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Reference Standards from USP Biologics help ensure quality and 
reliability for critical applications. 
Just like the industry we support, USP Reference Standards are not static. We are constantly engaged with 
our customers to better understand how the industry is evolving and how we can help. When we identify a 
need that can be served by developing a new standard, we take action. 

USP Biologics: 
meeting your 
ever-changing needs 

Available from USP

Filgrastim System Suitability RS
Catalog #1270537 (1mg per ampule)
For use to support tests in the  
Filgrastim monograph. 

Filgrastim for Bioassay RS
Catalog #1270468 (1µg per ampule)

For assignment of relative potency of Filgrastim 
using the cell-based bioassay in the  
USP Filgrastim monograph.

High molecular weight Filgrastim RS
Catalog #1270457 (0.7mg per ampule)

Filgrastim Reference 
Standards
In the years since USP released the original 
Filgrastim Reference Standard, we’ve seen demand 
for specialized reference standards to support the 
analytical tests, high molecular weight analysis and 
bioassay. We are pleased to announce the release of 
three Reference Standards to support these varied 
uses: Filgrastim System Suitability, High molecular 
weight Filgrastim, and Filgrastim for Bioassay.

Bivalirudin Reference 
Standards
Bivalirudin is a short, synthetic peptide which acts as a 
potent and highly specific inhibitor of thrombin. With 
more than a dozen drug substance manufacturers 
and 9 drug product manufacturers approved to 
manufacture bivalirudin in the US, the development 
of public standards to support the quality of this vital 
therapeutic is essential.

About USP Bivalirudin RS

• Only pharmacopeial standard on Bivalirudin 

•   These are the only existing public standards for 
this product

Bivalirudin RS 
USP Catalog No:  #1076013 | 5 mg/vial

[ASP-9]-Bivalirudin RS 
USP Catalog No:  #1076024 | 1 mg/vial

[DES-GLU13] Bivalirudin 
USP Catalog No:  #1076035 | 1 mg/vial

IgG1 Reference Standards
These Reference Standards can be used as 
an independent control material for method 
development, training, method transfer, and  
internal assay control support, standardization  
of physico-chemical testing, such as intact mass, 
charge heterogeneity, size variants, purity, and 
glycan analyses.

• Size exclusion chromatography (SEC)

•  Capillary electrophoresis sodium dodecyl sulfate 
(CE-SDS) reduced

•  Capillary electrophoresis sodium dodecyl sulfate 
(CE-SDS) non-reduced

• Intact mass and glycan analysis

Monoclonal IgG  
Reference Standards

Monoclonal IgG System Suitability  
(2 mg) Catalog #1445550

USP mAb 001 RS, Monoclonal IgG1  
Catalog #1445539 

USP mAb 002 RS, Monoclonal IgG1  
Catalog #1445547 

USP mAb 003 RS, Monoclonal IgG1  
Catalog #1445595 

Gonadorelin Reference Standards
Two new Gonadorelin impurity RS support peak 
identification and system suitability of a new 
impurity method for this drug substance. These 
RS have been rigorously tested for suitability 
for compendial use, identity, and other relevant 
quality attributes via our collaborative multi-lab 
process. This ensures a high quality, consistent 
product that you can depend on for your 
analytical testing.

[D-His2]-Gonadorelin Catalog #1296701

[D-Tyr5]-Gonadorelin Catalog #1296712

Learn more about all our Reference 
Standards at usp.org/biologics

To contact someone directly about  
USP Reference Standards please email 
RSTech@usp.org

https://www.usp.org
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A s we reach the midpoint of the year, it’s appropriate to 
reexamine the topics we’re addressing. I’d like to point to a 
special podcast Pharmaceutical Technology conducted where 

Editorial Director Chis Spivey talked with the director of FDA’s 
Office of Pharmaceutical Quality (OPQ ), Dr. Michael Kopcha, 
and his deputy directors Dr. Sau Lee and Dr. Cindy Buhse about 
advancing the science of pharmaceutical manufacturing. Discussion 
encompassed the framework for regulatory advanced manufactur-
ing evaluation (FRAME), quality management maturity ratings 
(QMM), advanced versus traditional manufacturing, and re-shoring 
drug manufacturing to the United States. But I particularly want to 
highlight the emerging technology program (1). 

These new technologies initially were brought to FDA by indus-
try and are, therefore, a fascinating window into where the industry 
believes it is heading. In this respect, Mike Kopcha said on the 
PharmTech podcast that,  “... to address current and potential future 
innovations … we worked with NASEM  (National Academies of 
Science, Engineering and Medicine), they held a public workshop, 
brought in industry experts in this area, to be able to talk with us 
about what was going on in the industry, what’s on the horizon over 
the next five to 10 years. … I can list some of the more significant 
ones … end to end manufacturing, distributed manufacturing, point-
of-care manufacturing (as the name implies, doing manufacturing 
right at the point of care where the patient or consumer actually is), 
and artificial intelligence, in order to understand what the regulatory 
framework should look like, we needed to know what these technolo-
gies were … so we knew what we were going to be asked to evaluate, 
and eventually regulate.”  

Our new series, “Weighing Up Big Pharma” directly addresses 
large company performance vis-à-vis their ability to leverage artificial 
intelligence (AI). With batch values occasionally rising to $3 million 
dollars, and data streams proliferating both in terms of total amounts 
but also depth of insight, it is totally logical that pharmaceutical 
manufacturing has increased the use of AI. Multivariate mechanis-
tic modeling and digital twin strategizing are two areas that leap 
to mind. But predictive maintenance and advance failure warning 
systems play an increased role in reducing costs. One example is water 
purity control. Having to fix a plant’s water system after a problem 
not only costs in terms of wasted product, but also in terms of lost 
operating time, until all systems are back online (2). Is AI a panacea 
for pharma’s productivity gap? As a disruptive force which, “…prom-
ises to help speed up drug identification; improve patient selection; 
creating digital twins; improve manufacturing; tailor marketing 
material; enhance customer engagement; predict chronic diseases; 
and support health equity” (3), you can see why the director of FDA 
OPQ wants to understand more about AI, and why we will all ben-
efit from a better understanding of this increasingly powerful tool. 

REFERENCES
1. C. Spivey, “FDA Weighs in on Advancing the Science of 

Pharmaceutical Manufacturing,” Drug Solutions Podcast, 
PharmTech.com, May 17, 2022. 

2. D. Greenfield, “How and Why Pharmaceutical Manufacturers Are 
Applying Artificial Intelligence,” AutomationWorld, July 27, 2021. 

3. C. B. Hartley, “Big Pharma in the Balance,” Pharm Tech 46  
(6) (2022). 

Mike Hennessy, Jr.
President and CEO
MJH Life Sciences®
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From the Editor

The Next Pandemic  

A      uthorities and governing bodies have 
lost the public’s trust when it comes 
to pandemic response. I won’t discuss 

the how or why of that here, suffice to say front 
line nurses using garbage bags as personal pro-
tective gear and a lack of ventilator and intu-
bation equipment (and in some cases oxygen), 
or diagnostic tests are components. But I hadn’t anticipated saying 
that the United States has begun releasing a monkeypox vaccine 
from the Strategic National Stockpile to protect high-risk people.  

In 2013 when researching pandemic threats, Peter Daszak, 
president of the EcoHealth Alliance, collected 1897 samples 
from flying fox in the wild. He identified 55 viruses in nine viral 
families. Of these, only five were previously known, including 
two human bocaviruses, an avian adenovirus, a human/bovine 
betacoronavirus, and an avian gammacoronavirus. Another 50 
were newly discovered. This brought the estimate of viruses in 
wild flying fox to 58. Extrapolating for all 5486 known mammals, 
we yield a total of 320,000 viruses which interact with humans—
in unknown ways—both good and bad (1). But we have a messy 
and varied microbial soup beyond mammals and viruses who 
harbor potential pathogenic virulence. Bacteria, fungi, protozoa 
(causing such things as malaria and amebic dysentery), helminths, 
and prions all engage and interact with us.

We dodged a bullet with the coronavirus dubbed COVID-19. 
In early 2017, Graham and McLellan at Vanderbilt worked with 
Moderna on a plan to combine their precision antigen design 
with Moderna’s rapid and potent messenger RNA (mRNA) 
delivery (2). They focused on two virus families: coronaviruses 
(represented by MERS-CoV) and paramyxoviruses, for which 
Nipah virus had caused periodic outbreaks in Asia, as the proto-
type. By early 2020, they had designed the vaccine, and Moderna 
was ready to manufacture the Nipah mRNA vaccine and take it 
into a human clinical trial. But on Jan. 6, 2020, word came that 
Chinese scientists had isolated the virus that had caused a prob-
lem in Wuhan. So, they pivoted to create a potential vaccine to 
test within weeks.  

I suggest we create a new foundation to win back the trust 
the public lost in recent years. What signifies most is that it 
is independent of the traditional ways of handling pandemics, 
with strong leadership led by the United States Pharmacopeia, 
The International Society for Pharmaceutical Engineering, and 
the research universities of Vanderbilt, Emory, and perhaps the 
Karolinska Institute. These are all serious people who perhaps 
don’t want to lead and game plan pandemic organizing, but who 
because of that reticence I contend may well be best suited to do so.

REFERENCES
 1. S.J. Anthony, et al., mBio 4 (5) (Sept. 3, 2013). 
 2. M. Blanding, “A Dose of Hope,” Research News, 

Vanderbilt University, May 17, 2021.◆

Chris Spivey is  
the editorial director of  
BioPharm International.



SG Nexa®

state-of-the-art 
quality for sensitive 
drugs

stevanatogroup.com

SG Nexa® platform is:

X-tremely reliable, with superior 
cosmetic performance

X-tremely resistant, with excellent 
mechanical resistance

X-tremely compatible with 
drug products & delivery 
devices

quality for sensitive 
drugs

stevanatogroup.com

 platform is:

reliable, with superior 
cosmetic performance

resistant, with excellent 
mechanical resistance

compatible with 
drug products & delivery 

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


8     BioPharm International June 2022   www.biopharminternational.com

Regulatory Beat

W
.S

co
tt

 M
cG

ill
 -

 S
to

ck
.a

d
o

b
e.

co
m

A lthough FDA announced in February 
2022 that it was resuming “normal, 
routine domestic surveillance” of drug 

and medical product manufacturing facilities, 
many of the innovations and modifications for 
site inspections adopted during the COVID-19 
pandemic will continue to play a visible role in 
agency compliance and enforcement operations. 
FDA’s Office of Regulatory Affairs (ORA) delayed 
or cancelled most onsite inspections during the 
past two years due to travel restrictions and infec-
tion concerns, but now seeks to resume active 
inspections where needed and practical (1). 

This shift, however, does not signal an end 
to FDA’s wider use of paper document reviews 
and of virtual site visits, or Remote Interactive 
Evaluations (RIEs), in ramping up oversight 
of biopharma manufacturing and research  
operations. These strategies notably reduced 
agency inspection costs, while enabling timely 
detection of compliance issues, and FDA sees 
value in continuing its expanded reliance on 
documents and records, on inspection reports 
from trusted regulatory authorities, and on wider 
use of remote real-time review of records and 

plant operations to provide assurance 
of proper manufacturing and clinical 
research operations (2). 

Judith McMeekin, associate commis-
sioner for regulatory affairs, pointed 
out during a presentation sponsored 
by the Alliance for a Stronger FDA on 
April 6, 2022 that ORA saved nearly 
$40,000 in 2020 and 2021, providing 
resources to develop a foreign travel 
planning system, expand personnel 
training, enhance information sys-
tems, and upgrade labs. FDA analysts 
are comparing the benefits and short-

comings of onsite inspections vs. record requests 
to develop criteria for revising or continuing 
these alternative practices. 

More flexible inspection programs could gain 
from legislation before Congress to reauthorize 
FDA user fees and update agency operations and 
policies. The bill includes a provision to clarify 
FDA’s authority for collecting manufacturing 
records from medical device makers in advance 
or in lieu of field inspections and also for clinical 
study sites under FDA’s bioresearch monitoring 
program (FDA already has such authority for 
drugs). The measure also clarifies agency use 
of inspection findings of trusted foreign regu-
latory authorities in determining the need for  
preapproval inspections (PAIs). The bill requires 
FDA to post more information on the findings 
from drug and device inspections, such as warn-
ing letters and import alerts. And to expand 
unannounced FDA inspections of foreign drug 
establishments, the legislators propose a new 
pilot program to increase such site visits and 
to evaluate the impact on both domestic and  
foreign facilities (3). 

DEALING WITH RIEs
In response to these developments, FDA 
has worked to better explain its criteria for 
selecting and methods for conducting more 
remote and alternative facility assessments. 
At the recent FDA Generic Drugs Forum, 
staffers from the Office of Pharmaceutical 
Manufacturing Assessment (OPMA) in the 
Center for Drug Evaluation and Research 
(CDER)’s Office of Product Quality (OPQ) 
explained that FDA will weigh the need for an 
on-site inspection based on a risk-based assess-
ment of product, process, and facility risks (4). 
This involves scrutiny of records and other 

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

FDA will use virtual site visits even after resuming active inspections.

FDA to Continue Inspection  
Efficiencies After Pandemic
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manufacturer information from 
trusted regulatory authorities. 

Such information on a firm’s com-
pliance history, process risks, manu-
facturing experience, and previous 
alerts, recalls, and complaints will 
help determine whether a PAI is 
needed or if FDA can assess the firm’s 
capacity for risk mitigation and GMP 
compliance from company and reg-
ulator records. When FDA consid-
ers an RIE advisable, it will discuss 
the logistics, scope, and expecta-
tions with the manufacturer, request 
needed documents from the firm in 
advance, and outline its main ques-
tions or concerns and the logistics 
for conducting a remote facility tour. 
Such virtual site visits also can help 
all parties prepare for a future onsite 
inspection, if warranted, but do not 
qualify as formal inspections per se. 
They are voluntary for the company, 
but a refusal to cooperate with an RIE 
request could delay product approval. 

OPMA staff fellow Alexander 
Gontcharov described an RIE for a 
foreign manufacturing facility uti-
lizing a new unit of operation to 
produce delayed-release tablets and 
capsules. This involved four three-
hour sessions with a facility “walk-
through” utilizing a laptop on a cart 
with external cameras and micro-
phones. Another RIE for a new unit 

producing new ointments and liq-
uid products had three four-hour 
sessions that used a portable tab-
let PC with Wi-Fi connections. FDA 
investigators viewed warehouses, 
labs, and production areas, as well 
as document control systems. 
Inspection findings may be spec-
ified in a close-out memo, or FDA 
may later send a letter identifying 
difficulties found at the facility and 
if an on-site inspection is needed. 

The shift to remote assessments is 
reflected in the rise of warning let-
ters that involve alternative inspec-
tion tools, according to the 2021 
annual report from CDER’s Office 
of Compliance (OC) (5). While FDA 
exercised enforcement discretion 
in multiple cases to avoid shortages 
of critical medicines, OC reports 
a rise in drug adulteration warn-
ing letters based on sample testing 
and on information from records 
requests. In addition, OC conducted 
more than 45 remote regulatory 
assessments of clinical sites under 
the agency’s biomedical research 
compliance program. An FDA draft 
guidance published in April 2021 
advises manufacturers on how the 
agency seeks to conduct this grow-
ing range of remote evaluations (6). 

Overall, FDA advises manufac-
turers to recognize the importance 

of RIEs and to query about any 
unc lea r  agenc y in for mat ion 
requests. While FDA recognizes 
that RIEs are not equivalent to 
full inspections and that the 
agency only can see what the 
firm makes available, these alter-
native tools have cut the need 
for on-site PAIs in ha l f  and 
helped the agency meet user fee 
approval goals for 90% of appli-
cations this past year. 
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A new framework for extrapolating clinical trial data from 
adult studies seeks to facilitate the testing and approval 
of therapies for children more quickly and at less cost. The 
process for achieving such gains is presented in a draft 
guideline released by the International Council for Har-
monisation (ICH) that maps out common methods and 
strategies for identifying how development programs for 
adult drugs can inform pediatric indications. The initiative 
aims to speed the approval of and access to new drugs for 
young patients around the world, while limiting the number 
of children needed for testing in clinical trials (1).

ICH also is moving forward with an initial roadmap 
for developing guidance on model-informed drug 

development (MIDD), considered a key approach for 
achieving a more efficient and more predictive clinical 
research process, with potential for reducing unnecessary 
patient exposure. The MIDD discussion group released 
a plan on March 31, 2022 that lays out general principles, 
anticipated gains, time frames, and options (2).  
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Early Strategizing Tightens 
Development Timelines

Having a clear clinical strategy early on can 
shave time off overall development projects.

FELIZA MIRASOL

S peed-to-market is a primary motivating factor in bio-
pharmaceutical development, and delays or disruptions 
have costly consequences. The need for moving from 

research/preclinical stages to clinical stages of development 
requires a clinical development strategy, which, when coupled 
with innovative approaches in R&D, can accelerate overall 
project timelines.

