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Chairman’s Letter

C reating a safe, reproducible, productive, and cost-
effective environment for bioprocessing steps contin-
ues to evolve as new materials and technologies are 

adopted by drug and contract manufacturers. The process 
development steps for viral vectors calls for special attention 
to the materials and equipment selected. In the cover story 
for this issue, “Single-Use Technologies Prove Effective for 
Viral Vector Process Development,” the benefits and limits of 
single-use materials and processing equipment, from lab-scale 
to commercial operations, are reviewed. Meeting capacity 
demands and the pros and cons of different bioreactor types 
are discussed.

Single-use technologies also are playing an important role 
in aseptic processing and the transfer of crucial materials, as 
noted in the Manufacturing topic, “The Evolving Aseptic 
Processing Landscape.”

Development and manufacturing challenges associated with 
other modalities are also explored. Bispecific antibodies, which 
target two different antigens, represent a growing area of 
research interest; however, the more complex product profile 
presents challenges for cell-line development. The Development 
section article, “Using Picodroplet Technology to Optimize 
Bispecific Cell Lines,” offers possible solutions.

Vaccine development has been a major topic in the past 
18 months as efforts to develop effective vaccines to combat 
COVID-19 continue. While the spotlight has been focused 
on the “new” messenger RNA vaccines platforms, subunit 
vaccines are showing promise as an alternative approach, one 
that offers an established platform approval track record. The 
latest developments for this class of vaccines are explored in 
another Development topic, “Subunit Vaccines and the Fight 
Against COVID-19.”

Automation continues to play a greater role in biopro-
cessing, including cell harvesting steps, reducing bottle-
necks and removing manual steps that can lead to errors. 
The Downstream Processing feature, “Cell Harvesting Sees 
Benefits from Automated Processes”, outlines the benefits of a 
transition to automated steps.

Flexible facility operations, along with automation ele-
ments, were key considerations in the design of the Mark 
Cuban Cost Plus Drug Company’s sterile fill/finish facility, a 
Dallas, Tex.-based operation being built to address drug short-
ages. Read about the scenario modeling process used to make 
informed decisions about layout, capacity, and equipment in 
the Manufacturing section article “Designing Flexible Fill/
Finish Facilities”.

As the features in this issue illustrate, biopharmaceutical 
development and manufacturing continues to benefit from 
innovators from within the industry, and investments and 
ideas from other business segments.

Mike Hennessy, Sr.
Chairman and Founder

MJH Life Sciences™
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From the Editor

FDA Inspections Back on Track?

A s the global COVID-19 pandemic passes the 
18-month mark, there are signs that some businesses 
are resuming pre-pandemic operations. Answers to 

“when can I …” questions vary based on region and vaccination 
status. On the bio/pharmaceutical front lines, drug companies 
and Congress are asking FDA: When will inspections resume?

In March 2020, travel restrictions prompted FDA to put 
inspections on hold and conduct only mission-critical inspec-
tions and focusing on efforts to prevent drug shortages and 
bring pandemic-related vaccines treatments to market. From 
March 2020 to March 2021, application decisions of 48 
human drugs—including six deemed “mission critical” and 
nine animal drugs—were delayed because inspections were 
not conducted. As of March 2021, the agency had a backlog 
of approximately 1000 inspections for human and animal drug 
facilities to tackle (1). 

In a July 22, 2021 letter, the House Energy and Commerce 
Committee sought details about foreign inspections; if 
delayed inspections are slowing the approval of new drugs, 
generics, and biosimilars; if FDA is using inspection reports 
from trusted inspectorates; and how will FDA’s data mod-
ernization plan impact inspection activities. In addition, the 
committee asked how the $38.3 million provided to FDA to 
address the pandemic has been used to resume domestic and 
foreign inspections (2).

Acting FDA Commissioner Janet Woodcock outlined 
the Agency’s plans in testimony before the Senate Health, 
Education, Labor and Pensions Committee on July 20, 2021 
(3). FDA has established an Inspectional Affairs Council to 
coordinate inspection approaches and assessments across prod-
uct centers and will review the number of COVID-19 cases in 
different regions to assess risks to personnel. The agency will 
announce domestic inspections in advance to ensure a facility 
is available and safe; however, FDA officials say it will take 
time to resume the foreign drug inspection program.

The House Committee’s letter closed with the question: 
How long, after a return to standard operations for domestic 
and foreign inspections, will it take to clear the backlog? As 
in other aspects of businesses and daily life, the desire to make 
up for lost time is urgent. 

REFERENCES
1. FDA, Resiliency Roadmap for FDA Inspectional 

Oversight, Report (May 2021). 
2. Committee on Energy and Commerce, Letter to 

Dr. Janet Woodcock (July 22, 2021).
3. J. Wechsler, “FDA Under Pressure to 

Restore ‘Normal’ Drug Inspections,” www.
BioPharmInternational.com (July 28, 2021). ◆
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Regulatory Beat

Full approval of COVID-19 vaccines may increase public confidence,  
but better coordination in development and review is needed.

FDA Prioritizes Vaccine Review 
and Process Improvements
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A  s federal officials struggle to boost 
US vaccination rates to combat the 
coronavirus pandemic, manufactur-

ers and regulators are responding with efforts to 
file and evaluate biologics license applications 
(BLAs) for COVID-19 vaccines to further assure 
the public of product effectiveness and safety. 
The rise of COVID variants has made public 
health officials anxious to expand immunity 
more widely and quickly in areas with low 
vaccination rates, and experts hope that full 
approval of existing and new vaccines will 
increase public confidence in their value. 

The top priority for the Center for Biologics 
Evaluation and Research (CBER) is to approve 
BLAs for COVID vaccines to address vaccine 
hesitancy, said CBER Director Peter Marks. 
He emphasized that the agency is working to 
“move this forward” as quickly as possible in 
remarks at the Drug Information Association 
(DIA) virtual annual meeting on June 30, 2021. 
Even if full approval encourages only 5% more 
individuals to get vaccinated, “that will make 
a difference,” he observed, adding that “having 
an approved vaccine may help.” 

FDA won plaudits this past year 
for devising a clear and pragmatic 
process for awarding Emergency Use 
Authorization (EUA) for COVID-19 
vaccines able to meet high stan-
dards for product safety and efficacy. 
Although the three vaccines with 
EUAs have experienced few adverse 
events and have provided clear pro-
tection against infection for much of 
the population, strong vaccine hes-
itancy is limiting efforts to expand 
these gains. With variants and 
another wave of COVID-19 infections 

threatening [or emerging], FDA officials recog-
nize that full BLA approval may help counter 
concerns about the “experimental” nature and 
limited testing of the available preventives. 

To move forward, Pfizer initiated a rolling sub-
mission of a BLA on May 7, 2021, initially filing 
existing preclinical and clinical information, 
with manufacturing and facility data to come. 
On July 16, 2021, FDA formally accepted the 
company’s BLA for individuals age 16 and older 
and granted the application priority review (1). 
Moderna announced on June 1, 2021, that it also 
had launched a rolling BLA submission, with an 
eye to gaining priority review and approval by 
year-end (2). FDA acknowledges that BLAs require 
more information than the initial EUAs, includ-
ing data from conformance lots, full characteriza-
tion reports, additional facility inspections, closer 
scrutiny of individual safety cases, and more fol-
low-up on adverse events. Marks explained in a 
letter to The New York Times that CBER staff can’t 
turn around such evaluations in a few weeks but 
will require several months to fully assess the 
complete data (3). Marks emphasized that the 
review of applications for full approval of COVID-
19 vaccines is “one of the highest priorities” at 
FDA, but that the extensive additional manu-

For vaccine manufacturing, 
one needs productive 
facilities that can shift 
from “slow simmer” to 
“low boil” very quickly.

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.



www.biopharminternational.com August 2021 BioPharm International 11

Regulatory Beat

facturing and clinical information 
warrants a “high-quality review” to 
avoid undermining the public trust 
in the agency.

Even so, some public health 
authorities have criticized FDA for 
moving too slowly in processing 
the BLAs, while others agree with 
Marks that any appearance of hasty 
action or incomplete oversight may 
only aggravate latent fears. 

FUTURE EFFICIENCIES 
In planning for more efficient and 
effective vaccine development for 
the next epidemic or pandemic, 
FDA and manufacturers agree that 
master protocols would be helpful, 
as would the early designation of 
a single central laboratory to han-
dle testing and assays across differ-
ent platforms. A valid concern is 
that each of the approved vaccines 
from Moderna, Pfizer-BioNTech, 
and Johnson & Johnson was tested 
and developed using different end-
points and assays and without head-
to-head comparisons. At the DIA 
meeting, Marks acknowledged that 
early on there was consideration of 
establishing a master protocol to 
test three or four initial vaccine can-

didates with one control group, but 
that timing issues prevented that 
approach. Waiting for all manufac-
turers to be ready for clinical studies 
would have delayed product approv-
als for three or four months, he 
explained, which most likely would 
have increased COVID deaths. 

