
The Science & Business of Biopharmaceuticals
BioPharmINTERNATIONAL

Volume 34   Number 2

February 2021

B
io

P
h

arm
 In

tern
atio

n
al  

FEB
R

U
A

R
Y 2

0
2
1

 
B

iop
h

arm
a In

n
ovation   I   D

rug A
p

p
roval D

elays 
V

o
lu

m
e 3

4
   N

u
m

b
er 2

PANDEMIC RESPONSE
VACCINE RISK ASSESSMENT

DEVELOPMENT
BLOOD-COMPONENT THERAPIES

UPSTREAM PROCESSING
INTEGRATING AUTOMATION

DOWNSTREAM 
PROCESSING

PRACTICAL SCALE-UP APPROACHES

MANUFACTURING
OUTSOURCING FILL/FINISH

BOOSTING DRUG 
DEVELOPMENT RESULTS

QUALITY/REGULATIONS
AUDIT ESSENTIALS

www.biopharminternational.com

http://www.biopharminternational.com
https://www.biopharminternational.com/
https://www.biopharminternational.com/journals/biopharm-international/biopharm-international-02-01-2021


 

pda.org/EU/2021ParPack

27-28 APRIL 2021  
LIVE | INTERACTIVE | ONLINE

REGISTER BEFORE 28 FEBRUARY 2021 AND SAVE UP TO €200!

2021 PDA
PARENTERAL PACKAGING 
CONFERENCE
Parenteral Packaging in a New Era: 
Convergence of Patient, Process and Product Needs

 | ONLINE

REGISTER BEFORE 28 FEBRUARY 2021 AND SAVE UP TO €200!

PDA EUROPE  

VIRTUAL EVENTS

https://www.pda.org/global-event-calendar/event-detail/parenteral-packaging


INTERNATIONALBioPharm
The Science & Business of Biopharmaceuticals

EDITORIAL
Editorial Director Rita Peters RPeters@mjhlifesciences.com
Senior Editor Agnes M. Shanley AShanley@mjhlifesciences.com
Managing Editor Susan Haigney SHaigney@mjhlifesciences.com
European Editor Felicity Thomas FThomas@mjhlifesciences.com
Science Editor Feliza Mirasol FMirasol@mjhlifesciences.com 
Manufacturing Editor Jennifer Markarian JMarkarian@mjhlifesciences.com
Assistant Editor Lauren Lavelle LLavelle@mjhlifesciences.com
Creative Director, Publishing Melissa Feinen
Senior Art Director Marie Maresco
Senior Graphic Designer Maria Reyes

K. A. Ajit-Simh 
President, Shiba Associates

Madhavan Buddha 
Freelance Consultant

Rory Budihandojo 
Independent Consultant

Suggy S. Chrai 
President and CEO 
The Chrai Associates

Uwe Gottschalk 
Vice-President,  
Chief Technology Officer,  
Pharma/Biotech, Lonza AG

Fiona M. Greer 
Senior Consultant 
BioPharmaSpec (UK)

Rajesh K. Gupta 
Vaccinnologist and Microbiologist

Denny Kraichely 
Department Head 
Analytical Project Leadership 
Merck Vaccines

Stephan O. Krause 
Head of Product Quality Group 
AstraZeneca Biologics

Steven S. Kuwahara 
Principal Consultant 
GXP BioTechnology LLC

Eric S. Langer 
President and Managing Partner 
BioPlan Associates, Inc.

Howard L. Levine 
Senior Managing Director, BDO  
National Leader,  
BioProcess Technology Group

Hank Liu 
Head of Quality Control 
Sanofi Pasteur

Herb Lutz 
Principal Consulting Engineer 
Merck Millipore

Hanns-Christian Mahler 
Head Drug Product Services 
Lonza AG

Jerold Martin 
Independent Consultant

Hans-Peter Meyer 
Lecturer, University of Applied Sciences 
and Arts Western Switzerland,  
Institute of Life Technologies

K. John Morrow 
President, Newport Biotech

David Radspinner 
VP/GM Global Commercial Transition 
Cytiva

Tom Ransohoff 
COO 
4th Dimension Bioprocess, Inc.

Anurag Rathore 
Biotech CMC Consultant 
Faculty Member, Indian Institute of 
Technology

Susan J. Schniepp 
Executive Vice President of  
Post-Approval Pharma  
and Distinguished Fellow 
Regulatory Compliance Associates, Inc.

Tim Schofield 
Consultant 
CMC Sciences, LLC

Paula Shadle 
Principal Consultant,  
Shadle Consulting

Michiel E. Ultee 
Principal 
Ulteemit BioConsulting

Thomas J. Vanden Boom 
Independent Biotechnology Consultant

Krish Venkat 
Managing Partner  
Anven Research

Steven Walfish 
Principal Scientific Liaison  
USP

EDITORIAL ADVISORY BOARD
BioPharm International’s Editorial Advisory Board comprises distinguished 
specialists involved in the biologic manufacture of therapeutic drugs, 
diagnostics, and vaccines. Members serve as a sounding board for the 
editors and advise them on biotechnology trends, identify potential 
authors, and review manuscripts submitted for publication.

© 2021 MultiMedia Pharma Sciences LLC All rights reserved. No part of this 
publication may be reproduced or transmitted in any form or by any means, electronic 
or mechanical including by photocopy, recording, or information storage and retrieval 
without permission in writing from the publisher. Authorization to photocopy items 
for internal/educational or personal use, or the internal/educational or personal use of 
specific clients is granted by MultiMedia Pharma Sciences LLC for libraries and other 
users registered with the Copyright Clearance Center, 222 Rosewood Dr. Danvers, MA 
01923, 978-750-8400 fax 978-646-8700 or visit http://www.copyright.com online. For 
uses beyond those listed above, please direct your written request to Permission Dept.  
Alexa Rockenstein, arockenstein@mmhgroup.com. Reprints: Contact Michael Tracey, 
mtracey@mjhlifesciences.com.

MultiMedia Pharma Sciences LLC provides certain customer contact data (such 
as customers’ names, addresses, phone numbers, and e-mail addresses) to third parties 
who wish to promote relevant products, services, and other opportunities that may be of 
interest to you. If you do not want MultiMedia Pharma Sciences LLC to make your contact 
information available to third parties for marketing purposes, simply email mmhinfo@
mmhgroup.com and a customer service representative will assist you in removing your 
name from MultiMedia Pharma Sciences LLC lists. 

BioPharm International does not verify any claims or other information appearing in 
any of the advertisements contained in the publication, and cannot take responsibility for 
any losses or other damages incurred by readers in reliance of such content.

BioPharm International welcomes unsolicited articles, manuscripts, photographs, 
illustrations, and other materials but cannot be held responsible for their safekeeping or return.

To subscribe, email mmhinfo@mmhgroup.com

ADVERTISING
Publisher Mike Tracey MTracey@mjhlifesciences.com

National Sales Manager Scott Vail SVail@mjhlifesciences.com

European Sales Manager Linda Hewitt LHewitt@mjhlifesciences.com

European Senior Sales Executive  
    Stephen Cleland SCleland@mjhlifesciences.com
Senior Vice President, Industry Sciences Michael Tessalone 
     MTessalone@mjhlifesciences.com

C.A.S.T. Data and List Information  
Michael Kushner MKushner@mjhlifesciences.com

AUDIENCE DEVELOPMENT
Audience Development Christine Shappell cshappell@mjhlifesciences.com

MJH LIFE SCIENCESTM

Chairman and Founder Mike Hennessy, Sr
Vice Chairman Jack Lepping
President and CEO Mike Hennessy, Jr
Chief Financial Officer Neil Glasser, CPA/CFE
Chief Marketing Officer Michael Baer
Executive Vice President, Global Medical Affairs and 

Corporate Development Joe Petroziello
Senior Vice President, Content Silas Inman
Senior Vice President, Operations Michael Ball
Senior Vice President, I.T. & Enterprise Systems John Moricone
Vice President, Human Resources & Administration Shari Lundenberg
Vice President, Mergers & Acquisitions Chris Hennessy
Executive Creative Director, Creative Services Jeff Brown

https://www.biopharminternational.com/


4     BioPharm International February 2021   www.biopharminternational.com

BioPharm International integrates the science and business of biopharmaceutical research, 
development, and manufacturing. We provide practical, peer-reviewed technical solutions 
to enable biopharmaceutical professionals to perform their jobs more effectively.

BioPharm International is selectively abstracted or indexed in: • Biological Sciences Database (Cambridge Scientific Abstracts) • Biotechnology and Bioengineering Database (Cambridge Scientific 
Abstracts) • Biotechnology Citation Index (ISI/Thomson Scientific) • Chemical Abstracts (CAS) • Science Citation Index Expanded (ISI/Thomson Scientific) • Web of Science (ISI/Thomson Scientific)

BioPharm International ISSN 1542-166X (print); ISSN 1939-1862 (digital) is published monthly by MultiMedia Healthcare LLC 2 Clarke Drive, Suite 100, Cranbury, NJ 08512. Subscription rates: $90.00 for 
one year in the United States and Possessions; $121.00 for one year in Canada and Mexico; all other countries $172.00 for one year. Periodicals postage paid at Trenton, NJ 08650 and additional mail-
ing offices. Postmaster Please send address changes to BioPharm International, PO Box 457, Cranbury, NJ 08512-0457, USA. PUBLICATIONS MAIL AGREEMENT NO. 40612608, Return Undeliverable 
Canadian Addresses to: IMEX Global Solutions, P. O. Box 25542, London, ON N6C 6B2, CANADA. Canadian GST number: R-124213133RT001. Printed in U.S.A. st

ri
g

an
a,

 T
at

ia
na

 S
he

p
el

ev
a,

 S
ik

o
v,

R
G

ti
m

el
in

e,
 

no
rd

ro
d

en
, W

ri
g

ht
St

ud
io

 -
 S

to
ck

.a
d

o
b

e.
co

m

FEATURES

PANDEMIC RESPONSE
Platform-Specific Risk Assessment 
of SARS-CoV-2 Vaccines Using FMEA
Rajika Jindani, Smritie Sheth, 
Soumya Paul, Anurag Rathore, 
and Narendra Chirmule
Amid the rush for a SARS-CoV-2 vaccine 
to deal with the COVID-19 pandemic, a 
robust risk assessment must be conducted 
and mitigation strategies applied. . . . . .15 

DEVELOPMENT
Exploring the Therapeutic  
Value of Blood Components
Cynthia A. Challener
Plasma-based proteins and cell-based 
therapies have significant potential to 
address unmet medical needs. . . . . . . . . 22 

UPSTREAM PROCESSING
Remote Monitoring and Big Data 
Advance Upstream Automation
Cynthia A. Challener
Connected, integrated bioprocessing 
enterprises with greater data analytics 
capabilities are coming. . . . . . . . . . . . . . . 28 

DOWNSTREAM PROCESSING
A Unified Approach for Scaling 
Bioprocess Unit Operations
Joshua Arias and Mani 
Vinay Kumar Kotipalli
A unified scale-up approach, as 
presented here, can be applied  
to any unit operation. . . . . . . . . . . . . . .31 

MANUFACTURING
Meeting Fill/Finish Challenges 
for COVID-19 Vaccines
Feliza Mirasol
CDMOs address the unique challenges 
of liquid and lyophilized forms as well as 
preparing for the large capacity needed 
for COVID-19 vaccines. . . . . . . . . . . . . .40 

QUALITY/REGULATIONS
Conducting Effective Audits  
During and Post Pandemic
Steven J. Lynn and Susan J. Schniepp
With appropriate planning and the 
proper use of technology, remote 
auditing can be as effective and 
informative as in-person auditing. . . . .44 

COLUMNS AND DEPARTMENTS

CHAIRMAN’S LETTER
How Pharmaceutical  
Innovation Is Saving the World
Mike Hennessy Sr. . . . . . . . . . . . . . . . . . .6

FROM THE EDITOR
A complicated vaccination rollout  
and mixed messages may derail 
the pandemic endgame.
Rita Peters. . . . . . . . . . . . . . . . . . . . . . . . .8

REGULATORY BEAT
Drug applications are put on hold as  
FDA limits alternative oversight methods.
Jill Wechsler . . . . . . . . . . . . . . . . . . . . . .10

AD INDEX . . . . . . . . . . . . . . . . . . . . . . . .46

COVER STORY

12 Boosting Drug Development
New approaches to clinical trials, spurred by the COVID-19 pandemic, have dramatically  
shortened development timeframes. Can these gains be sustained once conditions return to normal?  

Cover Design by Maria Reyes 
Images: awi.studio - Stock.adobe.com

Table of Contents  Volume 34 Number 2

https://www.biopharminternational.com/
https://www.biopharminternational.com/journals/biopharm-international/biopharm-international-02-01-2021


Accelerating
Your Path To INDYour Path To IND

12 
MONTHS

www.wuxibiologics.com

Quality. Expertise. Performance. Capacity. Our 
accelerated DNA to IND platform is built upon these 
four cornerstones. This seamless, integrated process 
enabled over 10 anti-COVID-19 biotherapeutics 
and our proven platform has expedited an 
additional 120 global IND filings in just the last few 
years. We will bring this same effort and success to 
your drug development efforts. Let’s Get Started.

Our highly vetted, single-source, expedited 
biologics platform and timelines:
• Speeds your time-to-clinic
• Removes multiple vendor transitions
• Reduces audits and transactions
• Provides single-point project management
• Enabled multiple anti-COVID-19 mAbs to 
 enter the clinic in record breaking time

Industry Leading
DNA to IND Timelines

<6
MONTHS

<6
MONTHS

https://www.wuxibiologics.com/


6     BioPharm International February 2021   www.biopharminternational.com

How Pharmaceutical Innovation Is Saving the World

N ine months. In March 2020, the United States was in the early stages of the COVID-19 pandemic. We shut the 
entire country down and ground the economy to a halt in an effort to slow the spread of the virus. Think back to 
March, and how much uncertainty we were living under.

Nine months later, FDA approved two COVID-19 vaccines under emergency authorization. Before New Year’s Day, 
millions of Americans had received the vaccine, including front-line physicians and health care providers and nursing home 
patients, our most vulnerable citizens. 

Nine months. Take a moment to let that sink in.
The mainstream media has crafted a narrative around the COVID-19 pandemic that’s almost entirely negative. For the 

purpose of ratings, they have described the US response to the pandemic as blundering from one mistake to the next. This 
narrative is false. 

There is another way—a more accurate and underappreciated way—to tell the story of the past nine months. It is a story of 
heroism, innovation, and precise science, performed under unbelievable pressure. 

Let’s not mince words: The United States and the world need to appreciate the role of the pharmaceutical industry—the 
researchers, physicians, and business leaders—who are rescuing the world from COVID-19. It’s the medical breakthrough of 
our lifetime. 

Instead of dwelling on why many in the media are ignoring this, let’s review some facts:
• Since the discovery of COVID-19, here is what scientists have accomplished: They identified a novel virus, 

unlocked and sequenced its genetic code, created new therapies to save lives, and developed multiple safe 
and effective vaccines using messenger RNA technology, a technology hopefully applicable to future vaccine 
development. Margaret Liu, MD, a member of the MJH Life Sciences COVID Coalition, called it a break-
through for mRNA vaccines. 

•  The United States has two vaccines approved for emergency use, one from Pfizer–BioNTech and another from 
Moderna, and the AstraZeneca/Oxford vaccine has been approved for emergency use in the United Kingdom. 
In addition, there are 64 vaccine candidates undergoing clinical trials at the moment, including 20 in Phase 
III trials. In the United States and around the world, the pharmaceutical industry has answered the call and 
invested heavily in this effort. 

•  This was the fastest vaccine development program in history, and it’s not even close. David Pride, MD, a 
microbiologist at the University of California San Diego, estimates that vaccines typically take 10 to 15 years to 
develop. Until the COVID-19 pandemic, the fastest development timeline was four years, for the mumps vaccine.

• Many government systems moved quickly to lessen the burden of onerous regulations and provide funding so 
that vaccines could be developed quickly but with still rigorous standards. Perhaps it should be a lesson to all 
of us that regulation/innovation can be calibrated more effectively during “normal” times as industry races to 
develop new therapies for our world’s other pandemics—cancer, diabetes, heart diseases, and more.

The next step of the process—distribution of the vaccine—will be as challenging as the development phase, if not more so. 
But again, the pharmaceutical industry is rising to the occasion. Factories around the world are working in overdrive to produce 
hundreds of millions of vaccine doses. 

Already, less than a month after the Pfizer vaccine was approved, more than 15.4 million doses of vaccine have been dis-
tributed across the country, and more than 4.6 million people have received their first dose, according to Centers for Disease 
Control and Prevention (CDC) data. Many patients are already receiving their second dose. 

While 15.4 million doses are impressive, some expected 20 million doses. But even that is moving the goal line a bit, as six 
months ago many observers didn’t think we’d get a vaccine until 2021. 

Members of our COVID Coalition told us that the holidays slowed the rollout considerably. Nancy Messonnier, MD, a 
physician with the National Center for Immunization and Respiratory Diseases at the CDC, expects a rapid jump in adminis-
tered vaccines during these first few days of 2021. 

Every day, more people will be vaccinated. After health care workers and our most vulnerable citizens, other frontline work-
ers will be next. Teachers will be vaccinated so our children can return to school. And soon, all Americans will be able to go to 
their doctor or walk into a CVS or Walgreens and receive the vaccine.

Remember, we did all this in nine months, with the help, dedication, and expertise of our pharmaceutical industry heroes. 
Next time you turn on the TV and see negativity, turn it off an imagine instead where we will be nine months from now.◆

—Mike Hennessy, Sr. is the founder and chairman of MJH Life Sciences.

Chairman’s Letter
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A complicated 
vaccination rollout  

and mixed 
messages may 

derail the pandemic 
endgame.

Rita Peters is  
the editorial director of  
BioPharm International.

A Hopeful but Dangerous Phase

A s the COVID-19 pandemic entered its second year, vaccines from Moderna and 
Pfizer-BioNTech were being distributed throughout the United States; however, 
the initial rollout was characterized by confusion, supply shortages, and infor-

mation gaps overshadowing the impressive performance of drug companies and research-
ers to bring COVID-19 vaccines to people in less than one year.

As of Jan. 24, 2021, the US had administered more than 22 million doses of the vaccine, 
representing 54% of the doses delivered and about one-third of the global doses adminis-
tered, according Bloomberg data (1). And while the vaccination rate was scaling up to the 
Biden administration goal of 100 million vaccines for the first 100 days, the nation still had 
a long way to go and a lot of bugs to work out.

As governors clamored for increased and more predictable supplies of vaccines, Rochelle 
Walensky, the new director of the US Centers for Disease Control and Prevention (CDC) 
told Fox News on Jan. 24, 2021 that based on the information from the previous adminis-
tration, the federal government did not know how much vaccine was available and could not 
tell state officials how many doses they would receive (2). 

Some disruption is to be expected with any government transition; the incoming 
administration criticized the planning efforts of the Trump administration and many local 
governments are struggling to implement efficient distribution programs. Still, the lack of 
a reliable inventory of COVID-19 vaccines—and the poor communication with the public— 
is unacceptable.

In late January, with an uncertain number of vaccine doses available and mutations of the 
SARS-CoV-2 vaccine threatening more widespread infections, some leaders are suggesting 
ways to get more doses out of the existing supply. With the United Kingdom considering 
delays in the dispensing of the second dose of vaccines, a recent CDC statement created con-
fusion in the US.

On Jan. 21, 2021, CDC updated its guidance for administering the vaccines, noting that 
while the second dose of the COVID-19 vaccines should be administered as close as possible 
to the recommended schedule—21 days for the Pfizer-BioNTech vaccine and 28 days for the 
Moderna vaccine—the second dose could be administered up to six weeks after the first. In 
addition, CDC said in the guidance that in “exceptional situations” where the first-dose vac-
cine product cannot be determined or is no longer available, any available mRNA COVID-19 
vaccine could be administered (3).

