
The Science & Business of Biopharmaceuticals

BioPharm
INTERNATIONAL

August 2018

Volume 31   Number 8

www.biopharminternational.com

MAINTAINING 
CELL LINE INTEGRITY

UPSTREAM 

PROCESSING

THE SEARCH FOR NEXT-GEN 

EXPRESSION SYSTEMS

MANUFACTURING

A NEW PARADIGM IN 

DRUG DEVELOPMENT

DOWNSTREAM 

PROCESSING

EXPECTATIONS FOR RESIDUAL 

IMPURITY ANALYSIS

http://www.biopharminternational.com
http://www.biopharminternational.com
http://www.ubm.com/


Reliable, efficient testing methods are essential for maintaining aseptic 

conditions—and enhancing productivity. Rapid results from in-process 

controls and final sterility testing help improve output, protect your 

customers, and keep you in compliance. bioMérieux, Inc. offers a 

comprehensive portfolio of rapid, automated pharmaceutical testing 

solutions, with space-saving modular designs that fit into any lab setting. We 

also provide expert validation and technical support to answer questions and 

solve issues quickly, giving you ultimate peace of mind.

Learn more at go.biomerieux.com/rapid-microbiology

biomerieux-usa.com

FASTER MICRO TESTING.

BETTER PRODUCTIVITY.

©
2

0
18

 b
io

M
é

ri
e

u
x

, 
In

c
.•

 B
IO

M
E

R
IE

U
X

 a
n

d
 t

h
e

 B
IO

M
E

R
IE

U
X

 l
o

g
o

 a
re

 u
s

e
d

 p
e

n
d

in
g

 a
n

d
/

o
r 

re
g

is
te

re
d

 t
ra

d
e

m
a

rk
s

 b
e

lo
n

g
in

g
 t

o
 b

io
M

é
ri

e
u

x
, 

o
r 

o
n

e
 o

f 
it

s
 s

u
b

s
id

ia
ri

e
s

, 
o

r 
o

n
e

 o
f 

it
s

 c
o

m
p

a
n

ie
s

  •
 P

R
N

 1
8

-0
3

0
4

-0
0

http://www.biomerieux-usa.com/
http://go.biomerieux.com/rapid-microbiology
http://www.biomerieux-usa.com/


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.

EDITORIAL

Editorial Director Rita Peters rita.peters@ubm.com

Senior Editor Agnes M. Shanley agnes.m.shanley@ubm.com

Managing Editor Susan Haigney susan.haigney@ubm.com

Science Editor Feliza Mirasol feliza.mirasol@ubm.com 

Science Editor Adeline Siew, PhD adeline.siew@ubm.com

Manufacturing Editor Jennifer Markarian jennifer.markarian@ubm.com

Associate Editor Amber Lowry amber.lowry@ubm.com

Art Director Dan Ward dward@hcl.com

Contributing Editors Jill Wechsler, Jim Miller, Eric Langer, 
Anurag Rathore, and Cynthia A. Challener, PhD 

Correspondent Sean Milmo (Europe, smilmo@btconnect.com)

ADVERTISING

Publisher Mike Tracey mike.tracey@ubm.com

National Sales Manager Scott Vail scott.vail@ubm.com

European Sales Manager Linda Hewitt linda.hewitt@ubm.com

European Senior Sales Executive 
    Stephen Cleland stephen.cleland@ubm.com

C.A.S.T. Data and List Information 
Michael Kushner michael.kushner@ubm.com

Licensing and Reuse of Content:  Contact our official partner, Wright’s 
Media, about available usages, license fees, and award seal 
artwork at Advanstar@wrightsmedia.com for more information. 
Please note that Wright’s Media is the only authorized company 
that we’ve partnered with for Advanstar UBM materials.

PRODUCTION

Production Manager Jesse Singer jsinger@hcl.com

AUDIENCE DEVELOPMENT

Audience Development Christine Shappell christine.shappell@ubm.com

Thomas W. Ehardt

Executive Vice-President, Senior Managing Director,
UBM Life Sciences Group

Dave Esola

VP/Managing Director, Pharm/Science Group

UBM Life Sciences

K. A. Ajit-Simh
President, Shiba Associates

Madhavan Buddha
Freelance Consultant

Rory Budihandojo
Director, Quality and EHS Audit

Boehringer-Ingelheim

Edward G. Calamai
Managing Partner

Pharmaceutical Manufacturing 

and Compliance Associates, LLC

Suggy S. Chrai
President and CEO

The Chrai Associates

Leonard J. Goren
Global Leader, Human Identity

Division, GE Healthcare

Uwe Gottschalk
Vice-President, 

Chief Technology Officer, 

Pharma/Biotech

Lonza AG

Fiona M. Greer
Global Director, 

BioPharma Services Development

SGS Life Science Services

Rajesh K. Gupta
Vaccinnologist and Microbiologist

Denny Kraichely
Associate Director

Johnson & Johnson

Stephan O. Krause
Director of QA Technology

AstraZeneca Biologics

Steven S. Kuwahara
Principal Consultant

GXP BioTechnology LLC

Eric S. Langer
President and Managing Partner

BioPlan Associates, Inc.

Howard L. Levine
President

BioProcess Technology Consultants

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
Global Head of Sales—Bioproduction

Thermo Fisher Scientific

Tom Ransohoff
Vice-President and Senior Consultant

BioProcess Technology Consultants

Anurag Rathore
Biotech CMC Consultant

Faculty Member, Indian Institute of

Technology

Susan J. Schniepp
Executive Vice President of 

Post-Approval Pharma 

and Distinguished Fellow

Regulatory Compliance Associates, Inc.

Tim Schofield
Senior Fellow

MedImmune LLC

Paula Shadle
Principal Consultant, 

Shadle Consulting

Alexander F. Sito
President, 

BioValidation

Michiel E. Ultee
Principal

Ulteemit BioConsulting

Thomas J. Vanden Boom
VP, Biosimilars Pharmaceutical Sciences

Pfizer

Krish Venkat
Managing Partner 

Anven Research

Steven Walfish
Principal Scientific Liaison 

USP

© 2018 UBM All r ights reserved. No par t 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 
wr i t ing f rom the pub l isher. Au thor i z a t ion to photocopy i tems for in terna l /
educat iona l or persona l use, or the in terna l /educat iona l or persona l use of 
specific clients is granted by UBM for libraries and other users registered with the 
Copyright Clearance Center, 222 Rosewood Dr. Danvers, MA 01923, 978-750-8400
fa x 978-646-8700 or v is i t h t tp: //w w w.copyr ight .com onl ine. For uses beyond 
those l is ted above, please direc t your wr i t ten request to Permission Dept. fax 
732-647-1104 or email: Jillyn.Frommer@ubm.com

UBM Americas 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 UBM Americas to make your contact information available to third parties for 
marketing purposes, simply call toll-free 866-529-2922 between the hours of 7:30 a.m. 
and 5 p.m. CST and a customer service representative will assist you in removing your 
name from UBM Life Sciences’ lists. Outside the U.S., please phone 218-740-6477.

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, call toll-free 888-527-7008. Outside the U.S. call 218-740-6477.

INTERNATIONAL

BioPharm
The Science & Business of Biopharmaceuticals

mailto:rita.peters@ubm.com
mailto:agnes.m.shanley@ubm.com
mailto:susan.haigney@ubm.com
mailto:feliza.mirasol@ubm.com
mailto:adeline.siew@ubm.com
mailto:jennifer.markarian@ubm.com
mailto:amber.lowry@ubm.com
mailto:dward@hcl.com
mailto:smilmo@btconnect.com
mailto:mike.tracey@ubm.com
mailto:scott.vail@ubm.com
mailto:linda.hewitt@ubm.com
mailto:stephen.cleland@ubm.com
mailto:michael.kushner@ubm.com
mailto:Advanstar@wrightsmedia.com
mailto:jsinger@hcl.com
mailto:christine.shappell@ubm.com
http://www.copyr
mailto:Jillyn.Frommer@ubm.com
http://www.biopharminternational.com
https://auditedmedia.com/
http://www.asbpe.org/


Table of Contents

4     BioPharm International    August 2018 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 Scientifi c Abstracts) • Biotechnology and Bioengineering Database (Cambridge Scientifi c 
Abstracts) • Biotechnology Citation Index (ISI/Thomson Scientifi c) • Chemical Abstracts (CAS) • Science Citation Index Expanded (ISI/Thomson Scientifi c) • Web of Science (ISI/Thomson Scientifi c)

BioPharm International ISSN 1542-166X (print); ISSN 1939-1862 (digital) is published monthly by UBM LLC 131 W. First Street, Duluth, MN 55802-2065. Subscription rates: $76 for one year in the United 
States and Possessions; $103 for one year in Canada and Mexico; all other countries $146 for one year. Single copies (prepaid only): $8 in the United States; $10 all other countries. Back issues, if available: 
$21 in the United States, $26 all other countries. Add $6.75 per order for shipping and handling. Periodicals postage paid at Duluth, MN 55806, and additional mailing offi ces. Postmaster Please send 
address changes to BioPharm International, PO Box 6128, Duluth, MN 55806-6128, 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

UPSTREAM PROCESSING
The Search for Next-Gen 
Expression Systems
Cynthia A. Challener

Biopharma seeks alternatives that 

meet the production demands of the 

next generation of biologic drugs.  . . .16 

DOWNSTREAM PROCESSING
Expectations for Residual 
Impurity Analysis Continue to Rise
Cynthia A. Challener

More complex biologic samples 

must be evaluated to ever higher 

levels of specificity and sensitivity.  . . .20 

MANUFACTURING
A New Paradigm in 
Drug Development
Pascale Bouillé

The changing regulatory and manufac-

turing environment is ushering in a new 

approach to drug development.  . . . . . .26 

ANALYTICS
E&L Risk Assessment for 
Biologic Drug Products
Adeline Siew

Materials in contact with the drug 

must be fully characterized to ensure

they do not negatively affect the safety 

and efficacy of the product. . . . . . . . . .30 

COLUMNS AND DEPARTMENTS

FROM THE EDITOR

Frustrated by slow market adoption, 

FDA commissioner maps out a new 

plan for biosimilar competition.

Rita Peters . . . . . . . . . . . . . . . . . . . . . . . . .6

REGULATORY BEAT

FDA is asking firms to discuss 

internal quality metrics efforts 

as part of the approval process 

for new medical products.

Jill Wechsler . . . . . . . . . . . . . . . . . . . . . . .8

ASK THE EXPERT

The type of product, the packaging 

materials being used, and the process 

and materials used to manufacture the 

product will determine when E&L data 

should be submitted to regulators.

Susan J. Schniepp  . . . . . . . . . . . . . . . . .38

NEW TECHNOLOGY SHOWCASE . . . .36

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

COVER STORY

10 Maintaining Cell Line Integrity
The quality of the cell lines used to manufacture biopharmaceuticals 
is crucial for the production of high-quality, stable biopharmaceuticals.

Cover Design by Dan Ward
Images: isak55/Shutterstock.com

http://www.biopharminternational.com
http://www.biopharminternational.com


Brian / HIV/AIDS Researcher James / HIV/AIDS Patient

In the unrelenting push to defeat HIV/AIDS, scientists’ groundbreaking research with brave 

patients in trials has produced powerful combination antiretroviral treatments, reducing the death 

rate by 87% since they were introduced. Welcome to the future of medicine. For all of us.

GoBoldly.com

“I keep pursuing new HIV/AIDS treatments  which is why 29 years later, I’m still here.”

https://innovation.org/
https://innovation.org/


6  BioPharm International www.biopharminternational.com August 2018

From the Editor

FDA Is Not Playing Games with Biosimilars

W
hile many people headed to summer vacation fun, FDA was busy in 

July with intiatives including a reorganization plan, new guidance doc-

uments for gene therapy development, efforts to prevent drug short-

ages, and more flexible import policies. 

FDA’s Biosimilars Action Plan (1), announced on July 18, 2018, may have the 

most implications for biopharma. In introducing the plan, FDA Commissioner 

Scott Gottlieb took innovator biopharmaceutical companies to task for imped-

ing the delivery of biosimilar drugs to market (2). 

“Sometimes it feels as if we’re seeing the biosimilars version of ‘Groundhog 

Day,’ with brand drug makers replaying many of the same tactics, and all of us 

being too susceptible to many of the same misconceptions about biosimilars’ 

safety and efficacy relative to originator biologics,” Gottlieb said in prepared 

remarks at the Brookings Institution. “We’re falling into some of the same doubts 

and policy constraints that were used to deter competition from generics in the 

years after the Hatch Waxman Act. But we’re not going to play regulatory whack-

a-mole with companies trying to unfairly delay or derail the entry of biosimilar 

competitors. We’re not going to wait a decade or more for robust biosimilar com-

petition to emerge.”

Delaying tactics may discourage biosimilar sponsors from developing products 

and reduce public confidence in market-based pricing mechanisms, ultimately 

hurting innovator companies, Gottlieb said; therefore, FDA’s Biosimilars Action 

Plan seeks to achieve a balance between innovation and competition. The Plan, 

part of the Trump Administration’s Blueprint to Lower Drug Prices, focuses on 

improving the efficiency of the biosimilar and interchangeable product devel-

opment and approval process; maximizing scientific and regulatory clarity for 

biosimilar product development; improving understanding of biosimilars among 

patients, clinicians, and payors; and supporting market competition by reducing 

gaming of FDA requirements or other attempts to unfairly delay competition. 

“Effective market competition from biosimilars depends on additional actions 

from our public and private sector partners to align reimbursement and formulary 

design to encourage appropriate biosimilar adoption,” Gottlieb said. “Competition 

requires all of us to shine a light on the anti-competitive impact of tying rebates 

and bundling biologics with other products to protect biologics’ market share. 

And it requires us to educate providers and patients about biosimilars, and why 

people should have confidence in the safety and effectiveness of these FDA-

approved products,” he said.

Prior to the introduction of the Biosimilar Action Plan, the Biotechnology 

Innovation Organization said—in response to the Blueprint to Lower Drug Prices—

that it was working to “increase marketplace competition by speeding regulatory 

approval of more innovative drugs, and promoting greater and faster generic and 

biosimilar entry once patents and exclusivities for innovator drugs have expired,” 

but opposed ideas that “impeded innovation” such as price controls, drug importa-

tion, or direct government of negotiation of Medicare drug prices (3).