Marks also cited the need for bet-
ter strategies to quickly scale up vac-
cine production, acknowledging that 
manufacturing drug substance and 
drug product is “a huge issue.” That 
doesn’t mean building more plants to 
have them sitting there until needed, 
Marks said. For vaccine manufactur-
ing, one needs productive facilities 
that can shift from “slow simmer” 
to “low boil” very quickly. Here 
advanced manufacturing methods 
may be important, with disposable 
and modular systems that can be eas-
ily transported to support produc-
tion on a global basis. And although 
vaccine manufacturing requires con-
siderable expertise, semi-automated 
processes would be more scalable 
and require a smaller, but still highly 
skilled, cadre of workers. 

Manufacturers also are look-
ing for more common guidance 
and requirements from regulators 

around the world, and less “global 
disharmony” in policies and stan-
dards. Marks and others acknowl-
edged that regulators could do more 
to come together and avoid claims 
that their vaccine is better than 
others. An initial area for collabo-
ration may involve determining the 
need for COVID vaccine boosters or 
new preventives for variants. There 
also is interest in agreeing on what 
tests or measures would support 
boosters and or the need for annual 
COVID-19 vaccines. 

Conversely, Marks noted, differ-
ent authorities working at cross pur-
poses and promoting diverse claims 
will only spur vaccine hesitancy and 
may delay efforts to bring the pan-
demic to an end. 
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A broad White House proposal to advance competition 
in major US industries features several measures intended 
to make medicines more affordable for patients (1). The 
executive order also instructs the Department of Health 
and Human Services (HHS) to aide consumers by re-
ducing the cost of hearing aids, limiting certain hospital 
mergers, and clarifying insurance options offering afford-
able coverage.

With 72 wide-ranging proposals, the initiative challenges 
multiple areas where curbs on free competition may harm 
consumers and workers. There are measures designed to 
help workers negotiate with employers, limit airline fees, 
curb data collection and surveillance by tech companies, 
and support open online marketplaces.
To spur competition in the health care arena, HHS is 

directed to issue a comprehensive plan within 45 days 

to map out ways to combat high drug prices and “price 
gouging” and enhance domestic pharmaceutical supply 
chains. One item on the list is to revive a rule that requires 
health marketplaces to offer at least one health plan 
with a standard benefit to make it easier for consumers 
to compare coverage options. The Federal Trade 
Commission and Department of Justice also will review 
merger guidelines to prevent patient harm from certain 
hospital mergers and assess the need for controversial 
rules requiring hospitals to disclose the prices they 
negotiate with health insurance firms.

Reference
1.  White House, Executive Order on Promoting Competition in 

the American Economy, July 09, 2021.
—Jill Wechsler

Drug Prices Targeted in Biden Competition Initiative
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Single-Use Technologies Prove Effective 
for Viral Vector Process Development

The benefits of single-use technologies for upstream  
viral-vector processes clearly outweigh their disadvantages.

CYNTHIA A. CHALLENER

U pstream viral-vector processes can have signifi-
cant impacts on downstream purification require-
ments. The presence of serum, culture harvest 

viability, turbidity, cell lysis reagents, contaminant DNA 
levels, and residual transfection agents are all upstream fac-
tors. Overall process scalability and robustness, says Todd 
Sanderson, senior R&D manager for Pall Biotech, are 
dependent on the performance of the bioreactor whether it 
is adherent- or suspension-based. “The ability to provide a 
reproducible and uniform ideal microenvironment is a pre-
requisite for reproducible and uniform vector production in 
a bioreactor,” he states.

Increasingly, single-use technologies—such as shake flasks, 
rocking-bioreactor bags, and larger bioreactor bags—have 
been used for laboratory- to commercial-scale viral vector 
production, including for upstream inoculum expansion 
and production steps. These technologies provide several 
advantages over stainless-steel systems, including reduced 
capital investment, elimination of cleaning in place (CIP), 
and cleaning validation. These advantages, according to Atul 
Mohindra, senior director of R&D for Lonza, drive down 

overall contamination rates as well as enhance the efficiency 
of a production facility while reducing manufacturing costs 
(both operational and maintenance). 

While there may be some drawbacks to single-use systems, 
Tony Hitchcock, technical director at Cobra Biologics, a 
Charles River company, thinks the benefits far outweigh the 
problems. “The simple reality is that the COVID-19 pan-
demic has shown the benefits of single-use systems in that it 
would not have been possible to deploy the viral vaccines in 
the time and the scale that has been achieved,” he asserts.

Notably for the manufacture of vectors based on adeno-as-
sociated virus (AAV), one of the most common vector types 
for gene therapy delivery and viral-vector vaccines, recent data 
have shown that stainless steel can have a negative impact on 
the infectivity of AAV, which, reinforces the strategy of using 
single-use technologies, says Emmanuelle Cameau, technical 
manager for viral vectors and gene therapy at Pall Biotech.
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SINGLE-USE OPTIONS FROM 
LAB TO COMMERCIAL SCALE
A variety of different single-use sys-
tems are used for viral vector pro-
duction depending on the phase of 
development, required production scale, 
the specific vector being manufactured, 
the type of cells used, and whether 
the virus is harvested from the culture 
medium, the cells, or both. The sin-
gle-use systems most used, according 
to Chor Sing Tan, strategy manager at 
Cytiva, include T-flasks, roller bottles, 
cell factories or cell stacks, rocking bio-
reactors, fixed-bed culture systems, and 
stirred-tank bioreactors.

“Traditional laboratory-scale systems, 
such as roller bottles or cell factories 
designed for use with adherent cells, are 
generally used for small-scale produc-
tion of viral vectors, while fixed-bed 
culture systems and stirred-tank biore-
actors are the predominantly leveraged 
for scaling adherent and suspension 
processes, respectively,” Tan says. Use of 
microcarriers that support adherent cell 
lines is also being explored as a means 
for scaling adherent processes in sus-
pension in stirred-tank bioreactors.

Flatware is often used in the seed 
train for larger-scale processes as well as 
for small-scale production, according to 
Tan. T-flasks, for instance, are generally 
used for subculture, while cell factories 
are mainly dedicated to the culture of 
adherently growing cells. Roller bottles 
are simpler than T-flasks but require 
a mechanical device for rotation. Cell 
factories have their own limitations, 
such as variable volumes and a lack of 
a sufficient gas exchange for optimum 
cell growth. For all of these systems, 
extensive manual procedures and open 
manipulation preclude their practical 
use at commercial scale.

Rocking bioreactors, fixed-bed bio-
reactors, and stirred bioreactors do 
enable aseptic, closed operations and 
are amenable to automation. They are 
also designed to increase cell-culture 
density while maintaining adequate gas 
exchange and supply of nutrients and 

preventing accumulation of cell culture 
byproducts, according to Tan. 

For single-use systems in particular, 
Sanderson adds that cell-culture com-
patibility is critical because many of the 
plastics and polymers used in biologics 
manufacturing are not inert to biologi-
cal processes. “In addition to leachable 
and extractables, there is also risk for 
nutrient loss by adsorption onto the 
plastic surface. These concerns can be 
addressed by screening these materials 
for compatibility with the materials in 
each process,” he comments. 

NEED FOR HIGHER 
COMMERCIAL CAPACITY
Many viral-vector manufacturing pro-
cesses for gene therapies were initially 
developed in academic laboratories 
using traditional plasticware systems 
such as multi-layer flasks. These pro-
cesses were often retained when these 
candidates moved into the clinic. 
For some low-demand gene therapy 
indications, these single-use systems 
remain a technology of choice, offer-
ing sufficient capacity and remov-
ing the need for process change, says 
Marie Jourdan, vice-president of mar-
keting and product management at 
Univercells Technologies.

The well-known limitations of flat-
ware in terms of scalability, reliability, 
and process optimization have caught 
the attention of end-users, however. 
“Scaling-out to achieve large quantities 
of viral vectors presents several draw-
backs that lead to footprint, capital, 
and operational expense, and repro-
ducibility issues. Developers are con-
sequently turning to more scalable 
technologies with higher throughputs 
and economies of scale while reducing 
footprint, manual operations, and cost 
of goods compared to 2-D technolo-
gies,” Jourdan observes. 

Large-scale single-use bioreactors, 
when compared to flatware systems, 
also require much less plastic to produce 
the same quantity of viral vector prod-
uct, according to Cameau. That means 

the quantity of plastic that must be dis-
posed of afterwards is also reduced.

Suspension cell culture in stirred-
tank bioreactors and adherent culture in 
fixed-bed bioreactors have become the 
predominant choices. Both, according 
to Cameau, offer more process control 
than flatware systems because bioreactors 
include sensors for monitoring of pH, 
dissolved oxygen (DO), carbon dioxide 
percentage, and other parameters. 

Automated bioreactors, Cameau 
adds, provide opportunities for opti-
mization with regard to the cell-cul-
ture media/surface ratio in adherent 
processes. “Compared to flatware, the 
ratios in fixed-bed bioreactors are 
generally significantly lower, result-
ing in lower overall volumes to han-
dle upstream, and lower volumes to be 
processed downstream,” she explains. 
Cell-culture media utilization also 
tends to be more efficient, and infor-
mation gained from media utilization 
studies can be used to balance cost and 
performance at all scales and formats, 
according to Sanderson.

