improved. In this way, reliability
maturity can be assessed and documented.

DESIGN VERIFICATION

Reliability testing preparationbegins with preconditioning of the
testitems, which should include environmental, storage,and use
condition extremes and be done at the component and assembly
level. The parameters should be consistent with the reliability
specifications. Attention and careful justification mustbe given to
the types of age acceleration, especially when using temperature
and the Arrhenius equation. The age acceleration study would
shorten the testing cycle; however, the materials attributes,
particularly the glass transition temperature (Tg) of a specific
polymericbase material, need tobe considered foritsaccelerating
study designs.

Once the polymer material has its Tgaround the accelerating
aging study temperature, it would introduce a ductile-brittle
transitionand changeitsmaterial characterizationand properties.
The Arrhenius equation, accordingly, may not be suitable for
the prediction of real-life reliability from the accelerating study
results. In contrast, if a polymer material has its Tg far away from
the accelerating aging study temperature, the assessment of
acceleration is achieving the desired period [9].

Thebuilding of verification units provides anadditional oppor-
tunity to assess the process capability (Cp) and process capability
index (Cpk) values of those variables that impact reliability.

Reliability tests should assess all essential performance of
the design. For multi-use drug delivery systems, the reliability at
end of usefullife needstobe demonstrated. In addition, multi-use
test samples should be run to failure, as this will establish end
of life to estimate the design margin. The reliability of a durable
electromechanical pump canbetargeted, for example, for reliability
ata 95%, 90%, and 85% reliability level at 95% confidence at one,
two, and three years of reliability performance, respectively.

Inadditiontodemonstratingthatthe design meetsthereliability
requirements, the verification results can be used to estimate the
reliability performance margin and estimate field performance.

DESIGN VALIDATION

The validation of reliability comprises several approaches and is
aimedatassuring that the established reliability specificationsare
meetinguserneeds. Thisis conducted throughanalysisof available
information that includes literature, risk analyses, standards,
regulatory requirements, and prospective studies (e.g., human
factors, real-life handling studies, and clinical studies).

Human factors summative studies provide an opportunity
to evaluate how the patient responds to the physical device,
instructions for use, product labeling, product displays, and
alarms. Real-lifehandling studiesare meant to simulateactual use
conditionstoassess performance. Clinical studies canalsobe used
tofurthervalidate the design. Although these studies generally do
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notincludereliability endpoints, the information obtained should
beusedaspartoftheassessment (e.g.,complaints, device failures,
and use error). For example, if usersinteract with the deviceinan
unexpected mannerleading toadeficit of functional performance,
the reliability analysis may need to be revised to account for or
address the experience.

DESIGN TRANSFER

Design specifications, design marginanalysis, manufacturing
instructions, control strategy, risk management files, manufac-
turing capability assessments, and estimated field performance
are the basis of transferring reliability to from research and
development to operations. Operations activities related to
reliability include monitoring manufacturing variability, HASS
results (if applied), and product on-market field performance
(to compare against expected reliability performance and to
determinelife cycle managementactivities to meet and exceed
reliability expectations).

ON MARKET

Product launch after regulatory approval is a key milestone
for patients to have a new medicine for the improved therapy.
Healthcare providers and patients provide feedback to medical
deviceand pharmaceutical companies. Thisincludes their product
uses in terms of the field experiences and observations of drug
products, medical device for the drug delivery systems, and/or
combination products. Reliability monitoring is continued from
the scale-up to the technical transfer of mass production at a
commercial manufacturingline.

The data from the field feedback and commercial-scale man-
ufacturing can be used to assess both patient complaints and
product failure rates. The reliability study at the on-market stage
is not only to provide reliability growth assessment, but also to
offer continuous improvement opportunities. The reliability
outcomes of the on-market stage are the valuable knowledge and
foundation that can be used to identify the critical subjects and
processes for the manufacturing yield improvementsand patient
complaint mitigation.