For some, this guidance suggests a delay in getting the second dose of the vaccine is 
acceptable. Walensky strongly clarified that the CDC was not recommending a change in 
the dosing regimen and urged people to follow the original FDA-authorized dosing guide-
lines. The January 21 statement, she said, was only for specific situations where FDA recom-
mendations could not be followed (2).

Recently, I’ve heard vaccinated first responders and teachers tell news reporters that 
they were relieved that the vaccine would protect their families from getting the virus. The 
reporters failed to clarify that the vaccine has not been proven to prevent transmission. Mask 
wearing and social distancing are still in order.

For the average person, such government statements and medical details can be confus-
ing. Walensky expects vaccine production to ramp up with fewer supply issues by the end 
of the first quarter. That leaves little time for the public health information void to be filled 
with clear, trusted communication.

REFERENCES
1.  Bloomberg, “More Than 65.7 Million Shots Given: Covid-19 Tracker,” www.bloomberg.com, 

accessed Jan. 25, 2021.
2.  Fox News Sunday, “CDC director predicts COVID-19 vaccine distribution will increase 

dramatically by late March,” Interview, Jan. 24, 2021.
3.  CDC, Interim Clinical Considerations for Use of mRNA COVID-19 Vaccines Currently 

Authorized in the United States, www.cdc.gov, accessed Jan. 24, 2021. ◆
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Regulatory Beat

Drug applications are put on hold as FDA limits alternative oversight methods. 

FDA Inspection Shutdown 
Delays Drug Approvals
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I n March 2020, FDA halted most field 
inspections of biopharmaceutical facil-
ities and clinical research sites due to 

travel and contact restrictions imposed by 
the COVID-19 pandemic. Agency officials 
said they would rely more on the past com-
pliance history of a production site, quality 
control documents requested from the man-
ufacturer, and inspection reports and other 
information from other trusted regulatory 
authorities to determine whether an inspec-
tion was needed to approve a new or changed 
product from that facility. The agency also 
has weighed the viability of conducting vir-
tual inspections, with limited success. More 
commonly, FDA has expanded product 
inspections in its labs or import control facil-
ities to assure quality. 

The inspection hiatus did not delay most 
new product approvals for much of 2020, 
as many drugs came from facilities that had 
been recently inspected or had a sufficiently 
strong compliance record to support a reg-
ulatory decision. But now inspection issues 
are delaying more new product approvals. 

In December 2020, FDA postponed 
approval of an important new cho-
lesterol therapy, inclisiran, from 
Novartis because of concerns about 
the European contract manufac-
turer producing the new product. 
FDA sent Novar t is  a Complete 
Response Let ter (CRL) on Dec. 
18, 2020, explaining that it could 
not approve the drug by its user 
fee action date due to “unresolved 
facility inspection-related condi-
tions” that could not be overcome 
due to foreign travel restrictions (1). 

FDA also delayed approval in November 2020 
of a chimeric antigen receptor T cell (CAR-T) 
liso-cel therapy to treat adults with large B-cell 
lymphoma from Bristol Myers Squibb (BMS) 
when travel restrictions prevented an inspection 
of the contract manufacturer’s (Lonza) produc-
tion facility in Texas (2). Also in November, 
Revance Therapeut ics  ack nowledged it 
would not be able to market a new injectable 
anti-wrinkle skin treatment because FDA was 
unable to inspect the company’s California 
manufacturing facility on time (3). FDA sim-
ilarly delayed the review of Spectrum’s neu-
tropenia drug, Rolontis, which the company 
licensed from a South Korean firm that FDA 
was unable to inspect (4). And Alkermes said 
it received a CRL for its new treatment for 
schizophrenia and bipolar disorder when a 
remote records review done in place of a pre-
approval inspection found issues related to a 
tablet-coating process at its Ohio facility (5). 
Alkermes resubmitted its application in late 
December and now expects an approval deci-
sion by mid-2021. 

Although agency officials indicated in July 
2020 they might start conducting some critical 
domestic site visits, few occurred as infection 
rates accelerated again. FDA issued guidance in 
August addressing a range of questions related 

 FDA has expanded product 
inspections in its labs or 
import control facilities 

to assure quality.

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com. 
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Regulatory Beat

to the inspection situation to help 
manufacturers cope (6). 

The agency further acknowl-
edged the growing diff iculties 
created by the inspection hiatus 
in guidance posted Dec. 21, 2020 
to clarify how quickly (or slowly) 
it would act following a manufac-
turer’s response to a CRL when a 
facility assessment remains nec-
essary before FDA can approve 
an original drug application or 
important supplement (7). The 
advisory states that reviews of 
resubmit ted appl icat ions for 
products that require an inspec-
tion may take four or six months 
or more.

LITTLE SUPPORT  
FOR REMOTE METHODS 
The December guidance notes 
the diff iculties in conducting 
necessary facil ity assessments 
and acknowledges that it often is 
not feasible to rely on alternative 
tools, such as records requests 
or review of inspection reports 
from trusted foreign regulators, 
and that such strategies “can be 
as resource intensive as inspec-
tions” (7). Analysts note, more-
over, that some FDA requests for 
GMP-related documents have 
been extensive, involving line 
listings, lab reports, and adverse 
event notices, requiring multiple 
data submissions that raise con-
cerns about data security. 

The agency’s distrust of alter-
native oversight methods applies 
particularly to production sites 
with past compliance problems, 
observed Don Ashley, director 
of Office of Compliance at the 
Center for Drug Evaluation and 
Research (CDER). He reported 
that the agency is doing more 
product sampling this past year, 
relative to site inspections, in 

weighing the need to issue warn-
ing letters or import alerts, at 
a December 2020 FDA enforce-
ment conference sponsored by 
the Food & Drug Law Institute 
(FDLI).

Ashley further expressed skep-
ticism about utilizing alternative 
oversight strategies for follow-up 
inspections of companies looking 
to remedy issues raised in earlier 
Official Action Indicated (OAI) 
citations. He noted that most fol-
low-up inspections of such sites 
in prior years revealed that ear-
lier problems had not been cor-
rected, giving him “reason for 
pause” in relying closely on com-
pany reports on resolving serious 
issues. 

An interesting point is that an 
FDA prior-approval inspection 
is not required to authorize an 
Emergency Use Authorizat ion 
(EUA) for a drug or biologic. 
FDA off icials emphasized that 
they were not cutting corners in 
moving quickly to approve EUAs 
for critical vaccines to counter 
COVID-19 based on accelerated 
clinical testing, and that compa-
nies had to submit full informa-
tion on manufacturing processes 
and to establish quality con-

trol operations. But actual site 
inspections are not required until 
the manufacturer files a biolog-
ics licensing application for its 
vaccine, although enforcement 
officials may take other steps to 
ensure quality production. 

In granting an EUA in November 
2020 to Eli Lilly for a monoclo-
nal antibody (bamlanivimab) to 
treat moderate COVID-19 infec-
tions on an outpatient basis, FDA 
directed Lilly to retain an inde-
pendent third party to review 
batch records for discrepancies 
in drugs made at a New Jersey 
facility that had been cited for 
quality control issues at previous 
inspections (8). 
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Boosting Drug Development 
New approaches to clinical trials, spurred by the COVID-19 

pandemic, have dramatically shortened development timeframes. 
Can these gains be sustained once conditions return to normal? 

AGNES SHANLEY

D     espite the limitations set by the COVID-19 pan-
demic, bio/pharmaceutical manufacturers achieved 
unprecedented speed in developing new products 

in 2020. This was evident with the first two COVID-19 
vaccines, which reached the public under Emergency Use 
Authorization in December 2020. Where developing a vac-
cine has traditionally required 10 years, Pfizer-BioNTech 
and Moderna Therapeutics cut that time to less than a year 
(1,2) with their messenger RNA (mRNA) vaccines. 

Developers attribute this speed to developers’ willing-
ness to assume more risk from the start and to leverage 
years of past research and clinical experience with the 
platforms themselves (e.g., mRNA or, in the case of 
Johnson & Johnson’s ( J&J’s) COVID-19 vaccine candi-
date, with human adenoviral vector [Ad26]). With J&J’s 
vaccine, cell-line optimization was also crucial, not only 
for speeding the vaccine’s development but for optimiz-
ing its manufacturability and stability, as Paul Stoffels, 
executive vice president and chief scientific officer told 
attendees at the 2020 Galien Forum (3). Stability was 
optimized to levels of 2-8 °C, simplifying global distribu-
tion to developing nations. 

However, with COVID-19 vaccines and therapies, the 
greatest increases in developmental speed and agility were 
achieved on the clinical side. New adaptive clinical study 
models were used; some early testing in humans was done 
concurrently with animal testing; some safety tests were 
run simultaneously with efficacy tests, and elements of 
Phase II and Phase III trials were combined. 

Even on the preclinical side, work on Moderna’s 
COVID-19 vaccine was accomplished within a few 
months, CEO Stéphane Bancel explained at the 2020 
Galien Foundation Forum (3). Scientists had sketched the 
experimental design in January 2020; the first test prod-
uct was sent to the US National Institutes of Health in 
February; and Phase I testing started in early March. By 
the autumn of 2020, chemistry, manufacturing, and control 
(CMC) documentation had been submitted to FDA while 
safety testing was still going on. 

Clearly, achievements in time reduction for COVID-19 
therapies and vaccines have proven what is possible and set 
the bar high. One question is whether achievements made 
during a time of crisis can be sustained after the pandemic 
and move into mainstream bio/pharmaceutical development. 

Cover Story: Drug Development 



www.biopharminternational.com February 2021 BioPharm International 13

New approaches, and the use of inno-
vative technology, promises to enable 
additional gains in speed and efficiency.

A number of trends have already 
been in place to speed new drug devel-
opment, including increased use of 
biomarkers and better patient target-
ing during clinical stage planning. In 
addition, more bio/pharma companies 
are using data analytics. One platform 
that is seeing increased adoption is 
artificial intelligence/machine learning 
(AIML), which can be applied to real-
world data, including such diverse data 
sources as electronic health records, lab 
test results, and insurance claims, to 
ensure that trial design and patient 
recruitment reflect actual conditions. 

Efforts by FDA and other reg-
ulatory agencies to speed review of 
important new drugs have also helped 
shrink development timef rames. 
Where the first decade of the 2000s 
saw slower development times and 
higher attrition rates for new drug can-
didates, notable increases in efficiency 
were made between 2010 and 2020, 
according to a recent study (4).

In a speech on June 1, 2020 (5), 
former FDA Commissioner Stephen 
Hahn pledged to make permanent 
some innovations that the industry 
and agency made to increase agility 
during the pandemic. He emphasized 
FDA’s interest in advancing practices 
such as decentralized clinical trials and 
increased use of real-world evidence in 
clinical trials. Technology is becoming 
increasingly important in optimizing 
study design, site selection, and patient 
recruitment, and also in predicting 
R&D and clinical outcomes, to help 
prioritize, early on, the most promis-
ing candidates, says Natalia Kotchie, 
vice president of R&DS Applied Data 
Science Center at the contract research 
organization, IQVIA. 

Moderna used predictive models in 
the earliest phases of its COVID-19 
vaccine development planning (3). As 
a CRO, IQVIA has been developing 
AIML-based tools and systems for the 

past five years to optimize clinical trials, 
for example prioritizing the highest 
potential sites. During the pandemic, 
IQVIA-developed COVID-19 mod-
els informed trial operational planning 
choices depending on areas where 
COVID-19 outbreaks were most likely 
to occur, says Kotchie.

MORE COLLABORATION
For bio/pharma companies, one fun-
damental change that is speeding drug 
development has been increased col-
laboration and cross-learning through 
partnerships, says Lance Minor, 
national co-leader of life sciences prac-
tice for the management consultant, 
BDO USA LLP. The industry has 
engaged in collaborative research for 
decades, but during the current pan-
demic, the level of collaboration inten-
sified, bringing together competitors 
such as Roche and Regeneron, Gilead 
and Roche, Gilead and Pfizer, Sanofi 
and GlaxoSmithKline (GSK), as well 
as companies working in incubators set 
up by the World Health Organization, 
the Global Alliance for Vaccines and 
Immunizations, the Coalition for 
Epidemic Preparedness Innovation, 
and the Gates Foundation (6).

Close work involving bio/pharma 
companies, CROs, and healthcare 
organizations has added another 
dimension to collaboration, Kotchie 
says. Another important factor speed-
ing development of COVID-19 treat-
ments and vaccines has been drug 
developers’ increased tolerance for 
risk, not only on the capital and finan-
cial side, but in the clinic, Minor says. 

Pfizer-BioNTech and Moderna spent 
billions of dollars on development for 
COVID-19 vaccines, but they also 
took risks by changing the traditional 
sequential approach to clinical testing, 
Minor says. In 2020 assuming these 
risks, and managing them, paid off in 
shortened development times. In 2021, 
novel approaches to enrolling patients 
and use of remote patient monitoring 
should also have an impact, he says.

Although efforts in 2020 focused on 
therapies and vaccines for COVID-
19, the pace of development projects 
outside that area will pick up again 
in 2021, says Minor. Success in a very 
challenging year has led to optimism 
for 2021. In BDO’s 2021 survey, 100 
chief financial officers (CFOs) at 
medium-to-large life sciences com-
panies, the company found that 69% 
plan to increase spending on R&D, 
most of them singling out three or four 
promising products as commercializa-
tion targets. Pharma companies are 
still planning to increase investment 
in the development of new COVID-
19 treatments, but a larger number 
also plan to invest in other therapeutic 
areas, with 57% mentioning cell ther-
apies (up from 41% in 2020) and 56% 
targeting immunotherapies (up from 
32% in 2020) (7). 

Significantly, many respondents 
to the 2021 survey see digitalization 
as important to achieving their goals, 
with 63% responding that digital 
transformation would be their leading 
growth strategy in 2021. 

INNOVATIVE TOOLS
One innovation that has helped 
shorten drug development timeframes 
has been use of biomarkers, indica-
tors of a patient’s medical state that 
can be readily measured that have 
become a mainstay for clinical tri-
als. Biomarkers were used in 55% of 
oncology clinical trials alone in 2018, 
up from 15% 20 years ago (8). FDA 
has recognized biomarkers’ impor-
tance since the agency first estab-
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lished its Critical Path initiative in 
2004. More recently, however, FDA 
has begun to recognize other innova-
tive drug development tools that are 
expected to help shorten drug devel-
opment times, a mandate of FDA’s 
21st Century Cures Act. On Nov. 30, 
2020, FDA established a new pilot 
program, the Innovative Science and 
Technology Approaches for New 
Drugs (ISTAND) (9).  

The effort could break through 
some of the industry’s reluctance to 
use technologies that have not first 
been applied in approved new drug 
applications. Through ISTAND, 
technology developers can apply to 
FDA for qualification of a novel tech-
nology for a specific use. The pilot 
would cover new, nontraditional data 
collection or analysis methods; tech-
nologies such as tissue chips that 
serve as micromodels of specific organ 
systems for drug safety assessments; 
and use of artificial intelligence and 
wearable sensors, which could be used 
during clinical trials. 

To strengthen its foundation for data 
analytics, FDA has been working on 
initiatives in food import screening and 
medical devices. For pharma, key targets 
are drug safety testing and development 
of real-world data approaches. 

In December 2020, FDA signed 
contracts with Palantir and SAS 
to build the database foundation 
required (10,11). Bio/pharma com-
panies, including Novartis, Roche, 
Merck, Pfizer, AstraZeneca, and GSK, 
have also been actively working in this 
area, with more firms using AI for 
clinical trial optimization (12). 

Among the challenges for pharma 
companies that have already embraced 
new technology is finding, cleaning, 
and reorganizing data to be research-
ready so that AIML platforms can 
yield useful results, says Kotchie. 
Another new capability that will be 
required, she says, is the ability to 
translate business problems to how 
users make decisions, and ensure that 

the user experience of new systems is 
able to maximize the application of 
the models developed. “This is an area 
that the new discipline of ‘decision 
intelligence’ is helping us to address,” 
Kotchie says.

CLINICAL TRIAL ADVANCES 
But even without the advantage of 
new technology, clinical trial flexibil-
ity has had to be balanced by strict 
risk evaluation and management. 
Business continuity programs have 
been crucial, says Teresa Lamentia, 
senior vice-president of operational 
transformation and performance at 
IQVIA, who also leads the company’s 
COVID-19 task force for R&D. 

IQVIA’s clients range from small 
innovators to large pharma companies, 
and although some firms had to halt 
projects in 2020, most have restarted 
efforts, she says. “We’re not back to 
previous levels, but recruitment is defi-
nitely increasing and this trend should 
continue in 2021,” she says. 

Lamentia and her team take a three-
pronged approach, examining every trial 
protocol from the standpoints of patient 
safety, data integrity and robustness, and 
day-to-day realities affecting site vis-
its (e.g., to ensure that subjects receive 
trial drugs and have necessary tests 
performed when COVID restrictions 
cause a site to be shut down). 

Detailed reports were then devel-
oped to ensure that risks would not 
affect pharma clients or patients. As 
she notes, the company had to adopt 
remote approaches, for dosing or for 
patient testing, and wound up taking 
a hybrid approach combining on-site 
and remote elements. 

This method demanded that both 
the CRO and pharma company pay 
close attention to supply chain issues. 
For IQVIA, an especially challenging 
problem was the sourcing of personal 
protective equipment and ancillary 
products for technical and business 
staff. Outside the United States, par-
ticularly in the United Kingdom and 

European Union, conformance with 
patient data protection regulations was 
another challenge. 

In general, clinical trials are being 
run to optimize flexibility. “Taking 
an ‘umbrella’ approach to protocols 
allowed us to be able to perform more 
tests concurrently,” Lamentia notes.

It is not yet clear which new meth-
ods adopted during the pandemic’s 
first year will become permanent best 
practices, she says, but she expects to 
see more remote study approaches 
and more flexible clinical trial designs 
dominating drug development in the 
future. Based on regulatory and corpo-
rate plans, data monitoring and ana-
lytics promise to play an increasingly 
important role as well. 
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Platform-Specific Risk Assessment of 
SARS-CoV-2 Vaccines Using FMEA

Amid the rush for a SARS-CoV-2 vaccine to deal with the 
COVID-19 pandemic, a robust risk assessment must be 

conducted and mitigation strategies applied.

RAJIKA JINDANI, SMRITIE SHETH, SOUMYA PAUL, ANURAG RATHORE, AND NARENDRA CHIRMULE

V  accines for the prevention of infection with the 
SARS-CoV-2 virus are being given emergency 
use authorization by regulatory agencies across the 

world, based on 70–95% protection against infection and 
favorable benefit-to-risk profiles. Unprecedented resources 
have been poured into the development of these vaccines, 
and the process to develop a safe and effective vaccine 
needs to be assured. The lack of complete understanding 
of the immunopathogenesis of COVID-19 SARS-CoV-2, 
with reports—such as lack of persistence of neutralizing 
antibodies, aberrant T cell activation, and the quality and 
quantity of the cytokine storm—makes it difficult to define 
the precise target profile for inducing sterilizing immunity. 
The current vaccines have induced protection against infec-
tion 7–14 days after vaccination. Limited analysis indicated 
the subjects develop spike-specific neutralizing antibodies 
and T cell responses.

Following large-scale manufacturing, the distribution of 
these novel vaccines will be a long and complex process, and 

the supply chain and distribution of these vaccines need to 
ensure that each dose is equivalent, safe, and effective. To 
systematically analyze the risks of each of the major steps 
of the vaccine development, the authors of this paper pro-
pose performing risk analysis using failure mode and effects 
analysis (FMEA) on the major platforms of vaccines that are 
leading in development. This article summarizes the major 
vaccine plaforms, and focuses on the process of risk assess-
ment and mitigation strategies that should be applied during 
the development of these SARS-CoV-2 vaccines needed to 
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prevent development of COVID-19 
disease.

