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PE VOICEMESSAGE FROM THE CHAIR By Frances M. Zipp

Making the Connection
As I sit at my computer to write my 
fi rst column as ISPE International 
Board Chair, my thoughts are centered 
on how I can personally help drive 
our unifying vision, “Connecting 
Pharmaceutical Knowledge,” and 
how we as members of ISPE have an 

outstanding opportunity in the year ahead to provide outreach 
and resources to expand our networks of people, technology, 
and information to accomplish the goals of that vision. 

I look forward to achieving that vision with all of you. At its heart, ISPE is an organiza-
tion of people who are here to improve and advance our industry. Without you, ISPE 
would not be the industry leader that it is today. To keep you well informed, I want to 

share a brief overview of several key areas of strategic focus for the year ahead that we 
may achieve together.

A FOCUS ON LEADERSHIP
In our targeted e� orts to focus on the latest, most innovative channels, ISPE will improve 
our operating model by designing and implementing key digital transformation initia-
tives in content development, knowledge management, access, and distribution. 

We will also build and scale initiatives relevant to current and emerging therapeutic 
modalities to reinforce ISPE’s thought leadership for members of our organization and 
industry professionals around the globe. 

HIGH-VALUE ENGAGEMENT
In the coming years, ISPE will focus on engaging our members and pharmaceutical profes-
sionals at all career stages, providing exceptional networking and knowledge platforms 
that o� er solutions to complex industry challenges in a socially responsible manner.

Among these e� orts, ISPE will improve and expand the relevance, impact, and e�  -
ciency of ISPE’s operating and volunteer models. Based on market research, we’ll 
strengthen engagement with stakeholders in prioritized target geographic markets 
through initiatives including Women in Pharma® and Workforce of the Future.

GETTING TOGETHER
The year ahead will provide many opportunities to gather, network, and share during 
ISPE’s many conferences and trainings. With our focus on modernization, globalization, 
and transformation in pharmaceutical science as well as manufacturing across the 
globe, our events o� er an outstanding opportunity to pharmaceutical professionals to 
engage in industry-critical conversations. 

I look forward to talking with you this year, whether you are a new member or a mem-
ber of many years. If we don’t get the chance to connect in person, please reach out to me. 
Every ISPE member is important, and each voice deserves to be heard. 

Let’s join together to advance ISPE’s mission through sharing ideas and knowledge, 
spirited debate and discussion, and mentoring those new to the life sciences and ISPE. 
Through these e� orts, we continue to build momentum that will empower and energize 
our members, which will ultimately bene� t the healthcare of people around the globe.

Let’s all get motivated! Let’s all pledge to contribute! And let’s all get started today!  

Frances M. Zipp is the 2020 ISPE International Board of Directors Chair and President and CEO of Lachman Consultant Services, Inc. 

Frances M. Zipp
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The pharmaceutical industry is ever-changing, 
as we saw demonstrated during the 2019 ISPE 
Annual Meeting & Expo, and at other ISPE 
conferences around the world. In fact, change 
is accelerating—and to support the trends 
and developments in the industry, ISPE has 
developed a new three-year Strategic Plan. 

T he new plan commences this year and continues through 
2022. It builds upon the successes of the previous Strategic 
Plan (2016–2019), which laid the groundwork for our next 
steps. 

BUILDING THE PLAN
Our new plan re� ects what you, ISPE’s members, want and need to 
support the essential and valuable work you do every day. 

To learn about these wants and needs, ISPE obtained input 
from over 1,600 individuals who participated in surveys, focus 
groups, and interviews. Participants in this information-gathering 
initiative included individual members and nonmembers, 
Chapters, A�  liates, knowledge networks, the ISPE International 
Board of Directors, and former Board members.

The plan was developed in support of ISPE’s Mission Statement: 
ISPE is the global industry leader in connecting pharmaceutical knowl-
edge to deliver manufacturing and supply chain innovation, operational 
excellence and regulatory insights to enhance industry efforts to 
develop, manufacture, and reliably deliver quality medicines to patients.

It also supports ISPE’s Vision Statement: Provide solutions to 
complex pharmaceutical industry challenges through manufacturing 
innovation, member and workforce development, technical, regulatory, 
and compliance collaboration.

STRATEGIC THEMES 
The new Strategic Plan has eight themes. This is an overview of the 
themes and the related initiatives we will be working on.

Build and scale content and initiatives relevant to current and 
emerging therapeutic modalities. ISPE will continue to be a 

INTRODUCING ISPE’S 
NEW STRATEGIC PLAN

PE VOICE

thought leader driving innovative solutions for pharmaceutical 
manufacturing, supply chain operations, regulatory compliance, 
and quality assurance. We aim to be the go-to organization in tech-
nical problem-solving for continuous and agile manufacturing of 
current and emerging therapeutic modalities, including biotech 
(large molecules), small molecules, and cell and gene therapies. ISPE 
will continue to drive digital transformation of manufacturing/
data analytics through initiatives such as Pharma 4.0™.

Balance portfolio of programs, products, and services to opti-
mize ISPE’s mission-related initiatives. ISPE will establish a 
more disciplined approach to align ISPE content, products, and 
services with the Strategic Plan. We will identify and prioritize 
ISPE’s mission-critical activities, balancing between industry, 
membership, and regulatory priorities—always mindful of the 
patient. ISPE will enhance programs with significant industry 
impact, such as GAMP®, drug shortages prevention, and quality 
metrics.

Lead the acceleration of the pharmaceutical industry’s e� orts 
to develop the workforce of the future. ISPE will develop and 
implement a Workforce of the Future program, with the goal of the 
following desired outcomes: workforce � exibility that is agnostic to 
therapeutic modalities; transition of mature workforce to leverage 
their experience across the pharmaceutical industry; and equipping 
pharmaceutical industry professionals with the knowledge neces-
sary to make optimal use of electronic systems to accelerate product 
development, licensure, and launch.

Drive member value with targeted content, communications, 
and member experiences based on professional areas of inter-
est and demographics. ISPE will evaluate and prioritize targeted 
content to speci� c membership needs based on geography and/or 
professional status in the pharmaceutical industry. It will 
strengthen engagement in targeted geographic markets. ISPE will 
continue to sponsor the Global Pharmaceutical Manufacturing 
Leadership Forum (GPMLF) to define pharmaceutical industry 
initiatives that drive solutions to complex industry challenges. 
ISPE will establish Young Professional programs to improve the 
knowledge base. 

Pharma Best Practices Webinar Series

ISPE understands your professional needs and is here to help with 
our new FREE Webinar Series available to everyone! Each webinar 
will feature leading subject matter experts covering critical, 
relevant topics in pharmaceutical manufacturing.

Upcoming Webinars

• One Size Does Not Fit All: Strategies for Bringing Advanced  
Therapy Medicinal Products to Market

• Blockchain for Pharma and Clinical Trials

• Application of SOC 2 to GxP

• GAMP®

Visit ISPE.org/Webinars to see a list of past recorded webinars, 
register for upcoming webinars, view recordings, or sign up to 
receive notifications about new webinars.

ISPE Members enjoy unlimited access to previously recorded 
webinars, even if you didn’t attend. NOT A MEMBER, JOIN TODAY!

NEW! 
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John Bournas

By John Bournas
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Design and implement global digital transformation initiative 
for content development, knowledge management, access, 
and distribution. ISPE will continue to modernize its digital plat-
forms to enhance the member experience worldwide, and will 
increase engagement of subject matter experts and regulators on 
the timely delivery of content through guidance documents, con-
ferences, and professional development.

Foster partnerships and collaborations that advance ISPE’s 
mission. ISPE will maintain and foster regulatory interactions to 
advance common interests among the pharmaceutical industry 
and regulatory agencies. It will selectively identify and partner 
with other industry organizations on topics where expertise can 
be leveraged to a common interest consistent with ISPE’s mission.

Improve relevance, impact, and e�  ciency of ISPE’s volunteer 
operations. ISPE will enhance its volunteer model to drive agility 
and e�  ciency. It will develop a comprehensive engagement pro-
cess for the Communities of Practice (CoPs) to drive e�  ciency and 
align with regulatory and pharmaceutical industry initiatives. 
ISPE will also engage Affiliates and Chapters to enhance ISPE’s 
operating model at the local level.

Promote and Support the ISPE Foundation. ISPE will develop and 
execute a plan to promote the ISPE Foundation, the philanthropic 

arm of ISPE. It will identify opportunities to support the initiatives of 
the ISPE Foundation using ISPE’s knowledge-sharing platforms. 
Foundation initiatives include the S tudent and Young Professional 
Travel Grant Program, Women in Pharma®, and the Emerging 
Markets Knowledge Exchange. ISPE will assess opportunities to sup-
port ISPE members and pharmaceutical professionals in addressing 
new and evolving industry challenges and trends. 

The International Board of Directors, ISPE leadership, and ISPE 
sta�  are looking forward to working on these strategic initiatives 
with you, our members. We are excited about what the future 
holds for these next steps at ISPE and in sharing in your contribu-
tions, with the end goal of the patient in mind. 

John Bournas is President and CEO of ISPE.
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YP EDITORIAL By LeAnna Pearson Marcum

CELEBRATING THE FIRST 
GLOBAL ISPE HACKATHON

LeAnna Pearson Marcum 

On 26–27 October 2019, the fi rst Global Student 
& Young Professional Hackathon was held at the 
2019 ISPE Annual Meeting & Expo. Thirty-six ISPE 
Young Professional (YPs) and Student members 
came from around the world to participate in 
the two-day event that demonstrated innovative 
thinking, collaboration, and project management. 

This event was designed by an amazing group of task team 
volunteers: Heather Bennett, Project Manager/Process 
E ng i neer, ACCO E ng i neered Sys tem s; Joh n C l a rke, 
Biopharmaceutical Operations Lead, P� zer Dublin, Ireland; 

Wendy Haines, Associate Director of Technical and Scientific 
Services, PharmEng Technology; and Alex Schramm, Automation 
Engineer, Banks Integration Group.

ABOUT THE GLOBAL HACKATHON
YPs and students were split into six multidisciplinary teams. All 
teams were given one of two Facility of the Future presentations 
paired with a unique challenge to solve. All teams were also given 
access to resources including Pharmaceutical Engineering and the 
ISPE Communities of Practice. At the end of the two days, each 
team pitched to a group of judges and industry leaders. 

These were the topics tackled by each team: Team 1: future 
expansion; Team 2: resiliency against environmental event; Team 
3: supply chain; Team 4: future � exibility; Team 5: environmental 
impact; and Team 6: serialization and resource usage.

Team coaches were Dante Amatangelo, Validation Specialist/
Consultant, VaLogic LLC; Nissan Cohen, Company Owner, 
Biopharmaceutical Water Doc; Stephen M. Hall, PE, Chief Process 
Engineer, Genesis Engineers; Monique Sprueill, PMP, Senior 
Manager Strategy, Insights and Innovation, Johnson & Johnson; 
and Zen-Zen Yen, Venture Manager, Bayer AG. The ISPE Staff 
Membership Liaison was Debbie Kaufmann, Manager, Professional 
Communities.

Judges were Michael Arnold, Senior Director, Strategic 
Relationships, Investigational Products Business Process Owner, 
Pfizer, Inc. Global Clinical Supply Chain, Connecticut, and Past 
Chair, ISPE; Heather Bennett, Project Manager/Process Engineer, 

ACCO Engineered Systems; Paul-Gerd Heiden, Head of Corporate 
Quality, Bayer AG, Germany; Tim Howard, Vice President, CPIP, 
PE, HR-D, Vice President of Strategic Development, CAI, North 
Carolina, Vice President for CAI-Asia Operations, and Past Chair, 
ISPE; Eamon Judge, EMEA Major Project Planning Leader, Global 
Engineering, Eli Lilly & Co., Ireland; Kelly Keen, Vice President, 
Project Management, and Head of PMO, Celonic Ag, Switzerland; 
Tony Moreira, Vice Provost for Academic Affairs, University of 
Maryland Baltimore County; Randy Perez, retired from Novartis 
Pharmaceuticals, and Past Chair, ISPE; and Christian Wölbeling, 
Senior Director Global Accounts, Werum IT Solutions, Germany.

All teams gave stellar presentations and demonstrated leader-
ship, delegation, collaboration, and innovation with their pres-
entations and problem-solving skills. Because all teams did an 
outstanding job presenting creative, useful, and realistic solutions 
to difficult real-world challenges, the judges had a hard time 
deciding on the overall winner. Ultimately, Team 4, Project Mini 
Zoom, was selected for that honor. This team included Sarah-
Catherine Dannell , GEMU Valves, Inc.; Kathrine M. Parg , Keck 
Graduate Institute; Phuong (Sophie) Le, University of Minnesota; 
Matthew Ong, National University of Singapore; Elice Kitchen-
McK i n ley, Nor t h Ca rol i n a St ate Un iversit y; a nd Yem i si 
Mohammed, North Carolina Central University.

Congratulations to the Project Mini Zoom team and all 
participants!  

LeAnna Pearson Marcum is a Senior Project Manager at PharmEng Technology and the 2019–2020 
ISPE International Young Professionals Chair. She has been an ISPE member since 2009.

All teams gave stellar presentations 

and demonstrated leadership, 

delegation, collaboration, and 

innovation with their presentations 

and problem-solving skills.
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INTRODUCING 
INDUSTRY LEADERS
By Susan Sandler

With the start of the new year, Pharmaceutical 
Engineering is launching a new series of 
profi les of industry leaders. This ongoing 
series will look at the lives and careers of 
individuals who are changing the face of the 
pharmaceutical industry.

WHAT IS AN INDUSTRY LEADER? 
An article published by McKinsey & Company a little over a year 
ago reported on survey research investigating what life science 
executives think is needed for successful leadership heading into 
the future [1]. The � ndings o� er a good starting point for under-
standing what makes an exceptional leader serving the changing 
 pharmaceutical industry. “Successful life-science organizations 
will look very different in the future than they do today,” the 
authors noted. “They likely will be smaller; more specialized, 
automated, digital, and agile in their operations; more sophisti-
cated in their commercial approaches; and more integrated with 
providers, partners, and consumers.”

The McKinsey research identified five “distinctive muscles” 
that leaders will need:
  u An adaptive mindset: Being able to deal with ambiguity and 

adaptive challenges where there are no already known solu-
tions—such as developing new therapies—will be important. 
Exceptional problem-solving skills and risk tolerance are 
needed for future-oriented leadership.

  u 3D savviness: Data, design, and digital (the three Ds) and 
keeping up with change require leaders to build knowledge 
about advanced technologies such as arti� cial intelligence, 
the cloud and DevOps, and digital product management.

  u Partnership skills: Leaders are expected to join forces with 
various partners, including patients, vendors, and health 
systems, and they need to look outside the pharma industry 
for inspiration and strong business development. 

  u Agile ways of working: Agility is key to survival in a chang-
ing world. 

  u A balanced � eld of vision: The ability to balance growth and 
efficiency was the final leadership trait identified by the 
research. 

ISPE AND LEADERSHIP
The industry leaders profiled in this issue and those who will be 
pro� led in upcoming issues of Pharmaceutical Engineering all display 
these leadership traits—even though their journeys to develop as 
leaders have varied greatly. Investment and participation in ISPE is 
a common theme in every pro� le: the industry leaders consistently 
acknowledge and appreciate the value of ISPE membership, noting 
that the learning, bonds formed with others, and friendships have 
helped them become the leaders they are today and for the future.

The  industry leaders pro� led in this issue, Ranjana Pathak and 
Christian Wölbeling, come from di� erent regions and cultures, 
and have taken di� ering paths to leadership success. They share a 
commitment to the industry and to ISPE, and both are dedicated to 
continuing to make contributions for the good of the industry that 
serves patient health.

The science and technology that are the regular focus of 
Pharmaceutical Engineering content constitute part of the story of 
achievement and moving the industry ahead—the people in this 
industry and their commitment to excellence are the other side of 
the story. We hope you enjoy getting to know these leaders and 
their accomplishments in this issue and upcoming issues of PE.  

Reference
1.  Darino, L., A. Ogeah, and R. Srinivasan. “Developing Tomorrow’s Leaders in Life Sciences.” 