CONSEQUENCES FROM DELAYS
Any delays in the development of a new biotherapeutic can 
have major consequences for both the sponsor, any co-spon-
sors and contract service providers with whom a sponsor may 
partner. Parties can incur increased costs of development, 
delayed time to reaching an inflection point, regulatory filing, 
approval or launch, which in turn equates to lost commercial 
revenue, delayed upfront and/or milestone payments from 
partnering deals. Ultimately, this can also result in a loss of 
credibility with external parties, investors/the markets, which 
can impact the success of subsequent fundraising, says Nick 
Meyers, PhD, vice-president Product Development, Boyds, a 
UK-headquartered drug development consultancy.

Joe Sinclair, vice-president, Business Development & 
Corporate Strategy, Vibalogics, adds that, for private and public 
organizations, delays in development can have negative finan-
cial consequences outside of the need for remediation and can 
translate into investors losing confidence in supporting ongoing 
activities with the same prior optimism. “In worst-case scenar-
ios, delays during active clinical enrollment or ongoing treat-
ment regimens can all-too-often result in a patient missing the 
window of opportunity to receive a prior planned treatment. It 
is, therefore, critical that these delays or disruptions are avoided 
with robust clinical development strategies in place,” he states. 

Inadequate planning is another issue that may affect speed-
to-market, says Jennifer Thayer, vice-president, Medical, 
Regulatory, and Scientific Communications, and principal 
consultant, BioBridges, a US-based clinical development ser-
vices provider. Thayer notes that “while developing a strategy 
and associated tactics are important, documenting a feasible 
and executable clinical development plan (CDP)—and main-
taining it—can be key to overall success.”

Frequently, a CDP is thrown together to address imme-
diate needs, such as obtaining funding or regulatory agency 
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feedback, Thayer points out, thus losing 
the benefits of the process by focus-
ing only on the immediate deliverable. 
In fact, “the process of developing and 
maintaining CDPs can be extremely 
advantageous for internal consen-
sus-building, providing a shared loca-
tion for tracking and managing key 
data, piquing interest and capabilities 
from cross-functional team members, 
and serving as a point-of-focus for 
recalibrating as needed,” Thayer notes. 

Maintaining a truly useful CDP 
requires discipline. “Because a change in 
one deliverable can have both upstream 
and downstream consequences on the 
development and commercialization of 
a new drug or device, the CDP should 
be revisited—in its entirety—at least 
quarterly during management reviews,” 
says Thayer. “Of course, the benefit of a 
quality CDP is not a new idea for those 
in drug/device development … yet we 
find that CDPs are not regularly main-
tained nor, therefore, well utilized. Why 
do these issues persist?”

Thayer surmises that the most 
likely cause of inadequate CDP 
maintenance is an unlikely suspect: 
the documentation tool. Most CDPs 
“ live” in a PowerPoint presenta-
tion, which, although a great tool for 
static communication, is inadequate 
for maintaining dynamic (i.e., con-
stantly changing) content. “Using the 
wrong tool for the job may result in a 
botched outcome. Ultimately, leaders 
need to demand and invest in state-
of-the art, dynamic communication 
and knowledge management tools to 
wholly achieve cutting-edge clinical 
research,” Thayer emphasizes.

Meanwhile, from the patient per-
spective, when therapies fail in Phase 
II and Phase III clinical trials for lack 
of efficacy, everybody loses, says David 
Gray, chief scientific officer, Inscopix, 
a US-based brain-mapping platform 
company. Failures in later-stage clin-
ical development means patients and 
their families have to wait longer for 
relief; and, unfortunately, companies 

often have to close their doors or aban-
don disease areas in which they have 
been heavily invested after these failures. 

“These failures contribute to higher drug 
costs and lower perception of the indus-
try among the general public,” Gray says.

TIGHTENING UP DISCOVERY
Starting from the very beginning, hav-
ing a good approach to R&D and/or 
drug discovery workflows can kickstart 
an efficient clinical development strat-
egy for new biomolecules. New drug 
development is a costly and time-con-
suming process, emphasizes Mark 
Behlke, MD, PhD, chief scientific 
officer, Integrated DNA Technologies 
(IDT), a global genomics solutions 
provider that specializes in the devel-
opment, manufacture, and marketing 
of nucleic acid products. “It is esti-
mated that >90% of drug candidates 
fail clinical trials.”

Gray, meanwhile, notes that where 
one ends up in clinical development is 
fundamentally tied to the direction in 
which one begins the journey—more 
specifically, the quality of the thera-
peutic hypothesis, the translational rel-
evance of the data being used, and the 
ability to bring the right insights into 
the optimization process. Gray cau-
tions that having a good compound 
and a good clinical development strat-
egy and process cannot make up for 
and overcome the error of working on 
the wrong target. 

“Some of the most promising 
and impactful new technologies are 
designed to speed up and improve the 
process of selecting new therapeutic 
approaches with high chance of show-
ing efficacy in the clinic,” Gray says.

Arguably, some of the biggest gains 
in terms of maximizing time efficien-
cies in pharma/biotech development 
programs can come from the ability to 
parallel track activities “at risk”, which 
requires a willingness to invest more 
funding upfront, in return for a greater 
return on investment, says Meyers. 
However, having funding available to 

invest more upfront is simply not pos-
sible for many start-ups and companies 
at the seed funding stage, Meyers adds. 

“Purely sequential development is 
now rarely acceptable, as ground to 
competitors and patent life are ceded, 
which means that there will be an 
increased front-loading in terms of 
cost, which seasoned investors in the 
sector are used to and understand,” 
Meyers states. “This, in turn, means 
that robust tools and software are 
used to build a detailed project plan/
roadmap with clear stage gates and 
go-no-go decision points, and the abil-
ity to track key milestones.”

Meyers explains that with a skilled 
project manager providing or coordi-
nating the appropriate development 
and regulatory support, data can be 
mapped to and summarized in the 
relevant electronic common techni-
cal document eCTD, investigational 
new drug (IND) modules and inves-
tigational medicinal product dossier 
(IMPD) shells on an ongoing basis, 
which permits the identification of 
“gaps” in the data package at an early 
stage, thereby reducing the time to pre-
pare regulatory submissions/dossiers. 

THE STRATEGIC ATTACK
Having a clinical development strategy 
in place is important for establishing 
contingencies in the event that things 
do not go as planned. These contin-
gencies could help mitigate delays as 
well as costs if the proper precautions 
have been made for difficulties that 
occur during the development process, 
according to James J. Hickman, PhD, 
chief scientist, Hesperos, a US-based 
company specializing in human-on-a-
chip technology, and professor at the 
University of Central Florida. There 
should furthermore be a wide spec-
trum of possible contingencies avail-
able to correct any delays in process 
efficiently with a known estimate of 
cost beforehand, he emphasizes. 

Moreover, having a well-developed 
strategy in place allows for better clar-
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ity and alignment between the drug 
developer, collaborating service provid-
ers, clinical sites, regulators, and inves-
tors, adds Sinclair. Such a strategy will 
also ensure that aspirations and reality 
are connected in an executable plan. 

“The success of drug development 
relies on the comprehensive align-
ment, preparation, and contribution 
of all in the supporting network. The 
clinical development strategy must 
be established from the earliest point 
possible with broad considerations in 
mind while being prepared to make 
adjustments along the way,” Sinclair 
states. He further explains that, when 
the need for alterations in the strategy 
arises, it is important to also consider 
the downstream secondary and ter-
tiary impacts, and to ensure that those 
impacted receive suitable communica-
tions to strengthen realignment.

It is also critical to be deliberate 
and strategic about maximizing the 
chance of success in clinical trials, adds 
Gray, who points out the importance 
of strategizing early, beginning in 
early research when ideas are being 
evaluated for resourcing. “Especially 
in neuroscience, the traditional vet-
ting of efficacy potential has a poor 
track record. Companies that can use 
emerging technologies and approaches 
strategically in their vetting and drug 
discovery processes to advance pro-
grams with higher chances of demon-
strating clinical efficacy will have a 
tremendous advantage in terms of 
lower average cost per successful pro-
gram and shorter average time to suc-
cessful new product,” Gray states.

Optimizing the speed and efficiency 
of a development program requires 
putting in place a target product pro-
file (TPP) as early as possible; a will-
ingness to consult widely and make use 
of new technologies and tools to assist 
and accelerate decision-making; and, 
most importantly, integrated project 
planning coupled with scenario and 
risk-mitigation planning, all of which 
require experienced industry program 

managers, says Meyers. “Industry pro-
gram managers should also be work-
ing iteratively with their scientific and 
commercial colleagues and should 
constantly interrogate and re-interro-
gate plans to secure consistent funding 
needed to support activities carried out 
in parallel and/or at risk,” he states.

TECHNOLOGY LENDS A HAND
Emerging technologies that accel-
erate drug development include func-
tional genomics and machine learning. 
Advances in functional genomics tools 
and the use of machine learning meth-
ods can reduce failure rates and accel-
erate the progression of new drugs to 
market, says Behlke. Using one exam-
ple, Behlke explains that, in 2011, 
AstraZeneca revised its concept of the 
drug development pathway, implement-
ing what it called the “5R Framework”, 
which focused on the five biggest “whys” 
that led to drug failure (1). The first issue 
addressed was to ensure that the right 
target was being worked on (the first “R”). 
According to Behlke, target identification 
and validation has long been a focus of 
drug development R&D, yet many drugs 
continue to fail in clinical trials because of 
a lack of efficacy. Much of this failure can 
be attributed to inadequate target valida-
tion. “Any potential target must be fully 
vetted to be certain that it is causal or rel-
evant to the disease and that modulating 
it will improve outcome,” Behlke states. 

Functional genomics applies genetic, 
molecular, and cellular methods to 
understand gene function; this is the 
cornerstone of target validation, Behlke 
points out. Historically, target validation 
involved random mutagenesis to study 
the effects of gene disruption and com-
plementary DNA expression systems 
to model gene activation. The advent of 
RNA interference (RNAi) provided the 
ability to systematically study the effects 
that reducing expression had for every 
gene. This RNAi approach was limited, 
however, by off-target effects (OTEs) 
that primarily stemmed from unwanted 
participation of the RNAi reagents in the 

cell’s natural microRNA gene-regulatory 
network (2), Behlke notes.

Efforts to streamline and accelerate 
drug development, especially during 
clinical development, continue apace 
across the industry, Meyers observes. 
For example, the use of artificial intel-
ligence (AI) is now employed routinely 
to model clinical trial outcomes and the 
impact of different designs/random-
ization schema, enabling the optimi-
zation of clinical trials and minimizing 
sample size. “Other innovations include 
the use of biometric technologies for 
trial subject verification; enhanced bed-
side technology (especially non-inva-
sive imaging technology and the use 
of micro amounts of whole blood) to 
monitor multiple biomarkers simulta-
neously, which reduces the need for tra-
ditional sample collection and analysis; 
and fully automated clinical trial data 
and laboratory management systems 
(e.g., clinical trial management system, 
laboratory information management 
systems) that facilitate data monitoring 
and cleaning, and reduce the time to 
database lock,” says Meyers. In other 
parts of the drug development contin-
uum, there have also been advances (e.g., 
in manufacturing) that employ the use 
of computer simulation that can predict 
optimal formulations and processing 
conditions and minimize the number of 
steps during scale-up.

In fact, machine learning and AI are 
transforming the entire drug develop-
ment pathway (3), Behlke emphasizes. 
Often, adoption of AI-based methods 
requires specialized personnel to imple-
ment, modify, or build software tools 
within an organization; thus, drug devel-
opment organizations have invested 
heavily in hiring bioinformaticians/com-
putational scientists (4) who have strong 
backgrounds combining math, computer 
science, and biology/chemistry. 

“Early and effective collaboration 
between wet-lab and computational sci-
entists allows for optimized design of 
experiments so that data output directly 
links into analysis pipelines, statistical 
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tests, and predictive models. The great-
est benefit to the drug development 
workflow sometimes requires building 
new tools to fully leverage the poten-
tial of artificial intelligence or machine 
learning methods (5),” says Behlke. He 
further explains that interdisciplinary 
communication is fostered by develop-
ing a common language (i.e., key terms/
concepts) and following collaboration 
guidelines (6). With a collaborative cul-
ture in place, computational scientists 
can transform and accelerate drug devel-
opment workflows, which can lower 
costs and reduce the time to market.

Among the approaches being used 
to accelerate drug development is 
the organ-on-a-chip or multi-organ 
human-on-a-chip approaches, which 
have already shown the ability to pro-

vide unique insights into therapeutic 
development as well as provide avenues 
for therapeutic development that did 
not previously exist, such as for rare dis-
eases, says Hickman. 

Hickman points to a recent study 
in which the ability to generate effi-
cacy data for an IND was demonstrated 
using human-on-a-chip methodol-
ogy (7). Generating the efficacy data 
for an IND allowed for a drug with 
Phase II safety data to be repurposed 
for a new indication, and this led to 
the authorization of a clinical trial 
(NCT04658472) for a rare disease. 
Another benefit from these multi-or-
gan-on-a-chip human systems lays in 
the fact that these systems can mea-
sure efficacy and off-target toxicity in 
the same recirculating system, which 

enables the determination of a thera-
peutic index at the evaluation stage for 
a lead compound (8). “This would allow 
a medicinal chemist to evaluate many 
variations of the lead compound early in 
the development before having to make 
a decision on which variation to scale 
up to produce much larger quantities of 
a potential therapeutic needed for ani-
mal studies,” says Hickman. 

The organ-on-a-chip approach 
could save time and reduce costs 
because using this approach would 
mean a reduction in the number of 
animals used for preclinical stud-
ies. In addition, the organ-on-a-chip 
approach can increase the chances of 
success for a chosen therapeutic can-
didate. “This is also beneficial for later 
stages of development as companion 
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The use of functional genomics tools can accelerate the 
progress of new biotherapeutic candidates through 
the clinical pipeline. Functional genomics applies ge-
netic, molecular, and cellular methods to elucidate 
gene function, the basis for target validation, accord-
ing to Mark Behlke, MD, PhD, chief scientific officer, 
Integrated DNA Technologies (IDT), a US-based com-
pany that specializes in the development, manufacture, 
and marketing of nucleic acid products.
Today, the use of clustered regularly interspaced 

short palindromic repeat (CRISPR)/CRISPR associated 
protein 9 (Cas9) systems allows for functional genomics 
studies on all or subsets of genes with reduced noise 
and reduced off-target effects compared to RNAi 
methods (1,2), Behlke states. 
“CRISPR studies can be designed to result in permanent 

gene knockout at the DNA level (CRISPRn) or to give 
transient gene suppression (CRISPRi) or activation 
(CRISPRa) at the transcriptional level (3). Combining both 
RNAi and CRISPR screens might actually give a more 
complete understanding of gene function than use of 
either method alone (4),” says Behlke. He adds that large-
scale CRISPR screens were originally performed using 
pooled lentiviral expression methods in cell culture. 

More recently, however, improvements in reagent 
manufacturing and high throughput screening robotics 
have allowed CRISPR screens to be performed in an 
arrayed format, which provide results quicker and 
with cleaner definition (5). After a target is identified, 
validation proceeds more slowly by thoroughly 
examining the subset of “hits” in primary cells, stem 

cells, organoids, small-animal disease model systems, 
and other approaches (6), Behlke explains.
“The latest advances in CRISPR methods now enable 

high throughput screening in zebrafish (7), permitting 
early target identification and validation studies to be 
performed in an intact organism and not simply in cell 
culture (8). These advances are dramatically altering 
the quality of data in the early target discovery and 
validation stage and are improving the pace of drug 
development,” says Behlke.

He further explains that whole genome CRISPR studies 
can generate large amounts of data, particularly when 
performed as high content screens (HCS), in which 
genetic changes are linked to phenotype via imaging. 
In addition, machine learning methods are now being 
applied to advanced functional genomics screening 
to improve target discovery, hit stratification, toxicity 
testing, etc. (9).
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diagnostics can be developed concur-
rently with therapeutic development,” 
Hickman notes. 

Furthermore, the human organ-on-
a-chip method would be beneficial if 
contradictory results emerge between 
different animal models, because 
a human model of the disease would 
already be available. Even after entering 
clinical trials there exists the possibility 
to quickly and efficiently address any 
issues that may arise, says Hickman.

Gray, meanwhile, points out that, 
for years, neuroscience research has 
relied heavily on behavioral assess-
ments in preclinical species to evaluate 
the potential efficacy of new therapies; 
and this reliance on behavior has often 
resulted in poor outcomes. Recently, 
however, technologies are emerging 
that allow highly detailed and direct 
measurement of brain activity in pre-
clinical species.

“These approaches transcend well-rec-
ognized limitations of behavioral assess-
ments and directly address sources of 
poor translation to clinical efficacy,” Gray 
states. For instance, there is now a tech-
nology (Inscopix brain-mapping technol-
ogy) that allows for real-time recording of 
hundreds to thousands of neurons while 
also monitoring behavior at a detailed 
level, and to which AI can then be 
applied to extract neurocircuitry patterns. 

“Analysis of these multi-modal 
datasets is a new and powerful way of 
assessing the efficacy and impact of a 
novel therapeutic intervention on the 
brain circuitry itself. Building discov-
ery programs and clinical development 
strategies on these new brain-based 
efficacy assessments (that are expected 
to have higher predictive power for 
selecting the right targets) directly 
addresses the biggest source of cost 
and delay (in aggregate) in drug dis-
covery,” Gray explains.

