
The Science & Business of Biopharmaceuticals
BioPharmINTERNATIONAL

Volume 33   Number 9

September 2020

B
io

P
h

arm
 In

tern
atio

n
al 

SEP
T

EM
B

ER
 2

0
2

0
 

Pan
d

em
ic Resp

on
se   I   FD

A
 Tackles C

ell an
d G

en
e Th

erap
ies 

V
o

lu
m

e 3
3
   N

u
m

b
er 9

www.biopharminternational.com

MANUFACTURING
RAPID CHANGEOVER STRATEGIES

DOWNSTREAM PROCESSING
TECHNOLOGY IMPROVES 

PERFORMANCE

QUALITY/REGULATIONS
PHARMACOPOEIA COMPLIANCE

ANALYTICS
ASSESSING  

PROTEIN AGGREGATION

OUTSOURCING
CELL AND GENE THERAPY 

CAPACITY CRUNCH

PEER-REVIEW RESEARCH
DETECTING PINHOLES 
IN SINGLE-USE BAGS

PREPARING PANDEMIC 
VACCINE CAPACITY

http://www.biopharminternational.com
https://www.biopharminternational.com/
https://www.biopharminternational.com/journals/biopharm-international/biopharm-international-09-01-2020
https://www.biopharminternational.com/journals/biopharm-international/biopharm-international-09-01-2020


Boost your  
Host Cell Protein  
Analytics
Help ensure clinical success

cygnustechnologies.com

© 2020 Cygnus Technologies. All rights reserved. 
For research use only. Not intended for animal or human therapeutic or diagnostic use.

Antibody Affinity Extraction™ and Mass Spectrometry Services 
from Cygnus HCP experts. 
When it comes to outsourcing your critical Host Cell Protein analytical projects, it is essential to work with a dependable 
partner that has pioneered advanced orthogonal methods and HCP analysis solutions you can trust. Avoid delays in 
clinical trials due to an unforeseen need to optimize the purification process, adverse patient reactions, poor drug shelf 
life and reduced drug efficacy. Save time and resources on your journey to a quality drug substance.

• Assure that your HCP ELISA is fit for purpose of process monitoring and product lot release
• Enrich and identify hitchhiker HCPs and improve MS resolution
• Optimize your purification process to remove problematic HCPs
• Provide comprehensive HCP characterization data to regulatory agencies

With you all the way. 

Cygnus_Ad_AAE-MS_8x10.75-B.indd   1Cygnus_Ad_AAE-MS_8x10.75-B.indd   1 4/17/20   11:20 AM4/17/20   11:20 AM

https://www.cygnustechnologies.com


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
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 
Managing Director,  
Industry Specialty Services 
BioProcess Technology Group, BDO

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.

© 2020 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
Executive Vice President, Operations Tom Tolvé
Executive Vice President, Global Medical Affairs and 

Corporate Development Joe Petroziello
Senior Vice President, Audience Generation and 

Product Fulfillment Joy Puzzo
Senior Vice President, Content Silas Inman
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 September 2020   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: $82.95 for 
one year in the United States and Possessions; $112.35 for one year in Canada and Mexico; all other countries $159.60 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. hi

g
yo

u 
- 

St
o

ck
.a

d
o

b
e.

co
m

, O
liv

ie
r 

Le
 M

o
al

 -
 S

to
ck

.a
d

o
b

e.
co

m
, N

ik
o

la
i S

o
ro

ki
n 

- 
St

o
ck

.a
d

o
b

e.
co

m
D

ar
re

n 
B

ak
er

 -
 S

to
ck

.a
d

o
b

e.
co

m
, v

an
ia

to
 -

 S
to

ck
.a

d
o

b
e.

co
m

, l
uc

hs
ch

en
F 

- 
St

o
ck

.a
d

o
b

e.
co

m

FEATURES

DOWNSTREAM PROCESSING
Technology Innovations Improve 
Process Chromatography 
Performance
Feliza Mirasol
As technology matures, inefficiencies and 
process limitations in downstream process 
chromatography are improved. . . . . . . .16 

MANUFACTURING
Strategizing for Rapid Changeovers  
in Biologics Manufacturing
Cynthia A. Challener
Facility and equipment design are 
important, but the team and its 
experience matter most.  . . . . . . . . . . .22 

PEER-REVIEW RESEARCH
Proposing a New Method of 
Detecting Pinholes in Single-Use Bags
Toshihiko Otsubo, Shinji Tsuji, Yoshiaki 
Miko, Tetsuya Moritake, Osamu 
Shirokizawa, and Takashi Kaminagayoshi
The authors report the principle of a 
pinhole detection method and the results 
of some investigations. . . . . . . . . . . . . . . . 26 

ANALYTICS
Risky Business:  
Assessing Protein Aggregation 
Grows Increasingly Challenging
Feliza Mirasol
Current and newer biologic modalities 
pose increasingly complex challenges 
to the detection and characterization of 
protein aggregates.  . . . . . . . . . . . . . . .35 

QUALITY/REGULATIONS
Pharmacopoeia Compliance: 
A Practical Guide
J. Mark Wiggins and Joseph A. Albanese
Processes, people, and tools are
necessary to comply with the
pharmacopoeia and approved drug
product registrations. . . . . . . . . . . . . . .40

OUTSOURCING
Cellular and Gene Therapies Face 
a Manufacturing Capacity Crunch
Ronald A. Rader
Cellular and gene therapy fields are on 
track for, if not already experiencing,  
a serious capacity crunch.   . . . . . . . . . . .46 

COLUMNS AND DEPARTMENTS

FROM THE EDITOR
Amid high expectations for  
a COVID-19 vaccine, bio/pharma 
readies production capacity, 
weighs external pressures.
Rita Peters. . . . . . . . . . . . . . . . . . . . . . . . .6

REGULATORY BEAT
Regulators strive to review flood 
of advanced treatments while also 
vetting COVID-19 vaccines.
Jill Wechsler  . . . . . . . . . . . . . . . . . . . . . .8

AD INDEX . . . . . . . . . . . . . . . . . . . . . . . .49

COVER STORY

10 Preparing Pandemic Vaccine Capacity
Rapid scale-up to billions of doses requires collaborative, all-out efforts  
by innovators, their manufacturing partners, and the entire supply chain. 

Cover Design by Maria Reyes 
Image: MichaelStifter - Stock.adobe.com

Table of Contents Volume 33 Number 9

https://www.biopharminternational.com/
https://www.biopharminternational.com/journals/biopharm-international/biopharm-international-09-01-2020


https://www.avantorsciences.com/pages/en/moves-labservices-forward


6     BioPharm International September 2020   www.biopharminternational.com

From the Editor

Biopharma Gears Up Pandemic Response

Biopharmaceutical companies have demonstrated the potential of innovation in response 
to the COVID-19 pandemic, initiating an estimated 175 vaccine programs—including 
more than 30 in clinical trials—and more than 500 therapy studies with half at clin-

ical stage (1). While these efforts largely have been commended, the work of scientists and 
researchers also has been subject to heavy scrutiny, often by people and institutions that are not 
familiar with the complexities of the drug development process. 

In non-pandemic times, drug companies, industry suppliers, and contract service organi-
zations discuss how they are employing processes, products, or services to shorten the time it 
takes to get a drug to market. The typical wait time, often counted in years, takes longer than 
most patients and medical professionals would prefer.

The progress made in COVID-19 vaccine and treatment development during the past six 
months is remarkable. A formidable amount of work stands in the road ahead to continue the 
research and development; assemble the materials, resources, and capacity to produce the vac-
cines and therapies; and determine an equitable distribution system. 

In this issue, the editors take a look at the efforts of bio/pharma companies, contract 
development and manufacturing organizations, and materials and equipment to address pan-
demic-related response, as well as maintain ongoing drug development and manufacturing 
activities amid travel, communication, and business disruptions.

In “Preparing Pandemic Vaccine Capacity,” Manufacturing Editor Jennifer Markarian 
reports on multi-pronged efforts to build out capacity for billions of doses of potential 
COVID-19 vaccines. The article explores how the urgent need for effective treatments and 
vaccines has spurred investment by drug companies, non-government organizations, and the 
federal government, triggering frequent announcements of new manufacturing agreements, 
facility expansions, and commitments to supply raw materials, drug components, and drug 
substances. The industry’s use of different vaccine platforms including—mRNA, DNA, viral 
vector, cell-based, and inactivated virus approaches—adds complexity to the coordination 
efforts. See the article on pages 10–14.

One premise of the US Department of Health and Human Services’ (HHS) Operation 
Warp Speed is that the government will pay drug companies and contract manufacturers 
to scale up for the manufacture of a specific vaccine candidate; however, the manufacturers 
must be able to switch capacity to another vaccine type, if their designated candidate is not 
successful. Such switches are easier said than done. Planning for and executing the activi-
ties associated with switching from manufacturing one type of drug product to another is 
explored in “Strategizing for Rapid Changeovers in Biologics Manufacturing.” Facility and 
equipment experts outline best practices for pandemic and non-pandemic situations in the 
article on pages 22–25, 50.

Despite the great progress and investments made to date, science-driven studies still need to 
play out; that will take time. Bio/pharma professionals—trained to carefully assess risk when 
making decisions—are treading on dangerous ground when they allow outside factors to influ-
ence decisions that are not supported by data. 

FDA has been criticized for issuing an emergency use authorization (EUA) for hydroxy-
chloroquine (later withdrawn). Recently, FDA issued an EUA for convalescent plasma—
despite medical expert reservations about the effectiveness of the treatment—following 
comments from the President that approval delays were politically motivated (2). 

Honest assessments of the potential pitfalls associated with developing new treatments 
and vaccines can be bitter pills for those demanding immediate answers to swallow. However, 
patience and science will provide the best medicine to guide effective decisions about a return 
to normal life.

REFERENCES
1.  BIO, BIO COVID-19 Therapeutic Development Tracker, www.bio.org, accessed Aug. 26, 2020.
2.  J. Wechsler, “FDA Caught in Political Crossfire,” www.biopharminternational.com, Aug. 24, 

2020. ◆
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W ith nearly a thousand research pro-
grams for cell and gene therapies 
moving through the regulatory 

pipeline, FDA’s Center for Biologics Evaluation 
and Research (CBER) is struggling to monitor 
and advance these critical treatments while also 
providing advice and oversight of the safety 
and efficacy of vaccines to combat the pan-
demic. Regulatory officials predict FDA will 
approve 10–20 cell and gene therapies during 
the next few years, for a total of some 40–60 
innovative products over the decade. Many 
of these treatments fall under FDA’s high-pro-
file program for vetting regenerative medicine 
advanced therapies (RMATs), which also calls 
on CBER’s Office of Tissues and Advanced 
Therapies (OTAT) to provide extra support for 
those cellular and gene products that meet stan-
dards for RMAT designation. 

At BIO’s digital annual conference in June 
2020, OTAT Director Wilson Bryan outlined the 
“huge escalation” in his office’s workload prior to 
the pandemic, with a tripling of investigational 
new drug applications (INDs) for gene therapies 
in the past three years. Back in January 2019, 

then-FDA Commissioner Scott Gottlieb 
said that FDA expected to receive more 
than 200 INDs a year for advanced 
therapies, building on its current total 
of more than 800 INDs for cell-based 
or directly administered gene therapies 
then on file (1). And while research in 
these categories has slowed in recent 
months due to COVID-19, Bryan noted 
that it has been offset by manufactur-
ers looking to tap cellular therapies and 
intravenous immunoglobulin to com-
bat the pandemic. 

Continued advances in this field were seen 
with the July 2020 approval of tecartus from 
Gilead subsidiary Kite Therapeutics, a new treat-
ment for rare mantel cell lymphoma in adults 
not responding to other treatment and Kite’s 
second CAR T therapy (2). Novartis’ Kymriah 
led the field with FDA approval in August 2017, 
followed by three other cutting-edge treatments. 
Sarepta Therapeutics is advancing a gene therapy 
for muscular dystrophy, but FDA has delayed 
approval of BioMarin’s much anticipated hemo-
philia treatment. 

These and other development programs have 
been assisted by extensive guidance from FDA, as 
seen in a packet of six guidance documents pub-
lished in January 2020. These advisories final-
ized agency policy on developing gene therapies 
to treat hemophilia, rare diseases, and retinal 
disorders and on providing long-term follow-up 
for these relatively untried products (3). A new 
draft guidance addresses the tricky issue of when 
similar gene therapies are sufficiently different 
for the purposes of gaining orphan drug designa-
tion and extended exclusivity (4). Manufacturers 
and other stakeholders recently filed comments 
on this proposal, seeking more specific examples 
and information from FDA on this important 
commercial policy.

A fairly lengthy final guidance addresses the 
need to provide sufficient chemistry, manufactur-
ing, and control (CMC) information in applica-
tions, particularly on critical quality attributes and 
master cell banks (5). The advisory describes the 
importance of establishing manufacturing systems 
able to scale up from initial production of test 
products to commercial operation, noted CBER 
Director Peter Marks at the DIA virtual global 
annual meeting in June 2020. He observed that 

Jill Wechsler is BioPharm 
International’s Washington 

editor, jillwnelson7@gmail.com.

Regulators strive to review flood of advanced  
treatments while also vetting COVID-19 vaccines.

Surge in Cellular and Gene 
Therapies Challenges FDA
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Regulatory Beat

difficulties in establishing a reliable 
method for moving from laboratory 
production to a viable commercial 
process “without a hitch” can delay 
product approval. Strategies for deal-
ing with variability and improved 
analytical methodologies can sup-
port product characterization, Marks 
added, as will efforts to establish 
standards in this area. 

MORE RESOURCES FOR CBER?
For FDA to continue to oversee 
and advance these innovative 
and challenging development 
programs efficiently, industry, 
patient groups, and research orga-
nizations are urging policy mak-
ers to increase CBER funding (see 
Sidebar). So far, CBER has coped by 
shifting personnel and resources 
to meet user fee approval goal 
dates, Marks noted at the BIO 
conference. Some early meet-
ings intended to assist sponsors 
in designing research programs 
for new therapies have had to be 
delayed or cancelled, he acknowl-
edged, but most regulatory activi-
ties have moved forward. 

However, CBER officials acknowl-
edge that it will be difficult to 
maintain its schedule for support-
ing innovative therapies while also 
overseeing a growing number of 
COVID-19 vaccines moving into 
clinical trials, along with more new 
or updated vaccine manufacturing 
operations. All eyes are on FDA to 
fully assess the safety and quality 
of these critical preventives and to 
ensure the appropriate design and 
conduct of clinical studies. 

CBER currently receives only a 
small portion of the annual user fee 
payments, about $135 million this 
year compared to $680 million for 
the Center for Drug Evaluation and 
Research (CDER), based on a much 
smaller number of biologics license 
applications CBER usually reviews 
compared to CDER (6).  

But now the surge in INDs and 
applications for new cellular and 
gene therapies promises to narrow 
that disparity. Both CDER and CBER 
seek to recruit and train additional 
staff to assess the rising volume of 
innovative products and have been 
working to add some 200 agency 

reviewers and scientists to their 
offices. But efforts to expand staff in 
a very tight job market and through 
the agency’s cumbersome hiring 
process has been difficult, and the 
unique skills sought by CBER make 
recruiting particularly challenging. 

REFERENCES
 1.  S. Gottlieb, “Statement from FDA 

Commissioner Scott Gottlieb, MD and 
Peter Marks, MD, PhD, Director of the 
Center for Biologics Evaluation and 
Research on New Policies to 
AdvanceDevelopment of Safe and 
Effective Cell and Gene Therapies,” FDA.
gov, Jan. 15, 2019. 

 2.  FDA, “FDA Approves First Cell-Based 
Gene Therapy For Adult Patients with 
Relapsed or Refractory MCL,” Press 
Release, July 24, 2020.

 3.  FDA, Search for FDA Guidance 
Documents, FDA.gov. 

 4.  FDA, Interpreting Sameness of Gene 
Therapy Products Under the Orphan Drug 
Regulations, Draft Guidance for Industry 
(CBER, January 2020).

 5.  FDA, Chemistry, Manufacturing, and 
Control (CMC) Information for Human Gene 
Therapy Investigational New Drug 
Applications (INDs), Guidance for Industry 
(CBER, January 2020). 

 6.  FDA, Five-Year Financial Plan, Fiscal Years 
2018-2019-2020-2021-2022, 2020 
Update for the Prescription Drug User 
Fee Act Program, Report (undated).◆

At a public meeting in July 2020 to launch negotiations 
for renewing the Prescription Drug User Fee Act (PDUFA) 
before the current program expires in September 2022, 
patient advocates, research experts, and industry pre-
sented their preferences for tapping user fee revenues to 
support a range of FDA initiatives, including broader use of 
real-world evidence and innovative clinical trial methods to 
advance new therapies and for FDA to expand electronic 
communications systems in research and regulatory pro-
grams. A prominent theme is for the agency to incorporate 
innovations and program changes adopted for dealing 
with the COVID-19 pandemic into ongoing research pol-
icies and regulatory activities (1). 

Several stakeholders also urged increased funding for 
the Center for Biologics Evaluation and Research (CBER) 
to support development of advanced therapies for rare 
diseases. Cartier Esham, executive vice-president of the 

Biotechnology Innovation Organization, cited the greater 
demand on CBER personnel for multiple meetings with 
sponsors and the need to clarify expedited pathways and 
expand standards for advanced manufacturing processes 
and technologies for gene therapies. 

Over the coming months, FDA will seek input from 
industry leaders and representatives of consumer and 
patient organizations, research entities, and healthcare 
organizations to present Congress with a user fee 
agreement by the middle of next year so that the legislators 
can write and approve authorizing legislation by early 2022.

Reference

 1.  FDA, “Reauthorization of the Prescription Drug User Fee 
Act; Public Meeting; Request for Comments,” Notice, Fed-
eral Register, 85 FR 35096, 35096-35099. 

—Jill Wechsler

FDA and Stakeholders Kick off PDUFA Renewal Negotiations
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Preparing Pandemic Vaccine Capacity
Rapid scale-up to billions of doses requires collaborative, all-out efforts 
by innovators, their manufacturing partners, and the entire supply chain. 

