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biologics, we have developed our proven syringe platform,
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stability of biologics and the relative injection forces required for effective delivery. And we have responded.

The Alba® syringe is now available also in a 2.25 ml format, meeting the requirements of high-value and

large volume biologics. Combining our cross-linked coating technology with dimensional, geometrical 

accuracy, and enhanced glide capability; this platform significantly reduces the release of sub-visible particles

and inorganic extractables.

Easily integrated into automatic drug delivery devices, such as spring-based autoinjectors, and optimized for smooth

self-administration, Alba® meets the needs of our pharma companies and their end users in equal measure.

gamechanger biologics

stability of biologics and the relative injection forces required for effective delivery. And we have responded.

https://www.stevanatogroup.com/en/


www.biopharminternational.com March 2022 BioPharm International 3

INTERNATIONALBioPharm
The Science & Business of Biopharmaceuticals

I n April 2020, a clarion call by Outsourced Pharma set a major 
goal in “A Declaration of Drug Independence.” This call 
sought to “… dedicate ourselves to the goal of reducing US 

dependency on foreign sources for drug materials, intermediates, 
substances, and finished products to 50% or less by the end of the 
year 2025” (1).  

In hindsight, this looks prescient, especially as war in Europe 
now joins the pandemic to threaten access to essential medi-
cines. What looks less than prescient was the frequently quoted 
response in May 2020 from the Pharmaceutical Research 
Manufacturers of America (PhRMA) whose core reply amounted 
to, “But now is not the time for sweeping changes to the phar-
maceutical supply chain that could cause disruptions” (2).  Even 
taken in context, it’s a paradoxical statement.

Eric Edwards, CEO of Phlow, is focused to rebuild the 
critical industrial base that’s been lost over decades, “to be able 
to manufacture these essential medicines end to end, from chem-
istry all the way to the finished dosage form so that we can get 
it to the patients at the bedside.” Phlow emphasizes continuous 
manufacturing processes to “allow chemical reactions to run on 
a much smaller scale, over and over again, until an entire volume 
of an active pharmaceutical ingredient is produced, [which] has 
significantly lower labor requirements [as it’s highly automated]. 
Then you have to get it into that finished dosage form, and we’re 
starting by focusing on sterile injectable drugs. The reason we’re 
focusing on sterile injectable drugs initially is because the major-
ity of drug shortages in America are sterile injectables” (3).

There are still reasons to hold on to optimism. Various aspects 
of continuous f low manufacturing, now adopted at higher rates, 
allow for increased production while maintaining reasonable cost 
conditions. There have also been investments made on national 
strategies, from BARDA and BioMADE and with genuine lead-
ership shown from the National Institutes of Health, National 
Institute of Standards and Technology, and FDA. But using all 
our logic while avoiding half measures will be required to get 
close to the outlined goal. One of the upsides of being a con-
servative industry should, theoretically, have been holding on to 
control more firmly.

Our exciting new podcast series Drug Solutions explores this 
topic in depth this March through a lively discussion with Dr. 
Fernando J. Muzzio, Distinguished Professor, Chemical and 
Biochemical Engineering, Rutgers University and Frederic Kahn, 
VP Sales, Wavelength Pharmaceticals.  Both are well respected 
from many years of excellent and devoted service to our industry.

REFERENCES
1. Louis Garguilo, “Sign the “50 by 25” Declaration of Drug 

Independence,” Outsourced Pharma, April 2, 2020.
2. Nicole Longo, “Executive Order Threatens R&D When 

We Need it Most to Fight COVID-19,”  Blog Post, PhRMA, 
catalyst.phrma.org, July 30, 2020.

3. T. Giddens, “The Phlow of Things,” RichmondMag,  
Feb. 5, 2021.

Mike Hennessy, Jr.
President & CEO

MJH Life Sciences™

Note from the CEO

© 2022 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 ht tp://www.copyright.com online. 
For uses beyond those listed above, please direct your written request to BPpress@
mmhgroup.com with “Permissions” in the subject line. 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 Stacy Argondizzo SArgondizzo@mjhlifesciences.com

MJH LIFE SCIENCES®

President & CEO Mike Hennessy Jr

Chief Financial Officer Neil Glasser, CPA/CFE

Chief Operating Officer Michael Ball

Chief Marketing Officer Brett Melillo

Executive Vice President,  
Global Medical Affairs & Corporate Development Joe Petroziello

Senior Vice President, Content Silas Inman

Vice President, Human Resources and Administration Shari Lundenberg

Vice President, Mergers & Acquisitions Chris Hennessy

Executive Creative Director Jeff Brown

FOUNDER
Mike Hennessy, Sr.

1960 - 2021

http://catalyst.phrma.org
https://richmondmagazine.com/life-style/health/the-phlow-of-things/


4     BioPharm International March 2022   www.biopharminternational.com

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

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

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

FEATURES

SPECIAL FEATURE
Late-Stage Failures of 
Monoclonal Antibody 
Biotherapeutics
Anurag S. Rathore and Rozaleen Dash
The authors review some of the 
monoclonal antibody candidates that 
reached Phase III clinical trials but were 
discontinued at later stages.  . . . . . . . .14 

DEVELOPMENT
Excipients for  
High-Concentration Biologics
Cynthia A. Challener
Careful selection is essential for 
achieving viscosity reduction without 
protein destabilization. . . . . . . . . . . . . . 17 

DOWNSTREAM PROCESSING
Considering Purification and 
Separation in the Downstream Train
Felicity Thomas
Emerging drug classes are giving  
rise to challenges in downstream  
processing, pushing the need for 
strategizing efficiencies. . . . . . . . . . . . .21 

MANUFACTURING
Opportunities for Growth  
and Breakthroughs for  
Cell and Gene Therapies
Meg Rivers
CGTs offer hope for the future of 
treatments, but the costly manufacturing, 
slow turnaround time, and need for 
supplies hinder progress. . . . . . . . . . . .26 

Considering Blow-Fill-Seal 
for Biologic Drugs
Jennifer Markarian
The continuous, aseptic fill/finish  
process is finding use in vaccines  
and biologic drugs. . . . . . . . . . . . . . . . .29 

ANALYTICS
Empowering Protein 
Characterization
Felicity Thomas
Scientists can work to overcome  
the challenges associated with  
protein characterization through 
empowering technologies.. . . . . . . . . .32 

OUTSOURCING
Selecting and Optimizing 
the Right Manufacturing Partner
William Bakewell
Optimizing the use of partners for  
clinical trials depends on selecting  
the right contractor. . . . . . . . . . . . . . . .35 

COLUMNS AND DEPARTMENTS
NOTE FROM THE CEO
Mike Hennessy, Jr. . . . . . . . . . . . . . . . . . .3

FROM THE EDITOR
Chris Spivey  . . . . . . . . . . . . . . . . . . . . . . .6

REGULATORY BEAT
Califf will face challenges that include  
COVID-19, opioids, and user fees.
Jill Wechsler . . . . . . . . . . . . . . . . . . . . . . .8

AD INDEX . . . . . . . . . . . . . . . . . . . . . . . .37

ASK THE EXPERT
Auditors must have access 
to the batch records of the 
activities they are reviewing.
Siegfried Schmitt . . . . . . . . . . . . . . . . . .38

COVER STORY

10 Outlining Cell Lines’ Future 
with Engineering Approaches
The use of bioengineering offers practical tools for the evolution of host cells.

Cover Design by Maria Xelo  Images: Siarhei - Stock.adobe.com

SUBSCRIBE TO NEWSLETTERS
Interested in more  
content like this? 
Subscribe to our newsletters! 
Go to BioPharmInternational.com

Table of Contents  Volume 35 Number 3

ka
rd

d
, u

st
as

, 3
D

 m
o

tio
n,

 M
o

p
ic

, a
ni

nn
a,

 C
hr

is
to

p
h 

B
ur

g
st

ed
t,

 E
ak

rin
 -

 S
to

ck
.a

d
o

b
e.

co
m



WuXi XDC - Your One-Stop Antibody Drug
Conjugate (ADC) Development Solution

Quality. Expertise. Speed. 
Performance. 
These are the cornerstones of our 
single-source approach. It is the strength
of these four pillars that allowed us to 
expedite 16 ADC’s into the clinic. We can
do the same for you. Let’s Get Started.

One Source:
• Payload-linker
• Antibody
• Conjugate
• Drug Product

WuXi XDC, a WuXi Biologics subsidiary, offers an unprecedented single-source 
approach for ADC development. This one-stop approach provides more efficiency, 
flexibility, lowered risks, fewer transactional costs, and our industry-leading 13
to15-month DNA to IND timelines. We help you get into the clinic faster and obtain
a competitive advantage.
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• CMC Development
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���������
•  Service & Support
•  Product Management
•  Project Accountability
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wuxibiologics.com  

https://www.wuxibiologics.com


6     BioPharm International March 2022   www.biopharminternational.com

INTERNATIONALBioPharm
The Science & Business of Biopharmaceuticals

EDITORIAL
Editorial Director Chris Spivey CSpivey@mjhlifesciences.com
Senior Editor Meg Rivers MRivers@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 Grant Playter GPlayter@mjhlifesciences.com
Assistant Editor Alivia Leon ALeon@mjhlifesciences.com
Creative Director, Publishing Melissa Feinen
Senior Art Director Marie Maresco
Senior Graphic Designer Maria Xelo

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 
Head Analytical Project Leadership, 
Vaccines Analytical Research & 
Development  
Merck Research Laboratories 

Stephan O. Krause 
Head of Product Quality Group 
AstraZeneca Biologics

Steven S. Kuwahara 
Principal Consultant 
GXP BioTechnology LLC

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

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

Hank Liu 
Head of Quality Control 
Sanofi Pasteur

Herb Lutz 
Principal Consulting Engineer 
Merck Millipore

Hanns-Christian Mahler 
Head Drug Product Services 
Lonza AG

Jerold Martin 
Independent Consultant

Hans-Peter Meyer 
Lecturer, University of Applied Sciences 

and Arts Western Switzerland,  

Institute of Life Technologies

K. John Morrow 
President, Newport Biotech

David Radspinner 
VP/GM Global Commercial Transition 

Cytiva

Tom Ransohoff 
COO 

4th Dimension Bioprocess, Inc.

Anurag Rathore 
Biotech CMC Consultant 

Faculty Member, Indian Institute of 

Technology

Susan J. Schniepp 
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.

From the Editor

Characterizing  
the Unseen Drama 
of Analytics

A  s someone who helped invent and patent several 
types of biomedical instrument, I feel a traitor for 
writing the following: our market has unmet need 

for fast, accurate analytic tools. While I can certainly see why 
some will resist or equivocate in response, this is absolutely an 
opportunity and not censure.

It’s not just that messenger RNA (mRNA) needs to be rid of 
genetic impurities like truncated transcripts or incorrect DNA 
template, or that wrapping it in lipid nanoparticle formulation for 
delivery creates more complex analytic challenges. Other recently 
created, small-molecule less celebrated drug formulations also 
had a need for new or more powerful analytic tools. Plazomicin 
(marketed as Zemdri), a novel aminoglycoside effective against 
gram negative bacteria, required novel modes for development 
and manufacturing, but it also benefited from a specialized ana-
lytic tool, the QMS plazomicin immunoassay (1), for measuring 
quantities in human plasma while treating complicated urinary 
tract infections, for which it was FDA approved. 

As written elsewhere, there is now also an overarching busi-
ness imperative to deliver products by continually breaking previ-
ous speed record barriers. Once the rewards for increasing patent 
lifetimes by being earlier to market became tangible, this has pro-
vided sustained business impetus to accelerate every aspect that 
could potentially slow deployment and delivery, hence parallel 
and redundant capacities and the investment in buildings, manu-
facturing equipment, and now analytic tools.

When married to increased drug novelty and rising complex-
ity, requirement to have actionable data this hour, not this week, 
month, or quarter, further deepens this unmet need. In pharma-
ceutical analytics, this might well be just what the doctor ordered. 
Don’t get me wrong, I am delighted capillary electrophoresis has 
made a reappearance, and we’ve imported various stripes of parti-
cle size analysis from material sciences. But I keep a weather eye 
for novel approaches, most especially those incorporating auda-
cious physical determinations. When readers send descriptions 
about good methods they’ve personally used, we’ll find a way to 
incorporate them in our coverage. That really should add inten-
sity and drama to analytics, and a dash of new character!

REFERENCE
1. C. H. Lias, Letter to Microgenics Corporation, FDA.gov, 

Nov. 19, 2018.◆

Chris Spivey is  
the editorial director of  
BioPharm International.

Borrowing is good,  
but invention is best.

https://www.accessdata.fda.gov/cdrh_docs/pdf18/DEN180030.pdf
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Are You Prepared for the Annex 1 Revision?
Get Ready with the 2022 PDA Annex 1 Workshop.
The highly anticipated revision of Annex 1 is coming soon!

To help your company understand the new requirements and prepare for anticipated challenges in implementation,
PDA has developed the 2022 PDA Annex 1 Workshop! 

One Agenda. Four Dates.

To make it easier for attendees to participate, this interactive workshop will be offered four times in 2022. Each 
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discussions focused on implementation. 
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T  he heightened political debate that 
delayed his Senate confirmation, 
plus continued challenges created 

by the COVID-19 pandemic, ensure that Dr. 
Robert Calif f ’s tenure leading FDA will 
be much more contentious than his pre-
vious stint. His Senate confirmation process 
was punctuated by sharp queries from both 
sides of the aisle about access to COVID-19 
tests and therapies, agency policies for  
speeding new drugs to market, and FDA’s role 
in facilitating access to both long-acting opioids 
and to medicine to induce abortions, as the 
politicians sought to make points with constit-
uencies leading up to mid-term Congressional 
elections in November. 

That partisan tone was apparent in January 
2022 as the Senate Health, Education, Labor & 
Pensions (HELP) Committee voted to advance 
his nomination as FDA commissioner by a close 
13 to 8 margin (1). Final Senate approval by an 
historically narrow 50–46 vote came only after 
the White House and Califf’s supporters lobbied 
hard to gain sufficient support, a success that 
is very different from Califf’s 89–4 approval 

back in 2016. Four Democrats and 
independent Bernie Sanders opposed 
the nomination, citing Califf’s close 
ties to industry and his failure to 
halt access to opioids. Califf won 
the vote of Sen. Elizabeth Warren 
(D-Mass) and some others by agreeing 
to extend ethics restrictions on his 
future involvement with industry.

Only six Republications voted for 
confirmation, led by HELP Committee 
ranking Republican Richard Burr of 
North Carolina, who championed the 
appointment of his fellow Carolinian 

as a knowledgeable scientist and experienced 
policymaker. Most Republicans preferred to rail 
against FDA’s recent decision to remove curbs 
on prescribing and dispensing medications that 
induce abortion at early stages of pregnancy.

APPROVALS AND ACCESS
Califf’s first order of business is to support the 
development and approval of drugs, vaccines, and 
diagnostics vital to taming the ongoing coronavi-
rus pandemic. FDA’s recent decision to delay con-
sideration of a COVID-19 vaccine for very young 
children indicates that many difficult scientific 
and legal issues remain on the agency’s agenda. 
Califf will benefit considerably from the experi-
ence and assistance of Acting Commissioner Janet 
Woodcock, who as agreed to remain at the agency 
as his principal deputy commissioner (2). 

An immediate challenge for the commissioner 
is to revisit and clarify the risks and benefits of the 
agency’s accelerated approval (AA) programs and 
to ensure completion of required confirmatory tri-

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

Califf will face challenges that include COVID-19, opioids, and user fees.