While there appears to be general agreement on the end-game, the means of 

getting there are up for debate. A public hearing scheduled for Sept. 4, 2018 could 

have some interesting conversations.

References

1.  FDA, Biosimilars Action Plan: Balancing Innovation and Competition, July 2018.

2.  FDA, Remarks from FDA Commissioner Scott Gottlieb, M.D., as prepared for delivery at the 

Brookings Institution on the release of the FDA’s Biosimilars Action Plan, July 18, 2018.

3.  Biotechnology Innovation Organization, “BIO Submits Comments Re: HHS Blueprint to 

Lower Drug Prices and Reduce Out-of-Pocket Costs,” Statement, July 13, 2018. X
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Regulatory Beat
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Jill Wechsler is BioPharm 

International’s Washington editor,  
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F
DA has struggled for several years to estab-

lish a program for collecting data from 

biopharmaceutical manufacturers that can 

measure how well a firm produces high-qual-

ity products on a consistent basis. Now after 

months of inaction on advancing a proposed 

quality metrics initiative, the agency appears 

to be starting over by asking firms to discuss 

internal quality metrics efforts as part of the 

approval process for new medical products. 

FDA also is proposing that manufacturers invite 

agency staffers to visit sites to examine more 

closely a firm’s quality measurement program.

FDA’s quality metrics initiative emerged 

several years ago as part of agency efforts to 

encourage industry investment in quality manu-

facturing systems able to reduce product defects 

that could lead to drug shortages and recalls. A 

2015 draft guidance from the Center for Drug 

Evaluation and Research (CDER) and the Center 

for Biologics Evaluation and Research (CBER) 

proposed to collect data on manufacturing oper-

ations and product attributes that could help 

measure how well a firm was able to meet qual-

ity standards. In response to multiple comments 

from industry, FDA issued a revised version of 

that guidance in 2016, which also drew a harsh 

response from stakeholders (1).

The negative comments to these proposals 

reflect wide disparities in how pharma compa-

nies individually measure and track 

manufacturing operations and prod-

uct quality. Firms raised concerns that 

FDA would make the reporting pro-

gram mandatory, instead of voluntary, 

and that it was particularly difficult to 

assess a firm’s “quality culture,” involv-

ing how management encouraged and 

supported methods to quality produc-

tion. Trade organizations asserted that 

the proposed metrics program would 

require substantial industry resources 

and significant operational changes 

that could undermine other quality improve-

ment efforts. And there was strong opposition 

to indications that FDA might publicly disclose 

metrics data—whether to reward high performers 

or to encourage others to invest more in quality 

improvement.

METRICS ON HOLD
Since then, FDA has been quiet on the metrics 

issue, even as agency leaders have highlighted 

the importance of improving drug quality and 

adopting continuous manufacturing systems. 

At the ISPE Quality Manufacturing confer-

ence in June 2018, industry representatives dis-

cussed efforts to advance metrics measurement 

methods, and experts from the University of 

St. Gallen in Swizerland provided an update 

on their model for using metrics to drive con-

tinuous improvement and greater efficiencies in 

pharmaceutical production.

Yet, FDA had little new to report. Tara 

Gooen-Bizjak, senior science policy advisor in 

CDER’s Office of Pharmaceutical Quality, had 

the unhappy task of reporting that “active dis-

cussions” about quality metrics were continu-

ing at the agency, and that metrics data were 

regarded as important for improving quality. 

She acknowledged that most manufacturers use 

quality metrics as part of process validation, 

lifecycle management, and pharmaceutical 

quality assessment. But she could not say when 

FDA might issue revised guidance or further 

proposals on the metrics initiative.

FDA’s recent announcement indicates that the 

agency is taking a fresh look at how manufac-

turers use metrics in their internal operations to 

inform its plan for collecting quality measures. 

A new Quality Metrics Feedback Program seeks 

to learn more about quality metrics activities 

across the industry. Manufacturers developing 

new drugs are encouraged to request a formal 

Type C meeting to discuss these issues, and 

generic-drug makers may do so at pre-ANDA 

The agency is asking firms to discuss internal quality metrics 
efforts as part of the approval process for new medical products.

FDA Seeks to Revive Quality Metrics Initiative

http://www.biopharminternational.com
mailto:jillwechsler7@gmail.com
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(abbreviated new drug application) 

meetings (2). Contract manufactur-

ers and companies that produce 

active pharmaceutical ingredients 

and over-the-counter drugs may 

participate in a pilot program to 

provide feedback on their quality 

measurement activities.

In addition, a new Quality 

Metrics Site Visit Program aims 

to send FDA teams to visit manu-

facturer facilities that have imple-

mented quality metrics programs, 

particularly those designed to 

address significant manufacturing 

problems (3). The goal is for CDER 

and CBER staff to observe how 

firms gather, collect, and report 

quality data to management, and 

for participating establishments to 

explain the advantages and chal-

lenges associated with devising 

quality metrics programs and to 

showcase technologies that sup-

port such initiatives.

FDA seeks several firms to apply 

by June 2019 to participate in these 

voluntary programs. In announc-

ing the new initiatives, the agency 

says it seeks to “continue learn-

ing about the advantages and 

challenges” companies have expe-

rienced with metrics programs in 

order to inform policy develop-

ment. One possibility is that met-

rics data will help devise a more 

risk-based inspection program that 

offers decreased establishment 

inspections for high-quality facili-

ties. FDA also hopes to better iden-

tify situations likely to experience 

supply disruptions. 

REFERENCES
 1. FDA, Submission of Quality Metrics 

Data, Draft Guidance (CDER, CBER, 
November 2016), www.fda.gov/down-
loads/Drugs/GuidanceCompliance
RegulatoryInformation/Guidances/
UCM455957.pdf.

 2. FDA, “Modernizing Pharmaceutical 
Quality Systems; Studying Quality 
Metrics and Quality Culture; Quality 
Metrics Feedback Program,” Federal 
Register 83 (126), June 29, 2018.

 3. FDA, “Quality Metrics Site Visit Program 
for Center for Drug Evaluation and Re-
search and Center for Biologics Evaluation 
and Research Staff; Information Available 
to Industry,” Federal Register 83 (126), 
June 29, 2018, www.gpo.gov/fdsys/pkg/
FR-2018-06-29/pdf/2018-14006.pdf. ◆

In introducing FDA’s Biosimilars Action Plan (1) on July 

18, 2018 at the Brookings Institution, FDA Commissioner 

Scott Gottlieb issued strong criticism of the biopharmaceuti-

cal industry’s slow delivery of biosimilar drugs to market.

Through July 2018, only three of the 11 biosimilar drugs 

approved by FDA have reached patients, and the lack 

of competition in the biosimilar space cost US patients 

more than $4.5 billion in 2017, Gottlieb noted in prepared 

remarks (2). The estimate was a preview of soon-to-be-

released FDA analysis of biosimilar competition across 

Organization for Economic Co-operation and Development 

(OECD) markets and projections of the impact on the US 

market if all FDA-approved biosimilars were “successfully 

marketed here in a timely fashion,” Gottlieb said.

Biologic-based drugs represent 40% of total spending on 

prescription drugs, but less than 2% of Americans use them, 

said Gottlieb. “So, enabling a path to competition for biolog-

ics from biosimilars is key to reducing costs and to facilitat-

ing more innovation.”

FDA’s Biosimilars Action Plan, part of the Trump 

Administration’s Blueprint to Lower Drug Prices, focuses on 

the following four areas:

•  Improving the efficiency of the biosimilar and inter-

changeable product development and approval process 

•  Maximizing scientific and regulatory clarity for the 

biosimilar product development community 

•  Developing effective communications to improve 

understanding of biosimilars among patients, clini-

cians, and payors 

•  Supporting market competition by reducing gaming 

of FDA requirements or other attempts to unfairly 

delay competition. 

“Effective market competition from biosimilars depends 

on additional actions from our public and private sector 

partners to align reimbursement and formulary design to 

encourage appropriate biosimilar adoption,” Gottlieb said. 

“Competition requires all of us to shine a light on the anti-

competitive impact of tying rebates and bundling biologics 

with other products to protect biologics’ market share. 

And it requires us to educate providers and patients about 

biosimilars, and why people should have confidence in the 

safety and effectiveness of these FDA-approved products.

“Without those actions, our collective vision of a pathway 

for more affordable biosimilar products will be frustrated,” 

he said.

References
 1.  FDA, Biosimilars Action Plan: Balancing Innovation and 

Competition, July 2018.

   2.  FDA, Remarks from FDA Commissioner Scott Gottlieb, M.D., as 

prepared for delivery at the Brookings Institution on the release 

of the FDA’s Biosimilars Action Plan, July 18, 2018.

—Rita Peters

FDA Reveals Biosimilar Plan; Gottlieb Blasts Delays
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Maintaining Cell Line Integrity

T
he cell lines used in bioprocessing have a significant 

impact on the quality of the biologic drug product. It 

is, therefore, important to ensure and maintain cell-line 

quality and to secure cell lines from recognized sources.

BioPharm International interviewed Audrey Chang, execu-

tive director, Development Services and R&D, MilliporeSigma; 

Christoph Freiberg, senior scientific consultant, Genedata, 

a provider of enterprise software solutions to automate and 

streamline large-scale biopharma R&D processes; Nadine 

Sandhöfer, director, QA & Regulatory Affairs, Cevec, a com-

pany specializing in a human cell-based expression system; and 

Jeri Ann Boose, senior director, Biopharmaceutical Services, 

Eurofins Lancaster Laboratories, about the importance of 

maintaining proper practices and conducting analytical evalua-

tion to ensure the integrity of cell lines for bioprocessing.

STANDARDS OF CELL-LINE QUALITY
BioPharm: Why is it important to have quality cells 

(mammalian Chinese hamster ovary [CHO], or microbial) 

in the production of a biopharmaceutical drug? Are there 

specific standards of cell quality to which a biomanufacturer 

must adhere?

Chang (MilliporeSigma): Unlike their small molecu-

lar counterparts, biologically derived products are orders 

of magnitude more complex. As large molecules are pro-

duced in living cells, the presence of infectious, tumori-

genic, or other potentially adverse contaminants in the 

producer cells are of special concern. The public health 

and safety for biologics is addressed, in part, through 

regulatory requirements for the generation and through 

characterization of banks of cells that produce biologics 

for human use.   

Freiberg (Genedata): Manufacturing cell lines act 

as living ‘factories’ for biopharmaceutical drugs. They 

produce the drug molecules that are intended to be applied 

in treatment of human diseases. Because these molecules 

are administered to humans, the quality and safety of the 

produced drug need to be guaranteed during the entire 

lifecycle of a drug product. In this context, cell lines play 

an essential role. They will be used for the provision of 

The quality of the cell lines used to manufacture biopharmaceuticals is 
crucial for the production of high-quality, stable biopharmaceuticals.

FELIZA MIRASOL

Cell Line Development
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the drug substance along the drug 

product lifecycle. If the cell line 

does not produce the drug substance 

with the appropriate quality in a 

stable and reproducible manner, the 

whole manufacturing process and, 

in consequence, the product delivery 

process are at risk. Therefore, the 

quality of the cell lines is crucial for 

production of biopharmaceuticals.

Cell lines used for manufacturing pro-

cesses need to fulfill the following criteria: 

• Cell lines need to be capable of 

producing the drug substance with 

high productivity. For example, 

CHO cel l l ines are the most 

frequently applied mammalian 

manufacturing cell lines in the 

biopharmaceutical industry. They 

usually express classical monoclonal 

therapeutic antibodies with titers of 

more than 5 g/L. 

• Cell lines need to produce the drug 

molecules with the appropriate 

quality, meaning that the structure 

of the molecule needs to be ‘as 

expected’. Production of molecules 

with unintended clippings due to 

the presence of certain proteolytic 

enzymes or with unintended 

exchanges or modifications of 

amino acids (the constituents of 

the molecule’s primary structure) 

can be detrimental for the efficacy 

and safety of the molecule. In the 

case of therapeutic antibodies, 

the glycosylation pattern of the 

molecules is of high importance 

because these molecules are usually 

decorated with a glycan side chain. 

The composition of the glycan 

constituents needs to resemble the 

pattern of human antibodies and 

should be modifiable in a tailored 

way to achieve the intended 

therapeutic effects. For example, it is 

known that CHO cell lines express 

human antibodies with a suitable 

glycan pattern. In the case of non-

glycosylated human proteins, such 

as insulin, microbial cells are also 

applied in manufacturing.

• Cell lines need to accept foreign 

DNA, which provides the coding 

instruction for the drug molecule 

together with elements directing the 

gene expressions (e.g., promoters, 

enhancers, terminator structures). 

The cell lines need to stably keep 

this genetic information within 

the cells, and they need to be 

able to stably express this genetic 

information with a reproducibly 

high productivity over a long time 

(i.e., in the case of mammalian cell 

lines over many generation times 

for months, and after freezing and 

thawing cycles). 

• Cell lines need to be robust enough 

to grow to high density in large 

bioreactors (i.e., thousands of liters) 

under shearforce stress and under 

variation in growth conditions, 

depending on their location within 

the bioreactor. Most mammalian 

upstream processes, in which cells 

grow to high cell density and 

produce the drug molecules, run 

as fed-batch processes. This means 

that the cells grow over a period 

of approximately two weeks with 

optimal feeding and then are 

harvested. Some upstream processes 

run as continuous processes, in 

which cell density is kept constant, 

while media is continuously added 

and removed. Usually a cell line that 

is well suited for fed-batch processes 

is not necessarily good in continuous 

culturing processes and vice versa. 

• The cell lines need to be free 

of any virus or other harmful 

contamination and should not 

have been in contact with serum or 

undefined media components.

Biomanufacturers need to be able 

to document the history of the cell 

line and the parental host cell line 

together with the media components 

to which the cell line was exposed. 

Biomanufacturers should provide 

instructions for media and feeds to 

generally achieve optimal cell growth 

and drug substance production. 

Without a matching media and feed 

platform, the quality of a cell line can-

not be guaranteed. The same is true for 

the expression system. The biomanu-

facturer needs to apply the appropriate 

vector system, delivering coding DNA 

together with other elements control-

ling gene expression into the cells, and 

let the cell stably express the drug mol-

ecule with high titer. Finally, a simple 

and robust upstream process design 

protocol needs to be available. 