McKinsey & Company website. Published October 2018. https://www.mckinsey.com/
industries/pharmaceuticals-and-medical-products/our-insights/developing-tomorrows-
leaders-in-life-sciences
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AN ADVOCATE FOR 
QUALITY
By Paul J. Cumbo, MS, MLitt

Ranjana B. Pathak, BSc (Hons), MBA, DHA, has 
spent nearly 40 years in the pharmaceutical 
industry. Currently the President and 
Global Head of Quality, Medical A� airs, and 
Pharmacovigilance at Cipla Ltd. in Mumbai, 
India, Pathak’s long tenure has a� orded her 
an informed perspective on the past, present, 
and future of the industry. An active member 
of the ISPE India A�  liate, she has served 
as a speaker or panel member at numerous 
meetings. Hers is a story of versatility, resilience, 
and perseverance—three tenets also essential 
to companies seeking to play a vital role in 
the continuing evolution of pharmaceutical 
manufacturing. Focusing on people, products, 
processes, and plans, Pathak shared her 
perspectives during a recent conversation with 
Pharmaceutical Engineering. 

Pathak’s career journey has been one of constant evolution 
and considerable movement around the globe. The world-
wide scope of her career may have been inspired in part by 
her father’s career as an airline pilot, which enabled her to 

travel frequently during her childhood in India. “My dad encour-
aged me to study computer programming, but  I wanted to leave 
India. I felt I was somehow a generation ahead. Around age 20, I 
didn’t have any specific ambition other than to have a different 
life. I wanted to live where I could get music and chocolates easily!” 
It was this enthusiastic desire for novelty and change that brought 
Pathak to the United States in 1980 on Thanksgiving Day. 

Pathak enrolled at a small data programming school in New 
Jersey, where she studied the computer language COBOL for six 
months. Following Indian cultural tradition, she entered into an 
arranged marriage soon after. 

Early in her career, she was “bored to tears,” she noted. “My 
computer programming background wasn’t working out. I had 

studied COBOL and RPG II, but companies wanted Fortran. So I 
needed a new plan. I wanted to be back in control of my life.” 
Following a friend’s suggestion, she shifted her focus to chemistry 
and began working for a small pharmaceutical � rm in Long Island, 
New York, where she was the only woman. 

Following the birth of her first child in 1984, Pathak felt 
increased � nancial pressure. Realizing the limitations of the local 
pharma industry and the high cost of living in Long Island, she 
resolved to learn more to provide herself with more options. “I 
studied the U.S. Pharmacopeia. It’s a fascinating book. I would 
study the chapters at home, and I realized how much I didn’t 
know.” Pathak described the challenges of raising her children 
while building her knowledge of the pharmaceutical world, bal-
ancing the roles of mother and professional. 

“I was cognizant that I had only an undergraduate degree in 
chemistry. It was an honors degree from a good college in India, 
but I really wanted a US degree. I was driving in Long Island when I 
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saw a sign on the back of a bus. It said, ‘Why follow when you can 
lead?’ It was an advertisement for an executive MBA program. I 
thought, ‘I’m already in my late 30s. But hey—why not?’ I applied, 
and it turned out my employer would pay for it. I was working full 
time as a lab director and attending an all-day MBA program from 
7:00 a.m. to 5:00 p.m. on Saturdays.”

Later, Pathak spent four years earning a doctorate in health 
administration in her late 40s—again while working full time in a 
demanding position. When she graduated, her two adult children, 
both of whom are board-certi� ed physicians, were in attendance. 
In her mid-50s, she made yet another intercontinental move, 
returning to India to care for her father while embarking on the 
next leadership role in her pharma career. 

AGILITY AS AN ART FORM
“I wanted to be a Bollywood actor when I was young,” Pathak said, 
referring to the Hindi-language � lm industry based in Mumbai. 
She noted that her early training in Bharat Natyum, a form of 
dance that emerged out of millennia-old temple traditions, gave 
her confidence, poise, and patience—qualities that have helped 
her navigate her complex and varied career. “You can’t dance if you 
don’t have con� dence and courage,” Pathak commented. “You’re 
taught how to face an audience.” 

Dance also taught Pathak intuition and perception, which she 
uses to understand the human elements of achieving quality in 
manufacturing. “I � rmly believe that people are at the heart of any 
operation,” she said. As a dancer, “you learn to be attentive and 
convey ideas with more than words. In dance, there are usually 
two parts: There is movement itself, but there is also a story. It 
works across cultures. It allows us to connect without words. You 
don’t have to translate smiles or tears.” Similarly, in industry, 
 “Culture is the foundation for quality. It includes the mindset of 
the leader and the worker. The culture has to be such that everyone 
understands the meaning and principles of quality. Quality is hard 
to quantify, but it can be felt and experienced. It is often unwritten 
and unspoken. People are intelligent. They can hear, but they also 
can sense what leaders are and aren’t saying.” 

PEOPLE AND PLANNING
In the pharma industry, Pathak believes that “the quality of a prod-
uct is intertwined and interlaced among various disciplines—R&D 
(including clinical groups), regulatory a� airs, technology transfer, 
routine manufacturing, quality assurance, quality control, and, 
� nally, life-cycle management.” Facilitating this interplay requires 
intentionality and planning, beginning with the acquisition and 
development of talent. 

Pathak emphasized the importance of ensuring that the peo-
ple hired in the industry have the mindset and training to execute 
their jobs. “Learning and training should be at the core. In today’s 
‘war for talent,’ it is difficult to hire and retain talented people. 
Hence, the onboarding process must be robust. This is where com-
panies have to invest in employees,” she noted. “It’s not a one-time 
investment; rather, it has to be a continuum because these are the 

people that will make or break the company. The onboarding pro-
gram should aim to equip people with an understanding of the 
‘why’ behind doing things right, and the implications of not doing 
so.  Too often, our bias is to emphasize only ‘what’ we do. But to 
ensure quality, people have to understand the ‘why.’” 

CLEAR PROCESSES AND PRODUCT OWNERSHIP
Having the right people is essential, but without clarity of pro-
cesses and procedures, true quality is out of reach. Pathak o� ered 
some advice in this regard. “Procedures must be speci� c and clear. 
They must be written in language that people understand. It’s best 
if these directives are written in collaboration with those expected 
to execute the tasks. Procedures also should be as simple as is fea-
sible, with clear work instructions, job aids, visuals where possible, 
and � owcharts that illustrate process.” 

Quality also requires a sense of product ownership across all 
aspects of manufacturing and among the various departments. 
“The people touching the product are most important. Companies 
must invest in this cadre. While these jobs are routine, they are not 
mindless. Individual leaders cannot take their eyes o�  the process. 
There should be mechanisms in place to continuously judge the 
‘fitness for use’ and course-correct based on results,” Pathak 
emphasized. When stakes are high and numerous variables have 
to work in tandem, pharmaceutical companies require “trained 
sta� , open communication, and a quality mindset among every-
one.” In other words, “People at every level of seniority, at every 
stage of the process, must share the same high sense of pride and 
ownership of the product. Leaders have to nurture this.” 

THE VALUE OF DIVERSE PERSPECTIVES
As a leading woman in the pharmaceutical industry, Pathak has 
both subjective and objective insights concerning gender dynam-
ics in organizations. “It is not my bias that leads me to say that 
women bring a different point of view. Diversity is critical for 
problem-solving. By nature, there are innate and inherent di� er-
ences between men and women, and these di� erences can enable 
better outcomes,” she said. “Constructive dissent can lead to better 
conclusions. Often there is ‘group-think,’ and domineering men 
will take over the conversation and decision-making. This hurts 
companies because the perspective is not balanced. It is important 
that companies foster an environment where views coming from a 
minority voice (often that of women in the leadership ranks) are 
not looked down upon.” 

Pathak o� ered speci� c insights about the bene� ts of women’s 
perspectives. “As a woman and a mother, I know that I am very 
tolerant and understanding of problems that occur. Women seem 
to have a ‘sixth sense’ that helps us understand the human ele-
ments at work in situations.” She commented on how society at 
large, including government and educational systems, can work to 
eliminate barriers that prevent women from contributing to lead-
ership in various industries. “Mentoring programs are key, and 
building them right means engaging female mentors as well as 
male mentors who are both sensitive to gender differences and 
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genuine believers in the bene� ts of female leadership. Once this is 
started, it can spread like wildfire. It’s also vitally important to 
promote women based on their skills, so as not to cause reverse 
discrimination.”

Ultimately, Pathak believes gender dynamics within organiza-
tions have to evolve to ensure genuine appreciation of what both 
women and men can o� er. “Companies have to be able to harness 
the inner strength a woman brings. Passion and commitment are 
women’s strong suits. Structured programs and academies can 
help them rise to the top.”

THE FUTURE OF THE QUALITY JOURNEY
Asked what excites her most about the future of the pharma indus-
try in the context of quality, Pathak focused on closing the gaps 
between regulatory bodies and industry players. “Those gaps are 
starting to shift in the right direction by becoming narrower. Part 
of the issue is that too often, the dialogue between regulators and 
industry is perceived as too daunting. I am all for punitive meas-
ures when there is clear evidence of wrongdoing, but I would like 
the quality journey to be such that the default line of thinking is 
not punitive. Rather, it’s focused on mutual improvement of prod-
ucts and services.” 

Pathak explained that she is especially excited by recent inno-
vations. “Novel technologies have emerged, whereby the previ-
ously unthinkable is happening—such as using our own bodies to 
heal, as is the case with chimeric antigen receptor T cells (CARTs). 
Innovation like this excites me and needs to be encouraged by 
academia and government; companies cannot bring these tech-
nologies to their full potential alone.” 

She went on to o� er her thoughts about pharma’s impact on 
society. “Making medicine should be one of the most gratifying 
industries. I feel grateful for being able to play a small role in it. 
Pharmaceuticals have done a lot of good—increased longevity, 
reduced infant mortality, eradicated diseases such as a smallpox, 
and improved quality of life for those su� ering from chronic dis-
eases such as diabetes.” 

Despite these advances and bene� ts, Pathak emphasized the 
importance of relentless e� orts focusing on quality pharmaceuti-
cal manufacturing to face challenges old and new. “We are also 
seeing a resurgence of disease and the emergence of ‘superbugs.’ 
We need new therapies; otherwise, we could � nd ourselves back in 
the early 19th century, when a common cold could be fatal.” 

Pathak commented on the importance of ISPE and the 
resources it brings to bear in the industry. “ISPE is an industry 
knowledge hub—a place where expert knowledge is shared. I 
always look forward to reading the papers and reports based on the 
strong body of research conducted over the years.” She urged 
Young Professionals to get involved in their local Chapter or 
Affiliate. “ My strong recommendation for those serious about 
their profession in pharma is to join ISPE and participate actively 
in the meetings. This is particularly true for Young Professionals. 
It is a great place to learn, connect, and look for support for old and 
new topics.”

As we wrapped up our conversation, Pathak returned to the 
themes of people, products, processes, and plans, encouraging oth-
ers to make a commitment to these four prongs of pharmaceutical 
progress. “People are the foundation. People innovated the products 
and processes. People made the plans. People have surmounted the 
challenges of the past, and our call to action is to work collectively 
on the quality journey. We need to keep quality at the forefront of 
both thought and action—without that, nothing will survive for 
long. I encourage every one of us in the industry, regardless of our 
roles, to see our essential part in the quest for quality. We have to 
make that quest part of our professional DNA.”    

About the Author
Paul J. Cumbo, MS, MLitt, a veteran high school teacher and administrator, is a freelance writer, 
editor, and communications consultant serving a variety of industries. He has collaborated with 
some of the world’s most well-known manufacturers, consulting fi rms, and global nonprofi ts, 
including the World Economic Forum, on projects ranging from internal documents to major 
white papers and other publications. His work for Pharmaceutical Engineering began with the 
July–August 2018 cover story on the Fourth Industrial Revolution featuring Enno de Boer of 
McKinsey & Company. Paul is a Principal and Co-Founder of the Camino Institute, which o� ers 
service-oriented travel and retreat experiences for families and organizations.
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BRINGING PHARMA 4.0TM 
INTO THE WORLD
By Mike McGrath

Every important cause needs its champion. 
Champions have a vision of how things should 
be, and a passion to reach their goals. They are 
committed and determined to achieve positive 
results, are willing to do the heavy lifting, and 
will take consistent and massive action until 
results are achieved.

The pharma industry certainly has its Pharma 4.0TM cham-
pion in Christian Wölbeling, a 56-year-old IT expert. Starting 
with ideas jotted down on a restaurant napkin, he has tire-
lessly and expertly led ISPE’s global efforts to define the 

industry’s slow but sure progression toward a holistic strategy to 
achieve the Pharma 4.0TM goal.

Born and raised in Hamburg, Germany, Wölbeling took a 
decidedly unconventional route to his pharmaceutical career. 
After � nishing high school, he enrolled in a technical university 
where he focused on electronics but soon decided that the course 
of study was not the right path for him. Feeling that he wanted to 
“do something practical,” Wölbeling decided to pursue vocational 
training as a ship’s mechanic and spent two and a half years 
aboard a vessel. “It was quite inspiring because I learned a lot about 
technology, and, being con� ned to a small space for a very long 
time, I learned about dealing with all kinds of people. On board as 
crew, we are all one team when it comes to typhoons and hurri-
canes,” he said.

Following his short career as a seafarer, Wölbeling studied 
mechanical engineering at the Hamburg University of Applied 
Sciences, where he completed his master’s degree in 1990. He then 
started work as a Project Engineer at Blohm & Voss AG, a Hamburg-
based shipbuilding and engineering company. After engineering 
highly efficient power stations that generate both heat and 

electricity for a year, he realized that he wanted to make a career 
change when he discovered software was entering the business 
� elds.

One Saturday morning, he opened the newspaper—there were 
no job websites or LinkedIn in 1992—and came across an adver-
tisement for Werum Software & Systems GmbH, as it was called at 
that time, based in Lüneburg, Germany. W ölbeling joined the 
Sales and Marketing team and has since seen Werum grow from 
an organization of only 65 employees to an international supplier 
of manufacturing execution systems (MES) software and IT 

INDUSTRY LE ADERS 
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solutions for the pharma and biopharmaceutical industries. When 
Pharmaceutical Engineering spoke with Wölbeling, he had been at 
Werum for almost 28 years. He is currently Senior Director of 
Global Accounts.

PHARMA BEGINNINGS
“In the early days, we had some automation software, mainly 
supervisory control and data acquisition (SCADA) systems, pro-
cess control, and monitoring and real-time software applications 
and databases,” recalled W ölbeling. “At a certain point, we received 
a request for proposal from a pharmaceutical company in eastern 
Germany (this was shortly after Germany reuni� ed). They were 
looking for an automation system along with recipe management 
and material control modules, and we sold them what was at that 
time known as our PAS-PLS (Process Automation System–Prozess 
Leit System) and completed the software package by adding weigh 
and dispense, recipe, warehouse, and quality management mod-
ules; that system was the predecessor to our PAS-X product, which 
today makes us the MES market leader for pharma and biotech.”

That breakthrough sale was the � rst of three within Germany 
and was followed by the company’s � rst international contract win 
with Krka, a large international generics manufacturer based in 
Slovenia. “This was my � rst experience in an international envi-
ronment,” said Wölbeling. “I learned a lot about dealing with 
multinationals with regard to software as well as contract negotia-
tions.” Krka still uses Werum software, he noted. 

“Around 2000, we decided we needed to get more global. I had 
the opportunity to travel to the United States to help set up our � rst 
subsidiary there and to get the � rst orders in. This was my � rst time 
selling software in America, and we were fortunate to receive an 
order from Novartis, which needed an MES program for a new site in 
New York state. It became a lighthouse project for us, and it opened 
the door to all of the big American pharmaceutical companies.”

BECOMING AN ISPE TRAILBLAZER
Wölbeling � rst became involved as a member of the ISPE Germany/
Austria/Switzerland (D/A/CH) Affiliate in 1998, and a defining 
moment in his ISPE life came in 2004, when he attended his � rst 
ISPE Annual Meeting & Expo in the United States. It was there that 
he met well-known ISPE member David Selby, who knew that 
Wölbeling was working in IT and had previously founded an ISPE 
special interest group (SIG) for process analytical technologies 
(PAT) within the D/A/CH A�  liate. At that time, there was a new 
FDA guideline for PAT, and Selby asked Wölbeling to join the 
steering committee for the ISPE PAT Community of Practice (CoP), 
as a representative of the local ISPE PAT activities.

“Of course, I said yes. It was an honor for me; I was still a young 
guy,” recalled Wölbeling. “From that moment on, I have been 
involved in PAT CoP steering committee meetings; later, I also 
became Co-Chair. Back then, we also had FDA representatives 
within the CoPs, and I got to know former FDA O�  cer Ali Afnan. It 
was a really good platform for me to develop my network around 
automation and process optimization.”