A Rocky Road Ahead for Commissioner Califf

Califf will benefit from
the experience of Acting

Commissioner Janet 
Woodcock, who will  

remain at the agency  
as his principal  

deputy commissioner.
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als. Califf promised such an effort to 
several uncertain Senators concerned 
about FDA’s approval of and access to 
the Alzheimer’s drug Aduhelm and 
about a proposal from the Centers 
for Medicare and Medicare Services 
(CMS) to limit prescribing Aduhelm 
to patients participating in clinical 
trials. If adopted, the Coverage with 
Evidence Development requirement 
could apply to similar Alzheimer’s 
treatments moving through the 
R&D pipeline, which has raised fears 
of discouraging further research in 
the Alzheimer’s field by both patient 
groups and biopharmaceutical com-
panies. The situation has fueled 
debate over FDA’s reliance on lim-
ited evidence in assessing new prod-
ucts under the AA process and the 
scope and timing of postapproval  
confirmatory studies. Meanwhile, 
the Department of Health and 
Human Services (HHS) inspector 
general is investigating the Aduhelm 
approval decision by the Center 
for Drug Evaluation and Research 
(CDER) and whether reviewers 
behaved properly in weighing the 
risks and benefits of the therapy. 

Patient advocates also want FDA 
to increase diversity in medical 
product research and to advance 
t reatments for rare diseases, 
improved antibiotics, and safer gene 
and cellular therapies. Pressure to 
help control the high cost of pre-
scription drugs will continue to 
drive FDA support for developing 
complex generic drugs and biosim-
ilars. FDA has taken action against 
scores of clinics and operations 
promoting unapproved COVID-19 
treatments, many presenting seri-
ous health risks to consumers. 

VAST RESPONSIBILITIES
Oversight of drugs and med-
ical products is only one of many 
hot-button issues for FDA’s leader-
ship to track and tackle. There is 
pressure to clarify rules governing 
e-cigarettes amidst concerns about 
flavored products luring young peo-
ple into tobacco use. FDA also has 
to address serious health problems 
arising from contaminated food 
and seafood, including significant 
volumes of imported products. The 
safety of cosmetic products, dietary 

supplements, sunscreens, and other 
non-prescription products raise 
additional complex issues, many 
described in FDA’s annual report 
for 2021, which outlines these 
and several other high-priority  
regulatory programs (3). 

Amidst all these programs, prob-
ably the most consequential assign-
ment for FDA’s leader is to win 
Congressional support for agency 
funding and resources. This year 
that entails the timely approval of 
new user fee agreements on drugs, 
generic drugs, biosimilars, and med-
ical devices as part of a larger legisla-
tive package that must be passed by 
Sept. 30, 2022. Califf comes to the 
job with valuable experience in these 
areas, which he will need to manage 
the many controversial decisions and 
heavy political pressures ahead.

REFERENCES
1. HELP, “HELP Committee Advances FDA 

Nominee Dr. Califf, Others,” Press 
Release, Jan. 13, 2020. 

2. J. Woodcock, A Message from the 
Acting Commissioner, Feb. 15, 2022.

3. FDA, FDA 2021 Year in Review: Working 
for You, FDA,gov. ◆

FDA quietly announced in February 2022 that it was 
resuming domestic surveillance inspections for drugs 
and other regulated products after another hiatus due 
to the pandemic. Regular FDA field inspections have 
been halted several times since March 2020, most re-
cently at the end of 2021; the spread of the omicron 
variant boosted COVID-19 infections, raising fears that 
FDA inspectors as well as local plant personnel could be 
exposed to the virus from such interactions.

Now FDA has determined that new infections are 
declining sufficiently to restart more routine site visits. 
FDA’s Office of Regulatory Affairs (ORA) had continued 
to conduct “mission critical” inspections, both foreign 
and domestic, during these inspection shutdowns, but 
the numbers were low (1). Now the task of catching up 
is considerable, with some 8000 site inspections of drug 
manufacturing facilities postponed during the height of 
the pandemic, and many more since then.

For foreign inspections, FDA aims to start conducting 
prioritized site visits in April 2022. Agency inspectors will 
go to locations that have received “country clearance” and 
meet the Level 1 or Level 2 travel recommendations from 
the Centers for Disease Control and Prevention.

For both US and foreign facilities, the agency will continue 
to provide “effective oversight” of foods, drugs, medical 
products, and tobacco through remote assessments and 
by utilizing “a variety of tools.” This includes more extensive 
analytical testing and sampling of drugs, particularly 
at US borders. FDA also is requesting documents from 
facilities to review compliance histories off-site and plans to 
continue visiting plants via video livestreaming.

Reference
1. FDA, “FDA Roundup: February 4, 2022,” Press Release, 

FDA.gov, Feb. 4, 2022.◆

—Jill Wechsler

FDA Faces Huge Task Catching Up on Inspections

https://www.help.senate.gov/chair/newsroom/press/help-committee-advances-fda-nominee-dr-califf-others
https://www.help.senate.gov/chair/newsroom/press/help-committee-advances-fda-nominee-dr-califf-others
https://twitter.com/FDASpox/status/1493655619366264839
https://twitter.com/FDASpox/status/1493655619366264839
https://www.fda.gov/media/155422/download?utm_medium=email&utm_source=govdelivery 
https://www.fda.gov/media/155422/download?utm_medium=email&utm_source=govdelivery 
https://www.fda.gov/news-events/press-announcements/fda-roundup-february-4-2022
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Outlining Cell Lines’ Future 
with Engineering Approaches

The use of bioengineering offers practical tools for the evolution of host cells.
FELIZA MIRASOL

B ioengineering has benefitted biomanufacturing by 
creating cells with enhanced productivity and robust-
ness. However, using a cell-line engineering approach 

has its challenges, among them the capability to develop 
clonal production cell lines and cell culture media formu-
lations that are scalable while at the same time maintain-
ing robust titers and the desired critical quality attributes 
(CQAs) needed for molecules to be successful in both the 
clinical and commercial setting, says Ademola Kassim, prod-
uct specialist, Cell Line Development, Sartorius.

“While developing an appropriate cell line is important, a 
media formulation that complements a host-cell line is just 
as critical as it helps improve scalability and the success of 
the molecule,” Kassim says. 

Overall, innovations in bioprocessing, including equip-
ment and technology, aim to make scale-up of upstream pro-
cessing easier. Process intensification, for instance, has been 
useful in improving overall upstream processing outcomes, 
Kassim points out. 

Process intensification consists of several technologies, 
including single-use systems, perfusion media/feeds, scale-
down models (e.g., Ambr 15/250, Sartorius), process control, 

and data analytics. “Overall, process intensification helps 
maximize the productivity of unit operations by improving 
drug development timelines, increasing titers, lowering costs, 
and reducing the manufacturing footprint. As the manufac-
turing footprint is reduced, this allows ‘multi-product facil-
ities,’ thus potentially improving cost efficiencies and drug 
development timelines,” Kassim explains.

PRACTICAL CONSIDERATIONS
There remains industry focus on ways to better develop cell lines 
to optimize production yields at the start. Bioengineering has 
increasingly been focused to develop efficient cell lines for biopro-
duction. As an example, Kassim points out, targeted integration 
has been a big interest for production cell lines such as Chinese 
hamster ovary (CHO) cells. 

“The goal of targeted integration is to engineer a cell line in 
which the transgene always integrates into a specific site or ‘hot 
spot’ of the genome. This ‘hot spot’ is a region within the genome 
that allows for consistently high expression and genetic stability 
of the biotherapeutic,” Kassim states. 

Kassim also explains that, additionally, there is an increasing 
need to knock-out specific genes within the CHO genome by 
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using gene-editing tools such as clustered 
regularly interspaced short palindromic 
repeats-cas9 (CRISPR/Cas9). “At times, 
customers see their biotherapeutic co-pu-
rifying with a specific host-cell protein 
(HCP) during downstream processing. If 
an HCP co-purifies with a therapeutic, 
this not only causes process-related impu-
rity issues to arise, but also may increase 
immunogenicity issues,” he states. 

One way that process-related impu-
rity issues are being remedied is through 
the engineering of a host cell line in 
which potentially problematic HCPs 
have been knocked-out. “Once those 
HCPs have been knocked out, the host 
cell line can now be used to express the 
gene of interest,” says Kassim. 

Engineering the cell line to knock out 
HCPs has several potential advantages, 
according to Kassim: it allows cellular 
resources to focus on expressing the gene 
of interest; it potentially reduces immu-
nogenicity risk; and it helps for easier and 
cheaper downstream processing. “Other 
ways bioengineering can help improve 
productivity include engineering cells to 
achieve specific product quality profiles, 
such as afucosylation, and engineering 
cells to remove growth inhibitory or toxic 
byproducts, such as lactate,” he adds.

Kassim also explains how research has 
shown that the elimination of HCPs in 
CHO cells in some instances allows for 
improvements in expression levels, cell 
viability, and viable cell densities; however, 
the improvements seen may not warrant a 
significant reduction in bioreactor size. 

“The removal of HCPs may not nec-
essarily change the way cell culture media 
or feeds are formulated. However, the 
improvements we see in growth parame-
ters may require a different feed regimen 
during a fed-batch process. Removing 
HCPs tends to have a bigger effect on 
downstream processing versus upstream 
processing,” Kassim says. 

Other benefits to the removal of HCPs 
includes improved efficiencies and cost 
reductions during filtration and chroma-
tography steps because fewer resources 
(e.g., resins, etc.) are used. “We also see 

scenarios where the removal of genes that 
produce toxic by products such as lactate 
occurs. In some instances, reduced pro-
duction of lactate and other toxic metab-
olites has been found to improve growth 
parameters and production yield in CHO 
cells,” according to Kassim.

CELL ENGINEERING 
GIVES FORWARD PUSH
Recent research examined the effects of 
engineering CHO cells. In Budge et al. (1), 
for instance, researchers noted that, while 
CHO cell expression systems have been 
specialized to the point where they are 
able to generate high concentrations of 
efficacious, multi-domain proteins with 

“human-like post translational modifica-
tions” with the appropriate product quality 
attributes, there nevertheless remains a 
need for the development of new CHO 
cell expression systems that can produce 
more challenging recombinant biothera-
peutics at higher yield. Furthermore, these 
new expression systems are also required 
to produce challenging biotherapeutics 
with improved product quality attributes.

The Budge et al. researchers decided 
to investigate the results of engineering 
the lipid metabolism in CHO cells to 
enhance product quality attributes, an 
angle that had not been investigated 
before. Lipid metabolism became the 
target for this investigation because the 
biosynthesis of recombinant proteins is 
controlled in part by cellular process that 
are highly dependent on lipid metabo-
lism. The researchers were able to show 
that, to different degrees, genes involved 
in lipid biosynthesis can be overexpressed 
in CHO cells, and they were thus able 
to increase the expression of a number of 
model secretory biopharmaceuticals by 
1.5- to nine-fold. Budge et al. concluded 
that manipulation of lipid metabolism 
in CHO cells using genetic engineering 
can be a new approach to enhance these 
cells’ ability to produce a range of different 
types of recombinant protein products (1).

In another study, Mistry et al. studied 
the effect of engineering CHO cells to 
resist hydrogen peroxide and found that 

hydrogen peroxide-evolved CHO cells 
showed improved product expression. In 
particular, the manufacture of bispecific 
antibodies using CHO cells was known 
to have lower yields compared to mono-
clonal antibodies, and it was recently 
shown that “reactive oxygen species” of 
CHO cells negatively impacted anti-
body production. In comparison, boost-
ing the cells’ antioxidant capacity had 
a beneficial effect on the expression of 
recombinant proteins. Mistry et al. used 
directed host cell evolution to gener-
ate novel hydrogen peroxide-evolved 
host cells and demonstrated that the 
new host has a hydrogen peroxide resis-
tance that was heritable in future cell 
generations (2). The new host cells also 
demonstrated other beneficial charac-
teristics, such as enhanced antioxidant 
capacity via gene activity and improved 
glutathione content (which plays a role 
in the antioxidant defense mechanism). 

The Mistry et al. researchers were 
further able to demonstrate that their 
new evolved host cells have signifi-
cantly improved recovery times fol-
lowing transfection, show improved 
growth and viability properties in 
a fed-batch production process, and 
had elevated expression of two diffi-
cult-to-express bispecific antibod-
ies, compared to unevolved CHO 
host cells (used as the control). Their 
reported findings suggest that host cell 
evolution can be an important meth-
odology for improving specific host cell 
characteristics, which in turn can bene-
fit the expression of difficult-to-express 
biotherapeutics. The team’s data also 
offer insights into the role that cellular 
antioxidants play in the production of 
cell lines, supporting a growing body 
of research being conducted to control 
cellular redox and thus boost the pro-
duction of recombinant proteins (2).

In yet another study, Eisenhut et al. 
demonstrated the ability to better “tune” 
protein translation in cells using a syn-
thetic RNA structure. By tuning the 
protein translation mechanism in mam-
malian cells, both the yield and quality 
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of complex proteins can conceivably be 
improved. The researchers developed an 
easy-to-implement toolbox based on the 
use of synthetic 5’-untranslated region 
(UTR) RNA structures that would facil-
itate the regulation of protein expres-
sion in mammalian cells. The specific 
benefit here is that protein expression 
can be regulated in a fast, reliable, and 
predictable manner, according to the 
study. The toolbox works by introducing 
defined RNA hairpins, which have been 
termed “regulation elements (RgE)”, in 
the 5′-UTR with the aim of impacting 
protein translation efficiency (3).

The Eisenhut et al. study also showed 
that RgEs can be used to characterize 
and optimize the recombinant produc-
tion characteristics of CHO cells. What’s 
more, this can be done by intentionally 
regulating the expression of protein sub-
units, or by regulating the expression 
of a required helper factor. “Together, 
these elements represent an easy-to-im-
plement and reliable toolbox for future 

mammalian cell line engineering appli-
cations where precise control of protein 
expression levels is desired to improve 
the cellular phenotype, but they can 
also be employed in the investigation of 
basic biological processes,” Eisenhut et al. 
reported in the study.

CELL-FREE ON THE HORIZON?
With such intense focus on ways to 
engineer cells to develop optimal cell 
line hosts, what does this mean for an 
approach that uses a cell-free method? 
How much progress has been made so 
far in moving toward a cell-free cell 
culture process, and does bioengineer-
ing influence a shift in that direction?

Kassim observes that, over the past 
few years, cell-free expression technol-
ogies have improved significantly. He 
notes that yields have been increased and 
some cell-free systems and that yields 
can now reach 1–2 g/L of recombinant 
protein. “This was mainly achieved 
by optimization of lysates and energy 

generation systems. The generation of 
cell-free lysates has been simplified and 
optimized, resulting in more potent and 
robust lysates with reduced batch-to-
batch variability,” Kassim says. 

“Bioengineering has been and will 
be very important for improvements 
in cell-free manufacturing,” he empha-
sizes. “Genetic engineering of host 
strains is essential to generate lysates 
with higher performance and to enable 
post-translational modifications.” 
Overall, Kassim says that improved 
lysate generation has decreased manu-
facturing costs and increased yields of 
cell-free expression systems, but he also 
notes that costs in cell-free systems are 
still significantly higher in comparison 
with cell-based manufacturing. 
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Late-Stage Failures of 
Monoclonal Antibody Biotherapeutics

The authors review some of the monoclonal antibody candidates that 
reached Phase III clinical trials but were discontinued at later stages. 

ANURAG S. RATHORE AND ROZALEEN DASH

C linical assessment of biotherapeutics continues to 
be the biggest assessment to development costs of 
biotherapeutic products. Phase III clinical trials are 

particularly designed by carefully selecting the patient pop-
ulation to confirm the safety and efficacy. However, despite 
the significant developments that have happened in clinical 
trial design and the considerable experience that the bio-
pharma industry has gained in the past three decades, ther-
apeutic products continue to fail in late stage clinical trials. 
In this article, the authors showcase some of the monoclonal 
antibody (mAb) candidates that reached Phase III clinical 
trials but were discontinued at later stages.