Boose (Eurofins): Cell banks are 

critical starting materials for the pro-

duction of biological products and, as 

such, the quality of these cell banks 

directly affects the characteristics and 

safety of the products. Master cell 

banks (MCBs) should be prepared 

from seed cells that, at a minimum, 

have tested negative in compendial 

sterility and mycoplasma tests. It is 

suggested that the cell species also 

be confirmed prior to creation of the 

MCB. Additional tests may be per-

formed on the seed cells depending 

upon a risk assessment for adventi-

tious agents for that particular cell line. 

A full history of the cell line should 

be provided along with a complete 

description of the genetic modification 

and selection of the cell line to express 

the gene of interest.

Clonality of the cells to be banked 

for use in production should also be 

demonstrated.  Clonality minimizes cell 

variability within the bank, which, in 

turn, provides assurance for the man-

ufacture of a homogeneous product. 

The cGMP master and working cell-

banking process should be well docu-

mented. All raw materials used should 

be obtained from qualified vendors and 

shown to be suitable for use by the ven-

dor certificate of analysis (CoA) along 

with any additional testing performed.

Full testing to identify adventitious 

agents (bacteria, yeast, fungi, molds, 

mycoplasma, viruses) should be 

performed on the MCB as well as on 

post-production cells. Abbreviated 

microbial and viral testing may be 
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performed on the working cell bank 

(WCB). Genetic characterization/

stabil ity testing should also be 

per formed on post-product ion 

cells and compared to that of the 

MCB to ensure the inserted gene 

remains intact and at the same 

copy number so that expression is 

consistent throughout production. 

The importance of cryopreservation 

and storage of the cell bank is often 

overlooked. Experiments early in 

the banking process to optimize 

cryopreservation can be of great value 

to ensure bank longevity, and proper 

storage of the cell banks in vapor 

phase liquid nitrogen is the industry 

standard.  During storage, cells should 

be regularly monitored for consistent 

growth and viability along with any 

other characteristics deemed critical.

Sandhöfer (Cevec): There are 

different aspects to consider regard-

ing the quality of a cell line with 

safety being one of the most impor-

tant. Safety and risk considerations 

start with the knowledge of the cell´s 

origin and end with a comprehensive 

safety testing of the cell bank before 

and after production (end of produc-

tion cells [EOPCs]) of biopharma-

ceuticals using these cells. Knowledge 

about the origin (e.g., species, tissue, 

tumor-derived, potential associated 

diseases of the donor´s tissue, etc.), the 

environment under which it has been 

generated, and a full traceability of raw 

materials during its development is 

standard. This whole package enables 

the overall evaluation of risks for the 

patient based on potential contamina-

tions that could have occurred and 

respective actions to be taken.

Another aspect of a cell´s quality 

is the comprehensive characterization 

of its  growth behavior and its 

productivity, the cell clone´s unique 

characteristics. A stably growing and 

producing cell line is a strong basis for 

a robust and successful manufacturing 

process enabling consistent quality of 

the final product.

BioPharm: What analytical pro-

cesses are necessary/required to test 

cell-line quality? How about testing for 

quality during bioprocessing in order 

to maintain cell integrity? 

Sandhöfer (Cevec): The details 

in the testing program can vary 

depending on the source of the cell 

line as well as on the final product. 

However, there are standard ana-

lytical procedures to be followed as 

described in national and inter-

national guidelines and as summa-

rized in the International Council for 

Harmonization (ICH) Q5D; among 

them: test of cell´s identity (e.g., short 

tandem repeat analysis), test of purity 

(absence of adventitious cellular or 

microbial contaminants and poten-

tial cross-contaminations with other 

cell lines), and the complete package 

of in vitro, in vivo, and polymerase 

chain reaction (PCR)-based assays for 

adventitious agents. Depending on the 

source of the cell and the final product, 

tests for tumorigenicity of the cells 

and oncogenicity of the cell´s genomic 

DNA might be required.

During bioprocessing and manu-

facturing of the product, cell integrity 

should be further monitored in real-

time to evaluate the process and the 

cell´s performance. Critical parameters, 

such as stability of cell doubling time, 

productivity, and a cell’s metabolite pro-

file are subject to continous monitoring.

Freiberg (Genedata): Before 

introduction of the drug molecule-

encoding nucleotide sequence into the 

cell line, one usually refers to the cell 

line as the host cell line. Host cell lines 

are usually quality checked with respect 

to virus contamination and are assessed 

regarding their ability to grow in chem-

ically defined media and in bioreactor-

like processes. There are down-scale 

surrogate processes available for such 

assessments (e.g., 250-mL scale).

After bringing the expression con-

struct into the host and screening for 

the best producer cell line, the top 

producer cell lines being considered 

need to be checked according to sev-

eral criteria:

• Product iv it y assessment in a 

bioreactor-type process (e.g., fed-

batch process), at least in a scale-

down model such as 15-mL or 

250-mL micro bioreactor or 1-L 

benchtop bioreactor.

• Product quality assessment of 

the (critical) quality attributes of 

a drug molecule produced by the 

manufacturing cell line in the 

above-mentioned process  via 

application of mass spectrometry, 

chromatographic, and other protein 

analytical methods. 

• Stability testing confirming the 

productivity and product quality 

in a bioreactor-type process after 

several weeks or months of cell 

passaging (continuous growth of 

cells over many generations).

• Documentation of monoclonality, 

in which case, the manufacturing 

cell line needs to be derived from 

one progenitor cell, which can be 

achieved via several approaches 

of seeding or depositing cells 

in plate wells or microarray grids 

and documented via imaging 

and/or statistical analyses. This is 

a regulatory requirement. The 

monoclonality raises the probability 

that the cell line can stably produce 

the drug substance.

• Virus contamination tests and 

documentation that serum and 

virus-free media components 

have been used during cell-line 

development process.

Boose (Eurofins): Cells should be 

purchased only from qualified vendors 

that have been audited by the purchas-

ing laboratory. At minimum, the ven-

dor should provide a full history of the 

cells being provided along with a CoA 

demonstrating the cells to be free of 

bacterial and mycoplasma contamina-

tion. Clear details as to the sterility 

and mycoplasma testing methodologies 

should be provided and/or the pur-

chaser should audit these testing meth-
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ods during vendor qualification. A 

simple negative result on the CoA 

should not be considered sufficient. 

This is also true of any additional test-

ing performed by the supplier, includ-

ing but not limited to, viral testing and 

identity testing.  

With regard to the MCB and post-

production cells, testing should include 

identity testing, sterility and myco-

plasma testing, and viral testing using 

a variety of suitable tests designed to 

be both broad ranging and specific for 

particular viruses. Genetic stability 

testing should also be performed using 

methods such as good manufacturing 

practices (GMP) sequencing, Northern 

and Southern blotting, and copy num-

ber by quantitative polymerase chain 

reaction (qPCR). The combination 

of these methods will ensure product 

transcript integrity (sequencing and 

Northern blotting) and size (Northern 

blotting), genomic structure at the 

integration site (restriction enzyme 

digestion map by Southern blot analy-

sis), and the ratio of the gene of inter-

est copy number relative to the host 

cell genome (copy number by qPCR).  

More limited testing for adventi-

tious agents and identity is performed 

on the WCB as it is just a few passages 

removed from the MCB.

Chang (MilliporeSigma): One key 

aspect of host cell-line quality is the 

traceability of the cell line. Each reagent 

and process used to develop the cell line 

must be recorded and must not intro-

duce regulatory concerns. For instance, 

animal components used throughout 

the development of the cell line must 

not introduce the risk of bovine spon-

giform encephalopathy/transmissible 

spongiform encephalopathies exposure.

Once the cell bank is created, estab-

lished methodologies for testing for 

purity include cell-based microbio-

logical methods (sterility, mycoplasma, 

virus). Evolving testing tools, such as 

the use of a DNA-sequencing method 

targeted to the conserved mitochon-

drial cytochrome oxygenase-1 cod-

ing region, have become a preferred 

method for identification. 

The genome revolution and molecu-

lar technology advances are primed to 

replace old platforms. Next-generation 

sequencing is a technology that enables 

sequencing of millions to billions of 

DNA molecules rapidly and can simul-

taneously be used to assess confirmation 

of the integration site of engineered 

sequences in the cell genome.

BEST PRACTICES FOR 
MAINTAINING QUALITY
BioPharm: What best practices pro-

cedures are available/implemented for 

maintaining cell-line quality? 

Boose (Eurofins): Demonstration 

of the clonality of the cells used for 

banking is a key factor in the main-

tenance of cell-line consistency and 

quality. The goal of starting the bank-

ing process with a single cell is to 

ultimately select a stable cell line that 

provides a high level of recombinant 

therapeutic protein expression with the 

desired outcome of consistent product 

quality. There are numerous methods 

available to achieve clonality; whatever 

method is used, it is ideal to accom-

pany it with imaging. It should be 

noted that although cloning minimizes 

cell heterogeneity within the cell bank 

itself, it does not prevent heterogeneity 

during bio-production, and therefore, it 

is important to assess lot-to-lot prod-

uct quality through the use of tests that 

will measure pre-defined critical qual-

ity attributes for individual products.

Another area of importance with 

regard to long-term cell-bank qual-

ity is that of cryopreservation, cell-

bank storage, and cell-bank transport. 

Research and development efforts with 

regard to identifying and selecting an 

optimal freeze medium for individual 

banks, as well as efforts to develop an 

optimal controlled freezing process, 

are well worth the time and will go a 

long way toward supporting long-term 

cell stability during frozen storage. All 

efforts should be made to ensure that 

individual cell bank vials are not sub-

jected to temperature fluctuations that 

could impact stability and viable recov-

ery during transport.

Chang (MilliporeSigma): The cre-

ation of a cell bank constitutes a criti-

cal factor in ensuring the purity and 

efficacy of the biological product.  The 

standard method is to use a two-tiered 

system consisting of a master cell bank, 

from which a working cell bank is 

derived to serve as a continuous supply 

of cells for manufacturing purposes. The 

cell banking system provides a means 

for the inclusion of detailed charac-

terization data that is fundamental in 

assessing the biosafety of the product.

Freiberg (Genedata): Cell-line 

quality can best be maintained by 

applying strict rules:

• Sterility and virus contamination 

tests should be per formed at 

regular time intervals.

• It is important to ensure continuous 

growth of cells over many generation 

times and cell banking of the cell 

line at different ages to save cell-line 

material. Repeated testing of cell 

lines of different ages in bioreactor-

type scale-down processes with 

subsequent  measurement  o f 

productivity and product quality 

should be carried out. In addition, 

in the pre-manufacturing stage, the 

media, equipment, and processes 

applied on the cell line should be 

thoroughly documented. Good 

laborator y  (GLP) and good 

manufacturing practice (GMP) 

should be applied from the master 

cell bank stage (i.e., the cell line used 

in a manufacturing unit).

Sandhöfer (Cevec):  A very 

important aspect is the ability to 

maintain cell-line integrity and cell 

stability.  There is the requirement 

of robust productivity over a cell´s in 

vitro age (MCB towards EOPC) and 

production capacity during storage of 

the cell banks. Both aspects have to be 

addressed using appropriate analytical 

methods that provide information 
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on critical properties of the respective 

cell clone, including assays for genetic 

stability, robust cell recovery, stability of 

cell doubling time, stable productivity per 

cell, a cell´s metabolite and glycoprotein 

profile (if applicable), and expression 

of surface markers. Usually, EOPCs 

routinely undergo this set of analyses.

Furthermore, different approaches 

might be needed for different cell 

sources as eukaryotic cells have 

unique critical properties that might 

be more or less susceptible to insta-

bilities and changes. 

B i o P h a r m :  W h a t  a r e  t h e 

criteria used for selecting a provider 

from which to source a cell line for 

biopharmaceutical production? 

Freiberg (Genedata): The fol-

lowing criteria are important:

• Speed:  du rat ion of  ce l l-l ine 

development, or, in other words, 

time to have a high-producer cell 

line available (usually around six 

months).

• Productivity and versatility: can 

high titers of therapeutic antibodies 

be achieved (e.g., >5 g/L) and 

can other types of molecules also 

successfully be produced (e.g., new 

scaffolds, Fc-fusion proteins, blood 

factors)?

• Product quality: does the produced 

drug substance fulfill the quality 

criteria (molecule integrity, correct 

glycosylation pattern, etc.)?

• Stability: are the cell lines known to 

be stable in production?

• Scalability: is it demonstrated that 

cell lines behave in a similar manner 

in large-scale bioreactors (i.e., 

>1000 L) compared to scale-down 

bioreactor models?

• Monoclonality: can the provider 

document the monoclonality of the 

cell lines? 

• Robust and simple upstream 

process: is there a simple and robust 

upstream process available to let 

the cells grow and produce the 

drug substance with high titer and 

appropriate quality?

• History documentation: can the 

provider document the history of 

the manufacturing cell line and the 

cell-line development process?

S a n d h ö f e r  ( C e v e c ) :

Biomanufacturers should choose 

a production cell line that enables 

a robust and safe manufacturing of 

their desired product. For example, 

for manufacturing a highly glycosyl-

ated recombinant protein, you might 

need another cell bank source than for 

manufacturing an antibody. Gaining 

detailed knowledge about the cell-line 

development and the cell-line char-

acteristics is a ‘must’ for selecting the 

production cell line. The more knowl-

edge you gain about potential risks 

and failures, the better you can address 

and mitigate them. This includes risks 

regarding safety and production-asso-

ciated aspects such as growth behavior 

and productivity.

CELL BANK SOURCING  
BioPharm: Why is having a recog-

nized cell bank source important for 

securing a cell line? How does this 

provide quality control in upstream 

bioprocessing?

Chang  (M i l l i po reS igma ) :

Biologics produced in living cells 

require full characterization of materi-

als used for production, and regula-

tory agencies mandate that cell lines 

be characterized and tested prior to 

Phase I. Cell-line characterization, in 

conjunction with clearance studies and 

lot release testing, has served the public 

well as to date. There has not been a 

reported adverse event resulting from 

an adventitious agent contamination of 

a biopharmaceutical product. However, 

one should not be complacent. The 

demand for better and safer biologi-

cal products will always be critical to 

industry and regulators.