Moving from research/preclinical 
stages to clinical stages of development 
requires significant points of hand-off 
from one team and group to another 
with a different set of skills and pri-

orities. Having all parties aligned on a 
development strategy, documented on 
a transparent executable CDP, helps 
ensure the chances of success.
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Bispecific Antibodies are Moving 
from Research to Clinical Development

With recent approvals of bispecific antibodies, these complex 
molecules are fast moving out of the research box and into clinical pipelines.

FELIZA MIRASOL

B eyond traditional monoclonal antibodies (mAbs), 
other antibody therapeutics are in development, such 
as bispecific antibodies (bsAbs). There is a significant 

focus on bringing bsAbs to market. Because most human 
diseases are complex and are often driven by multiple redun-
dant or distinct mechanisms, a single-target approach such 
as a mAb may not be sufficient to achieve optimal thera-
peutic efficacy, says Jijie Gu, PhD, chief scientific officer and 
executive vice-president, WuXi Biologics.

In addition, many therapeutic concepts need physi-
cal linkage of two or more targets. In this case, bsAbs or 
multi-specific antibodies (msAbs) that target two or more 
targets may offer novel therapeutic applications that are dif-
ficult or impossible to achieve with mAbs, Gu confirms.

BsAbs show promising effectiveness because they can 
simultaneously bind two different antigens—a functional 
parameter with a wide variety of applications and benefits 
that enable precise targeting and higher potency and a broad 
range of mode-of-actions that are inaccessible for traditional 
mAbs, explains Nikki Nogal, global director of Technical 
and CMC for Upstream, Lonza. In addition, multiple bind-

ing sites can help reduce the development of subsequent 
clinical resistance. These advantages have led to the signifi-
cant focus on both research and development of bsAbs. 

BsAbs have broad clinical applications in tumor immu-
notherapy, and other fields where they can be applied are in 
neurological disorders, targeted drug delivery, or infective 
diseases, Nogal adds. 

“The biologics pipeline has been evolving towards more 
complex protein formats for the past few years. A total of 
273 bispecific molecules successfully entered the clinic since 
2001,” Nogal says. “We expect bispecific proteins and other 
complex protein formats to dominate the drug development 
pipeline in the next five to 10 years.” 

Nogal explains that this class of biotherapeutics offers not 
only improvements in treatment accuracy but also flexibility, 
including treatment approaches, which are factors that have 
played decisive roles in the pursuit of bispecific therapies by 
drug developers. “Leveraging known drug administration 
methods, bispecifics hold promise for patients unable to be 
treated in traditional environments, thereby removing obsta-
cles and creating inroads to care,” she states.

Development
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THE NEXT STEP IN 
ANTIBODY OFFERINGS
The term “bispecific antibodies” describes 
molecules that recognize two different 
antigens or epitopes, compared to con-
ventional mAbs, which are molecules that 
can only recognize one antigen. BsAbs 
range from small proteins—two linked 
antigen-binding fragments—to large 
immunoglobulin molecules with other 
attached domains, according to Nogal.

“The key difference between bsAbs 
and mAbs—that is, bsAbs’ ability to 
bind with two antigens simultaneously 
and mAbs just one—is their funda-
mental ‘improvement’. With bsAbs, 
we are now able to target more than 
mAbs,” Nogal explains. 

Furthermore, bsAbs in cancer ther-
apy can provide a higher binding 
specificity, which results in increased 
precision, allowing for the immune sys-
tem to directly contact the tumor cells 
as well as enhancing their cytotoxicity. 
Nogal notes that this effect can possibly 
decrease the required dosage, making for 
an improved patient experience, which 
has been a paramount goal in oncol-
ogy. Additionally, when paired with 
other treatments, bsAbs help reduce 
the development of clinical resistance 
because of their ability to bind to mul-
tiple sites and avoid the regulation of 
parallel pathways, Nogal adds.

Traditional mAbs, in comparison, 
exhibit singular antigen-target-binding 
specificity primarily due to the struc-
tural symmetry of the antibody. This 
consequently imposes limits to both 
the function and medical benefits of 
mAbs, Nogal emphasizes. 

“By contrast, the two halves of the 
antibody are not alike for bispecific 
antibodies, enabling concurrent speci-
ficity for either two different epitopes 
on the same antigen or two different 
antigen targets,” she states. 

Another factor with mAbs is that, 
given that the two symmetrical domains 
are alike, construction of the molecule is 
typically less challenging. Conversely for 
bispecific formats, molecular assembly is 

an integral component of construction. 
This assemblage is a challenge that has 
long hamstrung development efforts of 
bsAbs due to the propensity towards 
mispairing, that is, until the advent of 
the “knobs-into-hole” technology that 
offered an effective, albeit partial, solu-
tion, Nogal reveals.

Besides having an additive effect or 
synergistic effect, the most fascinating 
applications of bsAbs are their potential 
to enable novel and often therapeu-
tically important concepts otherwise 
impossible by using mAbs alone or 
in combination, specifies Gu. “This 
so-called obligate bsAbs could open up 
completely new avenues for developing 
novel therapeutics,” Gu says.

THERAPEUTIC MECHANISMS
As disease mechanisms are often com-
plex and involve a myriad of signaling 
pathways, bsAbs offer the advantage of 
tackling a disease from multiple angles 
with just a single molecule instead of a 
combination of multiple mAbs, as previ-
ously stated. One interesting application, 
furthermore, is the potential to recruit the 
cell-mediated immune response to the 
tumor site by targeting the appropriate 
antigens and driving co-location through 
the bsAbs, highlights Ahmad Sediq, 
principal scientist, group leader, Lonza.

Nogal, meanwhile, goes on to explain 
that because each half of a bispecific 
molecule possesses a different function, 
this characteristic allows these molecules 
to recruit and activate various immune 

cells, interfere/inactivate receptor signal-
ing and signaling ligands, and force asso-
ciation of a plethora of protein complexes. 

“This improvement in versatility over 
conventional mAbs is desirable from a 
therapeutic standpoint,” Nogal says. 

Further, Nogal notes that imple-
menting a combinatorial approach of 
bsAbs in conjunction with existing 
new therapies represents significant 
improvements to response rates and 
durability compared to bsAbs alone.

Gu points out that by January 2022 
FDA had approved five bsAbs, among 
which four are obligate bsAbs whose 
mechanism-of-actions cannot be 
achieved by simply using mAbs alone 
or a mAb combination. For example, Gu 
notes that the recently approved ami-
vantamab (brand name Rybrevant, a 
Janssen Pharmaceutical Companies of 
Johnson & Johnson product), which tar-
gets both Gu the mesenchymal-epithe-
lial transition factor (c-MET) pathway 
and the epidermal growth factor receptor 
(EGFR), showed significant therapeutic 
benefits in patients with locally advanced 
or metastatic non-small cell lung can-
cer (NSCLC) carrying EGFR exon 20 
insertion mutations (1). 

“This type of NSCLC is resistant to 
common EGFR inhibitor (EGFRi) 
therapies. [C]ombined with EGFRi 
therapy, EGFR mAb therapy [has 
shown] some clinical benefit in patients 
with this type of NSCLC, [but] the 
associated severe toxicity [associated 
with this combination therapy] may 
limit its application,” says Gu. Data 
published by Janssen for its bsAb prod-
uct, however, show that by carefully 
selecting and designing the cMET and 
EGFR target arms in its bsAb product, 
amivantamab not only demonstrated 
promising therapeutic efficacy but also 
demonstrated improved safety pro-
file (2,3), which led to its accelerated 
approval in 2021, Gu observes.

Nogal points out that bsAbs cur-
rently have major applications in can-
cer immunotherapy and drug delivery. 
In addition, corporations are exploring 
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many applications of bsAbs in other 
diseases, such as hematologic malignan-
cies (e.g., hemophilia A), diabetes, and 
Alzheimer’s disease.

Conventional mAbs typically do not 
activate T-lymphocytes, as this is a prop-
erty unique to bispecific formats, Nogal 
explains, noting that it is this distinc-
tion that translates to bsAbs’ outstand-
ing clinical efficacy in hematological 
malignancies. Despite these advantages, 
a significant therapeutic effect on solid 
tumors remains elusive. This elusiveness 
is primarily attributed to the fact that 
advanced solid malignancies are notori-
ous for their suppressive tumor micro-
environment (TME), which hinders 
activity of T cells, thus leading to sub-op-
timal immune function. “Therapies with 
the ability to dysregulate the TME by 
activating T cells hold potential for sig-
nificant therapeutic impacts where tra-
ditional mAbs may either be lacking or 
have failed,” says Nogal.

“Because bispecifics are more cus-
tomizable, they can be designed to have 
higher cytotoxic potential and bind rel-
atively weakly expressed antigens, mak-
ing this cohort of molecular formats best 
suited to cancers,” Nogal states. 

Among the five launched bsAbs that 
Gu mentioned previously, three are for 
cancer treatment, one for hemophilia 
A, and one for age-related macular 
degeneration. Gu notes that the bsAb 
clinical development pipeline is com-
posed predominantly by programs for 
cancer treatment. 

“Autoimmune disease is the second 
largest area for bsAbs’ applications. 
The reasons that the majority of the 
programs are focusing on cancer treat-
ment is not only because of the huge 
unmet medical needs, but also because 
as a unique class [of drugs], bsAbs can 
redirect the immune effector cells to 
eliminate tumor cells, specifically, by 
engagement of both of the arms of the 
bsAb onto the effector cell and tumor 
cell, respectively,” Gu states. 

The first FDA-approved bsAb, 
BLINCYTO (blinatumomab) by 

Amgen (4), belongs to this category of 
drugs that redirect T cells to kill tumor 
cells, Gu specifies. “Now, with the deep 
understanding of how immune cells kill 
tumor cells, a new wave of many immune-
cell-engager bsAbs with improved clinical 
efficacy and better safety profile is in clini-
cal development,” Gu asserts. 

“BsAbs and msAbs open up tremen-
dous opportunities to explore previ-
ously unexplored therapeutic options,” 
Gu continues. “We believe that the 
next decade will witness the clinical 
success of bsAbs or msAbs employ-
ing some novel mechanisms of action 
(MOAs) in cancer and in infectious, 
metabolic, ocular, and other diseases 
with significant unmet medical needs.”

RESEARCH TO CLINICAL
Although they are a promising new wave 
of therapeutics, bsAbs have historically 
been challenging to move from research 
to clinical stages of development. 

Compared to mAbs, bsAbs display 
significant complexity in the research and 
development stages. In particular, tech-
nical considerations, especially chemistry, 
manufacturing, and controls (CMC) and 
mechanistic or biological complexities are 
major challenges, explains Gu. 

In addition to CMC challenges, spe-
cial testing systems are needed to char-
acterize the potential therapeutic efficacy, 
toxicity, pharmacokinetic/pharmacody-
namic profiles, and immunogenicity risk 
of bsAb therapeutic candidates at 
research stage as well as at the preclinical 

and clinical development stage, Gu adds. 
“Many of these systems may be quite 
complicated, as compared to the systems 
used to evaluate mAbs,” Gu says.

Many companies are therefore 
developing various bsAb technologies 
to tackle these technical challenges. 
For example, WuXi Biologics has 
established technology platforms 
(WuXiBody, SDArBody) that enable 
the development of novel bsAbs. One of 
the company’s platforms (WuXiBody) 
exhibits enhanced compatibility for the 
assembly of almost any mAb sequence 
pairs, offers a unique structural flexi-
bility for building multi-valent formats, 
and offers developability advantages 
that can address CMC challenges, 
according to Gu. Gu also states that 
two molecules born out of this technol-
ogy platform (WuXiBody) are now in 
clinical development, with one molecule 
having reached the investigational new 
drug (IND)-filing stage. 

WuXi Biologics’ other platform 
(SDArBody) is a single-domain anti-
body-based msAb platform that allows 
the flexibility to build multi-specific or 
multi-functional antibodies to enable 
unique MOAs for therapeutic applica-
tions. Molecules developed from this 
platform also exhibit good CMC devel-
opability. Gu notes that WuXi Biologics’ 
experience working on bsAb technol-
ogies, as well as a variety of generic 
bsAb formats, has given it experience in 
the stable cell-line generation, protein 
expression, purification, characteriza-
tion, as well as manufacturing and for-
mulation of bsAb drug substance and 
drug product. This experience has led 
to success in enabling translating bsAb 
molecules from the research phase to 
clinical development.

Nogal notes that manufacturing 
bsAbs possess unique challenges spe-
cifically related to their expression in 
upstream processing and their separa-
tion and purification in downstream 
processing. “As bsAbs are comprised of 
two distinct heavy and light chains, mul-
tiple combinations are possible during 
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assembly in production. Mispairing 
between light and heavy chains during 
expression could lead to misassembled 
unwanted antibody species that are dif-
ficult to remove due to their similarity to 
the correct format,” she states.

Lonza also developed a platform 
(bYlok) that addresses the techni-
cal limitations of bsAb development. 
This technology relies on adjustments 
of the position of one of the disul-
fide bridges, which, when used in  
combination with knobs-into-holes, 
favors the formation of a correct het-
erodimer species. According to Nogal, 
the platform delivers more than 
95% correct heavy and light chain  
(HC–LC) precision pairing. The plat-
form uses a mAb-like approach and 
generates bsAbs that mimic paren-
tal antibodies in key characteristics,  
such as yield, stability, immunogenicity, 
and functionality. 

The advantages and versatility of 
bispecifics, compared to conventional 
mAbs, not only renders them more 
attractive from a therapeutics perspec-
tive but distinguishes them as more 
complex proteins that can be chal-
lenging to construct, design, and pro-
duce, Nogal adds. 

Bispecifics are often grouped into one 
of two categories: immunoglobulin G 
(IgG)-like and non-IgG-like. “The rel-
atively large molecular weight of IgG-
like molecules simplifies purification due 
to the presence of the heavy chain Fc 
[fragment crystallizable] region. This also 
improves attributes, including stability 
and solubility, and increases the serum 
half-life and affinity, thereby enhancing 
biological activity,” Nogal says. 

Sediq, meanwhile, explains that, as 
these molecules exhibit a large variety 
of formats, partially exhibiting a com-
plex structure not resembling native 
proteins, complex BsAbs may have a 
higher risk of unwanted immunoge-
nicity. The combination of multiple 
antigen specificities furthermore poses 
challenges to safety evaluation (e.g., 
in selecting relevant animal models 

and the need to test very low doses to 
establish product safety). 

“The plethora of different bsAbs for-
mats and emerging novel formats also 
pose a major challenge in creating sta-
ble formulations. Unlike conventional 
mAbs where much prior experience 
and knowledge is available and estab-
lished, this is not yet the case for bsAbs. 
This means that ‘platforms’ cannot be 
leveraged and bespoke approaches for 
every specific molecule is needed; this 
may thus result in longer development 
timelines,” Sediq says. 

WHERE THE RealHOPE 
PROJECT COMES IN
While bsAbs offer the advantage of 
increased binding specificity as com-
pared to conventional mAbs, this 
may, however, come with a downside 
for in-use and compatibility studies 
required for early-stage clinical trials 
(e.g., dose-finding studies). “For highly 
potent molecules, the concentrations 
may go down to µg/mL for an intrave-
nous administration, posing significant 
challenges to the analytical panel to 
assess quality/stability as well as quan-
tity of the bsAb,” Sediq emphasizes.

“It is well known that vibrations, heat, 
or sunlight exposure (e.g., occurring 
during transport, handling, and distri-
bution) may affect the stability of pro-
teins. However, there is little research 
about the stability of biologic products 
after they leave manufacturing sites—
which is unfortunate, as the medicines’ 

journey does not end there but con-
tinues until the final dosing solution is 
delivered to the patient at a hospital or 
a clinic,” Sediq explains. 

Over the past 20 years, there have 
been numerous cases of severe adverse 
reactions or even deaths associated with 
improper and/or erroneous drug prepa-
rations in hospitals, Sediq also points 
out. Due to their sensitive nature, han-
dling of protein-based solutions such as 
bsAbs may jeopardize their quality by 
increasing levels of physical instabilities 
through aggregation or chemical degra-
dation, such as oxidation. These impu-
rities can lead to adverse drug reactions 
and/or alteration in the drug effective-
ness, he cautions.

To help solve this problem, Lonza par-
ticipates in the Real-World Handling of 
Protein Drugs—Exploration, Evaluation 
and Education (RealHOPE) project. 
This is an initiative that was started by 
the Innovative Medicines Initiative and 
European Federation of Pharmaceutical 
Industries and Associations partners; the 
project aims to measure real-life events 
during drug handling that can destabilize 
protein-based therapeutics.

“By becoming part of the RealHOPE 
Project, our goal is to thoroughly map 
out the real-life handling of these drugs 
in clinical practice or at a patient’s 
home, to develop simulation models 
and analytical methodologies assessing 
the impact of the handling on product 
quality and introduce best practices to 
control or avoid these stability and effi-
cacy challenges,” says Sediq.
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Considerations for US Fetal  
Bovine Serum Sourcing

Extensive work has greatly expanded the possibilities 
for fetal bovine serum sourcing.