BACKGROUND
The increasing importance of biotherapeutics drugs is evident 
as mAbs have become the predominant treatment modality 
for various autoimmune and cancerous diseases over the past 
25 years. Major advancements in technologies have made the 
discovery and development of mAb therapies quicker and 
more efficient during these years. New drug development and 
approval is highly time-consuming and resource-intensive 

and takes an average of a decade or more to bring to market. 
The approximate cost of bringing a new biotherapeutic to 
market is an estimated $2.6 billion (including the cost of a 
failed mAb candidate) (1). More time and resources would 
have been spent into the development of a mAb candidate 
that later fails in late-stage trials (2). Because of this, most 
biopharmaceutical companies seek to identify and terminate 
poor drug candidates early in their development, in particular, 
prior to expensive, years-long Phase III clinical trials by using 
the “fail early, fail fast” strategy (3,4). More than half of all 
drug candidates will ultimately fail in Phase III trials, which 
are meant to be confirmatory trials (5).

Anticancer drugs are approved by the regulatory agencies 
on the basis of safety and efficacy, which usually needs to 
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be demonstrated in Phase III clini-
cal trials (6). A failure rate of 97%  in 
oncology clinical trials is typically due 
to issues with drug efficacy or toxicity. 
Failing to understand the mechanism 
of action (MOA) of such cancerous 
drugs can lead to the mischaracter-
ization of target-specific inhibitors, 
misidentification of biomarkers, and 
may cause interlaboratory variability 
between cell lines without reasonable 
cause (7,8). Typically, Phase III clini-
cal trials for oncology drugs involve a 
large number of patients and require a 
substantial investment on the part of 
participants, investigators, and spon-
sors (6). Clinical data are often not 
reported publicly, and it is very difficult 
to derive the reason behind unsuccess-
ful clinical trials. Therefore, a com-
prehensive understanding is required 
to improve the knowledge that can be 
used to guide further drug develop-
ment in late stage. To elucidate that 
understanding, three cancer immuno-
therapy case studies are discussed here.

CASE STUDY 1: ROVA-T
Rovalpituzumab tesirine (Rova-T) is a 
novel biomarker-specific antibody-drug 
conjugate (ADC) that offers a  
targeted therapy for approximately 
85% of small cell lung cancer (SCLC) 
patients whose tumors express del-
ta-like canonical notch ligand 3 
(DLL3), but the clinical dosing is 
limited due to off-target toxicities (9). 
This novel drug is being developed by 
StemcentRx, a division of AbbVie.

Akamatsu et al. reported a Phase I 
study to evaluate tolerability, pharma-
cokinetic (PK), preliminary anti-tu-
mor activity, and expression of DLL3 
in 29 Japanese patients. Similar PK 
and adverse events (AEs) were seen 
compared to studies in non-Japanese 
patients, demonstrating a manageable 
safety profile with promising prelim-
inary efficacy (10). In another study, 
Rova-T exhibited an overall response 
of 44% in SCLC patients with high 
expression of DLL3 and who had 

relapsed. These patients had previously 
failed one or more standard therapies 
in Phase I/II studies (11,12). Rudin 
et al. performed a Phase I trial in 82 
patients to assess the safety, including 
the maximum-dose tolerance and toxic 
effects. The primary activity endpoint 
was an objective response by intention-
to-treat analysis. The trial showed a 
single-agent anti-tumor activity with a 
manageable safety profile. Significant 
toxicities with high DLL3 expres-
sion were reported in 10 patients out 
of 60 with a fixed objective response 
(13). Morgensztern et al. studied 339 
patients in a Phase II study to assess 
safety and efficacy/objective response 
rate (ORR). The overall survival (OS) 
results in ORR were 12.4%, 14.3%, and 
13.2% in all, DLL3-high, and DLL3-
positive patients, respectively. Median 
OS was 5.6 months in all patients and 
5.7 months in DLL3-high patients. 
Toxicity issues were observed in 63% 
of the patients with previously treated 
SCLC (14). Carbone et al. demonstrated 

anti-tumor activity and a favorable risk 
benefit in 199 Patients (14). In another 
comparability study of 20 patients to 
evaluate programmed cell death ligand 
1 (PD-L1), DLL3, and enhancer of 
zeste 2 polycomb repressive complex 2 
subunit (EZH2) expression in SCLC 
patients to find a candidate responder, 
the clinicopathological characteris-
tics and immunohistochemical (IHC) 
staining intensity were compared. Saito 
et al. demonstrated that one out of 20 
patients (5%) exhibited positive PD-L1 
expression in the metastatic lesions, 
as well as in the primary lung tumor. 
DLL3 was highly expressed in 14/20 
patients (70%) and EZH2 was positive 
in 17/20 patients (85%) (15). 

Rova-T surprisingly fell short of the 
mark with respect to Phase II results, 
which were announced in March 
2018. The drug also failed to improve 
overall survival compared with stan-
dard chemotherapy in a Phase III trial 
(TAHOE) in second-line disease in 
December 2018 (16). 
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There are multiple reasons why late-
stage failures occur in mAb develop-
ment. These include strategic and 
commercial factors, lack of rigorous trial 
design, incomplete understanding of 
mode-of-action of the disease, dosing 
criteria, and proceeding to Phase III on 
the basis of poor-quality Phase II data 
(17,18). A well-designed PK/pharmaco-
dynamic (PD) study with relevant bio-
marker and endpoint analysis can justify 
Phase III studies that can facilitate the 
drug development process (19). In many 
cases, public disclosures are limited for 
many late-stage failures, and this limits 
how much the industry learns from late-
stage failures (17,20). 

CASE STUDY 2: DEPATUX-M 
Depatuxizumab mafodotin (Depatux-M) 
is an ADC that specifically targets tumor 
cells expressing epidermal growth fac-
tor receptor (EGFR) and has demon-
strated efficacy in recurrent glioblastoma 
multiforme (rGBM). rGBM is the 
most aggressive type of brain tumor 
that carries an extremely poor prog-
nosis. Approximately 50% of patients 
exhibit tumors with EGFR amplification, 
thereby presenting an attractive therapeu-
tic target (21,22). 

Lassman et al. studied an interna-
tional Phase I multicenter trial for 
safety and efficacy of Depatux-M plus 
temozolomide in patients with EGFR-
amplified and rGBM (22). Van den Bent 
et al. reported on the dose response of 
Depatux-M in combination with temo-
zolomide in a randomized controlled 
Phase II trial in recurrent EGFR-
amplified rGBM (23). In Lassman et 
al.’s multicenter Phase I study, patients 
received Depatux-M (0.5–1.5 mg/
kg in arm B, 1.25 mg/kg in arm C) 
every two weeks by intravenous infu-
sion. Depatux-M alone or in combina-
tion with temozolomide demonstrated 
an acceptable safety and PK profile in 
rGBM (24). In van den Bent et al.’s study, 
patients with EGFR-amplified rGBM 
developed ocular toxicity when treated 
with Depatux-M monotherapy (25). 

Due to the lack of survival benefit 
for patients receiving Depatux-M com-
pared with placebo when combined with 
temozolomide, an independent data 
monitoring committee recommended 
that the study be stopped. The ran-
domized, placebo-controlled Phase III 
study was designed to evaluate the effi-
cacy and safety. The drug had also been 
tested in gliosarcoma and non-small cell 
lung cancer (NSCLC) as well as other 
solid tumors, but it no longer appears in 
AbbVie’s pipeline (26).

CASE STUDY 3: OPDIVO
Opdivo (nivolumab) is the block-
bus te r  c ance r  immunotherapy 
drug f rom Bristol Myers Squibb 
that failed to meet the primary goal 
of a late-stage trial of patients with 
a rare type of brain cancer. The drug, 
when used along with the current  
standard of care for GBM, did not 
prevent the cancer f rom spreading 
when compared with the standard of 
care alone, concluded the Phase III 

“CheckMate 548” trial (27,28). Opdivo 
in combination with ipilimumab 
and chemotherapy is used to treat 
advanced lung cancer in adults (29). 
Selby et al. reported that ipilimumab and 
nivolumab show significant anti-tumor 
activity in an increasing number of can-
cers. When combined, ipilimumab and 
nivolumab have demonstrated supe-
rior activity in patients with metastatic 
melanoma (CheckMate-067). A syner-
gistic anti-tumor activity was observed 
in mouse MC38 and CT26 colorectal 
tumor models with concurrent, but not 
sequential CTLA-4 and PD-1 block-
ade (30). Osa et al. suggested that the 
PD-1–blocking antibody nivolumab 
persists in patients 20 weeks after the 
last infusion. After systematic evalua-
tion, the maximum duration that the  
antibody persists on T cells or the 
association between this duration and 
residual therapeutic efficacy or potential 
adverse events is 20 weeks (31). The 
original data were from a Phase I/II 
trial that showed a 12% response rate 

for the PD-1 inhibitor, with the effect 
lasting a median 17.9 months. But 
merely two months after that regula-
tory win, the Phase III CheckMate-331 
study found that Opdivo was no bet-
ter than chemotherapy at extending 
patients’ lives in those who had failed 
one round of platinum chemo (32).

CONCLUSION
Many drug products fail in late-stage 
development because of inadequate effi-
cacy or safety. Though numerous drugs 
enter clinical trials every year, rigor-
ous preclinical and clinical studies are 
required for successful drug development. 
The rationale behind late-stage failures 
could be lack of information about the 
MOA or wrong choice of the patient 
population and dosage. The later in the 
clinical timeline a drug candidate fails, 
the more time and resources have been 
spent towards its development. These 
failures and the costs associated can be 
prevented to some extent by adhering 
to the guidelines and recommendations 
provided by the regulatory authorities. By 
considering the previous mistakes and 
avoiding the common problems of the 
trials, the prospects of a drug succeeding 
and being approved can be magnified. 
With an improved understanding of the 
molecular mechanisms of the disease, 
one would assume that Phase III fail-
ures would be a rare occurrence. However, 
caveats remain in the industry’s ability 
to use in-vitro and preclinical models for 
accurately predicting toxicity.

One of the most common inadequacies 
that resulted in the failure of late-stage 
trials, particularly of cancer drugs, was 
that the MOA of the product candidate 
was not completely understood prior to 
entering clinical trials. This could have 
been avoided by planning more accurate 
and stringent protein interaction studies. 
Also, drug targets, which were previously 
thought to be essential for cancer, have 
now been shown to be less relevant. Thus, 
it is quite challenging to remain abreast 
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Excipients for  
High-Concentration Biologics

Careful selection is essential for achieving viscosity 
reduction without protein destabilization.

CYNTHIA A. CHALLENER

H igh-concentration biologic formulations are account-
ing for an increasing percentage of the drug devel-
opment pipeline as drug manufacturers seek to offer 

advanced therapeutics that can be administered by the 
patient or caregiver in the home setting. High concentra-
tions, however, generally mean higher viscosities due to 
protein-protein interactions. Greater understanding of these 
interactions and the role that excipients can play in mini-
mizing them without negatively impacting protein stability 
and other aspects of biologic formulations is driving a shift 
towards the use of carefully selected combinations of viscosi-
ty-reducing excipients.

PATIENT CENTRICITY DRIVING INTEREST  
IN HIGH-CONCENTRATION BIOLOGICS
The trend toward greater patient centricity underway prior 
to the COVID-19 pandemic has only been accelerated by 
this health crisis. There is greater interest than ever before in 
at-home medical care, from telehealth visits to administra-
tion of medications at home that were previously delivered 
in a hospital or clinic setting. 

When it comes to parenteral formulations, patient pref-
erence for subcutaneous administration instead of receiving 
therapeutic treatments intravenously, especially for medi-
cations that require frequent dosing, is creating demand for 
higher-concentration biologic formulations, according to 
Danika Rodrigues, former drug product development scien-
tist at Janssen R&D who is now pursuing her PhD. 

That is because subcutaneous injections are limited to 
small volumes—traditionally 1 to at most 3 mL (1). When 
on-body delivery devices are employed, slightly larger vol-
umes can be delivered over time, but even with this method, 
there are limits to what patients will bear. To convert an 
intravenous (IV) drug to one that can be delivered sub-
cutaneously, therefore, requires an increase in concentra-
tion. This trend, Rodrigues says, is expected to continue. 
“Approximately one-third of all FDA-approved monoclonal 
antibody (mAb) products comprise high-concentration for-
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mulations (>100mg/mL), with about 
three-quarters of those approved since 
2015,” she notes (2).

HIGH CONCENTRATIONS 
CREATE CHALLENGES  
FOR MANUFACTURERS  
AND PATIENTS
The ability to deliver highly concen-
trated protein formulations remains a 
major challenge for biopharmaceuti-
cal companies, however, according to 
Robert Mahoney, chief scientific offi-
cer for Comera Life Sciences (for-
merly ReForm Biologics). Comera is 
focused on improving patient com-
pliance, convenience, flexibility, and 
ultimately reducing patient pain and 
suffering through the development of 
a pipeline of products converted from 
hospital-based intravenous dosing to 
subcutaneous injection.

As the concentration of protein 
solutions increases, the viscosity also 
increases. Higher viscosity can make the 
production of biologics difficult, lead to 
potential quality and safety issues, and 
cause problems for patients. 

During downstream processing, 
viscous protein solutions can bring 
challenges such as the potential for 
inadequate mixing and filter clogging 
during buffer exchange and protein con-
centration steps of the ultrafiltration/
diafiltration (UF/DF) process, observes 
Laura Tanenbaum, drug product devel-
opment scientist in the Biotherapeutics 
Development & Supply business of 
Janssen Research & Development. 
Pumping viscous solutions can also cause 
high shear stresses during drug product 
filling that can denature the protein and/
or lower product recovery. 

In fact, Rodrigues adds that high-con-
centration protein formulations typi-
cally have more stability challenges due 
to increased protein-protein interactions 
and potential for aggregation and/or 
opalescence. “Aggregates in the delivered 
product can potentially lead to decreased 
protein activity or unwanted immune 
responses in patients,” she explains. They 

can also potentially lead to increased for-
mation of subvisible or visible particulates.

Some excipients may also be more 
prone to degradation in high-concen-
tration protein products, Rodrigues 
comments. She points to polysorbates 
in particular, and notes that it is import-
ant that appropriate levels of such 
excipients be used to ensure stability. 

Certain contaminants, such as host-
cell proteins, from the bulk bioprocess 
fluid can be concentrated along with 
the protein during UF/DF processing, 
and high-concentration formulations 
may also carry more yellow/brown color, 
Rodrigues adds. “These challenges must 
be overcome to maintain product safety 
and quality,” she states. Furthermore, 
new analytical methods may need to be 
developed to assess the product quality 
of viscous, high-concentration formula-
tions, according to Rodrigues.

From the patient perspective, high 
viscosities can limit the use of devices 
such as autoinjectors that may other-
wise enable easier/faster administration 
and the potential for self-administration, 
according to Tanenbaum. Higher viscos-
ities may also require injection forces too 
high for regular syringes to withstand 
and/or for some patients to achieve (3).

PROTEIN-PROTEIN 
INTERACTIONS ARE  
THE MAIN ISSUE
The protein-protein interactions that 
can cause quality issues for high-con-
centration biologic solutions are the 
main cause of their increased viscos-
ity. These interactions occur because 
the protein molecules are in greater 

proximity to one another. “In these 
crowded environments, short-range 
attractive interactions, including van 
der Waals interactions, hydrogen bonds, 
and dipole-dipole interactions, dom-
inate over long-range repulsive inter-
actions and lead to increased viscosity,” 
Rodrigues explains.