Boose (Eurofins): As previously 

stated, cells should only be purchased 

from qualified vendors, who, at mini-

mum, should provide a full history of 

the cells being provided along with 

a CoA demonstrating the cells to be 

contamination-free. Ideally, vendors 

should also provide clear details of 

the sterility and mycoplasma test-

ing methodologies used, and the 

purchaser should audit these testing 

methods. The purchaser should also 

validate any additional testing per-

formed by the supplier, including but 

not limited to, viral testing and iden-

tity testing.

S a n d h ö f e r  ( C e v e c ) :  T h e 

requirement for the selected cell-

bank source is enabling the safe and 

robust production of the desired 

product and its critical characteristics. 

The more knowledge you gain about 

potential risks and failures, the better 

you can address them and the better 

you can mitigate these risks. This 

includes risks regarding safety and 

production-associated aspects such as 

growth behavior and productivity. A 

reliable, well-characterized and stable 

cell source is the basis for successful 

manufacturing and consistent product 

quality. Batch-to-batch variation due 

to a varying cell bank source must be 

avoided. Manufacturing of a MCB 

and WCB is absolutely essential to 

generate a recognized cell bank source 

and to secure access to this cell source. 

Furthermore, appropriate analytical 

testing for unique and critical cell-line 

properties can support the upstream 

processing and the choice of specific 

quality control parameters.

Freiberg (Genedata): A cell bank 

source, which enables proper recovery 

of the manufacturing cells, is essential 

to secure the drug manufacturing 

process during the entire lifecycle 

of a drug. All WCBs being used in 

manufacturing processes are derived 

from the MCB. Mistakes in cell 

banking will impact the manufacturing 

process. There is the risk that well-

characterized cell material, which is 

needed for inoculation of the upstream 

processes, goes missing. Therefore, 

after cell banking the quality of the 

cells is checked again. ◆
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CYNTHIA A. CHALLENER

Biopharma seeks alternatives that meet the production 
demands of the next generation of biologic drugs.

The Search for 
Next-Gen Expression Systems

Upstream Processing

M
ammalian cell lines, particularly Chinese hamster 

ovary (CHO) cell lines, have become the standard 

expression systems for the production of biologic 

drug substances from recombinant proteins to more complex 

monoclonal antibodies (mAbs). CHO cells have played a 

significant role in the manufacture of revolutionary drugs 

for the treatment of many diseases, and their use is still the 

focus of major investment among biopharma companies 

worldwide, according to Barry Holtz, president of iBio. 

Although the standard, they do possess limitations that need 

to be addressed as the biopharmaceutical industry evolves 

to meet government, payer, and patient expectations for 

cost-effective, safe, and efficacious medicines. In addition, 

conventional mammalian cell lines may be inappropriate 

for the production of next-generation medicines such as bi/

multi-specific antibodies and gene and cell therapies. 

MAMMALIAN DRAWBACKS
High cost and long development timelines are two major 

drawbacks of conventional expression systems, according 

to Mike Laird, senior director and principal scientist for 

process development at Genentech. These systems also have 

the potential for low expression levels for some novel pro-

tein structures.

The biggest issue, asserts Holtz, is the time involved 

in the development of mammalian expression systems. 

“Traditional mammalian cell-based systems require the 

development of stable cell lines that perform well, which 

requires the completion of multiple evaluations in small 

reactors over several months. While the product is well-

characterized at that point, scale up to larger reactors is 

often needed, and the environmental changes in bigger 

vessels, whether single use or stainless steel, can impact the 

post-translational modification of the protein, which can 

cause problems and delays in the business timeline. At each 

step, the protein must be extensively characterized to assure 

efficacy and potency. All of this effort adds significant 

expense as well.”

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 

BioPharm International.
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Upstream Processing

Therapeut ic  prote in  produc-

tion using CHO is expensive, agrees 

Mark Emalfarb, founder, CEO, 

president, and director of Dyadic 

International. “Mammalian expres-

sion systems require costly upfront 

investments in manufacturing facili-

ties and high material and production 

costs. In addition, CHO expression 

entails a relatively low mAb yield (low-

single-digit g/L/d) and a long cycle 

time. Furthermore, CHO cell lines 

typically require two viral purifica-

tion steps, which are not necessary for 

some alternative systems, such as the 

Myceliophthora thermophila (C1) fungal 

system we are developing. C1 has no 

viruses and thus the need for those 

purification steps is eliminated,” he 

observes.

Another important issue relates to 

the fact that the current generation of 

mammalian expression systems has not 

seen the complex, non-natural protein 

formats currently found in discovery 

and thus their synthesis, folding, and 

secretion machinery has not evolved 

to handle such proteins, according 

to Andy Racher, associate director of 

future technologies at Lonza Pharma 

& Biotech. “These systems have lim-

ited ability to produce these new pro-

teins with clinically relevant attributes 

and in clinically relevant amounts,” he 

notes. In addition, many new proteins 

contain three or four rather than one 

or two different polypeptides, and 

current expression vector formats are 

challenged by these new protein het-

eromers.

“It is time to realize the limitations 

of CHO and look beyond it to explore 

newer and potentially more efficient 

drug development and production 

methods,” asserts Emalfarb.

ENGINEERING SOLUTIONS
As the need to make biologic drugs 

more accessible and affordable to 

patients increases, the industry is 

ramping up its investigation of other 

manufacturing methods. The draw-

backs of mammalian expression sys-

tems are also driving the exploration 

of new and alternative technologies to 

move many next-generation biologic 

drug candidates through later develop-

ment stages.

A number of “new” technologies will 

become more routine as the demands 

for new “designed” proteins strain the 

capabilities of conventional CHO 

cell systems, according to Holtz. One 

important approach is the engineering 

of new mammalian cell lines using new 

genetic editing technologies and the 

innovative design of gene constructs to 

optimize yields. He also notes that tech-

niques to evaluate libraries of cell lines 

will help optimize expression and yield. 

Lonza, for instance, has developed a 

suite of multigene vectors where three, 

four, and possibly more different genes 

can be easily inserted into a single 

expression vector. “By putting all the 

genes into a single vector, all genes are 

ensured of being inserted into a tran-

scriptionally active locus in the genome 

and being transcribed at high levels,” 

Racher says. 

There are also efforts to develop 

entirely different expression systems 

based on plants, baculovirus, bacteria 

(such as Pseudomonas in the Phoenix 

system), and yeast, many of which 

have already been demonstrated to 

get proteins to the clinic and licensure, 

according to Holtz. 

“In the not-too-distant future, it is 

likely that drug companies will evalu-

ate two or more expression systems 

simultaneously as a routine best prac-

tices approach in early stage develop-

ment,” he comments.

PLANT-BASED OPTION
iBio’s plant-based system offers rapid 

evaluation of protein expression at 

a very low cost, according to Holtz. 

Because vectors are used to transfect 

the plant leaf cells, multiple con-

structs can be evaluated in parallel. 

Once infected, the plants produce the 

required proteins in less than seven 

days. At that point they are harvested, 

homogenized, and a clarified protein 

extract is ready for traditional protein 

separation and purification. In addition, 

scale-up is seamless and reproducible; 

each 10-g plant is an individual biore-

actor, so it is only a matter of growing 

more plants and there are no issues 

around changes in protein structure 

or post-translational modification, 

according to Holtz. He also notes that 

plant bioreactors are grown with no 

human or animal-derived materials 

and are not handled at any time by 

humans, which eliminates the chance 

that mammalian adventitious viruses 

will be present.

“Production of plant-made biolog-

ics been scaled-up by several compa-

nies in new facilities that can produce 

hundreds of kilos of mAbs and other 

the rapeut i c  p ro te ins  pe r  yea r. 

Successful antibodies (cancer vaccines 

and others) and other therapeutic 

proteins such as enzyme replacement 

therapies have been successfully taken 

to advanced clinical trials and some to 

licensure. In all cases, there have been 

no reports of adverse events associated 

with production of therapies in plants,” 

Holtz states. 

iBio grows 2.2 million plants con-

tinuously at its Texas facility and has 

worked with a variety of clients to 

produce mAbs, fusion proteins, anti-

body-drug conjugates, and vaccines, 

including virus-like particles (VLPs). 

“ We have invested in increased 

product and process facilities and a 

cGMP-compliant pilot plant that—

coupled with our large-scale manu-

facturing facility—assures clients that 

they can develop their protein through 

clinical trials and then be supported for 

the commercial launch of their prod-

ucts,” says Holtz. iBio will also transfer 

the technology to clients if they want 

to build and operate their own facilities. 

FUNGAL DEVELOPMENTS
Emalfarb believes that the C1 fungal 

expression system may one day be a 
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safe and efficient approach to speed-

ing up the development, lowering the 

production costs, and improving the 

performance of vaccines and biologic 

drugs at flexible commercial scales.

Dyadic’s Cl gene expression plat-

form is based on technology originally 

developed for industrial biotech appli-

cations, such as biofuel and enzyme 

production, and sold to DuPont 

for $75 million in December 2015. 

The genetically modified strain of 

Myceliophthora thermophila is designed 

to produce enzymes and other pro-

teins at a rapid rate. The company 

retained the rights to apply C1 to 

human and animal biopharma appli-

cations and has been investigating its 

use for the production of mAbs with 

humanized glycostructures; non-gly-

cosylated mAbs, antibody fragments, 

FC fusion proteins, next-generation 

biologics, and other therapeutic pro-

teins for which glycosylation struc-

tures are undesirable; and antigens, 

vaccines, and VLPs.

“We are applying the power of an 

industrially proven gene-expression 

system that has been used by the likes 

of Abengoa, BASF, Dyadic, DuPont, 

and Shell Oil, among others, to pro-

duce industrial enzymes and pro-

teins at greater than 100 g/L of total 

protein at up to 80% purity (80 g/L) 

at commercial scales greater by 25 

times (500,000-L scale) or more than 

some of the largest CHO bioreactors 

(12,000-L scale) in one-half to one-

third the time,” Emalfarb explains, 

noting that there is still room for 

yield improvement with C1. He adds 

that Dyadic has to date achieved a 

productivity for mAbs of 9 g/L in 

90 hours or a 2.4 g/L/d production 

rate, which can be compared to 4 

g/L in 336 hours or a 0.30 g/L/d for 

typical CHO processes, an eight-fold 

improvement.

Emalfarb notes that the media cost 

for C1 is a fraction of that for CHO, 

there is no need for viral inactivation, 

and C1-expressed proteins are secreted 

from the cells in a purer form than 

those produced by CHO cells so are 

likely to be quicker and easier to purify. 

Dyadic is currently working with 

pharmaceutical companies that are 

researching its C1 platform to speed 

up the development and lower the 

cost of biologics, enable the develop-

ment and commercialization of genes 

that are difficult to express at reason-

able yields in CHO and other cell 

lines, and apply C1 for the produc-

tion of larger quantities of proteins 

earlier in discovery and development. 

The company and its partners are also 

investigating the possibility of get-

ting difficult-to-express genes that 

have potential as new and novel 

cures—but have been shelved due to 

lack of expression into the clinic—in 

a commercializable and affordable way, 

according to Emalfarb.

NEW YEAST PLATFORM
In late 2017, Lonza introduced a new 

yeast-based expression system for the 

production of next-generation bio-

logics. Its XS Pichia 2.0 Expression 

and Manufacturing Platform, based 

on Pichia pastoris, was designed to 

combine the best features of bacterial 

and mammalian systems in one sys-

tem: fast and easy strain development 

and robust and rapid fermentation 

combined with a highly pure secreted 

product for a simple downstream pro-

cessing, according to Christoph Kiziak, 

research and technology lead for 

microbial technology at Lonza Pharma 

& Biotech.

“The driving force was to rethink the 

whole production strategy for produc-

ing proteins to circumvent the main 

bottlenecks of bacterial systems (e.g., 

intracellular production, endotoxin), 

CHO systems (e.g., time-consuming, 

viral clearance), and yeast systems (e.g., 

use of methanol, hyperglycosylation), 

while maintaining the use of Pichia

due to the general advantages and reg-

ulatory acceptance of this yeast cell,” 

Kiziak says.

The “auto-inducible” setup of the 

new system makes it convenient for 

high-throughput clone screening, 

which results in highly pure material 

for preliminary quality analysis of the 

product at an early time point. 

In addition, fermentation develop-

ment follows a product-specific model-

based approach, which allows yeast 

fermentations to be performed in two 

to three days with a high volumetric 

productivity, according to Kiziak. It 

can also be expanded by an in-silico 

model for process productivities over 

a wide production window. “This pre-

dictive model allows us to take into 

account production plant and process-

specific limitations at any stage of 

development and provides high flex-

ibility and quality for later production,” 

he explains.

The methanol-free process also 

avoids the negative impact on cell 

viability and product quality of the 

commonly used AOX1 system, accord-

ing to Kiziak. There is no need for 

explosion-proof facilities and the lower 

oxygen transfer rates compared to 

the AOX1 system provide additional 

flexibility regarding production plant 

requirements. There is also no need for 

endotoxin or viral clearance testing. 

Furthermore, the product is secreted 

into the culture supernatant, where the 

minimal medium together with the 

low host-cell protein background pro-

vides an ideal starting point for an effi-

cient downstream process. 

To date, Lonza has focused on pro-

ducing multispecific novel antibody 

mimetics from various sources using 

the XS Pichia 2.0 and has achieved 

productivities of more than 2 g/L 

per day. The company is working to 

make the system even more customer 

friendly and easy to apply and to refine 

the model-based approach in order to 

improve the accuracy of the prediction 

of fermentation processes. Additional 

promoters with different strengths and 

induction profiles are also being devel-

oped to allow the tuned expression of 

http://www.biopharminternational.com
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Upstream Processing

helper factors, auxiliary proteins, het-

eromeric products, enzyme cascades, 

etc., which will expand the applicabil-

ity of the XS Pichia 2.0 in the future, 

according to Kiziak.

MAMMALIAN IS BEST 
APPROACH FOR NOW
Regardless of the technology, there 

is a general acceptance that existing 

mammalian expression technology can 

no longer meet the needs of the bio-

pharmaceutical industry. “One way to 

make healthcare more accessible and 

affordable to patients could be chang-

ing the cell lines we use for manufac-

turing,” Emalfarb observes. “Our goal 

is to bring affordable medicines to 

more patients, in addition to improv-

ing processes to develop new treat-

ments,” he adds.