Over the recent months, the world 
has been consumed with the COVID-
19 pandemic (1). The need for a safe 
and effective vaccine that prevents 
spread and mortality associated with 
the disease is extremely urgent and has 
led to the granting of emergency use 
authorizations worldwide (2,3).

The diversity of clinical symptoms 
due to the viral infection continue to 
evolve (4,5). The disease ranges from 
asymptomatic conditions to mild, mod-
erate, severe, and critical conditions. 
The goal of all the vaccines is to pre-
vent infection and curb progression to 
severe disease. The platforms on which 
vaccines are being developed against 
SARS-CoV-2 include protein vac-
cines, nucleic acids vaccines, viral-vec-
tors vaccines, inactivated virus vaccines, 
and live attenuated vaccines (6,7). The 
rush for a vaccine, however, will have 
unforeseen impacts on the population 
and rare adverse effects, which will not 
be observed until after the vaccine has 
been administered to a large number of 
people. Hence, robust risk assessment of 
the vaccines must be conducted.

RISK ASSESSMENT PROCESS
The process of risk assessment is 
carried out by analyzing, identifying, 
and evaluating risks involved in the 
entire process of drug development, 
including the discovery, manufac-
turing, distribution, and inspection, 
as described in the International 
Council  for Harmonization Q9 
(ICH Q9) guidance (8). This FMEA 
risk management approach defines 
the risks by accessing severity, occur-
rence, and detectability (9) (Figure 
1). The process comprises the fol-
lowing steps, which ask the following 
specific questions:

• Function/unit operation: a step 
used to define the process step 
(stage) undergoing the analysis; 
“What attribute is the risk being 
evaluated for?”

• Failure mode: ways by which the 
described function can fail to meet 
the purpose or give unintended 
results; “What can go wrong?”

• Effects: failure mode leads to 
various effects where it impacts a 
particular step in the process going 
wrong. These effects are ranked by 
severity scores; “What is the impact 
of the failure?

• Causes: this step helps to define the 
reasons why failure prevails;“What 
is the cause of the failure?”

• Actions: resolving these causes 
by taking relevant actions thus 
help in mitigating the risks in the 
process; “What can be done to 
mitigate the failure?”

The obtained ranks of severity (S), 
occurrence (O), and detectability (D) 
are used to calculate the risk prior-
ity number (RPN) = S*O*D. These 
actions are prioritized to develop a sys-
tematic risk mitigation strategy. An 
example of function, requirement, and 
failure mode is depicted in Figure 2.

RISK MITIGATION
After identifying, listing, prioritizing, 
and ranking the risks for each vaccine, 
the risk mitigation strategy requires 
each risk to have a mitigation action. 
The list below provides an example of 
criteria (requirements) for a successful 
vaccine and potential adverse events 
(failure modes) that could occur.

REQUIREMENTS OF A VACCINE
Several elegant articles have articulated 
the design, platforms, and challenges 
in developing vaccines for preven-
tion of infection with SARS-CoV-2 
(6,7,10,11). To describe the process of 
assessing risks associated with a vac-
cine, a list of the criteria that a success-
ful vaccine should achieve follows.

Criteria for a successful vaccine
The vaccine should induce a sustained 
protective humoral response (e.g., a 
neutralizing antibody titer for >1:2560 
for >1 year) and a cell-mediated T-cell 
response (e.g., a four-fold increase 
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Figure 1. Schematic representation of the failure-mode and effects analysis 
(FMEA) process.
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in interferon γ (IFNγ)-secreting 
enzyme-linked immunosorbent spot 
[ELISPOT] response by CD4+ and 
CD8+ T cells):

• The vaccine should induce a 
susta ined memor y immune 
response (e.g., presence of spike-
antigen-specific memory CD4+ 
and CD8+ T cells) and memory 
B cells.

• The vacc ine shou ld confer 
protection on a large number 
of individuals, that can enable 
herd immunity (e.g., >70% of the 
immunized subject).

• The vaccine should elicit protective 
immune responses in all groups of 
individuals (e.g., infants 0–2 years, 
young children 2–18 years, adults 
18–60 years, pregnant women, older 
adults > 60 years, and individuals 
with comorbid conditions, such as 
diabetes, heart disease).

• The vaccine should be safe and 
not result in anaphylactic shock 
(e.g., in < 0.1% of the immunized 
individuals) or severe allergic or 
systemic inflammatory immune 
responses.

• The vaccine should be stable 
(e.g., the formulation should 
enable stability during shipment, 
storage, and distribution at room 
temperature for at least three 
months).

• The vaccine should provide mucosal 
immunity (e.g., prevent infection 
through the respiratory tract).

Defining these requirement criteria is 
the first step of the FMEA risk assess-
ment process. To anticipate the potential 
harmful effects of the vaccine, the poten-
tial points of failure associated with safety 
adverse events have been listed.

Major adverse events
Based on experiences with previous 
vaccines (3,6,12–16), the list below is 
an example of the potential adverse-
events that could occur:

• The vaccine could el icit an 
anaphylactic shock due to an 

allergic response to either the 
vaccine antigens or formulation 
components (e.g., in >0.1% of the 
immunized individuals).

• The vaccine could induce cross-
reactive antibodies to self-proteins 
and cause autoimmune conditions 
(e.g., in > 0.1% of the immunized 
individuals).

• The vaccine can induce severe local 
injection site reactions (e.g., > 5% of 
the immunized individuals).

• The vaccine could cause induction 
of antibody dependent enhancement 
of SARS-CoV-2 (17) through 
interaction with Fc receptors 
(e.g., in > 0.1% of the immunized 
individuals).

• The activation of the antigen-
specific immune responses may 
create a reservoir of highly infectable 
cells in vaccinated individuals, 
previously observed in an HIV 
vaccine (18).

• The vaccine could result in a weak 
immune response and not provide 
adequate levels of herd immunity, 
enabling spread of the virus in the 
community (e.g., > 10% subjects 
with a titer <1:20).

• The vaccine could exacerbate 
comorbidities, such as diabetes, 

heart disease, etc. (e.g., in > 10% 
of such patients).

The list of criteria and potential 
adverse events listed here are start-
ing points for a more detailed list that 
would need to be developed for each of 
the vaccines. A more thorough review 
requires cross-functional teams to per-
form the assessment for each individual 
vaccine in development, and the steps 
of the FMEA process should be a collec-
tive effort by cross-functional teams. The 
FMEA process ensures all risks are listed, 
scored, and prioritized, and that risk-mit-
igation action lists are developed.

PLATFORM CLASSES 
AND POTENTIAL RISKS 
Nucleic acid vaccines
One of the rationales for the use 
of messenger RNA (mRNA) and 
DNA vaccines has been to avoid 
viral-vector mediated inflammatory 
immune responses. The mRNA vac-
cines that have been developed—
mRNA-1273 (Moderna) (19,20) 
and BNT162b2 (Pfizer-BioNTech) 
(21,22)—encode the SARS-CoV-2 
spike protein (23). An FDA advisory 
committee have conducted a detailed 
review of these two mRNA vaccines 
(24,25). Meanwhile, a DNA vaccine 
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Figure 2. Failure mode and effects analysis (FMEA) table for defining a function, 
requirement, and failure.

Function

To not induce adverse reactions

Requirement
Should not induce Antibody Dependent Enhancement (ADE)

Failure Mode
Increased infection and replication of the vivrus

Failure Mode
Enhanced progression of disease

Requirement
Should not cause a weak immungenic response

Failure Mode
Causes a weak immune response

Requirement
Should not degrade over time
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(INO-4800, Inovio) that expresses the 
SARS-CoV-2 spike protein is also in 
development (26). The safety adverse 
events associated with mRNA and 
DNA vaccines include degradation of 
the mRNA and DNA, resulting in the 
lack of effective expression of the anti-
gen for prolonged stimulation of the 
immune system, and local injection 
site reactions. In addition, there is a 
potential risk of genetic integration 
through potential endogenouse reverse 
transcptases, and jumping genes (retro-
transposons) (27).

Viral Vectors
The use of viral vectors as vehicles for 
inducing immune responses against 
pathogens has been tested for sev-
eral viruses (11,14,28,29). The severe 
adverse events induced by adenovirus 
in the clinical trial for ornithine tran-
scarboxylase underscores the potential 
safety concerns of these vectors (30). 
Several viral vector vaccines are in the 
pipeline. ChAdOx1 nCoV-19 (Oxford, 
Astra-Zeneca), which expresses the 
SARS-CoV-2 spike protein, consists of 
chimpanzee–adenovirus vector (31–33). 
The Phase III trials for this vaccine 
candidate have compared its efficacy 
and safety to the control meningococ-
cal conjugate vaccine (MenACWY ) 
(34). The adenovirus serotype 26 
(Ad26) vector (also expressing the 
virus spike protein) vaccine ( Janssen) 
is being developed in Phase I and II 
trials, and initial trials suggest that a 
single dose of this vaccine may induce 
sufficient protective immune responses 
(35). Another adenovirus-based vac-
cine expressing spike protein, adeno-
virus serotype 5 (Ad5) vector vaccine 
(CanSino Biologics), completed clini-
cal trials in Wuhan, China, in healthy 
adults (36). Meanwhile, the Sputnik 
V vaccine (Gamaleya National Center 
of Epidemiology), which contains 
both Ad5 and Ad26 adenovirus vec-
tors, expresses the gene for the SARS-
CoV-2 spike glycoprotein in separate 
adenoviral vectors of serotypes (37).

Major risks associated with pro-
tein vaccines include adverse events 
related to viral vectors in the presence 
of pre-existing antibodies, which can 
prevent efficient antigen uptake and 
presentation. Primary immunization, 
which results in antibody generation to 
the vector, can attenuate the response 
to booster doses. Using heterologous 
vectors for prime and boost doses can 
overcome these challenges, however. In 
addition, the presence of pre-existing 
immune responses to the vector can have 
different safety adverse events than 
subjects that do not have these responses.

Protein vaccines
Protein subunit vaccines have been 
utilized effectively against patho-
gens (38). These vaccines are effec-
tive in activation of humoral immune 
responses; it remains to be seen if they 
can elicit activation of cytolytic T-cell 
responses. The NVXCoV2373 vaccine 
(Novavax) consists of a recombinant 
protein expressed from the genetic 
sequence of the SARS-CoV2 spike 
protein (39). It utilizes nano-parti-
cle-based technology using the coro-
navirus spike (S) protein and contains 
saponin-based Matrix-M adjuvant 
(AGC Biologics, Seattle). Clinical trials 
for NVXCoV2373 are in progress (40).

The anticipated risks of the pro-
tein vaccines include a limited abil-
ity to induce CD8 cytotoxic T-cell 
responses. It is possible that the use 
of the novel nano-particle technol-
ogy and use of the Matrix-M adjuvant 
may induce sufficient activation of the 
CD8 response.

Inactivated whole virus 
PiCoVacc  (Sinovac Biotech, China) 
and Covaxin (Bharat Biotech, India) 
are purified inactivated SARS-CoV-2 
virus vaccine candidates. According 
to clinical study results, the medium 
dose was selected to enter into Phase 
III trial (11).

The major risks associated with 
inactivated whole virus vaccines stems 

f rom the fact that inactivation of 
viruses for vaccines can potentially and 
inadvertently contain live virus in the 
preparation. There can be more adverse 
inflammatory responses induced by 
such vaccines.

Live attenuated vaccine
Codagenix, a US-based clinical-stage 
synthetic biology company, is devel-
oping live attenuated viral vaccine 
using a codon deoptimization pro-
cess, which weakens virus antige-
nicity. This process generates highly 
attenuated viruses that are stable and 
have a barrier to wildtype reversion, 
while retaining 100% amino-acid-se-
quence identity to the parent virus.  
Other approaches of developing 
these vaccines include growing the 
virus in unfavorable conditions, such 
as low temperature or growing them 
in non-human cells. Live attenuated 
vaccine can activate both humoral 
and cellular immune response nec-
essary for viral clearance from upper 
respiratory tract.

The disadvantages  and r i sks 
associated with live attenuated vac-
cines include safety concerns and 
a time-consuming process of con-
ventional development. Similar to 
inactivated whole virus vaccines, live 
attenuated viruses for vaccines also 
have the potential to inadvertently 
contain live virus in the prepara-
tion, which can lead to more adverse 
inflammatory responses.

SUPPLY CHAIN/DISTRIBUTION
Among the supply-chain challenges 
that SARS-CoV-2 vaccine makers face 
is the reality that billions of doses will 
need to be manufactured and distrib-
uted all over the world. The goals for 
creating such a network is described by 
the six rights of supply-chain manage-
ment as defined by the World Health 
Organization (41):

• Right product—how does the 
network ensure that the right 
vaccine product reaches every 

Pandemic Response
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patient? Looking at the scale of the 
COVID-19 pandemic, demand 
will outstrip the supply, and 
counterfeiting is likely to emerge as 
a major risk. Appropriate measures 
for authenticating the vaccine 
product would be required.

• Right quantity—it is important 
that the vaccine product reaches 
the patient in the required 
quantity. Unlike other resources, 
vaccines are likely to be ineffective 
and possibly dangerous if not 
given in the right quantity.

• Right condition—Vaccines being 
heat labile products, temperature 
requires to be rigorously controlled 
in the cold chain (42) f rom 
manufacturer to wholesaler, 
retailer, and patient. The cold 
chain gets even more complicated 
in emerging and underdeveloped 
economies. The vaccine can not 

only become ineffective but could 
become unsafe for patients if not 
served in right condition.

• Right place—for a vaccine product 
to reach the patient, it needs to reach 
the caregiver to be administered to 
the patients. Shipments needs to 
be monitored to ensure their safe 
delivery to the target.

• Right t ime—with ever yone 
scrambling to get access to a safe 
and effective vaccine, and with the 
contagious nature of the pandemic, 
it will be a challenge and a 
requirement to get the vaccine in a 
timely manner.

• Right cost—For the vaccine to 
reach every patient worldwide, cost 
will clearly play a major role. The 
world’s richest nations have already 
locked in the required supply of 
SARS-CoV-2 vaccines with the 
major manufacturers. 

DISCUSSION
The need for vaccines against SARS-
CoV-2 is one of the most important 
defenses against the COVID-19 pan-
demic. With at least seven different 
vaccine platforms at work and more 
than 100 vaccines in development 
(11), and with an uncertain under-
standing of the immuno-pathogenesis 
of the disease (43,44), risk assessment 
is a daunting task. The authors of 
this paper have utilized a systematic 
FMEA approach to evaluate and pri-
oritize the risks associated with each 
vaccine platform.

The SARS-CoV-2 vaccine risk 
assessment requires a thorough 
understanding of the mechanism of 
action by which each of the vaccines 
induce activation of the immune 
responses. Induction of an ineffec-
tive effector immune response can 
also pose risks to herd immunity 

Pandemic Response

Function Protein mRNA Adenovirus Inactivated Live 
Attenuated

Efficacy
Induce antibody response greater than 
2560 in >80%

Induce T cell response > 100 SFU in >80%

Induce sterilizing immunity–systemic

Induce sterilizing immunity–mucosal

Curb viral replication

Safety Grade 1

Grade 2–3

Grade 3–4

Manufacturing Ease of manufacturing

Stability

> 1 billion doses to developing countries

Previous experience

Supply chain
Availability of vials, rubber stoppers, and 
supplies

Distribution channels

Common to 
ALL

Counterfeit vaccines

Last mile

Short follow-up period

Optimal doses to induce best response

Knowledge of required level of 
protective immune responses

Induction of sterilizing immunity

Table I. Risks associated with SARS-CoV-2 vaccine platforms. Green, amber, and red denote low, medium, and high risk for 
the attributes, respectively.
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(45). Each platform has a different 
risk/benefit profile. It remains to be 
seen which of the vaccine platforms 
elicit long-term protective immune 
responses with minimal adverse 
events. As shown, a summary of the 
risk analysis conducted across the 
different platforms has been shown 
in Table I to provide a comparative 
analysis. While the authors performed 
a FMEA on the major risks, it is crit-
ical for the in-house teams develop-
ing these vaccines to perform a much 
more in-depth analysis to ensure opti-
mal safety and efficacy for patients.

Requirements for supply chain and 
distribution of the vaccine can be 
categorized into quantity, condition, 
place, time, and cost. Each of these 
categories is associated with risks that 
need to be systematically evaluated by 
the manufacturer, supplier, distributor, 
and the end-user. 

In summary, it is strongly recom-
mend that a detailed risk analysis be 
performed for each of the SARS-
CoV-2 vaccines in development by a 
collaborative effort from cross-func-
tional teams. It is also recommend 
that the FMEA approach be used 
with accompanying software to han-
dle the multi-dimensional nature of 
the risk assessment process. Ensuring 
that the vaccines are safe and effective 
will help mitigate the potential for 

additional calamities, which can oth-
erwise be anticipated.
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In a January 2021 agreement, Baxter 
International said it will provide ster-
ile manufacturing services through 
its contract manufacturing organiza-
tion, Baxter BioPharma Solutions, for 
Novavax’s COVID-19 vaccine can-
didate, NVX-CoV2373 (currently in 
Phase III development) (1). 
The agreement will expand 

commercial-scale manufacturing 
for the vaccine at Baxter’s Halle/
Westfalen, Germany, facility 
for distribution in the United 
Kingdom and European markets, 

Baxter said in a company press 
release. The site offers broad 
sterile manufacturing capabilities 
and current good manufacturing 
practices (CGMP) manufacturing.

Reference
1. Baxter International, “Bax-

ter BioPharma Solutions An-
nounces Sterile Manufactur-
ing Agreement for Novavax 
COVID-19 Vaccine,” Press Re-
lease, Jan. 11, 2021.

—Feliza Mirasol.

Spotlight on sterile vaccine manufacturing
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Exploring the Therapeutic Value  
of Blood Components

Plasma-based proteins and cell-based therapies have 
significant potential to address unmet medical needs.

CYNTHIA A. CHALLENER

B lood is essential to life and also serves as a source of 
materials with significant therapeutic value. Of the 
four main components of blood—plasma, red blood 

cells, white blood cells, and platelets—plasma and white 
blood, or immune, cells have been used to develop treat-
ments for a wide range of diseases. Various serious, rare, and 
sometimes life-threatening conditions have been treated 
for decades with proteins isolated from plasma donated by 
healthy people. Although autologous cell therapies have 
only existed for 20 years or so, development of cell-based 
treatments has accelerated in recent years, with thousands of 
candidates advancing through the clinic. Each of these types 
of blood-derived therapies faces its own range of challenges, 
but demand for both classes of drugs is expected to remain 
strong for the foreseeable future.

PLASMA-BASED THERAPIES
Within human blood, plasma comprises the largest component 
at approximately 55%, with the remainder red blood cells (44%) 
and white blood cells and platelets (1%). Plasma is the clear, yel-
lowish, liquid portion of blood and comprises water (>90%), pro-

teins, and other cellular components. It is collected from healthy 
adults via a process known as plasmapheresis. In the body, the 
role of plasma is to transport cell, nutrients, and other materials, 
thus enabling many important physiological functions such as 
blood clotting and immune responses.

Via a manufacturing process that can take 7–12 months, dif-
ferent proteins are fractionated from the donated plasma and 
converted to different protein-based therapeutics, according to 
Mathew Gulick, director, global communications, the Plasma 
Protein Therapeutics Association (PPTA). Because they are iso-
lated from donated plasma and there are no generic alternatives, 
protein plasma therapies fall into the regulatory class of sole-
source biologic products.