ADHERENT VERSUS 
SUSPENSION CELL CULTURE
As mentioned, viral-vector producers 
have an initial choice between suspen-
sion and adherent production platforms. 
A key difference between adherent and 
suspension bioreactors is whether there 
is a physical surface provided to sup-
port cell growth. This physical surface, 
according to Sanderson, complicates the 
engineering involved to provide a uni-
form controlled environment through 
the entirety of the bioreactor. 

He also notes that adherent 
expression systems generally rely on 
serum-containing media formulations, 
and animal-derived components pose 
an additional risk for the introduction 
of adventitious agents and biological raw 
material consistency, which can result in 
more biological variation than chemi-
cally defined media systems.

Adherent cultures require the use of 
trypsin to detach cells. “The presence 
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of active trypsin changes cellular metab-
olism and intracellular morphology. 
Serum is used to inactivate the tryp-
sin, but lot-to-lot variability and the 
instability of the serum may fluctu-
ate the degree of trypsin inactivation, 
and thereby result in less control over 
the host-cell state. Residual activated 
trypsin can also inactivate many viral 
vectors,” says to Natraj Ram, vice-pres-
ident of innovation in Thermo Fisher 
Scientific’s BioProduction business.

Adherent processes, Sanderson contin-
ues, also involve more complex seed trains 
with larger numbers of flatware vessels or 
another adherent bioreactor system due 
to the large number of cells required to 
inoculate adherent bioreactors. 

For these reasons—and also due to 
the limited number of options for large-
scale production in adherent systems—
many viral-vector and gene-therapy 
developers are now focusing on suspen-
sion platforms, according to Hitchcock. 

The wide availability of scale-down 
models for suspension processes, such 
as the ambr platform from Sartorius, 
also allow for process intensification to 
increase vector productivity to compa-
rable levels to the adherent platforms, 
Hitchcock says. “These systems also 
provide a route for scaling to com-
mercial production, which is especially 
true for adeno-associated virus (AAV)-
based therapies where an increasing 
number of producers are looking to 
operate at scales up to 2000 L,” he says.

Cobra Biologics is also seeing an 
increasing number of companies devel-
oping producer and stable cell lines, 
particularly for the production of len-
tiviral (LV) vectors, which are more 
readily transferred into suspension 
platforms and can potentially be run at 
scales greater than 2000 L.

Even so, Sanderson observes that 
adherent bioreactors have a process 
advantage over suspension bioreac-
tors for intracellular products such as 
those based on the AAV2 serotype, in 
which the attachment of the cells allows 
for cell lysis in relatively low volumes, 

which reduces the required downstream 
purification steps.

In addition, both adherent and sus-
pension single-use bioreactors integrate 
well with other single-use technolo-
gies, according to Ram. Furthermore, 
while it is necessary to ensure uniform 
distribution of cells throughout the 
reactor matrix as well as the uniform 
distribution of the transfection complex 
for reactions in fixed-bed bioreactors, 
he notes that the volumes transferred 
during both the inoculation and trans-
fection steps can be decreased compared 
with those required for suspension pro-
cesses in traditional stirred tanks.

Indeed, stirred-tank reactors have been 
demonstrated to offer a scalable solu-
tion for biologics products, notes Jourdan. 
However, she says, with this system, 
capacity increases linearly with operat-
ing volumes, which for specific very high 
demand-low productivity applications, 
multiple units in parallel may be required, 
which has footprint and capital expendi-
ture implications.

Some additional decrease in volumes 
is also possible during the harvest step, 
Ram adds, if using the fixed-bed bioreac-
tor system with a process where the vec-
tor remains in the cells. In this way all of 
the reactor medium can be disposed prior 
to harvest and a low-volume harvest step 
can be accomplished. “For suspension 
processes, a separate harvest step must be 
developed, which adds some complexity 
but is not a showstopper,” he comments.

Finally, Ram points out that the use 
of perfusion in fixed-bed bioreactors 
is simpler than in traditional stirred 
tanks because the attachment matrix 
essentially acts as the cell retention 
device, while in suspension culture 
an external cell retention device is 
required. “Even in the case where the 
AAV serotype remains predominately 
in the cell, there is still usually 20–30% 
present in the spent media, which most 
drug manufacturers opt to retain. If the 
research team wants to keep the super-
natant, detergent lysis should occur 
in the presence of the spent media in 

order to use this detergent treatment as 
a viral inactivation step as well.”

Despite the advantages of adherent 
cell culture noted by Ram, he believes 
that the maturity of single-use tech-
nologies in the traditional stirred-tank 
space combined with the the ability 
to further scale-up processes should 
be considered in terms of adopting 
suspension versus adherent modali-
ties. “Advances in suspension-based 
viral-vector manufacturing should be 
emphasized, and newer technologies 
that incorporate suspension-based 
cultures and provide the same advan-
tages as adherent modalities should be 
developed,” he asserts. “As with many 
new technologies,” Ram continues, 
“adoption will remain a challenge and 
needs to be addressed through collabo-
ration across the industry.”

EVOLUTION OF PROCESS 
DEVELOPMENT SUPPORT
As single-use technologies have 
increasingly been adopted for com-
mercial-scale viral-vector production, 
single-use bioreactor vendors have 
experienced growing demand for addi-
tional support. “At Pall, we are increas-
ingly seeing customers reaching out 
for help with process scale up using 
our scalable manufacturing platform,” 
Cameau comments. The company’s 
Accelerator Process Development 
Services group can, she says, pro-
vide robust industrial-scale processes, 
including the development of a process 
analytical technology (PAT) approach, 
in six months to one year depending 
on the scope of the project.

In addition, Jourdan notes that a recent 
evolution in the industry sees more and 
more suppliers offering process-develop-
ment support for handling the config-
uration of single-use systems based on 
customer process needs. “As a result,” she 
says, “technology providers are working 
to expand their portfolios to offer tailored, 
comprehensive solutions that help users 
circumvent challenges in terms of sourc-
ing, validation, supply chain, and storage.”
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MANAGING  
CAPACITY DEMAND
Sourcing has, in fact, become an issue 
with single-use components and sys-
tems, as well as many other materials 
used in biopharmaceutical manufactur-
ing. Single-use technology has been a 
key enabler of the rapid ramp up of pro-
duction for COVID-19 vaccines, and 
the sudden increase in manufacturing 
capacity demand has put more pressure 
on the supply of polymer resins used for 
the manufacture of single-use compo-
nents, resins that are also used to pro-
duce clinical devices, personal protective 
equipment, masks, and packaging mate-
rials, according to Tan. 

The result has been materials short-
ages and lead times up to nine months 
for some single-use items, which are 
impacting not just bioreactors, but all 
stages of production processes that 
now rely on single-use systems and has 
become a worldwide problem affecting 
clinical and commercial manufactur-
ing, says Hitchcock. He does add that 
suppliers have invested heavily in new 
production facilities and are seeking to 
provide additional capacity, but it will 
take some time for any new production 
capabilities to come online. 

With single-use bioreactors subjected 
to long lead times along with other con-
sumables and single-use  biocontainer 
assemblies, the best mitigation strategy 
is good planning, according to Wenling 
Dong, associate director, of process 
development at Lonza. Mohindra com-
ments that increased levels of trans-
parency around supply versus demand 
between companies can also help to 
address some of the areas of particular 
concern. Building more flexibility into 
processes to allow for use of materials 
and equipment from multiple suppli-
ers and maintaining stocks of common 
materials are also important strategies 
being employed by Thermo Fisher 
Scientific, Ram observes.

One benefit of the current market 
situation, according to Jourdan, is that 
it has helped to raise awareness about 

the challenges that might come with 
relying on turnkey solutions from ven-
dors, which in turn has led to changes 
in approaches to sourcing such as those 
noted by Ram. “In many cases,” she 
explains, “it can really pay off to already 
have alternatives identified to mitigate 
the risk of loss of continuity.” However, 
Jourdan realizes that such an approach 
does introduce additional complexities 
that require additional effort in terms 
of logistics, supplier qualification, and 
process validation, often making this 
solution difficult to put in practice. 

CHALLENGES FOR 
PROCESS MONITORING
The ability to monitor and control the 
bioreactor environment has been shown 
to enable more reproducible processes 
and improve viral vector product titer and 
quality/potency including the empty/full 
ratio, according to Sanderson. Modern 
single-use adherent and suspension bio-
reactors generally provide a basic level of 
process monitoring and control including 
dissolved oxygen, pH, temperature, etc.

In addition, across the industry, 
Sanderson notes that vendors are inves-
tigating the use of novel PAT tools and 
sensors such as Raman spectroscopy and 
carbonate and glucose sensors to enhance 
process monitoring and control strategies.

Currently, however, Mohindra points 
out that the need for process monitor-
ing means that external probes (for pH, 
dissolved oxygen tension) must be auto-
claved and then inserted into the sin-
gle-use vessels in an aseptic manner.