The industry isn’t there just yet, 

however, according to Laird. “At 

this time, we are not aware of novel 

expression technologies appropriate 

for commercialization of next-gen 

biologics with significantly reduced 

costs, timelines, or complexity that can 

also ensure consistent post-transla-

tional modifications such as glycosyl-

ation. Although some new complex 

molecules could be harder to express 

using current or conventional mam-

malian expression systems, we think 

these systems are and will be the best 

approaches to express proteins for 

therapeutic purposes for the foresee-

able future, especially given the vast 

knowledge from current advances in 

genome sequencing and CRISPR 

[clustered regularly interspaced short 

palindromic repeats] gene-editing 

technology that can be used to modify 

these conventional mammalian expres-

sion systems,” he explains. 

“With that said, we are very open to 

evaluating novel expression systems and 

will feverishly pursue new technologies 

as they become available,” Laird asserts. 

“We all have the same goal of delivering 

medicines to patients as quickly and 

efficiently as possible,” he concludes.

Genentech is currently focused on 

the development of targeted integra-

tion mammalian cell lines to enable 

faster, more consistent medicine devel-

opment with higher productivities. To 

date, engineered host-cell lines to opti-

mize performance, increase produc-

tivity, ensure product quality, increase 

the ability to produce complex for-

mats, and decrease timelines have been 

achieved, according to Laird. X
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Expectations for Residual Impurity 
Analysis Continue to Rise

P
rocess- and product-related impurities must be evalu-

ated according to various regulatory guidelines dur-

ing production and to enable final product release. 

Impurities can arise from the biological samples themselves 

or from the process of developing biologics, including han-

dling of materials. 

Sample-related impurities include residual host cell-

derived proteins (HCPs) and nucleic acids, complexes or 

aggregates of the biologic (high-molecular-weight [HMW] 

proteins), and clipped species and half molecules (low-

molecular-weight [LMW] proteins). Impurities from cell-

culture media can include inducers, antibiotics, and media 

components.

Impurities that come from downstream processing can 

include microscopic particulates, metals, and any materi-

als that have carried over from the purification process, 

including resin particles, surfactants, emulsifiers, and 

viral-inactivation agents. Biological contaminants derived 

from handling include mycoplasma, bacteria, and virus 

particles.

Some of these impurities have known structures, while 

others may be only partially characterized or completely 

unknown. Post-translational modifications such as glyco-

sylation and phosphorylation, degradation via oxidation or 

deamidation, and disulfide bridge scrambling (misfolding) 

can occur during upstream or downstream processing or 

storage under inappropriate conditions, resulting in large 

numbers of possible impurities. Disposable equipment and 

plastic tubing, stoppers, and containers may be sources of 

leachables. For antibody-drug conjugates, free drug cytotox-

ins can be problematic.

More complex biologic samples must be evaluated to 
ever higher levels of specificity and sensitivity. 

CYNTHIA A. CHALLENER

Downstream Processing

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 

BioPharm International.
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The decision on whether to monitor 

these impurities, and to what levels, is 

generally risk-based, using knowledge 

from both analytical and biological 

assays, and any preclinical experience 

to assess the impacts of each impu-

rity on the safety, efficacy, or stabil-

ity of the biotherapeutic, according 

to Scott Berger, senior manager for 

biopharmaceutical markets at Waters 

Corporation.

CREATE MANY 
ANALYTICAL CHALLENGES
Monitoring biologic production pro-

cesses and analyzing products for 

release testing can be challenging 

for many reasons. For Jean-Francois 

Boe, scientific director of SGS Life 

Sciences, the greatest challenge is the 

vast number of potential impurities 

that can be formed when all of the 

possible chemical modifications that 

can occur are considered. “Tens of mil-

lions of combinations of impurities can 

be formed, many of which have sig-

nificantly different physical and chemi-

cal properties. One unique analytical 

technique cannot be used. A number of 

appropriate analytical methods must be 

used to create as full a picture as pos-

sible of the impurities that are present,” 

he explains. 

“Purification of biologics is often 

a multi-step process, and there is no 

one-size-fits-all analytical methodol-

ogy,” adds Tiffani Manolis, director of 

global pharma segment marketing with 

Agilent Technologies.  “As a result, 

analysis of residual impurities is often a 

time-consuming activity.”

Another major challenge when 

developing methods to evaluate bio-

process residuals is matrix interfer-

ence, according to Jon S. Kauffman, 

president of Eurofins Advantar 

Laboratories, a member of Eurofins 

BioPharma Product Testing. 

“Developing a robust method for 

certain impurities is always a chal-

lenge. For most of the methods that 

support in-process or release testing 

of drug substances, both matrix effects 

and the presence of a high concentra-

tion of product are the main factors 

which can impact the performance 

of methods,” agrees Jun Lu, director 

of analytical development at Catalent 

Biologics.

Matrix interference can be caused 

by components in the formulation buf-

fer that interfere with the detection of 

the residual by suppressing the ion-

ization in the mass spectrometer or 

from the residual binding to the pro-

tein, according to Kauffman. “Further,” 

he says, “we are typically required to 

monitor these residuals in various steps 

throughout the bioprocess. The sample 

matrices from each step can be quite 

different and each pose a challenge 

with respect to interferences and sam-

ple preparation.”

Complicating the situation is the 

fact that many product-related impu-

rities need to be monitored down to 

low-percentage, or fractional-percent-

age levels, straining traditional opti-

cal, ultraviolet (UV )-based peptide 

mapping assays, according to Berger. 

“Increasingly, this necessitates the use 

of liquid chromatography-mass spec-

trometry (LC-MS) analysis to obtain 

the additional the selectivity and 

dynamic range for detection and moni-

toring of critical impurities. In addi-

tion, some impurities such as clips and 

unfolded variants may require multiple 

techniques for efficient detection and 

quantification, because peptide level 

analysis is often uninformative for 

these structures,” he observes.

Some impurities, such as surfac-

tants, often exhibit a broad rather than 

a sharp peak and can interfere with 

each other, making specificity diffi-

cult to obtain. “For example,” notes 

Kauffman, “it is virtually impossible to 

detect poloxamer 188 in a drug sub-

stance/product that is formulated with 

polysorbate. In these instances, we are 

forced to go backward in the manufac-

turing process to the step prior to addi-

tion of polysorbate.” 

Other challenges include the need 

to derivatize LMW compounds before 

analysis, as well as the ability of some 

residuals to adhere to the surfaces used 

during sample preparation, and the 

instability of others. Understanding 

these possible issues when develop-

ing methods is extremely important, 

according to Kauffman. 

NUMEROUS MONITORING, 
SEPARATION, AND 
DETECTION TECHNOLOGIES
As biopharmaceutical production pro-

cesses evolve, and with the complexity 

of new process matrices, the detection 

and tracking of residual impurities is 

becoming increasingly difficult and 

may require various orthogonal tech-

niques, says Vincy Abraham, director 

of biologics, Catalent Biologics. 

Liquid chromatography and electro-

phoresis remain the two main separa-

tion techniques, and immunochemical 

assays remain unavoidable in specific 

cases for the evaluation of low levels of 

residual impurities, according to Boe. 

He notes that while little has changed 

with these separation technologies, 

there are many more advanced detec-

tion methods available today. UV or 

visible light and infrared (IR), fluores-

cence, mass spec, light scattering, and 

more have improved capabilities.

Other separation methods include 

gel-permeation, size-exclusion chro-

matography, ion exchange chromatog-

raphy, and gas chromatography. For 

Kauffman, LC-MS/MS performed 

using a triple-quad mass spectrometer 

connected to an ultra-high-pressure 

LC (UHPLC) system is the technique 

of choice given its sensitivity, speci-

ficity, and ability to provide quanti-

tative results. “This instrumentation 

is required in most cases to be able 

to quantitate at the ng/mL or even 

pg/mL range at which residuals 

must be evaluated,” he says. HPLC 

and UHPLC are, however, still used 

with UV, charged aerosol, or evapo-

rative light scattering detectors for 

Downstream Processing
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 compounds of interest in the μg/mL 

range or higher that do not ionize. 

Detection by mass spectrome-

try is particularly useful for evaluat-

ing residual impurities formed due to 

chemical modification of the biologic 

drug substance, according to Manolis. 

Depending on the specific species of 

interest, MS can be coupled with LC, 

gas chromatography, matrix-assisted 

laser desorption ionization (MALDI), 

and electrospray ionization (ESI).

The most common method for 

screening biopharmaceutical prod-

ucts and testing for HCPs is enzyme-

linked immunosorbent assay (ELISA), 

a sensitive assay with a low detection 

limit, high level of reproducibility, and 

compatibility with high-throughput 

screening, according to Laura Moriarty, 

marketing manager for Bio-Rad’s 

Drug Discovery and Development 

Group. She notes, though, that because 

the ELISA technique does not permit 

identification of antigens when using 

mixtures of antibodies, but only pro-

vides titers, the accuracy and utility 

of ELISA relies on a thorough prior 

assessment of the antibodies used. 

“Accurate evaluation and validation of 

antibodies reactive against HCP is cru-

cial for detecting and monitoring HCP 

both during the product development 

cycle and during manufacture of bio-

logics,” she says.

The predominant method for 

assessing anti-host HCP antibodies 

involves 1-D or 2-D electrophoresis 

followed by western blotting, accord-

ing to Moriarty. For polypeptides with 

similar molecular masses in complex 

mixtures of proteins, 2-D electro-

phoresis gives much better resolution 

because it separates proteins in the first 

dimension by isoelectric point (pI), fol-

lowed by molecular mass in the second 

dimension. Once a good purification 

system has been established, the final 

product can be routinely screened with 

an ELISA to make sure that impuri-

ties are continually removed from the 

samples.

For nucleic acid screening, quan-

titative polymerase chain reaction 

(qPCR) and droplet digital PCR are 

used to detect and signal the pres-

ence of nucleic acids in a sample. 

Mycoplasma can also be detected using 

PCR, as well as colometric enzyme 

assays. Bacteria can be detected using 

endotoxin testing via the limulus ame-

bocyte lysate  assay, the United States 

Pharmacopeia (USP) chromogenic 

method, and the gel-clot method. The 

types of viral strains to be tested are 

specific to the method used to manu-

facture a therapeutic or biological. 

Biologic aggregates are typically 

detected using sedimentation veloc-

ity analytical ultracentrifugation 

(SV-AUC), size-exclusion chroma-

tography coupled to multi-angle light 

scattering (SEC-MALS), or dynamic 

light scattering (DLS) for the analy-

sis of quaternary structures. DLS, as 

well as resonant mass measurement 

(RMM), can also be used to detect 

microscopic particulates, according to 

Moriarty. 

MULTIFUNCTIONAL 
METHODS ARE IMPORTANT
Because there are so many different 

types of manufacturing processes and 

residual impurities from low to high 

molecular weight with varying chemi-

cal and physical properties, identify-

ing multifunctional methods that can 

separate and detect more than one type 

of impurity is essential for developing 

optimized methods. “Mass spectrom-

etry is becoming attractive in part for 

this reason; a mass spectrometer can be 

used for the detection of numerous dif-

ferent impurities well chromatographi-

cally separated or co-eluted in a single 

chromatographic run,” Boe states. 

Mass spectrometry has become the 

primary analytical technology applied 

to multiplexed analyte detection within 

complex samples, agrees Berger. “The 

additional selectivity of the mass 

dimension enables detection and 

higher dynamic range quantification 

of analytes, even in the presence of co-

eluting species. This methodology is 

now starting to be applied within bio-

pharmaceutical development against 

a list of targeted product or process 

impurities,” he observes.

Recently there has been a lot 

of work done using LC–MS for 

multi-attribute monitoring method 

(MAM), which is designed, accord-

ing to Manolis, to provide simultane-

ous detection, specificity, identification, 

quantitation, and monitoring of attri-

butes that are relevant to safety, effi-

cacy, and the overall quality of drug. 

“MAM provides residue-specific 

identification, quantitation, and bet-

ter understanding of any post-transla-

tion modification when compared to 

traditional methods of analysis, thus 

improving overall operational effi-

ciency, resource consumption, and time 

required,” she comments.

As long as the transitions monitored 

are distinct for each compound with 

little to no cross talk, Kauffman agrees 

that newer LC–MS/MS systems 

and software suites allow the detec-

tion of multiple impurities at once. 

“The challenge in these situations is 

the sample prep. Often times when 

you optimize a method for multiple 

Identifying 

multifunctional 

methods that 

can separate 

and detect more 

than one type of 

impurity is essential 

for developing 

optimized methods.
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analytes, it works really well for some 

analytes but not for others. Finding the 

right sample prep that extracts all the 

analytes of interest can be quite chal-

lenging. Methods for sample cleanup 

often work for one sample matrix but 

not another. As a result, the rule of one 

analyte per method is still the preferred 

approach so that the method can be 

optimized for the analysis of that par-

ticular analyte,” he says. 

RECENT ADVANCES 
ARE HAVING AN IMPACT
“With ever-increasing regulatory 

and compendial stringency to iden-

tify, quantify, and monitor impurities, 

a greater emphasis is being placed 

on their characterization and analy-

sis at trace levels,” asserts Abraham. 

“Fortunately,” she continues, “there 

have been parallel advancement in 

technologies that allow rapid char-

acterization of impurities at levels of 

approximately 0.1%.”

To alleviate some of the limitations 

with ELISA, for instance, Abraham 

notes that several technologies for 

quantitation exemplified by Gyrolab, 

AlphaLISA, and Octet have emerged 

in the past decade as viable alternatives 

for HCP. Each represents a different 

strategy for HCP quantitation. 

Bio-Rad recently introduced droplet 

digital PCR (ddPCR) as a sensitive 

(picogram range sensitivity in milli-

grams of recombinant vaccines) and 

quantitative method for quantification 

of residual host-cell DNA, accord-

ing to Madhuri Ganta, senior global 

product manager in Bio-Rad’s Digital 

Biology Group. With ddPCR, a sam-

ple is partitioned into 20,000 nano-

liter-sized droplets, which makes the 

PCR reaction less susceptible to inhib-

itory substances. Unlike with qPCR, 

extraction of total DNA from the 

protein drug sample is not required; 

intermediates can be processed directly, 

and absolute quantification is possible 

without the need to establish a stan-

dard curve, according to Ganta.