JENNIFER MARKARIAN

T he biopharmaceutical industry is working at unprece-
dented speed to develop and manufacture vaccines for 
the COVID-19 pandemic. Among the challenges of a 

pandemic is the need to scale up to billions of doses, at a larger 
scale than typically needed for vaccines, from raw materials 
all the way through to the materials for the containers for 
fill/finish. Collaborative efforts to make a safe and effective 
vaccine against the novel coronavirus, SARS-CoV-2, are 
underway around the world. The timeline to develop, produce, 
and distribute an approved vaccine is being dramatically com-
pressed, and companies are scaling up manufacturing “at risk,” 
making the vaccines before they have been approved. While 
pharmaceutical companies are bearing some of the risk, these 
efforts are being extensively funded by governments as well 
as non-profit organizations. In the United States, the federal 
government’s Operation Warp Speed program—a partnership 
among the US Department of Health and Human Services 
(HHS), the Department of Defense (DoD), and others—is 
investing in vaccine development and manufacturing, fill/
finish capacity, and in capacity for supply of vials, needles, and 
prefilled syringes. As of August 5, 2020, more than $6.5 bil-
lion had been designated to flow through HHS’s Biomedical 
Advanced Research and Development Authority (BARDA) 

for countermeasures and $3 billion for National Institute of 
Health (NIH) research (1).

SCALING UP CAPACITY
Production of the billions of doses needed will require manufac-
turing at multiple sites, and innovators and contract development 
and manufacturing organizations (CDMOs) are partnering 
to come up with all the capacity that will be needed globally. 
Manufacturers know that it is not only the equipment, facilities, 
and raw materials—although these are necessary and require 
planning ahead—but also the knowledge and the expertise to run 
the process. Technology transfer is, thus, a crucial piece. Indeed, 
the tech transfer process is already well underway at CDMOs.

Everyone is working at “pandemic speed,” says Andre Goerke, 
head of the planning and value chain management business unit 
at Lonza; Goerke also is the global project lead for Lonza’s efforts 
to make the active ingredient for Moderna’s mRNA vaccine. 

Having adequate raw materials, building and staffing the facil-
ities, and tech transfer are all keys to success. Flexible, modular 
facility designs allow manufacturers to adapt and move quickly. 
Goerke says Lonza’s Ibex facilities “have been set up with exactly 
this challenge in mind. ... Adaptability allows us to cut construc-
tion time considerably compared to standard builds and gives the 
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flexibility to install a broad range of man-
ufacturing technology.”

Emergent BioSolutions says that its 
flexible CDMO capacity deployment 
model can respond quickly to demand 
fluctuations. The company’s Bayview 
multi-suite facility in Baltimore, MD is 
designated by the US HHS as a Center 
for Innovation in Advanced Development 
and Manufacturing (CIADM) and is 
designed to leverage single-use technol-
ogies to manufacture product in large 
quantities during public health emergen-
cies. The CIADM can accommodate var-
ious types of vaccine platforms that can 
be manufactured in parallel. Four inde-
pendent suites allow products or custom-
ers to move in and out quickly, explains 
Dino Muzzin, senior vice-president of 
manufacturing operations at Emergent 
BioSolutions. Platform-based equip-
ment at the facility allows flexibility and 
facilitates tech transfer, noted Richard 
W. Welch, vice-president of development 
services at Emergent BioSolutions, in 
a presentation at BIO (2). Additionally, 
the company is adding new capacity at 
its Rockville, MD, and Canton, MA 
sites and expediting an expansion of its 
Camden facility in Baltimore, MD. 

PURSUING PLATFORMS
Several types of vaccines are being devel-
oped and tested in the hopes that at least 
one, but possibly multiple vaccines and 
of different types, will be approved. The 
industry is counting on the advantages 
of “platform” technologies, with develop-
ment and manufacturing processes that 
can use the same or similar systems and 
equipment, tailored for different vaccines. 
Such platforms allow more rapid devel-
opment and scale up and, even prior to 
the current pandemic, were predicted to 
be useful for responding to an outbreak 
caused by a new pathogen. 

mRNA vaccines
Nucleic acid-based vaccines—based on 
messenger ribonucleic acid (mRNA) 
or on deoxyribonucleic acid (DNA)—
are examples of platform technologies. 

Moderna, Pfizer/BioNTech, CureVac, 
CanSinoBio, and others are making prog-
ress using mRNA platforms, with mRNA 
formulated in a lipid nanoparticle delivery 
vehicle. Inovio and others are working on 
DNA-based vaccines. Although nucleic 
acid vaccines have been tested in clinical 
trials, for Zika and Middle East respi-
ratory syndrome (MERS), for example, 
none have yet been approved for use. 

Moderna’s vaccine candidate, mRNA-
1273, is encapsulated in lipid nanopar-
ticles, and it has progressed to Phase III 
clinical trials. Moderna is building up 
manufacturing capacity, partly through its 
CDMO partner, Lonza, which is adding 
manufacturing lines in New Hampshire 
and in Visp, Switzerland. In an inter-
view in late July, Goerke reported that 
tech transfer for the first step of the 
process has started as planned, and that 
preparation was well underway at the 
Portsmouth, NH facilities, with batches 
for the first of three process steps (the 
mRNA step) to be produced in July 2020. 

“Fit-out of our Visp facility is ongoing. 
We envisage the start of operations in 
Visp by the end of 2020,” said Goerke.

“Lonza aims to replicate the facility, 
equipment, and data management princi-
ples developed by Moderna,” adds David 
Callaert, head of global strategic growth 
investments and engineering at Lonza. 

“We plan to further strengthen and prag-
matically ensure reliable supply through 
intense collaboration with the techni-
cal teams of Moderna. The aim is to 
achieve short processing times with high 
throughput. Going digital and maximiz-
ing the use of disposable equipment are 
some of the key components necessary to 
achieve these goals.”

Another CDMO partner of Moderna, 
CordenPharma, will manufacture 
large-scale volumes of Moderna’s pro-
prietary lipids needed to make the lipid 
nanoparticle excipients. A challenge is 
the need to quickly scale-up by a factor 
of several hundred times the initial scale, 
says Matthieu Giraud, director, global 
peptides, lipids and carbohydrates plat-
form at CordenPharma International. 

“We have to optimize the process for 
large-scale manufacturing and, at the 
same time, transfer to our larger assets. 
In addition, the scales are so incredibly 
large that we have to leverage our entire 
CordenPharma network to ensure a sus-
tainable supply chain,” he explains. 

The company’s facilities in France, 
Switzerland, and the US are working on 
the project; at CordenPharma Colorado, 
unique high-pressure chromatography 
systems usually used for manufacturing 
peptides have been reallocated for puri-
fying lipids. Although making Moderna’s 
proprietary lipid at large scale is new, 
Giraud notes that CordenPharma has a 
long history of large-scale production of 
standard lipids using its platform tech-
nology. CordenPharma’s sister company, 
Weylchem Innotec, has been able to pro-
vide key raw materials for lipid produc-
tion, Giraud adds. 

Quality of the lipids is crucial because 
of the high proportion of lipids in rela-
tion to the mRNA. “The quality of the 
lipids is known to affect the encapsula-
tion efficiency, liposome internalization 
by cells, and efflux rate of encapsulated 
therapeutic agents, all of which have 
implications for drug delivery and formu-
lation shelf life. It is essential to create a 
very well-controlled process when manu-
facturing lipids,” says Giraud.

CordenPharma is on track to meet 
Moderna’s aggressive timeline, and man-
ufacturing has started at three sites, says 
Giraud. He points to close collaboration 
between the company’s facilities, and he 
says that a rigorous risk management 
process identified gaps early on, so that 
risks could be mitigated.

Pfizer and BioNTech are also mak-
ing progress on their lipid nanoparti-
cle mRNA-based vaccine candidate, 
BNT162; initial results from Phase I/II 
studies are positive, and the companies are 
planning a global Phase IIb/III trial (3). 
Acuitas Therapeutics is providing lipid 
nanoparticles for the vaccine. If the trials 
go well, Pfizer and BioNTech plan to 
seek regulatory approval or authorization 
as soon as October 2020. Pfizer says it 
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expects to manufacture 100 million doses 
by the end of 2020 and approximately 1.3 
billion doses by the end of 2021. The US 
government placed an order for 100 mil-
lion doses, and the United Kingdom (UK) 
government signed an agreement for 30 
million doses, both pending regulatory 
authorization or approval (4). Pfizer says it 
is building inventory of existing products 
now to make room for vaccine production 
later. Additionally, according to a Reuters 
report, Pfizer plans to shift some of its 
existing drug manufacturing to CDMO 
partners so that it can prepare for man-
ufacturing the vaccine candidate at three 
facilities in the US and one in Belgium (5). 

CureVac in Germany is also working 
on an mRNA vaccine, CVnCoV, and 
Phase I clinical trials began in June 2020 
in Germany and Belgium. The com-
pany has a proprietary RNAoptimizer 
platform, which includes an end-to-end, 
good manufacturing practice (GMP) 
manufacturing process designed for 
mRNA-based drugs. The company is 
expanding its GMP facility and complet-
ing construction of its fourth production 
site in Tübingen, Germany. The company 
said the facility has the capacity to poten-
tially supply several hundred million 
doses per year, depending on the human 
dose defined in the clinical trials (6). 

In addition to its large-scale production 
facilities, CureVac is developing a small-
scale, portable manufacturing “facility” it 
calls The RNA Printer, which it envisions 
could be transported to outbreak regions 
or placed in hospitals. In early 2019, the 
Coalition for Epidemic Preparedness 
Innovations and CureVac announced a 
partnership to advance the automated 
equipment that can produce several grams 
of lipid nanoparticle-formulated mRNA, 
which could potentially be more than 
100,000 doses, in a few weeks (7). 

DNA vaccines 
A challenge for distribution of mRNA-
based vaccines is the need to keep them 
frozen. Inovio’s DNA-plasmid vaccine 
candidate, INO-4800, however, is stable 
at room temperature for more than a 

year and does not require being frozen 
in transport or storage, the company 
reports (8). Inovio announced positive 
interim Phase I results at the end of 
June and had hopes to begin Phase II/
III over the summer. The company has a 
proprietary delivery device, the Cellectra 
3PSP, that delivers the DNA-plasmid 
vaccine directly into the skin. The US 
DoD provided funding for large-scale 
manufacturing of the device, and Inovio 
says it has produced initial quantities at 
its San Diego, CA, facility and demon-
strated that the manufacturing process 
could be transferred to contract manu-
facturers (9). An earlier version of the 
Cellectra has been used in clinical trials 
of Inovio’s DNA medicines.

Viral vector vaccines
Viral vector vaccines are another plat-
form, which uses a live, attenuated virus 
as a vector or delivery vehicle for an anti-
gen’s genetic code. A benefit of this type 
of platform is that the viral vectors are 
made with a standardized manufacturing 
process independent of the active part 
of the vaccine, noted CDMO Cobra 
Biologics (10). 

Vaccines made with this type of plat-
form from Merck, Johnson & Johnson, 
and CanSino Biologics have approvals 
for Ebola, and these companies are using 
their respective platforms for vaccine 
candidates against the novel coronavirus. 
China’s CanSinoBio’s viral vector vaccine 
for Ebola has been approved by China’s 
regulatory agency; the company’s vaccine 
candidate for the novel coronavirus uses 
adenovirus 5 (Ad5) and, as of August 9, 
2020, was preparing to begin Phase III 
trials. Merck’s Ebola vaccine, approved by 
FDA in December 2019, uses an engi-
neered vesicular stomatitis virus (VSV) as 
the viral vector; Merck currently is work-
ing on a VSV-based COVID-19 vaccine. 
In addition, Themis, which was acquired 
by Merck in June, has a platform technol-
ogy that uses a measles vaccine vector. 

The Janssen Pharmaceut ica l 
Companies of Johnson & Johnson (J&J) 
received European marketing autho-

rization for their two-dose viral vector 
vaccine for Ebola on July 1, 2020 (11). 
The first dose of this approved vaccine 
uses Janssen’s AdVac viral vector platform, 
based on adenoviruses that are genetically 
modified, so they are non-replicating in 
humans. The AdVac platform is being 
used for the company’s investigational 
SARS-CoV-2 vaccine, Ad26.COV2-S, 
recombinant, which moved into Phase 
I/IIa first-in-human clinical trials in late 
July. J&J’s goal is to manufacture more 
than one billion doses, and it is scaling 
up manufacturing capacity globally. On 
August 5, 2020, the company announced 
that the US government, through 
BARDA, is committing more than $1 
billion for large-scale US manufactur-
ing and delivery of the vaccine follow-
ing FDA approval or authorization (12). 
The company said its partnership with 
CDMO Emergent BioSolutions for drug 
substance, announced in April 2020, was 

“the first in a series of prospective global 
collaboration agreements designed to 
accelerate manufacturing” (13). 

The University of Oxford and 
AstraZeneca’s novel coronavirus vaccine 
candidate (AZD1222) uses a recom-
binant adenovirus viral vector platform 
that has been used in experimental 
vaccines for Ebola and MERS. Phase 
II/III trials have started in the United 
Kingdom, Brazil, and South Africa, and 
are planned for the US, with more than 
$1 billion from BARDA for develop-
ment, production, and delivery planned 
for fall 2020 (14). AstraZeneca has com-
mitted, so far, to more than two billion 
doses, in supply agreements with the 
UK, the US, Europe’s Inclusive Vaccines 
Alliance, the Coalition for Epidemic 
Preparedness, Gavi the Vaccine Alliance, 
and the Serum Institute of India (15). 

Preparations for large-scale viral vector 
manufacturing capacity were picking up 
speed late in 2019 as the biopharmaceu-
tical industry was beginning to address 
shortages due to the rapidly growing 
demand for viral vectors from the pipe-
line for cell and gene therapies and viral 
vaccines. Modular facilities and single-use 
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systems are seen as one way to build 
capacity more quickly (16).

Cell-based technologies
While vaccines based on mRNA, DNA, 
or viral vectors are still new, recombi-
nant DNA vaccines made in cell-based 
bioprocesses are another technol-
ogy that offers the potential for rapid 
scaleup and have been in use on the 
market for several years. For example, 
the Flublok Quadrivalent influenza 
vaccine, initially approved by FDA in 
2013 and acquired by Sanofi Pasteur in 
2018, uses a recombinant DNA tech-
nology that combines the target DNA 
sequence in a plasmid with a baculovi-
rus (BV) DNA, which produces anti-
gens in a host cell; the antigens are then 
collected and purified to be formulated 
in the vaccine. These cell-based pro-
cesses are more easily controlled and 
scaled than the traditional egg-based 
influenza vaccine production method, 
thus the recombinant DNA technology 
had been recognized for its potential as 
a response to a pandemic. 

In December 2019, Sanofi entered 
an agreement with BARDA to 
increase its domestic pandemic influ-
enza vaccine production capabilities 
in Swiftwater, PA. And now Sanofi’s 
platform is being put to use for the 
COVID-19 pandemic; Sanofi and 
GlaxoSmithKline (GSK) are part-
nering to produce a vaccine candidate 
using Sanofi’s S-protein COVID-19 
antigen and GSK’s adjuvant technology. 

Novavax’ recombinant nanoparticle 
vaccine platform uses recombinant BV 
to infect Sf9 insect cells, which express 
the antigens that are then purified as 
multimeric nanoparticles. Although the 
company does not yet have an approved 
drug, the platform is used to make the 
company’s seasonal influenza vaccine 
candidate, NanoFlu, which received 
FDA fast track designation in January 
2020. The platform is being used to 
make the company’s NVX-CoV2373 
COVID-19 vaccine candidate, which is 
a stable, prefusion protein with Novavax’ 
proprietary Matrix M adjuvant. 

Novavax received more than $1.6 
billion f rom BARDA to manufac-
ture NVX-CoV2373 and to stockpile 
raw materials needed for the Matrix M 
adjuvant (17). The company is working 
with Emergent Bio to manufacture both 
its NanoFlu seasonal influenza candi-
date and its COVID-19 candidate at 
Emergent’s Bayview, MD, facility. 

Novavax also announced a manufac-
turing partnership with CDMO Fujifilm 
Diosynth Biotechnologies (FDB) to 
make the bulk drug substance for NVX-
CoV2373, and FDB’s site in Morrisville, 
NC, began production in July (18). AGC 
Biologics was contracted to manufac-
ture the Matrix M adjuvant to expand 
Novavax’ capacity. 

Inactivated vaccine
China’s Sinovac is using an even more 
traditional technology of an inactivated 
vaccine for its novel coronavirus candi-
date, CoronaVac. The company is build-
ing a commercial vaccine production 
plant that is expected to manufacture up 
to 100 million doses annually (19).

THE FINISH LINE
The importance of fill/finish for vaccines 
is well known, and the supply chain is 
ramping up capacity for materials (includ-
ing injection needles and the glass for 
vials) and for filling. CDMO capacity will 
be crucial in this stage, as well (20).  

Pharmaceutical manufacturers are 
moving ahead with manufacturing at 
commercial scale, while also preparing 
to adapt to changes that arise, as devel-
opment is also still being completed. 
The vaccine fill/finish line will, if all 
goes well, be the beginning of the end 
of the global pandemic. 
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Technology Innovations Improve 
Process Chromatography Performance

As technology matures, inefficiencies and process limitations 
in downstream process chromatography are improved.

FELIZA MIRASOL

S electing an appropriate separation technology for 
biologic manufacturing is a crucial task in maxi-
mizing productivity in downstream bioprocessing. 

Biomanufacturers consider several key factors when selecting 
a best-fit process chromatography technology for their prod-
ucts, including the stability of the biologic, compatibility of 
the buffers used, and the ease with which scale-up can be 
achieved. Recent developments in process chromatography 
have addressed challenges in downstream separation and 
purification and led to improved bioprocessing.

CURRENT CHALLENGES
The biopharmaceutical industry continues to face technical and 
logistical challenges in process chromatography, particularly 
during scale-up. Although significant work has been done in 
upstream bioprocessing to remove bottlenecks through the 
implementation of single-use technologies, better characteriza-
tion of raw materials, and the use of more precisely controlled 
bioreactors, improvements in downstream processing have not 
kept pace, says Nandu Deorkar, vice-president, research & devel-
opment—Biopharma Production, Avantor.

“In downstream processing, the ultimate goal for bio-
pharma manufacturers is to improve recovery and reduce 
the cost per gram of protein produced. Currently, over 60% 
of the cost to produce a new biologic still relates back to 
downstream steps,” Deorkar says. “It doesn’t help that there’s 
approximately 30% more effort, such as resources, materials, 
and equipment, as harvest material goes through down-
stream purification due to multiple unit operations. Any 
percentage of improvement in downstream recovery can 
contribute to improving the ultimate process yield for drug 
product of the target biologic,” he adds. 

Deorkar also notes that there is a lack of diversity in 
the supply chain of Protein A resin, which is used in the 
first downstream chromatography step in monoclonal anti-
body (mAb) manufacturing. “That dearth is seen especially 
through the limited dynamic binding capacity needed to 
process the high-titer cell culture harvest,” he says.