The specific interactions, notes 
Tanenbaum, depend on both the prop-
erties of the individual protein and the 
formulation. “Some molecules may 
have more solvent-exposed hydropho-
bic patches that permit more of these 
short-range attractions, resulting in 
solutions with higher viscosities, while 
molecules with hydrophobic patches 
that are more hidden may not have 
this same viscosity concern,” she says. 
Furthermore, Tanenbaum observes that 
formulation pH can alter the overall 
charge of the protein, with pH values 
closer to the isoelectric point poten-
tially causing increased viscosity.  

Typically, formulations with protein 
concentrations below 75 mg/mL do not 
have viscosity issues (4). Some but not all 
proteins at concentrations of 100 to 200 
mg/mL will exhibit measurable increases 
in viscosity. When concentrations sur-
pass 200 mg/mL, most if not all protein 
solutions have higher viscosities simply 
due to the forced physical closeness of 
the protein molecules.

EXCIPIENTS CAN HELP
The patient experience of a subcuta-
neous injection does not depend solely 
on the formulation viscosity. The size 
and length of the needle, the diameter 
of the syringe barrel, and the injection 
rate also determine the injection force. 
The insertion rate of the needle, the 
temperature and pH of the product, 
and the stress level of the patient are 
additional factors.

Formulators cannot control many of 
these factors, but they can minimize 
their importance by, when possible, 
reducing the viscosity of high-concen-
tration formulations using appropriate 
excipients. The key to effective excipient 
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use, Tanenbaum underscores, is under-
standing protein-excipient interactions. 

Salts and amino acids have been 
used as viscosity reducers. One pro-
posed mechanism of action, accord-
ing to Tanenbaum, is the binding 
of charged excipients at protein hot 
spots such that the presence of that 
excipient disrupts protein-protein 
interactions that would otherwise lead 
to increased viscosity.

“Different protein molecules have 
varied numbers of ‘high-affinity’ bind-
ing sites for specific excipients, which 
can lead to different levels of viscos-
ity modulation,” Rodrigues notes. For 
that reason, she says that while it is 
generally favorable to minimize the 
total number of excipients in a given 
formulation, there may be cases where 
combinations of excipients provide 
synergistic effects. “Researchers across 
the biopharma value chain continue 
to work and innovate in this space, 
including novel excipients and excip-
ient combinations,” adds Tanenbaum.

THERE ARE SOME LIMITATIONS 
WITH CURRENT EXCIPIENTS
There are limitations to what excip-
ients can achieve with respect to vis-
cosity reduction, in part because of 
how they function and the protein- 
specific nature of viscosity changes 
with concentration. “There is still 
a limit to the amount that viscosity 
can be reduced through addition of 
excipients, as viscosity increases expo-
nentially as a function of protein con-
centration,” states Rodrigues.

One of the challenges with using 
excipients is their potential to impact 
protein stability. “The mechanism 
by which the excipients interact with 
proteins to lower their viscosity can 
also change the conformations of the 
proteins,” Rodrigues explains. “While 
increasing excipient concentration 
could further lower the formulation 
viscosity through interference of pro-
tein-protein interactions, it could 
potentially act as a protein destabilizer 

simultaneously; thus, it can be import-
ant to balance viscosity-reducing and 
protein-stabilizing capabilities during 
excipient selection,” she concludes.

Osmolality must also be monitored, 
according to Tanenbaum, because the 
addition of excipients to protein for-
mulations may increase this property, 
which should ideally be kept near iso-
tonic conditions. The effect of excip-
ients is also dependent on the pH of 
the formulation, she comments. 

During UF/DF processes, mean-
while, the addition of excipients to 
a protein formulation can cause the 
effective excipient concentration and 
formulation pH to be shifted from the 
target conditions due to the retention 
of charge (from the protein) on a par-
ticular side of the UF/DF membrane 
or steric limitations associated with a 
high number of protein molecules in 
a given volume, says Tanenbaum. “It is 
important in order to understand the 
molecule and the formulation space, 
to specifically evaluate each excipient 
and excipient concentration and the 
impacts they have,” she contends.

It is also important, obser ve 
Rodrigues, to be aware that the mag-
nitude of viscosity reduction is a pro-
tein-specific phenomenon, as some 
proteins maintain relatively low 
viscosities at high concentrations 
without the need for added excip-
ients, whereas others may have high 
viscosity despite the addition of  
excipients. “Although much effort is 
spent on reducing the viscosity of for-

mulations to develop high-concentra-
tion products, lowering the viscosity 
with the addition of excipients may not 
necessarily mean that we can achieve 
higher protein concentrations in the 
concentrating process due to protein 
solubility limits,” she emphasizes. 

SHIFT TOWARD  
EXCIPIENT COMBINATIONS 
One recent approach to overcoming 
these challenges has been to investigate 
the impact of different excipients indi-
vidually and in combination with one 
another. Two companies active in this 
area have been Comera Life Sciences 
and MilliporeSigma. 

Comera Life Sciences has identi-
fied caffeine as an excipient to be used 
alone or in combination with secondary 
excipients to significantly reduce the 
viscosity of highly concentrated thera-
peutic protein solutions (5). It has also 
developed antibody formulations using 
this compound to significantly enhance 
viscosity reduction (6). Comera has 
established individual agreements with 
Astellas Pharma Inc., Bayer AG, and 
KBI Biopharma, Inc. to enhance formu-
lations of biologics based on Comera’s 
patented technology (5). 

In February 2020, Comera Life 
Sciences also entered into a global 
licensing and collaboration agreement 
with MilliporeSigma to commercialize 
Comera’s excipients used in biotherapeu-
tic formulations (7). That agreement has 
since been completed.

MilliporeSigma separately iden-
tified suitable excipient combinations 
for viscosity reduction and launched its 
Viscosity Reduction Platform of pat-
ented excipients and excipient combina-
tions designed to reduce viscosity while 
maintaining protein stability in October 
2021 (7). The Platform is based on six 
excipients that are intended to be used 
in up to nine different combinations, 
always including one amino acid and 
one anionic excipient, the latter of which 
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Considering Purification and 
Separation in the Downstream Train

Emerging drug classes are giving rise to challenges in downstream 
processing, pushing the need for strategizing efficiencies.

FELICITY THOMAS

T he global downstream processing (DSP) market is pre-
dicted to experience compound annual growth rate of 
16.09% between 2021 and 2027 (1). This market growth 

is reportedly being driven by the expanding biopharmaceutical 
industry and spending in medical research, the rising adoption of 
single-use technology in bioprocessing, and the swell of contract 
manufacturing organizations in the market for DSP (1). 

To learn more about purification and separation of biopharma-
ceuticals, the fundamental challenges facing developers, ways in 
which companies can overcome bottlenecks associated with DSP, 
sustainability considerations, and other trends impacting this sector, 
BioPharm International spoke with Dorie Yontz, global market 
manager, Bioprocessing, DuPont Water Solutions, and Hans J. 
Johansson, global applications director, Purolite.

TECHNIQUES AND TECHNOLOGY OVERVIEW
BioPharm: Could you provide an overview of the main tech-
niques and technologies employed for separation and purification?

Yontz (DuPont Water Solutions): The type of DSP 
depends on the type of molecule. Most fermentation and cell 
culture processes start with some type of particulate separation 
system (centrifugation or depth filtration) to separate cells from 

the product in the liquid continuous phase. This is followed by a 
primary purification step to separate and concentrate the target 
drug from the bulk of the impurities in the dilute feed. In mono-
clonal antibodies (mAbs), this is an affinity chromatography step 
in which the product is captured. In peptides and other fermenta-
tion products, it may be an ion exchange or adsorptive chromatog-
raphy step where product is captured based on its hydrophobicity. 
Additional polishing chromatography steps may be needed further 
downstream, which are designed to tackle the impurities via a dif-
ferent separation mechanism to the initial purification.  

The choice of chromatography design is dictated by the 
nature of the impurities and the target product. Where there is 
a difference in ionic character in the impurities and the product, 
an ion-exchange chromatography (IEC) approach is preferred. 
Non-ionic species should be separated by hydrophobic inter-
action resins, or reverse-phase (RP) resins, depending on the 
polarity of the molecules and the carrier. In the case of synthetic 
oligonucleotides, which are a drug category that sits at the 
interface of conventional pharma and biopharma, either IEC or 
reverse-phase chromatography (RPC) can be used. In fact, RPC 
is the workhorse system that can achieve high resolution across 
a wide range of molecules.

Downstream Processing
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Johansson (Purolite): Even if there 
are many technologies available today, 
chromatography based on different types 
of beads is instrumental for purification in 
a majority of downstream processes. For 
mAbs, a standard DSP platform based on 
Protein A affinity chromatography, fol-
lowed by one or two additional polishing 
steps is generally adopted in the market. 
For other molecules there is less oppor-
tunity for general solutions, and, in many 
cases, no affinity-based solutions are avail-
able. In those cases, companies have to 
rely on putting together orthogonal resins 
based on size, charge, or hydrophobicity.  

FUNDAMENTAL CHALLENGES
BioPharm: What are the fundamental 
challenges of separation and purification?

Johansson (Purolite): There is an 
old saying that ‘the process is the product’. 
That is still true in many cases and results 
in a high threshold for introduction of new 
technologies. It is thus rare to see changes 
in established commercial processes. 
However, with the recent supply challenges 
where customers report delivery times well 
above a year for many chromatography 
resins, this might start to change. We have 
already seen initiatives in areas such as virus 
filtration and Protein A affinity chroma-
tography to develop strategies for exchange 
of resins in registered processes. 

Yontz (DuPont Water Solutions): 
The basic purpose of the DSP train is to 
provide a high-purity product stream at as 
high a yield as possible, in as short a time 
as possible, cost-effectively. In mature 
processes, particularly platform processes, 
purity has already been achieved and 
much of the focus is on throughput and 
cost-effectiveness. For new drugs, however, 
particularly those in the emerging drug 
classes, designing an effective purification 
scheme can be a challenge, and that is 
where drug developers work closely with 
experts, such as DuPont.  

Particulate removal with mechanical fil-
ters such as depth filters or ultrafiltration is 
relatively straightforward because this pri-
marily relies on size exclusion, but the sepa-
ration of soluble species of similar nature is 

a much bigger challenge. Chromatography 
is an excellent technique for this because 
the purification mechanism relies on subtle 
differences in chemical and physical inter-
actions between the soluble species and the 
resin. Luckily, there are many chromatogra-
phy approaches and many degrees of free-
dom in chromatography variables, so drug 
developers have a variety of options for 
designing effective purification techniques.

OVERCOMING BOTTLENECKS
BioPharm: How can companies over-
come the bottleneck issues commonly 
associated with separation and purification? 

Yontz (DuPont Water Solutions): 
Start-up procedures can be time-consum-
ing, and ensuring processes can continue 
for as long as possible without having to 
change out or clean components, such as 
resins, helps improve speed in DSP.  

For example, polymeric RP resin is 
much more stable than RP silica and can 
be more aggressively cleaned, extending the 
time between replacements while provid-
ing stable performance and a long lifetime.

Johansson (Purolite): There is an 
increasing interest in different types of con-
tinuous solutions based on multi-column 
systems. The primary goal is to increase 
productivity per liter of resin, allowing sig-
nificant savings in resin and buffer vol-
umes. This is especially relevant in clinical 
manufacturing where resins commonly are 
used for only a fraction of their functional 
lifetime. However, there will always be 
a balance between complexity, risk, and 
potential benefits. Thus, solutions that, 
from an engineering or scientific point of 
view, are most effective are not necessarily 
what end up being implemented.

COMPLEX BIOMOLECULES
BioPharm: Is the increasing complexity 
of biomolecules impacting purification 
and separation? 

Johansson (Purolite): While most 
plain mAbs fit well into existing DSP 
platforms, this is not always the case for 
next-generation antibodies that include 
conjugated, bispecific, and other novel 
molecule designs. For example, some 

new antibody-based biomolecules are 
more prone to aggregation under the 
acidic conditions used for elution from 
traditional Protein A resins. For that 
purpose, Purolite has recently launched 
a new resin that allows elution at 1–2 
pH units above what is now needed to 
achieve complete recovery. 

There has also been an increasing 
number of larger macromolecules reach-
ing the market. The messenger RNA 
(mRNA)-based COVID-19 vaccines 
are an obvious example, but also virus, 
virus-like particles, and plasmids. The 
size of these molecules is a challenge 
for traditional resin design that depends 
on the diffusion in and out of the par-
ticles to achieve high capacities. There 
are ways to improve the performance 
of resin beads for these types of mole-
cules, but we might also see an increasing 
use of other formats, such as nanofibers, 
monoliths, and membranes. 

Yontz (DuPont Water Solutions): 
The complex drug pipeline will lead to 
a highly diversified product mix in the 
future. As therapies become more targeted, 
we expect to see a wide variety of drug 
structures. Researchers and manufactur-
ers will need a portfolio of purification 
strategies, particularly in the chromatog-
raphy area, to address the differing sep-
aration mechanisms, and this is where 
expert suppliers will be relied upon. The 
chemical and physical characteristic of 
oligonucleotides and peptides, for instance, 
favor separations via RPC, whereas other 
emerging drug categories may rely on 
hydrophobic interaction chromatography 
or affinity chromatography.

Often, we are trying to separate the 
target active compound from structurally 
similar impurities. This separation is a 
delicate balance of chemical and physical 
interactions with chromatography resin. 
Particle size, resin morphology, accessible 
surface area, resin chemistry, and mobile 
phase all influence resolution and sepa-
ration kinetics. Platform processes will 
be more challenging in the future due 
to the increasing complexity of the drug 
pipeline, and there will be more focus on 
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resin selection and designing the eluent 
system to meet the unique purification 
needs of each drug. Greater collaboration 
between researchers and resin suppliers 
will be needed.

SUSTAINABLE DSP
BioPharm: How might separation and 
purification be made more sustainable? 

Yontz (DuPont Water Solutions): 
There is no ‘one size fits all’ as solu-
tions have different benefits and trade-
offs. Rather, it’s a matter of looking at 
the drug process as a whole and deciding 
which option is the better choice overall. 
Sustainability and environmental con-
sciousness can come in many forms. For 
instance, the biopharma industry uses a 
tremendous amount of water, and, while 
the single-use trend can reduce water 
consumption from cleaning, that doesn’t 
change the fact that fermentation and cell 
culture processes are inherently water-in-
tensive operations that produce a dilute 
product stream.

Anything in DSP that ensures high 
product yield also helps the sustainability 
picture by maximizing the total output 
of active drug substance each reactor pro-
vides. From that perspective, the most 
basic thing we look at when choosing the 
type of purification scheme is the yield. 
The type of chromatography (IEC, RPC, 
or adsorption chromatography) and the 
resin choice can be viewed as contributing 
to the overall sustainability of the system 
since it directly impacts product yield. In 
resin chromatography, there are several 
resin design aspects that relate to sustain-
ability that we can improve upon.

Process intensification. The size of 
the column and the number of cycles 
needed to purify a batch play a key role 
in the amount of chemicals and solvent 
(organic solvents or water) that are used 
in the purification. The ideal resin is 
one that has good yield and purity at 
fast flow rates, which allows a smaller 
column to be used for a given process. 
Particle size, mechanical stability, and 
resin morphology all impact the separa-
tion kinetics of a resin system and, there-

fore, impact column sizing and chemical 
and solvent use.