While optical-based LC assays are 

still highly desirable due to the lower 

system cost and broader organizational 

accessibility of this technology, Berger 

observes that the increasing complex-

ity of modern biopharmaceuticals has 

pushed laboratories to adopt more 

resolving and sensitive UPLC- and 

UHPLC-based separations platforms 

for these newer products. He adds that 

the additional adoption of mass detec-

tion to increase selectivity and dynamic 

range of these assays has been growing 

within regulated development and is 

now starting to appear in quality con-

trol for targeted monitoring of product 

and process attributes and impurities.

The use of mass spectrometry 

for the characterization and quan-

tification of HCPs is an active area, 

according to Yunsong (Frank) Li, 

director of biologics process devel-

opment at Catalent Biologics. “MS 

can detect the HCPs not covered by 

anti-HCP reagents and provide addi-

tional information such as molecular 

weight, theoretical isoelectric point 

(pI), and immunogenicity potential,” 

he explains. ProteinSEQ technology 

(Thermo Fisher Scientific) has also 

recently been demonstrated to quan-

tify HCPs in a much wider dynamic 

range than ELISA, according to Li. 

The combination of ion exchange 

(IEX)-HPLC and high-throughput 

western blot is also under develop-

ment for quantification of low immu-

noreactive HCPs.

For detection of aggregates, Li 

adds that nanoparticle tracking analy-

sis (NTA) can track nano-sized par-

ticles via particle-scattered light from 

a focused laser beam. “The system can 

track many individual particles and 

therefore count the number of par-

ticles. From the rate of the particles’ 

Brownian movement, the size can also 

be calculated,” he says. Flow cytometry, 

traditionally used for cell counting, has 

also been developed to count the pro-

tein aggregation particle size as low as 

0.2 μm.

In other areas, traditional sodium 

sodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS–PAGE) is being 

replaced by capillary electrophoresis 

(CE-SDS) because it provides superior 

detection, reproducibility, and robust-

ness, according to Manolis.

Another development, accord-

ing to Abraham, involves a shift from 

the conventional protocol of isolation 

and spectral analysis to online analysis 

using sophisticated modern hyphen-

ated tools, such as GC-MS, LC-MS, 

CE-MS, supercritical fluid chroma-

tography-MS (SFC-MS), LC-nuclear 

magnetic resonance (LC-NMR), 

CE-NMR, and LC-Fourier-transform 

infrared spectrometry (LC-FTIR).

Separately, Berger points out 

that the use of automation for sam-

ple preparation is greatly increasing 

within development and quality con-

trol organizations. “In development, 

this automation often supports higher-

throughput clone selection and qual-

ity-by-design (QbD) studies, but 

increasingly the reason for adopting 

automated sample preparation is the 

improved consistency of sample gen-

eration versus manual workflows. The 

need for a mid-tier scale of automation 

has become apparent,” he says.

Improving the 

efficiency and 

reducing the cost 

of residual impurity 

analysis requires 

workflows that are 

open to automation 

and high-throughput 

protocols.
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SOME LIMITATIONS REMAIN
Indeed, improving the efficiency and reducing the costs 

associated with residual impurity analysis, which is essential 

to improving the overall efficiency drug development and 

manufacturing, requires that workflows be amenable to auto-

mation and high-throughput protocols, agrees Moriarty.

Eurofins is typically required to resolve three primary 

problems that are interconnected: quantitation limits, inter-

fering compounds, and extraction of analytes of interest. 

“Interfering compounds and poor extraction of the com-

pounds of interest directly affect the quantitation limits of 

the methods. Mass spectrometry for the most part eliminates 

co-eluting peaks because we can focus in on a mass transi-

tion for the compound of interest, but there are still times 

when compounds share the same transitions or have cross 

talk with transitions from other compounds. Extraction 

techniques have evolved over time especially with the addi-

tion of molecular weight cut-off filters and solid-phase 

extraction cartridges, but the more you manipulate the 

samples, the more chance you have to introduce error and 

contamination,” explains Kauffman.

One challenge is the high variability in the process and 

sample matrix, which can contribute to out-of-specification/

out-of-events, which are often time-consuming and costly, 

according to Manolis. Standardization of specifications 

for critical reagents and simplified and reproducible pro-

cesses for sample digestion are also needed. For multi-impu-

rity detection methods such as MAM, Manolis notes that 

improvements in systems for data processing, handling, and 

interpretation are needed.

Boe points to the current gap in the ability to accurately 

characterize and mostly quantify particles (aggregates) that 

are between several hundred nanometers up to 1 micrometer 

in size. For HCPs, he notes that the need to switch from 

commercial kits for HCP analysis to custom-developed 

methods once a candidate reaches Phase III trials is time 

consuming. 

Currently, the greatest limitation for process-related 

impurity is analytical technology for HCP analysis, with 

the major challenge in coverage from existing anti-HCP 

polyclonal antisera standards, according to Li. The current 

approach is to develop product- and process-specific assays, 

which often require long lead times of at least 18 months, 

or combine multiple existing anti-HCP polyclonal antisera 

standards. 

A general key challenge has been increasing the usability 

of more informative and complex modern analytical tech-

nologies to enable non-specialists to continue to perform 

these analyses, according to Berger. “While those charged 

with product characterization are always welcoming greater 

performance envelopes of their instruments, those charged 

with product monitoring and release now tend to be focused 

on minimizing user interactions with their systems and max-

imizing quality and reproducibility of the results,” he says.

A FEW MORE THOUGHTS
In addition to establishing methods that meet requirements 

for sensitivity and specificity, there are other factors that are 

important to consider. “It is essential to first determine the 

appropriate acceptance criteria and then ensure that methods 

can be readily transferred from R&D to commercial produc-

tion. They should be robust, accurate, and precise, as well as 

easy to implement on equipment that will be available at the 

manufacturing plant,” Boe asserts. 

A validation process that makes sense is also important, 

as is the need to consider the biological activity of product-

related impurities. “Some impurities that are closely related 

to the product may have the same biologic activity as the 

drug substance, and therefore may not impact the safety and 

efficacy of the product. It may be reasonable to classify these 

compounds as related substances, rather than residual impu-

rities,” Boe explains. X
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A New Paradigm in 
Drug Development

C
ell and gene therapies are emerging as new therapeutic 

modalities. Unlike conventional biological therapies 

produced in cells, the cells themselves are developed 

as medicines. Full realization of their potential requires a new 

paradigm where technology development and manufacturing 

are conducted in parallel from the earliest stages of research to 

the clinic. New organizational and management approaches are 

required as well.  

FROM CHEMISTRY TO 
BIOLOGY-BASED MEDICINES
Prior to the advent of biotechnology, drug discovery was focused 

primarily on chemistry first to mimic plant or microorganism-

derived molecules and progressively to synthesize a specific 

inhibitor or receptor ligand. Research and product manufacturing 

were absolutely dissociated, and each led its own life. 

The pharmaceutical development process for small mol-

ecules dictates that of 5000–10,000 chemical compounds initially 

undergoing laboratory screening, approximately 2.5–5% will enter 

preclinical testing and 0.1% will enter clinical testing (1).

This overall process from discovery to marketing authoriza-

tion of a chemical drug can take 10–15 years. In protein and 

monoclonal antibody development, the manufacturing process, 

which may involve bacteria, insect cells, or mammalian cells, is 

closely linked to the final product. Gene and cell-based therapies 

have definitively turned a page with multi-step processes based on 

mammalian producer cells and a resulting gene-expressing vector 

or cell product. Only one sequence of interest is considered as a 

candidate, and all the development is focused on gene and cell 

delivery and manufacturing to reach the optimal clinical product. 

ROBUST METHODS REQUIRED 
Rapid growth in clinical study of gene and cell therapy is increas-

ing the worldwide need for viral manufacturing technology. Much 

of this capacity in vector and cell manufacturing is likely to reside 

in contract manufacturing organizations (CMOs).

The changing regulatory and manufacturing environment is 
ushering in a new approach to drug development.

PASCALE BOUILLÉ

Manufacturing

PASCALE BOUILLÉ, PHD, CEO of Flash Therapeutics, has 15 years 

of experience in R&D projects for drug discovery and virology and 

has worked in government and biotech research labs.
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Developing cell-engineered prod-

ucts is challenging because of many 

aspects, including manufacturing, deliv-

ery, regulatory, and testing. The need for 

robust and well-characterized produc-

tion methods has become increasingly 

important to ensure that the cell therapy 

will be successful not only in the initial 

clinical phases but also through to com-

mercialization. In particular, viral vector 

manufacturing is a key step in the global 

cell manufacturing process. Historical 

challenges for gene-therapy manufactur-

ing have included poor vector quality and 

a lack of scalable production systems for 

clinical and commercial manufacturing. 

To address these needs, laboratories 

and companies have developed stable or 

transient technologies to manufacture 

and purify vectors for use in human gene 

therapy clinical trials and future marketed 

products. The objective is to deploy a 

manufacturing process template in which 

the downstream concentration and puri-

fication steps do not need to be custom-

ized based on the features of the genetic 

sequences in the product candidate. Once 

the crude supernatant exhibits a minimal 

titer and a threshold limit for protein and 

DNA content, the downstream purifica-

tion process can be applied. 

The aim is to develop a robust gene-

therapy development pipeline based on 

proof-of-concept data. The scalable and 

customizable design of a gene and cell 

manufacturing platform must have the 

capacity and flexibility to support clinical 

development and future commercializa-

tion of viral-based gene therapies across a 

broad range of programs.

COLLABORATION NEEDED
A contradictory debate has emerged 

between scientists who want to translate 

their discoveries rapidly into first-in-man 

studies and manufacturers who aim to 

industrialize the global process to increase 

robustness and reproducibility. In reality, 

both views on the situation are required. 

The chimeric antigen receptor (CAR)-T 

cell story is expected to be a first step in 

the cell-based therapy field. New gen-

erations of CAR-T cells, engineered den-

dritic cells, are in development and should 

enter into clinical stages in the near future. 

All these first-in-man studies must be 

facilitated and accelerated by manufactur-

ing facilities able to support these game-

changing therapeutic approaches with 

standardized processes and expertise.

At the same time, a global process is 

needed to gain efficiency to drive down 

costs. Autologous but also allogeneic 

CAR-T cells’ manufacturing price is 

greatly impacted by the proliferation 

and viability of patient T cells during 

the manufacturing process. A sufficient 

number of engineered cells is required to 

reach a therapeutic benefit. The experi-

ence to date shows that the cell-based 

therapy field must encourage research 

institutes, hospitals, and manufacturers 

to work closely and build a continuum 

from research to market. For example, 

process development aims to result in 

large-scale production without los-

ing the vector and cell’s basic proper-

ties, some of which have yet to be really 

defined. The industry has begun to 

understand the proliferation specifica-

tions of an engineered CAR-T cell but 

what about cell biomarkers of expres-

sion, phenotype, or cell culture dura-

tion on the expected clinical result? A 

step-by-step process needs to be imple-

mented to encourage or force stakehold-

ers to define these specifications.

INITIAL FIRST-IN-MAN 
STUDY TRIGGERS ROLLOUT 
During the early years of cell- and gene-

therapy development, the choice of delivery 

tool was more related to laboratory know-

how than to the real need of the clinical 

protocol. Vector design and manufactur-

ing were restricted to experts, and once 

preclinical studies have had been initiated, 

it was difficult to turn back. The cost in 

development time of not considering the 

downstream needs up front was significant.

One example is the case of a rare 

and devastating genetic disease called 

Junctional Epidermolysis Bullosa ( JEB). 

The clinical protocol was known since 

the 2000s based on retroviral-engineered 

skin patches from biopsies. Questions 

about the vector (retroviral vs. lentivi-

ral), the manufacturing mode (packaging 

cell line vs. transient transfection), or the 

vector pseudotype (Ampho vs. VSV-G) 

sharply slowed down the first-in-man 

studies. Other concerns such as cGMP 

facilities and funding were also time-con-

suming. The results of the first one-clin-

ical study were reported at the European 

Society of Cell and Gene Therapy in 

2017 by the stem-cell biologist and phy-

sician Michele De Luca of the University 

of Modena (2). It took more than 15 

years to answer all the questions and to 

reach the first-in-man results. 

Since then, companies and specialized 

institutes have initiated multiple clinical 

trials based on this first treatment show-

ing that an initial first-in-man study is 

fundamental to trigger such an enterprise. 

But during these years, skin-cell manufac-

turing has significantly changed with the 

development of embryonic stem cells, and 

future clinical trials will have to consider 

these improvements. 

DELIVERY TOOLS SHORTEN 
DEVELOPMENT STEPS 
Delivery technology remains crucial for 

gene therapies as well as for cell thera-

pies considering immune tolerance strat-

egies using human pluripotent stem 

cell-derived allografts. The delivery tech-

nology is designed depending on the 

target cell characteristics and the clinical 

protocol as described in Table I.

For example, integrative lentiviral vec-

tors (iLVs), which deliver DNA inte-

grated into the host cell genome, are a 

leading ex-vivo delivery method for treat-

ing genetic diseases and CAR-T cancer 

immunotherapy. Furthermore, lentiviral 

vectors are really efficient for transducing 

primary and stem cells. In parallel, adeno-

associated virus (AAV)-based vectors are 

used for direct in-vivo injection especially 

into muscle, liver, or eyes. Both iLV and 

AAV technologies lead to stable and long-

term gene expression and are good can-

didates to replace a defective gene with a 
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functional copy, which is the very principle 

of gene therapy. 

The emergence of new technologies, 

such as gene-editing that require the co-

expression of several factors, brings RNA 

delivery technologies into center stage. 

Combining transient expression with 

safe and efficient RNA delivery remains 

a challenge, particularly with new thera-

peutic approaches based on gene-editing. 

Non-integrating viral technologies or 

non-viral approaches (electroporation or 

lipid nanoparticles) are emerging at the 

research level and are moving toward 

clinical research to demonstrate their 

potential in terms of gene transfer and 

cell preservation. 

CELLS AS MEDICINES
The next wave of these novel therapeu-

tics for patients changes the regulatory 

and manufacturing environment. Cell 

manufacturing includes cell extraction 

from patients, cultivation, engineering, 

amplification, cryopreservation, and re-

engraftment into patients. The engi-

neered living cell-based medicines must 

exhibit expected cell modification while 

maintaining all initial cell properties, 

including phenotype, viability, prolifera-

tion, and stability. 