The performance reproducibility in column packing, 
which is essential for ensuring consistent scale-up, can accel-
erate technology implementation in manufacturing, says 
Hemanth Kaligotla, chromatography task force manager at 
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Sartorius. “For chromatography offer-
ings based on membranes, both the 
availability of devices at multiple scales 
and the performance across the device 
sizes need to be consistent. Flow dis-
tribution in the devices remain critical,” 
Kaligotla emphasizes.

Slow processing times are another 
big issue, especially because the bio-
pharma industry is looking to shorten 
supply chains and make drugs “at 
the bedside”, says Ian Scanlon, staff 
researcher, and Zachary Sexton, 
research engineer, both at Cytiva. 
Reducing the costs for cleaning and 
cleaning validation are also challenges 
that many big companies and contract 
manufacturing organizations (CMO)/
contract development and manufactur-
ing organizations (CDMOs) discuss. 

“Those two steps often lead to huge 
amounts of ‘non-productive’ time, even 
with mitigation strategies. Single-use 
solutions can eliminate much of that 
downtime with a simple plug-and-play 
format,” says Scanlon. 

“Two goals of the biopharmaceu-
tical industry are scalability and flex-
ibility,” notes David Beattie, head of 
Bioprocessing R&D, MilliporeSigma. 
“A downstream facility should give reli-
able product qualities from first clini-
cal batches to full-scale manufacturing. 
It is of great importance to rely on 
materials, such as resins, buffers and 
equipment, which are designed for 
production purposes and available in 
the amount they are needed,” he states. 

“The other goal, flexibility, is of 
particular importance for novel ther-
apeutics. Bispecific antibodies, anti-
body-drug conjugates, engineered 
glycovariants, fusion proteins—all these 
molecules need to be purified with a 
templated approach using resins with a 
predictable behavior,” Beattie continues. 

PAST CHALLENGES
Fortunately, past challenges with down-
stream process chromatography have 
been overcome with innovations in 
technology, equipment, or methodology. 

Chromatography has been a work-
horse in the purification of biological 
products for decades, and there is a 
constant drive to optimize productiv-
ity and minimize the cost of goods, 
Kaligotla states.

“We see an increase in the use of 
mixed-mode resins due to the addi-
tional selectivity they offer for chal-
lenging molecules, as well as for the 
minimal feed stream manipulation 
needed to develop a robust pro-
cess. Specific affinity resins are also 
being developed that enable an effec-
tive and straightforward capture step 
that results in high purity. We can see 
this trend in new biological targets 
(e.g., adeno-associated virus [AAV]) 
where no platform processes have been 
established yet. Convective flow mem-
brane chromatography and monoliths 
addressed the previous purification 
challenges with diffusive matrices for 
large molecules, such as viruses (> 100 
nm), plasmids, or even large protein 
complexes,” Kaligotla notes.

Process simplification has become 
a prominent solution, with processes 
optimized to eliminate non-value-
added steps and remove disconnections 
between unit operations, Kaligotla 
adds. Process intensification is another 
viable approach through which equip-
ment footprint could be reduced and 
manufacturing could be made more 
flexible.  We also see work being done 
in the space of real-time product qual-
ity monitoring for real-time/automated 
event control to achieve real-time 
release and continuous processing,” 
Kaligotla says.

Meanwhile, the amount of effort 
needed to perform screening experi-
ments poses another major challenge. 
Customers can benefit f rom work-
ing with vendors that support them 
with high throughput screening tools 
with pre-packed consumables, high 
throughput screening systems, and 
well-designed studies using robust 
design of experiment software tools, 
according to Kaligotla.

Sexton notes that ligand develop-
ment has helped enhance the robust-
ness of processes in development. “A 
ligand that has a higher affinity for 
its substrate or that is more resistant 
to harsher cleaning procedures gets 
preference because it saves the cus-
tomers money and time,” Sexton states. 
Hardware innovations, such as sim-
ulated moving bed (SMB), periodic 
counter-current (PCC), or other sys-
tems, which allow users to make more 
efficient use of a resin are still emerg-
ing, he adds. 

“We are also seeing that, as regula-
tory limits impose restrictions for ensur-
ing customer safety, like toxicology and 
cleaning validation for GMP [good 
manufacturing practices] environments, 
off-the-shelf technology becomes more 
appealing,” Sexton states. 

The development of pressure sta-
ble chromatography resins, which 
allows seamless scale-up with high lin-
ear velocities, was another innovation 
that helped the industry address past 
chromatography challenges, Beattie 
says. Another innovation address-
ing the need for increased flexibility 
is the adoption of single-use mem-
brane-based chromatography technol-
ogies, he adds. 

“Traditional, resin-based chroma-
tography columns are often oversized 
due to throughput limitations and 
are ill-suited to flexible manufactur-
ing. These factors impose challenges 
on the design of purification schemes 
for manufacturing of biotherapeu-
tics,” Beattie states. MilliporeSigma, 
for example, developed a membrane 
adsorber that addresses these chal-
lenges by combining high binding 
capacity and high flow rates. 

Membrane  adsorbers  de l iver 
enhanced process flexibility and 
robustness and reduce cost as well as 
risk. Benefits include faster processing, 
which increases productivity; elimi-
nating the need for column packing, 
which saves labor and time; elimi-
nating the need for cleaning between 
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batches, which allows for rapid switch 
over; eliminating the risk of cross-con-
tamination between batches; and 
allowing for a smaller facility footprint, 
Beattie enumerates.

Deorkar adds that finding effi-
ciencies and economies of scale in 
downstream processing involves more 
complex analysis and optimization. 
Improvements may be reached after 
investigating aspects of current puri-
fication steps and technologies. Such 
improvements include expanding the 
use of mixed-mode and multimode 
chromatography resins, particularly 
since using resins to target ligands 
for increased selectivity can help to 
process targeted molecules more effi-
ciently; exploring ways to make chro-
matographic buffers more effective, 
which can be done by using new kinds 
of additives and prepackaged sin-
gle-use buffer materials to streamline 
buffer exchange steps.; and making 
wider use of data analysis tools. Data 
can help quality and process optimi-
zation engineers gain deeper insight 
into complex material interactions in 
downstream process steps, particu-
larly related to raw material charac-
terization, Deorkar says. He adds that 
variability in raw materials can present 
serious issues that impact downstream 
efficiency and can lead to long investi-
gations and potential delays in making 
drugs available for patients. Advanced 
characterization of materials, there-
fore, is a best practice adopted from 
semiconductor manufacturing that 
can provide biopharma manufacturers 
with further insights into the variabil-
ity of materials within the integrated 
supply chain.

“New choices for Protein A, such 
as, for example, a new recombinant 
Protein A resin developed by Avantor, 
[can]addresses challenges of limited 
supply,” Deorkar continues. “The new 
resin is built on a proprietary ligand 
using an alternative supply chain. 
Additionally, current Protein A product 
formulations require flammable chem-

icals for storage and transportation, 
which require specific safety precau-
tions and incur additional shipping and 
handling costs. Avantor addresses this 
problem by packaging its new resin in 
a non-flammable storage buffer that 
does not require restrictions or special 
handling in storage and transporta-
tion related to flammability,” Deorkar 
explains.

CONTINUOUS 
CHROMATOGRAPHY
As continuous bioprocessing gains 
more attention, there is the need to 
evaluate whether current process chro-
matography technologies pose any 
limits or risks to implementing contin-
uous processing. According to Scanlon, 
there are definite risks in moving 
toward continuous bioprocesses, both 
on the technology/implementation 
side and in the regulatory side of 
things. Among the issues discussed 
frequently are how one defines where a 
batch starts and ends and how one can 
minimize the impact of contamination 
when something inevitably goes wrong. 

“It’s relatively easy with batch pro-
cesses because of its definite contain-
ment. When everything blends and 
your monitoring is in-line, you become 
aware of the problem very quickly, 
but making that separation of what is 
affected or unaffected is crucial. You 
almost need second-order indicators—
indicators of when something is mov-
ing towards that out-of-spec range to 
make you aware before a large contin-
uous separation process becomes non 
optimal, resulting in an expensive loss 
of material and a potentially long and 
involved problem-solving investiga-
tion,” Scanlon says. 

“We’ve seen vast improvements 
in adsorber characteristics, be it res-
ins or membranes. These larger pore 
structures allow for better pressure 
characteristics over a longer lifetime. 
Perfusion titers will increase over time 
like batch processes have previously. 
This will create a need for downstream 

process improvements that are being 
developed today,” Scanlon adds.

Continuous processing also makes 
things more complex, from flow path 
complexity to connections and pro-
gramming to keep processes in sync, 
Scanlon continues. Added to the 
complexity is the fact that CMOs/
CDMOs use equipment from different 
suppliers. “Getting interoperability in 
a continuous process could be chal-
lenging if the equipment isn’t designed 
to do so and could potentially require 
some sort of in-between hardware 
that may need to be custom-made,” 
Scanlon observes.

“The industry is moving towards 
intensified, connected, and contin-
uous bioprocessing, and we expect 
about 30% of new molecules mov-
ing into clinical manufacturing will 
be based on intensified processing in 
upstream or downstream operations,” 
observes Beattie.

One area of bottlenecking in 
continuous mAb polishing chro-
matography is the cation exchange 
step, which is traditionally operated 
in bind and elute mode to provide 
clearance of product-related aggre-
gate, Beattie points out. “While 
bind and elute chromatography can 
be operated in a continuous manner 
using multi-column systems, buffer 
consumption is relatively high and 
product elution often occurs under 
high salt conditions, which drives the 
need for dilution or buffer exchange 
to maintain compatibility with unit 
operations further downstream. A 
more efficient purification strategy is 
to operate the cation exchange step in 
a product flow-through mode, rather 
than bind and elute mode,” explains 
Beattie. “From a continuous pro-
cessing perspective, a flow-through 
cation exchange step is more easily 
integrated with other product flow-
through purification steps, such as 
anion exchange polishing or virus fil-
tration, without requiring conductivity 
adjustment or dilution.”

Downstream Processing
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While some bioprocessing is operat-
ing on a semi-continuous basis, major 
limitations for complete continuous 
chromatography exist, such as the linking 
of different unit chromatography and 
filtration unit operations. Multiple chro-
matography steps use different types of 
buffer systems, according to Deorkar. 

“As part of these process flows, buffer 
exchange is required and is typically 
difficult to link. If you think of a train, 
it is very easy to jump from cart to cart 
with a bridge. But without this connec-
tor, the train will separate and lose part 
of its cargo. What is needed is a seam-
less connector to bring chromatogra-
phy and buffer exchange work together. 
Once this is accomplished, the sup-
ply of various buffers would need to 
be assured. This could be achieved by 
using hydrated concentrated buffers or 
ready-to-hydrate pre-weighed direct 
dispense delivery of solids to enhance 
flexibility and efficiency of buffer prep 
operations,” Deorkar explains.

Kaligotla supports the idea that the 
integration of multiple unit operations 
while maintaining robust process con-
trol and minimizing risk is an essen-
tial focus for continuous bioprocessing. 
“The current process technologies, such 
as functionally closed single-use mani-
folds for [chromatography] skids, pre-
packed columns, and robust sensor 
components, enable long-term pro-
cessing in a bioburden-reduced envi-
ronment. The technologies are slowly 
maturing, and there are continued 
efforts on real-time in-line analytics 
to optimize continuous processing,” 
Kaligotla says. 

Risks associated with these maturing 
technologies include the high cost of 
consumables, the integrity of the flow 
paths over extended use, limited leach-
able and extractable data, and biobur-
den concerns, Kaligotla points out. 

The application of more recently 
developed technologies, such as sin-
gle-pass ultrafiltration/diafiltration, 
and as well as continuous virus inac-
tivation step post-Protein A, allows 

for steps to run in a truly continuous 
mode,” Kaligotla says

DOWNSTREAM RESPONSE 
TO UPSTREAM SCALE-UP
What is the downstream response to 
upstream scale up as the industry sees 
increasing titers in upstream process-
ing resulting from increased sizes of 
single-use bioreactors and optimized 
cell culture conditions? The response 
in downstream processing will likely 
be realized in different ways for dif-
ferent facilities, Beattie believes.

In multi-product facilities, higher 
titer upstream processes can reduce 
the number of batches needed to 
produce a target product mass. This 
provides an opportunity to increase 
the number of molecules per facility, 
Beattie observes. “This goal cannot 
be achieved without highly produc-
tive single-use purification solutions 
which feature high throughput, quick 
change-over, and low cross-contami-
nation risk,” Beattie states. 

Another strategy involves increas-
ing the total output of a single prod-
uct in an existing facility, Beattie 
continues. “Downstream, this results 
in not only increased column size, but 
also a corresponding increase in buffer 
volumes that can be overcome with 
the use of buffer concentrates.” 

Increasing the size of downstream 
equipment is also a response to 
increased upstream output, Deorkar 
chimes in. In addition, multi-cycling 
may be possible if unit operations 

allow faster flow. “This is like continu-
ous processing within a unit operation. 
In this case, pressure is placed on the 
buffer train, so it is necessary to ensure 
that the buffer prep operation is effi-
cient and scalable,” Deorkar states. 

However, increasing the size of 
downstream equipment also means 
that costs are increased, says Sexton. 
He notes, though, that the industry 
will innovate and solve this problem 
creatively. “Some of that will include 
increasing size in the downstream 
sphere. However, it may include a 
smaller footprint to make sure exist-
ing equipment is operating as effi-
ciently and as effectively as possible. 
The easy solution is to make every-
thing larger, but the better and more 
effective (and more exciting) solu-
tion is to make current processes more 
efficient,” Sexton states. 

“There is also the argument that, 
as we trend toward highly efficacious, 
personalized medicine and closing 
supply chain gaps, the paradigm will 
shift more toward smaller batches of 
material made in region,” Sexton adds.

The higher titers in upstream process-
ing can impact the number of down-
stream operating cycles and the total 
process times, adds Kaligotla. The higher 
titers also further create challenges with 
process scheduling; the higher upstream 
productivity shifts the bottleneck from 
upstream to downstream. “The higher 
the titer, one can expect to see a corre-
sponding increase in the level of impu-
rities, increasing the need for depth 
filter area downstream. A practical way 
to address this productivity increase is 
by utilizing a multicolumn approach. 
This approach has recently gained trac-
tion due to the availability of functionally 
closed single-use manifolds that consist 
of robust sensor components that enable 
long-term processing in a bioburden-re-
duced environment at clinical or com-
mercial-stage manufacturing.” Kaligotla 
also says that the material cost-savings 
and enhanced productivity benefits make 
this unit operation more attractive. ◆
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Strategizing for Rapid Changeovers  
in Biologics Manufacturing

Facility and equipment design are important,  
but the team and its experience matter most.

CYNTHIA A. CHALLENER

T hrough its Operation Warp Speed program for 
COVID-19 vaccine manufacturing, the US government 
is paying manufacturers and contract service providers 

to scale up the manufacture of specific vaccine candidates. If 
those specific candidates are not successful in the clinic, those 
facilities must be able to quickly switch to production of differ-
ent vaccine candidates that have been approved. 

While this approach sounds like a practical approach to 
accelerating vaccine manufacturing, rapid changeover of bio-
logic production process carries numerous challenges. There 
are a few different strategies for overcoming these challenges, 
with key components including facility design, equipment 
selection, operational considerations, and the use of appropri-
ate plant management systems.

CHALLENGES ON NUMEROUS FRONTS
Challenges to rapid changeover come from many sources, 
including the equipment, room configuration, documen-
tation, people, and environmental monitoring, accord-
ing to Sebastien Ribault, head of end-to-end solutions at 
MilliporeSigma. 

The traditional method of completely stripping down all 
equipment and installing dedicated materials and compo-
nents for each product has proven to be a cumbersome and 
costly process for multiproduct facilities, adds Piergiuseppe 
Nestola, senior platform technology consultant at Sartorius. 
“It is not unusual for changeover to require weeks to com-
plete when traditional methods are followed. With the 
changing industry tide favoring multiproduct manufactur-
ing facilities, methods to enhance efficiency without sacri-
ficing quality or safety are needed,” he says.

Several activities must be performed in a facility to avoid 
any risk of cross-contamination between Product A and 
Product B, in particular via a thorough cleaning-in-place 
of all equipment surfaces in contact with intermediates and 
the end product, Thibaud Stoll, global head of commercial 
biologics operations at Lonza, specifies. 

For certain biologics, most notably viral vectors, vaccines 
based on live viruses, and spore-formers, precautions must 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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be taken to prevent spread through 
the air and more extensive clean-
ing protocols are generally required, 
typically with airborne peroxide 
methodology, says Katarina Stenklo, 
enterprise solutions commercial acti-
vation leader with Cytiva. Any live 
biological agents, whether they be 
the host organisms or adventitious 
agents, must be effectively removed/
inactivated from HVAC, facility, and 
equipment surfaces (both exterior 
and product paths) prior to introduc-
tion of a subsequent product, adds 
Syed T. Husain, senior vice president 
and CDMO business unit head at 
Emergent BioSolutions.

Stainless-steel equipment specifi-
cally presents a common challenge, as 
it requires cleaning and validation of 
product contact surfaces before the 
equipment can be used for a subse-
quent project, according to Evan Shave, 
director of biomanufacturing—global 
network operations for Thermo Fisher 
Scientific. Cleaning and sterilization of 
stainless-steel equipment is well under-
stood, but often “overdone” in terms of 
cleaning and rinse times, mostly due to 
conservatism or a lack of time to prop-
erly optimize the process, adds John 
Machulski, vice president of engineering 
for Catalent Biologics.

Changeover of processes performed 
in a ballroom setting can be even 
more difficult than for processes run 
in individual suites due to the added 
risk of cross-contamination with other 
processes on top of concerns regard-
ing product carryover, notes Steve 
Gravallese, enterprise solutions pro-
gram director at Cytiva.

Stoll adds that some product-ded-
icated equipment must also be 
installed, in particular chromatogra-
phy columns with packed resin for 
drug substance purification. “All these 
activities may potentially be quite 
long and on the critical path if not 
optimized and sequenced properly, 
and if the facility layout has not been 
designed accordingly,” Stoll states. 

For drug product manufacturing, 
it is critical to have a lean process 
design due to its highly kinetic nature, 
according to Machulski. “Although 
barrier isolation technology provides 
the highest level of aseptic processing, 
long bio-decontamination cycle times 
remain one of the biggest challenges 
for achieving a rapid changeover,” he 
says. Stoll also notes that given the 
completely different types of equip-
ment, changeover times are difficult 
to compare. “A change in vial format 
may require some significant setup 
activities for a filling line; the num-
ber of such changes can be optimized 
via the proper yearly planning and 
sequencing of campaigns,” he observes.