These therapies are used to treat people with conditions 
such as primary immune deficiencies (PIDs), bleeding disor-
ders, hereditary angioedema, Alpha-1 antitrypsin deficiency, 
and certain neurological conditions. Generally, plasma-derived 
therapies replace missing or deficient proteins and are, therefore, 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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administered via injection or infusion on 
a repeat basis.

There are thousands of different 
proteins that can be fractionated. The 
most common include immunoglob-
ulin (Ig or IgG), which is an anti-
body, and albumin, which is a protein. 
Others include clotting factors such 
as fibrinogen, prothrombin, and pro-
teins such as C1 esterase inhibitor and 
alpha-1-proteinase inhibitor. 

CONVALESCENT  
PLASMA AND COVID-19
Convalescent plasma (CP) is plasma 
obtained from patients who have recov-
ered from an infectious illness and thus 
generated antibodies to the disease. It 
can be used as an emergency measure 
when other treatments are not available. 
Unlike recombinant monoclonal anti-
bodies engineered to bind to a specific 
target, CP possesses a range of antibod-
ies to a viral antigen that provide bet-
ter coverage by interacting with different 
parts of that antigen, according to Vu L. 
Truong, founder, CEO, and director at 
Aridis Pharmaceuticals.

There can be some challenges with 
using CP, however, Truong notes. One 
person’s plasma may not be compatible 
with another’s. In addition, the level of 
antibodies in donated plasma can differ 
from donor to donor. For COVID-19 
patients, there is also a shortage of sup-
ply. “The limitations for ongoing use of 
CP may include lack of consistency in 
specific antibodies in each dose, blood 
type-matching requirements, and com-
plexity of regulatory oversight because 
it is not a standardized product with a 
regulatory approval,” adds Laura Saward, 
senior vice-president of the therapeutics 
business unit at Emergent BioSolutions.

In the United States, FDA issued the 
first Emergency Use Authorization in 
late August 2020 for investigational con-
valescent plasma for the treatment of 
COVID-19 in hospitalized patients (1). 
Although the data demonstrating strong 
efficacy have been variable among dif-
ferent studies, CP treatment has been 

shown to be relatively safe and well 
tolerated and has a useful role in treat-
ing patients infected with the SARS-
CoV-2 virus that are severely ill and not 
responding to antiviral or other antibody 
treatments, according to Truong.

TRANSITIONING TO 
HYPERIMMUNE PRODUCTS
Given limitations surrounding CP, there 
is a desire to transition to more consistent 
plasma-based treatments for COVID-19. 
IgGs—which have a long history as a 
safe and effective treatment of many indi-
cations including as potential therapeu-
tics against a wide range of pathogens 
(viral, bacterial, toxins)—can be used to 
generate hyperimmune globulin (H-Ig) 
products, according to Saward. “H-Igs 
are polyclonal IgGs that have been 
enriched for antibodies with specific 
titer to a target pathogen, leveraging the 
immune response in humans or animals 
and offering the benefit of containing 
a broad range of antibodies to inhibit a 
pathogen through different mechanisms,” 
she says. 

The CoVIg-19 Plasma Alliance, a 
partnership of the leading plasma com-
panies spanning plasma collection, devel-
opment, production, and distribution, is 
developing an investigational H-Ig pre-
pared from the pooled plasma of donors 
with high titers of antibodies against 
COVID-19. “H-Ig products have been 
found to be effective in the treatment of 
severe acute respiratory infections of viral 
etiology and may present the potential to 
treat high risk COVID-19 patients,” says 
Julie Kim, president of the plasma-de-
rived therapies business unit for Takeda 
Pharmaceutical Company, a founding 
member of the Alliance.

In just months, the Alliance estab-
lished the processes to collect conva-
lescent plasma, manufacture the H-Ig, 
and support the initiation of a rigorous 
multi-national pivotal clinical study in 
October 2020 to evaluate four different 
H-Ig candidates. CoVIg-19 is currently 
under evaluation as part of a global clin-
ical trial (INSIGHT013) coordinated 

by the National Institute of Allergy and 
Infectious Diseases (NIAID), part of the 
National Institutes of Health (NIH). The 
results of this study will form the founda-
tion for potential regulatory submissions 
for the H-Ig, according to Kim. 

Meanwhile, Emergent has leveraged 
its experience with H-Ig development 
and its validated platform to expedite 
development of a product to address 
COVID-19, initiating a comprehen-
sive clinical program and key partner-
ships, according to Saward. Its candidate, 
COVID-HIG, is supported by fund-
ing from the Biomedical Advanced 
Research Development Authority and 
the US Department of Defense (DOD) 
and is currently being evaluated in a 
global Phase III NIH/NIAID study 
as a treatment for hospitalized patients 
with COVID-19. Another study is being 
planned for patients with mild-to-mod-
erate COVID-19 at high risk of pro-
gression to severe disease. COVID-HIG 
is also being developed for potential 
post-exposure prophylaxis, with a clinical 
program initiated at the end of 2020. 

“Even as vaccines are authorized for use 
and are more widely available, COVID-
HIG has the potential to continue to 
further address segments of the popula-
tion that are recalcitrant to vaccination, 
immunocompromised, or excluded from 
vaccination (e.g., infants, pregnant, other 
exclusions) until approved and require dif-
ferent forms of prophylaxis or treatments,” 
Saward observes. 

CELL-BASED THERAPIES
Cell therapy is the transfer of intact, live 
cells into a patient to help lessen or cure 
a disease, according to the American 
Society of Gene and Cell Therapy (2). 
The most common type is blood trans-
fusion. Bone marrow transplants are 
another well-established example. 

Cells can be of a fixed type (primary) 
or have the ability to transform into other 
types of cells (pluripotent such as embry-
onic stem cells, induced pluripotent stem 
cells, and multipotent such as hema-
topoietic and mesenchymal stem cells). 

Development
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Differentiated adult immune cells are also 
widely used to develop immunotherapies.

Cells collected from patients can be 
used to produce autologous (patient-spe-
cific), while cells donated by healthy 
people are used to produce allogeneic 
(off-the-shelf ) cell therapies. Either type 
of therapy can involve isolation of the 
desired cell type followed directly by 
expansion, or genetic manipulation of the 
cells to boost their ability to killed dis-
eased cells (i.e., chimeric antigen receptor 
[CAR]-T cells) prior to expansion.

GROWTH FOR BLOOD 
COMPONENT THERAPIES 
There is a strong clinical need for both 
plasma-derived and cell therapies. 

“Takeda has seen a worldwide increase 
in demand for plasma-derived therapies, 
reflecting how essential they are for treat-
ing patients with rare, life-threatening, 
chronic and genetic diseases,” observes 
Kim. “We believe this increase, especially 
for Ig, is being driven by better diagnosis 
rates and increased patient screening in 
developed markets, as well as improve-
ment in the standards of care in emerg-
ing markets,” she says. This trend is also 
reflected at an industry level.

Technological advances also now allow 
for individuals relying on these thera-
pies to be diagnosed earlier in life, and 
as children grow into adulthood, their 
dosage volumes increase, adds Gulick. He 
also notes that innovation has resulted 
in treatment improvements, such as sub-
cutaneous products that grant patients 
greater freedom to administer treatment 
at home but often require higher doses.

In addition, expanded treatments of 
secondary immune deficiencies are also 
now helping others with compromised 
immune systems, such as cancer patients, 
but also requires greater amounts of 
plasma-derived therapies, according to 
Gulick. There is also growing demand for 
Ig because it is increasingly being used in 
a number of new indications beyond pri-
mary and secondary immunodeficiency 
disease, including neurological conditions, 
such as chronic inflammatory demye-

linating polyneuropathy and multifocal 
motor neuropathy, he adds. 

“Finally,” Kim observes, “as science pro-
gresses, we are discovering the potential 
utility of previously untapped proteins in 
plasma that may help with a range of dis-
eases with few or no treatment options.” 
One example is plasma-derived inter-al-
pha inhibitor protein (IAIP). Takeda has 
signed a global licensing agreement with 
ProThera Biologics to evaluate the ther-
apeutic potential of IAIP, a protein found 
in plasma that functions as an immune 
modulator to inhibit acute inflammatory 
reactions. “With this broad mechanism, 
IAIP has a range of potential therapeutic 
applications, and in preclinical models 
has shown strong potential in patient 
populations challenged with high mor-
tality rates, including those with diseases 
strongly associated with inflammation,” 
she explains.

While both plasma-derived protein 
and cell therapies will both experience 
increasing demand, Truong predicts that 
growth for cell therapies will be greater. 
In addition, he expects that as the tech-
nology for screening B cells advances, 
engineered antibody therapies, which are 
much more well characterized than con-
valescent plasma therapies, will attract 
rapid interest, potentially replace some 
existing CP products and experience 
growth at a faster rate.

“Once it is relatively easy to screen 
for B cells that produce the most potent 
monoclonal antibodies (mAbs), the tech-
nology for cloning the relevant genes into 
production cell lines and producing large 
quantities of those mAbs is relatively 
straightforward today. This approach 
avoids the need for plasma donors and 
allows for the easy scale up of the man-
ufacture of purer antibodies with bet-
ter-defined targets,”  Truong says.

In markets outside of the US and 
Europe, however, Truong does note 
that plasma therapies are expanding 
at a faster rate because the technology 
involved is not as sophisticated as that 
required for screening B cells and iden-
tifying desired antibodies.

CHALLENGES TO OVERCOME
The technologies used to support 
plasma collection and processing have 
improved dramatically over time, but 
there is still room for improvement. Of 
course, one of the key limitations to 
sustainable growth for plasma-derived 
therapies is the need to collect sufficient 
quantities of plasma. “The quantities of 
plasma-derived therapies we can provide 
is fully dependent on how much plasma 
we can collect,” Kim asserts. 

Currently, more than two-thirds of the 
world’s plasma is collected in the US; that 
limits the industry’s ability to support the 
growing population of patients who can 
benefit from these valued therapies.

To create innovative partnerships 
and address this urgent need, Emergent 
formed a number of partnerships across 
government agencies, blood banks, 
plasma suppliers, academic centers, and 
hospital systems, according to Saward. 
For instance, with support from DOD, 
the company partnered with Mount 
Sinai Hospital System and ImmunoTek 
Bio Centers to establish a new capability 
for plasma collection onsite at Mount 
Sinai to be closer to patients that have 
recovered from COVID-19. “This capa-
bility was established quickly during 
the pandemic, with each party provid-
ing complementary expertise to create a 
new channel for plasma collection within 
the healthcare system in New York. This 
partnership provides a model that could 
be implemented across various sites to 
enable broader access to plasma closer to 
potential donors,” she comments. 

As an industry, Gulick stresses that 
efforts are being pursed in conjunction 
with health authorities and public health 
organizations around the world to elevate 
the dialogue around the importance of 
plasma, with the goal of modernizing 
outdated regulations that restrict plasma 
collection and expanding collection infra-
structure and processes in more countries. 

“We are hopeful that the positive aware-
ness of plasma as a potential contributing 
solution to the COVID-19 pandemic 
will help foster recognition and support 
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for the broader patient need for plasma 
around the world, including the need to 
permanently revise outdated regulations 
in order to improve availability of plasma,” 
Kim adds.

Unfortunately, plasma donations 
declined significantly in 2020 due to the 
COVID-19 pandemic, and PPTA and 
its members are urging all healthy adults 
to donate plasma, according to Gulick. 
Plasma donation centers have been des-
ignated as critical infrastructure and each 
company is working diligently to return 
to growth in order to meet patient needs. 

As an example, Kim shares that 
although Takeda has faced some chal-
lenges in plasma collection due to the 
COVID-19 pandemic, which have fluc-
tuated in line with restrictions on move-
ment of people and travel, the company is 
still on track to achieve its target of >65% 
growth by 2024 due to the significant 
investments made in its business and the 
range of measures taken specifically to 
mitigate the impact of COVID-19.

One other area of opportunity for 
increasing the availability of plasma-de-
rived therapies is the development of 
more efficient isolation technology. 
Evolve Biologics was created as the 
plasma products and technology division 
of Therapure Biopharma specifically to 
commercialize an alternative plasma pro-
tein production technique that eliminates 
the need for cold ethanol fractionation, 
the traditional method used for collecting 
plasma (3). This process, which uses acid, 
alcohol, and salts at low temperature to 
precipitate proteins into fractions that 
must then be resolubilized and further 
separated, takes months and consumes 
significant energy. Because it was initially 
developed to extract albumin, it is also 
not optimized for most proteins. 

Evolve’s PlasmaCap EBA technol-
ogy uses proprietary affinity adsorbents 
(dense tungsten carbide beads coated 
with agarose modified with ligands 
designed to bind to a specific protein) 
and expanded bed adsorption (EBA) 
chromatography to capture plasma pro-
teins directly from plasma without the 

use of precipitating solvents (3). Proteins 
are captured in their native form with a 
higher degree of efficiency and selectiv-
ity and in higher yield per liter of donor 
plasma. Avoiding precipitation also 
results in the isolation of proteins with 
more consistent quality and purity. 

In addition, the EBA chromatography 
technology can be readily scaled up or 
down in response to market demand and 
allows for small, modular facilities to be 
built that can leverage locally collected 
plasma for the supply of indigenous pro-
teins (3). It also has the potential to facil-
itate the isolation in sufficient quantities 
of plasma proteins that are not econom-
ically feasible to obtain with cold ethanol 
fractionation because they are present at 
very low levels, thus enabling the devel-
opment of new plasma-derived therapies. 

Evolve anticipates filing for FDA 
approval of PlasmaCapTMIG, a 10% 
liquid formulation intravenous immune 
globulin (IVIG) product manufactured 
from US-sourced plasma, as a replace-
ment therapy in PIDs in 2021 (3). 
Regulatory submission is also expected 
in 2021 for albumin produced using the 
PlasmaCap EBA technology.

For cell-based therapies, Truong 
believes one of the key challenges for 
those treatments that involve genetic 
modification is developing more highly 
controlled methods for imparting molec-

ular changes to cells. For instance, viral 
vectors are commonly used for gene 
transfer, but they can create safety issues. 
“Controlled manipulation of the genome 
is crucial,” he states. “There are many 
questions that need to be answered, such 
as where the gene is inserted into the cel-
lular genome, whether the genetic mod-
ification is permanent or transient, and 
whether the changes will disrupt cellular 
function in some way or activate other 
genes with negative effects.” He adds that 
it is also a challenge to ensure that no 
changes are introduced during the expan-
sion of cells whether or not they have 
been genetically modified. “The industry 
is making a lot of progress in these areas, 
but the do still present significant chal-
lenges,” Truong observes.

REGULATIONS VARY
Given that plasma-derived protein and 
cell-based therapeutics are medicinal 
products, they are highly regulated as is 
the case for all pharmaceuticals. PPTA 
member companies adhere to all national 
and international regulations, including 
voluntary standards that go beyond regu-
latory requirements, according to Gulick. 

“Licensing processes include the review 
by a regulatory authority of the manufac-
turing processes, facilities, and equipment 
plus the safety and efficacy of the ther-
apeutic product as evidenced by studies 
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Plasma therapy has the potential of 
being a life-saving therapy, espe-
cially for patients with a bad prog-
nosis with COVID-19. To under-
stand and prioritize the risks associ-
ated with this therapy, members of 
a task force systematically reviewed 
the risks of plasma therapy using 
failure mode and effects analy-
sis (FMEA). The study provides a 
list of ranked risks and treatment 
strategies for each of the adverse 
events to assist health care institu-
tions providing plasma therapy for 
COVID-19 patients. 

The findings of the task force, 
including best practices and 
guidance on risk mitigation 
strategies, are reported in an article 
titled, “A Systematic Evaluation of 
Risks and Mitigation Strategies for 
Convalescent Plasma Therapy for 
COVID-19.” The complete article, 
authored by task force members 
representing medical, research, and 
industry organizations, can be read 
online: www.biopharminternational.
com/view/convalescent_plasma_risk.  

—BioPharm International editors

Risk mitigation for COVID-19 convalescent plasma therapy

http://www.biopharminternational.com/view/convalescent_plasma_risk
http://www.biopharminternational.com/view/convalescent_plasma_risk
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of the product in targeted populations. 
Facilities manufacturing the licensed bio-
logics are subject to current good manu-
facturing practice (CGMP) requirements 
and are inspected regularly,” he explains.

Furthermore, the “raw” material 
plasma is regulated far more comprehen-
sively than simple supplier qualification 
standards, according to Gulick. In the US, 
the source plasma is an independently 
licensed product. In the European Union, 
plasma for manufacturing is extensively 
scrutinized in a Plasma Master File. Kim 
adds that there are also policies designed 
to protect the safety of plasma donors. 

The wide variation in regulations 
around plasma collection and process-
ing between countries still needs to be 
addressed, Kim says. In some cases, she 
notes, that regulations actually limit 
processes and infrastructure for plasma 
collection. “Given the need for plasma 
around the world, these regulations can 
pose a challenge to sustainable supply of 
plasma therapies. We are actively engag-
ing with peers, professional associations, 
patient associations, regulators, and gov-
ernments to increase recognition of the 
critical importance of plasma sourcing 
and to encourage sustainable collection of 
plasma,” she observes. 

Several different regulations apply to 
cell-based therapies. For some autolo-
gous products, good tissue practices are 
applicable, according to Truong. All man-
ufacturing processes must comply with 
CGMP requirements. Demonstration of 
genetic stability is necessary for geneti-
cally modified cells. Allogenic products 
must be shown to be non-allergenic. 
Many cell therapies are frozen for dis-
tribution, and thus it is essential to show 
that when recovered from the frozen 
state there is no damage to the cells that 
will impact safety or efficacy. 

“It is important to remember, though,” 
Truong remarks, “that many cell thera-
pies are used to treat patients that have 
no other treatment options available to 
them. Regulators have an incentive to 
work with the pharma industry and cell 
therapy developers to bring these novel 

solutions to the market as safe and effec-
tive therapies for patients in dire need of 
medical assistance.”

ENDLESS OPPORTUNITIES  
FOR INNOVATION REMAIN
Both plasma-derived proteins and cell-
based therapies have potential to address 
many unmet medical needs. “Blood- 
and plasma-derived therapies will con-
tinue to provide solutions for a range 
of indications that cannot readily be 
addressed otherwise, with a number of 
organizations exploring the potential 
for recombinant polyclonal antibodies; 
these products are still in development,” 
Saward asserts. 

For future therapies, she notes that 
there remain a number of opportunities 
to leverage the complex natural immune 
response in order to develop therapeutics 
against many challenging diseases. “As the 
COVID-19 pandemic has underscored, 
blood- and plasma-derived therapies are 
amongst the first to be deployed against 
emerging infectious diseases considered 
public health threats. These applications 
also transcend into potential applications 
to address drug resistance in bacterial and 
fungal infections,” Saward says. 

With demand for plasma-derived 
therapies continuing to outpace supply, 
Takeda sees an important opportunity 
and responsibility to build on its more 
than 75-year legacy in plasma and 
rethink every aspect of its business to 
ensure the company meet the needs 
of patients worldwide, according to 
Kim. “We believe there is an incredible 
untapped opportunity to innovate for the 
benefit of patients. Only a fraction of the 
3000+ proteins that circulate in plasma 
has been tapped for therapeutic applica-
tions,” she says.

Takeda’s strategy is to work on both 
complete care solutions that integrate 
complementary technologies and devices 
to improve the experience for those who 
rely on current plasma-derived therapies 
and seek to discover new ways in which 
proteins in plasma might address a sig-
nificant number of diseases with few or 

sub-optimal treatment options today. The 
company is not only making long-term 
investments to increase the capacity, but 
also investing in automation, AI, and ana-
lytics capabilities.