For smaller-scale vessels with less 
than 50 L of working volume, this 
operation must often be performed 
within a biosafety cabinet (BSC). It 
is also prone to error, according to 
Mohindra, because of the length of the 
probes and the limited space available. 

At larger scales, disposable aseptic 
connectors do allow for autoclaved 
probes to be inserted into single-use 
vessels in a sterile manner outside of 
BSCs. These solutions, however, says 
Mohindra, are not ideal because 

improper installation or excess pressure 
can lead to junction compromise and 
failure of the process. 

“These challenges highlight the need 
for single-use sensors that are integrated 
into single-use bags,” Mohindra con-
cludes. He notes that some progress has 
been made, but there is still scope for 
the development of sensors that mea-
sure more process variables and in a 
more accurate manner.

Ram adds that ultimately real-time 
PAT might be the factor determining 
the choice of suspension versus adher-
ent cell culture for viral-vector manu-
facturers. “Many of these technologies 
have been designed in the context of 
monoclonal antibody production, which 
is based on suspension platforms, so the 
adoption of existing PAT for viral-vec-
tor production will likely be easier for 
suspension-based viral vector platforms,” 
he says. The current lack of standard-
ization of analytical methods for titer 
comparison, however, prevents effective 
assessment of available upstream tech-
nologies, according to Tan.

CHALLENGES OF WORKING 
WITH LARGE-SCALE  
SINGLE-USE TECHNOLOGIES
While the benefits of single-use tech-
nologies outweigh their disadvantages, 
there are some challenges unique to 
using disposable systems, particularly 
on a large scale. One of the key issues 
with implementing single-use systems 
for commercial-scale viral vector pro-
duction is the generation of excessive 
biohazard dry/semi-dry waste, both in 
regard to the material itself but also 
its packaging, says Ram. The shelf life 
with respect to sterility of gamma-irra-
diated materials is another operational 
planning concern. 

Large-scale, single-use systems also 
present challenges with respect to load-
ing and unloading of the single-use 
bags into the equipment, higher risks 
for leaks, and the need for increased 
warehouse space to store single-use 
materials, according to Ram. 
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Single-use, fixed-bed bioreactors
Adherent processes, which initially were notoriously 
difficult to scale-up in regard to operational space 
and manpower required, have become scalable in 
recent years due to the emergence of 3D fixed-bed 
bioreactors. 
These single-use solutions, according to Natraj 

Ram, vice-president of innovation in Thermo Fisher 
Scientific’s BioProduction business, have alleviated 
the operational challenges for adherent processes 
at the terminal reactor stage, but are known to 
have issues with even distribution of fluid, cells, 
and reagents, thereby making process control 
challenging. “With each new 3D fixed-bed bioreactor 
that emerges on the market, however, these 
concerns are being addressed,” he says. Regardless, 
Ram also notes that adherent platforms still require 
more manipulations and manpower for the seed train 
preceding the terminal bioreactor when compared 
to suspension platforms.

Recently introduced fixed-bed bioreactors offer 
scalable solutions that deliver high capacity for 
adherent processes in a more industrial manner, 
says Marie Jourdan, vice-president of marketing and 
product management at Univercells Technologies. 

“These single-use bioreactors deliver high cell densities 
in a reduced footprint while offering in-line process 
monitoring capabilities, facilitating operations. In 
addition, their reduced operational volumes enable 
optimization of the use of expensive media and other 
materials, such as transfection reagents,” she states.
The Univercells Technologies single-use scale-X 

fixed-bed bioreactor portfolio consists of automated, 
intensified bioreactors utilizing a structured spiral 
wound fixed-bed available in dif ferent scale 
configurations to facilitate the transition of processes 
from R&D to commercial-scale good manufacturing 
practice (GMP) manufacture, Jourdan says. She also 
notes that the design of the scale-X bioreactor has 
been shown to provide significantly higher yields 
than alternative adherent-cell based systems for virus 
production, while the inline product concentration 
offers a decrease in operational volumes and delivers 
a concentrated, clarified bulk harvest. 

In the Pall iCELLis automated, single-use, fixed-bed 
bioreactors, the compact three-dimensional fixed beds 
are filled with proprietary macrocarriers composed of 
polyethylene terephthalate microfibers that provide a 
large surface area for cell growth in a small footprint. 
Even media flow and a unique waterfall oxygenation 
approach combined with gentle agitation enable high 
cell densities equaling the productivity of much larger 
stirred-tank units. The platform has been used for 
the development of scalable commercial processes, 

including production of the Novartis’ gene therapy 
Zolgensma (1) and Johnson & Johnson’s COVID-19 
viral-vector vaccine (2).

Single-use suspension bioreactors
Single-use suspension bioreactors are increasing in 
popularity for viral vector production. New media 
formulations have been developed that allow di-
rect adaptation of HEK293 adherent cell lines to se-
rum-free suspension growth conditions, according 
to Todd Sanderson, senior R&D manager for Pall Bio-
tech. Suspension-adapted cell lines are also com-
mercially available. 

In addition to these approaches, viral vectors are 
occasionally produced in suspension bioreactors 
using adherent growth conditions on solid support 
microcarriers. Other expression systems, such as 
engineered producer lines and insect cell/baculovirus 
systems, are typically used in suspension bioreactors 
as they are suspension-based cell types (typically Sf9, 
HEK293, or HELA cells).

Challenges around decreased transfection efficiencies 
for suspension processes and difficulty removing 
transfection reagents prior to harvest, which results in 
the need for careful design of downstream processing 
steps and related analytics, are being addressed 
through the development of new transfection agents 
with improved properties and performance, according 
to Ram. He also notes that other process intensification 
efforts, such as high cell density cultures, have also 
helped alleviate these issues. Furthermore, Ram 
believes that as the field progresses to using packaging 
and producer cell lines for viral vector production 
challenges associated with suspension-transfection 
platforms could become less significant.

In the meantime, in-house work at vendors and 
collaborations between vendors and end users are 
enabling viral-vector manufacturing to transition from 
adherent to suspension culture, according to Chor 
Sing Tan, strategy manager at Cytiva. For instance, 
Cytiva has introduced subtle modifications to existing 
bioreactor platforms such as improved impeller and 
baffle designs and the use of different gas sparging 
sizes to increase transfection efficiencies. The use of 
computation fluid dynamics tools is also helping with 
optimization of flow rates and the location for plasmid 
addition to improve productivity. 
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LOOKING AHEAD
Overall process robustness is the most 
crucial consideration, asserts Cameau, 
and work continues across the industry to 
overcome the challenges to commercial-
ization of advanced therapies. 

For instance, Cameau notes that 
leachables and extractables remain a 
concern any time single-use technolo-
gies are implemented. In addition, more 
understanding is needed regarding how 
the upstream manufacturing process 
impacts the full versus empty ratio of 
AAV. “There may be parameters there 
that could be used to better control this 
ratio, and we work towards those solu-
tions daily,” she observes. 

Furthermore, some vectors can be 
sensitive to shear, to light, to foam, and/
or easily degraded by proteases released 
from the cells when entering apoptosis, 
according to Cameau. “When scaling 
up, it can sometimes be challenging to 
apply the correct scale-up strategy to 

get reproductive and scalable results, 
whatever the platform chosen. This dif-
ficulty can lead to a lower titer when 
transitioning from flatware to bioreac-
tors, whether they are stirred-tank for 
suspension cultures or fixed-bed types. 
More needs to be learned about appro-
priate scaling strategies for specific vec-
tor types,” she says.

The emphasis on speed to market 
in the fast-growing gene therapy seg-
ment also presents an opportunity for 
technology providers to deliver valuable, 
sustainable solutions that help viral-vec-
tor manufacturers facilitate process opti-
mization and scalability and reduce the 
cost of goods, according to Jourdan. 

Single-use technologies, for instance, 
have limitations with respect to pressure 
and flow rates used to purify certain 
products, centrifugal forces, tempera-
ture, and—due to sparger designs—
oxygen and carbon dioxide stripping 
rates, issues that Mohindra would like 

to see vendors address. Ram, meanwhile, 
would like to see improvements in mix-
ing technologies for flatware used in 
seed trains or entirely new means of 
building up seed trains to achieve greater 
uniformity and consistency of cultures.

Adoption of advanced PAT tools 
not only improves process monitoring 
and control, but enables process inten-
sification strategies, including contin-
uous manufacturing (perfusion), in 
both adherent and suspension systems, 
observes Sanderson. A perfusion strategy, 
according to Cameau, can help reduce 
vector titer loss due to external aggres-
sions in the bioreactor.

Finally, Tan notes that there is a gen-
eral consensus among end users that 
the next innovation in gene therapy 
and gene-modified cell therapy will be 
achieving stable producer cell lines for 
viral vector production combined with 
the use of large single-use bioreactors for 
increased titers and reduced costs. ◆
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Using Picodroplet Technology to 
Optimize Bispecific Cell Lines 

Growing demand for bispecific antibodies increases the need for 
automated and miniaturized high throughput screening capabilities.