For contract manufacturers in par-
ticular, the biggest difficulty is the 
need for processing equipment flex-
ible enough to accommodate differ-
ent processes/scales corresponding 
to molecules f rom different clients. 
“This challenge is more likely to apply 
to drug substance rather than drug 
product because drug substance pro-
cesses typically have significantly 
more variability between different 
products,” Shave notes.

  
OPTIMIZING CHANGEOVERS
Strategies for optimization of process 
changeovers differ because the equipment 
and room configurations for each pro-
cess are different, but all are driven by the 
same constraints and rational, according 
to Ribault. “A combination of primary 
(process design), secondary (facility design 
and operation), and procedural controls 
and studies should be used,” states Husain.

Stoll identifies three key approaches 
to optimizing changeover activities: 
making them as short as possible, per-
forming them during “hidden time” or 
in parallel, and reducing the number of 
changeovers by running longer campaigns. 

“Operational excellence/lean methodolo-
gies can be quite powerful for optimizing 
changeover processes, as can the use of 
redundant equipment or dedicating pack-
ing rooms for chromatography columns. 

In the latter case, there is additional capi-
tal expense, but it is usually a good invest-
ment,” he says. Running longer campaigns, 
though, carries a trade-off with the opti-
mization of product inventory.

The ultimate goal, according to 
Gravallese, is optimizing the facility 
around unit operations so they can be 
segregated where open processing can-
not be avoided and staggered change-
overs are possible. “It really comes down 
to identifying the best methodologies 
and designs to stagger processes in facil-
ities without impacting operations in 
the balance of the site,” he states.

Properly optimizing cleaning and 
sterilization cycles where stainless-steel 
equipment is used, validating proce-
dures, having a well-trained staff, and 
having a robust yet simplified supply 
chain are keys to facilitating rapid 
changeovers, according to Machulski. 

“Additionally, ready-to-use primary and 
secondary components can be help-
ful, along with automation and robotic 
technology for drug product fill/finish 
manufacturing,” he says.

Ribault also asserts that it is import-
ant to look across the entire value 
chain and consider how to ensure the 
interface between process development 
and manufacturing works well; another 
consideration is to put together a team 
that will make the project a success in 
record time. “You do these things by 
having templates in place for process 
development and manufacturing that 
reduce the transition time. So, while 
rapid changeover is certainly an inte-
gral aspect of operations, it is import-
ant to keep in mind that it is one piece 
within the entire value chain,” he says.

In addition, a quality risk man-
agement approach may be applied to 
assess and continuously improve estab-
lished changeover processes, according 
to Nestola. “All processes, including 
changeovers, can be improved with 
investment of money and resources, 
parallel activities, equipment design 
improvements, and standardization,” 
he asserts.
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ENABLING CHANGEOVERS 
THROUGH FACILITY DESIGN
Facility design plays an important role in 
facilitating rapid changeovers. Inclusion of 
multiple upstream suites can enable bet-
ter utilization of downstream operations 
because upstream processing takes much 
more time, according to Stenklo.

For a multi-product downstream 
suite, Shave notes that it can be better 
to have the plant broken up into two or 
three segregated smaller rooms versus a 
single ballroom so changeover can start 
as soon as the unit operation is finished. 

“This approach affords the opportunity 
to increase facility throughput,” he says. 
A phased approach allows for proper 
and thorough cleaning as the process 
completes, agrees Husain. In addition, 
all surfaces should be smooth to allow 
for easier yet effective cleaning/disin-
fection, he notes.

Separate mechanical air handling sys-
tems should be used for independent 
spaces to allow some rooms to be shut 
down while others continue to operate, 
adds Gravallese. Door interlocking alarm 
systems are equally important because 
they ensure that adjacent process spaces 
remain separated during changeover/
cleaning. The ability to monitor spaces 
quickly is also essential so they can be 
released back to operations, he adds. 

“Environmental monitoring of different 
rooms is necessary to ensure they stay 
within qualified requirements (tempera-
ture, pressure, humidity, bioburden, etc.) 
Some sampling is manual, but where pos-
sible automation of sampling can help 
speed up changeovers,” Gravallese says. 

Other important facility design 
aspects for rapid changeover, according 
to Machulski, include: quality by design, 
design for manufacturability principles 
(i.e., lean, single-minute exchange of dies 
[SMED], etc.), integration of lean oper-
ating principles such as 5S for optimal 
equipment, material and personnel flow 
in the manufacturing suite, and the estab-
lishment of SMED quick changeover 
principles to ensure efficient reconfigura-
tions of the equipment.

Changeovers can also be facilitated 
if extra rooms are included in the facil-
ity where cleaning-in-place activities on 
equipment can be performed in parallel, 
Stoll observes. “It’s not just about one 
aspect, but all of the aspects, including 
the size of the corridors, equipment 
placement in the suites, management of 
sampling, and environmental monitoring 
working together,” asserts Ribault. 

The so-called “facility of the future,” 
concludes Nestola, would allow rapid 
changeovers due to its modular approach 
and because it is fit by design to accom-
modate single use and minimize any 
possible cross-contamination while still 
allowing detection and prevention of pos-
sible deviations. 

EQUIPMENT SELECTION 
MATTERS, TOO
In general, the equipment developed 
for the biopharmaceutical industry 
includes built-in functionality—both 
hardware and software—to make 
changeovers easier, according to 
Stenklo. If the same equipment can be 
used for multiple different processes to 
avoid having to schedule time during 
the changeover to move equipment in 
and out of storage, then changeovers 
can be faster, adds Shave. 

Closed-system design and opera-
tion in and between unit operations also 
mitigates the potential for cross con-
tamination, states Husain. Closed pro-
cessing is essential because it provides a 

better response when using a risk-based 
approach, adds Nestola.

Single-use equipment is therefore one 
of the biggest equipment-related solu-
tions for facilitating more rapid change-
overs. “Pre-gamma irradiated single-use 
flow paths for all unit operations, stan-
dardized pre-sterilized tubing assemblies 
to connect unit operations, and aseptic 
quick connectors (rather than welding 
or heat sealing) are all designed with 
features that enable rapid changeover,” 
Shave observes. 

The key advantage of single-use 
equipment is the elimination of clean-
ing and cleaning validation steps, which 
significantly reduces cleaning time, 
according to Stenklo. “With optimized 
consumables and consumable assem-
blies, the equipment can be specifically 
designed for the process and the facility 
as well,” she adds.

Single-use equipment allows a 
changeover in a matter of hours because 
it involves closed bags, according to 
Ribault. Both the monitoring and doc-
umentation steps are simplified because 
there is lower risk and the process is less 
complex with single-use versus stainless 
steel equipment. “Many people who are 
trained on single-use equipment find it 
beneficial due to its simplicity and speed 
of changeover,” he says. Ribault does add, 
though, that if a hybrid approach is used, 
all aspects including equipment and sam-
pling, need to be taken into account to 
ensure there are no bottlenecks that can 
slow down the changeover process.

Shave adds that flexible hardware with 
single-use product-contact flow paths 
are ideal. For instance, he notes that a 
tangential-flow filtration skid can be 
equipped with small and large pumps 
and the ability to take small and larger 
single-use tubing sizes to accommodate a 
wide range of processes.

Emergent ’s Baltimore Bayview 
facility, which is the company’s pan-
demic response facility designated as 
a Center for Innovation in Advanced 
Development and Manufacturing 
(CIADM) by the US Department of 
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Health and Human Services, uses flex-
ible manufacturing and single-use bio-
reactors to respond to the COVID-19 
pandemic. “Flexible design will help 
enable us to complete rapid change-
over and meet the stringent timelines 
required for producing COVID-19 
candidates,” observes Husain.

Even with conventional stain-
less-steel equipment, there are steps 
that can be taken to reduce change-
over times. “The ability to isolate the 
process equipment and transfer piping 
for clean-in-place (CIP) and steam-in-
place (SIP) operations is critical,” asserts 
Gravallese. “Staggering the CIP/SIP 
of equipment and transfer lines can 
also accelerate changeovers by ensuring 
that the critical equipment can be iso-
lated for priority cleaning to facilitate 
the start of the next campaign. Once 
all critical equipment and piping has 
been released back to operations, all 
secondary equipment can be cleaned 
for changeover, without impacting the 
production schedule,” he notes.

Ready-to-use components used 
within a filling line also allow for the 
cleaning step in fill/finish operations to 
be completely removed, while an auto-
mated high-speed filling line provides 
higher capacities than a traditional fill-
ing line. “Both of these design elements 
theoretically allow for more production 
runs to occur,” Machulski observes. He 
adds that high operational availability 
is achieved by reduced line clearance 
times and changeover times. For exam-
ple, by design there are 40% fewer parts 
to change on an automated high-speed 
filling line than a traditional vial line, 
and 20% fewer parts to change than 
a traditional syringe line. Automated 
servo motor adjustments and robotic 
arms are the enablers for this step 
change and result in a reduction of up 
to 30 minutes per changeover, according 
to Machulski.

Implementation of rapid real-time 
testing for bioburden and endotoxin 
and total organic carbon can also be an 
advantageous best practice if equipment 

cleaning is required during change over, 
according to Shave.

DON’T FORGET  
OPERATIONAL 
CONSIDERATIONS
In addition to facility and equipment 
design, operational aspects can contribute 
to more rapid process changeovers. In 
particular, Stoll points out that automa-
tion and digital tools are enabling tech-
nologies for streamlining changeovers, 
such as via optimized scheduling of activi-
ties and electronic checks and instructions 
to minimize the risk of errors. “The right 
manufacturing execution system (MES) 
can help your facility of the future be both 
agile and compliant,” asserts Nestola.

Automation software can provide 
guidance in ensuring that a single-use 
flow-path is properly connected, thereby 
saving time performing manual validation, 
Shave adds. The software can also gener-
ate automated batch records of installation 
and validation, saving the operator time 
doing manual paperwork. Augmented 
reality tools, meanwhile, can speed up the 
changeover process by walking the oper-
ator performing the changeover through 
the process as it is completed.

When one automation platform is used 
to integrate various pieces of equipment 
and provide additional functionalities, 
the ability to scale the whole system with 
the technology is facilitated, according to 
Stenklo. “Release handling is much easier 
when batch reporting, the data historian, 
and data analytics are maintained in a 
central place,” she says. “Process data can 

be accessed while a process is running 
without the need to gown up and enter 
the suite. Similarly, systems have been 
developed to support more rapid change-
over approaches.”

In fact, instead of weeks of review, a 
facility of the future can achieve real-time 
release without quarantining the prod-
uct, notes Nestola. “In addition,” he says, 

“use of analysis of the data collected by 
the manufacturing execution system can 
provide information about trends during 
different changeovers and their possible 
impacts on the product, if any.” 

It is important, though, notes Husain, 
that automation be designed to allow 
for plug-and-play operation. “Generally, 
islands of automation concepts are used. 
A flexible data historian design also helps 
in allowing for equipment flexibility yet 
proper operational control and data anal-
ysis,”  he explains.

For final drug product manufacturing, 
Machulski highlights the short bio-de-
contamination cycle times achieved 
through optimized injection of hydro-
gen peroxide vapor and use of catalytic 
aeration technology within automated 
filling lines, which enable filling of thou-
sands of components within minutes to 
hours depending on the total production 
run. “This allows for more production 
runs to happen within a set timeframe. 
Additionally, these automated lines mit-
igate the risk of human contact with the 
product, allowing for less variability in the 
time taken for a human interaction and 
hence quicker filling times,” he observes.

PLANT MANAGEMENT 
SYSTEMS BRING  
IT ALL TOGETHER
It is important to keep in mind, though, 
that automation and software are just 
tools, not an objective, per se. “They 
don’t speed up changeover, but can slow 
it down. Since a facility is the sum of 
equipment, automation, and people, etc., 
it should not be considered separately,” 
Ribault asserts. 

Manufacturing

Contin. on page 50
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ABSTRACT
In recent years, there has been increasing use of single-use bags in a broad 
range of fields, with remarkable advances in the development and manufacture 
of biopharmaceuticals, vaccines, and other medical products. On the other 
hand, single-use bags are at risk of pinholes and other defects during 
manufacturing processes, and there is currently no practical equipment that 
enables product testing to be performed conveniently and quickly. Given this 
situation, the authors have developed a new method of pinhole detection for 
single-use bags. A composite film comprising two conductive layers is used 
as the primary material, and may be checked easily for damage or pinholes 
in terms of insulation by applying a voltage directly on the film before and 
after use of the bag. Characterized by the idea that the bag constitutes 
part of the testing system, this method involves changing only the material, 
without changing the current bag design (shape, size) or attachments, such 
as nozzles. Various advantages are thus offered, and it is believed to be 
highly practical. In this paper, the authors report the principle of this method 
and the results of some investigations, with mention of future prospects.

TOSHIHIKO OTSUBO, SHINJI TSUJI, YOSHIAKI MIKO, TETSUYA MORITAKE, OSAMU 

SHIROKIZAWA, AND TAKASHI KAMINAGAYOSHI

W  ith the dramatic advances 
in the biopharmaceutical 
industry and the fields of 
vaccine development and 

manufacture, there has been rapid, propor-
tional progress in utilization of single-use 
equipment and single-use bags. Underlying 
factors include the obviation of cleaning and 
sterilization upon product switches with 
the advent of single-use bag technology as 
well as relevant validations, which have been 
essential for conventional stainless-steel 
tanks. In addition, all materials required for 
such operations—including complex piping 
and valves, computers for their control, and 
various steps for system building—are now 
not necessary. In the early (Phase I) manu-
facture of investigational products, in par-
ticular, importance is placed on developing 
speediness and manufacturing f lexibility, 
and single-use technology has been increas-
ingly promoted.

BACKGROUND
The primary material for single-use bags is a 
composite sheet with a thickness of 100 μm 
to 400 μm, laminated with resin layers, with 
a variety of properties, such as waterproofness, 
mechanical strength, and prevention of gas 
permeation, and several such sheets are joined 
to form a bag. Lightweight and tough sin-
gle-use bags with a large capacity of 2000 L or 
more are currently available in the market.

In the manufacture of biopharmaceuti-
cals, single-use bags are used not only for cell 
and tissue cultures but also in many other 
production settings, including preparation 
of purification buffers and their storage and 
processing liquid storage and mixing, making 
it possible to manufacture biopharmaceuticals 
on a full single-use basis.

However, made of thin plastic films, sin-
gle-use bags are susceptible to outside forces, 
such as impact, catching, and rubbing, and 
are particularly brittle because of easy pene-
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tration by sharp needles, although they 
are thought to be generally tough.

Produced integrally at manufacturing 
sites located worldwide, many such bags 
are transported from factories to users 
over long periods of time. During that 
process, a small percentage of products 
suffer defects due to vibration, impact, 
and rubbing, despite careful packaging 
(1). On the other hand, actual produc-
tion settings where single-use bags are 
used are maintained by manual opera-
tions, which can pose problems with bag 
damage during operations. In antibody 
drug production, which involves a long 
incubation for up to one month or more 
using expensive culture media, material 
leakage through pinholes would impose 
significant monetary losses. In vaccine 
production, any leakage of highly toxic 
processing liquids would pose serious 
risks that cannot be overlooked from 
the viewpoint of safety and hygiene for 
operators. Furthermore, pinholes ham-
per the assurance of sterility in bags, 
which in turn can cause microbial con-
tamination to the extent of disposal of 
all culture broths.

Large monetary damage can lead 
to lawsuits concerning the liabilities 
between the bag manufacturer and the 
user; however, it is currently difficult to 
identify such risks. To prepare for such 
risks during the bag’s lifecycle, from 
transportation to installation and man-
ufacture, and to identify the causes of 
pinholes, there is a demand for devel-
opment of a quick, easy, and accurate 
measuring technology.

Conventional methods 
of pinhole detection
Checking for acceptance by the user is 
mainly done by visual inspection; how-
ever, it is practically impossible to mac-
roscopically check the large surface area 
of 10 m2 on a 2-m3 bag. For single-use 
bags, in particular, transparent films are 
used, making it more difficult to check 
for micrometer-sized flaws.

Currently available methods for 
detecting pinholes in single-use bags 

are the pressure decay test (2) and the 
helium leak test (3). The pressure decay 
test is used to check for pinholes by pres-
suring the inside of the bag and monitor-
ing the pressure decreasing rate. Because 
of the lack of high-pressure resistance as 
obtained with metal vessels, this method 
does not allow high-pressure loads. For 
this reason, the minimum measurable 
pinhole diameter is 30 μm, which allows 
many bacterial species to pass through 
the pinholes and takes a long time to 
measure and prepare. The equipment 
is precise because very small f low dif-
ferences are measured. In comparison, 
in the helium test, helium is supplied 
into the bag, and any leaking helium is 
detected to check for pinholes. Pinholes 
2 μm in diameter can be detected. This 
series of operations also requires compli-
cated equipment, which is expensive and 
takes a long time to measure (4).

Based on electric action, pinhole 
detectors are already in common use 
for injection ampoules, infusion bags, 
and retort-packed foods, allowing for 
instantaneous determination of the 
presence/absence of any defects in 
test subjects being transported at high 
speeds on a belt conveyor (5). For a pin-
hole to be detected instantaneously with 
a precision of 1 μm or less, a brush-like 
electrode with a high voltage of sev-
eral tens of kilovolts must be applied 
to the subject to electrify water content 
in the bag or ampoule via any pinhole. 
When used for injection ampoules, this 
method allows for 0.1-μm pinholes to 
be measured (6). However, it is only 
applicable to small containers because 
a brush must be brought into contact 
with the entire surface of the test sub-
ject. When this method is used for sin-
gle-use bags, water must be placed in 
the bag in advance. In addition, it is 
difficult to bring a high-voltage brush 
into contact with the base and back sur-
faces, as well as all of the wrinkles, of 
a giant single-use bag measuring up to 
several cubic meters. Such an operation 
will require enormous labor and pose 
immeasurable risks. For these reasons, 

electrical pinhole detectors cannot be 
used as is in single-use bags.

Structure of a 
standard single-use bag
A single-use bag comprises more than 
one composite-layer film sheet shaped 
into the three-dimensional bag by ther-
mally bonding the sheets at the film ends 
using a heat sealing machine. Liquid 
supply and gas discharge for the inside 
and outside of the bag are achieved by 
connecting the plastic nozzle to a hole 
in the film by thermal bonding. At the 
bonding site, the films are fused together, 
or fused to the nozzle surfaces, by ther-
mal bonding and pressing, resulting in a 
firm and sealed bond. There should be 
little leakage from this portion.