CONCLUSION

Astructuredapproachisessential to ensureareliable combination
product. Reliability begins with understanding the needs and
establishing requirements. Reliability then gets embedded
into planning and it should be characterized analytically and
experimentally to fully understand the physics and the robustness
of the design and manufacturing processes. Reliability to meet
essential performanceis demonstrated with preconditioned parts
and assemblies.

Margin is shown by testing to end of life for multiuse drug
delivery systems. Control strategies include those parameters
necessary tomeetreliability requirementsand theriskmanagement
file contains the failure modesand probabilities of failures thatare
assessed throughout the productlife cycle.
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Reliability is more than testing or a demonstration; it is
an approach that impacts patients, product performance, and
businesssuccess. The goalsof reliability deliverablesand reliability
engineering are to consistently assure trustworthy medical
devicesand robust combination productsviadrug-device delivery
systems for targeted therapies. &
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TEGHNICAL QRM STRATEGIES FOR C&GT

tMBRAGING THE UNKNOWN:

QRM Strategies for Cell and Gene

Therapies Facilities

By Barbara Vidiere, Stephanie White, and Nicholas R. Haycocks

The pharmaceutical landscape is rapidly
evolving, and cell and gene therapies (C&GT)
are at the forefront of this transformation. These
therapies are revolutionizing how we approach
patient care, particularly in the realm of
personalized medicine. However, this innovation
has also introduced challenges, especially when
establishing new manufacturing facilities.

ne such challenge is qualifying equipment and utilities for

drug manufacturing when critical quality attributes (CQAs)

and the associated critical process parameters (CPPs) are not

clearly defined and the relationship between quality attributes
and process parametersisnotyet fullyunderstood due toanearly
development stage. This is a common scenario in multipurpose

and new modalities facilities where future products are unknown.
This raises the question: How can we ensure product quality and
patient safety in such a dynamic and uncertain environment?

WHAT ARE NEW MODALITIES?

Traditional drug platforms suchas small-molecule therapies and
monoclonal antibodies are now established in the health care
industry; new modalities that have emerged in the past 20 years
include C&GTs,RNA drugs,and complexbiologics [1]. C&GTs cover
abroad spectrum of therapies (see Figure 1).

Cell-Based Therapies

For autologous therapies, cells are taken from the patient and
genetically altered outside of the human body (in vitro) and then
usually cultivated. Those cells are then reintroduced into the
patient’sbody. These productsare characterized by a one-patient,
one-batch relationship (single-patient therapy). The facilities

Figure 1: Definition and pipeline snapshot by modality [2].

Category Description Modalities
mAb
. . Mass production of antibodies
Antibodies that recognize specific targets ADC
BsAb

Proteins and peptides

Natural or engineered proteins
intended to replace absent or abnormal
proteins or to affect another function

Recombinant

Cell therapies

3,129

CAR-T
Manipulation of immune Stem cells
Cell B .
. cell function and regenerative
therapies medicine to combat disease TCRT
CAR-NK
TILs
Gene Introduction or modification Gene augmentation 766
therapies of DNA in targeted tissues Gene editing 137
DNA and RNA therapies 443
Nucleic Injection of genetically .
acids engineered DNA or RNA RNAI ‘ 237
mMRNA | 129
Viruses that target and lyse cancer cells Oncolytic viruses 185
Other _n_ew Treatment by restoring healthy gut microbiota Microbiomes 52 Il Marketed
modalities M Clinical
Targeted protein degradation via ubiquitylation PROTAC | 33 W Preclinical
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Figure 2: Relationship between CQAs, CPPs, CAs, CDEs, and associated testing [6].

Critical Quality Critical Process Critical Design
Attributes | Parameters || c"“"'té :;}"““ | 5| Elements || Tests
(CQAs) {CPPs) {CDEs)
Product potency Temperature Temperature Temperature Receipt verification,
(e.g., 2°C - 8°C) control and element range installation check,
manitaring and accuracy, openiclosed loop
control, and check, calibration,
alarm logic functional

arefor smallbatch sizesand more “lab type” with small size and
tabletop equipment. Also, the manufacturing facilities can be
distributed (e.g., in hospitals).