Underlying these efforts is recog-
nition that plasma-derived therapies 
can only be made from human plasma 
donated by healthy individuals. “If 
we are to realize the full potential of 
plasma, we must create the conditions 
that can deliver increased and sustain-
able plasma availability long term,” Kim 
insists. “That is why we are working 
closely with policy makers, regulators, 
patient organizations, and industry 
partners to advocate for change. This 
includes bringing a deeper apprecia-
tion that domestic plasma collection can 
secure better, more sustainable access to 
plasma-derived therapies and showing 
where regulations and policies, such as 
donor acceptance criteria, donor defer-
ral times, and inventory hold periods, 
require updating urgently in line with 
current scientific information,” she says. 

While plasma-based therapeutics have 
been around for decades, the potential of 
cell therapy is just beginning to be real-
ized. “There are many complex diseases 
that cannot be treated with antibodies, 
proteins, or enzymes, but for which engi-
neered cells offer the potential to ame-
liorate or even cure,” Truong observes. 

“While most of the current effort is 
focused on autologous solutions, alloge-
neic cell therapies may have the greatest 
potential due to the reduced logistics 
issues and ability to scale up manu-
facturing (rather than scale out). Both 
approaches, however, present tremen-
dous growth opportunities,” he concludes.
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Remote Monitoring and Big Data 
Advance Upstream Automation

Connected, integrated bioprocessing enterprises  
with greater data analytics capabilities are coming.

CYNTHIA A. CHALLENER

A     s upstream processing drives toward higher efficiencies 
in meeting demand, it requires optimizing the current 
state of manufacturing with the goal of achieving real-

time release and an adaptive plant. Automation is necessary to 
achieve these goals, according to Amy Doucette, global head of 
pharma solutions engineering and business development for the 
automated products group of Applied Materials. “The confluence 
of big data with an increase in computing power provides com-
panies the opportunity to conquer high-value problems, which 
historically were too complex and unscalable to solve,” she says.

Throughout the pharma industry, not just in upstream bio-
processing, there is, adds Dorizon Navarro, life sciences industry 
consultant at Rockwell Automation, an explosion of the inte-
gration of multiple different technologies to provide functional 
capabilities that not long ago seemed infeasible. “Industry 4.0 
and advancements in analytics call on automation systems to 
act as data sources and smart devices for artificial intelligence 
(AI) and data analytic systems doing everything from preventive 
maintenance predictions to real-time product release,” he says. 

The COVID-19 pandemic has only accelerated these trends.

BRINGING FLEXIBILITY AND 
INCREASED PROCESS INTELLIGENCE
Upstream bioprocess manufacturing is being discussed from 
many different angles, including automation. “Connected, 
continuous, and process analytical technology (PAT) solu-
tions that bring more process intelligence and quality 
decisions to the factory floor are becoming more com-
mon,” asserts Marc Sinclair, principal automation engineer 
at Cytiva. For instance, he notes that standard solutions 
that give the flexibility to use the bioprocess hardware in 
multi-product environments are expected, as are solutions 
that can be rapidly deployed and easily scaled, thus helping 
manufacturers get to market faster. A key component of 
those solutions, adds Chris Sandusky, director of automation 
solutions and product and lifecycle management for Cytiva, 
is more effective data management that allows for simpler, 
data-driven decision making. 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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Specific examples include the adop-
tion of single-use systems, particularly 
mobile systems designed for ballroom 
manufacturing and solutions that address 
the unique process control challenges 
associated with continuous processing, 
according to Navarro. New therapeutic 
modalities, most notably personalized 
medicines, also present unique automa-
tion challenges that cannot be solved 
using more traditional batch monoclonal 
antibody automation systems. “Logistical 
integrations and introduction of bench-
top equipment require automation to 
venture into realms previously untrod,” 
Navarro observes. “The desire to produce 
‘batches of one’ presents very special auto-
mation challenges when it comes to both 
automation and batch validation,” he 
continues. Engineered solutions utilizing 
closed systems and integrated disposable 
instruments only further complicate the 
functionality automation provides.

Automation creates unique sampling 
needs as well, according to Brian Follstad, 
director of upstream process develop-
ment at Catalent. In process development 
labs, for instance, he notes that the use of 
high-throughput culture systems such as 
the ambr15 and 250 from Sartorius have 
driven the need for automating sample 
handling and analytics. “A single ambr15 
experiment generates 48 samples daily, 
each requiring full analytics with the 
potential for the resulting data to impact 
cell culture feed decisions. Automating 
these activities would not only help 
reduce laboratory resource constraints 
and improve data integrity, but enable 
the incorporation of more advanced feed 
strategies involving PAT and product 
attribute control (PAC),” Follstad asserts. 

Increased interest in PAT has, in fact, 
driven an uptick in the use of inline 
sensors for real-time monitoring to 
maintain control of high-quality bio-
processing and improve data analytics, 
according to Doucette. As these tech-
nologies have advanced and automation 
has increased, the quality of the data has 
improved and data are now better lev-
eraged into clearer process understand-

ing, enabling advanced process control 
(APC), adds her colleague Lucas Vann, 
global CTO for pharma solutions engi-
neering within the automated products 
group of Applied Materials. 

“Automation feedback control loops 
and advanced machine learning models 
can be used as part of this approach for 
model predictive control. Integrated pro-
cess alerts help to determine prescriptive 
actions for critical events such as feed 
times or parameter shifts. The data can 
also be utilized to ratify which sensors are 
behaving accurately, including confirma-
tion of chemometric model predictions 
made via Raman or near infrared (NIR) 
spectroscopy techniques,” Vann explains. 

ADVANCES IN HARDWARE, 
SOFTWARE, EQUIPMENT,  
AND SENSORS/ANALYTICS
Flexible technology deployments have 
in general enabled products to be scaled 
up or scaled out more rapidly and thus 
launched more quickly with predictable 
cost, quality, and schedule, according 
to Sandusky. “Hardware advances give 
the opportunity for higher cell densi-
ties and improved scalability, software 
enables the flexible use of these systems 
and speeds their deployment, and sen-
sors and analytics help bring additional 
intelligence to the process to drive faster 
decisions regarding product quality,” 
Sinclair says.

Machine learning and AI capabili-
ties are moving to the production envi-
ronment, and as mobile equipment gets 
more advanced and cheaper, facility floor 
workers are being provided access to aug-
mented reality (AR) technology, accord-
ing to Navarro. In addition, he notes that 
computer processing technology has 
advanced sufficiently to allow some com-
plex analytics to occur at the device level. 
Cloud services, meanwhile, have been 
increasingly adopted by life sciences com-
panies, allowing for as-a-service subscrip-
tion models. “This approach can reduce 
capital project costs, as well as reduce 
overhead as systems can be maintained 
by the vendor,” Navarro says. 

In process development labs, Chris 
Demers, senior data process scientist–
automation with Catalent, points to the 
introduction of automated sampling sys-
tems such as Lonza’s MAST, SecureCell’s 
Numera, or Flownamics’ SegFlow as 
important for drastically reducing and 
even in some instances completely elim-
inating manual daily bioreactor sampling. 

“These systems integrate with metabo-
lite analyzers and cell counters and can 
be used for fraction collection for prod-
uct quality or direct integration with 
high-performance liquid chromatography 
instruments for at-line product concen-
tration measurements, blurring the lines 
between historical upstream, downstream, 
and analytics labs,” he states. 

The addition of on-line sensors and 
analytics are also important for incorpo-
rating PAT for PAC, according to Vann. 

“PAT enables upstream process develop-
ment teams to ‘close the loop’, meaning 
that a fully automated feedback control 
loop can be implemented to control 
nutrient additions to a bioreactor. The 
key component to all of this is software 
capable of integrating the variety of lab 
equipment and resulting data allowing 
for multivariate data analysis and process 
control,” he says.

Notable recent developments identi-
fied by Vann involve the incorporation 
of advanced sensors explicitly for control 
strategies instead of being used only for 
monitoring purposes. “Software is now 
providing the ability to implement hybrid 
models that combine standard data with 
PAT data, including mechanistic relation-
ships. This ability has enabled machine 
learning (ML) to be applied to the small 
number of large volume batches that 
often exist in large-scale bioprocessing 
facilities. Hybrid models have also been 
used for predicting yields and endpoints 
with the integration of optimization algo-
rithms for model predictive control in 
APC strategies,” he comments. 

Such innovations, Vann stresses, are 
critical to increasing digital maturity to 
the point where predictions can enable 
adaptation to inherent process variability 
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so that consistent performance and qual-
ity is maintained. Indeed, Doucette notes 
that by taking advantage of Industry 
4.0 technology, including smart sensors 
and AI/ML, biopharma organizations 
can reduce mundane tasks with decision 
automation and focus on capturing pro-
cess knowledge, reducing performance 
variability, and facilitating continuous 
learning for root-cause analysis of fail-
ures and process improvements, leading 
to more streamlined efforts that save 
time and money while still ensuring 
high-quality processes and products.

COVID-19 AS AN 
ACCELERATOR OF ADOPTION
The COVID-19 pandemic has impacted 
the biopharmaceutical industry in mul-
tiple ways. It has highlighted the depen-
dence the world has on the industry and 
how important it is for biopharma to 
evolve by adopting tools for both inte-
grating and orchestrating complex dig-
ital foundations, according to Doucette. 
It has also, notes Bruce Kane, life sci-
ences industry consultant for Rockwell 
Automation, forced the industry to find 
creative solutions to previously unfore-
seen problems. “While an evolution was 
already happening, the pandemic has 
been that serious push that the industry 
needed to fast-track digitalization proj-
ects and adopt next-generation manufac-
turing technologies,” Doucette agrees.

As with the 2009 flu pandemic, Vann 
believes the current pandemic has 
driven interest in improved process 
understanding, performance, and qual-
ity. “Companies are looking to reduce 
process development times and achieve 
more rapid product releases. There is 
also an increased demand for improved 
scheduling across the entire supply chain 
where ML can be utilized to better pre-
dict demand and subsequently update 
manufacturing schedules to maintain 
target stock supplies,” he comments. 
Consequently, there is clear demand for 
advanced analytics that are integrated 
from the process development stage to 
increase the speed of the implementa-

tion of model-based control at the pro-
duction scale and available as platform 
approaches that deliver end-to-end solu-
tions, according to Vann.

Follstad adds that the pandemic has 
in certain ways also made the adoption 
of automation more difficult as com-
panies attempt to balance the speed of 
technology transfer with new technol-
ogy implementation. Even so, he says 
the emergence of COVID-19 has made 
a very clear business case for the need 
for automation. “In the lab, for instance, 
automation technologies support remote 
work, allowing lab technicians to focus 
on data analysis and interpretation, rather 
than collecting data within the laboratory,” 
Follstad remarks.

The need for social distancing has also 
increased the need for and adoption of 
remote monitoring of automation equip-
ment with the plant, according to Kane. 
This pandemic has, notes Demers, cre-
ated a larger market for companies offer-
ing systems that enable remote support, 
monitoring, and AR by allowing teams of 
manufacturing operations support to not 
only have more eyes on the process, but 
work in a fully remote manner.

In fact, the technologies that pro-
vide these capabilities are experiencing 
an acceleration of functionality as more 
visual data, AI, AR, and virtual reality 
(VR) capability is integrated into the 
automation process, according to Kane. 

“The result has been the ability to employ 
different approaches for technology 
transfer that keep collected data and pro-
vide more accurate and transparent analy-
sis through the use of advanced analytics 
tools and thus enable much more rapid 
movement of processes from product 
development to production and from one 
site to another,” he observes. Overall, he 
believes the pandemic helped to increase 
the acceptance of digitalization and the 
advances that digital transformation has 
to offer the entire biopharma industry.

CHALLENGES TO ADOPTION
Despite the COVID-19 pandemic high-
lighting the need for further digitaliza-

tion and automation, many barriers to 
adoption of these advanced technologies 
for upstream bioprocessing—and across 
the pharma industry—remain, includ-
ing ensuring the security and integrity 
of remotely accessed data; the cost and 
schedule of the automated solutions; the 
potential for increased process opera-
tional complexity, contamination risks, 
batch characterization, process integra-
tion issues; infrastructure challenges; reg-
ulatory authority resistance; and access 
to people with the right combination of 
skills and abilities.

The first step in overcoming these 
hurdles is to have a solid, high-quality 
digital foundation to gather and use 
data, according to Doucette. It is also 
important to clearly identify goals and 
define the best fit for the automation 
and remote monitoring capabilities 
to be implemented, Navarro adds. He 
also notes that industry groups such as 
the National Institute for Innovation 
in Manufacturing Biopharmaceuticals 
and the BioPhorum Operations 
Group are bringing regulatory agen-
cies into the development of new 
technologies to gain guidance and 
facilitate adoption.

The need for new skillsets has been 
created by the widespread use of multi-
variate data analysis (MVDA) and the 
holistic evaluation of entire processes 
combined with the adoption of spec-
troscopic PAT, according to Demers. 
“The net result of all these efforts in 
MVDA and PAT is that we are gener-
ating data on an even larger scale, and 
data handling at this scale is typically 
the realm of data engineers and data 
scientists, who may have limited pro-
cess knowledge. There is a need for 
chemometricians not only skilled at 
pre-processing of spectra, but who also 
have process knowledge. Close col-
laboration and knowledge exchange 
between data engineers and process 
engineers is required to overcome these 
hurdles,” he asserts.

Contin. on page 46 
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A Unified Approach for Scaling 
Bioprocess Unit Operations

A unified scale-up approach, as presented here, 
can be applied to any unit operation.

JOSHUA ARIAS AND MANI VINAY KUMAR KOTIPALLI

S uccessful scale-up of bioprocess steps is a key activity 
for any drug, from lab to pilot scale, pilot to clinical 
manufacturing, clinical to commercial manufacturing, 

and post-approval technology transfers. Sucessful scale-up  
results in timely startup and consistent, uneventful processing. 
Unsuccessful scale-up can lead to delays in project timelines 
(e.g., delays in start of clinic trials or inability to meet mar-
ket demand) and/or intermittent process deviations taxing 
the manufacturing manufacturing science and technology 
(MSAT) quality groups with deviation investigations.

In recent years, the biopharmaceutical industry has 
trended toward increased outsourcing of drug manufacturing 
to provide additional manufacturing capacity or to comple-
ment existing, internal capacity. Outsourcing adds another 
dimension to multi-dimensional technology transfer projects, 
making effective scale-up increasingly important to ensure 
uneventful and on-time process transfer and manufacture. It 
should be noted that technology transfer projects will not 
always require process scale up. It is possible that the receiv-
ing facility may operate at a smaller scale. In these cases, the 

principles introduced here for process scale-up apply equally 
well to process scale-down.

This article presents a unified scale-up approach that can 
be applied to any unit operation. Practical scaling techniques 
are presented for upstream and downstream unit operations 
commonly found in a typical monoclonal antibody (mAb) 
process. Finally, a case study is presented.

A UNIFIED SCALE-UP APPROACH
The goal of scale up is to produce comparable drug substance 
(DS) and drug product at the larger scale. One way to achieve 
this is to employ the Similarity Principle, which states that this 
equivalence is established by, first, specifying certain levels of 
similarity for the two systems at different scales and, second, by 

JOSHUA ARIAS*, Joshua.arias@milliporesigma.com, is technical 
leader, BioReliance End to End Solutions, MilliporeSigma, and 
MANI VINAY KUMAR KOTIPALLI is process engineer, Drug 
Substance Technology & Engineering, Amgen. 
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maintaining certain critical or key process 
parameters equivalent at corresponding 
points between the small- and large-scale 
processes (1).  Similarity can be main-
tained based on geometric, mechanical, 
thermal, or chemical characteristics.  

Geometric similarity refers to linear 
dimensions. For some processes, main-
taining a key linear dimension unchanged, 
such as the feed channel path length 
for ultrafiltration/diafiltration (UFDF) 
devices and bed height for chromatogra-
phy column steps, will help ensure equiv-
alent process performance. For bioreactor 
processes, maintaining similar ratios of 
key linear dimensions refers to spatial 
dimensions, such as constant aspect ratio 
(H/T) and impeller-to-tank diameter 
ratio (D/T) (see Figure 1). 

Mechanical similarity refers to process 
variables normalized for dimension to 
compare variables independent of scale. 
One example is similar pressures, such 
as a process set point in a constant pres-
sure filtration step compared to similar 
pressure profiles on a constant flow depth 
filtration step. Another example is the 
expression of flow rates as velocities, such 
as a UFDF cross flow (L/m2/min) or a 
bioreactor gas sparge rate expressed as a 
superficial velocity. Other similarity lev-
els can be based on thermal similarity, 
such as a process temperature value for a 
bioreactor process or a hydrophobic chro-
matographic column step, or chemical 
similarity, such as chromatography buffer 
component concentrations.

Once the similarity levels are specified, 
a “scaling rule” for the process can be 
established by expressing the similarity 
as criteria that are simple ratios of mea-
surements, fluxes, or forces. For example, 
two criteria for scaling a normal flow fil-
tration step, such as a sterilizing-grade 
membrane step or a virus filtration step, 
can be same separation and productivity. 
Because the separation performance of 
a membrane step is determined by the 
membrane characteristics (e.g., pore size, 
number of membrane layers, pore struc-
ture), using the same membrane at both 
scales will ensure the same performance. 

Next, using a mathematical model that 
describes membrane performance will 
help identify how to scale this process 
to ensure the same productivity at both 
scales. Most biopharmaceutical process 
streams can be described by the gradual 
pore plugging model (Equation 1):

NOTE: 11 Equations in total 
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[Eq. 1]

Because the same membrane will be 
used at both scales, the membrane per-
meability (Lm) will remain the same, and, 
assuming the feedstock plugging profile 
or filterability remains the same, the max-
imum filtration volume (Vmax) will also 
be the same. Therefore, to maintain the 
same filtration productivity (time), the fil-
tration pressure (P) and throughput, or 
volumetric loading (VB/A) must be main-
tained at constant. For larger scales and 
increased process volumes (VB), constant 
loading is achieved by proportionally 
increasing filter area. Intuitively, it would 
make sense to select a filter that is twice 
as large in filtration area, if the goal is to 
filter twice as much volume. However, 
this section shows how one can arrive 
at rational scaling rules by employing 

the Similarity Principle. Using this same 
approach, scaling rules can be developed 
for other bioprocess unit operations. A 
summary is provided in Table I. A list of 
abbreviations used in the table and in this 
article is provided in Table II.

PRACTICAL 
SCALING TECHNIQUES
Several practical techniques can be 
employed for scaling bioprocess applica-
tions: linear, predictive, and hybrid scaling 
techniques. These are described as follows.

Linear scaling requires the use of 
representative feed and a “scale-down” 
element that is used to develop scaling 
information. The scale-down element 
is the smallest element available that 
maintains the appropriate similarity 
levels with the large- or process-scale 
unit operation—for example, dimen-
sions (geometry), flow (mechanical), and 
concentrations (chemical)—to ensure 
successful scale up. As a simple exam-
ple, consider scale up of a microfiltration 
normal flow filtration (NFF) step with a 
target filtration time of 1.5 hours and fil-
tration pressure of 10 psig.  Using repre-
sentative feed material, a bench-scale trial 
can be performed with a scale-down ele-
ment (e.g., Optiscale 3.5cm2 test device, 
MilliporeSigma). At process time t=1.5 
hr, the filtration volume is recorded. This 
volume corresponds to the throughput 
(L/m2) for that feed stream and mem-

Downstream Processing

Figure 1. Bioreactor geometric similarity.
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Unit operation
Scaling rule

Practice Scale by
Criteria Mathematical

Bioreactor* Same expression, 
productivity

Maintain solution homogeneity,

Note: 3 Tables + an abbreviation table in total 

 

Table I. Bioprocess unit operation scaling. 