Measuring principle for 
the new method of detection
The new method of pinhole detection 
reported in this paper is an electric 
method. The authors conceptualized 
that if there are two conductive layers 
in the film, they would be able to apply 
a voltage on both layers to electrically 
determine the presence/absence of any 
defects (Figure 1a/1d).

A composite film comprising two 
conductive layers sandwiched via an 
insulation layer is used as bag material, 
which may be checked for defects by 
applying a voltage directly on the film 
before and after use of the bag. If there 
is no defect in the conductive layers, the 
film will electrically endure voltage. If 
there is a flaw or pinhole penetrating the 
film, the insulating material between 
the two conductive layers is lost, leading 
to the passage of electricity or short cir-
cuits in the penetrated space. This may 
be described as what occurs in an electri-
cal circuit as follows: when damaged, the 
original insulating capacitor (Figure 1c) 
becomes electrified because of high-volt-
age sparks and turns into a conductor 
(Figure 1d). Hence, the film becomes 
electrified at lower-than-normal voltages, 
resulting in decreased voltage resistance 
or directly detected arcs. With these 
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facts in mind, the authors carried out the 
following experiments.

METHODS AND RESULTS
Model film fabrication
A commercially available aluminum 
bag product (Aluminum C type, 

ADY, Japan) was used as the material 
for experimental aluminum films. It 
is a composite film comprising a lami-
nation of polyethylene, nylon, and alu-
minum foil (7 μm), with a thickness of 
122 μm (Figure 2). Two film pieces 
(280 mm x 180 mm) of this aluminum 

bag were bonded together to produce 
a model film with two conductive lay-
ers (Figure 2).

The two aluminum films were lam-
inated together using a laminating 
machine for ordinary office use, bringing 
the films into close contact with each 
other by purging the air between them. 
Bonding the two films created a film 
thickness of 244 μm, which is close to 
the standard thickness of single-use bags. 
However, if two such film pieces are 
laminated simply, there will be a con-
cern about short circuits among the four 
ends of the cutting surface of the film. 
Therefore, the contact portion (240 mm 
x 160 mm) at the center of one of the 
films was sandwiched between punched-
out A4-sized polyester laminate films 
with a thickness of 75 μm to insulate 
the four ends (Figure 3). By doing so, 
the original distance between the two 
7-μm aluminum films increased to 170 
μm. Both outer faces of the film were 
filed to expose the aluminum mate-
rial serving as the cathode and anode 
on the respective sides (Figure 3A). 
Alternatively, to skip the polishing 
step, a portion measuring 80 mm x 10 
mm was additionally prepared on the 
back and front aluminum films outside 
the laminate film in such a way that 
the two aluminum films would have 
the same contact area (Figure 3B). A 
needle was inserted into that portion 
for use as an electrode. This film was 
named standard model film α.

Pinhole measurement 
and measuring instrument
The model film was structurally sand-
wiched by two conductive layers and an 
insulation layer, and this structure may 
be compared to a capacitor for an electric 
device. With this in mind, the authors 
investigated the applicability of an insu-
lation test in common use to determine 
the quality of aluminum film capaci-
tors. Specified in the Japan Industrial 
Standards (JIS) C4908 (7) voltage resis-
tance test, these measuring methods are 
used for quality tests of capacitors.

Peer-Review Research

Figure 1. Illustration of a new composite film.

Figure 2. Standard model film. Shown here is a structural diagram of the film 
obtained from the aluminum bag. By superposing the two aluminum layers, the 
film was given a thickness comparable to that of single-use bag material. Thus, a 
film with two conductive layers was obtained as proposed. The distance between 
the aluminum layers was 170 μm.
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The WT-8773 insulation tester 
(maximum voltages of DC 6 kV and 
AC 5 kV; Hioki E.E. Corporation, 
Japan) was used. A high voltage was 
applied between insulated conduc-
tive layers to check for defects in the 
capacitor. Using the voltage resistance 
tester, direct and alternating currents 
at high voltage were applied directly 
on the standard model film.

This standard model film is similar 
in performance to polypropylene film 
capacitors in common industrial use. 
Therefore, taking into account the fact 
that they are generally said to have a 

voltage resistance of 1.0 kV (8), the 
authors considered a voltage resistance 
of 1.5 kV for 10 seconds to indicate 
normal insulation with no failures 
between the conductive layers. Thus, 
1.5 kV was chosen as the reference 
value for the voltage resistance test of 
normal films.

Measuring normal films
Standard model f i lms were fab-
r icated and measured using the 
aforementioned insulation tester. 
Measurements using the insulation 
meter showed that standard model 

film α exhibited a voltage resistance of 
1.5 kV for both AC and DC (Table I).

The absence of pinholes and f laws 
in the film can be demonstrated by a 
voltage resistance test.

Measuring defective films
One throughhole was made at a given 
position in the standard model film 
judged as normal as described above 
using an ordinary sewing needle (0.55 
mm in diameter, 29.75mm in length). 
With this artificial defect, the model 
films were measured using an insula-
tion tester.

In both f ilms, voltage resistance 
decreased signif icantly from 1.5 kV 
to nearly 1.0 kV for both AC and DC 
(N=7). For AC, in particular, the volt-
age resistance decreased largely to less 
than 1.0 kV. (Table I). This f ind-
ing demonstrates that normal versus 
defective films can be securely distin-
guished from each other within sev-
eral seconds. Judging from the above 
results, the insulation tester can be 
used to securely and easily determine 
the presence/absence of pinholes in a 
composite film structured with two 
conductive layers. 

Necessity of insulation 
for cutting surfaces
In the model film, the cutting surfaces 
of the aluminum film were covered to 
avoid their short circuiting. The authors 
consider, however, that in actual set-
tings it is necessary to use a composite 
film with its conductive layers exposed 
because of the cutting as the material 
sheets for single-use bag fabrication, as 
this applies to the manufacturing condi-
tions in product commercialization in an 
industry setting.

Usually, on the manufacturing scale, 
the composite film is supplied in the 
form of a roll. It is cut or punched out 
into desired pieces, depending on the 
bag shape, and then joined together to 
fabricate the bag. If the cut film is used 
as is, a short circuit appears between 
portions of the conductive material on 
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Figure 3. Preparation of the standard model film. The procedures for fabricating 
the model film and electrodes are illustrated.

Table I. Result of film voltage resistance.

Sample Sample without  
a pinhole Sample with a pinhole

No.
DC

voltage
resistance

AC
voltage

resistance

DC
voltage

resistance

AC
voltage

resistance

1 1.5 kV 1.5 kV 0.6 kV 0.6–0.7 kV

2 1.5 kV 1.5 kV 0.8 kV 0.9–1.0 kV

3 1.5 kV 1.5 kV 0.8 kV 0.8–0.9 kV

4 1.5 kV 1.5 kV 1.0 kV 0.6–0.7 kV

5 1.5 kV 1.5 kV 1.0 kV 0.7–0.8 kV

6 1.5 kV 1.5 kV 0.9 kV 0.5–0.6 kV

7 1.5 kV 1.5 kV 1.2 kV 0.5–0.6 kV
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the cutting surface, making it impossible 
to detect pinholes. Therefore, the cut-
ting surface must be insulated adequately 
after film cutting. Alternatively, it must 
be insulated after bag production.

Cutting surface 
insulation experiments
Experiments were performed to deter-
mine the feasibility of insulating the film 
cutting surfaces. Commercially available 
insulating grease (Super Lube, Synco 
Chemical) was used.

Three normal standard model film 
α’s were each cut at the four ends to yield 
sheets measuring 160 mm x 240 mm. 
Voltage resistance was measured before 
and after insulating grease was applied 
to the cutting surfaces at the four ends. 
The voltage resistance was 1 kV or less 
for both DC and AC before application 
of the insulating grease. After the appli-
cation, however, the voltage resistance 
increased by 0.3 to 0.5 kV for both DC 
and AC (Table II).

The voltage resistance was found to 
be improved by applying the insulating 
grease. Thereafter, various other sub-
stances were tested for cutting surface 
insulation performance, and other mate-
rials were discovered that produce a suf-
ficient voltage resistance of 1.5 kV for 
both DC and AC.

Distance between 
two conductive layers
To assess the influence of the distance 
between the conductive layers on mea-
suring sensitivity, two model films with 
conductive layers apart from each other 
by distances of 60 μm and 115 μm were 
fabricated by changing the back-and-
front combinations for the aluminum 
bag film. They were named model films 
β and γ, respectively (Figure 4). Their 
voltage resistance performances were 
measured.

A test using the insulation tester 
showed that the voltage resistance in the 
absence of flaws was 1.5 kV for both DC 

and AC. Capacitor capacity was meas-
ured as 5 nF, 8 nF, and 21 nF, respec-
tively, using a digitized multimeter (PM3, 
Sanwa Electric Instrument, Japan). 
Capacitor capacity increased in inverse 
proportion to the distance between con-
ductive layers.

Subsequently, these model f ilms 
were pricked with a sewing needle to 
make holes, and the voltage resistance 
of each film was measured on the insu-
lation tester. All of the three model 
films exhibited much decreased voltage 
resistance for both DC and AC, allow-
ing pinholes to be detected. A tendency 
was evident that film voltage resistance 
decreased largely with decreasing dis-
tance between conductive layers (Table 
III). Reducing measuring voltage, if pos-
sible, is preferred because system safety 
increases. However, insulation processing 
for film cutting surfaces seems to become 
increasingly difficult with decreasing 
interlayer distance because of decreased 
coverage of the insulating material on 
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Figure 4. Distance of two conductive layers by combinations.

Table II. Grease insulation of cutting surfaces.

Sample Four-way cutting surfaces on samples Grease insulation on four cutting surfaces

No. DC voltage resistance AC voltage resistance DC voltage resistance AC voltage resistance

1 0.8 kV 0.6 kV 1.3 kV 0.8–0.9 kV

2 1.0 kV 0.6 kV 1.4 kV 0.7–0.8 kV

3 0.8 kV 0.6 kV 1.5 kV 0.8–0.9 kV
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the film cutting surfaces. Therefore, the 
authors consider that an appropriate 
interlayer distance should be secured.

Preparation of small-sized bag
Because the cutting surface of a model 
film is known to be insulatable, a small-
sized bag was produced using model 
f ilms. With the structure of model 
film α, however, the surface is made of 
nylon material, which cannot be welded 
because nylon is resistant to the heat seal-
ing machine. Hence, a film measuring 
215 mm x 360 mm with a polyethylene 
surface was instead produced, which can 
be welded. Specifically, two aluminum 
films in the structure of model film β 
were bonded by thinly applying a hand-
icraft adhesive (made of ethylene, vinyl 
acetate, and water) and pressure-lami-

nated under heating using a mechanical 
laminator. When the resulting film piece 
was covered with a certain insulator on 
the four end faces, sheet piece voltage 
resistance was determined to be 1.5 kV 
for both AC and DC (Table IV).

This f ilm was folded equally and 
welded in two directions using a 
heat sealer (FA-0450-5, Fujiimpulse, 
Japan). Thereafter, deionized water 
was poured, and the film was welded 
in the third direction to enclose the 
water with three-face sealing.

Pinhole experiment 
of small-sized bag
The DC and AC voltage resistances 
of the aforementioned small bag with 
no f laws were determined to be 1.5 kV 
and 1.3 kV, respectively (Table IV). 

One hole was then made in this bag 
using a sewing needle; the AC voltage 
resistance became 0.3 kV, indicating a 
1.0-kV reduction of the voltage resis-
tance. The DC voltage resistance was 
first determined to be 0.07 kV, and 
then became 0.4 kV. The DC voltage 
resistance observed just after making 
the hole is attributable to the effect 
of the deionized water in the bag. 
In both cases, the voltage resistance 
decreased greatly by 1 kV.

These f indings with the actually 
produced small bags demonstrate that 
the proposed new pinhole measure-
ment system can be used to securely 
determine the presence/absence of 
defects in single-use bags. Because pin-
holes were first detectable at a low DC 
voltage of 0.07 kV, it may be possible 
to detect most leakage of conductive 
liquids (i.e., those used in bioprocesses) 
from the inside by constantly supplying 
low-voltage electricity.

Electrode
In this study, an electrode was pre-
pared by shaving film surfaces, or a 
needle penetrating an exposed portion 
of the film was used as an electrode. 

Table III. Distance effect of conductive layers to film voltage resistance. 

Sample Sample without a pinhole Sample with a pinhole

No.* Distance of 
conductive layers

DC voltage 
resistance

AC voltage 
resistance

DC voltage 
resistance

AC voltage 
resistance

1 1.5 kV 1.5 kV 0.6 kV 0.6–0.7kV

2 1.5 kV 1.5 kV 0.8 kV 0.9–1.0kV

3 1.5 kV 1.5 kV 0.8 kV 0.8–0.9kV

4 170 μm 1.5 kV 1.5 kV 1.0 kV 0.6–0.7kV

5 (Standard 1.5 kV 1.5 kV 1.0 kV 0.7–0.8kV

6 model film α) 1.5 kV 1.5 kV 0.9 kV 0.5–0.6kV

7 1.5 kV 1.5 kV 1.2 kV 0.5–0.6kV

8 1.5 kV 1.5 kV 0.8 kV 0.4–0.5kV

9 115 μm 1.5 kV 1.5 kV 1.0 kV 0.3–0.4kV

10 (Model film β) 1.5 kV 1.5 kV 1.2 kV 0.6–0.7kV

11 1.5 kV 1.5 kV 0.7 kV 0.3–0.4kV

12 60 μm 1.5 kV 1.5 kV 0.6 kV 0.2–0.3kV

13 (Model film γ) 1.5 kV 1.5 kV 0.6 kV 0.3–0.4kV

*No. 1–7 are same as Table I data.

Table IV. Fabrication of model bag.

Distance 
of two 
conductive 
layers in 
the film

Film Three-way sealed bag

Current

Voltage 
resistance of 
sheet after 
insulation of 
four cutting 
surfaces

Voltage 
resistance 
before 
pinned

Voltage 
resistance after 
pinned

115 μm DC 1.5 kV 1.5 kV 0.07/0.4 KV

AC 1.5 kV 1.3 kV 0.3 kV
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This method, however, does not allow 
an electrode to be obtained because 
two conductive layers are bonded 
firmly in the composite film, and it 
is, therefore, not applicable to practi-
cal single-use bags. Hence, a special 
electrode that can easily be attached 
to the conductive-layer film is needed. 
The electrode is structured with more 
than one micrometers-sized projec-
tion, penetrating only one of the two 
conductive layers in the proposed film.

Usually, a single-use bag has a mar-
gin left outside the film bonding site; 
electrodes are expected to be easily 
attached to the bag by means of this 
bonding site. This does not influence 
ordinary bag installation or prepara-
tive work.

Investigation of 
LCR meter measurements
In this study, the L/C inductance 
capacitance resistance (LCR) meter 
used for measuring various perfor-
mance parameters, such as com-
mercia l capacitor capacit y, was 
investigated to determine whether it 
can be used to determine the pres-
ence/absence of pinhole defects in 
the proposed film. The LCR meter 
allows for the measure of representa-
tive capacitor parameters: impedance 
Z (kΩ), capacitance Cs (nF), phase 
angle θ (°), and the loss coefficient D 
(-) (7). These f ilm parameters were 
checked for changes due to pinholes. 

The IM3533-01 LCR meter (Hioki 
E.E. Corporation, Japan) was used.

Investigation of other 
electrical measuring methods
Standard model film α was checked 
for the various parameters using the 
LCR meter before and after pinholes 
were made under the condition of 
current frequency, which is 1 kHz. 
As the results show (Table V), no 
parameters changed markedly. When 
the f i lm was damaged, however, 
impedance Z increased by 0.1 kΩ, and 
capacitor capacity Cs decreased by 
0.01 nF. The increased impedance is 
attributable to a decreased amperage 
at constant voltage due to the decrease 
in capacitor capacity corresponding to 
the damage of the entire area of the 
insulating layer between the two con-
ductive layers. Further investigation 
is needed to determine whether this 
method is applicable to pinhole tests.

Because the capacitor capacity was 
5 nF, the phase angle was 90º, and 
loss coeff icient D was lower than 
0.001, this standard model film can 
be considered to resemble a propylene 
film capacitor (8)

DISCUSSION AND 
CONCLUSION
In a composite film comprising two 
conductive layers, voltage resistance 
increased proportionally in the pres-
ence of pinholes as the distance 

between the conductive layers was 
changed. On the other hand, electric 
discharge in air is said to require a 
voltage of 3 kV per mm and to follow 
Paschen’s law (9). The approximate 
expression, Equation 1, is described 
as follows:

V = 24.4d + 6.53√d 
[Eq.1]

Discharge voltage, V, is a function 
of inter-electrode distance, d, in the 
condition of atmospheric pressure and 
20 °C.

The discharge voltage minimizes at 
300 V at a distance of 8 μm between 
electrodes and increases logarithmi-
cally, reaching 900 V at a distance of 
100 μm. Given the distance between 
the two conductive layers chosen in 
this study, applying electricity at a 
high voltage of 1.5 kV causes suff i-
cient discharge in the presence of a 
throughhole.

Because a composite f ilm with a 
lamination of layers with the same 
thickness has a uniform film thick-
ness, voltage can be applied evenly in 
the direction of the f ilm thickness. 
Therefore, film defects can be readily 
measured whatever the area is. Hence, 
pinholes can be detected regardless of 
bag size. In addition, pinholes can be 
detected on the entire surface, includ-
ing the single-use bag junction, but 
excluding the nozzle port.

Table V. L/C inductance capacitance resistance (LCR) analysis of the model film.

Normal film 1 2 3 4 5 Average Deviation

Z[kΩ] 31.2709 31.3463 31.3466 31.3124 31.2959 31.3144 0.02930

Cs[nF] 5.08955 5.07733 5.07727 5.08282 5.08500 5.08239 0.00469

θ[ °] 89.953 89.950 89.952 89.952 89.945 89.950 0.003

D[-] 0.00083 0.00087 0.00084 0.00084 0.00083 0.00084 0.00002 

Pinned film 1 2 3 4 5 Average Deviation

Z[kΩ] 31.421 31.4111 31.407 31.4063 31.4038 31.4098 0.00605 

Cs[nF] 5.06525 5.06684 5.06748 5.06761 5.06802 5.06704 0.00097 

θ[ °] 89.949 89.952 89.950 89.952 89.953 89.951 0.002

D[-] 0.00089 0.00083 0.00087 0.00084 0.00083 0.00085 0.00002 
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In this study, the subject system 
simply comprised of a lamination of 
films stacked together. In the case of 
industrial production, increased sen-
sitivity is expected because of closer 
and more uniform lamination of the 
conductive layer and insulation layer. 
In the stereoscopic structures of 
2D, 3D, and other bags, two to four 
f ilms are bonded to form the bag, 
and individual films may be directly 
measured, and, also, a parallel circuit 
for al l f i lms can be designed and 
measured.