Forallogeneic therapies, cellsare derived fromhuman donors
orother celllines (suchasinduced pluripotent stem cells), with or
without in vitro genetic modification, and the final cell therapy
can be used to treat many different patients. Facilities for such
therapeutic products consist of several small-scale operations (cell
isolation, centrifugation, expansion, etc.). After cell preparation,
the production processatscale startsas known frombiotechnology
product manufacturing.

Gene Therapies

For gene therapies, functioning genetic material is delivered, for
example, withaviral vector into the humanbody to treat or prevent
diseases. Facilities for such therapeutic products allow for bigger
batch sizesand onebatchisused for multiple patients. Thesekinds
of facilities can consist of equipment or systems known from mature
modalities for producing drug substances and equipment for the
formulation, known as filland finish [3].

UNKNOWN PRODUCT AND PROCESS REQUIREMENTS

Pharmaceutical companies need to get ready for their clinical/
commercial manufacturingatan early stage of development when
it is not clear which product or therapy will make it successfully
out of the development pipeline.

A platform approach can help companies target multiple
modalities. Platform facilities are adaptable to various processes
and products. This is to support the production of new modality
products or therapies and offer flexibility and afaster response to
pipeline demands and changing market demands.

System, product, or process requirements are often not fully
established, particularly in cases like ongoing development,
multiproduct/platform approaches,and contract manufacturing
facilities,aswellasresearchand clinical manufacturing settings.
With new modalities, further challenges arise with new or non-
standard equipment. In these instances, a foundational designis
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verification, and
alarm verification

oftenbased onasetof general processrequirements or performance
criteria, whichare shaped by both the user’sneedsandregulatory
standards, suchasISO5/Grade A conditions forasepticfilling with
unidirectional airflow.

IDENTIFYING CRITICAL PARAMETERS

ICH Q8(R1), ASTM E2500-20, and the ISPE Baseline® Guide Volume 5:

Commissioning and Qualification (Second Edition) describe how

quality aspects from pharmaceutical development, or defined

CQAs, are translated into the requirements of a manufacturing

process, with the associated CPPs, to consistently deliver quality

products [4-6]. Those requirements are an integral part of the
quality risk management (QRM) application, which forms the

basis for commissioning and qualification (C&Q).

ICH Q8(R1), ASTM E2500-20, and the C&Q Baseline® Guide
categorize these aspectsinto:

» CQA:Aphysical, chemical, biological, or microbiological prop-
erty or characteristic that should be withinanappropriatelimit,
range, or distribution to ensure the desired product quality [4]

= CPP: A process parameter whose variability has an impactona
critical quality attribute and therefore should be monitored or
controlled to ensure the process produces the desired quality [4]

= Critical aspects (CAs): Functions, features, abilities, and per-
formance characteristics necessary for the manufacturing
process and systems to ensure consistent product quality and
patient safety [5]

= Critical design element (CDE): Design functions or features that
are necessary to consistently manufacture products with the
desired quality attributes [6]

The C&Q Baseline® Guideillustrates therelationship betweenthese
aspects using automated temperature control and monitoring of
process steps as an example (see Figure 2).

FROM UNKNOWN CQAs AND CPPs T0 GENERIC SYSTEM QUALITY
ATTRIBUTES AND SYSTEM PROCESS PARAMETERS

In scenarios where traditional CQAs and CPPs are not defined,



Figure 3: Establishing SPPs.

CPP Product 1

CPP Product 2

CPP Product 3

it may be beneficial to use a more generic term than CQA or CPP.
The concept of system quality attributes (SQAs)and theassociated
system process parameters (SPPs) offers a strategic alternative.
SQAs are the physical, chemical, biological, or microbiological
property or characteristic that should be within an appropriate
limit, range, or distribution to ensure the desired system product
quality. The system product is the output from that system. SPPs
arethe parameters whose variabilityhasanimpactonan SQAand
therefore should be monitored or controlled to ensure the process
produces the desired quality.

The SPPsrepresent the fullinstrumentand equipment range
and are not specific to one product or manufacturing process.
SQAs and SPPs are derived by gathering and analyzing a range
of information, including data from existing documentation
and the insights of subject matter experts (SMEs). An alternative
terminology would be equipment quality attribute and equipment
process parameter.