OLIVIA HUGHES

T  he field of biologics is rapidly evolving, offering new 
avenues for treating and preventing illnesses with 
unmet medical needs. The vast majority of therapeu-

tic biologics have traditionally been monoclonal antibodies 
(mAbs), which account for nearly one-fifth of FDA’s new 
drug approvals each year (1). However, bispecific antibodies 
(BsAbs), which simultaneously target two different antigens, 
have emerged as the next novel wave of biologics (2).

These complex and highly potent molecules offer enhanced 
efficacy when compared to monovalent antibody therapeutics; 
however, BsAbs pose new challenges in development, such as 
low expression yields, inefficient heterodimer formation, and 
the provision of quality assurance data to regulatory agencies. 
Consequently, technologies that provide better predictive screen-
ing capabilities and higher throughputs than those traditionally 
used in cell-line development laboratories are required to meet 
the growing demand for new biotherapeutic molecules (3).

BISPECIFIC ANTIBODIES—THE NEXT WAVE
Among antibody-based therapies, BsAbs have garnered 
considerable interest because of their additional functional-

ities. These functionalities include enhanced tumor killing 
by redirecting specific immune cells to the tumor cells, 
increased binding specificity by targeting two different 
cell-surface antigens, and enhanced therapeutic potency by 
inhibiting two biological pathways instead of one.

BsAbs are available in a variety of configurations, from anti-
body fragments without the fragment crystallizable (Fc) region 
to whole immunoglobulin Gs (IgGs) with the Fc region intact. 
Whole BsAbs are desirable candidates for novel therapeutics for 
cancer immunotherapy, inflammatory disorders, and other dis-
eases. Typically, development begins with transfecting a host cell 
line with genes encoding the desired BsAb’s four peptide chains. 
However, BsAbs have a far more complex product profile than 
monospecific antibodies, containing a mixture of single peptide 
chains, monospecific half molecules, monospecific homodimers, 
and bispecific heterodimers, and this presents manufacturing 
challenges for BsAb cell-line development (4).

OLIVIA HUGHES, olivia.hughes@spherefluidics.com, is a senior 
marketing associate at Sphere Fluidics.
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Specific challenges arise at various stages of develop-
ment. Researchers must utilize sophisticated, expensive, 
and time-consuming analytical development techniques 
throughout, such as enzyme-linked immunosorbent assay 
(ELISA) and liquid chromatography–mass spectrometry to 
evaluate the structure, function, and quality of the products 
derived from each single-cell clone early in the process. 
Additionally, because the selection criteria for BsAbs are 
much stricter than those for monospecific antibodies, a 
much larger number of clones must be screened to identify 
cell lines with the highest quality and productivity.

Alongside these challenges, regulators in the pharmaceutical 
sector, such as FDA, require extensive proof of monoclonality 
for cell-line development. Manufacturers must provide visual 
evidence that each cell line is produced from a single parent 
cell to prevent costly delays in market authorization and clinical 
trial programs. Yet this critical regulatory requirement using tra-
ditional seeding techniques is labor intensive (3).

ENHANCING CELL LINE EXPRESSION SYSTEMS
In the highly competitive and economically-driven biologics 
market, reducing the time to market is essential. Therefore, cell 
line development methods must strategically balance the need 
to deliver at speed without compromising the production of 
high-quality biologics (3). Cell culture processes can be designed 
to produce high titers of mAbs, and these methods can also 
apply to manufacture more complex molecules, such as BsAbs.

Stable mammalian cell lines are a well-established 
model system for the manufacture of recombinant proteins. 
Therapeutic BsAbs, particularly those with IgG-like prop-
erties, are created in mammalian cell lines such as Chinese 
hamster ovary (CHO) cells. CHO cells can produce fully 
humanized recombinant proteins with post-translational 
modifications, such as glycosylation, consistent with those 
found in human cells (3).

CHO cells provide versatility due to their ability to be 
cultivated in suspension, serum-free chemically defined 
media, and scaled up for long-term manufacturing needs. 
Transfection then results in a heterogeneous cellular popula-
tion during cell line development, and cell lines are selected 
depending on desired characteristics. Accordingly, these cells 
expressing BsAbs should be able to produce the target pro-
teins that are equivalent to the cells expressing the original 
therapeutic proteins. 

Equally important is the use of appropriate multi-com-
ponent vectors that optimize transcriptional regulation via 
elements such as promoters or enhancers and translation 
processes through initiation sequences, leader sequences, 
and polyadenylation signals. Additionally, the incorporation 
of appropriate selection marker genes to express the BsAb 
provides a vital detection flag that can be recognized quickly 
during the screening stages of cell line development (3).

HARNESSING AUTOMATED 
SCREENING SOLUTIONS
Novel, automated cell-line development technology can be 
leveraged to rapidly screen more cell types to select optimum 
cell lines capable of delivering high productivity and antibody 
quality throughout several generations. Picodroplet single cell 
analysis systems, based on the encapsulation of single cells into 
picolitre-volume aqueous droplets, have added a promising new 
dimension to cell line development and recombinant protein pro-
duction. This high-throughput microfluidic technology improves 
the accuracy and efficiency of screening and culture development. 

Miniaturized picodroplets provide a highly controlled micro-
environment for studying individual cells, chemical and bio-
chemical reactions, and cell–cell interactions while preserving cell 
viability, thus outperforming standard fluorescence-activated cell 
sorting (FACS). Picodroplets enable researchers to gain infor-
mation on a single cell and the heterogeneity of a cell population 
that, otherwise, cannot be obtained using standard bulk assays (4). 

Within a picodroplet, encapsulated cell-secreted molecules 
quickly accumulate to a concentration that can be measured 
consistently and quantitatively utilizing assays based on the 
Förster resonance energy transfer theory (FRET). Two fluo-
rescent probes, the donor and acceptor, will attach to the target 
secreted molecule in a FRET experiment. The binding event 
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brings the probes together, resulting in 
energy transfer from donor to acceptor, 
seen as a reduction in the donor’s fluo-
rescence signal and a rise in the acceptor’s 
fluorescence signal. Picodroplets contain-
ing desired cells can then be fluorescently 
sorted and distributed into individual 
wells on a microtiter plate for downstream 
analysis (5). This procedure is carried out 
seamlessly within a picodroplet single-cell 
analysis device, resulting in a simplified, 
automated workflow (Figure 1).

A benefit of FRET is that it may be 
customized to detect two different BsAb 
specificities concurrently, allowing for fast 
identification of single cells generating 
properly constructed BsAbs (Figure 2). 
When used in conjunction with pico-
droplet technology, researchers can isolate 
single cells and trap all factors produced 
by those cells within a picodroplet that 
reduces diffusion and increases detection 
sensitivity. After just one to four hours of 
incubation, cell-secreted molecules reach 
a detectable concentration, permitting 
the analysis of the secretion profile and 
quality of the products from each cell 
clone within much shorter timelines (5). 
The ability to visualize single cells also 
allows for quicker and more accurate 
proof of monoclonality as required by 
regulatory agencies (3).

Due to the miniaturization of pico-
droplets, screening throughput is sig-
nificantly greater than conventional 
techniques and more cost-efficient 
because of the miniaturized reagent 
requirements. By leveraging these 
enhanced single-cell analysis capabili-
ties, researchers can now encapsulate 
and analyze hundreds of thousands to 
millions of cells in a single experimental 
run. Thus, providing a powerful tool to 
screen a vast cell population more effi-
ciently and establish possible develop-
ment clones in one day (5). As a result, 
fewer clones require downstream testing, 
allowing researchers to shorten overall 
project deadlines and conserve cell line 
development resources for BsAbs. 

In addition to improved workflow 
performance and productivity, the new 

automated workflow frees scientists 
working in the cell culture and pro-
cess development environments from 
tedious manual processes (5). Scientific 
teams can complete more projects in a 
given period while spending less time 
manually completing routine bench 
work. Compared to more traditional 
screening systems, automated picodrop-
let-based single-cell technologies are 
developed with integrated user-friendly 
software that require little training to 
apply, offering a low-risk, low-effort 
option to streamline workflows (3).

PICODROPLET MICROFLUIDICS
Picodroplet technologies have trans-
formed single cell analysis in the dis-
covery and development of novel 
therapeutics, enabling advancements in a 
number of applications, including BsAbs 
development. These complex molecules 
are forecast to be the next wave of bio-

therapeutics, providing greater patient 
benefits through their improved specific-
ity and efficacy compared to monovalent 
antibody therapeutics (3). By using pico-
droplets to encapsulate single cells, these 
automated platforms not only enable 
more efficient processes, but offer signifi-
cant cost savings. In doing so, picodroplet 
technologies can overcome many of the 
critical challenges in bispecific cell line 
development and ultimately increase pro-
ductivity in biopharmaceutical discovery 
and development.
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Figure 1. Integration of productivity assay screening, sorting, isolation, and 
verification using a fully automated picodroplet microfluidic process.

Figure 2. Principal of a Förster resonance energy transfer theory (FRET) assay to 
detect intact bispecific antibodies (BsAbs).
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Subunit Vaccines and  
the Fight Against COVID-19

Advances in technology are accelerating the development 
and manufacture of this established class of vaccines.