This method directly identif ies 
defects in the film and, unlike con-
ventional methods of electrica l ly 
detecting pinholes, is capable of 
determining the presence/absence of 
defects independently of the bag con-
tent, even while the bag is empty and 
has no water content. Measurements 
can therefore be performed even 
when the bag is folded for delivery.

The conductive substance used 
in this study was aluminum. In the 
food industry and other f ields, alu-
minum films are already recognized 
as the best material for the mainte-
nance of inside quality because of their 
performance in terms of air insula-
tion, mechanical strength, and other 
aspects, and the material is commonly 
available and inexpensive. Since sin-
gle-layer aluminum films are already 
in wide use, and only one additional 
layer is added, the use of aluminum 
poses no technical problem. The 
authors expect that indium tin oxide 
(ITO) transparent conductive resin 
and poly(3,4-ethylenedioxythiophene) 
polystyrene sulfonate (PEDOT:PSS) 
resin (also used in smart phone touch 
panels) can also be used in conductive 
layers to develop transparent bags.

Although the minimum measur-
able pinhole diameter remains to be 
determined, high-voltage arc currents 

are considered to pass through sig-
nificantly small diameters because, by 
Paschen’s law (9), the electrical spark 
voltage is a function of the distance 
between two poles and the pressure of 
internal gas and does not depend on 
the diameter of the hole. Also, there is 
a report (10) that electrical discharge 
machining (EDM) can penetrate 
holes even less than 1 μm in diame-
ter by use of electrical sparks; there-
fore, even pinholes of less than 1 μm 
in diameter are detectable, and it is 
strongly expected to assure sterility.

A new method for electrica l ly 
detecting pinholes in single-use bags 
was considered based on a system using 
a single-use bag comprising film made 
of two conductive layers sandwiching 
an insulating layer and applying elec-
tricity directly to the film to examine 
for pinholes. The system allows users 
to easily check for film integrity. In 
this study, a model sytem was created 
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by making and insulating such a film 
and producing bags, demonstrating the 
feasibility of the method.

Because it is nondestructive, the 
system allows single-use bags to be 
tested at any time during their lifecycle, 
whether before or after use, in short 
measuring times and via simple proce-
dures. In addition, constant monitoring 
for leakage in the processing liquid or 
content liquid is also possible.

The new method wil l not only 
reduce pinhole risks for the single-use 
product but also increase the success 
rate for biopharmaceutical production 
as well as improve the level of product 
quality assurance (QA) in the steri-
lization processes. Thus, the authors 
expect this to become a groundbreak-
ing system overcoming the drawbacks 
of single-use systems. This method 
is applicable to a broad range of sin-
gle-use products, including containers 
not only for biopharmaceuticals, but 
also for regenerative medicine, sterile 
injection filling processes, isolators for 
highly active substances, and sealing 
of storage bags for expensive drugs as 
well as tubes.

With regard to cost performance, 
safety assessments, including extrac-
tability, are essential because the bag 
product is made of a new material; 
however, it can be manufactured using 
a different material while maintaining 
the same shape as existing single-use 
bags. Additional costs will include the 
cost of the new material and surface 
insulation for cutting surfaces. The cost 
of the tester is also low because it is 
based on an existing insulation tester, 
although the system must be designed 
to ensure optimum and safe testing.

Quality testing at the time of sin-
gle-use bag product shipment can 
also be simplif ied. The overall cost 
is unlikely to increase by much. The 
unit price of a single-use bag is high 
because it is manually manufactured. 
With the following nine advantages as 
added values, however, the proposed 
technology should be well acknowl-
edged by many users:

• Applicable to all shapes and sizes of 
single-use bags

• Simple measurement with short 
preparative work time achieved only 
by connection to bag electrodes

• Pinholes on the entire surface can 
be detected quickly and accurately 
in a single operation

• Measurable at any preferred time 
in the product lifecycle

• Constant monitoring for leakage 
can be possible

• Measurable even in folded states
• Allows the user to test under the 

same conditions as those used by 
the bag manufacturer at the time of 
product installation

• The simple small-sized measuring 
equipment is inexpensive

• Applicable to existing equipment 
merely by changing the material.

In addition, this system is thought 
to allow for more “sophisticated” QA, 
referring to a level of quality achieved 
by system specif ications. Checking 
single-use bags manufactured as per 
unified specifications using a stand-
ardized method will allow for reliable 
sterility assurance as well as reliable 
assurance of other aspects in biophar-
maceutical production. Furthermore, 
in contrast to conventiona l QA, 
which is complete with inspection 
at the time of shipment, this system 
enables QA from the time of dis-
tribution to the moment just before 
use of the product. Hence, conven-
tional post-shipment QA is based 
on trust, whereas the new method 
ensures product quality based on an 
acceptance test just before product 
use by the end user. Recently, there 
have been frequent reported cases 
of foreign matter contamination 
and needle punctures in sterile-in-
jection bags. Regarding this exam-
ple, the new method will allow for 
users to ensure good quality within 
the framework of QA at the manu-
facturer, rather than as an issue of 
on-site management. Eventually, this 
will benefit end users (patients) and 
earn their trust for product quality, 

potentially inspiring a paradigm shift 
from trust to test.

Two points should be noted, how-
ever: the first is that this technology is 
limited to the bag films themselves. For 
tubes or valves that lie beyond the con-
nection ports of the bag, pressure tests 
or visual inspection remain. Second, 
this idea still remains in its develop-
mental stage. This technology cannot 
be brought into practical application 
without first conducting a wide vari-
ety of investigations, including choice 
of composite base materials, thickness, 
electrodes, new-material extractability 
and leachability, sterilization by gamma 
irradiation, bag folding, package prop-
erties, and tearing during shipment/
handling as well as electrical safety with 
use of high voltage. Even so, the authors 
believe that all these goals are reachable.

Patents are pending for these new 
methods of detecting pinholes in sin-
gle-use bags (11).
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Risky Business: Assessing 
Protein Aggregation Grows 

Increasingly Challenging
Current and newer biologic modalities pose increasingly complex 

challenges to the detection and characterization of protein aggregates.
FELIZA MIRASOL

P rotein aggregation is a particular challenge for bio-
logic drug makers because this can occur at any point 
in the development or manufacturing process as well 

as during packaging and storage. Protein aggregates, typ-
ically impurities or molecular variants of the therapeutic 
protein, can change the therapeutic effect of the drug or 
cause protein degradation. This degradation can have seri-
ous implications for patient safety, product stability, potency, 
and biological activity, among other adverse consequences. 
Dealing with protein aggregation involves using analytical 
methods to detect and characterize the aggregates.  

DEFINING THE PROBLEM
Fundamentally, protein aggregation occurs when proteins in 
their native state combine and aggregate or “clump” together 
in what is often a non-reversible process. This aggregation can 
occur either both inter- or intra-cellularly, caused by a change 
in the native structure of the protein. “The native structure 
is the most stable form of the protein, which essentially 

involves folding of the structure such that any hydrophobic 
regions are contained in the inner portion of the protein and 
hydrophilic on the exterior,” says Ashleigh Wake, business 
development director, Intertek Pharmaceutical Services, who 
explains that native structures are stabilized through a com-
bination of disulfide bonds (formed between two cysteine 
residues) and non-covalent interactions, such as Van der 
Waals. “There are numerous ways in which these non-co-
valent interactions can be disturbed, which causes the pro-
tein to misfold or unfold, which ultimately leads to protein 
aggregations,” Wake states.

The formation of protein aggregates is attributed several 
main factors, including mutations in either DNA coding or 
other cellular proteins that are responsible for protein synthe-
sis; variants in amino acid sequences or incorrect sequences 
that can occur when there is a problem with the translation 
of messenger RNA (mRNA); and aging of the cellular 
matrix. This reduces the ability of the matrix to refold pro-
tein or break down aggregated regions, according to Wake.

Analytics
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In addition, external factors play a role 
in protein aggregation, such as the pro-
tein being exposed to extremes of heat, 
pH, or oxidative conditions, says  Wake.

Therapeutic proteins, however, require 
a specific structure for maximum func-
tionality and activity, Jon S. Kauffman, 
PhD, vice-president, Biopharma Biologics, 
Eurofins Lancaster Laboratories interjects. 
“Aggregates can be introduced at any step 
of the process from production to dosing 
and can cause variability in potency, safety, 
and efficacy. Therefore, a thorough under-
standing of aggregation is critical to the 
success of biopharmaceutical drug candi-
dates,” Kauffman says.

The mechanism by which aggrega-
tion increases immunogenicity is subject 
to considerable current research, but the 
inherent resultant particle size is certainly 
one factor that can be considered in this 
respect, Wake says.

Because protein therapeutics are 
administered to patients in the form 
of liquid injections as intravenous (IV), 
intramuscular (IM), or subcutaneous (SC), 
they often require high concentrations 
of proteins, thus making the formulation 
prone to aggregation. When a protein 
therapeutic aggregates in the blood stream, 
it has been shown to invoke immune 
response, which can result in the patient 
becoming immune to the monomer mol-
ecule, Kauffman elucidates. “The immune 
response is associated with adverse clinical 
effects, such as neutralizing the antibody, 
which inhibits efficacy of the products 
or causes cross-reactivity and neutralizes 
an endogenous protein counterpart. This 
may cause severe hypersensitivity response, 
such as anaphylaxis. Therefore, ensuring 
stability of the native molecule and min-
imizing the formation of higher molecu-
lar weight species is vital in reduction of 
immunogenicity of protein therapeutics,” 
Kauffman states.

Protein aggregation can potentially 
occur at almost every stage of a bio-
pharmaceutical process—including 
development, formulation, and manufac-
turing—making it critical to have insights 
for guiding robust processing strategies, 

adds Lisa J. Graham, PhD, vice-president, 
Analytics Engineering, Seeq, a Seattle, 
WA-based software company that spe-
cializes in advanced analytics for process 
manufacturing data. These insights come 
from combining robust analytical instru-
ment technology, process information 
with batch context, and advanced analyt-
ics to support collaboration, knowledge 
capture, and workflows, Graham notes.

DETECTION AND 
CHARACTERIZATION
Characterizing protein aggregates is as 
important as detecting them. Complete 
characterization of aggregates requires 
various pieces of critical information, 
Kauffman notes. It is key to know at what 
concentration protein aggregates form, 
the distribution of aggregate size and the 
change of aggregation percent and size of 
aggregates with time and concentration, 
Kauffman says.

“Particle sizing methods are increasingly 
being utilized to measure polydispersity 
and size distribution of the candidates,” 
Kauffman says. Dynamic light scattering 
(DLS), analytical size exclusion chroma-
tography (SEC), sedimentation velocity 
analytical ultracentrifugation (SV–AUC), 
and transmission electron microscopy 
(TEM) are some of the analytical meth-
ods employed to detect and characterize 
protein aggregates.

DLS is a non-invasive method typi-
cally utilized to measure particle size and 
distribution. Because it is non-invasive, 
sample can be recovered at the end of the 
experiment. DLS can measure a broad 
range of sample sizes ranging from nano-
meters to micrometers and allows for 
fast data acquisition, reproducibility, and 
high sensitivity, Kauffman states, adding 
that DLS provides a good starting point 
to identify the presence of aggregation. 
The quantification of mass of individual 
aggregated species can be a limitation 
with DLS, however.

Analytical SEC is a form of high-per-
formance liquid chromatography 
(HPLC) that is used to analyze the 
aggregation state of the sample. SEC 

uses differing Stokes’ radii to separate 
various species in a porous station-
ary phase column, Kauffman explains. 

“Smaller monomeric species are retained 
for a longer period in the stationary phase 
compared to larger aggregated molecules. 
Retention time of the sample can be 
compared with the retention of a known 
protein standard to calculate the molecu-
lar weight,” he states. 

SEC is limited, however, by the 
assumption that the sample has the same 
conformation as the molecular standard 
and the sample is inert to the stationary 
phase, Kauffman continues. Furthermore, 
the effect of dilution while the sample 
is flowing through the column must be 
considered, he adds. Multiple angle light 
scattering (MALS) coupled with SEC 
(SEC–MALS) is a preferred analytical 
technique used to calculate the absolute 
molecular weight of the aggregate. SEC-
MALS is effective in evaluating the effect 
of time and solvent size distribution of 
the aggregate, says Kauffman. 

Meanwhile, the use of SV–AUC to 
characterize the size-distribution of 
aggregates has gained popularity in 
the last decade, Kauffman emphasizes. 
“Although, SV–AUC was developed in 
the early twentieth century, the lack of 
analytical solution to Lamm’s equation 
limited its application. Samples can be 
analyzed in their near native condi-
tion (buffer and pH) with no interac-
tion with an analytical column like the 
other methods discussed. Additionally, 
the allowed range of concentration that 
can be tested is wider when compared 
to other methods,” Kauffman says.

He goes on to explain that TEM 
is a direct method to visualize the size, 
shape, curvature, and aggregation state 
of the protein formulation. The short 
wavelength of an electron allows for a 
significantly higher image resolution to 
be obtained using TEM as compared to 
other techniques. TEM can provide large 
size ranges from nanometers to millime-
ters, but it is limited in its scope of quan-
titatively evaluating the size distribution 
of the candidate. “Depending on the case, 

Analytics
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automated particle detection and size 
measuring codes need to be written and 
tested. Additionally, experiments are 
performed at very low concentration, 
which might not reflect the true state of 
the sample. Furthermore, negative stain-
ing and freezing also make the visual-
ization condition far from the native 
condition,” says Kauffman. 

Graham agrees that protein aggre-
gation can be detected in several ways, 
whether visually observed in the solution, 
detected in the void-volume using SEC, 
and/or detected using DLS. 

“In addition to characterizing the extent 
of aggregate formation, it is import-
ant to understand the conditions under 
which protein aggregation occurs. Having 
insight into the aggregation mechanisms 
and developing mitigating strategies are 
crucial to ensure the safety and clinical 
efficacy of the drug product,” she states.

For example, Graham points out, pro-
teins are extremely sensitive to solution 
conditions and temperature, which are key 
process variables to consider when trying 
to gain insight from the aggregation data 
provided by analytical instruments. “From 
a process perspective, having an analytics 
strategy that looks at aggregation data, in 
context of the physical operation of the 
system, provides the opportunity to gain 
insight into the specific process condi-
tions leading to aggregate formation. The 
occurrence of protein aggregation must 
be controlled throughout the manufac-
turing process during bioprocessing, with 
greater emphasis on purification, formula-
tion, and fill/finish steps, to optimize yield 
and achieve target quality, while lowering 
production costs,” she adds.

Characterization of aggregates is 
potentially one of the key quality attri-
butes to both measure and control, says 
Wake, who explains that any amount of 
aggregation, because it has the poten-
tial to increase immunogenicity, is 
therefore critical during quality control. 
Determining the amounts and sizes 
of aggregates formed, such that these 
can be compared to specification limits 
established during safety studies, can 

help ensure the continued efficacy and 
safety of the product, Wake emphasizes.  

“More so during product registration, 
it is critical to establish that the levels of 
aggregates will remain within this specifi-
cation through the product lifecycle. This 
is where formulation of the products plays 
a key role in stabilization, finding the 
optimal environment based on, for exam-
ple, salt/excipient level or pH, to control 
aggregation,” Wake states.

The methods Wake describes for 
detecting soluble aggregates include ana-
lytical ultracentrifugation (AUC), asym-
metrical fast field flow fractionation 
(FFF or AF4), sodium dodecyl sulfate 
electrophoresis, microscopy and turbid-
ity in addition to SEC and DLS. “For 
evaluating secondary or tertiary struc-
tural changes, which can be complicit in 
aggregation this list also includes circu-
lar dichroism, Fourier-transform infrared 
spectroscopy, differential scanning calo-
rimetry, and fluorescence,” she adds.

“For non-soluble aggregates, sub-visible 
particle or visible particle analysis tech-
niques, such as light obscuration or flow 
imaging, can be applied. In any characteri-
zation, stability, or quality control program 
it is typical that orthogonal methods be 
applied to monitor aggregation consider-
ing both soluble and non-soluble forms. 
These methods often complement one 
another to ensure a comprehensive assess-
ment,” Wake says.

CHALLENGE OF 
NEW MODALITIES
New biologic modalities also pose fur-
ther challenges to protein aggregate 
detection and characterization. Graham 
stresses that protein drug product 
formulation f rom varying biologic 
modalities often outpace monitoring 
technologies and analytical method 
development. She also points out that 
demand is increasing for multi-purpose 
facilities, not just multi-product facili-
ties, to meet changing market demands 
for these newer modalities. “As a result, 
there is a need for an agile approach 
to continually adapt the evolving ana-

lytical methods in concert with the 
changing manufacturing processes. 
Coupling these components together 
into a robust data analytics environ-
ment makes it possible to capture the 
holistic understanding of the process 
environment necessary for an agile 
manufacturing strategy,” Graham states.

For example, Graham notes, “advanced 
analytics used to examine plant time-se-
ries data is foundational to developing 
process understanding, creating models, 
and developing control strategies to sup-
port the delivery of data-based decisions 
and process improvements. These analyti-
cal strategies can be used to create insights 
from the data supplied by instruments 
and analyzers to improve the manufactur-
ing process.”

“The challenges for newer modalities 
are in many ways not that different from 
those for standard biologics and, where 
additional complexity does exist, it is more 
likely the result of the influence of the 
modality’s biochemistry,” chimes in Wake. 

“In the case of antibody drug conjugates 
(ADCs), for example, the inclusion of the 
linker or drug can increase hydrophobicity 
given the conjugated molecule a greater 
tendency to aggregate.”

In terms of detection and characteriza-
tion, however, challenges with all aggrega-
tion analysis often involve ensuring that 
the system or systems are sensitive enough 
in terms of traditional limit of quantita-
tion (LOQ) as well as size range, Wake 
continues. Other challenges include the 
notion that the analytics are not affected 
by the components of formulation, or the 
process of analysis is not inducing the 
aggregation that is being measured. 

“SEC, for example, is perhaps the most 
widely used technique for assessment of 
aggregation with many benefits, such as 
ease of use and the ability, through use of 
external standards or MALS detection, to 
predict molecular weight of each observed 
species. Adversely the process of separa-
tion can induce aggregation, and its appli-
cation is limited only to the assessment of 
soluble aggregates over a specified mass 
range, that is, large soluble aggregates can 
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elute outside the size exclusion range and 
has limited resolution,” Wake says.