TON VAN RAALTE AND BRIAN DALTON

F etal bovine serum (FBS) is an important supplement 
in many biopharmaceutical manufacturing workflows, 
where it provides the various components necessary for 

successful cell culture. Due to concerns around safety relating to 
FBS origin, certain regions have typically been considered safer 
sources than others, resulting in high demand and prices. 

However, thanks to extensive work to combat these safety 
concerns, it is now possible to source safe FBS more widely. In 
addition, regions such as the United States can offer the benefits 
of improved availability and competitive prices, making them an 
appealing alternative source of FBS.

FBS CHALLENGES
FBS is a biological product, derived from blood drawn from 
bovine fetuses via a closed system of collection at the slaughter-
house. It comprises over 1000 different components, including 
growth factors, nutrients, and lipids as well as many undefined 
factors, all of which promote robust cell growth and protect 
cells from changes in pH and toxic agents. As a result of its low 
levels of antibodies, FBS is the most widely used serum supple-
ment for the in-vitro culture of eukaryotic cells. 

As an animal-derived product, however, the exact com-
position of FBS is undefined and can vary between batches. 
Moreover, it can be vulnerable to contamination by viruses 
and other pathogens, impacting lot-to-lot consistency and 
safety. While inconsistent composition can have knock-on 
effects on the performance of processes and product yields, 
affecting the efficacy and safety of the end product, a 
larger concern revolves around the presence of microbio-
logical contaminants. For example, certain pathogens that 
may be found in serum add an additional element of risk 
because their presence in end products could lead to severe 
immunological responses in patients (1).

For FBS, there is particular concern around bovine 
spongiform encephalopathy (BSE) disease, first identi-
fied in the United Kingdom in 1986 (2). BSE is a fatal 
neurodegenerative disease in cattle that is part of a group 
of transmissible spongiform encephalopathies (TSEs) 

Upstream Processing
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and is believed to be caused by a 
prion—an abnormal form of a pro-
tein. As the disease is transmissible 
to humans and other animals, and is  
untreatable, concerns arose around 
obtaining FBS f rom potential ly 
infected cattle. There is currently no 
way to screen for BSE in live cat-
tle, and no effective way to remove 
the presence of BSE f rom animal 
by-products. As a result, the safe use 
of FBS in biopharmaceutical manu-
facturing was thrown into question. 
In response, many manufacturers 
attempted to remove the need for 
serum in their processes.

“SAFER” SOURCES OF FBS
Moving away from the use of serum 
altogether is not always feasible or 
practical, as some cell lines may require 
serum supplementation, and it can 
be complex and expensive to change 
established processes. Therefore, many 
manufacturers continued to use FBS 
despite the risks. 

Following the emergence of BSE, it 
became essential to identify safe regions 
with no BSE risk. As island nations, 
Australia and New Zealand are more 
geographically isolated than other regions 
and have not had any detected cases of 
BSE. Additionally, a number of viruses 
that can be found in FBS are not present 
in the region. Because of this, these two 
countries became popular sources of FBS 
and have continued to be viewed as pre-
mium suppliers. This reputation has led 

to high demand for FBS from Australia 
and New Zealand, resulting in high 
prices. Compounding this, as a by-prod-
uct of the meat industry, FBS supply can 
fluctuate. It can be impacted by climate 
conditions, such as drought, as well as 
economic factors, including cattle feed 
prices and demand for beef. Over recent 
years, factors such as these have led to low 
herd sizes in Australia and New Zealand, 
further driving up prices.

Recently, many countries around 
the world have taken steps to reduce 
the risk of BSE. This work has 
included careful breeding and testing 
of cattle, as well as stricter regulations 
around cattle feed. Therefore, mul-
tiple regions in the world now have 
the same negligible BSE risk status 
as Australia and New Zealand, as cer-
tified by the World Organisation for 
Animal Health (OIE) (2). The US 
obtained this official classification in 
2013, which means that there is no 
greater risk of BSE in FBS from the 
US than there is f rom Australia or 
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Drug Solutions Podcast Series

Moving away from 
serum is not always 
practical because it 
can be complex and 
expensive to change 

one’s established 
practices.
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New Zealand. While other regions 
have also achieved this status, many 
have barriers that may make them less 
appealing to biopharmaceutical man-
ufacturers. For example, despite their 
negligible risk of BSE, both Japan and 
Korea have a higher risk of certain 
viruses compared to other countries, so 
FBS from these regions may require 
more stringent testing. Consequently, 
the US is emerging as an attractive 
alternative source of serum.

VIRUS TESTING
While many regions have significantly 
reduced their risk of BSE, this does not 
eliminate the risk of viral contamina-
tion. As viruses can pass through the 
filtration system used to remove other 
contaminants, such as bacteria, they 
can be much more challenging to elim-
inate. Consequently, it is impossible 
to ensure that FBS from any source is 
completely free of any viral contami-
nants, necessitating strict regulations 
to minimize and control this risk. The 
specific regulations are dependent on 
the viruses present in each area, but 
typically include in-depth testing and 
sterilization to prevent the production 
and distribution of unsafe FBS. 

One example of contamination 
risk mitigation is in preventing the 
presence of the bovine viral diar-
rhea (BVD) virus, which occurs in all 
regions of the world and is of con-
cern to the biopharmaceutical industry. 
It is possible to test for BVD when 
sourcing blood for FBS before it is 
processed into the final product, and 
precautions can be taken during col-
lection. By coupling these steps with 
gamma irradiation—a sterilization 
method that significantly reduces the 
virus risk in sera—the risk of BVD can 
be eliminated in FBS.

Most regulatory bodies around the 
world require serum to be gamma 
irradiated, as it is an effective way of 
eliminating the majority of viruses 
that may be present. However, it is 
possible that certain viruses may per-

sist, which is why testing in line with 
general and local regulations is vital 
to further minimize risk. Specific test-
ing requirements are determined by 
the governmental regulatory author-
ities for each region, but generally 
include virus testing methods in line 
with Title 9 of the Code of Federal 
Regulations (3), as well as endotoxin, 
mycoplasma, and hemoglobin testing. 
Many suppliers carry out additional 
tests to meet custom requirements for 
FBS needed for specific applications. 
By identifying any batches that do 
not meet safety requirements, both 
suppliers and manufacturers can have 
confidence in the quality of their FBS, 
regardless of its origin.

BENEFITS OF US FBS
With many regions now classified 
as having negligible BSE risk, there 
is no longer a need to source FBS 
solely  f rom New Zealand and 
Australia. Furthermore, given that 
no region is safe from all viruses, all 
FBS is required to be tested in line 
with regional regulations. This means 
that several regions around the world, 
including the US, are now able to offer 
FBS that is equally as safe as serum 
that originates from regions typically 
regarded as premium sources.

In addition to the comparable 
safety level, regions such as the US 
may be able to offer additional ben-
efits surrounding FBS supply. As 
demand is currently lower, US FBS 

has better availability compared to 
Australia and New Zealand and there-
fore benefits from comparably lower 
and more stable pricing. This makes 
it more economical for manufactur-
ers, without any reduction in product 
quality or safety.

CONSIDERATIONS  
WHEN SOURCING FBS
In addition to considering the origin 
of FBS, it is also important to consider 
the supplier. This includes the support 
it can provide as well as any additional 
measures it employs to maximize the 
safety of its sera. Traceability of origin 
is vital to provide verification of the 
region from where the FBS came and, 
therefore, its safety. Serum traceabil-
ity is regulated by the International 
Serum Industry Association (ISIA), 
and this certification helps to provide 
additional confidence in the origin and 
integrity of FBS (4). 

Manufacturers should look for a 
supplier that employs robust meth-
ods of origin confirmation and is 
ISIA-certified, in addition to having 
oversight of the entire FBS produc-
tion process starting from collection. 
Beyond this, it can be beneficial to 
work with suppliers that can conduct a 
full range of testing to meet the needs 
of various applications and that can 
offer technical and regulatory support 
if required. By carefully considering 
the source of FBS and working with a 
transparent supplier that is committed 
to traceability, biopharmaceutical man-
ufacturers can continue to benefit from 
the use of FBS in cell culture while 
minimizing the associated risks.
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Multiple regions in 
the world now have 
the same negligible 
BSE risk status as 
Australia and New 
Zealand, including 
the United States.
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Advancing Process  
Chromatography in DSP 

Thanks to technological advances, process chromatography  
challenges are surmountable, but increasingly complex therapies  
in the pipeline will demand more efficient processes in the future.

FELICITY THOMAS

A  ccording to market research, the chromatogra-
phy systems segment within downstream process-
ing (DSP) is dominant, comprising the largest  

revenue share of 40.6% of $21.4 billion (1). This dominance 
is reflected in various business strategies being employed by 
companies, such as expanding chromatography portfolios, 
improving efficiencies with single-use technologies, seeking 
out new products for more continuous processes, and  
developing technologies to deal with newer therapeutic 
modalities more effectively.

However, process chromatography in DSP is still chal-
lenging, and it is an area that can further benefit from 
a greater adoption of more technologically advanced 
approaches, given the fact that therapeutic modalities are 
seemingly becoming more complex as time goes on. To 
learn more about some of the difficulties of process chro-
matography in DSP, the various technological advances 
available and those in the pipeline, details about continuous 
chromatography, and potential future trends, BioPharm 
International spoke with Daniel Kutscher, product man-

ager, Liquid Chromatography Separations Division, Agilent 
Technologies, and Hans Johansson, applications director, 
Purolite Healthcare & Life Sciences.  

VARIOUS DIFFICULTIES
BioPharm: Could you run through the major challenges/
difficulties of process chromatography in DSP?

Kutscher (Agilent Technologies): There are various steps 
that take place during the purification of the product/down-
stream process. These steps are typically not interconnected and 
are monitored offline. Biomolecules are tremendously complex 
molecules, and moving from one step to another whilst main-
taining their integrity is certainly a challenge. Another challenge 
is quality control and obtaining information on the actual status 
quo of the molecule during each step, all the way through to for-
mulation in a timely manner. 

Johansson (Purolite): This can be answered in many ways. 
Today, many new biologics are antibody based. For those types of 
antibodies that bind to Protein A, companies already have estab-
lished purification platforms. 

Downstream Processing
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If you investigate the difficulties 
within the existing platforms, as the 
upstream process evolves and the titers 
increase, some facilities, which were 
designed to handle a certain amount 
of antibody, five to 10 years ago, are 
now struggling to cope with increas-
ing amounts of monoclonal antibod-
ies (mAbs). The challenge now is how 
these facilities can adapt and handle this 
within the current facility fit.  

Secondly, we see a new range of 
antibody derived biopharmaceuticals. 
These new classes of mAbs sometimes 
don’t fit well into existing platforms. It’s 
common to make the mistake that ‘one 
size fits all’ with antibodies, but they 
are all unique proteins with different 
sequences. Some can be more prone to 
aggregation, sensitive to acidic condi-
tions, or contain more unwanted vari-
ants than others. 

With more advanced molecules, we 
are seeing more and more character-
istics that may need more flexibility 
within existing platforms or even new 
platforms entirely.

OVERCOMING CHALLENGES
BioPharm: What advances have helped 
to overcome the challenges associated 
with process chromatography in DSP? 

Johansson (Purolite): Similar to the 
previous question, the major challenge 
is handling the number of antibodies 
being developed in existing facilities. To 
counteract this challenge, companies are 
seeking ways to increase the capacity 
and productivity of resins. Additionally, 
a particular design facet, being employed 
by Purolite specifically, is for the res-
ins to fit into continuous manufactur-
ing processes where manufacturers will 
encounter further challenges. All of 
these types of actions help to minimize 
facility constraints for the customer. 

Kutscher (Agilent Technologies): 
Process chromatography challenges can 
be technical in nature, such as capacity 
and breakthrough issues during column 
loading. Others concern the biomole-
cule itself—aggregation for example can 

pose a serious problem. The good news 
is that through the implementation of 
online real-time monitoring, analytical 
chromatography is now moving closer to 
the process. Online real-time monitor-
ing allows for highly sensitive monitor-
ing of multiple critical quality attributes 
(CQAs) at various stages during the pro-
cess, including process chromatography, 
which provides real-time answers and 
hence also contributes towards quali-
ty-by-design (QbD) approaches.

PIPELINE PROMISE
BioPharm: Are there potential tech-
nologies/techniques in the pipeline, that 
you believe will be helpful in improv-
ing downstream process chromatography 
bottlenecks/difficulties in the future?  

Kutscher (Agilent Technologies): 
Driven by the trend towards continuous 
manufacturing, the pairing of purification 
chromatography with analytical chroma-
tography will become more important. 
Fully integrated analytical chromatogra-
phy techniques, such as high-performance 
liquid chromatography (HPLC), can help 
the pharmaceutical industry not only to 
monitor, but also to better understand 
and ultimately directly control the process 
through real-time feedback. 

For example, to help customers deliver 
high quality drugs to market quickly, 
Agilent recently launched a dedicated 
Online LC system as a PAT (process 
analytical technology) tool for continu-
ous insight into the process and into the 
quality of the drug substance. The system 
will soon also allow for automated data 
transfer into areas such as process control 
software and direct communication with 
other process devices using generic soft-
ware communication interfaces. 

Johansson (Purolite): It is key to 
make incremental improvements to exist-
ing resins. In relation to Protein A, more 
robust resins with high capacity at short 
residence times allow productivity benefits. 

In addition, affinity chromatog-
raphy in general has been driving the 
downstream development evolution for 
antibody purification. As we move into 

new areas of therapy such as messenger 
RNA (mRNA), this requires a com-
pletely different downstream process 
to the way antibodies are manufactured, 
and this is one area where Purolite is 
working to develop new solutions. 

This goes for other therapeutic areas 
as well for areas such as gene ther-
apy and cell therapy so there is a nev-
er-ending need for new resins to match 
new technologies.

CONTINUOUS 
CHROMATOGRAPHY
BioPharm: Could you provide some 
details on continuous chromatography 
in DSP? What are the advantages and 
disadvantages of this intensified process?

Johansson (Purolite): If we talk 
about continuous Protein A chromatog-
raphy, it is about increasing the produc-
tivity by using multiple columns under 
over-loading conditions to create a 
continuous flow over a system of batch 
operated columns. 

The advantage is that this approach 
drives productivity, minimizing buffer 
and resin consumption. As we talk with 
our clients more about their sustainabil-
ity goals and initiatives, it becomes clear 
that this approach supports a greener 
way of manufacturing. 

The disadvantage of continuous 
chromatography, due to being such a 
regulated industry, is that if the com-
pany is an originator with a novel mol-
ecule and a need to get to market as 
soon as possible, then using the already 
established platform minimizes risk 
and time. To validate a continuous pro-
cess with a large number of columns 
and valves, running across many cycles, 
means that you could increase the risk 
of something going wrong within the 
batch. The conservative nature of the 
industry means that these are import-
ant factors to bear in mind.

Kutscher (Agilent Technologies): 
In continuous chromatography, the puri-
fication columns are loaded continuously, 
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Pre-filled Syringes Show Strong Growth
Demand spurs innovations in syringes and syringe fill/finish operations. 

HALLIE FORCINIO

T he intense pressure to develop vaccines and treatments 
for COVID-19 has helped spur strong growth in the 
pre-filled syringe market and innovations in syringes 

and syringe fill/finish operations. “Pre-filled syringes reduce 
the number of steps for injection, lower the risk of injury and 
cross-contamination, and offer higher dose accuracy,” explains 
Silvia Gallina, Syringes Platform Product Management at 
Stevanato Group.

“Pre-filled syringes are now a widely accepted part of the drug 
life-cycle and are often considered as early as Phase II in the 
drug development process,” reports Michelle Deutsch, head of 
Global Product Management at SCHOTT Pharmaceutical 
Systems. She adds, “The need for differentiation and the move 
to homecare continue to be critical drivers of this evolution. 
New drugs enabling technologies at different stages of devel-
opment are also beginning to open up new possibilities for 
pre-filled syringes as it becomes possible to deliver higher fill 
volumes and higher viscosity drugs as subcutaneous injections.”

As the market for pre-filled syringes expands, attention is 
being devoted to glass improvements, reducing glass-to-glass 
and glass-to-metal contact, using cameras and other inspection 
tools to maximize syringe quality, designing products applicable 
to autoinjectors, and addressing the needs of sensitive biologics. 

“Biologics tend to have high chemical sensitivity, low sta-
bility, and high viscosity,” says Gallina. For biologics, control 

of silicone and tungsten levels is key to minimizing or elim-
inating particulates, extractables, and leachables. Stevanato 
Group offers two product lines for biologics, the SG Alba and 
SG Nexa platforms, and is organizing production so it can 
provide these syringes anywhere in the world. Both product 
lines have been developed to reduce risks when a sensitive drug 
product contacts the containers. “SG Nexa platform features 
an optimized silicone layer, maximum cosmetic quality, tight 
dimensional tolerances, and compatibility with autoinjectors on 
the market,” reports Enrico Barichello,  Alba Platform product 
manager at Stevanato Group. “SG Alba platform offers similar 
characteristics but has been designed for improved integrity of 
the lubricant layer, reducing subvisible particles and providing a 
better functionality when integrated in a device, particularly for 
drugs that may be very sensitive to silicone oil.”