Wölbeling noted that the 2004 FDA guideline on PAT was an 
early step toward Pharma 4.0TM. “When you read through those 
guidelines, there is already some basic information about the 
FDA’s expectations regarding data management and data integ-
rity, which is still one of the hottest topics in pharma today.”

Leadership and continuous involvement in committees, both in 
Europe and globally, have been through lines of Wölbeling’s ISPE 
membership. He started as a board member of the local D/A/CH 
affiliate, and over the years became global steering committee 
member and chair for several years of the PAT & Lifecycle Control 
Strategy CoP, Chair of the ISPE Knowledge Network Council, 
Co-Chair of the GAMP® MES SIG, GAMP® Europe steering commit-
tee member at large, and the Founder and Chair of the Pharma 4.0TM 
SIG. In addition, he is currently part of ISPE’s European Leadership 
Team and the Young Professionals Advisor for the D/A/CH a�  liate.

With credentials like these, it’s clear that Wölbeling considers 
ISPE to be an important aspect of his professional life. “I have edu-
cated myself through ISPE, and I have built a huge network, which 
has been tremendous for me,” he said. “I have known some people 
I met through ISPE for a very long time, and they have given me a 
lot of advice. There is always someone I can call to get the informa-
tion I need. Even if they don’t know, they’ll know someone else who 
might. ISPE connections have been a big help for me, even in my 
daily life as I also have many personal friends in ISPE.”

IT STARTED ON A NAPKIN
Great ideas often come to life in unusual ways, and the birth of 
Pharma 4.0TM was no exception. Sitting in a small restaurant in 
Basel, Switzerland, in 2015, Wölbeling and fellow ISPE D/A/CH 
Board Member Marcel Staudt were discussing fundamental prob-
lems of automation, integration, and validation in commercial 
manufacturing when they started to brainstorm. “It was such a 
creative moment, and we wrote our ideas on a napkin,” Wölbeling 
recalled.

“ I have educated myself 
through ISPE, and I have built a 
huge network, which has been 
tremendous for me.”
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“From the beginning, Staudt said that the control strategy is 
what we have to care about, because it de� nes the product and is 
executed later in recipes in the manufacturing space,” said 
Wölbeling. Bridging the automation concepts found in Industry 4.0 
with the pharma-speci� c ICH guidelines would become the root 
principles behind Pharma 4.0TM to manufacture high-quality 
products in a � exible and agile way.

As they wrote down their ideas, Wölbeling coined the phrase 
Pharma 4.0.

Since that initial dinner, Wölbeling has dedicated countless 
hours to promoting Pharma 4.0TM, giving more than 50 presenta-
tions around the globe over the last two years alone, and helping 
found and run the ISPE Pharma 4.0TM SIG.

The SIG currently has about 80 active members in working 
groups, mainly in Europe. “We are getting more involvement and 
interest from around the globe, and we are currently discussing in 

Connecting Pharmaceutical Knowledge ispe.org

Impact
& Maturity Model

Plug
& Produce

Management   
Communication 

Strategy

Holistic
Control
Strategy

Validation 4.0

1

Bridging the ISPE Pharma 4.0 Operating Model with the SIG Working Groups

Process Maps
& Critical Thinking

CPV & Process 
Automation

Figure 1: The ISPE Pharma 4.0TM operating model and its working groups.
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The pair discussed the issues inherent in the pharmaceutical 
industry that set it apart from other industries with a strong man-
ufacturing component, such as the automotive, aviation, and 
semiconductor sectors. Across industries and around the world, 
terms like “smart factory,”  “factory of the future,” “the industrial 
internet of things,” and “Industry 4.0” are buzzwords representing 
a shift in manufacturing concepts driven by digitalization.

Other industries have conquered the challenges of manufac-
turing high-quality products with a high degree of process auto-
mation and real-time quality control by broadly implementing 
PAT over many years. “So what is so di� erent in pharma? Are the 
pharmaceutical regulations really hindering us from process 
automation and � exible manufacturing?” Wölbeling and Staudt 
identified one core element of the regulations as key to flexible 
automated manufacturing: the  ICH-de� ned control strategy (i.e., 
ICH Q8–Q12).

COVER STORY INDUSTRY LE ADERS 
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ISPE how to organize this best in the interest of the global member-
ship, as a next step,” Wölbeling said.

“When new members join our group, we generally do an 
onboarding call to explain the root principles,” he explained. 
“Then they can decide if they want to be part of one of our working 
groups, which is very valuable because it gives them the opportu-
nity to work on a concrete task on a speci� c topic.”

The SIG has currently six working groups, each corresponding 
to an element or enabler of the overall Pharma 4.0TM operating 
model (Figure 1): Holistic Control Strategy from R&D to Commercial 
Manufacturing; Impact & Maturity Model; Process (Data) Maps & 
Critical Thinking; Plug & Produce; Management Communication 
Strategy; and Continued Process Verification (CPV) & Process 
Automation.

A LENGTHY TRANSITION
Wölbeling recognizes that the road to industry-wide Pharma 4.0TM 
adoption will likely be a long one. “I would say it will take 10 to 
15 years,” he said. “I find it fascinating that while the pharma 
industry is doing very well � nancially, it is still far behind in auto-
mation. The R&D side is more advanced, but when it comes down 
to what we are producing for our patients, we are far behind. We 
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need to get rid of the paper, and we must understand and control 
the processes in a � exible and electronic way based on accurate 
real-time data. A prerequisite for the digitalization for me is to 
break down the silos between product development, manufactur-
ing, engineering, and IT.”

He also noted that the pharma industry treats quality di� er-
ently than other industries do. “Quality is always the driver in 
other industries for e�  ciency and for delivering a good product. 
When I look at the car I am driving today, it is completely di� erent 
from what I drove 10 years ago because the manufacturer has cre-
ated a new speci� cation for the car for me to buy. When you look at 
pharma, the product speci� cations are still the same, and change 
management for the manufacturing control strategy to improve 
quality is a lengthy and expensive process. Quality looks at the 
processes but not creating new processes that produce higher 
quality and apply new technologies such as PAT or digitalized 
processes to the manufacturing control strategy. I think this is a 
key problem. In consequence, Pharma 4.0TM projects have to be 
quality- and operations-driven reorganizational projects and not 
IT projects!” 

So, what inspires Wölbeling’s  passion for getting industry to 
adopt Pharma 4.0TM? “We have a simple message: There is a way we 
can do this better,” he said. “Process understanding in the industry 
is still low, quality by design not very well adopted, and we still 
have a conservative view on quality. However, if we break the silos 
between quality, operations, and engineering, and allow them to 

work together, we can make this data-driven holistic control 
strategy happen; also, we have to digitalize the Pharma Quality 
System as of ICH Q10. This is what the Pharma 4.0TM operating 
model is all about. It is bringing the regulatory piece together with 
the operations and best-practice engineering pieces.”

GLOBETROTTING AND OTHER ADVENTURES
Wölbeling’s career at Werum and his involvement with ISPE have 
taken him around the globe. He calls himself a “world traveler” 
and says he and his wife have visited Japan, China, Chile, Canada, 
and all parts of the United States together. It was not always easy to 
combine his strong work commitment with his family priorities. 
Wölbeling has two sons, now in their thirties, and he did not 
always have enough time for his family. “I am learning to keep a 
better balance,” he said.  

In his spare time, he enjoys running and completed the Munich 
Marathon four years ago. “I’m not sure I would want to do it again, 
but it was a very nice experience,” he said. In the winter, he enjoys 
skiing together with his sons, a sport he has been practicing since 
he was three years old. 

Wölbeling and his wife live in Scharnebeck, a town just north-
east of Lüneburg, where he works. They also own a home in 
Travemünde, which is near the Baltic Sea in the north of Germany. 
He loves sailing, and at least once a year, he and some friends rent 
a boat to sail around the Mediterranean or Baltic Sea.

LOOKING TO THE FUTURE
Wölbeling sees more promotion of Pharma 4.0TM on the horizon. 
“So far, we have brought this term to a global level and, together 
with ISPE, I hope that we can continue to spread it as a good idea,” 
he said.

An important step in this direction for the Pharma 4.0TM SIG 
occurred at the  2019 ISPE Annual Meeting & Expo in Las Vegas, 
when MHRA representative David Churchward presented on the 
four MHRA focus topics for the future, including “Digital Health 
and Pharma 4.0.”

Wölbeling also wants to continue motivating students and 
Young Professionals to become involved within ISPE. He pointed 
to the success of Hackathons, which he participated in from the 
beginning as networking events in Europe, and noted that the � rst 
US Hackathon took place at the 2019 Annual Meeting. “These are 
great opportunities for Young Professionals to get in contact with 
key people in the industry to work on their careers and to improve 
their skills. I  hope to motivate students and Young Professionals to 
become engaged by volunteering their spare time to an organization 
like ISPE, because they will see that, in return, they will receive 
dividends.”  

“ If we break the silos between 
quality, operations, and 
engineering, and allow them 
to work together, we can make 
this data-driven holistic control 
strategy happen; also, we 
have to digitalize the Pharma 
Quality System as of ICH Q10. 
This is what the Pharma 4.0TM 

operating model is all about.”

About the author
Mike McGrath is a freelance writer and corporate communications consultant. For the past 
15 years, he has helped organizations in the aerospace, transportation, telecommunications, 
and pharmaceutical industries develop their digital and print communications strategies. He has 
been a regular contributor to Pharmaceutical Engineering since 2015.
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FEATURE

IN SEARCH OF FLEXIBILITY: 
The Biotech Industry’s Continuing 
Quest for Optimized Manufacturing 
Facility Design
By Je� ery N. Odum, CPIP

Since the early 1990s, when the “upstart” 
biotech industry realized that its future success 
would be heavily infl uenced by the ability to 
manufacture multiple products within the same 
facility [1], the quest for fl exible manufacturing 
assets has driven much of the advancement in 
facility design and execution. This article takes a 
historical look at the evolution of facility design, 
focusing specifi cally on how “fl exibility” has 
advanced to the industry’s current process and 
possible future states.

A BRIEF HISTORY OF BIOTECH FACILITY DESIGN

The � rst edition of the ISPE Biomanufacturing Facility Baseline 
Guide [2], published in 2004,included a graphic (Figure 1) that 
painted a well-de� ned picture of how facility design evolu-
tion had been influenced by a combination of regulatory 

guidance shifts, equipment technology advancement, and manu-
facturing operational approach changes. The main driver of this 
evolution was a developing, clearer understanding of the impact of 
closed-system design, as was de� ned in the Baseline Guide.

Figure 1 illustrates the signi� cant impact that the shift from 
open-system operations to a more closed-system approach (where 
validated closed-system design in manufacturing equipment 
allowed for a loosening of area classi� cation requirements) had on 
facility design and the ability to provide more � exibility in manu-
facturing options, especially for large-scale monoclonal antibody 
(mAb)–focused products.

As shown in cases 1–4 in Figure 1 from the ISPE Biotech 
Manufacturing Facilities Baseline Guide and in the case 2 example in 
Figure 2, moving from the “traditional” extensive open-system 
classi� ed space to a more closed-system design implementation 
yielded operational and maintenance cost savings as well as 
schedule � exibility and improvement [2].

The Arrival of Single-Use Systems
In the mid-2000s, the impact of single-use technology and its 
advancement in equipment design launched a shift in how the 
biotech industry viewed facility design, which influenced the 
operational approach for many companies. As acceptance from 
global regulatory agencies for single-use system (SUS) implemen-
tation grew, companies shifted the design approach to incorporate 
both the closed system and SUS attributes into solutions that 
focused on footprint reduction, greater layout f lexibility, and 
reduced operational costs (Figure 3) [3].

Closed Systems and Controlled Nonclassifi ed Space
Addressing the industry need to better de� ne operational charac-
terization around closed systems, the BioPhorum Operations 
Group (BPOG) focused on addressing � exibility in biomanufactur-
ing operations; the impact of closed systems served as a driver to 
implement an operational philosophy around controlled nonclas-
si� ed space. Their 2011 publication was the � rst challenge to cur-
rent industry thinking around the need for classified space to 
support biologic drug substance manufacturing, and it opened the 
door for new views on � exibility [4].

With BPOG’s challenge to the facility design and operational 
paradigm came the next step in the design approach shift: the 
introduction of the open “ballroom.” The early concept of a ball-
room approach was driven around the principle that validated that 
closed, single-use, or hybrid systems could be operated within a 
single manufacturing space (Figure 4) and not increase product 
contamination risk [5]. Because physical segregation was the most 
expensive solution to protect the product, this approach received 
tremendous interest from both industry and regulators.

The publication of the BPOG ballroom approach [6] gave credi-
bility to the idea of � exible manufacturing for biologic drug sub-
stance in a batch-driven approach. The � rst major manufacturing 
facility to implement the ballroom approach into biologics manu-
facturing elements and receive licensure from the FDA was the 
Amgen Singapore Biologics Manufacturing Facility. This facility 
(Figure 5) received signi� cant attention in the industry due to its 

BIOTECHNOLOGY
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Figure 1: Closed systems in controlled unclassifi ed space. Reprinted from reference 2.

Figure 2: Case 2 example (left) and case 3 example (right). Reprinted from reference 2.

Figure 3: Reduced footprint: Stirred tank replaced by SUS. Reprinted from reference 3.
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Figure 4: Ballroom schematic.- Reprinted with permission from reference 5.

FEATURE BIOTECHNOLOGY

Figure 5: Diagram of Amgen Singapore Biologics Manufacturing Facility. Reprinted from reference 7.
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central manufacturing suite concept, where a large number of unit 
operations are executed in an “open” ballroom suite [7].

The key benefits of this type of approach include projected 
lower cost per gram of produced protein, increased � exibility for 
future site implementation, and capital cost savings of hundreds 
of millions of dollars due to 80% reduction in size [8]. 

CURRENT TRENDS
In the 2015 BioPlan Associates Top Trends in Biopharmaceutical 
Manufacturing [9], three of the listed trends were the implementa-
tion of SUS, � exible facilities driven by modularity, and continuous 
biomanufacturing. The following discussion explains how these 
three facility design drivers, as well as robotics, continue to shape 
biomanufacturing optimization e� orts.

Single-Use Systems
As early as 2006, SUS implementation began to impact facility 
design and o� er � exible solutions [10]. Today, SUS implementa-
tion, coupled with proof of closure, has become a key driver of 
process and facility design that drives � exible solutions [11]. The 
impact of SUS implementation and the advancement of its regula-
tory acceptance to support product protection and reduce patient 
risk have been the focus of numerous industry forums and 
conferences.

A key focus of the second edition of the ISPE Biopharmaceutical 
Manufacturing Facilities Baseline Guide [12] was to better define 
current design trends driven by � exibility. The revised Baseline 
Guide not only established the foundational relationship between 
facility attributes and system closure but also, for the � rst time, 
addressed the relationship between risk assessment, process clo-
sure, and layout approach.

Modularity
Standardization, rapid deployment, and reduced schedule execu-
tion are all attributes of the current drivers to investigate modular 
delivery platforms for manufacturing assets. Over the years, 
modular approaches, or modules, have been de� ned from process 
skids (late 1990s), to prefabricated building segments (late 1990s), 
to “super-skids” of major equipment and piping components, to the 
current prefabricated modular cleanrooms. Today, much of the 
focus is on modular approaches that use forms of prefabricated 
panel systems or modules that allow for rapid deployment. 

The combination of SUS and modularity is driving the next 
generation of � exible solutions that are primarily being o� ered for 
operations focused in the under-2,000-liter-scale operating range 
for a wide range of product types, including advanced therapeutic 
medicinal products (ATMPs).

In addition to the ballroom approach already presented, another 
facility design trend to promote optimized operations is a more segre-
gated layout con� guration (Figure 6) [13]. This segregated “matrix” of 
suites allows for tremendous flexibility between upstream and 
downstream operations, campaign and concurrent manufacturing, 
and the ability to conduct short (clinical) and long (launch) campaigns 

within the same facility [13]. This design approach accommodates 
both small- and larger-scale manufacturing operations with high 
levels of � exibility and recon� guration capability. It also comes with 
a higher capital cost element due to the increased physical segrega-
tion of both environmental and architectural elements.