As the complexity of modalities 
increase, these challenges increase, such 
as, for example, in ensuring that the 
system can achieve the required LOQ 
or resolve aggregates of similar over-
all mass. “The best approach in all 
instances, therefore, is to include orthog-
onal assessment,” Wake emphasizes. “For 
example, adding an AUC assessment 
alongside SEC can help confirm that 
the process of separation is not causing 
aggregation and that the mass range 
being assessed is fully inclusive.” 

A modality such as ADCs tend 
to have aggregation issues, notes 
Kauffman, who explains that these 
issues stem from the fact that some of 
the payloads employed in ADCs are 
highly hydrophobic and increase the 
potential for aggregation. “The analyt-
ical procedures need to be robust and 
specific enough to handle the more 
complex structure since ADCs are 
composed of monoclonal antibodies, 
a wide range of linkers, and payloads 
that are typically highly cytotoxic,” 
Kauffman states.

Meanwhile, there are a significant 
number of advanced therapy medici-
nal products (ATMPs) in the pipeline, 
Kauffman also stresses. Many of these 
ATMP candidates use a viral vec-
tor, such as an adeno-associated virus 
(AAV) or lentivirus to deliver RNA/
DNA to its target. “By nature, the outer 
coat or capsid of these viruses is made 
up essentially of protein aggregates. 
Therefore, many of the analytical tech-
niques discussed here are also used to 
study higher order structure of these 
gene therapy products,” Kauffman says.

ANALYTICAL INNOVATION
With the growing challenges posed 
by new biologic modalities, there is 
a need for further advancement in 
analytical techniques or methods to 
improve aggregate detection and char-
acterization. The ultimate aggregation 
tool, for example, would potentially 

allow highly sensitive and reproducible 
quantitative and qualitative assessment 
of soluble and insoluble aggregates in 
a single analysis without pre-treatment 
of the sample, that is, direct analysis 
of the drug substance or drug product, 
Wake highlights. This poses a consid-
erable task, however, given the diversity 
of potential aggregates.

“There are, however, numerous new 
technologies under evaluation that 
aim to introduce additional orthogo-
nal approaches, overcoming some 
limitations of current approaches and 
importantly improvements to existing 
technology,” Wake says. “Several new 
approaches have been reported in recent 
years, including differential mass anal-
ysis, which can be applied to low con-
centration proteins to provide data on 
mass as well as re-application of existing 
analytical technology, such as surface 
plasmon resonance and flow cytometry. 
These have not typically been associated 
with aggregation analysis.” 

In terms of existing approaches, in 
the meantime, improvements in soft-
ware for AUC and AF4 analysis con-
tinue to make these options much 
more viable for routine quality control 
applications, Wake adds.

“The techniques described [DLS, 
SEC, SV–AUC, TEM, etc.] can be 
quite complex and require a high 
degree of expertise,” Kauffman inter-
jects. “Advances will need to be made 
to the software required to perform 
data acquisition and analysis so that 
they can be more widely used. Further, 
the software must be developed to be 
Part 11 (1) compliant should the tech-
nique be required for stability and/or 
release testing of clinical and commer-
cial material.”

Graham adds that innovations in 
analytical instrument technology are 
needed to drive faster, more accurate 
measurement of protein aggregation. 
Advanced analytics are also needed 
that put data into the hands of process 
engineers and scientists. “These sub-
ject matter experts are invaluable for 

getting the insights needed at the pace 
required to keep up with the opera-
tional demands,” Graham states. 

Furthermore, Graham makes the 
case that subject matter experts use 
experience based on what they have 
seen in the past and weigh that against 
what the data says to further apply 
critical knowledge and intuition. This 
balanced strategy creates a vital collab-
oration between human and machine, 
Graham emphasizes.

To achieve connectivity, innova-
tions in advanced analytics need to 
address sevaral issues, including data 
connectivity and access, where time 
series and contextual data are typically 
stored in disparate sources. Access 
to all potential data sources must be 
provided while complying with data 
governance regulations and practices, 
Graham notes.

Advanced ana ly t ics must a lso 
address the need for iterative and agile 
processes. Production optimization 
is an iterative process, for example, 
so advanced analytics must be able 
to support f luidity in organizational 
priorities and context, rather than 
delivering a one-time snapshot of 
operational status. Further, advanced 
analytics must support organizational 
goals, such as providing easy-access 
(and enough) data, quickly generat-
ing insights, and enabling data-based 
decision making, though this does 
not always equal execution, Graham 
highlights. She adds that leadership 
and employee objectives must support 
a move to an analytics-centric culture. 

Thus, while a variety of current ana-
lytical methods can be used for protein 
aggregation detection and characteri-
zation, changing market needs require 
innovative approaches and strategies to 
provide meaningful data and analysis 
for better quality control.

REFERENCE
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Pharmacopoeia Compliance:  
A Practical Guide

Processes, people, and tools are necessary to comply with the 
pharmacopoeia and approved drug product registrations.

J. MARK WIGGINS AND JOSEPH A. ALBANESE

C ompliance with requirements published by pharma-
copoeias around the world is a legal and regulatory 
requirement in those countries and regions in which 

the pharmacopoeia is applicable. This fundamental principle 
is presented at the beginning of a series of 12 articles (1–12) 
published to increase the understanding of this far-reach-
ing and complex situation and to give practical guidance on 
addressing pharmacopoeia compliance. The articles appear in 
three BioPharm International Regulatory Sourcebook eBooks 
and can be accessed through a dedicated webpage (13) with 
individual links to each of the 12 articles.

The detailed information in the articles provide important 
compliance considerations for the bio/pharmaceutical indus-
try, including innovator, generic-drug, virtual, and start-up 
companies who discover, develop, manufacture, and distribute 
small-molecule drug products, biotherapeutic products, and 
vaccines, as well as the drug substances and excipients used in 
these products.

This current article provides an overview and summary 
of key points from the series—in effect, a narrative table of 
contents—intended to bring greater awareness to the avail-

ability of the articles, which can help provide guidance for this 
important pharmacopoeia compliance work.

WHY PHARMACOPOEIA  
COMPLIANCE IS NECESSARY
The first article in the series (1) provides the legal and regu-
latory basis for the fundamental principle of pharmacopoeia 
compliance in the United States, Europe, Japan, and many 
other countries, thereby establishing the foundation for sub-
sequent articles in the series. The purpose and content of 
pharmacopoeias is presented, and it is noted that the pharma-
copoeias impact drugs and their ingredients throughout the 
entire product lifecycle. Additional important points are also 
introduced: a company must comply with “current” pharma-
copoeia requirements, meaning a company must monitor and 
implement updates published by the pharmacopoeias; and a 

J. MARK WIGGINS is owner and compendial consultant with 
Global Pharmacopoeia Solutions LLC. JOSEPH A. ALBANESE is the 
director of Analytical Strategy and Compliance at Janssen Research 
and Development, LLC.
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Event Overview
Cell culture media (CCM) optimization is a critical step during the 
development and scale up of biotherapeutic manufacturing processes. 
In particular, the emphasis on quality by design has made it necessary 
to understand how the components of CCM change during production 
and how these changes relate to product quality. There is a vital need to 
develop analytical assays that can provide comprehensive and accurate 
cell-culture media profiling for a wide range of biotherapeutic types that 
are, or are produced from, living cells. 

One major challenge encountered in cell-culture media analysis is 
the chromatographic separation and retention of various groups of 
components including isomers and polar analytes. This method allows 
good retention and separation of more than 100 compounds including 
amino acids, vitamins, carbohydrates, fatty acids, nucleic acids, and other 
key metabolites.

Quantitation of components from cell culture medium can be 
challenging and analyte dependent, especially when substantial 
concentration differences and multiple components are simultaneously 
analyzed. Matrix effects and extraction efficiencies are evaluated using C13 
labeled internal standards.  

By using this method, the level of major cell culture media components 
and key metabolites in culture media and spend media are quantified. 
The level of analyte can also be clearly visualized through software 
integrated plot functionality (concentration metric plot), with clear 
graphical representation of results across different manufacturing stages. 

Key Learning Objectives
 • Gain a broad understanding of the cell culture media composition

 •  Review an accurate quantitative profile of different cell culture media 
with heavy labeled internal standards

 •  Learn how cell culture media workflow allows you to understand and 
improve vaccine production process

Who Should Attend
Scientists or lab directors who are developing cell culture media, 
biotherapeutics, and vaccines.

Sponsored by Presented by

Presenter

Moderator

Harl Kosanam 
Associate Principal Scientist, Vaccine Process 

Development and Commercialization 
Merck, West Point, PA.

Laura Bush 
Editorial Director 

LCGC

For questions or concerns, email 
mdevia@mjhlifesciences.com

Quantitative LC-MS 
Workflow for Cell Culture 
Media Monitoring

Register for this free webcast at:  
www.biopharminternational.com/bp_p/cell_culture

ON-DEMAND WEBCAST
Aired: Wednesday, September 9, 2020
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company must comply with applica-
ble pharmacopoeia requirements and 
also with their approved drug product 
registrations, so that a company must 
address the complexity of these compli-
ance challenges. The information pro-
vided in the first article is useful for 
enabling engagement and discussion 
among the many stakeholders within a 
company who are impacted by pharma-
copoeia requirements, ensuring a com-
mon understanding across the various 
functions, and helping to avoid the risks 
associated with non-compliance.

WHY PHARMACOPOEIA 
COMPLIANCE IS DIFFICULT
The second article (2) provides a com-
prehensive, end-to-end framework to 
help bio/pharmaceutical companies bet-
ter understand the external and inter-
nal challenges that make pharmacopoeia 
compliance difficult. Among the external 
challenges are the lack of broad harmo-
nization of pharmacopoeia requirements 
around the world and the significant 
number of new and revised requirements 
that are routinely published. Internal 
challenges for companies include the lack 
of broad understanding of the need for 
and the complexity of remaining compli-
ant. Enhanced awareness provided by the 
second article can facilitate the establish-
ment and maintenance of collaborative 
partnerships among internal stakeholders 
to help address the compliance challenges.

A BRIEF HISTORY  
OF PHARMACOPOEIAS:  
A GLOBAL PERSPECTIVE
Today, there are as many as 40 pharmaco-
poeias published around the world. Their 
history, presented in the third article of 
the series (3), reveals a common purpose, 
which is to support the health of the pop-
ulation through consistent standards for 
medicines. Many, including the United 
States Pharmacopeia, British Pharmacopoeia, 
and more recently, the European 
Pharmacopoeia, were established to harmo-
nize the content and remove inconsisten-
cies between the various pharmacopoeias 

which then existed. Regional and interna-
tional initiatives continue even today, with 
global pharmacopoeia standards being 
one potentially beneficial outcome. The 
global and historical perspective is help-
ful in understanding the complexity and 
challenges of pharmacopoeia monitoring 
and compliance.

GLOBAL PHARMACOPOEIA 
STANDARDS: WHY 
HARMONIZATION IS NEEDED
Building on information in prior arti-
cles, the fourth article (4) provides some 
industry perspective on the benefit of 
harmonization or convergence of phar-
macopoeia standards around the world. 
When the standards are not aligned, the 
differences increase the cost and com-
plexity of compliance. The concepts of 
the “ideal pharmacopoeia” and “com-
pendial globalization” are presented as 
potential models to help achieve consis-
tent and appropriate quality requirements 
for medicines worldwide. Concluding 
the fourth article, readers are asked to 
imagine a world where there is no need 
for translation, because the pharmacopoe-
ias are all saying the same thing. Global 
pharmacopoeia standards would help to 
support the availability of medicines with 
consistent quality for patients worldwide.

HARMONIZATION EFFORTS 
BY PHARMACOPOEIAS AND 
REGULATORY AGENCIES
There are many pathways to achieve 
harmonization, and several approaches 
are currently underway. The pharmaco-
poeias and regulatory agencies around 
the world, in collaboration with their 
stakeholders, have been actively and 
successfully working toward harmoni-
zation for quite some time. The fifth 
article in the series (5) describes what 
has been achieved in this area so far 
and what is yet to come. Among the 
topics covered are the Pharmacopoeial 
Discussion Group and the International 
Council for Harmonization (ICH), 
with particular attention given to the 
ICH Q3 topic on impurities and Q4B 

on the interchangeability of selected 
pharmacopoeia text. Contributions of 
the World Health Organization are 
also described, which include their con-
vening of the International Meetings 
of World Pharmacopoeias and the 
resulting establishment of Good 
Pharmacopoeial Practices to encourage 
harmonization of compendial standards. 
Also discussed is the successful collabo-
ration between the bio/pharmaceutical 
industry and the pharmacopoeias to 
achieve prospective and informal har-
monization of new monographs for 
drug substances and products.

REVISION PROCESS  
FOR GLOBAL/NATIONAL 
PHARMACOPOEIAS
As noted in the first article (1), a com-
pany must comply with “current” com-
pendial requirements, which introduces 
the need to monitor and implement 
updates published by the pharmacopoe-
ias. The revision processes used by the 
pharmacopoeias and their associated 
schedules for publication of proposed and 
official updates are detailed in the sixth 
article (6). Designating pharmacopoeias 
as either “global” or “national”, based on 
regulatory acceptance, can help give visi-
bility to some of the differences between 
their processes. This in turn can assist 
individual companies in focusing their 
compendial work on those activities that 
help ensure compliance.

SURVEILLANCE PROCESS  
FOR INDUSTRY: MONITORING 
PHARMACOPOEIA REVISIONS
The surveillance process used by the 
industry is driven by the revision process 
and publication schedules of the phar-
macopoeias. The seventh article in the 
series (7) takes a detailed look at industry 
processes to monitor the significant vol-
ume of changes published and to achieve 
on-time compliance with updated 
requirements. Monitoring the pharmaco-
poeia updates provides an opportunity to 
respond to proposed changes and provide 
input that may potentially impact the 
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Event Overview
In this webcast discover how standard capillary 
electrophoresis (CE) methods, including CE– 
sodium dodecyl sulfate (CE-SDS) methods, 
are being adapted for the changing targets of 
the biopharmaceutical industry, as part of the 
development of new drug modalities such as 
antibody–drug conjugates, bispecific antibodies 
and more. The presentation will cover CE basics 
and show how you can adapt both size-based and 
charged-based methods to improve resolution and 
sensitivity needed to detect and profile impurities 
in various types of protein-based pharmaceuticals.

Key Learning Objectives
 •  Learn how CE-SDS methods are being adapted 

for new classes of proteins

 •  Discover the benefits of laser-induced 
fluorescence (LIF) detection for the detection  
of proteins

 •  Find out how charge-based separations 
are being used to analyze the latest 
biopharmaceutical drugs

Who Should Attend
 •  R&D and analytical development directors, 

laboratory managers, and scientists at 
biopharmaceutical companies and contract 
research labs 

Presenter

Moderator

Stephen Lock 
EMEAI BioPharma Market  

Development Manager 
SCIEX

Laura Bush 
Editorial Director 

LCGC

For questions or concerns, email 
mdevia@mjhlifesciences.com

How are CE Methods 
Being Adapted to Analyze 
New Biopharmaceutical 
Drug Modalities?

Presented bySponsored by

ON-DEMAND WEBCAST
Aired: Wednesday, September 2, 2020

Register for this free webcast at:  
www.chromatographyonline.com/lcgc_p/ce_methods_series
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decision on whether and how the updates 
proceed. Practical guidance is presented 
in the context of a compendial affairs 
organization within a bio/pharmaceutical 
company. There is also an exploration of 
the additional people and tools necessary 
to establish effective, efficient, sustain-
able, scalable, and successful processes for 
addressing the challenges of pharmaco-
poeia compliance.

MONOGRAPH DEVELOPMENT: 
WHY AND WHEN  
TO PARTICIPATE
As noted above, responding to proposed 
updates in the pharmacopoeias provides 
an opportunity for a company to poten-
tially influence the outcome. There is 
an opportunity for even more proactive 
advocacy through a company’s partic-
ipation in the process to develop new 
and revised monographs. The eighth 
article of the series (8) presents many 
considerations to aid a company in 
determining whether or not to sub-
mit a monograph proposal. Additional 
considerations are provided on the 
most appropriate timing for a submis-
sion, from the perspective of both the 
pharmacopoeia and the company. The 
potential for achieving harmonized 
monographs is also discussed. The arti-
cle makes it clear that the answers to 
these questions on monograph devel-
opment may not be the same for all 
companies, or products in the portfolio.

MONOGRAPH DEVELOPMENT: 
HOW TO PARTICIPATE;  
HOW TO HARMONIZE
Having explored in the eighth article (8) 
the considerations of whether and when 
a company should submit a monograph, 
once decided, there are additional prac-
tical points to consider. These include 
how to navigate the process of work-
ing with a pharmacopoeia and how to 
approach prospective or informal harmo-
nization of the monograph through col-
laboration with multiple pharmacopoeias. 
These additional points are described in 
the ninth article (9), which also includes 

detailed considerations of which groups 
in a company should have the responsi-
bility to submit the monograph and what 
specific information and materials are 
necessary to support monograph devel-
opment. Taken together, the eighth and 
ninth articles provide a comprehensive set 
of tools to enable a company to under-
stand and successfully execute the mono-
graph development process.

A PRACTICAL APPROACH 
TO PHARMACOPOEIA 
COMPLIANCE
Compliance with pharmacopoeia 
requirements that are applicable in a 
particular country, and also with prod-
uct registrations as approved in coun-
tries around the world, is a significant 
challenge for bio/pharmaceutical com-
panies. Effectively addressing differ-
ences between the pharmacopoeia and 
approved registrations can be complex. 
The tenth article of the series (10) tack-
les the specific compliance challenge 
that occurs when a new monograph is 
published in the pharmacopoeias for a 
drug substance or drug product in the 
company’s portfolio. Possible options are 
provided to deal with differences in limits 
and methods between the monograph 
and the previously approved registration. 
This practical guidance can help a com-
pany align on the best overall compliance 
strategy for a given situation.

A CASE STUDY IN 
PHARMACOPOEIA 
COMPLIANCE: EXCIPIENTS 
AND RAW MATERIALS
The tenth article (10) dealt with exter-
nally based compliance challenges, driven 
by decisions made by the pharmacopoeias 
during the monograph development pro-
cess. There are other compliance chal-
lenges that are internally based, resulting 
from decisions made by one functional 
area in the company without consider-
ation of the broader impact to other func-
tional areas throughout the organization. 
One such example can be found with raw 
materials and excipients, where a consis-

tent, cross-functional approach is needed 
to ensure the appropriate selection, sourc-
ing, testing, and filing of the materials 
used to manufacture bio/pharmaceutical 
products in a global environment. This 
case study is explored in the eleventh 
article (11), with principles and strategies 
provided to help companies ensure com-
pliance with applicable pharmacopoeia 
and regulatory requirements.