SCHOTT’s syriQ BioPure prefillable syringes offer min-
imum levels of tungsten and low or no silicone. “While most 
approaches to managing this risk are based on immobilizing the 
silicone layer, syriQ BioPure silicone-free offers an alternative 
system that uses no silicone, relying instead on tight dimensional 
specifications and superior hydrolytic resistance,” says Deutsch. 
Available in 1- and 2.25-mL sizes, the syriQ BioPure syringes 

Manufacturing
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meet dimensional tolerances that exceed 
ISO requirements. 

Another glass syringe innovation, a 
flat-shoulder syringe from Gerresheimer, 
minimizes or eliminates residual volume, 
an important characteristic for extremely 
costly drugs. As storage temperatures 
have dropped, the bar has risen for glass 
pre-filled syringes. Deutsch explains, 

“[Messenger RNA] mRNA—at least for 
now—has changed the game. Some vac-
cines had required transport at -4 °C, but 
today, many customers want to see proof 
of much deeper cold temperature perfor-
mance. These requirements are shaping 
a new kind of pre-filled syringe demand. 
In some cases, pre-filled syringes made of 
cyclic olefin copolymer (COC) are a suit-
able alternative to glass pre-filled syringes.” 

Break-resistant and lightweight, COC 
offers a glass-like appearance and perfor-
mance and better product stability and 
shelf-life. One company that has begun 
to adopt COC syringes is Nephron 
Pharmaceuticals. The 503B outsourc-
ing operation and producer of generic 
products has introduced a 50-mL COC 
syringe, which is filled on automated 
equipment and is compatible with highly 
viscous drugs. A disconnected plunger 
simplifies storage. The first Nephron 
product to use the COC syringe is 8.4% 
sodium bicarbonate injection (USP 
4.2 mg/50 mL) (1). Sodium bicarbon-
ate is used in emergencies to regulate or 
increase a patient’s pH levels, and the 
COC syringe gives it a 365-day beyond-
use date. Nephron plans to offer a variety 
of products in the COC syringe with the 
next launch scheduled to be 50% dextrose 
injection. Eventually, the 50-mL COC 
syringe will be joined by 5 mL, 10 mL, 
and other sizes. 

For biologics that need an autoinjec-
tor, BD Medical–Pharma Systems has 
been developing an addition to its Intevia 
product line. The Intevia 2.25-mL dis-
posable autoinjector is designed to dose 
accurately, operate easily and consistently, 
and minimize injection pain. The two-
step, push-on-skin device integrates an 
autoinjector with a Neopak XtraFlow 

2.25-mL glass pre-fillable syringe (2). To 
accommodate viscosities up to 40 cP and 
a range of injection volumes, the syringe 
may be equipped with a 29G Thin Wall, 
27G Special Thin Wall, or 27G Ultra 
Thin Wall needle, which is hidden and 
protected. When in use, a large inspection 
window and plunger rod show injection 
progression. The unit also provides visual 
and audible feedback indicators (3). 

NON-TRADITIONAL  
PRE-FILLED SYRINGE OPTIONS
As the demand for injectables grows, 
non-traditional options are evolving 
such as pre-filled blow-fill-seal (BFS) 
syringes based on technology from 
ApiJect Systems. To support use of the 
technology, ApiJect has established a 
Technology Development Center near 
Orlando, FL. Plans call for doubling the 
footprint of the facility to 32,000 square 
feet and adding two BFS machines 
by mid-2023 (4). “This new facility is 
devoted to working with pharmaceu-
tical and biotech companies to design, 
engineer and test how to fill and finish 
their injectable drug products in a new 
type of scalable, single-dose, pre-filled 
injector that is made using the ApiJect 
Platform,” reports Jay Walker, chair-
man and CEO at ApiJect. He explains, 

“By bringing together the high-speed, 
high-volume BFS manufacturing 
process with attachable components, 
including needle hubs, the ApiJect 
Platform is designed to make it possible 
for more injectable medicines and vac-
cines to efficiently be filled and deliv-
ered to patients in a pre-filled injection 
device. This facility provides capabilities 
to shorten supply chains and bring the 
development of critical injection device 
technologies back to the United States.” 

PATIENT SAFETY
Prevention of needlestick injuries and 
misdosing is another area of concern 
and development activity. The Innosafe 
syringe from Gerresheimer features an 
integrated safety device and is supplied in 
a standard tub and nest configuration, so 

it can run on existing filling lines without 
any significant line adaptations.  

Nemera has expanded its Safe’n’Sound 
pre-filled syringe accessory lineup 
with the addition of a 2.25-mL size. 
Originally introduced for 1-mL, the 
passive Safe’n’Sound device prevents 
needlestick injuries. Compatible with 
low fill volumes and high viscosities, a 
large thumb pad enhances usage, and 
a rounded shape offers a larger labeling 
surface. Clear tip visibility simplifies drug 
inspection (5). The safety syringes can be 
assembled on Harro Höfliger Assembly 
Lab equipment. The semiautomatic 
machine quickly switches between 1- and 
2-mL sizes and can be changed over in a 
few minutes to handle other devices such 
as pens or autoinjectors (6). 

Protecting patients against painful or 
incorrectly performed injections is the 
goal behind the Luer Adapter Fixation 
concept from Schreiner MediPharm. It 
reduces the risk of incorrect or incom-
plete hypodermic needle screw-ins during 
a syringe’s insertion with a luer adapter 
(7). It’s particularly well-suited for medi-
cines administered in emergency settings 
where hectic situations might cause appli-
cation errors. “In the case of cosmetic 
medicine, the new adapter concept can 
help avoid needle pop-off—especially 
when injecting highly viscous hyaluronic 
acid, which requires higher exertion of 
force and pressure,” reports Gene Dul, 
president of Schreiner MediPharm US. 

Developed specifically for glass 
syringes, the Luer Adaptor Fixation 
device and label are applied to the 
syringe during the secondary packag-
ing process. “The plastic ring would 
be pushed onto the luer adapter of the 
pre-filled syringe and interlocked with 
it to equalize the different radii of the 
adapter and syringe body. The plastic 
ring and syringe body would then be 
connected by means of a label to fix 
the luer adapter in place,” explains Dul. 
The extended label area offers ample 
space for additional product informa-
tion. The design is customized for each 
application (syringe size, etc.) and the 
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user’s packaging process is evaluated to 
ensure there’s no impact on container/
closure integrity (7). The Luer Adapter 
Fixation concept can replace shrink 
labels and avoid heat exposure to tem-
perature-sensitive biotech drugs. 

Another pre-filled syringe innova-
tion from Schreiner MediPharm, the 
Cap-Lock security concept, combines 
a cap adapter and label. The label 
wraps around the syringe body and 
cap adapter. An integrated perforation 
provides irreversible tamper evidence. 

“This helps ensure the integrity of the 
container and prevents its undetected 
opening,” says Dul. This gives “pharma-
ceutical manufacturers ... a customized 
and validated full-service solution for 
equipping luer-lock syringes with reli-
able tamper evidence,” says Dul.

Better inventory management is the 
goal behind syringes equipped with 
radio frequency identification (RFID) 
tag-equipped labels. Kit Check tech-
nology from Fagron Sterile Services 
embeds a microchip in the label of 
ready-to-administer operating room 
syringes, enables accurate tracking and 
inventory records, and ensures the right 
drugs are available when needed (8).  

FILL/FINISH INNOVATIONS
With rising demand from oral, inject-
able, and veterinary products, the mar-
ket for syringe fill/finish equipment 
has expanded significantly since 2019. 
Deborah Smook, vice-president of 
Marketing and Business Development 
for TurboFil Packaging Machines, attri-
butes this growth to the ease of use and 
dosing accuracy the format can provide. 
She explains, “Precision dosing is increas-
ingly important as some solutions require 
exact amounts to be optimally effective. 
Pre-filled syringes limit point of adminis-
tration dosing errors either by healthcare 
personnel or patients themselves.”

She adds, “More specific to the 
syringes sector, though, are issues regard-
ing regulatory foresight. By this, we 
mean that the pathway to final product 
approval isn’t always immediately evident. 

This is largely because the [equipment] 
solutions we provide are highly custom-
ized and therefore might require individ-
ualized guidelines.”

Equipment is becoming more auto-
mated and flexible. The push toward 
automation is driven by manpower 
shortages and labor costs, and flexibility 
is demonstrated by a syringe barrel feed 
system from Shibuya Hoppmann. It 
can handle six barrel sizes and two tip 
styles. Feeding and orienting occur at 
80 parts/min. 

Flexibility is built into benchtop 
machines capable of handling syringes, 
cartridges, or vials. Designed to address 
lab, clinical trial, personalized medicine, 
and other low-volume needs, the four 
Labworx machines from Groninger fill 
with a peristaltic pump, fill with a rotary 
piston pump, stopper, or crimp. The 
semiautomatic units feature a laminar- 
flow-friendly design, two-button opera-
tion, wireless control via tablet or smart-
phone, and automated batch records (9). 

QC FOR SYRINGES
To ensure parenteral products are safe, 
quality control is essential in prod-
uct development and production and 
highly regulated. Data integrity also is 
required and an area of weakness that 
often prompts warnings from regulators. 
A growing role is being played by robotics, 
which can provide the material handling 
needed to perform 100% inspection. 

Interest in 100% inspection has 
been given impetus by United States 
Pharmacopeia (USP) <1207> Package 
Integrity Evaluation–Sterile Products 
(10). While USP <1207> is not a 
requirement, Oliver Stauffer, presi-
dent of PTI–Packaging Technologies 
& Inspection, says, “USP <1207> uses 
strong language and lays out very funda-
mental principles for container/closure 
integrity testing (CCIT) … [and] makes 
a clear case for adopting deterministic 
methods.” As a result, parenteral packag-
ing operations are shifting to more accu-
rate and reliable CCIT methods. “For 
pre-filled syringes,” he says, “operations 

are using methods like helium tracer gas 
to determine container component seal 
performance in the design phase, deploy-
ing high-voltage leak detection in the 
production setting, and using vacuum 
decay to qualify assembled autoinjectors.” 

To prevent future regulatory com-
plications, regulatory filings must focus 
on the science of the test methodology 
rather than the technology. Stauffer 
explains, “If a regulatory filing properly 
identifies scientific reasoning behind the 
application and lays a foundation for 
the method deployed, the science and 
the method are what shall remain con-
stant within the filing. If a filing does not 
focus on the science and applies a stron-
ger focus on the technology or even the 
equipment used, the filing is not adapt-
able to the changing technology land-
scape. … The scientific fundamentals of 
a method provide quality, while technol-
ogy is simply the tool to achieve it.”

ADDRESSING  
SUPPLY CHAIN ISSUES
With supply chain issues a constant 
concern, all suppliers of syringes and fill/
finish equipment are taking action to 
prevent delays and shortages. Machine 
builders have expanded inventories, par-
ticularly for electronic components. At 
TurboFil, “Warehousing certain electronic 
components, including programma-
ble logic controllers … has limited the 
adverse impact,” reports Smook.  

On the syringe side, Stefan Verheyden, 
global vice-president Gerresheimer 
Biological Solutions, reports, “We have 
done everything needed to secure tubing 
and component supply while in paral-
lel, we have been, and still are, investing 
heavily in ready-to-fill capacity expansion 
on a global level.”  

Stevanato Group has taken steps 
to mitigate supply chain issues and is 
working closely with suppliers and cus-
tomers, increasing capacity in its plants 
and continuing to expand operations. A 
new plant in Indiana is expected to start 
production in 2023, and a new plant in 
China is planned.  
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Like its counterparts, SCHOTT is 
boosting operations worldwide with 
an expansion in St. Gallen and a new 
facility in Hungary. As a vertically inte-
grated company, SCHOTT produces its 
own glass tubing but must source other 
materials and components. To improve 
sourcing security for components such 
as syriQ Rigid Cap closures and nee-
dles, the company has implemented 
continuous improvement programs that 
couple design improvements with supply 
risk mitigation. Other steps being taken 
to prevent supply chain snafus include 
“identifying areas where we can become 
more self-reliant, standardizing compo-
nents, and broadening our sources of sup-
ply,” says Deutsch. Another tactic, the 
FastTrack program, maintains minimum 
stocks in inventory. “With this program, 
we target a two-week order-to-shipping 
lead time window,” concludes Deutsch. 

SCHOTT also recently announced a 
substantial investment in a new manu-
facturing facility in Müllheim, Germany, 
which will produce prefillable COC 
syringes. “Our validated polymer syringe 
systems meet the demanding require-
ments of new drug categories, includ-
ing ultra-low temperature storage 
applications needed for mRNA-based 
applications,” said Mario Haas, vice-pres-
ident for the Polymer Solutions division 
of SCHOTT’s Pharma business unit (11).
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which supports automated processing. 
This is achieved by using multiple col-
umns. The key here is to optimize each 
individual phase—loading, washing, elut-
ing, and regeneration—to improve the 
efficiency of the process. Analytical chro-
matography can assist with this step, when 
used online. For example, by providing 
real-time data which reveal when to opti-
mize and automate pooling decisions or 
to prevent column overload.   

BioPharm: Has there been wider 
adoption of continuous chromatography 
more recently, or are companies still hes-
itant and remain using batch operations? 
Will there be a change in the near future?

Kutscher (Agilent Technologies): 
Even though DSP is still largely done 
via step-by-step batch operation, there 
is a clear trend in the industry to move 
towards continuous chromatography, 
which is needed to keep up with recent 
improvements in upstream bioprocess-
ing. We see that the industry is now 
past the evaluation phase and moving 
forward with establishing continuous 

workflows. We see more and more 
customers implementing automated 
processes and online chromatography—
things are changing as we speak, as 
companies adopt this technology. 

Johansson (Purolite): Larger 
companies, to some extent, have imple-
mented continuous techniques in clin-
ical manufacturing. To my knowledge, 
it has not been adopted as heavily for 
commercial process. For biosimilars 
where cost is even more important, I 
believe we will see a more rapid adop-
tion of continuous manufacturing.

PROSPECTIVE TRENDS
BioPharm: What changes can we expect 
to see happen in DSP process chroma-
tography as a result of the evolving thera-
peutic landscape?

Johansson (Purolite): With more 
and more new modalities, completely dif-
ferent approaches will be required, with 
some not requiring chromatography at 
all. In most cases, these will not be pro-
duced by mammalian cell lines, so you 
don’t need to consider viral clearance, 
which is essential in a mammalian-de-
rived, cell-based processes.  

From Purolite’s perspective, develop-
ing both new affinity resins, multimodal 
and ion-exchange resins that meet the 
requirements of these new modalities for 
downstream processing is an important 
factor looking forward.

Kutscher (Agilent Technologies): 
The rise of mAbs in the past decade 
has accelerated the trend towards more 
automation and continuous-/PAT-based 
processes. Other trends are single-use 
technology and membrane absorbers, 
which seem to be an interesting alterna-
tive to traditional resin-based columns. 
As we continue to see nucleic acid-based 
therapeutics and cell and gene-therapy 
increase in prevalence, the demand for 
more efficient and faster pharmaceutical 
manufacturing processes will likewise be 
accelerated. This also includes the need 
for real-time release testing and smaller, 
decentralized manufacturing floors.
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Method Development for  
Biosimilar Analysis

Linking structure with function is paramount.
CYNTHIA A. CHALLENER

W ith many blockbuster biologic drugs soon to lose 
patent protection—Humira and Keytruda, among 
others—the number of biosimilars under devel-

opment is increasing. In jurisdictions with robust regulatory 
standards, such as the United States and European Union, 
the approval pathways for biosimilars, while distinct from the 
pathway for originator biologics, are rigorous and scientifically 
appropriate, according to Jeff Yant, executive director of bio-
similars operations at Amgen.

These approval pathways require demonstration of bio-
similarity between the biosimilar candidate and the approved 
innovator drug in terms of efficacy, safety, and purity. To meet 
this requirement, biosimilar developers must evaluate the phys-
iochemical and structural properties of the biosimilar candi-
dates and reference products and conduct clinical studies to 
compare the safety and efficacy profiles of the products. 

NO CLINICALLY MEANINGFUL DIFFERENCES
Biosimilars must have the same route of administration, the 
same dosage, and the same side effects profile as the innova-
tor drug, notes Todd Stawicki, global marketing manager for 
biopharma at SCIEX. Therefore, to develop a biosimilar, it is 
necessary to fully characterize the reference product so the bio-

similar can be built to be highly similar in all of these respects, 
including the different variants and impurities that are present, 
adds Susan Darling, senior director of product and market 
management for CE and Biopharma at SCIEX. 

Biosimilarity is first demonstrated with analytical data sup-
porting structural and functional similarity, then through clin-
ical studies assessing immunogenicity and pharmacokinetics 
(PK), and in some cases pharmacodynamics (PD). Additional 
comparative clinical studies, says Ricardo Infante, global med-
ical lead for Organon Biosimilars, are conducted between the 
reference product and the proposed biosimilar to ensure there 
are no clinically meaningful differences in efficacy and safety.