Unit operation 
Scaling rule Practice Scale by Criteria Mathematical 

Bioreactor* Same expression, productivity 

Maintain solution homogeneity, 
𝑃𝑃
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=
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Maintain cell oxygenation 
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Same P/V 
Same kLa 

Increase bioreactor 
volume 

(maintain geometric 
similarity) 

Normal flow 
filtration 

Same separation (protein–
particle), productivity 

Maintain same filtration performance 
(throughput [L/m2] vs. t, 
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𝐿𝐿(∆𝑃𝑃 3𝐴𝐴𝑉𝑉)
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6
	 

t = batch time, Lm = membrane 
permeability, DP = filtration pressure,       

A = filtration area, VB = batch size,          
Vmax = maximum throughput 

Same driving force (e.g. filtration 
pressure or same filtration flow rate) Increasing filter area 

Depth filtration Same separation (protein–
particle), productivity 

Maintain same resistance, R 

𝑅𝑅 = 	
∆P
𝑄𝑄

= 𝑎𝑎,𝑉𝑉-# + 𝑎𝑎.𝑉𝑉-. + 𝑎𝑎.𝑉𝑉- + 𝑎𝑎/ 

R = resistance, DP = pressure drop, Q = 
flux, VT = throughput 

Same flux (Q) 
Same pressure drop (DP) 

Increasing filter area 
(Same filter depth; 

increase length, 
breadth) 

Chromatography Same separation (protein–protein–
molecular Impurity), productivity 

Maintain same no. of plates (N), Loading 
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NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C = 

constants, A’ = column CA area, C’ = 
concentration, tL = load time 

Same bed height (L), packing (A),  
fluid linear velocity (v), 

same loading (mass protein/resin 
volume), same ultraviolet collection 

criteria 

Increasing resin  
volume  

(Increase bed 
diameter) 

Tangential flow 
filtration 

Same separation (protein–buffer), 
productivity 

Maintain same polarization 

𝑃𝑃𝑃𝑃 =
𝐶𝐶8*99
𝐶𝐶:;9<

= 𝑒𝑒𝑒𝑒𝑒𝑒 )
𝐽𝐽
𝑘𝑘
* 

PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow 

Same permeate flux (J), 
Same crossflow (Q) 

Increasing filter area 
(Same channel length, 

height; increase  
channel width) 

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention.  Bioreactor scaling is described in more detail in a following section. 

 

 

 

Table of abbreviations. 

A Filtration (membrane) area (m2) 
A’ Column cross-sectional area (cm2) 
Cbulk Protein bulk concentration (g/L) 
Cgel Protein concentration at membrane surface 

(Cwall) (g/L) 
C’ Load concentration (g/mL) 
D Impeller diameter (m) 
H Bioreactor height (m) 
HETP Height equivalent to theoretical plate 

(cm/plate) 
J Permeate flux (L/m2/hr) 
k Mass transfer coefficient (L/m2/hr or m/s) 
kLa Volumetric mass transfer coefficient (1/sec) 

Maintain cell oxygenation

Note: 3 Tables + an abbreviation table in total 
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Same P/V 
Same kLa 

Increase bioreactor 
volume 

(maintain geometric 
similarity) 

Normal flow 
filtration 

Same separation (protein–
particle), productivity 

Maintain same filtration performance 
(throughput [L/m2] vs. t, 
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t = batch time, Lm = membrane 
permeability, DP = filtration pressure,       

A = filtration area, VB = batch size,          
Vmax = maximum throughput 

Same driving force (e.g. filtration 
pressure or same filtration flow rate) Increasing filter area 

Depth filtration Same separation (protein–
particle), productivity 

Maintain same resistance, R 

𝑅𝑅 = 	
∆P
𝑄𝑄

= 𝑎𝑎,𝑉𝑉-# + 𝑎𝑎.𝑉𝑉-. + 𝑎𝑎.𝑉𝑉- + 𝑎𝑎/ 

R = resistance, DP = pressure drop, Q = 
flux, VT = throughput 

Same flux (Q) 
Same pressure drop (DP) 

Increasing filter area 
(Same filter depth; 

increase length, 
breadth) 

Chromatography Same separation (protein–protein–
molecular Impurity), productivity 

Maintain same no. of plates (N), Loading 
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NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C = 

constants, A’ = column CA area, C’ = 
concentration, tL = load time 

Same bed height (L), packing (A),  
fluid linear velocity (v), 

same loading (mass protein/resin 
volume), same ultraviolet collection 

criteria 

Increasing resin  
volume  

(Increase bed 
diameter) 

Tangential flow 
filtration 

Same separation (protein–buffer), 
productivity 

Maintain same polarization 

𝑃𝑃𝑃𝑃 =
𝐶𝐶8*99
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PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow 

Same permeate flux (J), 
Same crossflow (Q) 

Increasing filter area 
(Same channel length, 

height; increase  
channel width) 

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention.  Bioreactor scaling is described in more detail in a following section. 

 

 

 

Table of abbreviations. 

A Filtration (membrane) area (m2) 
A’ Column cross-sectional area (cm2) 
Cbulk Protein bulk concentration (g/L) 
Cgel Protein concentration at membrane surface 

(Cwall) (g/L) 
C’ Load concentration (g/mL) 
D Impeller diameter (m) 
H Bioreactor height (m) 
HETP Height equivalent to theoretical plate 

(cm/plate) 
J Permeate flux (L/m2/hr) 
k Mass transfer coefficient (L/m2/hr or m/s) 
kLa Volumetric mass transfer coefficient (1/sec) 

Same P/V
Same kLa

Increase bioreactor 
volume (maintain 

geometric similarity)

Normal flow filtration
Same separation 

(protein–particle), 
productivity

Maintain same filtration performance 
(throughput [L/m2] vs. t,

Note: 3 Tables + an abbreviation table in total 
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Same P/V 
Same kLa 

Increase bioreactor 
volume 

(maintain geometric 
similarity) 

Normal flow 
filtration 

Same separation (protein–
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Maintain same filtration performance 
(throughput [L/m2] vs. t, 
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t = batch time, Lm = membrane 
permeability, DP = filtration pressure,       

A = filtration area, VB = batch size,          
Vmax = maximum throughput 

Same driving force (e.g. filtration 
pressure or same filtration flow rate) Increasing filter area 

Depth filtration Same separation (protein–
particle), productivity 

Maintain same resistance, R 

𝑅𝑅 = 	
∆P
𝑄𝑄

= 𝑎𝑎,𝑉𝑉-# + 𝑎𝑎.𝑉𝑉-. + 𝑎𝑎.𝑉𝑉- + 𝑎𝑎/ 

R = resistance, DP = pressure drop, Q = 
flux, VT = throughput 

Same flux (Q) 
Same pressure drop (DP) 

Increasing filter area 
(Same filter depth; 

increase length, 
breadth) 

Chromatography Same separation (protein–protein–
molecular Impurity), productivity 

Maintain same no. of plates (N), Loading 
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NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C = 

constants, A’ = column CA area, C’ = 
concentration, tL = load time 

Same bed height (L), packing (A),  
fluid linear velocity (v), 

same loading (mass protein/resin 
volume), same ultraviolet collection 

criteria 

Increasing resin  
volume  

(Increase bed 
diameter) 

Tangential flow 
filtration 

Same separation (protein–buffer), 
productivity 

Maintain same polarization 

𝑃𝑃𝑃𝑃 =
𝐶𝐶8*99
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PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow 

Same permeate flux (J), 
Same crossflow (Q) 

Increasing filter area 
(Same channel length, 

height; increase  
channel width) 

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention.  Bioreactor scaling is described in more detail in a following section. 

 

 

 

Table of abbreviations. 

A Filtration (membrane) area (m2) 
A’ Column cross-sectional area (cm2) 
Cbulk Protein bulk concentration (g/L) 
Cgel Protein concentration at membrane surface 

(Cwall) (g/L) 
C’ Load concentration (g/mL) 
D Impeller diameter (m) 
H Bioreactor height (m) 
HETP Height equivalent to theoretical plate 

(cm/plate) 
J Permeate flux (L/m2/hr) 
k Mass transfer coefficient (L/m2/hr or m/s) 
kLa Volumetric mass transfer coefficient (1/sec) 

t = batch time, Lm = membrane permeability, 
P = filtration pressure, A = filtration area, VB 

= batch size, Vmax = maximum throughput

Same driving force (e.g., 
filtration pressure or same 

filtration flow rate
Increasing filter area

Depth filtration
Same separation 

(protein–particle), 
productivity

Maintain same resistance, R

Note: 3 Tables + an abbreviation table in total 
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Same P/V 
Same kLa 

Increase bioreactor 
volume 

(maintain geometric 
similarity) 

Normal flow 
filtration 

Same separation (protein–
particle), productivity 

Maintain same filtration performance 
(throughput [L/m2] vs. t, 
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t = batch time, Lm = membrane 
permeability, DP = filtration pressure,       

A = filtration area, VB = batch size,          
Vmax = maximum throughput 

Same driving force (e.g. filtration 
pressure or same filtration flow rate) Increasing filter area 

Depth filtration Same separation (protein–
particle), productivity 

Maintain same resistance, R 

𝑅𝑅 = 	
∆P
𝑄𝑄

= 𝑎𝑎,𝑉𝑉-# + 𝑎𝑎.𝑉𝑉-. + 𝑎𝑎.𝑉𝑉- + 𝑎𝑎/ 

R = resistance, DP = pressure drop, Q = 
flux, VT = throughput 

Same flux (Q) 
Same pressure drop (DP) 

Increasing filter area 
(Same filter depth; 

increase length, 
breadth) 

Chromatography Same separation (protein–protein–
molecular Impurity), productivity 

Maintain same no. of plates (N), Loading 
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NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C = 

constants, A’ = column CA area, C’ = 
concentration, tL = load time 

Same bed height (L), packing (A),  
fluid linear velocity (v), 

same loading (mass protein/resin 
volume), same ultraviolet collection 

criteria 

Increasing resin  
volume  

(Increase bed 
diameter) 

Tangential flow 
filtration 

Same separation (protein–buffer), 
productivity 

Maintain same polarization 

𝑃𝑃𝑃𝑃 =
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PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow 

Same permeate flux (J), 
Same crossflow (Q) 

Increasing filter area 
(Same channel length, 

height; increase  
channel width) 

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention.  Bioreactor scaling is described in more detail in a following section. 

 

 

 

Table of abbreviations. 

A Filtration (membrane) area (m2) 
A’ Column cross-sectional area (cm2) 
Cbulk Protein bulk concentration (g/L) 
Cgel Protein concentration at membrane surface 

(Cwall) (g/L) 
C’ Load concentration (g/mL) 
D Impeller diameter (m) 
H Bioreactor height (m) 
HETP Height equivalent to theoretical plate 

(cm/plate) 
J Permeate flux (L/m2/hr) 
k Mass transfer coefficient (L/m2/hr or m/s) 
kLa Volumetric mass transfer coefficient (1/sec) 

R = resistance, P = pressure drop, Q = 
flux, VT = throughput

Same flux (Q)
Same pressure drop (P)

Increasing filter area (Same 
filter depth; increase 

length, breadth)

Chromatography

Same separation 
(protein–protein–

molecular Impurity), 
productivity

Maintain same no. of plates (N), Loading

Note: 3 Tables + an abbreviation table in total 
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Same P/V 
Same kLa 

Increase bioreactor 
volume 

(maintain geometric 
similarity) 
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filtration 
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Maintain same filtration performance 
(throughput [L/m2] vs. t, 
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t = batch time, Lm = membrane 
permeability, DP = filtration pressure,       

A = filtration area, VB = batch size,          
Vmax = maximum throughput 

Same driving force (e.g. filtration 
pressure or same filtration flow rate) Increasing filter area 

Depth filtration Same separation (protein–
particle), productivity 

Maintain same resistance, R 

𝑅𝑅 = 	
∆P
𝑄𝑄

= 𝑎𝑎,𝑉𝑉-# + 𝑎𝑎.𝑉𝑉-. + 𝑎𝑎.𝑉𝑉- + 𝑎𝑎/ 

R = resistance, DP = pressure drop, Q = 
flux, VT = throughput 

Same flux (Q) 
Same pressure drop (DP) 

Increasing filter area 
(Same filter depth; 

increase length, 
breadth) 

Chromatography Same separation (protein–protein–
molecular Impurity), productivity 

Maintain same no. of plates (N), Loading 
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NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C = 

constants, A’ = column CA area, C’ = 
concentration, tL = load time 

Same bed height (L), packing (A),  
fluid linear velocity (v), 

same loading (mass protein/resin 
volume), same ultraviolet collection 

criteria 

Increasing resin  
volume  

(Increase bed 
diameter) 

Tangential flow 
filtration 

Same separation (protein–buffer), 
productivity 

Maintain same polarization 

𝑃𝑃𝑃𝑃 =
𝐶𝐶8*99
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PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow 

Same permeate flux (J), 
Same crossflow (Q) 

Increasing filter area 
(Same channel length, 

height; increase  
channel width) 

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention.  Bioreactor scaling is described in more detail in a following section. 

 

 

 

Table of abbreviations. 

A Filtration (membrane) area (m2) 
A’ Column cross-sectional area (cm2) 
Cbulk Protein bulk concentration (g/L) 
Cgel Protein concentration at membrane surface 

(Cwall) (g/L) 
C’ Load concentration (g/mL) 
D Impeller diameter (m) 
H Bioreactor height (m) 
HETP Height equivalent to theoretical plate 

(cm/plate) 
J Permeate flux (L/m2/hr) 
k Mass transfer coefficient (L/m2/hr or m/s) 
kLa Volumetric mass transfer coefficient (1/sec) 

NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C 
= constants, A’ = column CA area, C’ = 

concentration, tL = load time

Same bed height (L), packing 
(A), fluid linear velocity (v),

same loading (mass protein/
resin volume), same 

ultraviolet collection criteria

Increasing resin 
volume (Increase bed 

diameter)

Tangential flow 
filtration

Same separation 
(protein–buffer), 

productivity

Maintain same polarization

Note: 3 Tables + an abbreviation table in total 

 

Table I. Bioprocess unit operation scaling. 

Unit operation 
Scaling rule Practice Scale by Criteria Mathematical 

Bioreactor* Same expression, productivity 

Maintain solution homogeneity, 
𝑃𝑃
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volume 

(maintain geometric 
similarity) 

Normal flow 
filtration 

Same separation (protein–
particle), productivity 

Maintain same filtration performance 
(throughput [L/m2] vs. t, 
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t = batch time, Lm = membrane 
permeability, DP = filtration pressure,       

A = filtration area, VB = batch size,          
Vmax = maximum throughput 

Same driving force (e.g. filtration 
pressure or same filtration flow rate) Increasing filter area 

Depth filtration Same separation (protein–
particle), productivity 

Maintain same resistance, R 
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R = resistance, DP = pressure drop, Q = 
flux, VT = throughput 

Same flux (Q) 
Same pressure drop (DP) 

Increasing filter area 
(Same filter depth; 
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NTP = no. of theoretical plates, L = bed 
height, H = HETP, v = fluid velocity. A, C = 

constants, A’ = column CA area, C’ = 
concentration, tL = load time 

Same bed height (L), packing (A),  
fluid linear velocity (v), 

same loading (mass protein/resin 
volume), same ultraviolet collection 

criteria 

Increasing resin  
volume  

(Increase bed 
diameter) 

Tangential flow 
filtration 

Same separation (protein–buffer), 
productivity 

Maintain same polarization 
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PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow 

Same permeate flux (J), 
Same crossflow (Q) 

Increasing filter area 
(Same channel length, 

height; increase  
channel width) 

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention.  Bioreactor scaling is described in more detail in a following section. 

 

 

 

Table of abbreviations. 

A Filtration (membrane) area (m2) 
A’ Column cross-sectional area (cm2) 
Cbulk Protein bulk concentration (g/L) 
Cgel Protein concentration at membrane surface 

(Cwall) (g/L) 
C’ Load concentration (g/mL) 
D Impeller diameter (m) 
H Bioreactor height (m) 
HETP Height equivalent to theoretical plate 

(cm/plate) 
J Permeate flux (L/m2/hr) 
k Mass transfer coefficient (L/m2/hr or m/s) 
kLa Volumetric mass transfer coefficient (1/sec) 

PI = polarization index, Cw, Cb = wall and 
bulk protein concentration, J = permeate 

flux, k = f(Q), Q = crossflow

Same permeate flux (J),
Same crossflow (Q)

Increasing filter area (Same 
channel length, height; 

increase 
channel width)

*Bioreactor systems are not linearly scalable as are other unit operations and deserves special attention. Bioreactor scaling is described in more 
detail in a following section.

Table I. Bioprocess unit operation scaling.

Table  of abbreviations

A Filtration (membrane) area (m2) P Power (W)

A’ Column cross-sectional area (cm2) Q Ultrafiltration/diafiltration (UFDF) feed flow rate (L/min/m2 or L/m2/hr)

Cbulk Protein bulk concentration (g/L) R Resistance (psig/L/m2/hr)

Cgel Protein concentration at membrane surface (Cwall) (g/L) t Filtration time (hr)

C’ Load concentration (g/mL) tL Load time (hr)

D Impeller diameter (m) T Bioreactor diameter (m)

H Bioreactor height (m) v Fluid linear velocity (cm/hr)

HETP Height equivalent to theoretical plate (cm/plate) VT Volumetric throughput (L/m2)

J Permeate flux (L/m2/hr) V Volume (m3)

k Mass transfer coefficient (L/m2/hr or m/s) VB Filtration batch volume (L)

kLa Volumetric mass transfer coefficient (1/sec) Vmax Filtration volume capacity (L/m2)

L Column bed height (cm) Vresin Resin bed volume (g/L)

Lm Membrane permeability (L/m2/hr/Pa) P Differential (filtration) pressure (Pa or psig)

Mprotein Batch protein mass (g) ρL Fluid density (kg/m3)

N Impeller agitation rate (1/sec) Θm Mixing (sec or min)

NP Impeller power number (dimensionless) νs Superficial (sparged) gas velocity (m/sec)

NTP Number of theoretical plates

Table II. Table of Abbreviations.
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brane at the target filtration pressure and 
time. Using this information, the pro-
cess can be linearly scaled. For exam-
ple, if 350 mL were processed through 
the scale-down test device (3.5 cm2) in 
1.5 hours (at 10 psig), the throughput is 
1000 L/m2 (=0.35 L/0.00035 m2). For 
a 2000-L process, 2 m2 of filter area 
would be required to complete filtration 
in 1.5 hr. at 10 psig. In practice, a safety 
factor would be applied to the calculated 
(minimum) membrane area to allow for 
normal process and filter variability (2).

Predictive scaling uses a well-tested 
and “trusted” model to estimate critical 
scaling parameters and to predict large-
scale performance behavior. One example 
is the gel model used for UFDF applica-
tion, which describes the permeate flux 
as a function of the bulk protein con-
centration. Using experimental data that 
include permeate flux and bulk concen-
tration, the gel model (Equation 2) can 
be used to predict process-scale perfor-
mance including the optimum concen-
tration for diafiltration (3).

NOTE: 11 Equations in total 
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[Eq. 2]

Another example is the Vmax method 
used for constant pressure NFF filtration 
steps. Similar to the gel model used for 
UFDF applications, the Vmax method uses 
a set of experimental data (filtrate volume 
and time) to predict process performance 
by employing the gradual pore plugging 
(GPP) model. The experimental data are 
used to calculate the maximum volume 
that can be filtered through a membrane 
on a per unit area basis, the Vmax value (4). 
Once the Vmax value has been calculated, 
process-scale performance can be pre-
dicted including the required membrane 
area using Equation 3:

NOTE: 11 Equations in total 
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[Eq. 3]

Taking the example presented above 
(scale up of a microfiltration normal flow 
filtration step using the linear scaling 
technique), the predictive scaling tech-
nique could be used as an alternative 
approach. Here, rather than extending 
the “scale-down” test run to the target 
1.5-hr filtration time, the bench-scale test 
could be run for 10–20 minutes at the 
same 10 psig filtration pressure. The GPP 
model could then be used to calculate the 
Vmax value and predict performance at a 
1.5-hr batch time at any scale.