CYNTHIA A. CHALLENER

A s the name implies, subunit vaccines are based on a 
portion of the infectious agent rather than leveraging 
the entire virus (killed or live-attenuated). A subunit 

vaccine usually contains a protein, a polysaccharide, or a com-
bination of both. Because they contain only a portion of the 
pathogen, subunit vaccines typically have fewer side effects and 
can be given to a wider group of people, including those with 
compromised immune systems and chronic health conditions. 
They typically lack pathogen-associated molecular patterns, 
however, and thus tend to cause weaker immune responses, 
requiring the use of adjuvants and possibly booster doses.

The first recombinant protein vaccine was developed for hep-
atitis B, and many more have been approved since. Subunit vac-
cines formulated as virus-like particles (VLPs) and nanoparticles 
are also under development today. 

DIRECT RESPONSE
Subunit vaccines work by exposing the body to a piece of a 
pathogen (virus, bacteria, parasite) that triggers an immune 
response, according to a spokesperson from Novavax. The com-
pany’s NVX-CoV2373 candidate vaccine against COVID-19, 

for example, uses an optimized version of the full-length spike 
(S) protein from SARS-CoV-2 as the subunit antigen. This 
antigen cannot cause disease but is delivered in a way that is read 
to be recognized and learned by the immune system.

In contrast, genetic vaccines (DNA or RNA vaccines) only 
take a small part of the viral genetic information that encodes 
the antigen triggering the immune response, notes Axel Erler, 
associate director of commercial development with Lonza. RNA 
vaccines, however, don’t generate a direct immune response, adds 
the Novavax spokesperson. Instead, they deliver a molecule that 
must be translated into the desired antigen, which is then recog-
nized by the immune system.

ESTABLISHED PRODUCTION PLATFORM 
One advantage of subunit vaccines is that their manufacture 
is achieved using established recombinant technology that is 
widely distributed in the biopharma world, according to Yves 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to  
BioPharm International.
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Balmer, head of microbial development 
services at Lonza. “This technology 
offers a well-defined technical and reg-
ulatory landscape that is readily avail-
able and does not require the culture 
of virulent organisms and their subse-
quent attenuation/inactivation, which 
can create safety concerns,” he says.

In addition, Balmer notes that the 
recombinant production of subunit 
vaccines enables the selection of spe-
cific antigens that can be combined 
in a multivalent vaccine and gener-
ate a well-characterized product. 
Furthermore, production platforms 
for subunit vaccines are highly adapt-
able, with exactly the same procedures 
used to develop and manufacture vari-
ant-strain versions for use in scenarios 
of genetic drift, according to a spokes-
person from Novavax.

HIGHLY STABLE VACCINES
One key advantage of subunit vaccines 
over genetic vaccines is their strong sta-
bility profile. Transport and storage can 
take place at regular refrigeration tem-
peratures, and there is no need for ultra-
cold freezers. “This feature enables the 
distribution of subunit vaccines in diverse 
global locations where -20 °C or -80 °C 
cold chains are unavailable,” Novavax’s 
spokesperson observes.

Such an ability is not an insignificant 
factor. “It is critical nowadays to set up 
resilient supply chains to be prepared for 
any disruptions such as COVID-19. In 
addition to having transparent and sce-
nario-based forecasting in place to antic-
ipate risk-based future global demand 
scenarios, managing cold-chain require-
ments regarding storage and transporta-
tion remains a key capability, especially 
considering the variety of temperature 
classes (i.e., cool-chain to deep-frozen, 
all the way down to liquid nitrogen tem-
peratures),” comments Christian Rochel, 
head of supply chain for biologics at 
Lonza’s Visp, Switzerland facility. 

Rochel adds that a focus on internal 
and external supply capabilities, includ-
ing multi-site inventory management, 

remains an important factor to ensure 
full supply.

USED IN CURRENTLY 
APPROVED PRODUCTS
Unlike novel approaches and emerging 
technologies for vaccine development 
that can lead to regulatory challenges 
regarding demonstration of the safety 
and efficacy of such vaccine candidates, 
the development and regulatory path-
ways to commercialization for subunit 
vaccines are well established, according 
to Karen Magers, director of regulatory 
affairs at Lonza. “Vaccine regulators 
tend to be conservative, and there is a 
requirement for providing rigorous, sup-
portive data based on the large intended 
populations for most vaccines, which 
often include children,” Magers says.

Protein subunit vaccines are an estab-
lished technology, adds the Novavax 
spokesperson, and there are several 
approved subunit vaccine products on 
the market. Noteworthy for the company 
is the fact that a recombinant protein 
subunit vaccine manufactured using Sf9-
derived insect cells, the approach used 
by Novavax for NVX-CoV2373, was 
approved in 2013. The investigational 
vaccine candidate being developed by 
Novavax, however, is also undergoing 
rigorous evaluation of its safety and effi-
cacy, along with characterizing the com-
pany’s manufacturing processes.

One potential challenge for subunit 
vaccines is the need to use adjuvants in 
these formulations to achieve robust/
broad immune responses. The issue arises, 

according to Magers, if a novel adjuvant 
is introduced. “Regulatory challenges can 
arise while establishing the safety profile 
of new adjuvants,” she remarks.

DEVELOPMENT  
TAKES INVESTMENT
The time and money needed to develop 
subunit vaccines can pose additional 
challenges. While development time-
lines for these vaccines are shorter than 
those for vaccines based on whole 
pathogens, subunit vaccine develop-
ment is still time-consuming. One key 
hurdle is determining the right antigen. 
Determining the best dose and adjuvant 
combinations can also take time, accord-
ing to the spokesperson from Novavax. 

In addition, many specific subunits 
have unique physicochemical proper-
ties, and a tailored process needs to be 
developed for each, starting at the level 
of the expression host then moving to 
process and analytical method develop-
ment, says Balmer. “This process devel-
opment for non-platform molecules 
requires expertise, time, and flexibility in 
the manufacturing facility,” he adds.

The cost of goods for subunit vaccines 
can be an issue as well. “Recombinant 
protein technology was initially devel-
oped for biopharmaceutical drugs, for 
which the cost of producing the drug 
substance was not a critical factor,” 
Balmer observes. In contrast, vaccines are 
expected to be affordable considering the 
need for wide implementation.

An approach to address both issues, 
Balmer notes, is to develop platform 
processes that would shorten the 
development timeline, pre-define the 
manufacturing facility, and reduce the 
cost. “An example is the production 
of VLPs in which the frame remains 
constant and only the antigenic part is 
target-specific,” he says. This standard-
ized approach, however, is only suc-
cessful if the antigenic portion remains 
limited so it does not impact the pro-
duction process.

For its COVID-19 vaccine candi-
date, Novavax had a head start due 
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to its recent experience develop-
ing vaccines for the original severe 
acute respiratory syndrome virus and 
its NanoFlu candidate for seasonal 
influenza, according to the company 
spokesperson. This experience com-
bined with knowledge of the corona-
virus’ spike protein and access to the 
company’s nanoparticle technology 
and proprietary Matrix-M adjuvant 
has helped to accelerate development 
of NVX-CoV2373. Today, Novavax 
can begin testing a new vaccine can-
didate in the pre-clinical environment 
within weeks of identification of a vari-
ant of concern.

MANY ADVANCES  
IN THE PAST DECADE
The concept of subunit vaccines has 
been around for decades. Several 
advances in technology have helped 
improve their development and man-
ufacture. Magers points to progress 
in genomics for the identification of 
vaccine candidates and incorporation 
of three-dimensional (3D) structure, 
domain organization, and dynamics of 
surface proteins analysis into vaccine 
design as aiding development efforts. 

There have also been improve-
ments in subunit vaccine formulation, 
according to Magers, such as the use 
of nanoparticles (e.g., ferritin) that 
self-assemble into microscopic particles 
that display a protein antigen and the 
introduction of novel adjuvants (e.g., 
CpG 1018 used in Heplisav-B, AS04 
[monophosphoryl lipid A, MPL] used 
in Cervarix, and AS01B [MPL and 
QS-21] used in Shingrix).

Manufacturing advances of note for 
Magers include expanding use of differ-
ent expression systems including mam-
malian, insect, microbial, and fungal cell 
lines; incorporation of single-use technol-
ogies and equipment and closed systems 
into manufacturing processes; explora-
tion of continuous manufacturing and 
quality-by-design approaches; and the 
introduction of novel improved analytical 
methods (e.g., mass spectrometry, particle 

analysis methods, and capillary electro-
phoresis) in conjunction with an empha-
sis on replacing in-vivo potency assays.

Since the first subunit vaccine was 
approved for hepatitis B, Novavax has 
advanced the technology for this class of 
vaccines through its use of a nanoparticle 
core to present the protein subunits to 
the immune system in a way that results 
in robust, durable responses that offer 
protection in the face of genetic drift, 
according to the company’s spokesperson. 
In addition, evaluation of Novavax’s vac-
cine technology has also revealed addi-
tional uses for its proprietary Matrix-M 
adjuvant when paired with vaccine anti-
gens developed by other organizations.