“The goal of a biosimilar development program is to demon-
strate that the candidate biosimilar is highly similar to and has 
no clinically meaningful differences from its originator/refer-
ence product, not to independently establish de novo the safety 
and efficacy of the biosimilar,” adds Yant.

The array of data the manufacturer of a proposed biosim-
ilar product must generate for the proposed product and the 
FDA-approved reference product in order to demonstrate 
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biosimilarity include, according to Yant, 
analytical studies demonstrating that the 
biological product is highly similar to 
the reference product, notwithstanding 
minor differences in clinically inactive 
components; animal studies, including 
an assessment of toxicity; and a clinical 
study or studies sufficient to demon-
strate safety, purity, and potency of the 
proposed biosimilar product in one or 
more of the indications for which the 
reference product is licensed.  

Yant also emphasizes that no single 
study or endpoint should be considered 

“pivotal” in a biosimilar marketing appli-
cation. Rather the totality of data and 
information submitted should support 
the demonstration of biosimilarity (1).

THE MOLECULE  
IS THE PROCESS
Developing a biosimilar is more nuanced 
than developing a small-molecule 
generic product. With small mole-
cules, the API is a single molecule with 
a highly defined structure and chemi-
cal composition. There may be different 
synthetic routes to producing the com-
pound that could potentially lead to dif-
ferent impurities, but the actual molecule 
itself will be identical in the branded and 
generic versions. There are no possible 
variants to consider.

Like all biologics, Yant notes that 
biosimilars are produced through an 
intricate, multistep process using living 
cells. The molecule is in fact determined 
by the process, Stawicki stresses. Every 
step in the process and every change in 
process conditions affects the nature of 
the biologic product. “There is a signif-
icant change in mentality needed when 
developing biosimilars vs. generics,” he 
says, “with the focus shifting to defining 
and controlling and characterizing the 
process to make the highly similar prod-
uct.” There is also a need, Stawicki notes, 
for biosimilar developers to have a good 
understanding of how potential changes 
to the molecule can change side effects.

Complicating this issue is the fact 
that for most biologics, the majority 

of details about the production pro-
cesses for these reference products 
are not publicly available. “The cell 
line and manufacturing process of the 
reference product are proprietary and 
belong only to the reference product  
manufacturer,” says Yant.

As a result, biosimilar developers 
basically need to start from scratch and 
use their own processes. “Characterizing 
the reference molecule, figuring out 
which cell line to use, and essentially 
reengineering the manufacturing pro-
cess is tremendously expensive. For this 
reason, some of the companies with 
the most demonstrated success in bio-
similars are also developers of novel 
drugs—they are able to leverage the 
same expertise, processes, and toolset for 
both,” Darling observes.

ESSENTIAL TO LINK 
STRUCTURE TO FUNCTION
While the same analytics are used in 
biosimilar development that are used 
for general protein-based new-product 
development, it is even more important 
to link structure to function, Darling 
remarks. “It is unlikely that a biosimilar 
production process will yield the same 
variants in the same percentages as the 
process developed for the innovator 
drug, and it is therefore necessary to 
be able to demonstrate that the differ-
ences in variants and variant percent-
ages don’t impact the function of the 
molecule,” she explains.

Analytics, adds Infante, are the 
foundation of biosimilar development. 
“Analytical testing occurs during initial 

development to characterize the struc-
ture and function because analytical 
data [are] more sensitive than clinical 
data in detecting differences between 
a biosimilar and its reference product 
should they exist,” he says. 

Procurement and analysis of mul-
tiple batches of the reference product 
help to establish a baseline that informs 
subsequent structural and functional 
similarity tests. “To ensure high con-
fidence in structural and functional 
similarity between a proposed biosim-
ilar product and its reference product,  
comprehensive analytical comparison 
covering a broad disciplinary of analyt-
ical techniques should be considered,” 
Yant states. He adds that analytical 
similarity assessment should be per-
formed using scientifically sound, fit-for- 
purpose, state-of-the-art techniques 
that are sensitive and capable of detect-
ing small differences.  

Peptide mapping is particularly 
important for understanding sequence 
variations and differences in post-trans-
lational modifications, but standard 
techniques such as capillary electropho-
resis, mass spectrometry, liquid chro-
matography, and binding assays are all 
crucial, Darling observes. 

All of the analytics used to charac-
terize the innovator drug also guide 
process development both upstream 
and downstream, according to Stawicki. 

“There are multiple steps in upstream 
process development and even more in 
downstream development, and every 
single one requires multiple types of 
analyses. The better the analytical capa-
bility—the more sensitive and more 
informative—the better the process, and 
optimum processes are needed for every 
step that can have an impact on quality, 
efficacy, and yield. It is not possible to 
design and execute such complicated 
biosimilar processes without fully char-
acterizing every step,” he insists.

Yant adds that new analytical tech-
nologies may help address uncertain-
ties about biosimilarity between the 
proposed biosimilar and the originator 
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product, but any potential limitations 
also must be understood.

MANAGING  
TECHNOLOGY ADVANCES
Advances in analytical technologies can 
actually create some challenges. Older 
biologics that have been on the market 
for some time may have been developed 
using technologies that are no longer 
accepted by the regulatory authorities. 
One example highlighted by Darling 
is sodium dodecyl sulfate–polyacryl-
amide gel electrophoresis (SDS-PAGE). 
State-of-the-art techniques must be 
used today to meet regulatory expecta-
tions, which requires the development 
and validation of new methods. Newer 
modalities such as bispecifics and fusion 
proteins can also present challenges to 
biosimilar development with respect to 
analytical method development. 

“The difficulties associated with bio-
similar analysis really are dependent 
on the molecule that is involved. Ion 
exchange chromatography might work 
for a monoclonal antibody but not for a 
bispecific. It isn’t so much that the mol-
ecule being developed is a biosimilar, but 
more that each specific type of molecule 
requires the right specialized hands-on 
expertise,” Darling comments. 

ESTABLISHED PLATFORM 
TECHNOLOGIES INVALUABLE
In most cases, biosimilar developers seek 
to use standard methods that can be 
identified using information found in 
publicly available documents filed on the 
reference compound or in the general 
literature. “Although much of the process 
knowledge about reference compounds 
is kept proprietary, information about 
analytical methods is often available, and 
wherever possible biosimilar developers 
prefer to leverage the same methods used 
for the innovator molecule because get-
ting the same results with these methods 
speaks strongly to regulators,” Darling 
observes. “If different methods are used, 
then they must be justified and more 
work is needed to provide assurance of 

similarity,” she adds. Ideally, those stan-
dard methods are based on platform 
technologies and standard workflows. 

RISING INTEREST IN 
STATISTICAL ANALYSIS 
The use of statistical methods to aid 
in assessment of analytical similar-
ity results has been a topic of debate 
among regulatory agencies and con-
tinues to be discussed by FDA and the 
European Medicines Agency (EMA). 
The lack of final regulatory guidance 
has not, however, prevented successful 
approval and marketing of biosimi-
lar products in both the US and EU, 
according to Yant. “Finding analysis 
methodologies that can be broadly 
accepted by regulatory agencies for 
comparative assessment of analytical 
similarity will streamline biosimilar 
regulatory submissions and approval 
processes globally,” he contends.

EVOLVING DESIGN 
STRATEGIES TO INHIBIT 
BIOSIMILAR DEVELOPMENT
Even with more specific regulatory 
guidance, the development of biosim-
ilars may get more difficult going for-
ward. “When new biologic drugs are 
developed today, innovators are think-
ing from the outset about reducing 
the ability of competitors to develop 
biosimilars. Innovator molecules are 
designed with very tightly defined char-
acterization and structural features—
for instance very specific glycans—that 
make it difficult for anyone to exactly 
reproduce them,” Stawicki explains. 

“The strategy today,” he adds, “is to 
design innovator molecules that have 
a smooth continuation from innova-
tor molecule to very-difficult-to-copy 
biosimilar so the original developer 
can maintain a strong market position 
throughout the life of the drug.”

MAINTAINING  
QUALITY STANDARDS
Regardless of the design strategy and 
the complexity of biosimilars, however, 

a focus on quality must be maintained. 
“Biologics development, whether for 
innovator or biosimilar products, is a 
complex process that requires a quali-
ty-based systematic approach. All vari-
ables and parameters critical to product 
quality are identified and rigorously 
monitored to ensure safe and effective 
products for patients,” Infante avers.

To create and preserve physician con-
fidence, patient safety, and the integ-
rity of the healthcare system, biosimilars 
must meet and maintain robust scientific 
standards before and after approval, Yant 
agrees. He notes, though, that there has 
been an increased debate around biosim-
ilar development, with some stakehold-
ers calling for lower regulatory standards 
around comparative clinical studies and 
demonstrating interchangeability during 
the development process. “Amgen 
firmly believes that rigorous, scientifi-
cally appropriate regulatory standards are 
necessary for the approval, manufacture, 
and uninterrupted availability of safe and 
effective biological products, including 
biosimilars,” he says. 

“Analytical data alone,” Yant stresses, 
“are insufficient to determine biosim-
ilarity. There will always be subtle 
structural and functional differences 
between a proposed biosimilar and 
an originator product. Analytical 
methodologies alone cannot defini-
tively evaluate the potential impact of 
such differences on clinical outcomes, 
including pharmacokinetics, efficacy, 
and immunogenicity.”

Yant concludes that as biosimilar 
development continues to evolve, all 
biological products, including biosim-
ilars, must continue to be held to the 
same manufacturing quality standards—
following the same strict standards of 
quality, safety, and efficacy—expected 
for reference products. 
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GMPs for Sterile 
Manufacturing of Biologics

The complex nature of biologics creates challenges for GMPs in 
sterile manufacturing, and the EU’s Annex 1 is making an impact. 

SUSAN HAIGNEY

B iologics, by nature, are complex and come with cer-
tain challenges when producing these products under 
current good manufacturing practices (CGMPs). 

Biologics are, typically, parenterals that must be sterile and 
manufactured under sterile aseptic conditions, according 
to Hanns-Christian Mahler, CEO of ten23 health. Sterile 
manufacturing of these “sensitive molecules”, therefore, adds 
an additional layer of complexity, notes Mahler. 

“[Biologics] are typically manufactured under aseptic 
conditions, using sterile filtration and would generally not 
withstand sterilizing conditions such as heat (terminal ster-
ilization or autoclaving) and are expected to undergo sig-
nificant degradation when using chemical sterilization or 
radiation. Even ‘normal’ unit operations during sterile pro-
duction, such as pumping, can significantly damage and 
degrade biologics. Hence, sterile manufacturing of biologics 
requires intimate knowledge and experience in the field of 
formulation and process development and understanding of 
critical quality attributes [CQAs],” says Mahler. 

Injected products require strong controls on manufactur-
ing to prevent microbial and other types of contamination 

of the product, according to Julie Bonjean, head of Quality 
and Validation at Univercells Technologies. Control over the 
manufacturing environment, equipment, and consumables is 
crucial, specifies Bonjean, and validation must be performed 
to ensure processes run as expected and are reproducible.  

“Any human intervention on the process must be performed 
by highly trained professionals or reduced whenever possible. 
In both cases, meeting GMP requirements will add quality 
costs because more controls and more oversight are needed. 
For biologics, however, there is a need to develop scalable pro-
cesses much earlier to ensure scalability from discovery into 
commercial production. All of this has driven the industry 
towards automated equipment portfolios that simplify tech 
transfer activities and are operated with single use systems to 
reduce the burden,” Bonjean stresses.

Aspects of following CGMPs in manufacturing of bio-
logics that may be challenging are the evaluation of the 
materials’ qualities, and the application of emerging tech-
nologies, according to Jeffrey Lacouchie, regulatory affair 
specialist at Polyplus. “In general, complying with the 
FDA’s GMP requirements is not difficult, but there are 
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several intricacies that might provide a 
barrier. For instance, it is simple to do gap 
analysis and confirm that processes are 
in accordance with the many regulations, 
guidelines, and technical publications that 
comprise contemporary CGMPs. But 
the quantity of complicated formulation 
work required in biological products is 
quite challenging,” says Lacouchie. 

“The core GMP principles are the 
same for solid-dosage products and bio-
logics. Given the nature of the manu-
facturing process for biologics, however, 
GMP guidelines include specific require-
ments regarding microbiological contam-
ination which can represent a significant 
risk when producing biologics,” agrees 
Giuseppe Mauro, Vice President, Incyte.

To gain perspective on sterile man-
ufacturing of biologics under GMPs, 
BioPharm International asked industry 
experts about best practices for manu-
facturing these products and to provide 
an update on the latest regulations for 
sterile manufacturing. Joining Bonjean, 
Lacouchie, Mahler, and Mauro in the 
discussion are Kurt Brorson, vice pres-
ident, technical and Siegfried Schmitt, 
vice president, technical, both at Parexel; 
Richard Johnson, president of the 
Parenteral Drug Association (PDA); 
Lindsay Fraser, head of technical services 
at Symbiosis Pharmaceutical Services; 
and Paul Gustafson, chairperson of the 
Pharmaceutical Inspection Co-operation 
Scheme (PIC/S).

BEST PRACTICES  
FOR BIOLOGICS
BioPharm: What are some best 
practices for manufacturing biologics 
under GMPs?

Mahler (ten23 health): As bio-
logics are manufactured aseptically, envi-
ronmental control [and] robust and 
qualified aseptic processing are manda-
tory to ensure sterility. To reduce inter-
vention and thereby the risk for the 
sterility, the process must be well charac-
terized and developed to maintain prod-
uct quality. Small process changes may 
harm the functionality of the product, so 

degradation pathways shall be known. 
Good understanding of the interaction 
of process parameters to CQA are key for 
stable and reliable manufacturing.

Mauro (Incyte): Companies need 
to stay well informed of the latest guid-
ance and trends, as the CGMPs are con-
tinuously changing, and it is up to the 
manufacturer of biologics to stay up to 
date. Applying quality risk management 
(QRM) principles is an effective best 
practice. It is important to periodically 
step back and assess the internal man-
ufacturing practices versus the industry 
standard, and to maintain a scientific and 
pragmatic approach in managing the 
product lifecycle. Another good practice 
is to exchange our practices with other 
manufacturers on a regular basis and look 
for all the market innovations that could 
be applicable to our processes.

Brorson and Schmitt (Parexel): 
Best practices are when companies 
achieve more than mere compliance, for 
example by applying the principles of 
quality by design (QbD) from the early 
stages of development right through-
out the lifecycle. In addition, best prac-
tice is establishing a supply chain that 
is robust, f lexible, and responsive to 
changing patient needs (e.g., for vac-
cines). Maintaining low or no bioburden 
during drug substance manufacture as 
well as viral safety is another. For biolog-
ics, drug substances manufacture is com-
plex with microbially vulnerable steps 
and care is required to produce a safe 
and high-quality product.

Johnson (PDA): Drug substance 
manufacture often includes living cells, 
and control of process conditions for 
maintenance of cell banks, protection 
from contamination (chemical, microbial, 
and viral contamination) is critical. Each 
process is highly specific and involves 
many steps. Single-use, closed systems 
have aided in this protection, and per-
mitted scale out and scale up much easier 
than traditional stainless steel.

Gustafson (PIC/S): One best prac-
tice that goes beyond GMP require-
ments for manufacturing of biologics 

(or any medically necessary drug) is the 
security of the drug supply chain. In 
the case of biologics, consideration 
should be paid to building redundancies 
into the stages of global supply chain 
whether it be cell banks, critical material 
suppliers, manufacturing capacity, or 
analytical testing.

Other legally binding or best prac-
tices for manufacture of biologics under 
GMP can also be found in the wealth of 
additional materials from national com-
petent regulatory authorities or leading 
international industry associations.

The Pharmaceutical Inspection 
Co-operation Scheme (PIC/S) guides 
provide an excellent source of legally 
binding requirements (PIC/S GMP 
Guide) and best practices (see other rel-
evant voluntary guidance documents) 
for the manufacture of biologics under 
GMPs (1–5). 

Fraser (Symbios is Pharm-
aceutical Services): Best practices 
would include building quality, safety, 
and efficacy into the product (QbD). 
Specific procedures include the selec-
tion of GMP/parenteral compliant raw 
materials going into the process, in-pro-
cess controls, and validated procedures/
assays required to manufacture and 
characterize the product. Quality com-
pliance must be performed throughout 
the entire product lifecycle and must be 
maintained for any outsourced third-
party organizations such as test houses. 

ANNEX 1 REVISION AND 
OTHER REGULATIONS
BioPharm: What can you tell us about 
the European Union’s revision to Annex 
1? What changes should manufacturers 
be aware of, specifically for biologics?

Gustafson (PIC/S): The new 
version of Annex 1: Manufacture of 
sterile products highlights a tremen-
dous success for international co-oper-
ation and harmonization with PIC/S, 
European Medicines Agency (EMA), 
and World Health Organization 
(WHO) coming together to jointly 
develop this guidance for the manufac-
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ture of sterile products. We look for-
ward to the upcoming joint publication 
of this guide by PIC/S, the European 
Commission (EC), and WHO in the 
coming months. This document is a 
much more comprehensive guidance 
to support industry, growing from 16 
pages in the latest version to 57 pages 
with a completely revised chapter layout. 