Eluent profile. RPC relies on organic 
solvents for the eluent. On the surface, the 
solvent-based systems may seem counter 
to the sustainability and environmental 
trend, but that is not necessarily the case. 
RPC is a very effective and efficient chro-
matography technique. There have been 
several papers in recent years looking at 
alternative solvent choices to balance res-
olution and environmental profile and 
research into solvents from renewable 
sources (e.g., isobutanol, ethanol, isopro-
panol, acetone) continues in the bio-based 
chemical industry, with the hope of cre-
ating more sustainable solvent options in 
the future.

Resin lifetime. The first principle of 
‘Green Chemistry’ is prevention, that is, 
avoiding waste, and resin lifetime directly 
relates to this. When designing resin 
chromatography systems, we should look 
for resins that can withstand many clean-
ing cycles and provide consistent perfor-
mance batch after batch to extend the 
time between replacement. Polymeric res-
ins are known to be stable to a wider pH 
range and can therefore be more aggres-
sively cleaned for a longer lifetime com-
pared to silica options.

J o h a n s s o n  ( P u r o l i t e ) : 
Environmental footprint will certainly be 
important for all businesses in the nearby 
future. In DSP, there is the use for puri-
fication, where more efficient processes 
will require less resin, buffers, and energy 
but also the actual manufacturing of the 
resin. At Purolite we have a continuous 
way of manufacturing our agarose resins. 
That process reduces the carbon footprint, 
water, and solvent consumption by up to 
80% compared to the traditional batch 
emulsification method that other manu-
facturers rely solely on. 

POTENTIAL TRENDS
BioPharm: Are there any particular trends 
for the future that you believe will be 
impactful for purification and separation?

Johansson (Purolite): Personalized 
medicine has been a topic for several 

decades now. It is a gradual development, 
but we have already seen some amaz-
ing developments. This will increase the 
pressure to lower cost of purification for 
very limited patient groups and, thus, 
small amounts of biopharmaceuticals. In 
DSP, the trend of increased use of pre-
packed column, possibly pre/sterilized, 
will continue and also move down in 
scale. One could eventually see a future 
where specific antibodies are developed 
for single patients.

Another area is biosimilars. More and 
more biosimilars are coming to the mar-
ket and regulatory pathways are devel-
oped in most regions over the world. 
With that comes an increasing pressure 
to further bring down cost of goods to 
make global supply possible.

Yontz (DuPont Water Solutions): 
I think we will see a tremendous growth 
in the need for oligonucleotide mole-
cules to support the gene therapy market. 
These molecules do not fit the classic 
definition of biopharma because oligo-
nucleotides are produced by chemical 
synthesis rather than fermentation or cell 
culture, but their mode of action is at the 
genetic level and involves specific, highly 
directed interactions in the body similar 
to that of biologic drugs.

Oligonucleotides have been under 
investigation for decades, but the segment 
has gained tremendous momentum in 
recent years. We should see an increase 
in RPC, particularly with polymer resins, 
as these processes scale to large-volume 
processes to tackle chronic diseases.
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It is the bottleneck in pharmaceutical manufacturing: 
lead times. What approaches can secure business 
continuity? What are ways to overcome dependencies 
on vendors’ supply?

BIOPHARM INTERNATIONAL: What is the strategic outlook for the usage of single-use 
systems, especially consumables, in the pharmaceutical industry? 
FISCHER: Ninety percent of medicines don’t work for 30% of people. So, in the future, we will see 
more treatment programs and drugs tailor-made for specific groups such as different genders and 
ages, and even individualized medicine. With this prediction, technology will focus on cell and gene 
therapies and oncological therapies. Almost all biopharmaceutical manufacturers are starting to 
embrace single-use technology. Additionally, there is continued success and subsequent expansion 
of biologics and vaccines. Aging is also a megatrend—a positive trend—that will have an enormous 
influence on healthcare as people live longer. Life expectancy is 100+ years in the future in many 
countries, and the supply of medication for a growing population needs to be fulfilled. Therefore, the 
industry needs production platforms that are at a lower cost, flexible, and able to meet these rapidly 
changing demands. Hence, the adoption of single-use technology is expected to increase rapidly in 
clinical settings, production, and manufacturing. 

BIOPHARM INTERNATIONAL: What are some reasons for the increased implementation of 
single-use systems? 
FISCHER: Single-use technology can provide a simpler, faster, and lower-cost route to production 
capacity when compared to conventional stainless-steel equipment and facility design. It has 
universal applicability, be it large-scale manufacturing of vaccines, antibody-drug conjugates, or 
emerging regenerative medicine such as cell and gene therapy. Single-use systems provide solutions 
for every pharmaceutical manufacturing facility and every batch size. The use of sterilized single-
use consumables eliminates the need for clean and steam-in place operations while supporting 
sustainability. This simplifies both the design of a facility’s infrastructure and the complexity of each 
unit’s operation equipment. Additionally, it is cost-efficient. The engineering and construction costs 
are reduced, and the time from project start to production readiness can shrink up to 50% with 
pre-designed modular facility layouts. So, single-use systems facilitate cost-competitive production 
processes in the biopharma industry by massively reducing resources needed for cleaning. Also, 
there is a reduced risk of cross-contamination leading to fewer batch rejections. To sum it up, single-
use systems are more agile, faster, cheaper, and safer. 

BIOPHARM INTERNATIONAL: What are some of the challenges with supplying single-use 
systems and components globally? 
FISCHER: One challenge is finding the right partners, as you can’t do it alone as a manufacturer. 
Pharmaceutical industries are dependent on reliable suppliers for single-use systems, consumables, 
and corresponding equipment. A trustful relationship with a single-use supplier needs to be 
established, which also includes documentation and audits. This process takes time. Lead times 
are generally several months for consumables at up to 12 months or longer for single-use-related 
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equipment. But the question is why? Following the trends addressed in the 
beginning, more manufacturers utilize single-use systems. This is leading 
to a general shortage of raw materials, especially plastics, so suppliers 
need to ramp up their production capacities to fulfill the demands of 
the market. But this chain continues to the suppliers of the suppliers for 
delivery of raw materials, so the situation currently is tense. We need to 
develop and deploy new strategies in production planning, not only at the 
manufacturers’ plants but also at the suppliers’ end. 

BIOPHARM INTERNATIONAL:  How did the pandemic contribute to 
the supply shortage? 
FISCHER: COVID contributed a lot to the current situation, as a lightning-
fast ramp up for producing a tremendous number and quantities of 
vaccines overwhelmed the market. In some cases, contracts were taken 
over by COVID programs, and materials were prioritized for COVID. It is 
the so-called “triage of single-use systems,” which is leading to an even 
more tense shortage of materials on the market. Quarantined staff is 
another point: It has a major impact on all industries, as human resources 
are stretched too thin, and overstaffing or having backup employees is 
rarely possible or realized. Also, transportation is a limiting factor: online 
shopping, rising demands from quarantine, etc.  This all led to limitations 
resulting in unpredictable shipping delays. 

BIOPHARM INTERNATIONAL: What are the mitigations and strategies 
that can be implemented by pharmaceutical manufacturers? 
FISCHER: One major point is to plan ahead and establish reliable 
forecasts, which manufacturers should clearly communicate to suppliers. 
Another factor is building stock and procuring it early and procuring extra. 
But as an inventory reduction was part of the business strategy, especially 
for bigger pharmaceutical companies, this may not be possible, However, 
manufacturers should make sure their suppliers have enough material in 
their warehouse to compensate for production peaks or other unforeseen 
events. Manufacturers should also consider alternative sources. Single 

sourcing should never be part of your business continuity plan; always 
develop a contingency plan B or even C and D, and manufacturers should 
prioritize their projects. Keep suppliers focused on the most critical items, 
which can only be identified by manufacturers.  

BIOPHARM INTERNATIONAL: What mitigations and strategies can 
suppliers implement? 
FISCHER: Again, suppliers should ask themselves: Is supply-chain 
management planning ahead, building stock, procuring extra and early? 
Suppliers should implement dedicated project managers to speed up 
the process from the start of a project until the equipment is utilized. 
Specialization and experience build knowledge that facilitates accurate 
and efficient planning and implementation. Suppliers should internally 
establish a solid quality management system and formal procedures for 
managing customers and their supplier processes. Clear and transparent 
standards in processes and documentation are key, and they prevent 
unnecessary time-consuming discussions, misunderstandings, failing on 
audits, etc. Suppliers should also make clear project plans and schedules 
and communicate and stick to them. This can be facilitated by regular 
governance meetings internally with manufacturers and with the raw 
material suppliers, which is also a major point. 

BIOPHARM INTERNATIONAL: Which strategies do you recommend 
to create a reliable long-term end-to-end plan for manufacturers 
and suppliers? 
FISCHER: There’s a clear necessity to set realistic timelines and adhere 
to the planned schedule for both sides. This might mean open and 
frank communication about production plans, capacities, and so on 
to keep expectations realistic. Forecasts and common agreements 
between manufacturers and suppliers make production planning easier 
and reliable. Also, for both sides, it’s necessary to create a common 
understanding and common standards across the industry with respect 
to equipment and consumable design. This enhances the delivery speed, 
as the design phase is extremely time-consuming. Good education 
and well-funded knowledge on both sides increase the efficiency and 
communication of the experts and in finding alternative solutions 
together if necessary. This can be supported by platforms, for example, 
BioPhorum, bringing suppliers and manufacturers together in a neutral 
area, working together on hot potatoes, and developing strategies feasible 
and advantageous for both sides. To sum up, when it’s about the supply 
of medication to the patient, it’s not a competition. Hence, only teamwork 
makes the dream work. 
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It is the bottleneck in pharmaceutical manufacturing: 
lead times. What approaches can secure business 
continuity? What are ways to overcome dependencies 
on vendors’ supply?

BIOPHARM INTERNATIONAL: What is the strategic outlook for the usage of single-use 
systems, especially consumables, in the pharmaceutical industry? 
FISCHER: Ninety percent of medicines don’t work for 30% of people. So, in the future, we will see 
more treatment programs and drugs tailor-made for specific groups such as different genders and 
ages, and even individualized medicine. With this prediction, technology will focus on cell and gene 
therapies and oncological therapies. Almost all biopharmaceutical manufacturers are starting to 
embrace single-use technology. Additionally, there is continued success and subsequent expansion 
of biologics and vaccines. Aging is also a megatrend—a positive trend—that will have an enormous 
influence on healthcare as people live longer. Life expectancy is 100+ years in the future in many 
countries, and the supply of medication for a growing population needs to be fulfilled. Therefore, the 
industry needs production platforms that are at a lower cost, flexible, and able to meet these rapidly 
changing demands. Hence, the adoption of single-use technology is expected to increase rapidly in 
clinical settings, production, and manufacturing. 

BIOPHARM INTERNATIONAL: What are some reasons for the increased implementation of 
single-use systems? 
FISCHER: Single-use technology can provide a simpler, faster, and lower-cost route to production 
capacity when compared to conventional stainless-steel equipment and facility design. It has 
universal applicability, be it large-scale manufacturing of vaccines, antibody-drug conjugates, or 
emerging regenerative medicine such as cell and gene therapy. Single-use systems provide solutions 
for every pharmaceutical manufacturing facility and every batch size. The use of sterilized single-
use consumables eliminates the need for clean and steam-in place operations while supporting 
sustainability. This simplifies both the design of a facility’s infrastructure and the complexity of each 
unit’s operation equipment. Additionally, it is cost-efficient. The engineering and construction costs 
are reduced, and the time from project start to production readiness can shrink up to 50% with 
pre-designed modular facility layouts. So, single-use systems facilitate cost-competitive production 
processes in the biopharma industry by massively reducing resources needed for cleaning. Also, 
there is a reduced risk of cross-contamination leading to fewer batch rejections. To sum it up, single-
use systems are more agile, faster, cheaper, and safer. 

BIOPHARM INTERNATIONAL: What are some of the challenges with supplying single-use 
systems and components globally? 
FISCHER: One challenge is finding the right partners, as you can’t do it alone as a manufacturer. 
Pharmaceutical industries are dependent on reliable suppliers for single-use systems, consumables, 
and corresponding equipment. A trustful relationship with a single-use supplier needs to be 
established, which also includes documentation and audits. This process takes time. Lead times 
are generally several months for consumables at up to 12 months or longer for single-use-related 
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equipment. But the question is why? Following the trends addressed in the 
beginning, more manufacturers utilize single-use systems. This is leading 
to a general shortage of raw materials, especially plastics, so suppliers 
need to ramp up their production capacities to fulfill the demands of 
the market. But this chain continues to the suppliers of the suppliers for 
delivery of raw materials, so the situation currently is tense. We need to 
develop and deploy new strategies in production planning, not only at the 
manufacturers’ plants but also at the suppliers’ end. 

BIOPHARM INTERNATIONAL:  How did the pandemic contribute to 
the supply shortage? 
FISCHER: COVID contributed a lot to the current situation, as a lightning-
fast ramp up for producing a tremendous number and quantities of 
vaccines overwhelmed the market. In some cases, contracts were taken 
over by COVID programs, and materials were prioritized for COVID. It is 
the so-called “triage of single-use systems,” which is leading to an even 
more tense shortage of materials on the market. Quarantined staff is 
another point: It has a major impact on all industries, as human resources 
are stretched too thin, and overstaffing or having backup employees is 
rarely possible or realized. Also, transportation is a limiting factor: online 
shopping, rising demands from quarantine, etc.  This all led to limitations 
resulting in unpredictable shipping delays. 

BIOPHARM INTERNATIONAL: What are the mitigations and strategies 
that can be implemented by pharmaceutical manufacturers? 
FISCHER: One major point is to plan ahead and establish reliable 
forecasts, which manufacturers should clearly communicate to suppliers. 
Another factor is building stock and procuring it early and procuring extra. 
But as an inventory reduction was part of the business strategy, especially 
for bigger pharmaceutical companies, this may not be possible, However, 
manufacturers should make sure their suppliers have enough material in 
their warehouse to compensate for production peaks or other unforeseen 
events. Manufacturers should also consider alternative sources. Single 

sourcing should never be part of your business continuity plan; always 
develop a contingency plan B or even C and D, and manufacturers should 
prioritize their projects. Keep suppliers focused on the most critical items, 
which can only be identified by manufacturers.  

BIOPHARM INTERNATIONAL: What mitigations and strategies can 
suppliers implement? 
FISCHER: Again, suppliers should ask themselves: Is supply-chain 
management planning ahead, building stock, procuring extra and early? 
Suppliers should implement dedicated project managers to speed up 
the process from the start of a project until the equipment is utilized. 
Specialization and experience build knowledge that facilitates accurate 
and efficient planning and implementation. Suppliers should internally 
establish a solid quality management system and formal procedures for 
managing customers and their supplier processes. Clear and transparent 
standards in processes and documentation are key, and they prevent 
unnecessary time-consuming discussions, misunderstandings, failing on 
audits, etc. Suppliers should also make clear project plans and schedules 
and communicate and stick to them. This can be facilitated by regular 
governance meetings internally with manufacturers and with the raw 
material suppliers, which is also a major point. 