Continuous Manufacturing
Continuous manufacturing will increase focus on facility design 
flexibility. The ongoing movement to advance and incorporate 
continuous manufacturing into the biotech industry is supported 
by the FDA [14], which in turn is driving the industry to focus on 
how the advantages of continuous manufacturing should be 
defined in facility design attributes. Some of the keys require-
ments include:

Figure 6: Matrix facility design. Reprinted from reference 13.

FEATURE BIOTECHNOLOGY



J A N U A R Y/ F E B R U A R Y 2 0 2 0             2 7

  u Smaller equipment and facilities, which would lead to lower 
capital and operational costs and the potential for modular units

  u Increased � exibility in operations
  u Integrated manufacturing, which would allow fewer process-

ing steps and simpli� cation in scale-up
These drivers all are in synergy with the pursuit of optimized 
manufacturing, again being supported by the FDA [15]. But chal-
lenges remain as continuous manufacturing technology in bio-
manufacturing develops. First, this technology is difficult to 
implement for some unit operations, and a “hybrid” process design 
could result. Second, there are regulatory concerns around risk—
can closed systems be implemented 100%? And, � nally, the long 
history and investment in batch-processing in� uences the overall 
design approach.

It is important to understand that implementation of continu-
ous manufacturing is not a given, and it is not the right solution for 
every company. Because of this, the Parenteral Drug Association 
(PDA) developed a guided decision process to answer the question 
of whether to implement SUS, and that process has often been 
adapted for continuous platforms [16]. For organizations today, 
continuous manufacturing is not a one-size-� ts-all solution.

Robotics
An estimated 80% of errors in pharmaceutical production are due to 
human error [17]. Risk reduction is a priority in process and facility 

design today. As higher-level automation solutions move into the use 
of robotics for drug product and drug substance manufacturing, the 
industry is taking robotic technology to the manufacturing � oor  as a 
major aspect of the Pharma 4.0TM movement.

Current applications include material handling and transfer 
such as buffer replenishment; compounding activities for toxic 
materials used in anticancer drugs; picking for kits (syringes, 
vials, needles, etc.), sampling, packaging, and labeling; and 
numerous applications in aseptic � ll/� nish processes.

The combination of these current trends now re� ects the mis-
sion set forth in the � rst part of to this article. Enabling technolo-
gies (Figure 7) are driving the results and bene� ts that the industry 
needs and desires.

PERSONALIZED MEDICINE: THE FINAL FRONTIER?
The increased focus on ATMPs is shifting the � exible facility para-
digm even more. As far back as 2011, the industry recognized that 
future facility design was going to need to move into new direc-
tions [18]. The current baseline model defining the majority of 
biomanufacturing operations for human therapeutics (proteins) is 
batch-driven. Because advanced therapies target either specific 
groups of patients or individual patients (personalized medicine), 
efficient commercial production will not be achieved with the 
large process volumes and higher titers of traditional biopharma-
ceutical manufacturing assets. This scale of manufacture and the 

Figure 7: Example of the impact and benefi ts of enabling technology. 
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1:1 treatment-to-patient nature of autologous therapies mimic 
hospital lab or compounding pharmacy operations, but the need to 
produce these therapies for larger patient populations in a safe, 
pure, and e� ective manner will require GMP-regulated facilities.

One of the key challenges as ATMPs move along the continuum 
from development to commercialization is how to ensure these 
products will meet current GMP guidelines, regardless of whether 
they are being developed in an academic or commercial environ-
ment. All the design and regulatory attributes and trends that 
have been previously discussed come into play for these facility 
types [17].

Today, ATMP manufacturing facility design represents the 
blurring of traditional lines that the industry previously estab-
lished. These facilities enhance the need for flexible solutions, 
enabling technologies, and out-of-the-box project delivery: the 
“perfect storm” of facility optimization. Small-scale, rapid time-
line development and execution, and technology innovation will 
be the attributes driving optimized facility design.

FUTURE STATE
Moving into the next decade, key questions are: Does the enhanced 
focus on � exibility and optimization in biomanufacturing point to 
a new paradigm model? Will the future state eliminate our 
decades-old approach of facility design for many of the new bio-
logic therapeutics?

Large-scale, stirred tank-based, mAb-focused manufacturing 
assets will be needed for the foreseeable future. They will likely 
remain a workhorse of the industry and continue to hold a signi� -
cant place in the manufacturing landscape due to both investment 
and robust results. But how will the future state look for small-
scale single-use platform (<2,000 liter) ATMP-focused manufac-
turing needs?

Two manufacturing operation models may provide a glimpse 
into the future state of biomanufacturing. The � rst is an adaptive 
approach to contract manufacture in a “one-stop-shop” solution, 
where equipment suppliers drive innovation and process develop-
ment solutions targeted at speci� c client product-process-facility 
attributes of the enterprise.

Modular, SUS-focused process solutions will be designed 
around centralized manufacturing support and logistics needs, and 
will be leased, similar to current contract manufacturing 
organization–type business models. The flexibility aspect will 
include in-house supply of raw materials, media and bu� er compo-
nents, QC support, filling and packaging, warehousing, and 
distribution.

The second model scenario takes the form of modular, � exible 
GMP units that can be either individually or collectively used to 
support small-scale ATMP-focused operations. Because of an 
increasing interest in decentralizing manufacturing operations 
for smaller-scale operations, these units (which can be rapidly 
deployed and easily con� gured) will be developed around speci� c 
equipment platforms and can be located at hospitals, research 
facilities, or commercial-focused incubators. This approach will 

address concerns over meeting facility-driven GMP requirements 
and will rely on a GMP-focused operational approach for validated 
equipment, systems, and facilities.

CONCLUSION
The search for optimized biomanufacturing facility design led us 
far from where we started in the 1980s. Our future path looks very 
di� erent as well. We seem to be moving toward smaller facilities 
with higher output capabilities. The need for lower capital cost 
requirements remains, along with an increased focus on reduced 
time-to-deploy delivery models with signi� cant � exibility due to 
SUS technology. Smaller, faster, and less expensive are the new 
“normal” for many organizations.

The capital demands on manufacturing organizations con-
tinue to be an area of focus to reduce costs. Capital expenditures 
for manufacturing assets have a direct tie to the cost of goods and 
the overall � nancial health of an organization. Today, many com-
panies face tough decisions due to aging facility assets, changing 
technology demands, increased pressure on speed to market, and 
the need for agility and � exibility. The traditional path of “build 
your own asset” is also being challenged with new approaches to 
manufacturing capability.

Equipment suppliers will continue to move further into the 
reference frame once solely occupied by design consultancy � rms 
to deliver one-stop-shop facility solutions. This movement is being 
fueled in part through the numerous marketing authorization 
application activities in recent months involving organizations 
such as Thermo Fisher and Pall. The development-to-patient 
supply chain model may also no longer be just the landscape of 
traditional biologics manufacturers. Patient-speci� c commercial 
manufacturing models will come out of the shadows to occupy a 
greater piece of the manufacturing landscape. Global regulators 
de� ne manufacturing control guidelines, and both academic and 
patient care institutions will become elements of the manufactur-
ing supply chain. 

We have come a long way in four decades, and only time will 
tell where we will be at the end of this decade. However, it is 
becoming clear that old ways of thinking around facility design 
and operation will be pushed to the limit.  

FEATURE BIOTECHNOLOGY
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FEATURE PHARMA 4 .0TM

APPLYING HOLISTIC 
CONTROL STRATEGY IN 
PHARMA 4.0TM
By Hans Heesakkers, Christian Wölbeling, Thomas Zimmer, Nuha Al-Hafez, 
Lorenz Binggeli, Michelangelo Canzoneri, and Lothar Hartmann, PhD

Applying emerging technologies can lead 
to more robust and fl exible manufacturing 
processes that in turn can help the 
pharmaceutical industry respond to drug 
shortages, reduce interruptions in production 
and delivery of medicines, ensure consistent 
clinical performance of products, and achieve 
other benefi ts. Although some may believe that 
regulators are averse to the use of emerging 
technologies in the pharma industry, the 
previous sentence summarizes the position 
expressed by representatives of the US FDA 
during the ISPE Europe Annual Conference in 
Dublin in April 2019. The ISPE Pharma 4.0TM 

Special Interest Group (SIG) has designed 
an operating model as a framework for how 
digitalization can be applied to ICH Q8–Q12 
and named it the “holistic control strategy.” 
This article introduces the strategy and 
presents two case studies of companies that 
have started to apply it.

The 20th century was the era of blockbuster pharmaceuticals. 
Given the nature of homogeneous production in large quan-
tities for a long period of time, the pharmaceutical industry 
unsurprisingly adopted the principles of mass production. 

For more than a century, organization, culture, information systems, 
and resources were optimized to ful� ll the rules of Pharma 2.0, which 
is dominated by a culture of hierarchy and experience-based deci-
sion-making and organized by functional silos. In Pharma 2.0, 
resources are focused on the performance of repetitive tasks, and 

information systems require many human interventions, prior-
itizing function over integration. Of course, new technologies 
were applied during the blockbuster era, but they aimed to ful� ll a 
Pharma 2.0 business case and were not intended to be game 
changers. 

Currently, the pharmaceutical industry is experiencing product 
di� erentiation (driven by rapid progress in the areas of biotech, 
genetics, and treatments for rare diseases) and market segmenta-
tion (driven by a larger, aging population and a global market with 
different regional opportunities and constraints). The industry 
needs a game changer: Pharma 4.0TM.

The section on Pharma 4.0TM operating model elements later in 
this article o� ers insights into this desired state. Whereas the ele-
ments and enablers of Industry 4.0 might generally apply to all 
industries, Pharma 4.0TM is distinguished by the need of the phar-
maceutical industry and its regulators to safeguard patient safety 
and health outcomes. This priority requires the alignment of 
quality control with Pharma 4.0TM; additionally, the control strat-
egy must be empowered with the same operating model and tech-
nologies used in development and operations. In other words, a 
holistic control strategy is needed.

At the dawn of the transition from Pharma 2.0 to Pharma 4.0TM, 
the following hurdles have become apparent:
  u The industry is in a hybrid period in which blockbusters and 

niche products coexist.
  u The prevailing Pharma 2.0 culture makes adopting changes 

di�  cult.
  u The industry’s many management layers resist restructuring 

and adoption of new styles.

Two prerequisites are needed to overcome these hurdles:
  u A strong drive and commitment from senior management to 

ful� ll management responsibilities as de� ned in the pharma-
ceutical quality system (PQS) in ICH Q10

  u A coalition of innovators and regulators to design acceptable 
roadmaps for the implementation of Pharma 4.0TM
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DEFINING PHARMA 4.0TM HOLISTIC CONTROL STRATEGY 
ICH Q10 de� nes “control strategy” as follows [1]: 

A control strategy is a planned set of controls, derived from cur-
rent product and process understanding, that assures process 
performance and product quality. ... Every drug substance 
manufacturing process, whether developed through a tradi-
tional or an enhanced approach (or some combination thereof), 
has an associated control strategy.

The ICH de� nition of the control strategy in ICH Q8, Q10, and Q11 
[1–3] is the basis for the description of the product, such as the 
quality target product pro� le (QTPP). Control of product and pro-
cess are the main focus. 

The Pharma 4.0TM term “holistic control strategy” is derived 
from this ICH de� nition. The term refers to an integrated approach 
to product and process life life-cycle management and ongoing 
change management (see Figure 1). This approach covers both the 
development chain and commercial manufacturing. Thus, the 
holistic control strategy targets all stakeholders, from the market-
ing and manufacturing authorization holders to the patient, 
including all supply chain parties. The holistic control strategy 
is enabled by digitalization as the necessary data are managed in 
real time, fully transparent, and available for sound real-time 
decision-making, improving quality and manufacturing process 

e�  ciency and accuracy. In sum, the holistic control strategy ties 
regulators, industry members, and patients together in an overall 
holistic value network structure driven by the Pharma 4.0TM oper-
ating model.

ICH guidelines Q8, Q10, Q11, and Q12 [1–4] describe the frame-
work for continuous improvement and product maintenance and 
product stewardship as part of ongoing ICH Q9–based quality risk 
management [5]. This is an iterative approach applied throughout 
the entire life cycle of a product. The holistic approach includes 
parameters that are decoupled from process variability, going 
beyond the usual parameters considered during the development 
of a pharmaceutical product. Specifically, the holistic approach 
addresses all events that happen throughout the life cycle of the 
product, as well as the supply chain and patient needs and 
conditions.

In Figure 1, the authors have adapted the pyramid that the FDA 
[6–8] uses to illustrate the concept of pharmaceutical quality to 
show how the main enabler of the Pharma 4.0TM concept, “digital 
maturity,” will scale across three levels:
  u Level 1: Product testing–based control (e.g., classic quality 

control and in-process control testing)
  u Level 2: Process-based control (e.g., process veri� cation, auto-

mation, real-time release, parametric release, process analyt-
ical technology)

Figure 1: The Pharma 4.0TM–enabled and ICH-embedded holistic control strategy life cycle. Abbreviations: CMA, critical material 
attributes; CPP, critical process parameters; CQA, critical quality attributes.
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  u Level 3: Performance- and patient outcome–based control 
(e.g., drug availability, drug e�  cacy, no adverse e� ects, con-
venience in application, support for patient compliance)

The method for applying the holistic control strategy depends on 
the maturity level of a pharmaceutical manufacturer and the 
market environment; it should also reflect the manufacturer’s 
desired level of aspiration.

PHARMA 4.0TM OPERATING MODEL COMPONENTS
In 2017, the Pharmaceutical Engineering article “A Holistic Approach 
to Production Control” [9] introduced a model that extends ICH Q10 
by adding four new elements (resources, information systems, 
organizations and processes, and culture) and two new enablers 
(digital maturity and data integrity by design). Full understanding 
of the holistic control strategy requires knowledge of these six 
building blocks, which have become the backbone of the ISPE 
Pharma 4.0TM operating model (Figure 2).

Resources
Resources are defined as an organization’s tangible resources, 
including its workforce (human resources); its machinery, equip-
ment, and tools (physical resources); and the � nal product.
In Pharma 4.0TM, resources are highly adaptive: 
  u Human resources are distinguished by cognitive � exibility, 

critical thinking, and creativity, and they require less control 
by governing bodies and formalized rules. Many recurring 
decisions are automated. 

  u Physical resources are designed to process very small series 

without extensive setup time. Examples of such resources are 
modu la r equipment, robot ics, a nd t h ree-dimensiona l 
printing. 

  u The human–machine interface is essential for adaptivity in a 
hybrid environment of human and physical resources. 
Virtual, augmented, and mixed reality will enable seamless 
collaboration during predicted and unpredicted events. A 
term often used for such a virtualized working environment 
is “digital twin” [10].

Information Systems
Information systems are socio-technical systems in which infor-
mation is provided based on economic criteria by both people and 
information and communication technology. These systems pre-
pare, process, store, and transfer data and information. 

Information systems provide one-, two-, and three-dimensional 
(1D, 2D, and 3D) integration of data:
  u 1D integration means the aggregation of information into the 

decision hierarchy
  u 2D integration means the communication of information 

along the value chain
  u 3D integration means the communication of information 

across the value network (new in Industry 4.0)

Information exchange between value chains that on their own drive 
toward di� erent deliverables requires a move from a systems-based 
architecture to a service-oriented architecture. One example of 3D 
integration is the Reference Architecture Model Industry 4.0 
(RAMI 4.0) architecture, which foresees a layered information 

FEATURE PHARMA 4 .0TM

Figure 2: ISPE Pharma 4.0TM operating model.
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structure in which data are the master and systems become ser-
vices that allow continuous updating to adapt to new business 
requirements (Figure 3) [11].

Organization and Processes
Organizational structure refers to both a company’s internal 
organization (structure and operational processes) and the com-
pany’s position within the value network. It establishes mandatory 
rules that organize collaboration both within the company and 
externally.

In Pharma 4.0TM, empowered value-driven organizations work 
in Agile processes (Figure 4). Employees are empowered with 
information that allows them to make operational decisions 
without a decision hierarchy. Transparency in the value network 
leaves no doubt that these decisions position the objectives of the 
network over the interests of an individual silo. At the same time, 
Agile processes prioritize achieving an early outcome of the right 
quality and aim to avoid extensive documentation. 

Culture
Culture covers the value system within the company and thus 
describes the “soft” factors of collaboration. Organizational struc-
ture and culture are interdependent areas and must be cohesive. 