A key consideration in the new 
Annex is how pharmaceutical quality 
system requirements are incorporated 
into the guide to increase the use of 
quality risk management and to imple-
ment contamination control strategy. 
This will help enable good quality cul-
ture at manufacturing sites to help facil-
itate an increase in product quality.

Another, very important point about 
this guidance and other more recently 
published PIC/S annexes is the impor-
tance for regulatory frameworks to 
enable adoption of new technologies 
and not hinder scientific advancements.

To help better understand the 
changes, PIC/S encourages manufac-
turers to engage in one of the many 
conferences that leading international 
pharmaceutical associations have been 
hosting and additional information ses-
sions that will be planned in the year 
following publication. Once published, 
this guide will have a one-year imple-
mentation period (with a two-year 
period for one section related to certain 
lyophilizer requirements).

Johnson (PDA): Annex 1 is going 
through its first major update in sev-
eral years. The timing for publica-
tion is not certain, but it is expected 
around mid-2022. The new version 
embraces ICH [International Council 
for Harmonisation] Q9 risk manage-
ment approaches, but still includes 
prescriptive requirements in many 
areas. For the most part, it is consis-
tent with current GMP approaches, 
but there are still some areas of  
concern, [such as:]   

• The use of prescriptive require-
ments and examples (perceived 
as prescriptive requirements), that 

may restrict or limit current and 
future innovative approaches

• Mixed messaging on the allow-
ance of alternative approaches 
based on risk, by alternating a 
language supporting a risk-based 
approach with very prescriptive 
requirements

• A focus on reactive process mon-
itoring and product testing as a 
primary means of process control, 
that results in less emphasis on 
process design, training, and fail-
ure prevention

• The need for recognition of the 
impact and feasibility of cer-
tain Annex requirements and 
changes to existing manufactur-
ing processes, facility, and oper-
ations, as compared the product 
quality benefit of those require-
ments and changes 

• The need to clarify the intent 
of and harmonize language in 
Annex sections, to prevent mis-
understandings due to the wide 
geographical scope of this guid-
ance document 

• The lack of clear distinction 
between and the perceived 
grouping of technologies that 
require different contamina-
tion control strategies, including 
RABS [restricted access barri-
ers] and isolators, terminal ster-
ilization and aseptic processing, 
and ATMPs [advanced therapy 
medicinal products] and conven-
tional therapy manufacturing. 

The requirement for a Contamination 
Control Strategy is an example of posi-
tive improvement.

Lacouchie (Polyplus): The EU’s 
revision to Annex 1 provides basic rec-
ommendations to produce all sterile 
products utilizing QRM concepts to 
guarantee that microbiological, particle, 
and pyrogen contamination is avoided 
in the final product. Much is dependent 
on the personnel’s ability, training, and 
attitudes. Quality assurance is very criti-
cal in this form of manufacturing, which 

must strictly adhere to well-established 
and validated methods of preparation and 
procedure. Any terminal procedure or 
finished product test should not rely only 
on sterility or other quality factors.

This revision is designed to improve 
clarity, integrate QRM concepts to 
enable the incorporation of new tech-
nology and innovative processes, and 
change the structure to a more logical 
flow. [Significant changes include]intro-
duction of new sections, introduction of 
QRM principles, restructured to give 
more logical flow, [and] added detail 
to a number of the previous sections to 
provide further clarity.

Mahler (ten23 health): The 
Annex 1 revision, in its second draft as 
of Feb. 20, 2020, includes a variety of 
considerations in quite logical arrange-
ment. One element is that the Annex 1 
revision clearly stated barrier technolo-
gies as state-of-the-art manufacturing. 
Frequent contamination by bacterizidal 
gassing will be mandatory to keep the 
sterile environment for manufacturing. 
Potential update and residues of ster-
ilizing agent (e.g., vaporized hydrogen 
peroxide [VHP]) has to be consid-
ered and evaluated for product quality 
impact. There are also important chap-
ters related to Visual Inspection and 
Container-Closure-Integrity. 

Mauro (Incyte): The EU’s revision 
to Annex 1 is a real improvement in our 
continuous effort for the protection of 
patients. It reinforces the importance 
for each manufacturer to ensure that 
an effective QRM is integrated into 
all areas of the product life cycle. One 
of the key objectives of this update is 
to improve the manufacturer’s controls 
over the potential microbiological con-
tamination of products. Key changes 
and challenges will impact each man-
ufacturer’s formal documentation for 
this risk-based contamination control 
strategy, including consideration of the 
testing filters in cleanrooms and barrier 
technologies. Added contents on aseptic 
processing, alignment with European 
Pharmacopoeia on WFI (Water for 
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Injections) and barrier technologies will 
help the industry to clarify expectations.

Brorson and Schmitt (Parexel): 
Industry has not yet seen the final ver-
sion of the revised Annex 1, which is 
likely to be published later this year. 
However, it is clear that state-of-the-art 
technology will be an expectation. This 
means that in order to achieve compli-
ance with Annex 1, companies may need 
to update with  different and new equip-
ment or facilities. A new key concept 
is the Contamination Control Strategy, 
which requires companies to look at 
contamination control holistically.

BioPharm: Has the revised Annex 1 
addressed some of industry’s concerns?

Mauro (Incyte):  With more 
than 2000 comments generated by  
contributors on the first draft of the 
Annex 1, we can see that the industry 
is deeply engaged and is looking for 
some clarification and guidance on the 
defined requirements.

The new version is bringing some 
clarity around the aseptic control mea-
sure concept and expectations. However, 
final alignments are still in progress and 
a final version regarding the testing fil-
ters in classrooms is still expected.

Johnson (PDA): During the 
lengthy revision process, there have 
been many concerns from the earliest 
drafts that have been addressed. The last 
public version still had some language 
that PDA and other associations were 
requesting changed. We will see in the 
final version whether these have been 
resolved. There is also concern about the 
dates for implementation; due to the 
long lead times for some equipment, it 
is hoped that the final version will take 
this into consideration.

Gustafson (PIC/S): The joint inter-
national team representing the working 
group for Annex 1: Manufacture of ster-
ile products has been active in listening 
to industry feedback. PIC/S, EMA, and 
WHO hosted two separate rounds of 
consultation. The first in 2017 provided 
for approximately 6000 comments from 
industry stakeholders. After significant 

revision, a second consultation was held 
in 2020 with about 2000 comments.

The feedback provided by industry 
was carefully considered by the joint 
working group in advancing the version 
that will soon be published. PIC/S will 
be working to help ensure there is mutual 
understanding of the revised version that 
helps in protection of patient health. 

Lacouchie (Polyplus): The specific 
changes in the newly revised guidance 
document that will significantly impact 
the industry will be technical and orga-
nizational. This revised document is an 
excellent illustration of what a coordi-
nated effort can achieve, providing a 
connection with the ongoing mutual rec-
ognition process between the US and the 
EU. Industry experts anticipate changes 
with the proposed Annex 1, particularly 
in the areas of QRM, contamination 
control strategies, and environmental and 
process monitoring.

Mahler (ten23 health): From our 
perspective at ten23 health, the Annex 1 
revision does not bear any surprising new 
requirements and matches our expecta-
tions for CGMP. Interestingly enough, 
a survey made during the PDA Visual 
Inspection conference suggested that 
roughly a third of attendees were not 
ready to address the new Annex 1 draft 
requirements related to ‘container closure 
integrity’ (CCI).  

BioPharm: Are there any upcoming 
changes to FDA or ICH guidelines for 
sterile/aseptic manufacturing that manu-
facturers of biologics should be aware of?

Brorson and Schmitt (Parexel): 
The revisions underway to ICH Q9 
on QRM will prompt all companies, 
including the biotech industry, to assess 
their approach to QRM, particularly 
with regards to the level of formality 
and appropriateness of the assessment 
outcomes. ICH Q5A is also under revi-
sion. While Q5A applies to adventi-
tious agents (viruses) that are tested and 
controlled during drug substance man-
ufacture, not fill/finish, viral safety is a 
critical aspect for the overall safety of 
the final dosage form.

Gustafson (PIC/S): The upcom-
ing publication of PIC/S Annex 1: 
Manufacture of Sterile Products is per-
haps one of the most significant GMP 
publications that will be advanced 
in the near future. This said, PIC/S 
seeks to co-operate with other inter-
national partners including ICH and 
International Coalition of Medicines 
Regulatory Authorities (ICMRA).  

PIC/S closely co-operates with 
ICH.  Since 2020, there has been an 
operating pilot for More Routine 
Engagement of ICH with PIC/S on 
ICH Q Guidelines that are related 
to inspection activities. This covers 
Q9 (Quality Risk Management) and 
Q12 (Pharmaceutical Product Lifecycle 
Management) for which PIC/S has 
been represented in ICH work-
ing groups. The current version 
of ICH Q9 was adopted by PIC/S 
in 2009 as Annex 20 (Quality Risk 
Management) of the PIC/S GMP 
Guide. This will be updated once a 
new version of Q9 is ready. For Q12, 
PIC/S is supporting the effective 
implementation of ICH Q12, with 
regard to inspectors’ needs, through 
training and various tools in develop-
ment, with the support of ICH.

Another important area that PIC/S 
has observed for co-operation is 
with ICMRA in establishment of a 
Pharmaceutical Quality Knowledge 
Management System (PQ KMS) for 
which there is a recent publication. 
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When Is It Appropriate to Outsource 
Bioanalysis Work to a CRO?

When considering whether to outsource work to a CRO, there are a 
number of factors to assess, including the type of work that may be 

outsourced, regulatory considerations, and needs for the study.
AMY LAVELLE AND LAURA BRUNNER

A s a drug moves through the development and reg-
ulatory pipeline to approval, a sponsor may choose 
to outsource some or all of its bioanalytical work 

for a variety of reasons. Some biopharma companies may 
be virtual and need to outsource everything. Others may 
have the capabilities to do the work in house but choose to 
outsource for financial or other strategic reasons. When a 
sponsor chooses a contract research organization (CRO), it 
may be looking for a partnership, while others may simply 
be in need of a service and the relationship is strictly trans-
actional. Whatever the situation, a sponsor should consider 
its own needs, capabilities, expectations, and limitations 
when choosing a bioanalytical CRO. 

Not all CROs are the same. There are the niche or spe-
cialty CROs and the “one-stop-shop” CROs. CROs may 
cover a wide range of offerings outside of bioanalytical 
such as clinical trial management, central lab activities, 
manufacturing, etc. There are also CROs that solely pro-
vide bioanalytical services. Some may specialize in certain 

therapeutic areas or have special equipment to perform 
specific types of assays. Others will be best suited for 
pre-clinical development studies and some for long-term, 
high-volume clinical trials. Small CROs may not have the 
capacity to accommodate several large-scale studies and 
also support other clients, while some larger CROs may 
hesitate to commit to smaller studies that could interfere 
with their commitments to large studies. In this case, the 
choice of CRO is then narrowed. The bioanalytical lab-
oratory location and cost of services also may be limiting 
factors in the decision to choose a CRO. 

Throughout drug development, a number of labs may 
be required for various stages (see Figure 1 for exam-
ples.) Pre-clinical studies are necessary to support inves-
tigational new drug (IND) filings and clinical trial design. 

Outsourcing
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Bioanalytical good laboratory prac-
tice (GLP) studies are expected to 
be conducted with the proper quality 
systems in place to ensure the integ-
rity and reliability of the data. Early 
development work also may include 
exploratory biomarker assay determi-
nation, to be narrowed down for even-
tual clinical endpoints and companion 
diagnostics to be co-developed with a 
therapeutic. Given the need for rapid 
data turnaround for decision-making 
purposes, factors to consider when 
choosing a CRO for early develop-
ment studies may include the capacity 
to meet critical timelines, as well as 
the future prospects of entering into a 
partnership for clinical studies. 

Clinical development includes 
first-in-human (FIH) through Phase 
III studies. Bioanalytical programs 
become more complex with good 
clinical practice (GCP) regulations 
and often utilize a central laboratory 
for sample processing. Bioanalytical 
strategies include pharmacokinetic/
pharmacodynamic (PK/PD), anti-
drug antibody (ADA) and biomarker 
assessments, as well as the use of a cell 
culture lab for neutralizing antibody 
(NAb) assays. 

Regulatory considerations for  
clinical development include safety 
and efficacy data for regulatory  
agency filings and medical device 

application data for companion  
diagnostics (if applicable). 

Clinical programs can last many 
years, be very large, and include stud-
ies in different populations as well 
as genotoxicity, reproductive toxic-
ity, and carcinogenicity studies. Not 
only are there considerations for bio-
analytical assay development, valida-
tion, and sample analysis, but other 
items for consideration include long-
term sample storage and assay lifecy-
cle maintenance for critical reagents. 
Choosing a CRO with the capacity 
for developing, validating, and ana-
lyzing high-throughput studies per 
regulatory guidance and the stability 
to accommodate the needs of a lon-
gitudinal study are factors to consider 
for clinical studies.

Post-marketing requirements (PMRs) 
and post-marketing commitments 
(PMCs) are part of a post-market-
ing study that may be requested by 
regulatory authorities at the time 
of approval or after approval if new 
safety information becomes available. 
These studies may be observational 
and meta-data driven or may require 
additional clinical trials needing 
bioanalytical support for safety and  
efficacy data in different popula-
tions, as well as long-term studies for 
vaccines and cell and gene therapies. 
Agency-required studies are often 

timebound. Failure to comply with 
post-marketing requirements could 
lead to regulatory agency actions. The 
choice of CRO for these studies may 
be based on current relationships, 
because utilizing the same CRO that 
performed the previous clinical stud-
ies would be most appropriate, given 
their experience with the study(ies) 
and lifecycle maintenance of the assay 
methods and reagents. For special 
indications, a CRO that has specific 
expertise in a certain therapeutic area 
or in a specific patient population 
might be required. The choice may 
come down to which CRO has the 
capability and capacity and can com-
mit to meet critical timelines.

OUTSOURCING BY DATA NEED
Throughout drug development there are 
many different opportunities for bioan-
alytical data acquisition. Drug concen-
tration, drug target, anti-drug antibodies, 
biomarkers, drug activity assays, drug 
metabolites, biomarker metabolites, 
genetic markers, and genetic mutations 
all represent the variety of data needs 
for a therapeutic to reach the market. 
All or some may be of interest and/or 
required for a sponsor to fully understand 
the effects of their drug. Large mole-
cule, ligand binding PK and ADA assays 
are common in practice across indus-
try and don’t necessarily require special 
equipment. However, some may require 
instrumentation that not all CROs have 
access to. For example, some biomarkers 
require high sensitivity that must have 
specific specialized instrumentation to 
assess at pico- or even femtogram levels. 
Mass spectroscopy, cell labs, and molec-
ular biology labs are not a given at all  
bioanalytical CROs. The needs for these 
assessments may be a consideration when 
choosing a CRO, if the preference is to 
outsource to multiple CROs versus one 
that offers a variety of analysis platforms. 

With the number of therapeutics 
coming to market, industry is seeing 

Outsourcing

Figure 1. Sponsor needs by phase.
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Coming Together to Enable Cell  
and Gene Therapy Manufacturing

Precompetitive consortiums seek solutions to industry-wide challenges.
JENNIFER MARKARIAN

P recompetitive consortiums create a space for both man-
ufacturers and equipment and technology suppliers to 
find solutions to manufacturing challenges that affect 

the whole industry. By working together, they seek to create 
standardized tools—including software, hardware, and ana-
lytical methods—and to harmonize the technical language 
around these tools. One of the desired results is that vendors 
can then create products that all manufacturers can use, rather 
than designing bespoke solutions. Another way consortiums 
boost technology adoption is by bringing together different 
perspectives to identify industry challenges, broaden and clarify 
the definition of specific problems, and propose “roadmaps” that 
companies can then use in their own journeys. 

“A consortia-based approach affords the opportunity to 
broadly advance capabilities that can be used by many—and 
do so more quickly—through more iterations being conducted 
and communicated in a more compressed timeframe,” explains 
Chris Yochim, business development director at the National 
Institute for Innovation in Manufacturing Biopharmaceuticals 
(NIIMBL) in the United States. “Individual companies must 
intensely focus on addressing the challenges of their respective 
product portfolios. They try to apply what they learn to the next 

product coming through, but they are limited by whatever expe-
riences they did or didn’t happen to encounter.”

Consortiums are especially crucial for emerging therapy areas. 
As these therapies move through development toward com-
mercialization, collaborative efforts can help speed the solution 
of problems that arise when trying to manufacture efficiently 
at commercial scale. The common goal is to bring solutions—
quickly and cost-effectively—to patients. Many companies and 
organizations, including consortiums, are currently working on 
challenges related to improving the manufacturing processes of 
cell and gene therapies (CGTs) as well as those of viral vectors, 
which are crucial raw materials. 