BIOPHARM INTERNATIONAL: Which strategies do you recommend 
to create a reliable long-term end-to-end plan for manufacturers 
and suppliers? 
FISCHER: There’s a clear necessity to set realistic timelines and adhere 
to the planned schedule for both sides. This might mean open and 
frank communication about production plans, capacities, and so on 
to keep expectations realistic. Forecasts and common agreements 
between manufacturers and suppliers make production planning easier 
and reliable. Also, for both sides, it’s necessary to create a common 
understanding and common standards across the industry with respect 
to equipment and consumable design. This enhances the delivery speed, 
as the design phase is extremely time-consuming. Good education 
and well-funded knowledge on both sides increase the efficiency and 
communication of the experts and in finding alternative solutions 
together if necessary. This can be supported by platforms, for example, 
BioPhorum, bringing suppliers and manufacturers together in a neutral 
area, working together on hot potatoes, and developing strategies feasible 
and advantageous for both sides. To sum up, when it’s about the supply 
of medication to the patient, it’s not a competition. Hence, only teamwork 
makes the dream work. 
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Opportunities for Growth  
and Breakthroughs for Cell  

and Gene Therapies
CGTs offer hope for the future of treatments, but the costly manufacturing, 

slow turnaround time, and need for supplies hinder progress.
MEG RIVERS

A treatment that has been top-of-mind in recent 
years is cell and gene therapies (CGTs). Many com-
panies and organizations investigate the potential 

of this type of treatment to address unmet medical needs. 
While significant headway has been made, CGTs are in their 
infancy. But with the potential to cure diseases, CGTs could 
change the future of treatments for certain conditions.

“[CGTs] offer for the first time the possibility to offer 
truly disease-modifying treatments, providing options for 
conditions considered intractable or where the current stan-
dard of care is insufficient,” says Bayer AG company sources. 

While headway has been made for CGTs, there is still 
much to consider for how manufacturing can be improved, 
which ultimately impacts the success of a drug product. 

“Safety and efficacy of CGTs are strongly determined 
by production process quality,” says Bayer AG company 
sources. “Therefore, robust manufacturing processes are 
a fundamental factor for their success. Scalability and  

optimizing chemistry, manufacturing, and control 
[CMC] processes f rom preclinical research to early 
usage and ultimately full-scale commercialization remain  
critical aspects in the translation of these technologies to 
tangible treatments.”

What’s next for CGTs? Where has the industry made 
headway, and what challenges are still ahead? Moreover, 
what potential trends are on the horizon? 

BioPharm International interviewed Elena Meurer, 
principal consultant, Biopharma Excellence, a Pharmalex 
company ; Mathew D urdy, CEO, Cel l  and Gene 
Therapy Catapult; Matthew Hewitt, executive director  
scientific services, cell and gene therapy, Charles River;  
Emily Moran, vice president, viral vector manufacturing, 
The Center for Breakthrough Medicines; Chris Xu, 
CEO, Thermogenesis; and David Chang, CEO of WuXi 
ATU about challenges, breakthroughs, and trends in 
manufacturing CGTs. 

Manufacturing
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MANUFACTURING 
CHALLENGES FOR CGT
BioPharm: What are the biggest chal-
lenges for manufacturing CGTs?

Meurer (Biopharma Excellence): 
One of the serious challenges is the 
affordability of cell and gene therapies 
for the healthcare system and for patients. 
Manufacturing costs often contribute 
significantly to the high price, although 
continuous efforts are being made to 
reduce these costs via improved man-
ufacturing technology. Typical reasons 
for high manufacturing costs are the 
need for flexibility in the manufactur-
ing schedule, scale limitations, expensive 
quality control, and complex logistics.

Durdy (Cell and Gene Therapy 
Catapult): We need to look at [the] 
manufacturing of CGTs in the full con-
text of what it takes to deliver [the] 
manufacturing of these therapies in 
order to identify key challenges. Skills, 
supply chain issues, and access to flex-
ible manufacturing capacity to meet 
patient and clinical timelines, as well as 
automation/digitization of documen-
tation for batch release are some of the 
challenges that need to be addressed to 
enable these therapies to reach patients 
in an efficient way and at scale.

Hewitt (Charles River): A pain 
point more relevant for autologous cell 
therapies is how to efficiently man-
ufacture them to minimize vein-to-
vein times. Currently, companies are 
employing a centralized manufac-
turing approach, which is possible in 
the short term as the current slate of  
commercial therapies addresses small 
patient populations. Even so, there 
have been issues with this current 
model. A 2021 European Hematology 
Association conference poster described 
how vein-to-vein times can vary sig-
nificantly when commercial cell ther-
apies are manufactured far from the 
point of care (1). From this, a question 
arises whether autologous cell therapy 
manufacturing needs to migrate to a 
decentralized manufacturing model to 
reduce vein-to-vein times.

Moran (The Center for Break-
through Medicines): Current thera-
peutic platforms are nascent, developed 
in academic labs, challenged by the 
ability to efficiently scale, replicate, and 
effectively manufacture their thera-
pies. While the science behind these 
platforms will need to change over 
time, regulators need to keep pace. 
Close collaboration with regulators is 
required to develop a path to approval. 
Manufacturing solutions for advanced 
therapies require seamless and robust 
tech transfer processes to avoid delays 
in process development and inefficient 
scale-up models; this is a current gap 
that needs to be addressed. 

Xu (Thermogenesis): The process 
is very lengthy with storage and har-
vesting having to yield to certain stan-
dards. There are not a lot of CDMOs 
[contract development and manufac-
turing organizations] that are well-
equipped to handle the process that 
is required for cell and gene therapy 
manufacturing, and it takes years for a 
company to build their own, shall we 
say, formula of manufacturing. This 
leads to a shortage of CDMOs.

Chang (WuXi ATU): One of the 
biggest challenges still facing the cell and 
gene therapy industry is plasmid supply. 
There are often long lead times associ-
ated with GMP [good manufacturing 
practice] plasmid production; so, it can 
be very advantageous for a therapeutics 
developer to work with a manufacturing 
partner who can not only manufacture 
their viral vectors, but also their GMP-
grade plasmids, and can supply these in 
the shortest possible timeframe. There’s 
also variability in plasmid quality, which 
can impact the titer and quality of the 
resulting viral vector.

CGT BREAKTHROUGHS
BioPharm: What are significant break-
throughs for manufacturing CGTs?

Xu (Thermogenesis): The first 
human patient to be treated with gene 
therapy was a four-year-old girl suffering 
from severe combined immunodeficiency 

in 1990 (2). She received treatment for a 
congenital disease called adenosine deam-
inase (ADA). Since then, gene therapies 
have been used to treat diseases, such as 
cancer, cystic fibrosis, and hemophilia. In 
2017, the FDA gave its first approval of 
a gene therapy called Luxturna, which 
is used to treat patients with established 
genetic vision loss that may result in 
blindness (3). Gene therapies are still 
being studied and developed, with over 
1000 clinical trials currently underway.

Chang (WuXi ATU): CRISPR [clus-
tered regularly interspaced short palin-
dromic repeats] technology presented 
us with the opportunity to rewrite our 
genetic code, and for the last 20 years, 
the vision has been to bring this into the 
clinical phase and make it possible to alter 
genetic abnormalities in vivo. That vision 
is now extremely close to becoming a real-
ity. But of course, it’s not just CRISPR 
technology that has reached this point, 
but viral vector engineering, too, to ensure 
specific packaging of CRISPR and Cas9 
within AAV [adeno-associated virus] vec-
tors for delivery to the target tissues. 

Hewitt (Charles River): Gene edit-
ing has the potential to transform cell 
therapy manufacturing, making it truly 
personalized and flexible. Manufacturing 
GMP plasmid and vector is a time-con-
suming, expensive process. Moving to 
gene editing could significantly simplify 
cell and gene therapy manufacturing 
while reducing costs. The use of gene 
editing also provides the ability to target 
specific sequences for knock-out and spe-
cific loci for knock-in. Future cell thera-
pies may be manufactured at the point of 
care to address specific patient indications 
using advanced analytics data to iden-
tify the specific edit sites and/or antigens 
required to eliminate tumor cells.

Meurer (Biopharma Excellence): 
[T]he use of iPS [induced plurip-
otent stem cells] in the manufactur-
ing of allogeneic therapeutics is an 
important milestone. Even though 
there are stil l many constraints 
regarding [the] large-scale produc-
tion of iPS cells, it is just a question 
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of time before the manufacturing  
technology catches up.

Durdy (Cell and Gene Therapy 
Catapult): The development of CAR 
T-cell [chimeric antigen receptor T-cell] 
technology and approval of those [have] 
opened the way to many clinical trials 
and therapies now in the clinics. Industry, 
regulators, payers, healthcare providers, 
and national healthcare systems have all 
[learned] a lot from CAR T-cell therapies, 
reaching patients both from manufac-
turing requirements as well as [from a] 
health, economics, regulatory, and sup-
ply chain perspective. The manufacturing 
and administration of living therapies that 
have the potential to cure diseases [have] 
triggered a complete shift in how thera-
pies should be evaluated.

Moran (The Center for Break- 
through Medicines): The significant 
breakthroughs include process automa-
tion that is fully integrated with equip-
ment, closed disposable systems for a 
variety of processes, and flexible facility 
design with a modular approach. Building 
on these foundational needs will allow 
manufacturers to flex and support dif-
ferent platforms such as plasmids, viral 
and non-viral vectors, and autologous and 
allogeneic cell therapies. This can be fur-
ther expanded to in-line analytics, to meet 
the ever-evolving demand.

WHAT’S ON THE  
HORIZON FOR CGT
BioPharm: What trends are you seeing 
in the CGT space?

Hewitt (Charles River): Therapeutic 
developers have been watching the field 
and [have] seen that [CMC] issues 
have been the focus of many regulatory 
delays. Because of this, we’ve seen a 
renewed focus on ensuring analytical 
methods are able to be implemented 
for commercial products. The regulators 
have been clear they will require analyti-
cal methods that are able to consistently  
measure product critical quality  
attributes (CQAs). Certain cell therapy 
modalities are more difficult than others 
when doing this development, such as  

unmodified tumor-infiltrating lym-
phocytes (TILs), to identify reliable 
cell characterization and mechanism 
of action (MoA) potency/functional-
ity assays. Even [with] this, many are  
making progress.

Durdy (Cell and Gene Therapy 
Catapult): It is encouraging to see 
that there [are] now more upfront 
thoughts about data and data handling. 
The implementation of comprehen-
sive manufacturing execution systems 
and integrated digital systems is tra-
ditionally embarked upon in readiness 
for commercialization once the man-
ufacturing process is completely tied 
down and just requires churning out 
the same process over and over again. 
In CGTs, it is being embarked upon 
earlier and earlier in the phase of clin-
ical development; it is not unusual for 
an MES [manufacturing execution  
system] to be considered in Phase I.

Moran (The Center for Break- 
through Medicines): Manufacturing 
facility design is evolving to accom-
modate [the] flexibility required to 
address shifting needs in the market-
place. Manufacturing facilities will need 
to be flexible multi-product facilities that 
can manufacture a variety of advanced 
therapeutics. There will be more  
exploration into non-viral delivery meth-
ods and more patient-focused processes, 
requiring a greater level of adaptation 
than ever before. Improved tropism, 
vector and capsid design, and delivery 
mechanisms will have a dramatic impact 
on the field as well as better production 
methods that result in higher yield in 
both upstream and downstream.

Xu (Thermogenesis): In the past, 
traditional chemical or small-molecule 
drugs were made for millions or bil-
lions of people. Cell and gene therapies 
are personalized drugs, using your own 
cells, and are specifically made for each 
individual … Current infrastructure 
only can handle thousands of patients. 
We need infrastructure for cell and 
gene therapy that can potentially han-
dle millions and hundreds of millions of 

patients. The investment in cell and gene  
manufacturing infrastructure capabilities 
will increase dramatically.

Meurer (Biopharma Excellence): 
Enormous progress has been made 
in the application of CRISPR and 
gene-delivery technologies. One of 
the trends we’re seeing is the combi-
nation of different technologies such 
as CRISPR, viral and non-viral gene 
delivery, and the potential of CAR-T 
and CAR-NK applications for creat-
ing powerful therapeutic approaches. 
Progress in RNA-based gene delivery 
and transposon technology should not 
be underestimated either. Different gene 
modification and delivery tools are often 
used together.

Chang (WuXi ATU): The [CGT] 
industry is expanding rapidly, with emerg-
ing trends that can best be described 
as either therapeutic or process-based. 
Therapeutic advances, such as in vivo 
gene editing, were unheard of a few years 
ago, but some in vivo CRISPR/Cas9 
therapeutics are now in the clinical phase. 
The growing preference for allogeneic 
over autologous cell therapies—includ-
ing allogeneic CAR T-cell therapies—is 
another notable therapeutic trend. As for 
process-based trends, there’s an increas-
ing focus within cell and gene therapy to 
improve the scalability of manufacturing 
processes and reduce the costs associated 
with manufacturing. A similar focus is 
being paid within viral vector engineer-
ing and other production technologies 
to improve the quality of viral vectors in 
terms of packaging efficiency, infectivity, 
and even specificity for a target cell type.
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Considering Blow-Fill-Seal 
 for Biologic Drugs

The continuous, aseptic fill/finish process is finding 
use in vaccines and biologic drugs. 

JENNIFER MARKARIAN

B low-fill-seal (BFS) equipment has been widely used for 
many years in aseptic fill/finish of small-molecule and 
biologic liquid formulations, including nebulizer solutions 

for respiratory delivery and ophthalmic sterile solutions packaged 
as unit-doses. A key advantage of the process is that it is a closed, 
automated system—a plastic container is formed within the 
equipment, filled with sterile solution, and closed, with limited 
human intervention. Although concerns about process tempera-
tures caused hesitancy with some manufacturers of tempera-
ture-sensitive biologic drug products, understanding and control 
of these issues has significantly increased. As a result, more man-
ufacturers are considering BFS as an option for fill/finish of vac-
cines and other biologic drug products, including large-volume 
and small-volume parenteral injectable drug products. 

BENEFITS OF BFS
In addition to being an efficient, closed aseptic system, 
another benefit of the BFS process is the ability to handle 
unique or complex containers that can be designed for a 
specific need. For example, GlaxoSmithKline’s (GSK) oral 
rotavirus vaccine in unit-dose BFS containers was designed in 

collaboration with global health organization PATH and used 
for the first time in February 2020 in an immunization pro-
gram in Myanmar (1). The container is formed as five single 
doses in a connected pack of tubes that can be separated for 
individual oral delivery. The container was designed to be less 
bulky than conventional vaccine squeeze tubes, which makes it 
easier to transport and store and reduces cold-chain costs.

“The container in a BFS process can be designed to be 
functional for delivery to the patient,” says Andy Goll, presi-
dent of Weiler Engineering, Inc., which designs and supplies 
BFS equipment as well as using the equipment for fill/finish 
as a contract development and manufacturing organization 
(CDMO). “For oral delivery to young children, for example, 
the GSK rotavirus vaccine container was designed with a 
longer, narrow tube for the opening so that it would fit well 
inside the child’s cheek. Containers for injectable vaccines can 
be designed to fit to a separate needle hub.” 

“Some of the benefits of BFS aseptic packaging include 
limited human intervention on the filling line, efficient pro-
duction of unit-dose containers at high volumes, ability to 
rapidly scale production for surge capacity, and a consoli-
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dated materials supply chain that helps 
decrease reliance on external sources,” 
says Josh Myers, senior director, Supply 
Chain, ApiJect. 

“Single-dose containers reduce the 
wastage found in multi-dose glass for-
mats commonly used with vaccines,” 
adds Tim Kram, managing direc-
tor at BFS equipment manufacturer 
Rommelag Engineering. “BFS systems 
are compatible with disposable filling 
systems, which minimize product loss 
during filling.” The most significant 
benefit, says Kram, is having a fully 
automated system, which reduces risks 
in the aseptic process.

BFS reduces the risk of microbial 
and foreign particulate contamination 
when compared to traditional glass vial 
fill/finish processes, adds Waiken Wong, 
manager of Development Engineering 
at CDMO Woodstock Sterile Solutions.