The driving force behind culture is social conformity. When 
newcomers join an organization, it is mind-boggling how quickly 
they start conforming to that organization’s unwritten cultural 
expectations. Because cultural “rules” are informal, managers 
often feel that culture is not (completely) in their control. However, 
each industry-level transition has required cultural shifts; compa-

nies whose cultures do not change may likely fail to move forward.
In Pharma 4.0TM, people no longer work in a single departmental 

silo; instead, they interact with di� erent virtual communities, each 
having their own unwritten cultural norms. Because information 
exchanges are faster and more accurate than in the past, individuals 
working close to operations are capable of making decisions with-
out waiting for authorization from others with more seniority or a 
higher position in the organizational hierarchy.

Digital Maturity
Digital maturity is the stepwise evolution of a current operating 
model into a Pharma 4.0TM operating model. To move up the digital 
maturity scale, organizations use an approach that is stepwise in 
two ways:
  u It de� nes their start and � nish points in a maturity index.
  u It chooses the process or subprocess that creates a tangible 

outcome.

Figure 3: The RAMI 4.0 model (Reference Architecture Model Industry 4.0). Source: Graphics Plattform Industrie 4.0 and ZVEI [11]. 
Reprinted with permission.
  

Figure 4: Empowered value-driven organization (EVO).
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Digital maturity steps can be de� ned in a maturity index. By lever-
aging the same index, organizations can learn from other organi-
zations’ experiences regarding challenges and outcomes. Within 
ISPE, the Pharma 4.0TM SIG adopted the Acatech maturity index to 
also leverage experiences from other industries [12, 13].
  u Level 1 of this index is the journey from “paper-based” to data-

based operations. “Paper-based” means that electronic � les not 
hosted by database systems do not have the same integrity as 
“wet ink on paper-based” systems.

  u Level 2 is the step from expert systems to integrated systems (i.e., 
systems integration or service-oriented architecture).

  u Level 3 is the 2D integration that allows visibility of information 
along the value chain. Organizations can see in real time what is 
happening.

  u Level 4 uses tools and experience to analyze trends in level 3. It 
creates transparency about why things are happening and 
unravels the true root causes.

  u Level 5 renders level 4 into plannability. Digital systems can pre-
dict what will happen, which allows organizations to be 
prepared.

  u In Level 6, automated response technologies adapt processes to 
reliably generate the right outcome without manual interven-
tion and despite changing input and circumstances.

Figure 5 [12] illustrates the maturity of digital operations in 
Industry 3.0 and 4.0 operating models. Not every organization 

needs to move to these models. Moving up the scale can improve a 
company’s performance, but the incentive to move up is largely 
driven by market forces. For example, an exclusive watch or car man-
ufacturer might not even need to move to Industry 2.0. Similarly, 
pharmaceutical companies that produce blockbuster products might 
not have su�  cient incentive to adapt the Pharma 4.0TM model. On the 
other hand, companies moving to niche products or advanced 
therapy medicinal products might � nd that Pharma 4.0TM is the 
only way to sustain their operations.

Data Integrity by Design
Data integrity by design is the information architecture and pro-
spective control of data quality within prede� ned organizational 
boundaries.

In Pharma 4.0TM, computerized systems are continuously 
updated and use enormous volumes of data to drive the org-
anization’s decision-making. Regulators have already recognized 
that the focus in the information world is changing from applica-
tion integrity to data integrity. This shift in focus is enforced at 
this very moment. Presently, stakeholders are retrospectively ver-
ifying data integrity in the existing landscape. The next step will 
be to prospectively design a data and systems architecture in 
which data integrity is intrinsic and data reside in platforms of 
collaborative data, where agreed-upon rules apply. 

In such a highly versatile environment, it is impossible to sus-
tain the same validation procedures that were used in Pharma 2.0 

FEATURE PHARMA 4 .0TM

Figure 5: Acatech digital maturity index. Reprinted with permission from Acatech [12].
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and 3.0. New computer system validation procedures must be 
designed to enable rapid life cycles for computer applications 
using data in platforms of proven data integrity.

STAKES AND STAKEHOLDERS
Successful industry adoption of the holistic control strategy will 
involve many stakeholders, including regulators, senior manage-
ment, standards-setting organizations, and patients. 

Regulators
The holistic control strategy requires common understanding and 
alignment between industry and regulators. In general, to encourage 
investments in products and process transparency, regulators must 
shorten approval times for new drugs and for submission of changes 
and amendments. If the regulatory process is cumbersome, compa-
nies will be disinclined to invest in a holistic control strategy. 

A holistic control strategy based on a completely digitalized 
value network has the potential to enable regulators to focus regula-
tory oversight and shorten product change management approval 
times. Therefore, the Pharma 4.0TM SIG recommends that industry 
o� er training and education for regulators in the context of a holis-
tic control strategy.

Senior Management
The application of a holistic control strategy o� ers to the manage-
ment of a drug manufacturer a new balance between being trans-
parent and being regulated. This can lead to faster approval times 
for submissions and help senior management ful� ll their explic-
itly required “management responsibilities” as defined in the 
ICH Q10 PQS system. 

Industry leaders and regulators should acknowledge that the 
proposed approach is not about camaraderie or companionship. 
Clear rule-setting can help maintain appropriate boundaries in 
the relationships between companies and regulators.

To ensure transparency, companies and management must 
get rid of functional silos and replace hierarchies with empow-
ered cross-functional teams operating within value-driven 
organizations.

Standards-Setting Organizations
A holistic control strategy can only be effective if regulatory 
authorities agree to uphold common technical and regulatory 
standards. Trade wars, trade barriers, and unharmonized systems 
are the enemies of progress.

Standards-setting organizations such as PIC/S and ICH can 
develop frameworks for a holistic control strategy enabled by digi-
talized and integrated systems. Additionally, interagency initia-
tives by national health authorities such as the US FDA or European 
Medicines Agency, together with national competent authorities 
in the European community, could establish respected frame-
works on a smaller scale.

Social media can play a major role in in� uencing key stakeholders 
to agree to develop common technical standards as business enablers.

Patients and Consumers
The roles of patients and consumers in disease prevention and 
management are rapidly expanding as individuals are using digital 
tools to connect with other stakeholders in the healthcare system. 
Notably, a holistic control strategy promises to create more industry 
transparency and better oversight for patients and consumers as 
well as regulators. Patients are already seeking transparency in 
product pricing. In the future, patients may also directly demand 
that companies share data about, for example, medication risks; the 
reliability of quality and production; quality, safety, and efficacy 
rankings; and benchmark comparisons of products and companies. 
Statistics in connection with � eld alerts and recalls will be public as 
well, and patients will be able to use end-user devices to verify the 
authenticity of medicines, and much more.

CASE STUDIES
Merck Healthcare KGaA: Augmented Reality
The biopharma industry is faced with increasing complexity in 
terms of new manufacturing technologies, portfolio delivery, 
health authority regulatory requirements, and cost pressure. 
Therefore, digitalization is a critical element for the future of the 
biopharma industry (and other industries). With that in mind, the 
healthcare business sector at Merck Healthcare KGa A, in 
Darmstadt, Germany, and Mollet del Vallès, Spain, has begun its 
digital journey to cover the entire value chain. In manufacturing, 
augmented reality initiatives were kicked off in 2019 across the 
whole network, including at the state-of-the-art pharma packag-
ing center in Darmstadt, to address some of these challenges.

Augmented reality is a great add-on tool for complex processes 
to help employees manage the daily operations in a standardized 
mechanism. It is used in the pharmaceutical industry in digital 
operations where accurate and paperless processes are deployed. 
At the Merck facilities, it is being used in devices such as hands-
free smart glasses and mounted tablets with heads-up display 
interfaces and voice or touch controls (Figures 6 and 7).

A holistic control strategy 
promises to create more 
industry transparency and 
better oversight for patients and 
consumers as well as regulators.
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The purpose of using augmented reality within Merck’s facili-
ties and operations is to bring the right information to the right 
employee at the right time across multiple device types, and to foster 
proactive decision-making. Augmented reality will help overcome 
variability in operations. Variability is known to be reliability’s � rst 
enemy, and by using augmented reality tools, Merck expects to 
improve reliability; speci� cally, the main augmented reality func-
tionalities a� ect quality, safety, production, personnel, and data.

Implementing and deploying augmented reality to reduce 
variability accelerates the pace of operations at Merck Healthcare 
KGaA in Darmstadt. Augmented reality can be used in several 
applications such as changeovers, maintenance, line clearance, 
cleaning activities, and training. It will increase the quality of 
operations signi� cantly, save time, ensure a reliable quality of the 
tasks, support on-time technical problem-solving, and increase 
productivity and e�  ciency to deliver positive results. Additionally, 
the data produced from the augmented reality applications can be 
used to continuously improve processes.

Overall, an augmented reality system in the manufacturing 
area is a digital driver for quality, e�  ciency, and standardization. 
Augmented reality enables employees to master increasingly 
complex machines and work� ows.

Sanofi : Applying BITMAP
Recently, the challenge for organizations of managing knowledge 
e�  ciently and e� ectively has noticeably increased due to the vol-
ume of data, information, and knowledge as well as the pace at 
which data are produced. Also, organizations may learn at a slower 
speed than is potentially possible because tacit knowledge is di�  -
cult to capture and make accessible to everyone who needs it.

Recognizing that this situation in� uences how innovation is 
managed, Sano�  decided to experiment with new ways for people 
to connect and share and access knowledge. The goal is to leverage 
existing internal and external knowledge, connect experts inter-
nationally, and improve the creation of both incremental and 
breakthrough ideas related to manufacturing processes in 
research and development and industrial a� airs.

In the age of Industry 4.0, digital technologies become increas-
ing important for managing the amount of data and information 
produced in an organization, and for using advanced analytics 
(e.g., machine learning) to create knowledge that makes us 
smarter. For example, digitalization helps predict manufacturing 
processes, assess the impact of manufacturing process parameters 
on product quality and quantity, and, ultimately, provide a holistic 
view and understanding of how those parameters in� uence each 
other during the life cycle of a drug. Digitalization can also help 
with company-wide sharing of information as people use digitized 
work� ows to perform daily activities and routines.

Biologics Innovation and Technology Management Process 
(BITMAP) is a concrete example of how Sanofi has used digital 
technologies to help in the field of knowledge management. 
BITMAP is composed of three elements: people, digitized business 
processes/work� ows, and a smart IT platform.

FEATURE PHARMA 4 .0TM

Figure 6: A worker at Merck Healthcare KGaA, Darmstadt, 
Germany, demonstrates use of hands-free smart glasses. 
Reprinted with permission from Merck.

Figure 7: A worker at Merck Healthcare KGaA, in Mollet del Vallès, 
Spain, uses a mounted tablet with a heads-up display interface 
and touch control. Reprinted with permission from Merck. 
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Sano�  is a global organization. When a worker is interested in 
how the company is addressing a speci� c issue, that worker might 
have no idea who to contact. BITMAP connects people across the 
company to all topics that are internally addressed. A smart search 
engine and digitized work� ows have thus helped Sano�  employ-
ees to be more e�  cient and e� ective in managing and exchanging 
knowledge and ultimately enable innovation for manufacturing 
technologies in biologics.  
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A HOLISTIC CLEANROOM 
CONCEPT: 
Higher Quality and Greater Flexibility
By Ute Schleyer  

As the pharmaceutical industry balances 
demands for small-batch and blockbuster 
products and encounters new regulations, 
there is a need for e�  cient and safe production 
technologies that can meet stringent quality 
and safety requirements for the aseptic fi lling of 
drugs. Looking forward, manufacturers should 
anticipate future format, packaging, and fi lling 
needs, and seek technologies with su�  cient 
built-in versatility. This article explores a 
promising holistic cleanroom concept for high-
quality aseptic processing of drugs.

Aseptic � ll-and-� nish processing faces special challenges. On 
the one hand, demand is increasing for small-batch prod-
ucts to treat rare diseases; on the other hand, blockbuster 
drugs require large batch sizes. To meet divergent product 

requirements, pharmaceutical companies need � exible manufac-
turing systems that enable individual line setup for product 
changeovers. 

Additionally, new and revised guidelines updating global regu-
latory requirements for process safety are expected in the near 
future. For example, Annex 1 of the EU GMP Guide “Manufacture of 
Sterile Medicinal Products”—which is considered the most impor-
tant European regulatory standard for the manufacturing of sterile 
pharmaceutical products—is under review and being updated. In 
its current draft version, Annex 1 states that the expected result of 
microbiological � ndings within isolators and restricted access bar-
rier systems (RABSs) is 0 CFU recovered, and “all critical surfaces 
that come into contact with sterile materials should be sterile” [1]. 
There is also a trend in visual inspection to increase requirements 
regarding detection of particles [2]. 

CONVENTIONAL TECHNOLOGIES
To date, two technologies for high-quality aseptic processing of 
drugs have stood out: isolators and RABSs. It is important to 

di� erentiate between these systems because they o� er di� erent 
types of  product protection.

Isolators are completely sealed units, entirely “isolated” from 
the outside environment. They undergo extensive decontamina-
tion that results in constraint levels of adaptability and e�  ciency. 

RABS technology involves barrier and dynamic air� ow sepa-
ration between the environment and the drug product. Compared 
with isolators, RABSs offer advantages of faster setup, efficient 
product changeover, and variability. As such, RABSs are appropri-
ate for manufacturing operations with several products and short 
downtimes. 

A NEW ALTERNATIVE
The starting point for the new technology described in this article 
was a passive open RABS with closed doors that provides a high 
level of aseptic control. Thus, the barrier surrounding a grade A 
clean area is open at the top and the bottom toward a grade B area 
and is supplied with laminar air from the ceiling of the cleanroom. 
The barrier can be opened for installation of huge format parts at 
the beginning of setup. During filling, interventions are only 
allowed through built-in gloves. Any opening during � lling will 
result in immediate termination of the batch and the discarding of 
all open units within the barrier.

To improve the already high level of aseptic control, Vetter 
decided not to convert the existing RABS lines in isolator lines. 
Instead, the benefits of both conventional solutions were taken 
to create an alternative, Vetter Cleanroom Technology (V-CRT). 
Based on a passive open RABS, automated hydrogen peroxide 
(H₂O₂) decontamination, already well established within isolator 
technology, plays the most important role in this concept. Being a 
holistic concept, the technology is not limited to decontamination 
and its directly linked systems. It also includes setup and � lling, 
and monitoring as well as analytics (Figure 1).

Decontamination
Decontamination is the core element of the holistic cleanroom 
concept. With automated H₂O₂ decontamination, unwieldy pro-
cesses such as formaldehyde fumigation are replaced and sources 
of error in manual decontamination are minimized. Automated 

Industry Perspective
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H₂O₂ decontamination also provides greater protection from 
microbiological contamination than wipe-and-spray disinfection. 
H₂O₂ is an effective decontaminant because it removes critical 
microorganisms in grade A areas. In addition, it is practically 
residue-free because the solution quickly breaks down into water 
and oxygen. 

A system of stainless steel pipes built into the cleanroom walls 
and ceiling aerosolizes the H₂O₂ solution into class ISO 5 and 7 
cleanrooms through dual-substance jets inside and outside of the 
barrier. To enable tightness during decontamination, the clean-
room is sealed gas-tight using in� atable door gaskets. 

After the cleanroom is sealed, H₂O₂ decontamination can 
begin. Thanks to the permanently installed nozzles, decontami-
nation of the entire cleanroom can work automatically and auton-
omously. For aerosolization of H₂O₂, the HVAC system is switched 
off and reactivated after the prescribed reaction time; laminar 
air� ow � ushes the entire cleanroom. Implemented catalysts ena-
ble rapid H₂O₂ degradation, and a HEPA � lter prevents particles 
from entering the room. 

After start of the entire decontamination cycle, the cleanroom 
area of 144 m3 is ready for use in less than 2.5 hours. 

Setup and Filling
Before the automated H₂O₂ decontamination can begin, the clean-
room is carefully prepared and machine surfaces are wiped clean. 
With the holistic cleanroom concept, manual cleaning prior to 
H₂O₂ decontamination can be optimized. Manual cleaning is 
reduced to a minimum, positively influencing downtimes and 
overall equipment e� ectiveness (OEE) times. 