Finally, the hybrid scaling technique 
takes advantage of the linear scalability 
of scale-down models and the predictive 
power of models to successfully scale up 
processes. Generally, key parameters are 
maintained constant (e.g., flux, N, or # of 
plates in a column), while “cautious liber-
ties” are taken with less critical parame-
ters (e.g., process time, loading in UFDF). 
The following shows an example of a 
UFDF process that was tested at a feed 
volume loading of 50 L/m2 at the pro-
cess development-scale (e.g., to accelerate 
test time) but scaled up to a 200-L/m2 
volume at the process- or manufactur-
ing-scale (see Figure 2).

In this example, the cross flow, trans-
membrane pressure, and flux are main-
tained constant, and only the loading 

(and process time) are varied.  Generally, 
a small-scale verification run at the tar-
get manufacturing loading would be 
recommended.  The hybrid scaling 
technique offers a “best of both worlds” 
approach and often represents a robust 
method for scaling.

It should be noted that the success of 
these scaling techniques depends on the 
use of time-tested and “trusted” mod-
els and appropriate scale-down models 
that have the appropriate similarity levels.  
The validity of the scale-down model 
must be tested, verified, and confirmed.

BIOREACTOR SCALE UP
As described earlier, the Similarity 
Principle provides an approach for pro-
cess scale up that relies on maintaining 
certain appropriate levels of similarity 
and critical, or key, process parameters 
constant across scales.  The ideal case 
is to achieve complete similarity levels.  
Bioreactor scale up requires special con-
sideration because complete similarity is 
not possible. Several scaling rules can be 
applied to bioreactor scale up, but it is 
not possible to faithfully apply all rules. In 
this way, bioreactor scale up employs par-
tial similarity.  The bioprocess engineer 
must rely on industry experience and best 
practices to determine which scaling rules 

Downstream Processing

Figure 2. Ultrafiltration/diafiltration scale up using hybrid technique.
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will be used to ensure that partial similar-
ity enables successful scale up.

In this section, the various scaling 
rules available for bioreactor scale up are 
described. Examples are discussed, which 
illustrate that it is not possible to maintain 
a constant for all scale-up criteria constant.  
Finally, a best-practice approach for biore-
actor scale up is described.

At a high level, for mammalian cell 
culture processes, bioreactor scaling con-
cerns two critical bioreactor performance 
characteristics: mixing (solution homo-
geneity) and mass transfer (oxygenation, 
and carbon dioxide [CO2] stripping).  
Along with geometric similarity, bioreac-
tors can be scaled by maintaining some, 
but not all, of the following engineering 
parameters constant:

• Geometric similarity: there are 
two geometric similarities that 
are ideally held constant across 
scales—first, the bioreactor aspect 
ratio (H/T), which is the ratio of 
the full volume liquid (H) to the 
tank diameter (T) and, second, 
the ratio of the impeller diameter 
(D) to the tank diameter (T) or 
D/T. For mammalian cell culture 
processes, bioreactor H/T is 
typically in the range of 1.5–2.0 
and D/T is typically in the range 
of 1/3–1/2. Manufacturers will 
commonly have many production 
bioreactors distributed across 
multiple manufacturing sites 
that may also include contract 
manufacturing partners. The 
bioreactors may have different 
designs (i.e., H/T and D/T) and 
even include different sparger 
types as well as different impeller 
types and placement. In these 
instances, geometric similarity 
is not possible. For single-use 
production, several single-use 
bioreactor suppliers provide a 
family of bioreactors that are 
geometrically similar over a 40x 
production scale.

• Mixing time: good mixing is 
required to ensure even distribution 

of dissolved gases, nutrients, 
and cells, and to enable effective 
process control (e.g., pH, dissolved 
oxygen [DO], and temperature). 
Appropriate mixing will minimize 
the l ikelihood that cel ls are 
exposed to localized areas of low 
DO and minimize the time that 
cells are exposed to high pH due 
to bolus titrant addition. Mixing 
can be accelerated by increasing the 
impeller agitation rate; however, 
increased agitation rates wil l 
also increase impeller tip speed, 
which can result in cell damage. 
Therefore, mix ing must be 
balanced with the need to provide 
a healthy environment for the cells 
(i.e., low shear). Generally, mixing 
times are not held constant and 
increase with scale. Scaling at 
constant mixing time would result 
in increased P/V values that can be 
excessively high at larger scales (5).

It should be noted that, beyond bio-
reactor systems, tank mixing in gen-
eral is an important scale-up activity, 
and this includes buffer tanks, process 
pooltanks, and process pool condition-
ing tanks. Mixing should be confirmed 
for each tank with a relevant solution; 
although, a matrix/family approach 
may be used with appropriate justifica-
tion as follows:

• Tip speed: as the impeller(s) 
rotates to provide mixing, the 
outer edge of the impeller blades 
create shear as they rotate through 
the liquid, which, at sufficiently 
high agitation rates, could damage 
cells. Historically, tip speed, Vtip 
= πDN (Equation 4), has been 
used as an indicator of the shear 
potential near the impeller blade 
edge. Scaling with constant tip 
speed would ensure that cells will 
not be subjected to increased shear 
at larger scales. It should be noted 
that the equation for tip speed does 
not take into consideration the 
impeller type/design, which may 
also contribute to the levels of shear 

produced. Typically, tip speeds <2 
m/s are considered appropriate for 
mammalian cells (6).

• Power per unit volume (P/V): 
P/V is a measure of the power 
imparted by the impellers to the 
solution volume, calculated by 
Equation 5:

NOTE: 11 Equations in total 
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[Eq. 5]

• For a given bioreactor system, 
the agitation rate N is varied to 
maintain P/V constant across 
scales. P/V can be expressed in 
units of W/m3 or W/kg (energy 
dissipation rate). It has been 
shown to affect the mass transfer 
coeff icient and is often used 
to create predictive modeling 
correlations (5). 

• Oxygen mass transfer coefficient 
(kLa): one of the critical functions 
of a bioreactor system is to supply 
oxygen to the cells. kLa is a key 
parameter that characterizes the 
rate at which a bioreactor system 
is able to supply dissolved oxygen. 
Often the kLa is characterized 
as a function of P/V and the 
superficial gas velocity (m/s) of 
the sparged gas (e.g., air, O2) as 
shown in Equation 6:

NOTE: 11 Equations in total 
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[Eq. 6]

SELECTING 
SCALE-UP PARAMETER
As noted earlier, it is not possible to 
maintain all scaling parameters constant 
for bioreactor operations. The biopro-
cess engineer must select which criti-
cal engineering parameters to maintain 
constant to ensure performance equiv-
alency and which parameters can be 
allowed to vary with scale.

Downstream Processing
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In order to maintain P/V constant, 
Equation 5 must be equal at both scales 
(e.g., “pilot scale” and large scale) (see 
Equation 7). 

NOTE: 11 Equations in total 
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[Eq. 7]

The liquid density (ρL) can be 
taken to be constant. Keeping geo-
metric similarity, bioreactor vol-
ume (V ) can be expressed in terms 
of impeller diameter (D). And using 
the same impeller type, configuration, 
and spacing in geometrically simi-
lar reactors with fully-developed tur-
bulent flow (Re > 10,000), NP can 
be taken to be constant. Equation 
7 can be simplified to Equation 8: 

NOTE: 11 Equations in total 
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[Eq. 8]
Re-arranging to place in terms of 

agitation rate at the large scale (NLS) 
gives Equation 9:
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[Eq. 9]

Equation 8 shows that the agita-
tion rate must be deceased propor-
tionally to the impeller diameter ratio 
to the 2/3 power. Similarly, main-
taining tip speed constant would 
require the use of Equation 10, 
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[Eq. 10]

which can be re-arranged in 
terms of large-scale agitation rate to 
Equation 11:
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[Eq. 11]

Equation 11 shows that agitation 
rate must again be decreased proportional 
to the impeller diameter ratio.

Finally, for mixing time, the observa-
tion was made by Sieblist et al. (7) that, 
for geometrically similar tanks with 
fully-developed turbulent flow (Re 
> 10,000) and same impeller type, con-
figuration, and spacing, the number of 
times the impellers must turn to achieve 
homogeneity (the mixing number) was 
constant. This relationship was demon-
strated for bioreactors ranging from 100 
L to 12,000L. This relationship can be 
expressed in Equation 12:
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[Eq. 12]

Here, in order to maintain mixing 
time (Θm) constant at the large scale, the 
agitation rate (N) should also be kept 
constant.

From this analysis, it is clear that only 
one of these engineering parameters can 
be maintained constant. Maintaining 
mixing time constant would result in 
an increase in both P/V and tip speed. 
Maintaining tip speed constant would 
result in an increase in mixing time and a 
decrease in P/V. Table III summaries the 
impact of scaling based on one engineer-
ing parameter on the other parameters.

This analysis of bioreactor scaling 
parameters shows that it is not possible to 
keep all scaling parameters constant. The 
process engineer, based on industry expe-
rience, knowledge gained during process 
development, and, when possible, famil-
iarity with the historical performance 

of the target large-scale bioreactor, must 
select which scaling parameters to employ 
for scaling. Because solution homogeneity 
is important to ensure comparable cell 
culture performance across scales, P/V is 
often used as a scaling rule. Additionally, 
adequate oxygenation is also required.

By keeping P/V and the superficial 
velocity of the sparged gas constant (per 
Equation 5), kLa is maintained constant. 
This simple scaling strategy has proven to 
be effective in many instances. However, 
due to the diverse bioreactor character-
istics noted previously (geometry, mix-
ing, sparge element type and size[s]) and 
unique cell line characteristics, alternate 
scaling approaches may be required.  

One example of an alternative scaling 
approach is the use of single-use biore-
actors, which are often designed with a 
single, unique, bottom-mounted impel-
ler installed at an offset to improve 
mixing. In some cases, it may not be 
possible to maintain P/V constant. In 
these instances, empirical bioreactor kLa 
performance data are used to identify 
P/V and gas flow rate values that will 
meet the target kLa value and ensure 
solution homogeneity (8).

It should also be noted that, in addi-
tion to oxygenation, gas sparging must 
also facilitate CO2 removal from the 
culture volume, and, while oxygen 
transfer is dependent on the superfi-
cial gas velocity, CO2 removal has been 
shown to be dependent on gas volume 
expressed as vessel volumes per minute 
(VVM). Therefore, scaling based on 
superficial velocity alone could result in 
inadequate CO2 removal. This is gen-
erally a concern for scales larger than 

Scaling parameter 
(held constant) Scaling rule P/V Vtip Θm

P/V

L Column bed height (cm) 
Lm Membrane permeability (L/m2/hr/Pa) 
Mprotein Batch protein mass (g) 
N Impeller agitation rate (1/sec) 
NP Impeller power number (dimensionless) 
NTP Number of theoretical plates 
P Power (W) 
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VT Volumetric throughput (L/m2) 
V Volume (m3) 
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Vmax Filtration volume capacity (L/m2) 
Vresin Resin bed volume (g/L) 
DP Differential (filtration) pressure (Pa or psig) 
rL Fluid density (kg/m3) 
Qm Mixing (sec or min) 
ns Superficial (sparged) gas velocity (m/sec) 
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Table III. Summary of bioreactor scaling parameters. P/V is power per unit volume.
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2000 L. Strategies for ensuring proper 
culture oxygenation and CO2 removal 
are discussed in Xu et al. (9).

CASE STUDY
The previous sections described how 
a unified scaling approached based on 
the Similarity Principle can be used to 
develop scaling rules for any bioprocess 
unit of operation. These scaling rules, 
especially for linearly-scalable pro-
cesses such as downstream unit oper-
ations, are well understood and have 
proven to reliably scale up processes. 
Often, when a scale-up issue presents 
itself, it is not a failure of the scaling 
rule but a failure or limitation beyond 
the process, per se. These issues are 
often related to system or facility con-
straints—the ancillary dimension.

The case study below illustrates an 
example where a proven scaling rule 
was used to scale up a UFDF process. 
During processing, however, a perfor-
mance issue was observed. An investi-
gation showed that the root cause was 
associated with a system issue.

UFDF BACKGROUND 
Final UFDF is the final step in a 
downstream purification process and 
is designed to ensure the product is at 
the target DS concentration and in the 
formulation buffer. After an equilibra-

tion step, the product is brought to an 
intermediate concentration, which is 
optimized for diafiltration. The diafil-
tration step is performed typically to 
10 diavolumes to ensure removal of 
starting buffer excipients, at the end of 
which the product is in the formulation 
buffer matrix. A final over-concentra-
tion step ensures that the product can 
be recovered from the system at the 
target DS concentration.

SCALE UP PERFORMANCE
The UFDF step was scaled with 
a proven scaling rule. The feed flow 
rate on a per unit area and the trans-
membrane pressure  were maintained 
constant. Additionally, the number of 
diavolumes was also maintained con-
stant to ensure same buffer exchange 
efficiency. The starting product pool 
pH (pre-diafiltration) was 6.0, and the 
formulation (diafiltration) buffer pH 
was 5.0. The final pH target was pH 5.0 
+/- 0.2. During the first scale-up process 
batch, the pH of the product pool after 
the diafiltration was 5.7. An investiga-
tion was undertaken to identify the root 
cause of this process difference.

INVESTIGATION
An informal causal factor analysis was 
performed to identify the root cause. 
This analysis is summarized in Table IV. 

ROOT CAUSE AND 
CORRECTIVE ACTION
Inadequate mixing in the retentate 
tank was identified as the cause of the 
inefficient diafiltration step. Here, the 
scaling rule did not fail, but, rather, the 
cause was as an artifact of the scale-up 
system. Mixing in the retentate tank is 
provided by the tank agitator and by 
the return of retentate into the reten-
tate tank volume. Previous UFDF pro-
cesses had a feedside flow rate of 300 
L/m2/hr (LMH); however, this pro-
cess had a feed flow rate of 70 LMH 
due to the molecule being prone to 
shear damage. The lower feed flow rate 
resulted in a reduced mixing in the 
retentate tank, which in turn resulted 
in the inefficient diafiltration step and 
the high pH.

After identifying the root cause and 
analyzing associated risks, a decision 
was made to reprocess the pool with 
another 10 diavolumes at an increased 
agitator speed, with the intent to com-
pensate for the reduced mixing as a 
result of the lower feedside flow rate. 
The agitator speed was determined 
visually by observing and confirming 
liquid surface movement during pro-
cessing. After the reprocessed diafiltra-
tion step, the pool pH was confirmed 
to be 5.0—equal to the target pH 
value. This result confirmed that the 

Category Potential causal factor Causal factor confirmed? Conclusion

Method Process did not perform 10 diavolumes DeltaV and PI trends* confirmed that 10 DVs of DF was performed No

Materials
UFDF load initial pH was higher  

than typical
Batch record confirmed that the load was in the center point ofw 

the pH range
No

Machinery

pH meter is reading incorrectly pH was measured with second pH meter with same results No

DF wasn’t efficient due to agitator not 
turned on

DeltaV and PI trends confirmed that agitator was turned on and 
was mixing at the intended rpm throughout the DF process

No

Machinery
Overall inadequate mixing in the retentate 

tank led to short circuiting
This was confirmed as the primary root cause

Machinery
Overall inadequate mixing in the retentate 

tank led to short circuiting
This was confirmed as the primary root cause

(see details in section below) 
Yes

Human performance DF buffer was prepared incorrectly
Buffer prep data showed DF buffer was within the acceptable pH 

range. Additionally, the pH of a buffer sample was measured with an 
offline pH meter and confirmed.

No

Environment
Inadvertent mixing of another buffer (e.g., 

caustic solution)
All buffer lines connected to the skid were verified to confirm that 

there was no other buffer being mixed into the product pool.
No

 
*An application (PI Historian) can efficiently record data from process control systems into a compressed time-series database.

Table IV. Causal factor analysis. UFDF is ultrafiltration/diafiltration. DF is diafiltration. DV is diavolumes. PI is process information.
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process issue observed was caused by 
inadequate mixing in the retentate tank 
based on the lower feedside flow rate. 
To ensure a similar mixing issue would 
not impact a future process, agitator 
speed requirements were determined for 
several processing conditions, including 
a range of retentate flow rates, solu-
tion viscosities, and retentate tank level, 
using computational fluid dynamics 
(CFD). Subsequent wet testing using a 
12% sucrose model solution confirmed 
the CFD-predicted minimum mixing 
times at various tank levels and mixing 
speeds by monitoring pH stabilization 
time post bolus titration.

In summary, this case study shows 
how a process step, which was scaled 
via a proven scaling rule, failed to meet 
target performance because of a system 
contributing factor—in this case, inade-
quate mixing in the retentate tank. This 
case study also showed that tank mix-
ing is an important scale-up activity, as 
noted earlier in this paper.

CONCLUSION
Bioprocess scale up is often treated 
as two separate parallel activities—
upstream process and downstream 
process scale up. By employing the 
Similarity Principle, however, a unified 
scaling approach can be used for both 
upstream and downstream processes. 
Practical scaling techniques available 
for scale up are linear, predictive, and 
hybrid scaling techniques, where the 
linear technique relies solely on exper-
imental data generated using a scalable 
test element; the predictive technique 
utilizes a smaller data set and relies on 
the predictive power of a process model; 
and the hybrid technique provides a 
best-of-both worlds solution. Unlike 
downstream processes, it is not pos-
sible to linearly scale bioreactors and 
maintain key engineering parameters 
constant. Here, the process engineer 
must rely on industry experience, pro-
cess development data, and historical 
performance of the large-scale system 

to determine the best scaling approach. 
Finally, the scaling rules commonly 
employed to scale up bioprocesses have 
proven to be reliable. Often, scale-up 

“failures” are found to be associated with 
the “ancillary dimension” (e.g., facility 
constraints or system limits) and not 
with the scale up, as illustrated in the 
case study example. 
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Meeting Fill/Finish Challenges 
for COVID-19 Vaccines

CDMOs address the unique challenges of liquid and lyophilized forms as 
well as preparing for the large capacity needed for COVID-19 vaccines.

FELIZA MIRASOL

B iologic drug products are typically formulated into a 
liquid or lyophilized powder form for the fill/finish 
step during biomanufacturing. As the much-antici-

pated COVID-19 vaccines move through the pipeline, and 
some are already in use under emergency authorization, 
manufacturers will need to optimize vaccine formulation and 
establish robust fill/finish operations.

LIQUID VS. LYOPHILIZED PRODUCT
In general, biomanufacturers face challenges in the fill/finish 
step when dealing with biologics that have been formulated 
into either a liquid form or a lyophilized powder. One main 
challenge is understanding the product’s characteristics 
and behavior under different circumstances, including what 
parameters may be necessary to lyophilize the product, for 
instance, says Dhaval Patel, senior manager, Manufacturing 
Science & Technology, Catalent. It is also important to 
understand the inspection requirements for the product 
because there could be different criteria for liquid vs. lyo-
philized drug products, he adds. 

“From a mechanical perspective, the challenge is to 
procure the required equipment based on any product’s 
characteristics and batch size; some products require higher 
rotations per minute during mixing, which necessitate 
high-speed mixers, while varying batch sizes will need 
different vessels because of the required minimum working 
volume,” he states.

The difference in formulation may also require different 
approaches to fill/finish. For instance, Patel notes that dif-
ferent sizes of filters and membranes for sterile filtration 
may be required. “For a manufacturing partner, the biggest 
challenge is to build a catalogue of capabilities that cover 
different customer and product needs, and to be able to 
incorporate realistic lead times associated with having to 
source any new or additional equipment/components needed 
for manufacturing,” he says. 

Christy Eatmon, senior scientist, pharma services, at 
Thermo Fisher Scientific says that, sometimes, liquid bio-
logic products have stability challenges that can be over-
come by formulating the product as a lyophilized biologic. 