DESIGNING THE PROCESS  
FOR THE PRODUCT
In the BFS process, the plastic raw mate-
rial is melted, extruded into a cylindrical 
tube (called a parison), and formed into a 
container by blowing sterile air or nitro-
gen into the tube to force the plastic into 
the shape of the mold. Cooling of the 
container begins within seconds after it is 
formed, because the mold is chilled. The 
drug solution is then filled into the just-
formed plastic container while still inside 
the mold, and the container is sealed. The 
form, fill, and seal steps typically take less 
than 15 seconds. 

“Essentially, you have to manage pro-
cess parameters to cool the container 
before the drug product contacts the 
internal surface,” explains Goll. “There 
are multiple ways to control the container 
temperature by controlling the cooling 
and blowing process. Not having to worry 
about heat degrading a vaccine is a game-
changer in the ability to use BFS.” 

Polymers typically used in BFS con-
tainers are low-density polyethylene 
(LDPE), high-density polyethylene 
(HDPE), and polypropylene (PP). 
“LDPE is typically used for containers for 

large-molecule drugs or vaccines, because 
it can be extruded at a lower temperature 
than HDPE or PP. A lower processing 
temperature makes it easier to obtain an 
appropriate surface temperature for filling,” 
explains Goll. PP would be used for drugs 
that require terminal sterilization, as it can 
withstand higher temperatures during the 
terminal sterilization process. 

Goll says that interest in BFS for fill/
finish is rising as manufacturers recognize 
its potential, particularly for the flexibility 
of the types of containers that can be filled. 
Weiler is performing feasibility studies for 
potential users who want to switch from 
a conventionally filled glass container to 
a BFS plastic container. The first step, he 
explains, is to check compatibility of the 
drug product and the container, including 
evaluating the extractables and leachables 
and product stability, typically using accel-
erated stability studies. Next, the container 
shape, including its opening, closure, and 
any separate adapters, is designed and a 
mold is made for the specific container 
shape. In the subsequent engineering 
design phase, the equipment and the pro-
cess are optimized for the product. An 
advantage of the Weiler carriage (i.e., 
shuttle) system is the flexibility to easily 
change the mold size or shape, although 
it is not as high speed as a rotary BFS 
equipment setup, says Goll. 

“Biomolecules can have some affinity 
for olefinic [LDPE, HDPE, and PP] 
materials, so stability studies are needed 
to ensure adsorption or absorption effects 
don’t impact therapeutic dose or activ-
ity levels,” adds Wong. Effects from gas 
and water vapor permeation through the 
walls of BFS containers may also need to 
be assessed in a stability program. Both 
standalone and comparative stability stud-
ies with glass are needed to demonstrate 
that plastic is an acceptable alternative.   

“Many of the challenges a drug product 
developer faces when considering BFS are 
the same for traditional filling lines, such 
as glass vials,” adds Myers. “What is most 
important to remember, regardless of fill-
ing process, is that careful evaluation and 
grasp of the key parameters and process 

characteristics will allow for appropriate 
selection and risk mitigation.” 

Temperature is one aspect that includes 
not only temperatures during filling, but 
also in mixing prior to filling and in 
post-filling activities. All materials that 
the drug product will come into con-
tact with should be reviewed, along with 
cleaning procedures and transportation 
and storage of raw materials and finished 
products, says Myers. Modes of steriliza-
tion, heat mitigation, and protecting oxy-
gen and light sensitive drugs all need to 
be considered. For plastic containers, foil 
wraps are often used to reduce exposure 
to UV light and oxygen and to reduce any 
potential vapor loss, adds Myers.

Kram adds that there are two primary 
methods to keep the product cool while 
using BFS technology. “The first does the 
most work, keeping the product at a low 
temperature (e.g., 2–5 °C) while in the 
batch holding tank, and controlling the 
temperature from the tank to the point 
of fill. By prechilling the product the final 
temperature can be kept in an acceptable 
range,” he explains. The second method is 
through container design.

NEW COLD BFS PROCESS
Woodstock Sterile Solutions, which is the 
new name of the former Catalent BFS 
CDMO business that was acquired by a 
private investment firm in 2021 (2), was 
granted a US patent for a new, “cold” BFS 
process (3) that builds on its 50-year expe-
rience with using BFS for filling respi-
ratory, ophthalmic, topical, otic, and oral 
drugs. The new process is designed to 
minimize the impact of temperature on 
thermally sensitive molecules. 

“Our cold system comprises a combi-
nation of optimized process parameters 
that together reduce the exposure of the 
drug product to potentially detrimental 
temperatures,” explains Wong. “These 
parameters are from points throughout 
the manufacturing process, from the bulk 
product in the holding tank to the final 
sealing of the BFS container. The goal is 
to optimize the conditions to provide the 
best level of control.”

Manufacturing
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Wong says that the process has been 
evaluated for filling a monoclonal anti-
body and in exploratory studies for vac-
cines. He says that multiple programs, 
ranging from early- to late-stage clinical, 
are using the process.  

BFS FOR INJECTABLE 
DELIVERY SYSTEMS
As BFS expands into more biologic drug 
products and vaccines, the opportunity 
is opening up for new delivery systems. 
Packaging an injectable product with a 
BFS process in a plastic ampoule is not 
new. What is new, however, is ApiJect’s 
prefilled injector that connects an intra-
muscular needle hub to a BFS single-dose 
container. In this case, the fit of the nee-
dle hub onto the container to make the 
complete drug delivery system must also 
be considered, says Myers. When filling 
an injectable drug product, there may 
be additional requirements for the bio-
safety level of the environment and visual 
inspection, adds Myers.

The prefilled injector technology in 
development by ApiJect is designed to 
be a cost-effective drug delivery sys-
tem to manufacture and be lightweight 
for lower transportation costs. The 
single-dose format has advantages for 

safety, sterility, and low waste, which 
are especially important in low-re-
source, developing regions (4). While 
the drug delivery system was developed 
prior to the COVID-19 pandemic, the 
concept of being able to produce pre-
filled syringes on demand was seen as 
a potential solution to the concerns 
about possible vaccine container short-
ages in the midst of the pandemic 
in 2020, and the US Department of 
Defense awarded a contract to ApiJect 
to expand US production capability of 
up to 45 million doses per month in 
Biosafety Level 2 cleanrooms at The 
Ritedose Corporation in Columbia, 
SC (5). Although the emergency fill/
finish capability in the United States 
was prepared in 2020, it did not end up 
being used for COVID-19 vaccine fill-
ing as the device has not been cleared by 
FDA. The technology, however, is avail-
able for drug manufacturers to evaluate.

Today, ApiJect continues to have 
operation capacity for development and 
commercial work at The Ritedose facility. 
In addition, in December 2021, French 
CDMO Fareva and ApiJect announced a 
10-year licensing agreement to install BFS 
production lines with the capacity to fill/
finish 500 million doses per year of vac-

cines and other large-molecule injectable 
drugs with ApiJect’s technology (6). BFS 
machines from Rommelag in Germany 
will be installed in Biosafety Level 2 
cleanrooms. Fareva and ApiJect plan to 
produce validation batches in 2022. This 
type of “distributed fill/finish” capability 
aims to strengthen local supply chains. 
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of the latest developments. By adher-
ing to the principles and recommenda-
tions from the previous mistakes, it is  
possible to avoid these common pitfalls to 
increase the success in Phase III clinical tri-
als and ultimately gain regulatory approval.
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Empowering Protein Characterization
Scientists can work to overcome the challenges associated with 

protein characterization through empowering technologies.
FELICITY THOMAS

P rotein therapeutics are an important class of med-
icines that are used to treat a variety of diseases. 
According to market research, the protein ther-

apeutics market is estimated to grow at a compound 
annual growth rate of 6.86% between 2020 and 2027  (1). 
This growth is expected to be driven by the rapid rise in 
chronic disorders, advancements in technologies, broad-
ening awareness of protein therapeutics, increasing adop-
tion of plasma-derived therapies to manage chronic 
disorders, and mounting government initiatives to develop  
healthcare sectors (1).

However, therapeutic proteins are notoriously less stable 
than conventional pharmaceuticals; and due to their complex 
molecular structures, they can be challenging to develop 
successfully (2). “Compared to small molecules and peptides, 
proteins are much more complex,” explains Khanh Courtney, 
PhD, senior director, Biologics, Element. “Therefore, the 
understanding of the biophysical and biochemical character-
istics of a protein biomolecule is critical in the identification 
of critical quality attributes (CQAs) to ensure consistent 
safety and efficacy.”

As proteins are formed by long chains of amino acids that 
interact with each other, secondary and tertiary molecular 
structures are formed, notes Courtney. Beyond the tertiary 

structure, the protein can bind to itself, which results in even 
higher order structures, such as dimer, trimer, and oligomer, 
she states.

“Certain amino acids could be post-translationally mod-
ified with phosphate groups, methyl groups, simple sugars 
or complex sugars, and so on, leading to a highly complex 
protein therapeutic molecule,” Courtney says. “The folding 
of the protein, the higher order structure, [and] the compo-
sition of its post-translational modifications, particularly of 
the glycans, are all examples of protein characterizations that 
could impact the potency and function of the molecule.”

THE HIGHEST IMPORTANCE
“Protein characterization is of [the] highest importance 
throughout all stages of the value chain f rom discov-
ery to development, through to quality control,” empha-
sizes Martin Vollmer, strategic program office lead for 
Biopharma, Agilent Technologies. “Characterization of a 
protein provides information about its structure and com-
position, which is directly linked with its function, leading 
to a greater understanding of differences and ensuring that 
quality criteria of developed biopharmaceutical products 
are met according to regulatory guidelines, ensuring drug 
efficacy and drug safety.”

Analytics
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For Scott J. Berger, PhD, senior 
manager, Biopharmaceutical Markets, 
Waters Corporation, whether making 
a protein drug via a recombinant or 
synthetic process, development should 
start with protein characterization and 
having as much knowledge as possible 
about the product. “These processes 
are imperfect, so they are going to 
make products with low-level varia-
tions that are subject to degradation 
pathways that further raise product 
variability,” he specifies. “It’s this com-
plexity that creates reliance on sophis-
ticated analytical tools.”

Tools, such as liquid chromatog-
raphy (LC) and mass spectrometry 
(MS), have provided process scientists 
with the ability to monitor important 
attributes of a molecule in response 
to changes in the process, Berger adds. 
“This [capability] gives scientists the 
flexibility to incrementally refine their 
process to improve drug quality and 
yield by establishing analytical com-
parability,” he says. “Characterization 
assays often translate to targeted meth-
ods for process monitoring and prod-
uct release where you are verifying that 
you have control of your process and 
product quality.”

A NUMBER OF CHALLENGES
A key challenge related to protein 
characterization is that methods 
usually require a lot of test material, 
Courtney stresses. “Ideally, protein 
characterization is done in the early 
stages of chemistry, manufacturing, 
and controls (CMC) program devel-
opment so that critical attributes are 
identified early on. Unfortunately, 
the early stage of CMC, for instance 
during process development, consists 
of small-scale productions done at the 
lab bench and have low yield,” she 
states. “This challenge can be, and is 
being, dealt with by the advancement 
of analytical methodologies that can 
assess more than one characteristic at 
a time in a single sample preparation 
or method.”

An example of how this challenge 
is being overcome can be found in the 
use of high resolution, high sensitivity 
MS. “This approach can be used to 
decipher the peptide map of the pro-
tein, post-translational modifications, 
deamidation, disulfide bonds, aggre-
gation, molecular mass verification, 
glycan structure elucidation, and even 
tertiary structure determination, all in 
one approach,” Courtney explains. “By 
packaging multiple attributes into one 
method, a small yield of protein pro-
duced at the lab bench could produce a 
wealth of data to assess protein charac-
teristics to better inform manufactur-
ing and quality decisions.”

There are several immediate chal-
lenges to protein characterization in 
Berger’s opinion. “First, is the increas-
ing complexity of the molecules,” he 
says. “We’re seeing the appearance of 
bi- and tri-specific molecules, anti-
body-drug conjugates [ADCs], and 
complex fusion proteins, all of which 
have more attribute variation than your 
typical monoclonal antibody, requiring 
enhanced analytics to define and mon-
itor them.”

Additionally, in light of the increas-
ing number of accelerated reviews by 
regulatory agencies, a challenge has 
arisen in the form of being able to fully 
characterize molecules in a compressed 
timescale and at the same time as sta-
bility studies and formulation devel-
opment are taking place, Berger points 

out. “So, there is an increasing need 
for efficient analytical platform meth-
ods that can utilize prior knowledge to 
accelerate these studies,” he states.

“Another challenge many organi-
zations face is the lack of actionable 
knowledge during the clone selection 
stage of product discovery/develop-
ment,” Berger continues. “Use of LC–
MS at this stage can ensure that a 
biosimilar, for example, matches up 
to the target analytical profile of the 
innovator molecule when it comes 
to a set of key and critical quality 
attributes.” When used as a part of 
a quality-by-design (QbD) approach, 
LC–MS can help to ensure that the 
desired product attributes are built 
into the molecule, he notes. If there is 
insufficient knowledge about a mole-
cule at this stage of development, it is 
possible that impurities or instabili-
ties won’t be discovered until after the 
product is placed into clinical produc-
tion, Berger warns.

For bench scientists, experimen-
tal bias can be a significant challenge, 
Berger highlights. “A top reason why 
assay-to-assay test results vary from 
one scientist to another has to do with 
complicated and multi-step sample 
preparation methods,” he says. “For 
multi-attribute monitoring of bio-
molecules by LC–MS, it’s important 
that you have a very high-quality and 
reproducible sample for meaningful 
results. To address this need auto-
mated sample prep technologies are 
being investigated by many groups 
as a tool to improve sample quality 
and reproducibility by eliminating the 
human factor from potentially biasing 
assay results.”

Undesirable secondary interac-
tions can adversely impact analytical 
data when analyzing organic acids, 
organophosphates, oligonucleotides, 
phosphopeptides, acidic glycans, and 
phospholipids, Berger notes. “One 
example of a secondary interaction is 
the non-specific adsorption by certain 
biomolecules to the metal surfaces—
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or even to bio-compatible materials 
like titanium—of liquid chromato-
graphs and chromatographic columns,” 
he states. “Another type of secondary 
interaction is caused by the highly 
active surfaces of proteins which 
have a propensity to interact with the 
hydrophobic and electrostatically-ac-
tive sites on the silica and hybrid sil-
ica chromatographic particles in the 
UHPLC [ultra-high performance 
LC] or UPLC [Ultra-Performance 
LC] column.” 

These secondary interactions cause 
difficulties when characterizing and 
monitoring drug products by size 
exclusion chromatography (SEC), 
which is used to determine pro-
tein sample size variants claims Bill 
Warren, Principal Bioseparation prod-
uct manager, Waters Corporation. If 
these attributes are not carefully con-
trolled then the safety and efficacy of 
the product can be adversely affected, 
Warren specifies. “It’s for this reason 
that regulatory agencies require drug 
firms to accurately quantify the pro-
tein size variants like mAb aggregates, 
monomers and fragments in protein 
drug products,” he says.

Vollmer emphasizes that protein 
characterization is highly complex and 
is only becoming more complex over 
time. “In the past, it was mainly mono-
clonal antibodies (mAbs), hormones, 
vaccines, modified human proteins, 
and similar therapeutic proteins. Now 
with the discovery of antibody [drug 
conjugates (ADCs) fusion-proteins, 
bi-specific Abs, and other modalities, 
the task of protein characterization 
now requires a much more flexible 
approach,” he asserts.

This increasing complexity is then 
also tied to the skill of the analyti-
cal scientist that needs to perform 
the characterization, Vollmer stresses. 
“There are a multitude of assays that 
need to be performed and the instru-
mentation required is more sophis-
ticated, but costly,” he explains. “Big 
hurdles are, therefore, the cost of 

implementation, operation, and 
skilled personnel.” 