Afoundational designisoftenbased onasetof general process
requirements or performance criteria, which are shaped by both
the user’sneedsand regulatory standards, suchasISO 5/Grade A
conditions for aseptic filling with unidirectional airflow.

Also, where the equipment maybe be used for multiple products,
there may be variation in the specific CQAs and CPPs for the
products. The use of the broader terms SQA and SPP, which can
encompassall the CQAs for the products that will be processed on
the equipment, is then beneficial. This can also help explain why
there may be more attributes or parameters used for equipment
qualification than there are in a product filing, for example.

Figure 3 illustrates the establishment of SPPs where devel-
opment and process SMEs provide expected or likely CPPs while
going through different steps of a system risk assessment (SRA).
In the absence of a CPP system, qualification will cover the full
equipment/instrument range.

SYSTEM RISK ASSESSMENT

The processof identifyingand validating SQAs and SPPsis greatly
enhanced by usingriskassessment methodologies, as detailed in
the C&Q Baseline® Guide. This framework provides a structured
approach to assess and document the SQAs and associated SPPs,
assessing the potential impact of each SPP on the overall process

and product quality. This approach is especially valuable when
we deal with new technology or with complex systems, whichisa
challenge often associated with C&GT facilities.

Developing an understanding of the operational sequence of
the processhelpsidentify the SQAsand SPPs.Italso helpsbuild the
knowledge of processes, systems, and equipment. By employing
this method, manufacturers can ensure that even in the absence
of traditional CPPs, the manufacturing process remains robust,
controlled, and capable of producing high-quality products. This
adaptation not only aligns with regulatory expectations but also
facilitatesamoreagileand responsive manufacturing environment.
The SRAmethodology is demonstrated in the following example.
Wehave picked thisexamplebecause everyone mightknowwashers
and therefore can easily follow the concept.

AsshowninTable1,the SQAisgeneralinthe example—asthe
C&Qof the washer confirms that the system delivers the specified
requirements. Cycle development and cleaning validation will
confirmthatthesystemisfitforitsintended use. The same strategy
canbeused for process equipment with general parametersapplied;
these may apply to all utilization of the system or be specific to
individual products.

The SRA considers therisks to the output of the system based
on the proposed design and anticipated controls (design and
procedural). The SRA then determinesifthe controlsareadequate
to provide an acceptable risk profile for that system.

EFFIGIENT USE AND APPLICATION OF THE SRA

The process suggested to ensure efficiency is as follows. First,
develop the initial draft of the SRA with a small group—system/
process SME, facilitator, and quality; this makes the process quick.
Thenreview the draft withalargerteam, including operationsand
maintenance. This provides the benefits of letting the site staff
get an understanding of the equipment and associated process
early and ensuring that their localized experiences with similar
systems/controls are incorporated.

Next, the project team can agree on the timing of this initial
assessment. Foranovel design or site-built system, it may be useful
to do this early. It can be done later for established designs. The
initial assessment is an engineering tool that may be reassessed
if the design changes. It can only be completed when the designis
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Table 1: Washer SRA example based on ISPE Baseline® Guide Volume 5: Commissioning and Qualification (Second Edition) template [6].