In the meantime, o�  ine cleaning and steam sterilization of 
machine parts are performed (Figure 2). When isolator technology 
is used, gas-tight wrapped agar plates are brought into the barrier 
after cleaning of the filling suite. Therefore, when the holistic 
cleanroom concept is applied, storage holders in the barrier are 
implemented to avoid later transport from grade B to grade A. The 
concept also adopts Vetter’s RABS process: First, barrier doors are 
closed. Next, equipment parts that are not product-touching and 
cannot be transported in a sterile box are installed within the bar-
rier. Therefore, defined barrier doors are allowed to be opened. 
Gloves are then installed, and the remaining equipment parts are 
brought into the barrier using sterile boxes. Before any equipment 
parts are brought into the cleanroom, they are steam-sterilized in 
an autoclave. The preparation of the manufacturing line behind 

Figure 1: In a holistic cleanroom concept, all working steps around aseptic fi lling such as decontamination, setup, fi lling, monitoring, and 
analytics are considered.
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closed barriers in an aseptic environment further enhances the 
degree of purity achieved through the system. As a last part of the 
initial setup step, glove spreaders are installed. Then, the decon-
tamination cycle can begin. 

To prevent H₂O₂ uptake of the equipment in contact with the 
product (liquid path), as a final process step of installation, the 
second aseptic setup is performed after the decontamination cycle 
is completed (Figure 2). Installation starts after an H₂O₂ concentra-
tion of less than or equal to 0.5 parts per million (ppm) is reached.

Monitoring and Analytics
In addition to monitoring and analytics done as a part of the asep-
tic � lling process, a holistic cleanroom concept requires speci� c 
methods to help make certain both products and employees are 
fully protected from H₂O₂. Thus, the sensors inside and outside the 
barrier track several variables. H₂O₂ decay is measured within the 
cleanroom in grade B areas by means of two Polytron sensors 
within the parts per million levels, and in grade A areas by means 
of a Picarro sensor down to the parts per billion levels. A flow 
meter continuously measures the air� ow out of the barrier area 
into the ambient cleanroom air to allow for over� ow from environ-
ment A to environment B. Product impact can be assessed by H₂O₂ 
analysis for aqueous solutions. H₂O₂ concentrations in water for 
injection (WFI) or other product solutions can be veri� ed in the lab.

READY FOR TOMORROW’S CHALLENGES
The holistic cleanroom concept is associated with high reliability 
and reproducibility. Another significant advantage is speed. 
Depending on the size of the cleanroom, the entire decontamina-
tion cycle starting with conditioning of the cleanroom and followed 
by decontamination (aerosolization), exposure, and aeration can be 
completed in less than 2.5 hours. Appropriate catalysts and a highly 
e� ective ventilation system enhance H₂O₂ degradation and lead to 

short decontamination cycles. Preparation for production and 
aseptic setup of the cleanroom can begin immediately. Shorter 
downtimes streamline processes and improve OEE.

V-CRT optimizes existing production processes by making 
them more versatile and e�  cient. Furthermore, it mitigates the 
risk of microbe carryover from grade B to grade A areas, while still 
enabling rapid changeover. The contamination recovery rate for 
cleanrooms operated by V-CRT is notable. Since V-CRT was com-
missioned in early 2017, no germs have been detected in grade A 
environments, which fully meets the requirements in the current 
Annex 1 draft [1].

The holistic cleanroom concept can be used for new clean-
rooms and machinery. The methodology can also be applied to 
traditional RABS cleanrooms to improve microbial decontamina-
tion and cleanroom control. Pharmaceutical and biotech compa-
nies can clearly bene� t from such technologies.   

Figure 2: Steps in a holistic cleanroom concept.
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PEOPLE + EVENTS

Since its inception at the ISPE 2016 Annual 
Meeting & Expo, Women in Pharma® (WIP) has 
been rapidly growing. In the US and Europe, 
the society has held numerous  WIP events at 
local A�  liates, Chapters, and Annual Meetings 
& Expos, and it is now establishing a presence 
in Asia. On 27 September 2019, the inaugural 
Women in Pharma® event in Asia—a panel 
discussion on the “Infl uence of Culture Across 
Countries and Organizations in Achieving 
Gender Diversity”—was held as part of the 2019 
ISPE South Asia Pharmaceutical Manufacturing 
Conference in Bangalore, India, with a full house 
of more than 200 participants. 

  u Frances (Fran) M. Zipp, President and CEO of Lachman 
Consultant Services, Inc., and Chair, ISPE International Board 
of Directors

  u Moderator: Caroline Rocks, Senior Program Manager, AbbVie

SESSION PROCEEDINGS
Zipp opened the session by offering background information 
about the ISPE Women in Pharma® initiative and details on its 
various aspects, including Mentor Circles and travel grants. She 
issued a call to action to the audience to encourage their women 
colleagues to become part of this initiative. 

Pathak shared insights about working in the US and India as a 
woman leader, including distinctive aspects of her experiences in 
each country. 

Thakur spoke about her own career journey from studying and 
living in India to moving to the US, and how some aspects were 
unplanned, such as moving from her initial career as a chemist in 
research and development to joining the FDA. 

Sethi shared the challenges associated with unconscious bias 
that she experienced at the beginning of her engineering career 
and asked the audience to be more aware of this issue for women 
engineers who are just starting out. 

Both Pathak and Zipp followed up, emphasizing that although 
the industry has made tremendous progress in achieving gender 
diversity since they started their careers 30 years ago, challenges 
persist. Women in the industry still need encouragement and 
empowerment. 

Churchward shared his perspective on how diversity and 
culture can impact conduct in compliance or inspection. Teams of 
empowered and diverse individuals can facilitate critical thinking 
and reduce bias. This enables robust decision-making based on 
quantitative risk management to ensure product quality, while 

WOMEN IN PHARMA® EXPANDS 
ITS GLOBAL REACH
Inaugural ISPE Women in Pharma® Event Held in 
India at the 2019 ISPE South Asia Pharmaceutical 
Manufacturing Conference
By Caroline Rocks

The panel consisted of both women and men working for man-
ufacturing companies, service providers, and regulatory 
agencies, representing di� erent countries and career stages. 
This diversity of perspectives was evident in an insightful 

discussion. 
The panelists were:

  u David Churchward, GMP Inspector, UK MHRA
  u Ranjana Pathak, President and Global Head of Qualit y, 

Medical A� airs and Pharmacovigilance, Cipla
  u Richi Sethi, Bioprocess Systems Specialist, Merck Life 

Sciences
  u Aditi Thakur, Acting Quality Assessment Lead, US FDA/

CDER/OPQ/OPF
  u Frank Verni, Compliance O�  cer, US FDA/CDER/OC/OMQ
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also contributing to an “enabling environment” for personal 
development. Churchward reflected that this approach is also 
applicable to inspection teams; specifically, the skills and 
perspectives used to assess compliance will di� er as teams operate 
in di� erent cultural environments. 

Verni emphasized that when you limit the degree of diversity 
in a workplace, you lose an immense untapped pool of talent, 
skills, and experiences. A diverse workforce increases creativity 
and productivity. And, “it will reduce fear and grow a strong 
quality culture that will in turn bene� t the company in a multitude 
of areas. As an added bonus, it will also boost the company’s 
reputation among a variety of stakeholders.”

Zipp shared her perspective on the unique challenges working 
parents encounter in a manufacturing environment, and how to 
overcome them. “These days, work demands more than a 9-to-5 
commitment. Therefore, you need backup plans. Ask people for 
help—needing people does not make you needy! I raised my three 
children for the most part alone, and I was most grateful for the 
support of family, friends, and coworkers,” she said. “Also, be 

realistic and make choices that you can live with—if you want a job 
that requires you to travel, accept that you will need help with 
household items and childcare. If you cannot accept that or a� ord 
that, � nd another role.”

ADVICE ON BALANCE
The panelists agreed that it was challenging to achieve the correct 
work-life balance. They shared some advice on how they use � exi-
ble working hours to balance work and family commitments. 

“You have to be honest with yourself and recognize that you 
only have a � nite amount of time and energy to split between your 
work life and personal life,” said Verni. “You have to focus on what 
your goals are and ultimately what makes you happy. Whether it’s 
becoming a director or spending more time with your family, 
embrace what makes you happy and pursue it.”

“Work-life balance is about what you choose and what is 
important to you,” Zipp stated. “No choice is perfect, and you are 
the only one who can judge your decisions.”

When the audience was invited to ask questions and share 
comments, Deva Puranan, Head of Global Quality Investigations 
for Mylan, raised the important point that a successful career 
requires support and encouragement not only from your organiza-
tion but also, and even more so, from friends and family. He 
attributed his own career success to the strong support he receives 
from his wife and family. 

BECOME INVOLVED IN WIP
Go to https://ispe.org/women-pharma for more information, 
including a toolkit to organize your own Affiliate/Chapter WIP 
event and WIP iSpeak blog posts. If you would like to get in touch 
directly with the WIP Committee, email wip@ispe.org or join our 
online community.    

KEY FACTS ABOUT THE 
WIP EVENT IN INDIA

  u 200+ attendees

  u Regulatory and industry panelists

  u  Representatives of Europe, 
the US, and Asia

  u Women and men attendees 

  u Early career, midcareer, and C-suite
About the author
Caroline Rocks is Senior Program Manager, Operations, AbbVie, and serves on the 2019–2020 
ISPE International Board of Directors. 

John Bournas, ISPE President and CEO, and the panel. From left to right: John Bournas, David Churchward, 
Caroline Rocks, Ranjana Pathak, Aditi Thakur, Frank Verni, Richi Sethi, and Fran Zipp, 2020 ISPE International 
Board of Directors Chair and President and CEO of Lachman Consultant Services, Inc.
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ISPE Briefs
ISPE Special Interest Group Formed 
for Cloud Services 

What are the hot topics being addressed?
One hot topic involves de� ning supplier quality agreements aligned 
with the recent GxP working group paper, “Application of SOC 2+ 
Process to Assessment of GxP Suppliers of Services,” published in 
Pharmaceutical Engineering (July–August 2019). 

Another priority is to review the technical controls of the ISPE 
GAMP® Good Practice Guide IT Infrastructure Control and Compliance, 
2nd edition, and align with industry best practices.

What are the main challenges with these topics? 
The primary challenges are changing the current industry quality 
assessment practices and processes on how cloud services should 
be evaluated and maintained throughout their life cycles.

What is the expected output of the SIG, and what 
is the time frame?
Expected outputs include providing a case study on the evaluation 
of a SaaS provider and providing a quality agreement template for 
publication in Pharmaceutical Engineering for industry use.

—Anthony Margetts

We’d like to feature your 
Chapter, A�  liate, CoP, 
or other ISPE group in 
upcoming ISPE Briefs. 

Share highlights from training 

programs, conferences, social 

events, or other activities in an 

article of 250 to 400 words. 

We welcome photos (300 dpi 

or >1 MB). Send submissions to 

Susan Sandler, Senior Director, 

Editorial, at ssandler@ispe.org

A new ISPE Special Interest Group (SIG) has been formed 
under GAMP® to address the increasing use of cloud ser-
vices. A conversation with Michael Osburn, Head of Quality 
at Cornerstone OnDemand, and Judy Samardelis, IT Quality 

Director at Thermo Fisher Scienti� c, who are leading the new SIG, 
provides some details.

Why has this SIG been formed?
The industry is increasingly relying on cloud services to reduce IT 
footprints with on-premise data centers, while increasing storage 
capability requirements as manufacturing and R&D create vast 
amounts of data that cannot be stored on premise. The SIG was 
formed to create tools and guidance for use throughout the industry.

What are the key drivers/objectives of the SIG?
We are aligning GAMP® principles with industry best practices, 
providing case studies and guidance. 

What regions are represented by SIG members?
The group includes life sciences companies, consulting organiza-
tions, and industry suppliers, including Microsoft and Amazon 
Web Services, with regulators across the world participating.

Wider Distribution Opportunity 
for Some PE Articles

Pharmaceutical Engineering is piloting an open-access program to allow greater 
access to some of the great content published in the magazine. Several articles 
from each issue will be available for viewing by any visitors to the PE Online site. 
Most of the magazine will remain “locked” as an exclusive ISPE member 

bene� t.
Opening access to some PE content offers authors the opportunity to indicate 

interest in having a wider distribution for their articles. Selections for open access are 
made by the Senior Director, Editorial, in consultation with the Pharmaceutical 
Engineering Committee as needed. 

Please indicate in your submission if you would like us to consider your article for 
open access. While we cannot promise that every open access status request will be 
approved, we will consider author requests. 

If you have questions about open access, please contact Susan Sandler, Senior 
Director, Editorial, at ssandler@ispe.org   
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TECHNICAL DIG ITAL DES IGN 

A Systems-Based Approach to 

DIGITAL DESIGN AND 
OPERATION
By Robert H. Peeling, CEng, FIChemE, Charles M. Gordon, PhD, Martin R. Edwards, PhD, 
John A. Henderson, CChem, PhD, and Sean K. Bermingham, PhD 

The Advanced Digital Design of Pharmaceutical 
Therapeutics (ADDoPT) project [1] is a recently 
completed UK-based design manufacture 
and supply chain research collaboration. 
This collaboration catalyzed work to defi ne a 
system for top-down, knowledge-driven design 
and operation for drug products and their 
manufacturing processes. 

Through a dedicated technical facilitation process, ADDoPT 
consortium members identi� ed a need for, and developed, 
information f low for digital design and manufacture of 
pharmaceuticals, which can help the pharmaceutical indus-

try adopt new technology and build the necessary innovation and 
leadership capacity to realize the potential of Industry 4.0 and 
similar initiatives around the world.

INDUSTRY 4.0 AND DIGITALIZATION
The worldwide transformation of manufacturing through the 
increasing use of digitalization has been christened “the Fourth 
Industrial Revolution” or “Industry 4.0” [2, 3]. Properly harnessed, 
digitalization has the potential to transform the future of manu-
facturing in all sectors, although progress varies widely across 
industry sectors and countries. The in� uential UK government–
sponsored 2017 “Made Smarter Review” [4] highlighted that UK 
industry in general is not taking advantage of a rapidly growing 
capability in industrial digitalization technology; therefore, the 
review’s authors recommended technology adoption and support-
ing the innovation and leadership necessary for the country to 
realize Industry 4.0’s potential.

Attitudes and digital readiness vary considerably across 
industrial sectors [5, 6]. For example, in the oil and gas industry, 
process technologies and manufacturing processes are well devel-
oped [7], and modeling for optimization and control systems is an 

established practice to minimize production variations based on 
technology licensor, engineering, and operational constraints. In 
contrast, the operating context in pharmaceutical product manu-
facturing is very di� erent. Absolute production volumes are rela-
tively small, unit product costs and values are high (reflecting 
upfront development or acquisition cost, scale-up risks, and other 
factors), and products are typically produced in relatively short-
run production campaigns with frequent product changeovers. 
Additionally, because the pharmaceutical industry has a large 
asset base for batch manufacturing that will persist for several 
decades, it’s important to maximize batch process value and qual-
ity and to build robustness into emerging � exible manufacturing 
solutions.

In the oil and gas industry, the impact of feedstocks on process 
and product quality is established and understood, and integrated 
digital approaches exist for plant design and operation. Conversely, 
because end-to-end pharmaceutical product manufacturing is 
complex, such links may not be readily established, and quality-
critical links can di� er between products. Unlike products in the 
oil and gas industry, each new pharmaceutical product is, in e� ect, 
a novel design and requires process optimization on production 
scale; also, although individual steps may be modeled, integrated 
digital approaches are not commonly available. With process-scale 
experimentation at an absolute premium, pharmaceutical manu-
facturers need to derive the necessary process insight, predictive 
models, and capacity to ensure quality in new ways. 

In fact, pharmaceutical manufacturing technologies have not 
changed signi� cantly in over 40 years. Though manufacturers are 
data-rich, they have yet to fully realize and pursue the potential of 
advanced process modeling and analytics to transform decision-
making in process design and control. Process and product devel-
opment are stil l predominantly based on a make-and-test 
approach, which requires long development cycles, nonrobust 
scale-ups, and inefficient processes. The industry has tolerated 
these limitations during the “blockbuster drug era,” but as this era 
ends [8], and as the need to realize the benefit of personalized 
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medicines increases, new approaches are necessary. Furthermore, 
these approaches may open new possibilities such as holistically 
linking solid form, active pharmaceutical ingredient (API) physi-
cal properties, and drug product formulation and manufacture [9]. 