Manufacturing
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“Lyophilization may be necessary to 
decrease prohibitive storage tem-
perature requirements, allowing for 
shipment and storage in areas of the 
world where refrigeration isn’t as easily 
accessed. Lyophilization also extends 
the shelf-life of the biologic and can pro-
tect a labile molecule from degradation 
in an aqueous environment,” she says.

Eatmon does note that lyophilized 
and liquid biologic drug product vials 
are both filled in a similar manner, but 
the different formulations do pose 
different processing challenges. “The 
hold times during compounding of 
a lyophilized product are typically 
shorter than those of a liquid product 
and affect the production timeline and 
planning that must be done in advance 
of the API addition,” she explains.

A major difference regarding these 
two types of formulations for biologic 
drug products, Eatmon points out, is 
the varying fulfillment times for each 
project. For instance, liquid products 
require less time for development and, 
thus, have shorter lead times. On the 
other hand, she emphasizes, the lead 
time for lyophilized products must 
incorporate the freeze-drying cycle 
and characterization of that cycle. 

“Characterization is important because 
the parameters of that cycle affect the 
production of a high-integrity cake, 
and producing a cake without collapse, 
melt-back, or shrinkage requires addi-
tional development,” she explains. 

In both cases, Eatmon continues, it 
is necessary to understand the stability 
of the formulation, but for lyophilized 
products “we need to develop the cycle 
through calorimetric measurement, 
define critical process parameters, and 
optimize the cycle,” she says. “We also 
must do characterization of the lyo-
philized product and complete the sta-
bility profile work.”

A main technical challenge lies in 
the development work that occurs 
prior to filling a clinical batch, Eatmon 
adds, stating that “lyophilized products 
require more preparation in choosing 

the right excipients, bulking agents, 
and cryoprotectants as well as the cycle 
development.” The lyophilized process 
also requires additional characteriza-
tion testing.

VACCINE FILL/FINISH
Fill/finish for vaccines requires a 
similar approach to biologics, Patel 
notes. In addition, the nature of the 
incoming vaccine drug substance will 
determine what equipment, filters, 
and other components are needed for 
formulation. “From a fill/finish per-
spective, vaccines and typical biolog-
ics require either a thaw, pool, and 
filtration process of the final product; 
or a thaw, pool, dilution with buffer, 
and then filtration of the final prod-
uct. The configuration of the vial or 
syringe components, together with 
any additional packaging require-
ments, will determine what labeling or 
packaging of the vaccine or biologic is 
necessary,” he states.

It is also important to note that 
some of the COVID-19 vaccines 
are multidose and require the use of 
an evaluated preservative, includes 
Eatmon. For example, messenger 
RNA (mRNA) vaccines use nanopar-
ticle technology to enhance stability, 
as opposed to the aqueous-soluble 

molecules that are typical of standard 
biologics. Furthermore, with recom-
binant protein vaccines, the use of an 
adjuvant could be needed in order to 
stimulate immune response. There are 
also unique differences between live 
vaccines and attenuated or inactivated 
vaccines, Eatmon notes. 

“These differences require consider-
ations in terms of facility classification 
and engineering controls as live viruses 
must be separated from other types of 
vaccines,” Eatmon says.

At the end of the day, COVID-19 
vaccines are no more challenging than 
any other biologics from a fill/finish 
perspective, assures Patel. Where the 
real issue sets in, however, is in the man-
agement of time when the vaccines are 
out of controlled storage. This time 
management issue poses an additional 
challenge because of the requirement to 
freeze the filled product within a certain 
amount of time, he observes. 

“Ensuring operations are managed in 
a timely manner means all the necessary 
resources for the process must be staged 
and be ready to perform manufacturing 
activities as soon as product moves to 
the next stage, minimizing the time out 
of storage,” Patel emphasizes.

“ The chal lenge posed by the 
COVID-19 vaccines at the fill/finish 
stage of manufacturing stems from the 
fact that these candidates are disper-
sions,” adds Eatmon, who explains that 
the dispersion factor makes the vac-
cines sensitive to shear stress because 
they are a lipid nanoparticle rather 
than a solution. 

“CDMOs/CMOs [contract devel-
opment and manufacturing organi-
zat ions/contract  manufactur ing 
organizations] must account for the 
different types of COVID-19 vac-
cines,” Eatmon states. “For some of the 
mRNA-based vaccines, once the drug 
substance has been manufactured, it 
must be frozen to maintain stability. 
The temperature-sensitive liposomes 
typically require additional monitor-
ing during processing to ensure that 

Manufacturing
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the parameters of 
that cycle affect 

the production of a 
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—Christy Eatmon, 
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filtration pressures are not exceeded 
and that temperature excursions do not 
occur,” she explains. 

Eatmon further explains that facility 
capacity and suite segregation must be 
considered, noting that these vaccines 
must also be filled almost immediately 
after the end of the compounding process. 

“For this type of drug product man-
ufacturing, you want to make sure your 
CDMO/CMO has end-to-end expe-
rience and is knowledgeable in start-
ing from drug substance production. A 
skilled CDMO/CMO will have the 
experience to know how to handle spe-
cific vaccine challenges that increase 
substantially as these products become 
more complex,” Eatmon adds. For 
example, it is strategically beneficial for 
a CDMO/CMO to understand that 
facility design is integral to efficient 
manufacturing, not only due to rapid 
hold times, but also due to the need 
for segregated suites for live viruses 
and compounding areas that require 
organic solvents, she says.

EXCIPIENT CONSIDERATIONS
The use of particular excipients also 
plays a factor in developing the most 
conducive formulation for ensuring 
vaccine stability as well as bioavail-
ability in vivo, but determining which 
excipients to use may itself be a chal-
lenge. Some excipients used to enhance 
the stability of a vaccine, such as poly-
sorbate, for example, are often foamy, 
Eatmon points out. As a result, the 
manufacturer or CDMO/CMO must 
pay close attention to foaming during 
liquid formulation filling and must 

reduce the rate of vial filling to accom-
modate excipients that foam, she notes. 

Other excipients can also be adhe-
sive, Eatmon explains, meaning that 
they cling to the product contact sur-
faces, such as filter membranes and 
disposable tubing. “Excipients such as 
these can dilute the concentration in 
the formulation, so we must compare 
component compatibility prior to use 
in fill/finish,” she states. 

“In some cases, the need for an adju-
vant could pose significant challenges 
to the process as a proper recirculation 
loop needs to be included as part of 
the line and can impact the overall fill-
ing strategy,” she adds.

Patel, meanwhile, explains that, for 
vaccines, the API itself can be consid-
ered the most conducive component. 

“All vaccines are based on a different 
platform; some are based on antigen 
and some of the recent COVID-19 
vaccines are based on mRNA. Other 
than the API, excipients sometimes 
include: antibiotics, to prevent con-
tamination by bacteria; adjuvants that 
help stimulate a stronger immune 
response; and stabilizers, to keep the 
vaccine potent during transportation 
and storage,” he notes, further explain-
ing that the types of API used all help 
to ensure the product’s stability, and 
that each type plays a different role 
while in storage.

CDMO/CMO READINESS
As fill/finish operations are predomi-
nantly outsourced to CDMOs/CMOs, 
these organizations are well suited to 
handle fill/finish of COVID-19 vac-
cines as they start to hit the market. 
Catalent is an example of a manufac-
turing partner that is well positioned 
to deliver on both scale-up and meet-
ing demand, Patel notes. He says that 
additional capacity can be created by 
effective management and by expedit-
ing expansions. 

“The supply of excipients and drug 
substance is obviously critical to the 
scale-up of drug product manufactur-

ing, but the procurement of compo-
nents used in manufacturing, such as 
vials, stoppers, seals, filters, labels, car-
tons, and other consumables is also 
important,” Patel says. He emphasizes 
that creating partnerships between 
suppliers can help alleviate some of 
these challenges as well as streamline 
manufacturing efficiencies to meet 
demand and timelines. 

“Additionally,” he continues, “storage 
can become a challenge for vaccines 
without sufficient warehouse space, 
especially where specific storage condi-
tions are necessary.” Normal production 
of a typical biologic, in contrast, does 
not require storage of both empty and 
filled components in such large quan-
tities, which makes it much easier to 
manage. The situation with COVID-19 
vaccine production, however, is slightly 
different because of the extremely high 
number of doses needing to be manu-
factured. “This constraint can be rec-
tified by utilizing a third-party storage 
partner,” Patel asserts.

Eatmon points out that one of 
the biggest challenges for CDMOs/
CMOs, even before the COVID-19 
vaccines and therapies entered clin-
ical trials, is capacity. “At Thermo 
Fisher, we have continued to invest in 
our facilities and build new lines. We 
are currently expanding sites across 
North America, APAC [Asia Pacific], 
and Europe to add development and 
CGMP [current good manufactur-
ing practice] commercial production 
lines to support a range of capabili-
ties, including live virus, aseptic liquid, 
and lyophilized vial filling,” she says. 
Equally important, she adds, is main-
taining robust quality standards.

An additional consideration for 
CDMOs/CMOs is the ability to 
handle different types of product 
formats, including capacity for liq-
uid, lyophilized, and prefilled syringes, 
Eatmon says. It is also important 
to have access to the right type of 
capacity across different geographies 
worldwide. ◆

Manufacturing

“All vaccines are 
based on a different 

platform.”

—Dhaval Patel, 
Catalent
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Conducting Effective Audits  
During and Post Pandemic

With appropriate planning and the proper use of technology, remote 
auditing can be as effective and informative as in-person auditing.

STEVEN J. LYNN AND SUSAN J. SCHNIEPP

T he audit function of a pharmaceutical company is one 
cornerstone of an effective and efficient quality man-
agement system. There are several types of audits that 

comprise a robust auditing program including supplier audits, 
internal audits, and regulatory audits. Each of these specific 
audits requires preparation to make sure the audit is productive 
and accomplishes its intended purpose, which, in the manufac-
turing world, is to ensure facilities are manufacturing fit-for-use 
products in full adherence (hopefully more) to current good 
manufacturing practice (CGMP) requirements. 

Supplier audits are performed to confirm that the suppliers 
of raw materials, packaging, and labeling components, etc., are 
able to provide a continuous, uninterrupted supply of mate-
rials that are compliant with CGMPs. Regulatory authorities 
perform inspections to determine if the manufacturing com-
pany is providing materials that comply to CGMPs. Internal 
audits are performed by the company as a self-assessment for 
the purpose of identifying areas/issues that might affect their 
compliance status. 

Pre-pandemic, preparing for a supplier or regulatory audit 
typically consisted of the regulatory inspector or the auditor 

for supplier/internal audits providing the facility being audited 
with an agenda listing the areas to be toured (e.g., incoming raw 
material area, quality control [QC] chemistry and microbiology 
laboratories, manufacturing, etc.) and a list of documents to 
review (e.g., quality manual, list of standard operating procedures, 
open deviations, and corrective and preventive actions [CAPAs]) 
and any additional supporting evidence the auditor chooses to 
review. This information helps auditing authorities assess and 
decide the compliance status of the facility. 

PERFORMING EXTERNAL  
AUDITS DURING A PANDEMIC
The documentation that would have been reviewed on-site 
pre-pandemic is the same documentation that is needed for 
review during and post the COVID-19 pandemic. The docu-
mentation and supporting evidence review conducted pre-pan-

STEVEN J. LYNN is executive vice-president, pharmaceuticals for 
Regulatory Compliance Associates, Inc., and SUSAN J. SCHNIEPP 
is distinguished fellow for Regulatory Compliance Associates, Inc.

Quality/Regulations
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demic would most likely have occurred 
at the facility. However, audits conducted 
during the pandemic require the doc-
uments and supporting evidence to be 
shared electronically to the auditor using 
secure electronic systems. This electronic 
exchange helps make time more effi-
cient for both the auditor and the facility 
being audited. The documentation can be 
reviewed by the auditor, and questions can 
be communicated to the audit manager 
via email or conference/video calls. While 
this may not be ideal, because it elimi-
nates the in-person interaction, it is still 
an effective way to conduct an audit when 
there are conditions prohibiting face-to-
face interaction.

Touring the facility is challenging 
when the audit is conducted during a 
pandemic, but challenges can be over-
come with some flexibility and ingenu-
ity. Live video feed could be streamed to 
the auditor while the company’s audit 
manager and/or subject matter experts are 
available to answer questions that might 
arise during the live feed. Additionally, 
operations could be recorded, and that 
recording could be provided to the audi-
tor, again with the understanding that 
the audit manager would be available to 
answer any questions posed by the auditor 
upon the review of the video. While the 
recorded version of the tour is probably 
not the most ideal, because the auditor 
needs to see things in as real time as pos-
sible, it does allow for the auditor to pause 
and go back to review a specific operation 
in more detail if warranted. 

INTERNAL AUDITS  
DURING A PANDEMIC
Preparing for an internal audit requires 
the same discipline as preparing for sup-
plier and regulatory audits. During the 
COVID-19 pandemic, many companies 
reduced the number of employees allowed 
at the site, and many of the quality per-
sonnel that conducted audits were allowed 
to work remotely. Internal audits are part 
of management responsibilities (1–3) 
and must continue to be performed, even 
during a pandemic. 

Conducting an internal audit is different 
from the other audit types, whether it is 
pre-, during, or post-pandemic. If designed 
and implemented appropriately, the value 
of the internal audit is that it allows the 
company to find vulnerabilities in their sys-
tems and remediate them before they are 
discovered by an external auditor. Internal 
audits can provide valuable information 
that can be used to prevent issues before 
they become compliance concerns. If these 
issues can’t be completely remediated 
before an external audit, a plan to correct 
them can be established and action taken 
to mitigate them. Having corrective actions 
in place before others identify the issue 
may lessen the impact of the observation 
and instill confidence that your quality sys-
tem is under control and there is a process 
in place for continuous improvement. In 
addition, the internal audit can be used for 
training staff and communicating valuable 
information to the organization. 

The ideal tone for an internal audit 
should be a collaborative team-oriented 
activity that is instructive, informative, open, 
honest, and inclusive. There are several 
factors that help contribute to establishing 
this tone, even during a pandemic. One 
way to set the proper tone is to publish 
the audit schedule/agenda in advance and 
make sure the functional areas personnel 
are informed of the schedule. During a 
pandemic, the agenda takes on another 
level of importance because it ensures that 
the site can have the proper documents 
ready to go and upload them either before 
or during the audit. Prior planning pre-
cludes poor performance in this area. 

The auditors should work with the 
functional area and talk with as many 
employees as possible to identify the 
issues of concern. Individuals who are 
responsible for performing the day-to-day 
activities often have the best insight as 
to what is working and what needs to be 
improved. Excluding them from partic-
ipating in the audit process might result 
in overlooking a serious issue that could 
come up during a regulatory inspection 
or inadvertently lead the auditor to think 
the site is hiding something. To be able to 

get the most valuable information about 
the potential compliance issues facing the 
organization, internal audits should not 
be judgmental or antagonistic, or have a 
‘check the box’ mentality in execution. 

Auditors should be direct and avoid 
asking questions designed to intentionally 
stump people. Another important behav-
ior is the ability of the auditor to listen 
to the answers personnel give and refrain 
from judging. The exact same behavior 
defined for the auditor should also be 
the exact same behavior displayed by the 
auditees. Auditees should be direct and 
avoid deflecting or obfuscating answers 
and take the time to explain why they do 
things the way they do them. They should 
be proactive and point out things of con-
cern and seek advice on how to remedi-
ate them. Both parties need to remember 
they are not enemies, rather they are the 
partners in improving their organization 
together.

CONCLUSION
Conducting audits during the pandemic 
has presented a multitude of challenges. 
The pandemic has allowed the industry to 
creatively utilize technology-based appli-
cations to communicate and perform an 
effective audit. The documentation and 
supporting evidence review can be con-
ducted remotely, and confidentiality can 
be maintained. After reviewing the doc-
umentation and supporting evidence, the 
auditor can request interviews with vari-
ous personnel, which can then be sched-
uled via video conferencing. 

With appropriate planning and the 
proper use of technology, remote audit-
ing can be as effective and informative as 
in-person auditing. The post-pandemic 
sweet spot will likely be balancing remote 
and in-person audits. 

REFERENCES
1. 21 CFR 820.20, Management 

Responsibility.
2. European Commission, EudraLex, 

Volume 4, Chapter 1, Pharmaceutical 
Quality System (EC, January 2013).

3. International Council for Harmonization, 
Q10 Pharmaceutical Quality 
System (ICH, April 2009).◆

Quality/Regulations



46     BioPharm International February 2021   www.biopharminternational.com

To further adopt advanced automation 
and allow for effective remote monitor-
ing in general, Vann believes a compre-
hensive platform must be implemented 
with a holistic approach for overcoming 
challenges. “While current monitoring 
capabilities are advancing, there is still 
a need for solutions that use the data 
generated in a more effective manner. 
That will require integration of different 
monitoring systems and functionality to 
perform data analytics process knowledge 
and understanding can be generated in 
real time,” he observes.

CONTINUING INNOVATION
Automation continues to progress, and 
the biggest advances involve the ability 
to re-use batch data for scale up and to 
have equipment with functionality that 
gets better when combined with other 
equipment, according to Sandusky. He 
points to AR for training and operating 
of equipment, complete knowledge trans-
fer from process development to manu-
facturing, and the application of robotics 
in manufacturing as key examples. 

Going forward, the increased vol-
ume of data collected due to automa-
tion must be balanced with the ability 
to properly analyze and interpret such 
large data sets, Follstad adds. “The 
move from spreadsheets and single 
variable plots to databases and multi-
variate visualizations will require the 
integration of computer programming 
and statistical analysis experts into 
cell culture groups, which currently 
comprise only biology and engineering 
experts,” he says.

Achieving digital plant maturity 
is a journey, but companies can move 
toward next-generation automated 
pharma manufacturing today by taking 
a few critical steps, stresses Doucette. 
They include ensuring connectivity by 
integrating data silos; implementing 
prediction tools with meaningful alert-
to-action, with real-time data analytics 

and scheduling visualization enabling 
transparency across the network and 
yielding insights for more informed deci-
sions; and running an adaptive plant that 
is agile and equipped to automatically 
optimize schedules and control manufac-
turing with minimal intervention. 

Technologies that make these steps 
possible will be increasingly plat-
form-driven, according to Vann, even 
for personalized medicines such as cell 
and gene therapies. “Increasing the pro-
duction volumes of these processes will 
require scale-out rather than scale-up, 
which changes the nature of manufac-
turing bottlenecks. Implementation of 
full platform solutions will be required to 
deliver control at the parameter level and 
allow for integration across unit opera-
tions so data can be fed into advanced 
sense and respond scheduling software,” 
he explains.

Kane envisions technologies and 
solutions being developed that use 
modularization and allow for plug-and-
play capability even with solutions from 
different vendors. In the long term, he 

adds that AI will be more prominent in 
pharma production facilities and block-
chain technology could also impact 
manufacturing. 

Demers, meanwhile, sees PAT such 
as Raman spectroscopy being used for 
not just process monitoring, but biopro-
cess control and automation. “Longer 
term there will be sufficient established 
PAT solutions, particularly in upstream 
bioprocessing, to have fully ‘lights-out’ 
manufacturing, with samples pulled auto-
matically from bioreactors and inline 
probes monitoring cell health and prod-
uct quantity,” he predicts.

Automation and digital innovation 
will continue to be applied to new and 
existing bioprocess solutions. “These 
innovations will help differentiate the 
equipment by embedding more features, 
making the equipment smarter, and 
increasing the understanding that cus-
tomers have of their process. These inno-
vations will allow process optimization, 
process scale up, process scale out, and 
will ultimately reduce the time to bring 
products to market,” Sinclair concludes. ◆
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