Combination subunit vaccines are also 
now being explored, such as Novavax’s 
NanoFlu + NVX-CoV2373 candidate, 
to address multiple infectious disease 
threats. This investigational combination 
subunit vaccine, which is made possible 
by technology that is flexible, uses very 
low amounts of antigen, and is combined 
with an adjuvant that shows an encour-
aging safety profile, has already shown 
strong results in pre-clinical evaluations, 
according to the Novavax spokesperson.

ROLE TO PLAY IN  
THE FIGHT AGAINST COVID-19
More than 20 protein subunit vac-
cine candidates have entered clini-
cal trials for COVID-19, including 
those from Novavax, Anhui Zhifei 
L o n g c o m  B i o p h a r m a c e u t i c a l , 
Kentucky Bioprocessing, and Sanofi/
GlaxoSmithKline, among others. More 
than 50 other candidates are at the pre-
clinical stage. 

“We believe that whether by pro-
viding best-in-class efficacy as a pri-
mary immunization series or boosting 
those previously vaccinated with our or 
another vaccine, subunit vaccines prom-
ise to be a vital part of the global effort 
to fight the COVID-19 pandemic. 
With a cold chain that does not require 
freezing, these vaccines will likely be 
delivered and used around the world,” 
states Novavax’s spokesperson. 

In the Novavax NVX-CoV2373 can-
didate, the spike protein is organized 
around a nanoparticle and formulated 
with Matrix-M adjuvant. This technol-
ogy platform using the full-length spike 
protein with Matrix-M adjuvant has, 
according to Novavax’s spokesperson, 
delivered outstanding efficacy against 
the original COVID-19 virus (96.4% 
in a United Kingdom Phase III clinical 
trial), protection against variants, and 
a favorable safety profile. In mid-June 
2021, the company reported 90.4% effi-
cacy overall from a Phase III trial in the 
United States and Mexico.

“Organizing spike proteins around a 
nanoparticle core enables the immune 
system to learn different facets (epitopes) 
of the spike protein, including cryptic/
hidden epitopes, which we think helps 
to explain the strong clinical results 
from our Phase I, II, and III studies,” 
Novavax’s spokesperson adds. 

In addition, Novavax has estab-
lished a global manufacturing network 
to increase its capacity to respond to 
infectious disease threats, including 
COVID-19. In announcing the latest 
clinical trial results, the company said 
it plans to file regulatory authorizations 
in the third quarter of 2021 after it 
completes final phases of process qual-
ification and assay validation needed 
to meet chemistry, manufacturing, and 
controls requirements (1). 
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Adherent cell culture is a versatile bioproduction platform that 
has diverse applications from viral vaccine to gene therapies, 
but each with a common goal: to expand billions of cells. That 

means plenty rides on which cell expansion platform labs choose, 
especially for commercial-scale production. Here, Austin Mogen, Ph.D., 
senior field application scientist, and Cat Siler, Ph.D., field application 
scientist, both from Corning Life Sciences, discuss platforms for 
adherent cell culture scale-up, how to trim time and costs, and how to 
deliver high-efficiency output across adherent applications.

BIOPHARM: Adherent cell culture is well established, and 
researchers are familiar with plates and flasks, but they don’t scale 
to production. Which platforms can be used to expand cells for a 
bioprocess workflow?
SILER: You can imagine why people wouldn’t want to work with 
hundreds or thousands of flasks, and lots of better options are 
available. For example, if people want something 2D, they can try 
a stacked option such as Corning® CellSTACK® culture chambers or 
the more compact Corning HYPERStack® cell culture vessels. For 
higher scales, we recommend Corning CellCube® systems or the 
new Corning Ascent™ fixed bed reactor (FBR). And if a 3D system is 
needed, Corning microcarriers are a good option.

All vary in complexity and how much time they take to implement. 
The CellSTACK or HYPERStack vessels have a familiar footprint and 
can be compatible with automation platforms, which may reduce the 
time needed for process development. By contrast, microcarriers will 
save space and offer process control, but they may take more time to 
implement if you’re new to them. Meanwhile, the Ascent FBR system 
offers a compact footprint, and is designed to provide process control 
and support efficient cell recovery.

The choice depends on your goal: How many cells do you need, how 
quickly do you need them, and what’s important to you along the way?

BIOPHARM: How might users go from a vial to production scale? 
MOGEN: A bioproduction process often starts with a frozen vial 
of cells, which is either a working cell bank or a master cell bank. 
The cells are then thawed and seeded, usually into a small vessel 
like a T-flask. Those cells would then expand and be harvested and 
passaged to larger vessels.

The Race to Billions: How Amplifying 
Adherent Cultures Can Get You There The process of going from a small T-flask into larger 

vessels is called a seed train. It’s done multiple 
times. The choice of seed-train vessels and what 
that process looks like depends on the application. 
The final scale of the process dictates the number 
of vessels needed and how long it takes to go from 
one vessel to another to get to production scale.

The harvest and reseed process has its own 
challenges. They can be cell-type-specific. For 
example, some cell types are more readily harvested 
and reseeded than others, and that can impact the 
selection of the platform to use in the process.

Finally, when scaling up cells and the seed train, it’s 
often helpful to work in reverse: Determine the final 
scale based on the expected yield and number of 
cells, or on the products being produced by those 
cells, and then work backward from there.

BIOPHARM: Can you discuss some automation and 
process controls for adherent platforms?
MOGEN: Different process controls and automation 
options depend on the platform used to scale up the 
cell culture. With stacked vessels such as CellSTACK 
and HYPERStack, there haven’t historically been 
many options for process control. However, Corning 
offers an automated manipulator platform that 
automates the handling steps associated with 
movement of the CellSTACK and HYPERStack 
vessels. This is a critical component to maintaining 
consistency within production and from lot to lot.

Regarding next generation of adherent cell culture 
platforms such as the Corning Ascent FBR system 
or microcarriers paired with a bioreactor, there is 
additional built-in process control. For example, you 
typically have control over the gassing strategy—
dissolved oxygen and CO2. There’s pH control, as well 
as tight control of temperature. 

Taking that one step further, there’s a move in the 
bioproduction field to automate many of the liquid-
handling and process steps in these bioreactor 
systems. Corning’s Ascent FBR uses touchscreen 
controls, as well as tubing management to 
automate many manual process steps involved in 
moving liquid into and out of the bioreactor, thereby 
removing some operator-introduced variability.

BIOPHARM: What technological solutions can 
improve adherent cell harvest?

SILER: First is automation. With vessels such as 
CellSTACK or HYPERStack, the Corning automated 
manipulator can be programmed at sharp angles or 
to make very quick motions to facilitate moving the 
liquid over the surface quickly to help the cells lift off. 
That automation component gives you batch to batch 
consistency. Cell removal is also automated on the 
Ascent FBR platform. We’ve designed the system to 
enable uniform flow rates at which the reagents reach 
the fixed bed and the volumes of those reagents, 
which can make the process more straightforward.

Another option is for the substrate to go away 
entirely. With Corning dissolvable microcarriers, you 
dissolve the substrate from the cells, so you don't 
have to worry about separation. You separate the 
cells from one another; but any connections they've 
made with the substrate disappear entirely.

BIOPHARM: What makes the Ascent fixed-bed 
bioreactor unique?
SILER: The Ascent FBR system has several exciting 
features. The substrate is a woven PET mesh, which 
has a very regular pattern. Within the fixed bed, 
there is even fluid distribution and even distribution 
of cells. That homogenous substrate gives the cells 
the same access to nutrients during the growth 
process and to harvest reagents during harvest.

Regarding harvest, fixed bed reactors are often 
associated with secreted products. This platform 
can be used for that purpose, but it also gives you 
the ability to collect cells at the end of your growth 
period as a final product or even in a seed train to 
larger Ascent FBR systems, which are forthcoming. 
It’s intended to be very scalable. Since it’s a fixed bed, 
there’s a favorable media-to-surface-area ratio, too. 

One of the best features may be the automated 
process steps. The touchscreen interface is designed 
to prompt you for next steps in the process and then 
the system will do a lot of the work for you—opening 
and closing valves and pumping the liquid. 

MOGEN: With the Ascent FBR system, we see 
increased productivity per cell for applications like 
AAV production because of the uniform exposure of 
cells to nutrients and gases. The Ascent FBR system 
decreases the bioproduction footprint and optimizes 
the cell culture conditions to ensure cells are as 
healthy and happy as possible. Healthy, happy cells 
produce more, which is better for therapy workflows.

Austin Mogen, Ph.D.
Senior Field  
Application Scientist
Corning Life Sciences

Cat Siler, Ph.D.
Field Application Scientist
Corning Life Sciences

https://www.corning.com/worldwide/en.html
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has diverse applications from viral vaccine to gene therapies, 
but each with a common goal: to expand billions of cells. That 

means plenty rides on which cell expansion platform labs choose, 
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senior field application scientist, and Cat Siler, Ph.D., field application 
scientist, both from Corning Life Sciences, discuss platforms for 
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deliver high-efficiency output across adherent applications.
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the more compact Corning HYPERStack® cell culture vessels. For 
higher scales, we recommend Corning CellCube® systems or the 
new Corning Ascent™ fixed bed reactor (FBR). And if a 3D system is 
needed, Corning microcarriers are a good option.