“Another important challenge is the 
large amount of data that needs to be 
analyzed for meaningful information 
and further action,” Vollmer continues. 

“More broadly, regulatory hurdles and 
inertia in the industry are often road-
blocks for fast innovation.”

EMPOWERING TECHNOLOGIES
“LC and MS have been the empowering 
technologies for the well-characterized 
biotherapeutic,” Warren says. “LC is 
essential for fully analyzing an intact 
protein or its sub-units for glycan pro-
filing or peptide mapping or for looking 
at protein charge or size variants.”

A technique that is useful for char-
acterizing protein size variants is 
SEC, Warren adds. There have been 
several new SEC columns that have 
been brought to the market recently, 
he states, that address “the problem of 
secondary interactions (both ionic and 
hydrophobic) when separating pro-
tein aggregates, monomers, and frag-
ments over a molecular weight range of 
10,000 to 6,500,000 Daltons.”

Berger also notes that through com-
bining LC and MS, it is possible to 
establish the primary structure (product 
sequence), which is a regulatory filing 
requirement. “With LC–MS, you get 
to explore the product variation, its sta-
bility, and degradation pathways, which 
‘hot spots’ to monitor to ensure that the 
product qualities and your processes are 
under your control,” he says. “LC–MS 
is also ideal for looking at a molecule’s 
higher order structure, which relates 
to the folding and stability of these 
biotherapeutics, and how they interact 
with their protein targets, or themselves 
when it comes to things like molecu-
lar aggregation.” 

The structural information obtained 
by LC–MS can drive product devel-
opment and can also form the basis of 
intellectual property, Berger points out. 

“Understanding higher order structure 
and stability dynamics may require the 

use of techniques like hydrogen deu-
terium exchange or ion mobility mass 
spectrometry (IMS-MS) and more 
recent techniques, such as collision-in-
duced unfolding (CIU). CIU is an 
approach where the mass spectrome-
ter is almost like a calorimeter, adding 
energy to the protein molecule and see-
ing how it unfolds within the IMS-MS,” 
he says. “These techniques allow you to 
ask questions that go beyond primary 
structure to understanding the dynam-
ics of its folded structure and interac-
tions with its protein target.”

Courtney highlights three techniques 
that are important for protein character-
ization: “High resolution, high sensitiv-
ity, orbitrap MS for protein and glycan 
identification, and structural elucida-
tions; capillary electrophoresis to deter-
mine charge heterogeneity; and circular 
dichroism for secondary structures.”

Although there is no single stan-
dard technique to characterize pro-
teins, Vollmer concurs that LC and 
high-resolution MS are regarded as 
the gold-standard thanks to the “rich” 
information such techniques offer on 
physiochemical properties of the pro-
tein. “Other alternative techniques are 
capillary electrophoresis (CE) and CE–
MS because they can provide excellent 
resolution,” he adds. 

“Spectroscopy, such as ultraviolet, 
Raman, near infrared, or fluorescence, 
are also widely applied to determine 
more specific requirements, such as con-
centration or purity. These techniques 
are fast and can even be applied inline,” 
Vollmer concludes. “Cell analysis tech-
nologies, such as metabolic analyzers, 
real-time cell analyzers, cell-imagers, and 
cell counters are applied to characterize 
suitable clones and host cells for pro-
tein manufacturing.”
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Selecting and Optimizing 
the Right Manufacturing Partner

Optimizing the use of partners for clinical trials 
depends on selecting the right contractor.

WILLIAM BAKEWELL

S  ignificant resources are needed to bring new drugs 
to market. Companies that historically have not 
used third-party manufacturing may consider out-

sourcing rather than adding internal capabilities if their 
new product line requires specialized manufacturing equip-
ment or expertise that are not available in-house. Virtual 
pharmaceutical companies, for example, which have no 
internal manufacturing capabilities, may use multiple con-
tract manufacturing organizations (CMOs), contract devel-
opment and manufacturing organizations (CDMOs), or 
contract research organizations (CROs).

Selecting the right manufacturing partner(s) and opti-
mizing the use of those partners can include several key 
benefits, such as accelerated development and production 
timelines; reduced equipment costs and access to special-
ized equipment, both for production and analysis; and 
technical and regulatory expertise that can facilitate and 
expedite filing.

From a quality perspective, the sponsor and external ser-
vice provider are responsible for the quality of the product, 
with the study sponsor ultimately being responsible for 

“approving or rejecting drug products manufactured by the 
contract facility” (1). This requirement has prompted some 
sponsors to choose an independent third-party laboratory 
to perform release and stability testing, a strategy that is 
particularly advantageous if a sponsor is using multiple 
manufacturing sites. 

CRITERIA TO CONSIDER
Utilizing a single CRO as the analytical testing site for all 
the sponsor’s manufacturing sites increases the consistency 
of the data because the same analysts, equipment, and 
methods are used to analyze samples from multiple man-
ufacturing sites. Most CROs offer method development, 
method validation, and stability testing, although these 
same services may be offered by the CMO or CDMO. 
If an independent laboratory is used for release and sta-
bility analysis, then the sponsor or CDMO will often 

Outsourcing
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be approved as a backup testing site. 
CROs may offer services such as 
mass spectrometry, protein charac-
terization, microbiology, extractible 
leachable testing, and impurity iden-
tification that may not be part of the 
service offering from a CDMO.

Several criteria should be consid-
ered when selecting a CRO, CDMO, 
or CMO for analytical ser vices. 
These criteria include, but are not 
limited to, the following.

Ownership and 
intellectual property
Understanding the legal framework 
that a CMO, CDMO, or CRO uses 
is important and especially so if 
the service provider is outside the 
United States. Contracts and quality 
agreements can help define these 
points but may not wholly mitigate 
issues with intellectual property. 
Ownership of methods, protocols, 
and data should be clearly defined as 
it can impact regulatory filings and 
method transfer.

Risk reduction
One of the core principals of quality 
by design (QbD) is risk reduction. 
Selecting a service provider should 
inc lude r isk analysis . Effect ive  
communication is critical to the suc-
cess of any outsourced program, and 
the risk associated with managing 
the program should be evaluated as 
part of the contract and selection 

process. For example, if the service 
provider is in a different time zone 
or is in a country whose primary lan-
guage is not the same, communica-
tion may be more difficult. Similarly, 
vendor location can impact audits 
and site visits. Management of the 
program may require more resources 
from the sponsor if the service pro-
vider has limited project manage-
ment capabilities, is in a different 
time zone, or has limited program 
management resources.

Service provider 
reputation and capacity
Understanding the service provider’s 
past performance with projects of a 
similar scope, from companies with a 
similar size, and with similar manage-
ment capabilities is information that 
should be gathered early in the pro-
cess. Identifying the production and 
analytical capacity needed and assess-
ing the ability of the service provider 
to deliver on time is also an import-
ant part of the analysis. One should 
identify critical manufacturing and 
analytical components and the levels 
of redundancy if failure should occur.

Shipping and supply chain
Outsourcing to either a contract 
manufacturing site or analytical lab-
oratory means shipment of materi-
als. If the service provider is overseas, 
then shipment of materials to the 
US may be required and, depending 
on the product, may require special 
handling due to temperature or safety 
restrictions. Early planning to ensure 
that sufficient material remains to 
support the clinical and analytical 
studies in the event of a shipping  
failure is prudent. 

Furthermore, temperature record-
ing devices should be used in con-
trolled-temperature shipments, and 
the CRO must be able to download 
the information. If multiple manufac-
turing sites are used, setting stability 
testing and performing release testing 

at a single analytical site can reduce 
or mitigate shipping risks. 

BUILDING EFFICIENCIES
Efficient utilization of CDMO, CMO, 
or CRO resources can significantly 
reduce the amount of capital invest-
ment in manufacturing and analyti-
cal equipment a sponsor must expend. 
The time needed to bring new prod-
ucts to market also may be reduced. 

As with any internal project, if the 
sponsor uses a third-party service pro-
vider, the sponsor will be involved 
in day-to-day communications and 
operational decisions and should 
ensure that sufficient quality proj-
ect management resources have been 
identified to support the program. 
This is particularly true if multiple 
CMOs or CDMOs are used to manu-
facture the product. 

It is more efficient if a single CRO 
serves as the analytical laboratory for 
all the CMO or CDMO aspects of 
the program. Minimizing the num-
ber of external partners can reduce 
this program management workload, 
while using a single analytical lab can 
reduce risk and costs while resulting in 
improved quality.
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are the ones most likely to negatively 
impact protein stability (7). Using these 
combinations results in more efficient  
viscosity lowering and enables formula-
tors to better maintain protein stability 
while achieving viscosity reduction.

Importantly, all of the excipients in 
MilliporeSigma’s Viscosity Reduction 
Platform have been used in parenteral 
formulations in the past as parenteral 
nutrition agents (considered by the 
company to be APIs), counter ions to 
APIs, or for pH adjustment (8). They 
have all been subjected to the Hen’s 
Egg Test–Chorioallantoic Membrane 
(HET-CAM) in-vitro skin irritancy 
test with no irritancy detected. A for-
mal toxicological and safety evaluation 
has also been performed by a European 
registered toxicologist.

STILL A NEED FOR  
NOVEL EXCIPIENTS
At Janssen, formulation approaches 
can rely on historical knowledge, 
computational modeling, and high 
throughput experimental techniques to 
identify promising excipients for viscos-
ity reduction, according to Tanenbaum. 

“The optimized excipient or com-
bination is highly protein-specific and 
must be evaluated on a case-by-case 
basis to ensure stability in the final  
formulation,” she says. Once promising 
excipients or combinations are identified, 
the required concentration of the excipi-
ent can be further refined.

However, Tanenbaum also recog-
nizes that currently all FDA-approved 
high-concentration products use 
excipients that have been traditionally 
employed due to regulatory challenges 
with using a novel excipient. 

“There is a lot of exciting research 
and progress ongoing in this area to 
enable patient-centric drug product 
development. We recognize that not 
all excipients alter viscosity in the same 
way across different protein molecules 
nor across protein concentrations of 
a single molecule, which drives the 
need for product-specific formulation. 
Furthermore, lowering the viscosity 
through the addition of some excip-
ients does not necessarily permit the 
ability to achieve high or ultra-high 
concentrations of the protein formula-
tion. There is consequently a need for 
novel excipient solutions and a means 
for enabling their use in drug formula-
tions,” Tanenbaum believes.

For that reason, Janssen is involved 
with the recently launched FDA “Novel 
Excipient Review Pilot Program,” which 
Tanenbaum says could encourage excip-
ient manufacturers and pharmaceutical 
companies to explore novel excipients in 
formulations for viscosity reduction and 
other formulation purposes. 

REFERENCES
1. I. Usach, et al., Advances in 

Therapy 36, 2986-2996 (2019).  
2. S. Shouye Wang, Y. (Susie) Yan, 

K. Ho, Antibody Therapeutics, 4 
(4) 262–272 (October 2021).,  

3. R. P. Watt, H. Khatri, and A. 
R.G, Dibble, Int. J. Pharm. Jan 
10 554:376-386 (2019). 

4. S. Braun, et al., “The Viscosity 
Reduction Platform: Viscosity-
reducing excipients for protein 
formulation,” MilliporeSigma 
White Paper, 2021.  

5. ReForm Biologics, “ReForm Biologics 
Announces Issuance of U.S. Patent 
on Additional Excipients for 
Therapeutic Protein Formulations,” 
Press Release, Nov. 20, 2019. 

6. Yuhong Zeng, et al. J. Pharm. 
Sci. 110, 3594-3604 (2021). 

7. BioPharm International Editors, 
“MilliporeSigma and ReForm 
Collaborate on Excipient 
Commercialization,” BioPharm 
International, Feb. 12, 2020. 

8. BioPharm International Editors, 
“MilliporeSigma Launches 
Excipient Platform for Protein-
Based Therapies,” BioPharm 
International, October 6, 2021. ◆

Development —  
Contin. from page 20 

Catalent Pharma Solutions, Inc. ...................................................................................................................................................................................................... 40

Eurofins Lancaster Laboratories ......................................................................................................................................................................................................11

PDA (Parenteral Drug Association) ....................................................................................................................................................................................................7

Single Use Support ......................................................................................................................................................................................................................24–25

Spectrum Chemical Mfg Corp ......................................................................................................................................................................................................... 19

Stevanato Goup S.p.A ..........................................................................................................................................................................................................................2

WuXi Biologics ......................................................................................................................................................................................................................................5

Ad Index
COMPANY  PAGE



38  BioPharm International www.biopharminternational.com March 2022

Ask the Expert

Auditors must have access to the batch records of the activities they are 
reviewing, says Siegfried Schmitt, vice president, Technical at Parexel.

Q: We, a contract manufacturing organization 
(CMO), have a written rule that describes 

that we will not show batch records, which have 
not been completely reviewed and approved by 
the quality function, during a customer audit. We 
consider this an absolute necessity to avoid an audi-
tor finding missing or incorrect entries in the batch 
record. Yet, we received a critical finding for that in 
a recent audit. We pointed out to the auditor that 
we are following our quality system, but the auditor 
would not change the criticality of the observation. 
Do you think this is fair?

A: Clearly, if this had been a regulatory 
inspection, refusal to present a batch 

record, whether reviewed by your quality unit or 
not, would be considered preventing an inspec-
tion, with all its consequences (1). However, this 
was an audit, so this is a different situation. 

We must consider why a CMO may not wish to 
present a batch record during an audit. The one 
obvious and valid reason is client confidentiality. 
But even this can easily be overcome by asking the 
client to use an impartial auditor. 

You cite a very different reason, namely the 
need to have the batch record first reviewed and 
approved by the quality unit in order to have a 
“perfect” batch record. The best way to demon-
strate the error in this is by presenting real exam-
ples from various CMO audits.

The regulations specify that batch record entries 
must be made contemporaneously (2). That means 
as close to the event as is possible. During an audit 
of a filling line, it was found that the machine had 
broken down and two engineers were busy repair-
ing the equipment. As this would take a while, the 
operators had left the line and went to have an 
unscheduled break. The review of the batch record 
revealed that there were no entries for the following:

• The equipment having broken down,  
or when

• The shift operators having left the room, 
or when they left

• The engineers being present in the room, 
or when they entered.

The site’s quality system explicitly required all 
these to be documented, yet it hadn’t happened. 
Only the possibility to review the batch record 
allowed the auditor to find and record this devia-
tion. Even a later review by the quality unit could 
not have found these errors and omissions. Thus, 
only a review of the batch record at the time of the 
audit can uncover such non-compliances.

When the shift operators returned to the line, 
they were confronted with the missing entries. 
Thereupon, one of the operators started to enter the 
data from memory, in fact backdating the events. 
Again, something impossible to detect at a later date.

The regulations also specify that entries can-
not be made before the actual activity has taken 
place (3). A good time to perform audits is dur-
ing lunch breaks when staff are away from their 
workplaces. During an audit of a packaging line, a 
batch record was found that had signed entries for 
completed actions that would only take place after 
the lunch break. If the batch record had not been 
presented in that audit, it would not have been 
possible to find this serious deviation from the 
basic principles of good documentation practice.

Batch record reviews by the quality unit typically 
take 40 or more days at CMOs, by which time the 
audit report has long been written and issued. In 
most cases, auditors would thus be unable to even 
review the “sanitised” version of the batch record.

These few actual examples clearly demonstrate 
the absolute need for auditors to have access to the 
batch records of the activities they are reviewing. If 
this is prevented, they cannot verify the truthful-
ness (i.e., the integrity) of data in the batch record. 
And to most auditors, this is a critical observation. 
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The Importance of Batch  
Record Reviews During Audits

Siegfried Schmitt 
is vice president, 

Technical at PAREXEL.
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