Engineered cell therapies imply manu-

facturing that requires the use of highly 

concentrated but also highly purified vec-

tor preparations to ensure cell preserva-

tion. For example, lentiviral vectors are 

large and complex macromolecular assem-

blies of proteins, lipids, and RNA and are 

secreted by producer cells in a cellular cul-

ture media containing proteins and DNA 

contaminants. All these characteristics 

greatly increase the difficulty in determin-

ing which sample components are associ-

ated with the vector and which are indeed 

contaminants in the supernatant. Protein 

impurities are the most abundant contam-

inants in vector supernatants. They mostly 

arise from serum and producer cells, and 

the proportion of stress proteins might 

increase while performing a serum free 

cell-culture process. 

INTEGRATING VECTOR/CELL-
MANUFACTURING PROCESSES
Production methods are designed to pre-

serve the vector integrity and the pro-

duction batch quality. Each parameter of 

the production process such as the pres-

ence/absence of serum, sodium butyrate 

induction, or vector harvest times may 

have an impact on the initial crude len-

tiviral vector supernatant composition. 

Concentration and purification methods 

based on ultracentrifugation, tangential 

flow ultrafiltration, or chromatography 

must remove cellular debris, membrane 

fragments, residual DNA, and proteins 

that are unsuitable for transducing deli-

cate and specialized cells. It is crucial to 

define a lentiviral vector composition 

which, by virtue of the high titer and 

purity, minimizes the deleterious target-

cell phenotypic changes that occur fol-

lowing transduction of target cells. 

Regulatory agencies should ask for more 

stringent data about cell-based medicine 

characterization and specifications that 

can have a strong impact on the clinical 

results. Furthermore, new cell sources will 

be considered to provide the final engi-

neered medicines. Embryonic stem cells 

have entered the clinic and have provided 

promising results as potential treatments 

for macular degeneration, spinal cord injury, 

and type 1 diabetes. Final product manu-

facturing will need to integrate comple-

mentary quality controls and in-process 

checks to obtain the best therapeutic added 

value in a reproducible and standard-

ized manner. A continuum from research 

to clinical phases is required to result in 

improved design of robust processes and 

technologies. Process characterization must 

be initiated at the small-scale research level 

to define parameter ranges in which the 

product characteristics will be maintained 

within desired ranges and to design a pro-

cess that is robust and reproducible.

SIMULTANEOUS TECHNOLOGY 
AND PROCESS DEVELOPMENT
The cell and gene therapy field can no lon-

ger rely on a unique cell- or gene-specific 

technology. A therapeutic approach based 

either on gene addition or gene editing 

needs to consider specific delivery technol-

RNA transfection DNA transfection iLV AAV LentiFlash

ex vivo +/- + +++ +/- +++

in vivo +/- + ++ +/- ++

Dividing cells +++ +++ +++ +++ +++

Non-dividing cells - - +++ +++ +++

Toxicity ++ +++ - - -

Gene size +++ +++ ++ - +++

Expression Short term & 
transient

Long term & stable 
(with selection)

Long term & stable Long term Short term & 
transient

Insertional mutagenesis - + ++ - -

GMO generation No Yes Yes Yes No

Source: Flash Therapeutics analysis
iLV is integrative lentiviral vector.
AAV is adeno-associated virus.

Table I: Viral vectors properties compared to RNA and DNA transfection.

Contin. on page 36
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T
he packaging or container closure system that is 

meant to protect a pharmaceutical product can be 

a source of contamination. Comprehensive extract-

ables and leachables (E&L) studies are, therefore, required 

to identify and quantify harmful impurities that could 

affect the quality and safety of drug products. BioPharm 

International spoke with Lester Taylor, Pharma market-

ing manager, Agilent Technologies; Andrew Blakinger, 

manager, Extractables and Leachables Testing, Eurofins 

Lancaster Laboratories; and Fran DeGrazio, vice-presi-

dent, Global Scientific Affairs and Technical Services, West 

Pharmaceutical Services, about the ins and outs of extract-

ables and leachables assessments in biologic drug products. 

BioPharm: What are the E&L challenges for biologics 

compared to small-molecule drugs?

Taylor (Agilent): Compared to small-molecule drugs, 

biologics face additional challenges. For example, the effi-

cacy of a biologic drug may potentially be reduced through 

undesirable interactions of leachables with drug molecules 

through post-translational modification (PTM) biochem-

ical reactions (e.g., oxidation, aggregation, clipped vari-

ants, unfolding, adducts formation, and glycosylation). 

Alternatively, a leachable arising from single-use systems 

(SUS) or components used for bioprocessing may adversely 

affect the manufacturing process through cellular toxic-

ity and Chinese hamster ovary (CHO) cell death thereby 

reducing the productivity of the bioprocess. There are several 

examples where leachables have been associated with these 

undesirable effects on biologic manufacturing and drug effi-

cacy, leading to major manufacturing losses and, even worse, 

dangerous side-effects and loss of drug efficacy. 

Blakinger (Eurofins): The evaluation of biologics for 

leachables presents many unique challenges. The protein 

itself can interfere with testing, so removal prior to analysis 

may be warranted. But if care is not taken, this process can 

unintentionally remove potential leachables, resulting in false 

negatives, or it may lead to contamination of the sample that 

may result in the generation of false positives. 

Other ingredients in large-molecule formulations, such 

as polysorbate 80 and other surfactants/stabilizers, can also 

cause issues. These compounds often interfere with chro-

matographic analyses in the form of multiple large peaks 

ADELINE SIEW, PHD

Materials in contact with the drug must be fully characterized to ensure 
they do not negatively affect the safety and efficacy of the product.

E&L Risk Assessment for
 Biologic Drug Products

Extractables and Leachables
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Extractables and Leachables

that display numerous ions by mass 

spectrometry throughout the reten-

tion time window. These large surfac-

tant peaks can easily mask leachables. 

Furthermore, proteins, surfactants/

stabilizers, and other ingredients in 

large-molecule formulations are dif-

ficult to clean from mass spectrometers 

and, therefore, may carry over from one 

analytical run to the next if not dealt 

with properly.  

DeGrazio (West): The likelihood 

of leachables in any drug product will 

depend on the packaging materials, 

type of formulation ingredients, and 

conditions of use. The occurrence 

and impact of leachables in biologic 

products can present greater chal-

lenges compared to that of small 

synthetic molecules due to several 

factors. Biologics are living molecules 

that can be difficult to solubilize and 

stabilize, and quality attributes are 

not easily characterized compared 

to small molecules. The formulation 

ingredients for biologics often con-

tain co-solvents or surfactants and 

will have more propensity to extract 

chemicals from packaging materials 

compared to typical small-molecule 

formulations. 

Biologic products are complex and 

very sensitive to their environments. 

Extractables or potential leachables 

that may migrate into a drug prod-

uct have the potential to interact, and 

therefore, affect the product quality, 

safety, or stability. In general, biologic 

products are formulated to solubilize, 

stabilize, and optimize pharmacoki-

netic properties consistent with the 

route of administration. Anything 

that migrates from the packaging 

that could interfere with this opti-

mized environment is of concern. This 

includes interactions with active or 

excipients in a drug product formula-

tion that lead to said quality, safety, or 

stability issues.

Additionally, large molecules have 

greater surface areas with sites that 

have a propensity for interactivity 

based on polarity and charge. This can 

lead to conformational modifications 

and other interactions that may impact 

product quality.

PRIMARY PACKAGING 
AND CONTAINER CLOSURE 
SYSTEMS
BioPharm: What are the key con-

siderations when selecting primary 

packaging materials for biologic drug 

products?

DeGrazio (West): With every 

drug product and especially biolog-

ics, the most inert primary package 

possible must be chosen to minimize 

the potential for interactions to occur. 

Potential leachables are not the only 

interaction of which to be wary. 

Because of their reactive nature, bio-

logic drug products can adhere to 

surfaces or absorb into materials. An 

understanding of possible interfacial 

interactions must be a consideration. 

In addition, there are other packaging 

considerations that must be addressed, 

such as container closure integrity, 

particle generation, and other perfor-

mance concerns.

Blakinger (Eurofins): For any 

drug product, it is crucial to ensure the 

packaging does not adulterate the drug 

product. Any compounds that leach 

from the packaging could affect the 

product in a variety of ways, including 

impacting patient safety if compounds 

are toxic or interfering with other ana-

lytical assays during release testing. 

There are a number of other poten-

tial E&L risks that are unique to large 

molecules. Leachables may cause con-

formational changes in the protein or 

may cause the protein to aggregate. 

Large-molecule drug products may 

also chelate inorganic leachables. These 

types of interactions can increase the 

toxicity of the drug product, reduce the 

product’s efficacy, or affect the prod-

uct’s stability. It is, therefore, impor-

tant to fully evaluate the E&L risks to 

avoid costly delays in getting a product 

to market. 

BioPharm: What components in 

a container closure system can pose 

E&L risks to a biologic drug product?

Taylor (Agilent): Typically, the 

container and closure components 

that come into direct contact with the 

drug product usually have the high-

est impact in terms of leachables 

observed. However, there have been 

many examples of leachables arising 

from package labels such as the inks 

or adhesives, as well as from secondary 

packaging components. These risks 

should, therefore, be assessed during 

bioprocess development.

Blakinger (Eurofins): Nearly 

any component in a container clo-

sure system may pose E&L risk to a 

biologic. Because many biologics are 

packaged in prefilled syringes, some 

of the most common components of 

concern are rubber stoppers. Rubber 

stoppers are notorious for containing 

nitrosamines and polynuclear aro-

matic hydrocarbons (PAHs), both of 

which are carcinogenic. Glass pre-

filled syringes are another common 

example of a component type posing 

a special risk to biologics. During 

manufacturing, tungsten pins are 

used to hold open the fluid path in 

the syringe barrel. Because manu-

facturing occurs at extremely high 

temperatures, the formation of tung-

sten oxides is possible. The residual 

tungsten oxide on the glass syringe 

can then leach into the final bio-

logic drug product and cause protein 

aggregation or degradation. 

DeGrazio (West):  The most 

common primary packaging system 

for a biologic drug product is a vial 

system. This system is composed 

typically of a glass vial with an elas-

tomeric rubber stopper and an alumi-

num seal with a plastic flip-off button. 

The other common primary package 

is a prefilled syringe system, which is 

typically a glass syringe with an elas-

tomeric plunger and a tip cap or nee-

dle shield. Each of these components 

has the potential to leach substances 
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into a drug product with contact over 

time. Of course, the extractables of 

most significant concern from glass 

materials are metal ions. It is well 

known that some biologics drugs 

are sensitive to various metal ions. 

Although these reactions are drug-

product specific, these reactions are a 

consideration when evaluating pack-

aging components.

Other types of extractables are 

expected from elastomeric components. 

Elastomeric components are com-

posed of much more than just the base 

polymer. Elastomer formulations typi-

cally have six to 12 added ingredients 

that are mixed with the base polymer 

under heat and pressure. This process 

causes chemical crosslinking to occur, 

which result in the formation of reac-

tion products. These reaction products, 

along with residual compounds of the 

original raw materials, may interact 

with the active drug product or envi-

ronment. Many of these compounds 

are organic; some may be inorganic, 

and, therefore, provide an additional 

source of metal ions.

In the case of a prefilled syringe 

system, there is the potential for even 

more extractables. A glass syringe may 

be formed with the use of a tungsten 

pin. This can result in tungsten residu-

als that are known to interact with pro-

teins. Another issue is that syringes 

typically use silicone oil as a lubricant 

for easier plunger movement. Silicone 

oil can migrate into the drug product, 

and silicone oil droplets can act as a 

nucleus for particle formation/growth 

and protein aggregation.

Newer packaging components are 

now being introduced to the indus-

try; for example, engineered polymers 

are replacing glass. These polymers, 

such as cyclic polyolefins, are much 

lower in extractables and have lower 

surface tension characteristics that 

make them suitable for biologic drug 

products.

BioPharm: Why is it important to 

fully characterize contact materials and 

understand the material of construc-

tion for the container closure system 

and their associated E&L?

Blakinger (Eurofins): Fully char-

acterizing contact materials is crucial 

to ensure the materials chosen do not 

negatively affect the safety or efficacy 

of the drug as a result of leachables. 

Ideally, multiple options for container 

closure systems should be evaluated 

during the initial extractables screen-

ing. Then the packaging with the low-

est risk can be selected. Establishing an 

extractable compound profile helps to 

ensure that the observed compounds 

are not overlooked during subsequent 

leachables evaluations. The constitu-

ents of large-molecule drug products 

often interfere with the analytical tests 

used to evaluate E&Ls. By establishing 

a material’s extractable profile, leach-

able analysis by mass spectrometry, 

using extracted ion analysis, can specif-

ically target those compounds to evalu-

ate their presence in the drug product. 

This technique effectively eliminates 

any matrix interferences and ensures 

leachables are not overlooked.

RISK ASSESSMENTS
BioPharm: What assessments should 

be performed to evaluate the potential 

risks of E&Ls from primary packaging?

DeGrazio (West): It is impor-

tant to take a risk-based approach to 

choosing and evaluating the packaging 

components. It should start with sup-

plier information on the components 

or system, addressing questions such as:

• W hat a re the basic mater ia l 

characteristics of the components?

• Are there special needs associated 

with the biologic drug product 

application, such as the environmental 

conditions of storage?

Once this information is gathered, 

basic evaluation by standard compen-

dial methods is needed for compliance 

and allows one to begin to ‘qualify’ a 

component for use. But this is only the 

first step in proving suitability. Once 

compendia requirements are passed, 

material characterization is essential 

to better understand what may be 

extracted from the material (at levels 

critical to the drug product).

The following highlights the best 

practice recommendation for address-

ing E&L for a primary package:

• Material characterization: Each 

indiv idua l component shou ld 

be assessed to assure it has broad 

applicability for the application.

• Controlled extractables study: 
This study is a comprehensive 

program to understand what could 

be extracted from the components 

under a broader series of solvents, 

if the material characterization 

information is found not to be 

sufficient. It is crucial to perform 

a risk assessment to decide if this 

step is needed, and to determine the 

appropriate next step in the process 

based on the application. The 

solvents used should be aqueous-

based, with considerations for 

organic solvents (if needed), pH, 

extraction conditions (such as time), 

extraction methods, material-to-

solvent extraction ratios, etc.

• Simulation study: Depending on 

the drug product application, it 

may be appropriate to complete a 

simulation study, instead of going 

directly into a leachables study. 