As the pharmaceutical industry increasingly uses outsourc-
ing/offshoring to reduce costs, it faces associated supply chain 
risks and mitigation costs. Personalized medicines require a shift 
from one-size-fits-all products and manufacturing processes 
toward greater � exibility in both. Regulators such as the US FDA 
and the European Medicines Agency (EMA) support quality by 
design (QbD) [10], an approach that aims to ensure the quality of 
pharmaceutical products by employing statistical, analytical, and 
risk-management methodologies in the design, development, and 
manufacturing of these products. A goal of QbD is to ensure all 
sources of variability a� ecting a process are identi� ed, explained, 
and managed through appropriate measures. This enables the � n-
ished product to consistently meet prede� ned characteristics from 
the start, ensuring it is right the � rst time. Current QbD approaches 
tend to be experimentally driven and therefore data-hungry and 
resource-intensive. Their uptake is further limited at present 
because it is generally not practical to extrapolate beyond experi-
mental boundaries, and so there is limited opportunity to transfer 
knowledge and understanding gained to other scales.

To address these risks and costs, the pharmaceutical industry is 
exploring solutions such as � exible manufacturing and advanced 
process modeling and control; however, unlike other industries, 
such as oil and gas, the pharmaceutical industry does not currently 
routinely embed these approaches.

ADVANCED DIGITAL DESIGN
ADDoPT was established in response to challenges faced by the 
industry worldwide. The 12 collaboration partners included 
four multinational pharmaceutical companies (AstraZeneca, 
Bristol-Myers Squibb, GlaxoSmithKline [GSK], and P� zer), three  
technology-based small- to medium-size enterprises (SMEs) 
(Process Systems Enterprise [PSE], Perceptive Engineering, and 
Britest), and five specialist academic and research organiza-
tions (Universities of Leeds, Cambridge, and Strathclyde; 
Cambridge Crystallographic Data Centre; and the Science and 
Technology Facilities Council’s Hartree Centre).

Consortium members worked across the pharmaceutical value 
chain to de� ne a system for top-down, knowledge-driven digital 
design and control for drug products and their manufacturing 
processes. The aim was to integrate a wide range of predictive 
models and gain insight from industrial case studies at the four 
major pharmaceutical companies, allowing more targeted future 
experimentation, a better understanding of risk, and therefore 
better design and scale-up for robust products and processes.

Digital design combines research insight and qualitative and 
quantitative mechanistic modeling to provide links between raw 
materials, manufacturing processes, and product performance to 
meet patients’ needs. It spans all unit operations, processes, and 
procedures during the manufacture of pharmaceutical products 

and their impacts, both upstream for product e�  ciency and pro-
cess design, and downstream on product performance. ADDoPT’s 
objective was to “create virtual medicine manufacturing systems 
to make sure they are e� ective and e�  cient before creating them 
in the real world” [11]. 

The consortium determined at the outset that to ensure a con-
sistent and e� ective approach to digital design and manufacture 
of pharmaceutical products, an overarching system-based 
approach would be required to manage and combine information 
� ows from the many facets of modeling and (where still necessary) 
experimentation. This information � ow map becomes a signi� -
cant enabler for guiding adoption of industrial digitalization 
technology, aligning with the Made Smarter Review recommenda-
tions and generally emerging trends in the global pharmaceutical 
sector.

SYSTEMS FRAMEWORK–BASED INNOVATION
Technology- and knowledge-driven partners worked within 
ADDoPT to advance the current state of process modeling and 
control for pharmaceutical processes, and to advantageously 
combi ne a nd i nteg rate tech nolog ies ba sed on a s ystems 
framework–based approach to understand and address the phar-
maceutical industry’s needs. One benefit may be to stimulate 
systems thinking [12] in pharmaceutical product and process 
development. By replacing the typically linear approach to devel-
opment, the industry can potentially reduce risk; for example, a 
systems framework–based approach might prevent a repeat of 
the 1998 polymorphism issue that led to Ritonavir being tempo-
rarily withdrawn from the market [13].

CURRENT BEST PRACTICES AND AREAS FOR DEVELOPMENT
Three ADDoPT industrial partners from the pharmaceutical 
industry (AstraZeneca, GSK, and Pfizer) were interviewed by 
Britest and PSE to establish to what extent digital modeling 
approaches are currently part of process development routes to 
introduce new therapeutic products (see Figure 1). The study’s 
scope comprised API particle manufacture and formulation of 
immediate-release oral dose products, and it explored links 
b e t w e e n  m a n u f a c t u r i n g  p r o c e s s  d e v e l o p m e n t  a n d 
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products and manufacturing 
processes toward greater 
fl exibility in both.
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bioperformance and stability. To keep the size of the study man-
ageable, API synthesis was excluded.

Generalized conclusions from the three companies inter-
viewed can be summarized under three categories.
  u Current practice: Work� ows are primarily experimentally 

driven, progress is sequential (meaning, in� uenced by launch 
timeline), output is rarely used to revise earlier process steps 
to ultimately deliver a better result, and a large amount of 
confirmatory experimental work is undertaken to manage 
risk. 

  u Current inf luence of digital design techniques: These 
techniques—which are in development and not yet in main-
stream use—are used to con� rm, explain, or � t experimental 
data. They are not integrated into the overall product and 
process design approach. 

  u Opportunities provided by digital design techniques: First, 
task and decision-making � ows are similar across the compa-
nies, which allows for identi� cation of common tasks and/or 
decisions points. A standardized approach could streamline 
progress within organizations and make regulatory reviews 
more e�  cient. Second, data and information transfer points 
could be coordinated between business functional groups. 
Third, de-risking may potentially become more e�  cient than 
current practices. By using digital design techniques, manu-
facturers could build in an iterative approach to achieve a more 
robust overall process; identify risk sooner, which would ena-
ble the defining of mitigation strategies; and support better 
management of work and experimental timelines, as modeling 
could focus on promising and relevant operating windows. 

To capture impressions from solution providers, the three SME 
businesses (Britest, PSE, and Perceptive Engineering) were also 
interviewed. The topics discussed with each company varied 
according to the nature of their solutions, and are outlined next. 

For PSE and Britest, interviews addressed three main topics: 
(a) the business model for interacting with clients in the pharma-
ceutical industry; (b) the current status of tools that support 
ADDoPT-relevant key unit operations; and (c) the current and 
potential opportunities for the use of tools for biopharmaceutical/
formulation design/drug product stability applications.

The interviews with a representative of Perceptive Engineering 
covered a series of questions:
  u Where in the development life cycle do you normally engage 

with the client?
  u Where in the life cycle would you like to engage?
  u What is the normal pattern/program for a project?
  u In the modeling process, what data do you need/get? What 

data would you like to get?
  u How can you interface to a model process without actual plant 

data to build a control strategy?
  u Can you provide feedback and add value to the clients’ devel-

opment process?

From these interviews, common themes and conclusions emerged. 
Service providers usually become involved with clients only after 
key directional decisions are made, which limits the value that 
service providers can add for the client. Service providers are 
engaged with/by research and development, rather than the 
manufacturing communities (although some localized progress 

Digital design end 
users
• Pfizer
• AstraZeneca
• GSK

Interview to capture
• Data input–task output 

flows through drug life cycle
• Challenging or resource-

intensive data requirements
• Level of data accuracy or 

precision
• Reason for tasks
• Task interconnections

Four areas 
discussed
• API particle manufacture
• Drug product 

bioperformance
• Drug product stability
• Drug product process 

design and manufacture

Figure 1: Pharmaceutical manufacturer interview structure.
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Figure 2: Digital design information fl ow requirements.

Reduce development time and cost without compromising patient safety
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Greater added value for 
experiments performed
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has occurred). Digital design approaches developed for the phar-
maceutical sector have significant potential for applications in 
other high-value product sectors.

INFORMATION FLOW REQUIREMENTS
Commercially launching a new pharmaceutical product is a 
complex and lengthy process, which involves nearly all of the 
organization and typically extends into the supply chain, par-
ticularly if parts of production have been outsourced to contract 
manufacturing organizations. 

The goal of ADDoPT is to signi� cantly streamline and expedite 
this complex process while enhancing (or at least not compromis-
ing) patient safety. Therefore, any approach to digital design and 
manufacture must consider not only the end-to-end pharmaceuti-
cal manufacturing process but also the wider system, including 
product design and performance. 

Clearly, many groups, and people from many functions and 
disciplines, must share information e� ectively. Therefore, those 
devising a digital approach should focus on information f low 
instead of a linear, project plan–based work� ow. The di� erence 
lies in the promotion of systems thinking rather than ticking o�  a 
list of discrete deliverables.

Successfully harnessing new digitally enabled approaches is not 
just a matter of technical implementation; it involves a fundamental 
paradigm shift for the pharmaceutical industry, moving away from 
its traditional experimentally based approach to a new design-

and-make framework. Just as new enabling modeling and control 
platforms are designed to be integrated across the pharmaceutical 
work� ow, product and process design and control decisions must 
consider all relevant upstream and downstream impacts and 
dependencies, rather than merely seeking a local optimum. For 
instance, API crystallization might conventionally be optimized to 
deliver a given average particle size, but simply replicating this 
specified value from one batch to another does not necessarily 
ensure trouble-free downstream processing. 

There is growing recognition of the need to characterize materi-
als more richly, and to analyze the connection between molecular 
and material properties at one end through to process and product 
performance at the other. Developments in statistical and mecha-
nistic modeling approaches, the ability to harness big data, and 
effective cross-industry collaboration over matters such as the 
emergent manufacturing classi� cation system [14] can all help put 
the pieces of the puzzle together. 

Committing to a digital (in silico) approach o� ers many poten-
tial bene� ts. By using in silico experimentation, the pharmaceutical 
industry can speed up timelines and consider all or a larger subset of 
a system’s factors, while minimizing and better directing the set of 
practical experiments required to validate the digital model. An in 
silico approach to design of experiments also reduces risk by elimi-
nating the practical cost and time constraints that currently lead us 
to limit experiments to the subset of variables considered most 
likely to prove critical; in digital experiments, we can routinely 

TECHNICAL DIG ITAL DES IGN 
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explore all potentially critical variables. In silico modeling makes a 
more broadly applicable QbD approach practical and resource-
efficient while also minimizing the quantity of API required for 
experiments in which the API is di�  cult to produce or obtain. 

NEW WAYS OF THINKING AND WORKING 
The pharmaceutical industry needs to integrate process develop-
ment with considerations of patient safety, e�  cacy, and manu-
facturability. If this is done success-
fully, the result will be optimized, 
more consistent, and more robust 
products from the outset. A holistic 
approach helps manufacturers first 
determine the product performance 
attributes required and then design 
the process to deliver the required 
product. Figure 2 summarizes the 
overall requirements for a successful 
information f low for digital design 
and manufacture of pharmaceutical 
products.

Understanding the overall manu-
facturing chain as an interconnected 
system calls for fundamentally di� er-
ent ways of thinking and working. 
Along with new technical competen-
cies (how to use the tools and technolo-
gies), the holistic approach also includes 
a broad range of people factors, such as 
aspects of change management (e.g., 
critical mass awareness and accept-
ance of new approaches), knowledge 
and skills development in the current 
and future workforce, and overcoming 
any (usually unintended) silo behav-
iors between functions and supply 
chain connections, including geo-
graphical challenges of global manu-
facturing organizations.

To succeed with a digital approach, 
the organization must implement a 
substantial cultural change that sup-
ports the move from old habits (using 
modeling to explain experimental 
results) to new (using models to ensure 
practical outcomes and identify exper-
iments to verify outcomes). To succeed, 
the organization’s approach to recruit-
ment and training must change, so it 
can develop scientists and engineers 
capable as experimentalists and mod-
elers, rather than perpetuating two 
separate communities.

Successful information f low must also highlight key risk-
assessment hot spots, business and route decision points, and the 
information requirements for facilitating them. Digital design ena-
bles much earlier integration of measurement and control strategies 
in equipment design, with the aim of achieving more robust, con-
trollable manufacturing processes. In turn, early understanding of 
measurement and control enables the development of a manufac-
turing process “digital twin,” where mechanistic system models are 
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used to enable dynamic simulation of the whole process, not merely 
individual steps. Such an approach embodies the principles behind 
QbD, making it part of the “way things get done,” rather than an 
additional consideration to discuss during � ling. 

ADDoPT INFORMATION FLOW ARCHITECTURE
In the ADDoPT approach, understanding of the entire pharmaceu-
tical information � ow process begins when software developers 
and users answer the following questions together:
  u Which speci� c tasks, operations, and decisions are addressed 

by digital modeling?
  u What is the level of model fidelity? What are the model’s 

assumptions and limitations? Are those assumptions and 
limitations appropriate to the application scope?

  u What data are required to run a model? What are the outputs? 
(These matters are key to managing interfaces between dif-
ferent modeling components.)

  u Where does the modeling need to be applied? Who will be 
applying it, and what skills do they need? 

Answers to these questions provide the conceptual framework 
within which developers and users can co-create solutions that 
anticipate the upstream and downstream impacts of design deci-
sions and best � t the needs of the industry. 

Britest’s existing whole-process understanding tools were used 
to help developers and users address the questions in a structured 
way and ensure mutual communication and comprehension of the 

issues and potential solutions. In developing the information � ow, 
some simplifying constraints have been imposed to maintain a 
manageable scope. The starting point is a small molecule API with a 
synthesis route de� ned elsewhere that will be delivered as a solid 
oral dose. The requirements de� ned in Figure 2 are addressed by the 
overall information � ow structure for digital design (Figure 3).

The overall drug development life cycle runs from selection of 
the candidate molecule to commercial launch, including the project 
timeline and stage gates (e.g., � rst through third clinical trials). The 
task sequences are the individual tasks required to obtain the 
deliverables necessary for the project stage gates. These sequences 
are usually carried out by separate groups within the organization. 
The key task sequences are illustrated, with interconnecting infor-
mation flows indicated by brackets and arrows. For example, in 
Figure 3, the de� ning steps are API particle design and formulation 
design, which together encompass product design. Here, the 
requirements for e�  cacy, stability, and patient safety should come 
together with consideration of manufacturability to deliver a 
whole-process design running through the information � ow. This, 
in turn, feeds back to the bioperformance and stability areas, ena-
bling product design to be reassessed and optimized in a “virtuous 
cycle” enabled by extensive use of modeling at all points. 

The strategy for measurement and control is informed by and 
supports the process design. Modeling underpins everything to 
provide physical property estimates for all models employed in all 
preceding task sequences. 

The information flow can be documented as an interactive 

Figure 3: Generic information fl ow for digital design of manufacturing process.
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� owchart with hyperlinks so it’s easy to jump from task to task. An 
e-learning solution (Articulate Storyline) facilitates layering infor-
mation from a high-level overview to increased depth and detail, 
and provides web-enabled output, which is ideal for dissemination. 
To allow greater � exibility in exploring the link between available 
models and tasks, a visual relational database interface (SharpCloud) 
has been interwoven with the e-learning solution. 

Implicit within the information f low requirements is the 
desire to make the information � ow more practical for implemen-
tation by annotating clear explanations and descriptions of alter-
native models that could be used to achieve tasks identi� ed, and to 
signpost training, support, and service providers who can help 
industrialists put them in practice. In an in-house implementation, 
this documentation could be expanded to include contact details 
for subject matter experts. Thus, information � ow development 
has become con� uent with the development of an ADDoPT online 
Digital Design Guide, within which it will ultimately be embedded 
as a primary piece of the publicly available project.

DISSEMINATION AND EXPLOITATION OF THE ADDOPT 
INFORMATION FLOW
The ADDoPT information � ow has been developed to be general in 
application for the global pharmaceutical sector. In this form, it is 
an aid for SMEs to position services supporting digital design and 
manufacture. For pharmaceutical companies, and the contract 
research and manufacturing organizations in their supply chains, 
it will provide a resource for introducing researchers to the value 
and opportunities of digital design and modeling. These outputs 
will be generally accessible through publications and an open-
access website [1].

For implementation within individual organizations, further 
work will be required to tailor the information � ow to the organi-
zation’s needs. Customization is required to adapt language and 
tasks to di� erent business processes, cultures, and priorities, and 
will also consider the different models used, including special 
models developed in-house. 

It is believed that an independently facilitated process will be 
the most e�  cient way for a business to develop a bespoke informa-
tion � ow to realize the advantages of digital design and manufac-
ture while incurring minimal disruption during changeover. 
Within ADDoPT, Britest has already used the methodology to 
deliver bespoke, visually accessible frameworks for the application 
of digital model tools to two of the major pharmaceutical partners 
in the ADDoPT project. 