PHARMACOPOEIA 
COMPLIANCE:  
PUTTING IT ALL TOGETHER; 
WHAT IS ON THE HORIZON
The final article of the series (12) 
attempts to summarize and pull all the 
various threads of the individual articles 
together into one consolidated picture 
of pharmacopoeia compliance. A holistic 
view is provided for the roles, responsibil-
ities, activities, and other considerations, 
which are necessary to ensure compliance 
across the bio/pharmaceutical industry. 
The article continues with a look ahead 
at topics that will likely result in fur-
ther evolution in the pharmacopoeias 
around the world. Some of the future 
trends explored are: new approaches to 
specifications, including those for com-
plex biotherapeutics; the use of analyt-
ical quality by design and continuous 
manufacturing; concerns with impurities, 
such as N-nitrosamine contamination; 
and the growing importance of national 
pharmacopoeias from around the world, 
for example those in China, Russia, and 
Brazil. This look into what is on the hori-
zon can help companies prepare for the 
inevitable changes in the pharmacopoeias 
and ensure the continued supply of qual-
ity medicines to patients globally.

CONCLUSION
The need for pharmacopoeia compli-
ance and the challenge of achieving it are 
explored in detail throughout the series 
of articles, which are intended to bring 
greater visibility and understanding of 
this fundamental principle to the bio/
pharmaceutical industry. The articles 
present many facets of the processes, peo-
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ple, and tools necessary for a company to 
comply with the pharmacopoeia as well 
as their approved drug product registra-
tions. The articles reflect the continuing 
evolution of the pharmacopoeias, their 
requirements, and the need for harmo-
nization to achieve truly global standards.

Along with the understanding and 
assistance provided to those who perform 
the work, the articles have the additional 
goal of helping to ensure the continued 
availability of medicines with consistent 
quality. Meeting the necessary compliance 
requirements for these medicines ensures 
meeting the needs of patients around the 
world, regardless of where the patients live, 
where the medicines are manufactured, or 
which pharmacopoeias may apply.
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Cellular and Gene Therapies Face a 
Manufacturing Capacity Crunch

Cellular and gene therapy fields are currently on track for, if 
not already experiencing, a serious capacity crunch.  

RONALD A. RADER

C urrent cellular and gene therapies, those relatively 
few marketed and the hundreds in clinical devel-
opment, primarily involve autologous manufactur-

ing: making one product at a time individualized for each 
patient. This is clearly very resource intensive, often involv-
ing weeks of labor-intensive manual processing to make a 
single patient’s treatment. 

The long-term trend is for development of allogeneic 
cellular and gene therapies, involving batched manufacturing 
of products to be used for treatment of multiple patients (1). 
Many, if not most, cellular therapies in development involve 
genetic modification of cells—therefore, are also gene ther-
apies—with cellular therapy manufacturing closely inter-
twined with gene manufacturing therapy (the vectors used). 

Compared to current cellular therapies, gene therapy manu-
facturing is in a better position. Nearly all current gene therapy 
involves use of viral vectors, particularly adeno-associated virus 
(AAV), with related vector manufacturing similar to that long 
used for viral vaccines and recombinant processing plasmids pro-
duction. A few companies now report scaling-up allogeneic viral 
vector manufacture to 2000-L scale. 

But with large amounts of vectors needed for each treat-
ment, this upstream volume will only treat at most several 
dozen patients. Cellular therapies involve running lots of 
processes at small, usually one-off, desktop scales often along 
with gene therapy vector production, while gene therapies 
(those administered to patients) involve running a good 
number of processes at larger scales. 

CAPACITY CRUNCH EXPECTED
Multiple interview- and survey-based studies (1), clearly 
indicate cellular and gene therapy fields are currently on 
track for, if not already experiencing, a serious “capacity 
crunch.”  There is potential for a significant shortage of 
manufacturing capacity—measured as total volume of biore-
actors in use—particularly at commercial scales, similar to a 
decade or more ago when there was widespread expectation 
of a severe shortage of capacity for mainstream recombi-

RONALD A . R ADER i s  the sen ior d i rec tor,  Techn ica l 
Research, BioPlan Associates. rrader@bioplanassociates.com, 
+1.301.921.5979, www.bioplanassociates.com.
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nant products. Luckily, industry then 
responded with many new facilities 
and expansions; some presumed block-
buster products did not turn out to be 
blockbusters; and evolving technology, 
including higher titers, helped. 

The problems with cellular/gene 
therapies manufacturing capacity par-
ticularly affect contract manufactur-
ing organizations (CMOs). BioPlan 
Associates studies have shown that 
approximately 90% of cellular/gene 
therapy developers would much prefer 
to use CMOs to manufacture their 
products. But related CMO capac-
ity is simply not available. With lead 
times for CMOs to begin cellular or 
gene therapy projects now averaging 
18 months and increasing, more devel-
opers are deciding, often forced, to 
perform manufacturing, particularly 
later-stage and commercial, in-house. 
Many CMOs are entering the field or 
expanding their cellular/gene thera-
pies capacities. But the leading CMOs 
and developers alike are busy trying to 
catch-up with capacity needs to sup-
port early-mid clinical needs. 

BioPlan estimates that there is cur-
rently a 500% shortage of cellular/gene 
therapy manufacturing capacity, in 
the sense that five times the current 
capacity would likely be used if it were 
available, particularly f rom CMOs. 
The shortage of capacity and long 
lead times with CMOs has resulted in 
many pharmaceutical companies slow-
ing R&D or delaying entry into the 
field. Unless more staff and capacity 
are brought online, a greater capac-
ity shortage is projected in five years. 
This shortage will occur as more prod-
ucts enter and advance in development, 
particularly as more advance to com-
mercial manufacturing. 

Total capacity among facilities 
known to be producing cellular/gene 
therapies, which is not always the only 
products manufactured, is approxi-
mately 330,000 L (2). This capacity is 
approximately 2.0% of the total 16.7 
million L worldwide bioprocessing 

capacity and is spread among 180 facil-
ities; about two-thirds of the facili-
ties engaged in cellular/gene therapy 
production perform gene therapy viral 
vector manufacturing either as ther-
apies or for cellular therapies mod-
ification. Average capacity data are 
skewed by inclusion of the current 
largest viral vector manufacturing facil-
ities, with many cell therapy facilities 
at much smaller scales and not publicly 
reported. Most cellular therapies are 
still autologous nearly all have under 
500 L capacity. 

SURVEY RESULTS  
CONFIRM PROBLEMS
In terms of in-house bioprocess-
ing expansions, most respondents of 
BioPlan Associates 17th annual sur-
vey expect large capacity increases (1). 
For example, of survey respondents 
with current relevant capacity, 44% 
expect their facility to increase capac-

ity by more than 100% during the 
next five years (see Figure 1). This 
increase does not include expected new 
entrants and program expansions as 
more products enter the market, as 
investors finally see actual revenue 
from sales of these products. 

Technology advancement is not 
expected to much help avert capac-
ity problems. A minority (47.1%) of 
respondents agreed that “Within five 
years, platforms for cell and gene ther-
apy manufacturing will have advanced 
to significantly reduce manufactur-
ing capacity problems or bottlenecks.”  
Also, reflecting the primitive state of 
much cellular/gene therapies biopro-
cessing, only 16% each cited, “Our 
commercial manufacturing will or 
does use only closed systems, asep-
tic transfers/connections, etc.” and 
“Anticipate no problems with meet-
ing good manufacturing practice 
(GMP) requirements.” One third 

Outsourcing

Figure 1. Gene therapy survey respondent plans for increases in capacity  
in next five years.

Gene Therapy Future Production Capacity

1-25% Increase 20.60%

26-50%

51-100%

101-200%
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26.30%

2.90%

5.90%

2.90%
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(34%) of respondents report planning 
for GMP-compliant manufacturing of 
viral vectors/gene therapies this year, 
while 26% reported already attaining 
GMP, but with few yet planning for 
worldwide commercial manufacturing. 

PROBLEMS ADDRESSING  
A CAPACITY CRUNCH
A decade ago, a capacity crunch would 
have affected nearly all biopharmaceu-
tical facilities. Today, the industry is far 
more diverse. There are more classes of 
products, more single-use manufactur-
ing, more flexible facilities and suites, 
more ability to scale-out commercial 
manufacturing, more options for con-
tinuous bioprocessing, etc. Further, 
with the focus on the COVID-19 
pandemic and related product devel-
opment, many companies that would 
otherwise be entering or expanding 
into cellular/gene therapies are not yet 
doing this, and governments are not 
expected to address cellular/gene ther-
apies manufacturing shortfalls. 

Even with near-term investments 
in new facilities and expansions, most 
facilities still need to catch-up to support 
current development needs, including 
building or contracting for capacity to 
support their early- and mid-stage clin-
ical development efforts. Commercial 
GMP manufacturing for cell and gene 
therapies is done by very few developers 
and CMOs, and even fewer are currently 
constructing capacity. The industry will 
ultimately attain future needed com-
mercial manufacturing capacity, but the 
options for expanding capacity today are 
greater than they were just 10 years ago, 
and from our research, many in clini-
cal stage have not fully defined how this 
expansion will take place. 

HIRING A MAJOR CHALLENGE
One of the major problems in 
addressing capacity shortfalls for cell 
and gene therapy manufacturers is 
the shortage of staff.  Most operations 
today are complex, and often fully 
manual (vs. automated), making cel-

lular/gene therapy viral vector man-
ufacturing very labor-intensive. This 
manual processing requires highly 
trained, often over-qualified, staff at 
all levels involved with bioprocess-
ing. This has created staff shortages 
that are particularly affecting cellular 
products bioprocessing.  Here, expe-
rienced doctorate-level personnel are 
often needed. Technicians can some-
times lack the needed expertise. Viral 
vector manufacture also requires con-
siderable hands-on experience. While 
only a minority of biopharmaceutical 
developers and CMOs are involved 
in cellular/gene therapies, problems 
related to hiring rank rather high in 
the BioPlan annual survey, as follows: 
• One-third (34.6%) of survey 

respondents cited signif icant 
problems hiring cellular and/or gene 
therapy staff. 

• 19.8% of all respondents (this is 
greatly higher if just included the 
cellular/gene therapy players) citing 
difficulties hiring gene therapy staff. 

• 14.8% having difficulties hiring for 
cellular therapies. This indicates that 
the great majority of cellular/gene 

therapy developers and CMOs are 
experiencing hiring problems. 

Overall, shortages of cellular/gene 
therapy bioprocessing staff will likely 
worsen as the most experienced ‘baby 
boomer’ staff retire and as the prod-
uct pipeline moves f rom R&D to 
clinical and commercial production. 
Also, unprecedented growth in pan-
demic vaccine/therapeutics biopro-
cessing will worsen the overall hiring 
situation, particularly for gene ther-
apy, with many with virus-experience 
moving into pandemic vaccines and 
therapeutics (3).
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In fact, anticipation, training and pro-
cesses including the mapping of activi-
ties and their management through solid 
project management procedures can 
eliminate most of challenges, accord-
ing to Ribault. Electronic or paper pro-
cedures that guide shop floor people 
through all of the steps are key to ensur-
ing fast and error-free changeovers, par-
ticularly when combined with MES, 
electronic batch record systems, and 
automation, agrees Stoll.

To facilitate rapid changeovers, an 
overall plant management system should 
have an adaptive scheduling system that 
automatically adjusts in response to 
changes, Shave adds. Supply chain man-
agement to ensure supply of consumables 
is also important, according to Stenklo.

Specific components of a good plant 
management system include electronic 
batch record capability, role-based recipe 
management that optimizes each stage 
of a recipe lifecycle, data integrity features 
to help prevent documentation or human 
errors, and data analytics to monitor, con-
trol, and predict any possible variation in 
the process, according to Nestola.

Overall, Ribault notes that the most 
important features in a plant manage-
ment system are people and expertise. 
“The expertise to run a plant is not 
in the systems or equipment, but in 
the team and its experience, including 
quality, regulatory, and technical expe-
rience,” he asserts.

COVID-19 AND  
CHANGEOVER PREPARATION
With COVID-19 and the focus on 
accelerated development and produc-
tion of potential vaccines, the industry is 
entering “brave new territory”, accord-
ing to Gravallese. “It will be even more 
critical under these circumstances to 
rely on past experiences to accelerate the 
approach,” he says. 

Any accelerated strategy that involves 
pushing the boundaries of the usual 

regulations should be identified up front 
and discussed with the regulators as 
early as possible (e.g., use of stable clone 
cell bank or transient transfection for 
good manufacturing practice produc-
tion), Shave stresses. Vaccine develop-
ers also need to ensure flexibility with 
respect to the expected required man-
ufacturing capacity, according to Stoll. 
“One approach is to work with contract 
development and manufacturing orga-
nizations (CDMOs) to complement 
internal capacity,” he observes.

When selecting CDMO partners for 
accelerated COVID-19 projects, vaccine 
developers should first conduct a risk 
analysis to identify their capabilities and 
any gaps related to the projects, according 
to Gravallese. “It is rare to find a per-
fect match, but it is important to find 
CDMOs with the platforms, technolo-
gies, and capacities that require the mini-
mum level of retrofits and downtime and 
will allow for a reasonable best approach. 
Where customers lack specific knowledge, 
CDMOs should be able to make assump-
tions based on their experience combined 
with good engineering practice, good 
quality practice, and the available tools in 
their toolboxes,” he concludes.

It is also important today for CDMOs 
to specialize in a couple of vaccine plat-
form technologies, adds Nestola. “Most 
of the vaccines in development are based 
on one manufacturing platform and many 
viral vectors processes are similar to each 
other. The same goes for the mRNA plat-
form, where processes are similar between 
different candidates. By using multiple 
platforms, the risk for failure can be miti-
gated,” he explains.

In addition, given the current increased 
lead time of most of the critical consum-
ables, Shave says it is imperative that pro-
cesses be developed using platform raw 
materials that can be purchased upfront 
before the process is finalized. “If a 
CDMO is involved, there will be a need 
for the drug developer and the CDMO 
to partner closely together to balance and 
adjust processes as needed during these 
unprecedented times,” he remarks.

CDMOs also need to agree with 
clients on a rapid approach to docu-
ment review, according to Shave. As 
an example, he points to the use of 
templated documents, which can avoid 
or significantly minimize the need for 
client review of every batch record. In 
addition, quality systems may require 
some flexibility in the usual practices 
around document control to account for 
last-minute changes, Shave adds.

One challenge when entering new 
territory is the rapid pace at which a 
larger number of activities are occur-
ring. Standardization can, according to 
Gravellese, help expedite the process. 
“While the initial reaction of many 
people is they don’t have time to fit 
standardized approaches to their spe-
cific processes in such an environment, 
the truth is that standardization actu-
ally provides more flexibility. Even if 
standardization is only achieved on 
a microlevel, the focus can then be 
directed to items that are critical and 
for which true solutions don’t yet exist,” 
he explains

To start, facilities with segregated 
production suites should be selected to 
enable processes to be up and running 
quickly, but at some point, optimization 
should be pursued to increase through-
put on the same equipment, according 
to Stenklo. “Similarly, while standalone 
equipment might provide the fastest 
pathway to an engineering run, integra-
tion of equipment on a single platform 
will likely provide more efficiency in the 
long term,” she elaborates.

The parallel investment in CDMOs 
and vaccine innovation is unprec-
edented and critical to being able to 
rapidly respond to the COVID-19 
pandemic, Husain concludes. “The 
potential success or failure of a vac-
cine candidate cannot be predicted. It’s 
important that CDMOs continue to 
focus on supporting all innovators and 
have clinical and commercial capabil-
ities to continuously pave the way for 
innovation and development of life-sav-
ing medicines for patients,” he says. ◆ 

Manufacturing

Manufacturing — Contin. 
from page 25 



Let’s Bond! 
Each Step Change Can Advance Your Chromatography Process
As your partner of choice, Sartorius off ers streamlined solutions 
with expert design and operational support so that 
you can focus on maximizing yield at any scale. 

Schedule a consultation today: 
www.sartorius.com/lets-bond

Simplifying Progress

Advertisement-BioPT_lets_Bond_05082020.indd   1 5/13/2020   8:25:59 AM

https://www.sartorius.com/en/pr/lets-bond


leading expertise & proven 
commercial success in gene therapy

Comprehensive solutions. Advanced technologies. Better biologics.™    
us + 1 888 SOLUTION (765-8846)  eur 00800 8855 6178  biologics.catalent.com

© 2020 Catalent, Inc. All rights reserved.

deep & extensive expertise 
in aav viral vectors

fast & f lexible process 
development

secure clinical through 
commercial facilities

commercial-ready 
aav processes

Catalent Cell & Gene Therapy is your most qualified and 
capable partner for the development and manufacturing of your 
advanced biotherapeutic. Our deep experience and technical 
expertise in viral vectors combined with our ever-expanding 
clinical through commercial manufacturing capacity, will provide 
you with full life cycle support of your life-saving therapeutic. 

f irst  
fda-approved 
gene therapy 

partner

BP.indd   1BP.indd   1 8/24/20   2:01 PM8/24/20   2:01 PM

https://biologics.catalent.com

	BP0920_001_Cover
	BP0920_Ads_COV2
	BP0920_002_Masthead
	BP0920_004_TOC
	BP0920_Ads_05
	BP0920_006_FTE
	BP0920_Ads_07
	BP0920_008-009_RegBeat
	BP0920_010-014_CoverStory_VaccineCapacity
	BP0920_Ads_11
	BP0920_010-014_CoverStory_VaccineCapacity
	BP0920_Ads_15
	BP0920_016-020_Downstream_ProcessChroma_Mirasol
	BP0920_Ads_17
	BP0920_016-020_Downstream_ProcessChroma_Mirasol
	BP0920_Ads_21
	BP0920_022-025_Manufacturing_Facilities_Challener
	BP0920_026-034_PeerReview_Takeda
	BP0920_035-039_Analytics_Aggregation_Mirasol
	BP0920_Ads_37
	BP0920_035-039_Analytics_Aggregation_Mirasol
	BP0920_040-045_PharmacopeiaComplaince_Wiggins
	BP0920_Ads_41
	BP0920_040-045_PharmacopeiaComplaince_Wiggins
	BP0920_Ads_43
	BP0920_040-045_PharmacopeiaComplaince_Wiggins
	BP0920_046-050_Outsourcing_Langer
	BP0920_Ads_47
	BP0920_046-050_Outsourcing_Langer
	BP0920_Ads_COV3
	BP0920_Ads_COV4