“[Cell and gene therapies] are incredibly complex by his-
torical biopharma industry standards,” says Tim Charlebois, 
NIIMBL Senior Fellow. “While we have seen great promise 
with the early successes, there is still a lot we don’t understand 
about them—how to make them, how to analyze them, [and] 
how to ensure they can be produced with a reliability and qual-
ity that meet the standards that patients expect and deserve. At 

BioBusiness
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the same time, there is great urgency to 
develop products rapidly, because many 
of the therapies are intended to address 
acute unmet medical needs.” 

Charlebois explains that one chal-
lenge is understanding the relationship 
of critical quality attributes to funda-
mental process and analytical technol-
ogy. Other challenges involve workforce 
needs and manufacturing capacity, 
complexity, and cost. “Overall, these 
challenges are tied to the tremendous 
novelty and diversity of the candidate 
technologies and therapeutic approaches 
being undertaken,” he concludes.

FACILITATING  
TECHNOLOGY DEVELOPMENT
BioPhorum’s Cell and Gene Therapy 
Phorum, formed in 2018, aims to facili-
tate development of CGTs and smooth 
the way to commercialization of CGT 
products (1). For example, detailed pro-
cess maps for the manufacture of cell 
therapies (2) and gene therapies (3) 

explain the different modalities. A “tool-
kit” released by BioPhorum in April 
2022 (4) defines and describes the com-
plex ecosystems of CGT manufacturing 
and supply to “provide a common lan-
guage and framework for collaboration,” 
(5) which is important for supply part-
nerships and, in particular, for develop-
ing information technology (IT) systems. 
BioPhorum says that the models, which 
map out six common types of CGTs, can 
be expanded to new modalities as needed. 
According to BioPhorum, “If IT solu-
tions built today can support multiple 
therapy modalities, then future therapies 
can be brought to market more quickly 
and supported more easily” (6). 

BEST PRACTICES FOR      
SINGLE-USE TECHNOLOGIES
The Bio-Process Systems Alliance 
(BPSA), an industry association that 
facilitates biopharmaceutical manufactur-
ing using single-use technologies (SUT), 
has a technical committee dedicated to 

CGT chaired by Brendan Lucey, who is 
also Cross Unit director of Marketing 
Strategy at Entegris. 

“Due to the broad nature of our 
membership, we are able to understand 
what is going on across the industry 
and address the pain points that we are 
seeing globally,” says Lucey. He says 
that a key advantage of addressing these 
issues through the BPSA consortium is 
having input from both the end users 
(i.e., drug manufacturers) and the SUT 
suppliers to find solutions that will 
work for everyone. Having broad solu-
tions, rather than a custom solution that 
works for just one user, has been crucial 
to meet production needs during times 
of tight global supply chains, such as 
those the industry has been experienc-
ing in the past couple years.  

Increasing the industry’s capacity to 
make and supply viral vectors has been 
of high importance, as demand for these 
starting materials in cell and gene ther-
apy production has outpaced supply. The 
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BPSA CGT Committee has been work-
ing on a technical guide for viral vector 
manufacturing, which is due to be pub-
lished in June 2022. 

“This paper was an 18-month project 
led by more than a dozen subject matter 
experts [who have] insights into the chal-
lenges and benefits of scalable cell and 
gene therapy processes,” says Kevin Ott, 
executive director of BPSA.

The report will discuss how SUT can 
meet both present and future challenges 
in viral vector manufacturing. It will 
address topics including scalability, stan-
dardization, change management, system 
robustness and integrity, and quality. The 
paper will also show how a completely 
closed system is designed to keep out any 
potential contaminants, says Lucey.  

The committee has previously pub-
lished technical guides detailing best 
practices for SUT in CGT manu-
facturing (7) and considerations for 
extractables and leachables (E&L) in 
CGT development (8). 

“Each emerging biotherapeutic 
class comes with potentially unique 
process, regulatory, and commercial 
requirements that must be taken into 
account,” says Lucey. For example, 
E&L concerns in CGT differ from the 
historical concerns of other types of 
bioprocessing. “[The BPSA report on 
CGT E&L considerations] helps end 
users assess their risk and think about 
regulatory concerns before having that 
first meeting with regulatory agencies.  
It enables end users to make smart 
choices early in the process that reduce 
any E&L concerns,” he explains. 

ADVANCING INNOVATION  
IN THE US AND GLOBALLY
NIIMBL, a public-private partner-
ship funded by the US federal gov-
ernment and consortium members, 
works to advance biopharmaceutical  
manufacturing in the US through activ-
ities such as developing standards and 
workforce training. In the CGT area, 
NIIMBL is focusing on viral vector man-
ufacturing and analytics. 

“Limited availability of viral vectors, 
such as adeno-associated virus (AAV) 
and lentivirus, represent a major bottle-
neck, which is constraining the growth 
and successful development of both 
gene and cell therapies,” says Charlebois. 

“Enormous investments in facilities, 
equipment, technology, and staff have 
recently been undertaken, but there is a 
long way to go to meet the overall needs 
of the cell and gene therapy commu-
nity. We are bringing together thought 
leaders and technical experts across 
industry to develop a program of col-
laborative, precompetitive work that can 
both advance and improve access to the 
critical process and analytical technolo-
gies in this space. We are also developing 
and supporting workforce programs to 
help address the rapidly growing need 
for expertise in technical development, 
manufacturing, quality, and regulatory dis-
ciplines for viral vector manufacturing.”

In one project, the United States 
Pharmacopeia and the US Department 
of Commerce’s National Institute of 
Standards and Technology are perform-

ing an interlaboratory study to measure 
critical quality attributes for AAV prod-
ucts, which can be used to deliver gene 
therapies, and NIIMBL is providing the 
collaborative platform (9).  

In a project funded through the 
American Rescue Plan (10), Caring 
Cross is working with NIIMBL to 
develop open-source platform technol-
ogies and materials for AAV and len-
tivirus. “The intent is to make these 
broadly available for research purposes 
and enhance the ability of investigators 
and smaller, less-well funded entities 
to pursue therapies dependent on viral 
vectors,” explains Charlebois.

NIIMBL is also partnering with the 
international advocacy group Alliance 
for Regenerative Medicine (ARM). 
NIIMBL and ARM’s Project A-Gene is 
a case study-based approach to integrating 
quality-by-design (QbD) principles in 
gene therapy chemistry, manufacturing, 
and controls programs (11). The project 
brought together more than 50 indus-
try experts from 20 therapeutic devel-
opers, as well as experts from FDA and 
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Alongside the precompetitive  
consortiums finding solutions to 
industry-wide problems are orga-
nizations that bring together aca-
demic researchers, investors, and  
infrastructure to demonstrate tech-
nologies or provide resources to 
start-up companies. 
The United Kingdom’s Cell 

and Gene Therapy Catapult 
(CGT Catapult) collaborates with 
companies at its Manufacturing 
Innovation Centre located in 
Stevenage, United Kingdom. For 
example, in March 2022, the CGT 
Catapult, contract manufacturing 
organization Symbiosis, and 
clinical-stage biotechnology 
company Freeline Therapeutics 
together completed a project to 
demonstrate a lean manufacturing 
method for the sterile filling of 
Freeline’s viral vector (1). 

“This reduction in the time taken 
between consecutive stages in the 
UK’s [advanced therapy medicinal 
products] drug development 
manufacturing supply chain not 
only exceeds the project’s original 
target to reduce the timeline 
by over 25%, but underlines 
how progressive collaborative 
strategic approaches can create 
opportunities for our shared clients 
to add value to their pharmaceutical 
assets by accelerating their 
development through clinical trial 
and, ultimately, bring life-changing 
therapies to patients more quickly,” 
said Symbiosis CEO Colin MacKay, 
in the press release (1).

Reference
1. CGT Catapult, “Symbiosis 

Announces Successful Com-
pletion of UK Research and In-
novation (UKRI) Project,” Press 
Release, March 30, 2022.

Catalyzing new technologies
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the Standards Coordinating Body for 
Gene, Cell, and Regenerative Medicines 
and Cell-Based Drug Discovery to iden-
tify best practices for the manufacture 
of a viral vector for use in gene therapy. 
The results of the four-year project were 
shared in a report (12) and in a webinar 
series that will culminate with a work-
shop in June 2022. The project leaders 
hope that the study will help developers 
overcome barriers to moving from clinical 
trials to commercial production, similarly 
to how a 2009 case study on applying 
QbD to monoclonal antibody production 
lowered barriers in that area (11). 

“The case study represents current 
thinking around best practices in advanc-
ing small-batch clinical trial manufac-
turing to commercial-scale production,” 
explains Gene Schaefer, NIIMBL Senior 
Fellow. “The output document is a valu-
able reference for both organizations that 
participated as well as other organizations 
working in this area. [The document] is 
not meant to be prescriptive, but rather a 

starting point for discussions and deci-
sions within an organization about the 
best approach that aligns with an organi-
zation’s capabilities and priorities.”

Later in 2022, ARM and NIIMBL 
will be releasing project A-Cell, which 
takes a similar approach of applying 
QbD principles to the manufacture of a 
cell-based therapy.

BENEFITS OF CONSORTIUMS
Companies should get involved in con-
sortia that are relevant to them, both 
to benefit themselves and the industry 
as a whole. “Progress is being made to 
advance the field, and that progress ben-
efits from as broad a cross-section of 
stakeholders being engaged as possible,” 
concludes Yochim. “Organizations that 
actively engage in meetings, on project 
teams, in the governance of the institute, 
and in other ways generally have very 
deep and lasting interactions that provide 
technical and workforce-related benefits 
back to the member.” 

REFERENCES
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increasingly complicated modalities 
and compounds. This requires not 
only regulatory and analytical exper-
tise but scientific expertise to ensure 
accurate method development and 
analytical oversight for a program. 
As the complexity of biotherapeutics 
increases so does the need for inno-
vative technologies and platforms to 
address the bioanalytical needs of get-
ting a drug to market. Particularly for 
long-term programs that are not tech-
nically standard, scientific oversight 
of method performance will be neces-
sary. While the sponsor will have ulti-
mate responsibility of the final data 
reported, scientists at a CRO will be 
responsible for the initial assay devel-
opment and optimization and act as 
the first line in identifying trending 
changes, technical assay challenges, 
and can assist in risk mitigation if 
needed. Scientific experience and 

knowledge in a CRO are imperative 
to a successful clinical trial.

The CRO will likely follow specific 
regulatory requirements and guidances 
for assay validation, data management 
and reporting, sample handling, and 
equipment and IT systems validations 
and maintenance support, depending 
on their laboratory specifications. Some 
examples of common documents include: 

• FDA, Bioanalytical Method 
Validation Guidelines 

• FDA, Guidance  f or  Assay 
Development and Validation 
for Immunogenicity Testing of 
Therapeutic Protein Products

• European Medicines Agency 
(EMA), Guideline on Bioanalytical 
Method Validation 

• Guideline on Immunogenicity 
assessment of therapeutic proteins

• US, Code of Federal Regulations 
Title 21

• International  Counci l  for 
Harmonisation, E6 Good Clinical 
Practice: Consolidated Guidance.

In addition, CROs may be certified 
by the College of American Pathologists 
( CA P ) / C l i n i c a l  L a b o r a t o r t y 
Improvement Amendments of 1988 
(CLIA) or follow GxP regulations and 
be regularly inspected by the FDA, the 
Brazilian Heath Regulatory Agency 
(ANVISA) or other similar regulatory 
bodies. When considering the bioana-
lytical needs of a program, it is not only 
important to have expertise, instrumen-
tation, and capabilities, but the infra-
structure of the organization and the 
security of processes to ensure the integ-
rity and safety of data.

Choosing the right CRO is an 
important decision and can be instru-
mental in a successful drug devel-
opment program. Capacity needs, 
expertise, regulatory knowledge, or 
timelines may drive decisions. Whether 
it’s a one-stop shop or a specialty CRO, 
all CROs should adhere to best prac-
tices, standard operating procedures, 
and regulatory guidance to assure qual-
ity and integrity of the data.◆

Outsourcing —  
Contin. from page 43
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Next-Generation Cas9 Proteins
Thermo Fisher Scientific’s 
Invitrogen TrueCut Hifi 
Cas9 Protein is designed 
for research applications 
that require highly precise 
genome editing, such 
as the engineering of 
chimeric antigen receptor 
(CAR)-T cells and the 
creation of cellular models 
for disease discovery.
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editing efficiency. It does this by minimizing edits in unintended 
locations, which are disruptive in translational research, 
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near complete elimination of off-target effects compared to 
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improved off-target profiles relative to similar proteins.
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The product has demonstrated 120+ hours of thermal 
insulation without the need for external power or human 
intervention. It comes in 26 L and 57 L varieties and is ideal 
for products that require an internal temperature of -70 °C 
to +20 °C. According to data from over 25,000 shipments, it 
has demonstrated fewer than 0.1% temperature excursions.

The KTEvolution has minimal fixtures and fittings, instead 
using a light-weight webbing system and integral handles to 
evenly distribute the load and simplify the manual handling 
process. It features built-in datalogging technology that can 
provide real-time confirmation of internal temperature and 
on-delivery sign-off; it is also compatible with smart technology 
solutions that allow for location, shock, and impact monitoring.
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of the new requirements. A CDMO must communicate 
changes and commitments affecting their quality sys-
tem to their client and vice versa because these changes 
may affect regulatory filings. 

Finally, the solution to the equation is variable E, which 
represents the robust quality agreement. The quality 
agreement should be a living, breathing document that 
is reviewed and revised as often as needed to clarify both 
party’s responsibilities and avoid conflict of responsibili-
ties to ensure a successful partnership. 

The relationship between the client and the CDMO is 
important and complex. Both parties need to be knowl-
edgeable on the application and interpretations of the 
regulations, and they need to work through any oppos-
ing opinions to reach an interpretation that works for 
both parties. A cooperative working relationship can be 
achieved if each party clearly identifies and communicates 
their needs through an effective quality agreement.

REFERENCES
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Ask the Expert

Susan J. Schniepp, distinguished fellow at Regulatory 
Compliance Associates, discusses the basics for maintaining an 
acceptable working relationship between a client and their CDMO.

Q: I work for a small company with a few 
products in the development phase. I am 

reviewing several contract development and man-
ufacturing organizations (CDMOs) to determine 
which one best fits our needs. Can you give me 
some general guidance on what I should look for 
when choosing an appropriate partner?

A: Contract manufacturing continues to be 
one of the fastest growing segments of the 

pharmaceutical industry. There are many small 
companies with products in development who do 
not own manufacturing facilities and must utilize 
CDMOs to handle their development and manu-
facturing needs from clinical to commercial prod-
uct. It is important for both parties to be invested 
and respectful in the relationship because it is a 
long-term commitment.

The first step in this relationship is to establish 
a quality agreement (1–3). If we view the rela-
tionship between the two parties as an equation, 
it would be:

A + B + C + D = E
where A represents the CDMOs needs, B repre-

sents the client needs, C represents the compliance 
requirements, D represents the regulatory commit-
ments for both parties, while E represents the qual-
ity agreement/quality relationship between the 
two organizations. 

Breaking the equation down a bit more, variable 
A should take into account the needs of the CDMO 
including auditing, testing, material sourcing, and 
any special client needs required to successfully 
manufacture the product. When defining the 
audit responsibilities, the CDMO should consider 
determining the amount of involvement of the 
client(s) for all audit types. 

Variable B represents the client needs and should 
take into account requirements that might be 
influenced by development data, regulatory regis-
tration commitments, specific sourcing strategies, 
or any cooperative partnership with other compa-
nies. The client should also inform the CDMO of 
any additional quality agreements that are associ-
ated with the manufacturing of the product. At 

one point in my career, I worked for a small start-
up company which had three quality agreements 
associated with one product in clinical trials. The 
three agreements were for three different contract 
organizations. One CDMO organization was man-
ufacturing the material, another was preforming 
the release testing, and the final one was perform-
ing the product labeling. These complicated rela-
tionships should be disclosed to all involved parties 
so communication between organizations can be 
optimized, particularly when issues arise.

Variable C represents compliance requirements 
of the CDMO, which is influenced by multiple 
customers, regulatory agencies, and standard-set-
ting organizations. Company standard operation 
procedures (SOPs) (4–6), client SOPs, audit obser-
vations, and compendial requirements define this 
element of our equation. Clients should be aware 
that CDMOs are usually global in nature and may 
have obligations to meet compendial require-
ments of the United States Pharmacopeia–National 
Formulary (USP–NF), the European Pharmacopoeia 
(Ph.Eur.), and the Japanese Pharmacopoeia (JP) (7). 
In my opinion, this would be the optimal section 
to include the communication expectations for 
regulatory audits conducted either at the CDMO 
or the client’s business locations. The need for the 
CDMO to communicate with the client when a 
regulatory audit is being performed at their facil-
ity is evident, but it is equally important that the 
client communicate with the CDMO when the 
positions are reversed. This two-way communica-
tion is crucial because each organization could be 
vulnerable based on the audit outcome regardless 
of where the audit was conducted.

The final variable in this equation is vari-
able D. Variable D considers the regulatory 
commitments of the client and/or the CDMO. 
Regulatory commitments are the evolving body 
of knowledge made up of new or impending reg-
ulations or guidelines that may require changes 
in operations in order to meet the expectations 
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