CONCLUSION
The ADDoPT consortium has developed information � ow for digital 
design and manufacture of pharmaceutical products. This innova-
tion will help the global pharmaceutical industry implement the 
Made Smarter Review’s recommendations regarding technology 
adoption, innovation, and leadership, which have been identi� ed as 
essential to realize the potential of the Industry 4.0 revolution.

The generic information � ow developed is a template that can 
be customized to meet individual organizational needs. This is 
best done via an independently facilitated workshop-based 
process identifying existing modeling capability and gaps. Similar 
information f lows for digital design and manufacture will be 
applicable outside the pharmaceutical industry, and the pharma-
ceutical information flow can act as a template of this digital-
enabling approach for other areas of manufacturing.  
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TECHNICAL QUALIT Y CONTROL

EVALUATION OF 
VISUAL INSPECTION IN 
PARENTERAL PRODUCTS 
Using the Attribute Agreement 
Analysis Method
By Sambhujyoti Das 

According to US Pharmacopeia (USP) Chapter 
<790>, “all parenteral products should be 
essentially free from any visible particles” [1]. 
This is the fi rst and foremost requirement 
stated in all pharmacopeia for any injectable 
product. However, yielding absolutely particle-
free injectable products is virtually impossible 
under real-life manufacturing conditions. Hence, 
inspection of each and every fi lled and sealed 
product unit before the unit is taken into labeling 
or packaging is mandatory [1]. 

The visual inspection process is the � nal step in this scenario to 
ensure � nished products in the marketplace are particle free.
USP Chapter <1790> includes a critical requirement to qualify 
the visual inspection system and demonstrate the consistency 

of inspection processes throughout the product life cycle [2].

VISUAL INSPECTION PROCESS METHODS
In the visual inspection process, both manual and automated 
inspection methods are fundamentally based on the optical char-
acteristics of � lled units. Irrespective of the method of inspection, 
the visual inspection process is always probabilistic rather than 
de� nitive. For this reason, the simple pass-fail criterion in evalua-
tion of visual inspection process has drawbacks. 

Knapp and Budd have provided a statistically justi� ed method 
to evaluate visual inspection processes [3], but this method also has 
l imitations. Specif ically, the Knapp method is usef ul for 

determining rejection zone efficiency (RZE), reject/accept/gray 
(RAG), and so on, but it falls short for detailed multidimensional 
analysis.

The attribute agreement analysis method (or 3A method) of 
evaluation o� ers a statistically based, practical technique with 
comprehensive analytical capability. This method not only iden-
tifies the efficiency of visual inspectors or the overall visual 
inspection process, but also evaluates the misclassi� cation rates 
(unit-wise and inspector-wise) and the estimated accuracy range 
of inspectors with a 95% con� dence interval (CI). The 95% CI is 
chosen because it is the most commonly used interval with a 
signi� cant level of con� dence. 

Using the 3A method, one can identify the borderline defective 
units (or gray-zone units). These analyses help pinpoint the need 
for retraining or improvement opportunities in the visual inspec-
tion process. Table 1 summarizes the differences between the 
pass-fail, Knapp, and 3A methods.

 APPLYING THE 3A METHOD
The calculations associated with the 3A method are straightfor-
ward. They can be done manually, although the use of commer-
cially available statistical software simpli� es the tasks. Also, the 
graphical representations generated by software or a spreadsheet 
are useful in interpreting data.

Scenario
Let’s consider a scenario in which 100 known vials are to be 
inspected by three visual inspectors (in the evaluation study). 
These 100 vials include 20 defective vials (of known defects) and 
80 defect-free vials. The defective (bad) vials contain both particu-
late defects (e.g., fragments of glass, metal, elastomeric materials) 
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Table 1: Comparison of 3A method with other evaluation methods.

 Pass-Fail Knapp 3A

Applicability Largely for manual inspection; limited 
applicability to automated inspection

Applicable to automated inspection; can be 
used for manual inspection

Applicable to manual inspection; can be 
extended to automated inspection

Number of inspection trials Not defi ned or not fi xed Relatively large (i.e., generally 10 inspection 
trials per inspector)

Relatively small (i.e., generally 3 inspection 
trials per inspector)

Statistical validity of evaluation 
approach Not valid Statistically valid Statistically valid

Analysis of test results Not standardized; depends on evaluators or 
organizations

Standardized approach, one- or 
two-dimensional (e.g., RZE and RAG) Standardized approach, multidimensional

Causal analysis of misclassifi cation 
(good rated bad or vice versa)

Not possible; misclassifi cation only 
attributed to inspector error

Not possible; misclassifi cation only 
attributed to inspector error (or inspection 
machine error)

Possible to attribute error to either 
inspectors or inspected units (vials)

Extrapolation of test results Not possible Not possible
Accuracy of inspectors can be manipulated 
with 95% CI to estimate possible accuracy 
range in future inspections

Extent of data analysis Low to moderate Moderate Comprehensive

Identifi cation of improvement 
needs in inspection process Limited to inspector training Capable of identifying need for inspectors’ 

training or inspection machine optimization

Facilitates designing of need-specifi c 
training for inspectors and identifi cation 
of improvement opportunities in the 
inspection system

Table 2: Partial record of visual inspection trials showing data for 10 out of total 100 vials.*

*G denotes a good vial, B denotes a bad vial, and the blue, black, and green fi gures denote inspector 1, 2, and 3, respectively.

and nonparticulate defects (e.g., cracks, 
inappropriate seals). Defective vials are 
selected from production rejects that have 
b e e n  r e m o v e d  f r o m  p r o d u c t  l o t s . 
Alternatively, the re-creation of equiva-
lent defects in a controlled laboratory is 
also acceptable [2]. The defect-free (good) 
vials are also selected from actual product 
lots. All 100 test vials are standardized by 
expert inspectors prior to the start of eval-
uation. The standard vials are assigned 
identi� cation numbers, and information 
about their conditions (categorization as 
good or bad vials) is concealed from the 
inspectors under evaluation. In this evalu-
ation study, three visual inspection trials 

Page 1 of 1

1 G G G G G G G G G G

2 B B B B B B B B B B

3 G G B G B G G G G G

4 G G G G G G G G G G

5 G G G G B G G G G G

6 G G G G G G G G G G

7 G G G G G G G G G G

8 B B B B B B B B B B

9 B B B B B B B B B B

10 G G G G G G G G G G

ID of 
Vial

Std. Vials
FIRST INSPECTION TRIAL SECOND INSPECTION TRIAL THIRD INSPECTION TRIAL
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were conducted independently on three di� erent days. The results 
are shown in Table 2.

Calculations for Analyzing Inspection Results
After completing three visual inspection trials by three inspectors 
and recording observations in Table 2, the following data are used 
to begin outcomes analysis:
  u Total number of inspections = Total number of vials inspected 

(100) × Number of inspection trials (3) × Number of inspectors 
(3) = 100 × 3 × 3 = 900 total inspections

  u Total number of good vials inspected = Number of good vials 
(80) × Number of inspection trials (3) × Number of inspectors 
(3) = 80 × 3 × 3 = 720 good vials inspected

  u Total number of bad vials inspected = Number of bad vials 
(20) × Number of inspection trials (180) × Number of inspec-
tors (30) = 20 × 3 × 3 = 180 bad vials inspected

CCaallccuullaattiioonn		 EEqquuaattiioonn		 VVaalluueess		 %%		

Overall	
accuracy	 5

Total	number	of	inspections	that	match	the	standards
Total	number	of	inspections = × 100	 5

862
900= × 100	 95.8	

Overall	error	
rate	 5

Total	number	of	inspections	that	do	not	match	the	standards
Total	number	of	inspections = × 100	 5

38
900= × 100	 4.2	

Good	units	
rated	as	bad		 5

Total	number	of	good	units	rated	as	bad
Total	number	of	good	units	inspected = × 100	 5

33
720= × 100	 4.6	

Bad	units	rated	
as	good	 5

Total	number	of	bad	units	rated	as	good
Total	number	of	bad	units	inspected = × 100	 5

5
180= × 100	 2.8	

Inspector	
accuracy	rate	

5
Number	of	correct	matches	by	the	inspector
Number	of	inspections	done	by	the	inspector= × 100	 	

Example	for	inspector	1	 5
280
300= × 100	 93.3	

Unit-specific	
error	rate	

5
Number	of	incorrent	matches	on	the	specific	unit	
Number	of	inspections	done	on	the	specifc	unit = × 100	 	

Example	for	vial	11	 5
8
9= × 100	 88.9	

Good	units	
rated	as	bad	by	
inspector	

5
Number	of	good	units	rated	as	bad	by	the	inspector
Number	of	good	units	inspected	by	the	inspector = × 100	 	

Example	for	inspector	1	 5
17
240= × 100	 7.1	

	

Table 3: Equations, values, and results for calculations. 

From those data, several calculations are run. These calculations 
and the results are shown in Table 3. 

Using these calculations, we can then determine upper and 
lower bound CIs for inspector accuracy rates on good units with a 
95% CI (α = 0.05) [4]:

Lower bound value =  Lower bound value  = ^
^_	`abcdb 	ef(`abcd),fb,j f⁄

 

Upper bound value  = 
bcd
`ab	ef(bcd),f(`ab),j f⁄

^_	bcd`abef(bcd),f(`ab),j f⁄
 

where 

x = number of correct matches with good units by the inspector 

n = total number of good units inspected by the inspector 

FQ^,Q<,m = F distribution table value with v1 and v2 degrees of freedom at alpha (95%) level of 

confidence. 

 
Example for inspector 1:  

Lower bound value = n
^

^_	fopaffqcdffq 	ef(fopaffqcd),(f×ffq),p.ps f⁄ t
× 100 
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Upper bound value = n

ffqcd
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^_	 ffqcd
fopaffq		ef(ffqcd),f(fopaffq),p.ps f⁄ t

× 100 

   = 95.8% 

Note: It is best to use statistical software to calculate the exact CI because the formulas are complex. For 
manual calculation, a relatively simple normal approximation method can be used. The formulas are as 
follows: 

 

u
𝑝𝑝	 ±	𝑍𝑍^y(z <)⁄ {

𝑝𝑝	(1 − 𝑝𝑝)
𝑛𝑛 ~
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p = �GHIJK	BL	SBKKJSC	HDCSÄJP	ÅOCÄ	ÇBBN	GFOCP	IÉ	CÄJ	OFPRJSCBK
ABCDE	FGHIJK	BL	ÇBBN	GFOCP	OFPRJSCJN	IÉ	CÄJ	OFPRJSCBK

 

Z1-(α/2) = 1.96 for 95% CI 

n = total number of good units inspected by the inspector 
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 = F distribution table value with v1 and v2 degrees of 
freedom at alpha (95%) level of con� dence
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            =    95.8%

Note: It is best to use statistical software to calculate the exact 
CI because the formulas are complex. For manual calculation, a 
relatively simple normal approximation method can be used. The 
formulas are as follows:

Lower bound value = F 3
35	=GH8==I:;==I 	<=(=GH8==I:;),(=×==I),H.HK =⁄

L × 100 

= 88.9% 

Upper bound value = F
==I:;
=GH8==I	<=(==I:;),=(=GH8==I),H.HK =⁄

35	 ==I:;
=GH8==I		<=(==I:;),=(=GH8==I),H.HK =⁄

L × 100 

   = 95.8% 

Note: It is best to use statistical software to calculate the exact CI because the formulas are complex. For 
manual calculation, a relatively simple normal approximation method can be used. The formulas are as 
follows: 

 

M𝑝𝑝	 ±	𝑍𝑍3Q(R $)⁄ S𝑝𝑝	(1 − 𝑝𝑝)
𝑛𝑛 V × 100 

where 

p = WXYZ[\	]^	_]\\[_`	Ya`_b[c	de`b	f]]g	Xhe`c	Zi	`b[	ehcj[_`]\
k]`al	hXYZ[\	]^	f]]g	Xhe`c	ehcj[_`[g	Zi	`b[	ehcj[_`]\

 

Z1-(α/2) =	1.96	for	95%	CI 

n = total	number	of	good	units	inspected	by	the	inspector 
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The data obtained from inspection trials can be graphically illustrated by using a spreadsheet application 
or commercially available statistical software. 

The first report (Figure 1) shows the overall accuracy of the visual inspection process (95.8%). The 
overall process complies with the minimum acceptance for accuracy of 95% (a justifiable limit). 
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Graphical Tools to Interpret Trial Data
The data obtained from inspection trials can be graphically 
illustrated by using a spreadsheet application or commercially 
available statistical software.

The first report (Figure 1) shows the overall accuracy of the 
visual inspection process (95.8%). The overall process complies with 
the minimum acceptance for accuracy of 95% (a justi� able limit).

Figure 1 also compares the individual accuracy of the three 
inspectors. Inspector 1 had an accuracy rate of 93.3%, which is 
below the acceptance accuracy limit. Hence, inspector 1 needs to 
be retrained. 

A point of concern related to the “misclassi� cation rate” in 
Figure 1 is the presence of defective units rated as good units (bad 
rated good). Units misclassi� ed as good may cause health risks to 
patients and are therefore unacceptable from the GMP perspec-
tive. The misclassifications might have been due to a specific 
inspector’s errors, or they might be borderline cases for which it 
is di�  cult for any inspector to di� erentiate between good and 
bad units. 

Figure 2 can be useful to interpret misclassi� cation rates. A 
low rate of accuracy overall and across all inspectors indicates the 
need to improve the e� ectiveness of visual inspection procedures, 
arrangements, or training.

Figure 1: Overall and inspector-specifi c accuracy rates of visual inspection process.

Inspector_2 Inspector_3

Consider the following when assessing how the 
measurement system can be improved:

•  Low accuracy rates: May indicate a need for 
additional training for inspectors with low rates 
or may indicate more systematic problems—
such as poor operating defi nitions, poor 
training, or incorrect standards—if all 
inspectors have low rates. 

•  High misclassifi cation rates: May indicate 
that either too many good items are being 
rejected or too many bad items are being 
passed on to the consumer (or both).

•  High percentage of mixed ratings: May 
indicate that items in the study were borderline 
cases between good and bad, and therefore 
were diffi cult to assess.

Inspector_1

This fi nding indicates 
a risk to patients; 
therefore, it is not 
acceptable.

TECHNICAL QUALIT Y CONTROL
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Figure 2: Graphical representation of misclassifi cation rates.
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Figure 3: 95% CIs for visual inspection accuracy rates.
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All graphs show 95% confidence intervals for accuracy rates.
Intervals that do not overlap are likely to be different.
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The top section of Figure 2 shows the unit-specific (vial-
speci� c) misclassi� cation rates. It is evident that vial 11 has been 
misclassi� ed 88.9% times across all inspectors. This is indicative 
of a borderline case. The evaluators (expert inspectors) should 
reinspect the borderline vial to identify the discrepancy and 
preferably replace it with a prominent good vial in future inspec-
tion trials. The misclassi� cation rates of other vials are less than 
50% and can be attributed to errors by the inspectors. The bottom 

portion of Figure 2 shows that inspectors 1 and 3 have misclassi-
� ed bad vials as good (which is a patient safety risk). Based on 
this finding, those two inspectors require further training 
regarding proper classi� cation.

Finally, Figure 3 shows results with 95% CIs. In this � gure, the 
“% by Inspector and Standard” section is the main focus. An 
expected accuracy limit of not less than (NLT) 90% is reasonable. 
(A higher acceptance limit, such as NLT 95%, can be assigned for 
requali� cation of more experienced inspectors.) 

An expected accuracy limit of NLT 90% means there is a 95% 
con� dence level that the estimated “% Accuracy” of an inspector 
will not be less than 90% in any future inspection. However, the 
acceptance criterion (point estimation) for “% Accuracy” of an 
inspector is NLT 95% in this evaluation method.

Figure 3 shows lower bound interval values of less than 90% for 
inspectors 1 and 3, especially for distinguishing defective units (bad 
vials). Therefore, to improve the estimated range, both inspectors 
should undergo more extensive training to improve consistency.

CONCLUSION
The 3A method provides an e� ective way to evaluate the accuracy 
of a visual inspection system for parenteral products. It can be 
used in initial and periodic qualification of visual inspectors. 
Because the core principle of visual inspection in parenteral prod-
ucts is the same for both manual and automated processes, this 
method can be extended to automated or semiautomated visual 
inspection systems as well. Furthermore, the multidimensional 
analysis of inspection trials provides an in-depth understanding 
of the visual inspection process and inspectors’ capabilities. The 
interpretation of 3A method test results helps capture weaknesses 
in a visual inspection program and in turn supports formulating 
improvement initiatives.  
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