j=
s
%5
o
v o
=73
o v

Description

SQA/Regulatory
Requirement

Impact on SQA

How SQA Can Be

Impacted

Design Controls

Recipe
Parameter

Associated Alarm

Procedural
Controls

Residual Risk

1 Pre- Check to N/A N/A None  N/A N/A N/A~ None The None N/A
loading ensure unit operational
inspection s visibly procedure will
cleanand describe how
dry to conduct the
preoperational
checks
2 Prerinse Initial rinse ~ No loose Temperature, ~ Direct Particulate  The system has low Yes  Low flow The opera- None
to remove material, flow rate/ nottotally  flow rate and high rate and tional SOP
bulk residue  surface time (volume/ removed and low temperature high or low will describe
andwetdry  wetted pressure) alarms; the system will temperature the action
materials only move to the next required in the
step after the process event of an
has been completed alarm
for the defined time
with no alarms, trend
pressure/flow rate data
3 Detergent Initial Purity Detergent Direct  Variation The system has low Yes  Lowconduc-  The opera- Conductivity is
wash cleaning (loosening concentration from the conductivity, low flow tivity, low tional SOP used to
stage and putting  (conductivity), validated rate, high and low flowrate,and  will describe  determine
materialinto  temperature, cleaning temperature alarms; high or low the action the detergent
suspension/  flow rate/ process the system will only temperature required inthe  concentration
solution with ~ time (volume/ move to the next step event of an
the cleaning  pressure) after the process has alarm
material) been completed for
the defined time with
no alarms, trend pres-
sure/flow rate data
4 Interim Rinse to Purity Temperature,  Direct Remaining  The system has low Yes  Lowconduc-  The opera- Conductivity is
rinse remove (rinsing the ~ flow rate/ surface conductivity, low flow tivity, low tional SOP used to
detergent wash solu-  time (volume/ material rate, high and low flowrate,and  will describe  determine
and tion from the  pressure) contami- temperature alarms; high or low the action the detergent
removed unit) nation of the system will only temperature required inthe  concentration
surface particulate  move to the next step event of an
contami- after the process has alarm
nation and been completed for
particulate the defined time with
no alarms, trend pres-
sure/flow rate data

SOP: standard operating procedure

approved (ready tobe constructed) toensurethatthe final proposed It should be stored in a qualified document management system
designisassessed. along with the associated summary report.
Theearlyriskassessmentisessentiallyanengineeringtooland Thebenefits of thisstrategyarethata)ifhighrisksare observed,
maybestoredinaccordance with projectdocumentationstandards.  theteamhastherightexpertiseto critiqueitand propose changes

Thefinalassessmentof theapproved designisaqualitydocument.  toreduce therisks;b)followingthisapproach simplifiesa complex
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processintoan easier step-by-step process; ¢) upon completion of
the SRA there is a better understanding of how the system works
and the associated risks; and d) there is a list of quality-critical
alarms and instruments with the supporting rationale for their
categorization.

FACILITY FITTO PRODUCT

Upon completion of the development phase and finalization of the
productand processrequirements, itiscrucial for the projectteamto
review theinitially defined generic requirements. Thisistoensure
that they align with the final requirements. This also includes an
assessment of whether the actual CQAs are included in the SQAs
and the SPPs include the CPPs. If there is a gap, an update of the
SRA with the confirmed CPPs and CQAs added will be required,
including any additional qualification required.

The process of verification relies heavily on engineering
specificationsandisexecuted by expertsin thefield. Thisincludes
conductingengineeringrunsand assessing the operationalrange
and precision of equipment, ensuring it can meet future product
and process demands. Evaluating equipment suitability often
involves two key aspects: confirming that risks to product quality
aresufficientlymanagedand determining equipment performance
levels that are acceptable to both the user and the SME.

Should there be any discrepancies between the initial design
and the final requirements, adjustments are made under change
control and subsequently qualified. This ensures that the system
remains compliant and effective [6].

CONCLUSION

Inscenarioslacking defined productand process requirements,a
genericsetof processrequirementsisusedasadesignbasis,aligning
withregulatory expectations. Verificationis performed by experts,
focusing onequipment performance capabilitiesand risk to product
quality. As per the C&Q Baseline® Guide, equipment qualification
covers the operating capabilities of the equipment—these mustbe
assessed against finalized productand processrequirements once
theyare defined to confirm that the equipmentis suitably qualified.

In conclusion, the qualification of equipment and utilities in
the absence of defined CQAs and CPPs demands a flexible and
knowledgeable approach. By leveraging existing data, engaging
withexperienced SMEs, and focusing on patient safety and product
quality, the pharmaceutical industry cansuccessfully navigate the
uncertainties associated with the manufacturing of C&GTs and
other drugmodalities. Thisapproachnot only ensures compliance
with regulatory standards but also upholds the commitment to
delivering safe and effective therapies to patients. &
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