This study is highly probable 

when it is especially challenging 

to reach the analytical evaluation 

th reshold (A ET).  Th is  may 

occur in a circumstance such as 

when evaluating a large-volume 

parenteral (LVP) application where 

there is a signif icant volume of 

drug solution. If many extractables 

are found from the control led 

extractables study, the simulation 

study is a way to help identify the 

probable leachables to target in a 

formal leachables study.

• Data assessment: To determine the 

targets for a leachables study, it is 

important to evaluate the risk in 

the specific drug application.
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• L e a c h a b l e s  s t u d y :  M e t h o d 

development and validation for 

specif ic leachables in the drug 

product should occur. Leachables 

testing should be conducted over 

drug product shelf life, at both 

room temperature, and accelerated 

conditions. The leachables should 

be identif ied based on the safety 

concern threshold (SCT). The 

SCT is the threshold dose below 

which a leachable would present 

negl igible safet y concerns for 

carcinogenic and noncarcinogenic 

effects. The recommended SCT for 

parenteral drug products, per the 

Product Quality Research Institute 

(PQRI) Extractables & Leachables 

Working Group for parenteral and 

ophthalmic drug product (PODP), 

is 1.5 ug/day (as described in an 

April 2018 workshop). 

• S p e c i a l  c o n s i d e r a t i o n s  f o r 
biologics include: biologic activity, 

eff icacy, degradation, oxidation, 

chemical modif ication, immune 

adjuvant activity. 

Taylor (Agilent): Typically, the 

first step is to perform an extract-

ables profiling study on the packaging 

component of interest to identify the 

potential list of leachables in the drug 

formulation. The profiling study results 

may be used to perform a risk assess-

ment with two goals: 

• To identify potential ‘bad actors’ 

f rom the l ist of ex t ractables 

through predicting toxicity or 

performing toxicology experiments 

• To select components that have 

more  de s i r ab le  e x t r ac t ab le s 

profiles for the f inal process and 

eliminate components found to 

likely contribute to an undesirable 

leachable.

BioPharm: How do you identify 

and quantify potential E&L from con-

tainer closure systems?

Blakinger (Eurofins): The first 

step is to expose the components of 

the container closure system to sev-

eral model extraction solvents at 

exaggerated conditions of time and/

or temperature. The resulting solu-

tions are then screened by headspace 

and direct injection gas chromatog-

raphy–mass spectrometry (GC/MS) 

for volatile and semi-volatile organic 

compounds, liquid chromatogra-

phy–mass spectrometry time of flight 

(LC/MS–TOF) for non-volati le 

organic compounds, and inductively 

coupled plasma-mass spectrometry 

(ICP/MS) for elemental impurities. 

Additional testing methods may be 

used if appropriate, such as those spe-

cific for halide ions, nitrosamines, or 

PAHs. At Eurofins, we use the Wiley/

National Institute of Standards and 

Technology (NIST) databases to iden-

tify compounds detected by GC/MS. 

For those compounds detected by LC/

MS, we have a propriety database, 

the Eurofins Extractables Index, con-

taining more than 1500 non-volatile 

organic compounds. If a compound 

cannot be identified via the database, 

additional testing may be necessary. 

Not only does this additional test-

ing require advanced instrumenta-

tion (e.g., quadrupole time of flight 

[Q-ToF]), but it also requires the 

expertise of experienced and highly 

educated analysts.

Taylor (Agilent): Establishing 

a holistic extractables profile for an 

article of interest is a complex and 

intensive process involving the use of 

a variety of analytical technologies. 

Gravimetric studies and total organic 

and inorganic carbon analysis are often 

performed to gain an understand-

ing of the total extractable content. 

Fingerprinting of extracts using spec-

troscopic methods such as ultravio-

let–visible spectroscopy (UV–VIS) and 

Fourier transform infrared spectros-

copy (FTIR) resulting in generic infor-

mation about constituent chemical 

classes is also common. 

These methodologies are typically 

followed by more specific qualita-

tive studies to identify volatile, semi-

volatile, and non-volatile extractables 

using GC/MS and LC/MS tech-

niques respectively (including high 

resolution accurate mass [HRAM] 

determination). Compounds are usu-

ally identified above the AET that 

has been determined for the mate-

rial or article of interest. The AET 

for an article of interest depends on 

the target dose and number of doses 

expected to be stored in the con-

tainer closure system or component. 

Analytically, the AET is used to esti-

mate a detector response threshold 

using a set of reference standards 

carefully selected to represent the 

chemicals expected to be extracted. 

Once a list of extractable peaks above 

AET is identified, relative quan-

titation is also performed to better 

inform risk assessment.

In parallel, it is also important to 

identify any elemental impurities 

that result from the extractions. This 

[assessment] is usually performed 

through either inductively coupled 

plasma optical emission spectrometry 

(ICP–OES) and inductively coupled 

plasma mass spectrometry (ICP–MS) 

methods depending on required speci-

ficity and sensitivity.

BioPharm: Which analytical tech-

niques are robust enough to identify 

potential E&Ls?

DeGrazio (West): There is no 

one method that will identify all 

potential E&Ls. Multiple analytical 

techniques are needed for compre-

hensive assessment of extractables and 

leachables. For inorganic species, ICP/

MS or OES are typically employed. 

GC/MS and LC/MS are the most 

common techniques for detection and 

identification of organic compounds. 

There are various LC/MS configura-

tions for robust non-volatile organic 

analysis. Various additional features/

techniques can improve sensitivity. 

One such example is ion mobility and 

Q-ToF to enable more precise analy-

ses and identification of unknowns by 

combining ion mobility and mass-to-

charge ratio. X
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ogy. Cell engineering and manufacturing 

must be adapted to the cell source, and 

engineered cell immune tolerance develop-

ment should require additional steps and 

technologies. This means that cell-based 

therapy must simultaneously industrialize 

its processes to reach clinical standards and 

remain open to implement a global manu-

facturing process with new components 

and technologies. This approach implies a 

strong relationship between discovery and 

development teams. 

Technology and manufacturing pro-

cess development need to be conducted 

simultaneously from the earliest stages of 

research to the clinic and require new orga-

nizational and management approaches, 

as well. For example, each protocol imple-

mentation will need a new process quali-

fication with a risk analysis on the change 

and its effect on the final product. 

How can one forecast the effects of 

the delivery tool or construct changes on 

the final cell product? More work will 

be needed to bring cell-based therapies 

to the bedside. The changing regula-

tory and manufacturing environment 

that will facilitate this new and powerful 

approach to drug development is one 

major challenge.

TECHNOLOGY AND 
PROCESS INTEGRATION
Combining technologies and processes 

requires know-how and clear rights access. 

Such situations encompass multiple tech-

nologies and know-how. Industrialization 

is a challenge as patents filed on these tech-

nologies increase exponentially, and it is 

more and more complex to ensure free-

dom to operate. Product commercializa-

tion frequently requires dynamic multiple 

agreements with third parties, such as uni-

versities and biotechnology companies, and 

constitutes a significant barrier to entry.

In view of the breakthrough potential 

of these technologies on one hand and the 

complex licensing landscape on the other 

hand, all stakeholders, including research 

organizations, companies, and economic 

players, have a long way to go to enable 

clear market access. 

Gene and cell biology discoveries have 

generated a wave of hope within the 

health community. The drug development 

community must invent new strategies 

and modalities to make delivery of such 

therapies possible. 

REFERENCES
1. R.P. Evans, AAPS J. 18(1) 281–285 (2016).

2. T. Hirsch et al., Nature 551, 

327–332 (2017). X
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of microorganisms delivering 
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Distek, a benchtop scale single-use 
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layered liner, the BIOne significantly reduces turnaround time by allowing 

users to seamlessly transition to a disposable platform while utilizing their 

existing capital equipment.

Distek Inc, tel. 732.422.7585, bione@distekinc.com, www.distekinc.com

OUTSOURCING AND 
INSOURCING SOLUTIONS FOR 
LABORATORY TESTING
Eurofins Lancaster Laboratories 
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a growing concern for regulatory 

authorities, mostly due to advances 

including unique packaging mate-

rials, new and novel formulations, 

new drug delivery systems, new 

combination products being intro-

duced, the emergence of biologics 

and biosimilars, and the increasing 

use of single-use disposables sys-

tems for manufacturing. 

Why we need to submit this 

information is clear, but when to 

submit the E&L data depends on 

the product type, the container 

and closure system being used, as 

well as the materials and equip-

ment used in manufacturing. If 

you are developing a generic with 

the same active and packaging 

components as the brand drug, 

the E&L report can be submitted 

and be available later in the pro-

cess. If this is a new novel product 

associated with clinical trials or 

an old active being reformulated 

into a new dosage form (e.g., from 

a tablet to an injection) then you 

should probably have the E&L 

report much earlier in the process. 

If you are updating the manufac-

turing process of an old product to 

use single-use disposable systems, 

you should include the E&L infor-

mation as early in the filing update 

as possible. If you are developing a 

new, novel product using unique 

packaging components and new 

manufacturing advancements, this 

information should be evaluated 

early in the development of the 

product and be available to regula-

tors as soon as is feasible.

Bottom line, there is no clear 

rule or guidance on when you 

need to submit E&L data. It 

depends on the type of product, 

the packaging materials being 

used, and the process and mate-

rials used to manufacture the 

product. Performing a risk evalu-

ation on your product by asking 

the above questions can help your 

company determine when to have 

the extractable/leachable infor-

mation available so the approval 

process is not delayed, and your 

product can be avai lable for 

patients as soon as possible. 

REFERENCES
 1. 21 Code of Federal Regulations (CFR) 

211.94(a).

 2. 21 CFR 600.11(h).

 3. European Commission, EudraLex, The 

Rules Governing Medicinal Products in 

the European Union EU Guidelines to 

Good Manufacturing Practice Medicinal 

Products for Human and Veterinary Use, 

Volume 4, Good Manufacturing Practice 

Guidelines, Part 1, Chapter 3 (European 

Commission, March 1, 2015). ◆
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Ask the Expert
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Susan Schniepp is 
executive vice-president, 

Post-approval 
Pharmaceuticals and 

distinguished fellow at 
Regulatory Compliance 

Associates.

Q: 
I am a regulatory professional working 

for a small company with a product 

in the early stages of development. Can you 

tell me when I need to submit the extractable/

leachable information for my product?

A:  
There is a lot of information on what 

extractables and leachables are but there 

is little information on when this information 

should be submitted to the regulatory authori-

ties. The best place to start in answering your 

question is to define what extractables and 

leachables (E&L) are and why they are consid-

ered important. 

Extractables are defined as chemical com-

pounds that can be pulled from the primary 

container/closure components into the drug 

product. Basically, they are generated by the 

product and the packaging interacting over 

time, usually in the presence of a solvent under 

extreme condition of time and temperature. 

Leachables are slightly different and are defined 

as compounds that leach or migrate into the 

product from the interaction between the prod-

uct and the container/closure system. 

The regulatory requirements that justify per-

forming E&L studies are defined by 21 Code of 

Federal Regulations (CFR) 211.94(a), which states 

“Drug product containers and closures shall not 

be reactive, additive, or absorptive so as to alter 

the safety, identity, strength, quality, or purity 

of the drug beyond the official or established 

requirements” (1). Regulation 21 CFR 600.11(h) 

states, “All final containers and closures shall 

be made of material that will not hasten the 

deterioration of the product or otherwise render 

it less suitable for the intended use. All final 

containers and closures shall be clean and free 

of surface solids, leachable contaminants, and 

other materials that will hasten the deteriora-

tion of the product or otherwise render it less 

suitable for the intended use” (2). 

While the regulations in the United States 

seem to deal with extractable/leachables from 

the container/closure system, when deciding 

what to submit in your registration you should 

also consider your manufacturing equipment 

as potential sources of extractables and leach-

ables. This can include, but is not limited to, 

filters, tubing, and/or equipment materials 

of construction as indicated in the European 

regulations. 

In Europe, EudraLex Volume 4, Part 1, 

Chapter 3 addresses the extractable/leachable 

concept by stating, “Production equipment 

should not present any hazard to the products. 

The parts of the production equipment that 

come into contact with the product must not 

be reactive, additive, or absorptive to such an 

extent that it will affect the quality of the prod-

uct and thus present a hazard” (3).

Traditionally, E&L data were gathered and 

submitted in the late stages of the drug develop-

ment process. Packaging suppliers were often 

able to provide an extractable/leachable pack-

age for their materials to the pharmaceutical 

manufacturer in a format that could be submit-

ted directly to the agencies. Lately, regulatory 

authorities are requesting this type of informa-

tion for early stage clinical trial material. This 

change seems to have come about during the 

past few years. The extractables and leachables 

profile in clinical trial material has become 

The type of product, the packaging materials being used, 
and the process and materials used to manufacture the 
product will determine when E&L data should be submitted 
to regulators, says Susan J. Schniepp, executive vice-
president, Post-approval Pharmaceuticals and distinguished 
fellow at Regulatory Compliance Associates.

Submitting Extractables and 
Leachables Data to Regulators

Contin. on page 37

http://www.biopharminternational.com


THE NEW interFACE of 
BIOREACTORS!

KEY FEATURES
O

O

O

O

O

O

O

Touchscreen Interface

Smart Media Filling 

Email and Text Alerts

Trend up to 8 Parameters 

Variable Speed Pumps

Available with Single-Use or  

Glass Bioreactors

2L, 5L & 10L Working Volumes  
(10L Available in Glass only)

888.2.DISTEK 

distekinc.com • bione@distekinc.com

121 North Center Drive • North Brunswick, NJ 08902

BPI EAST

Booth #839

mailto:bione@distekinc.com
https://www.distekinc.com/
https://www.distekinc.com/


• DNA to BLA in 1 location  

•  Expanding to 220,000 L across 4 countries by 2021

• 1,500+ scientists to enable 60 IND’s & 3 BLA’s per year 

The ONLY True Single-Source 

China    •    Ireland    •    United States    •    Singapore   

HKEX: 2269.HK

info@wuxibiologics.com 

 www.wuxibiologics.com
 

Biologics Platform...

mailto:info@wuxibiologics.com
http://www.wuxibiologics.com
https://www.wuxibiologics.com/
https://www.linkedin.com/company/wuxibiologics


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 180
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 180
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