All vary in complexity and how much time they take to implement. 
The CellSTACK or HYPERStack vessels have a familiar footprint and 
can be compatible with automation platforms, which may reduce the 
time needed for process development. By contrast, microcarriers will 
save space and offer process control, but they may take more time to 
implement if you’re new to them. Meanwhile, the Ascent FBR system 
offers a compact footprint, and is designed to provide process control 
and support efficient cell recovery.

The choice depends on your goal: How many cells do you need, how 
quickly do you need them, and what’s important to you along the way?

BIOPHARM: How might users go from a vial to production scale? 
MOGEN: A bioproduction process often starts with a frozen vial 
of cells, which is either a working cell bank or a master cell bank. 
The cells are then thawed and seeded, usually into a small vessel 
like a T-flask. Those cells would then expand and be harvested and 
passaged to larger vessels.

The Race to Billions: How Amplifying 
Adherent Cultures Can Get You There The process of going from a small T-flask into larger 
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times. The choice of seed-train vessels and what 
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The final scale of the process dictates the number 
of vessels needed and how long it takes to go from 
one vessel to another to get to production scale.

The harvest and reseed process has its own 
challenges. They can be cell-type-specific. For 
example, some cell types are more readily harvested 
and reseeded than others, and that can impact the 
selection of the platform to use in the process.

Finally, when scaling up cells and the seed train, it’s 
often helpful to work in reverse: Determine the final 
scale based on the expected yield and number of 
cells, or on the products being produced by those 
cells, and then work backward from there.

BIOPHARM: Can you discuss some automation and 
process controls for adherent platforms?
MOGEN: Different process controls and automation 
options depend on the platform used to scale up the 
cell culture. With stacked vessels such as CellSTACK 
and HYPERStack, there haven’t historically been 
many options for process control. However, Corning 
offers an automated manipulator platform that 
automates the handling steps associated with 
movement of the CellSTACK and HYPERStack 
vessels. This is a critical component to maintaining 
consistency within production and from lot to lot.
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platforms such as the Corning Ascent FBR system 
or microcarriers paired with a bioreactor, there is 
additional built-in process control. For example, you 
typically have control over the gassing strategy—
dissolved oxygen and CO2. There’s pH control, as well 
as tight control of temperature. 

Taking that one step further, there’s a move in the 
bioproduction field to automate many of the liquid-
handling and process steps in these bioreactor 
systems. Corning’s Ascent FBR uses touchscreen 
controls, as well as tubing management to 
automate many manual process steps involved in 
moving liquid into and out of the bioreactor, thereby 
removing some operator-introduced variability.

BIOPHARM: What technological solutions can 
improve adherent cell harvest?

SILER: First is automation. With vessels such as 
CellSTACK or HYPERStack, the Corning automated 
manipulator can be programmed at sharp angles or 
to make very quick motions to facilitate moving the 
liquid over the surface quickly to help the cells lift off. 
That automation component gives you batch to batch 
consistency. Cell removal is also automated on the 
Ascent FBR platform. We’ve designed the system to 
enable uniform flow rates at which the reagents reach 
the fixed bed and the volumes of those reagents, 
which can make the process more straightforward.

Another option is for the substrate to go away 
entirely. With Corning dissolvable microcarriers, you 
dissolve the substrate from the cells, so you don't 
have to worry about separation. You separate the 
cells from one another; but any connections they've 
made with the substrate disappear entirely.

BIOPHARM: What makes the Ascent fixed-bed 
bioreactor unique?
SILER: The Ascent FBR system has several exciting 
features. The substrate is a woven PET mesh, which 
has a very regular pattern. Within the fixed bed, 
there is even fluid distribution and even distribution 
of cells. That homogenous substrate gives the cells 
the same access to nutrients during the growth 
process and to harvest reagents during harvest.

Regarding harvest, fixed bed reactors are often 
associated with secreted products. This platform 
can be used for that purpose, but it also gives you 
the ability to collect cells at the end of your growth 
period as a final product or even in a seed train to 
larger Ascent FBR systems, which are forthcoming. 
It’s intended to be very scalable. Since it’s a fixed bed, 
there’s a favorable media-to-surface-area ratio, too. 

One of the best features may be the automated 
process steps. The touchscreen interface is designed 
to prompt you for next steps in the process and then 
the system will do a lot of the work for you—opening 
and closing valves and pumping the liquid. 

MOGEN: With the Ascent FBR system, we see 
increased productivity per cell for applications like 
AAV production because of the uniform exposure of 
cells to nutrients and gases. The Ascent FBR system 
decreases the bioproduction footprint and optimizes 
the cell culture conditions to ensure cells are as 
healthy and happy as possible. Healthy, happy cells 
produce more, which is better for therapy workflows.
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Application Scientist
Corning Life Sciences

Cat Siler, Ph.D.
Field Application Scientist
Corning Life Sciences



28     BioPharm International August 2021   www.biopharminternational.com

W
av

eb
re

ak
M

ed
ia

M
ic

ro
/S

to
ck

.A
d

o
b

e.
co

m

Cell Harvesting Sees Benefits 
from Automated Processes

Automation is one asset that benefits cell harvesting by cutting 
out laborious manual steps and minimizing contamination.

FELIZA MIRASOL

C  ell harvesting is the start of the downstream separa-
tion process to recover the therapeutic biologic prod-
uct from the bioreactor, following cell culture and cell 

lysis. Over the years, improvements in upstream cell culturing 
processes have resulted in significant increases in product titer 
that tend to create a bottleneck at the point of harvest.

Fortunately, improvements in harvesting technologies, 
such as centrifugation, depth filtration, and membranes have 
aided in easing this bottleneck. Further innovations to answer 
the drive for increased automation in bioprocessing are also 
leading to enhancements in how cell harvesting technologies 
can be streamlined and increase product recovery.

HARVESTING CHALLENGES
Technical, equipment, or processing issues continue to 
pose challenges for cell harvesting. Most bottlenecks arise 
from manual processes during cell harvesting, says Charlie 
Duncheon, CEO, co-founder, and chairman of the board 
at Celltrio, a manufacturer of automation-based solutions 
for the life sciences industry. Duncheon says that manual 
processes are often still a concern in systems defined in 

semi-automated systems. He points out the following bot-
tlenecks associated with manual steps:

• Exposure of samples to changes in temperature when 
manually moving from one process to the next (e.g., 
refrigerated centrifuging to keep samples chilled when 
processing) 

• Manual processes that increase opportunities for 
contamination 

• Integrating protocol process knowledge beyond 
knowledge of one senior scientist 

• Lack of organized and compiled data to ensure 
experiments are reproducible

• Limited variety of labware in one system for broader 
range of protocols 

• Running samples only during “day” shifts while 
scientists are on site.

The size of the system required to process cell harvest also 
requires a large hardware footprint (e.g., 2–3 m2), adds Anil 
Kumar, associate director, Product Management, Repligen. The 
cell harvesting process also requires pre-flushing of depth filters 
(which are the typical workhorse of cell harvesting) to bring the 

Downstream Processing
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total organic carbon (TOC) values down 
to acceptable values, Kumar says. 

“Significant time is spent in installa-
tion of multiple depth filter modules and 
then removal of process solution-soaked 
depth filter modules, which are typi-
cally heavy and messy at 20–25 lbs each,” 
Kumar states.

OVERCOMING CHALLENGES
Biomanufacturers have traditionally 
overcome cell harvesting challenges 
with extensive manual labor f rom 
both scientists and technicians, says 
Duncheon. “This [approach] is expen-
sive and subject to human error result-
ing in delayed timelines. We have seen a 
trend in the lab where some of the steps 
are automated combined with manual 
steps,” he states.  

“We believe the real opportunity is 
to integrate all cell line processes using 
one automated, contained platform 
that maintains the digital record, with 
automatic data logging, data import/
export, traceability, and reporting,” 
Duncheon adds.

Kumar notes that companies are tak-
ing multiple approaches to address the 
challenges posed by cell harvesting. He 
points out a new technology introduced 
by Repligen, a novel tangential flow 
depth filtration (TFDF) technology 
that offers a significant reduction in 
filter sizing and eliminates the need for 
pre/post flush treatment. In addition, 
the TFDF technology enables closed 
processing using a single-use filter 
assembly that replaces the primary clar-
ification, Kumar says. 

“Depth filter suppliers are working 
on developing new depth filters that 
will reduce the number of filter mod-
ules required to process batches. There 
are also new single-use centrifuges 
designed to provide for closed, sin-
gle-use processing,” Kumar adds.

AUTOMATION AS AN ASSET
Automation is an asset to overcome 
bottlenecking at the cell harvest step. 
For instance, by providing 24 hour/7-

days-a-week operation, automation can 
be scheduled in an optimum manner 
after scientists (remotely) download 
protocols and allows them to run the 
process as well as to connect every 
step of the cell harvesting process, 
Duncheon explains.

“Using robots to transfer samples 
from one process to the next, and auto-
matically sharing process data and 
setup information, accelerates knowl-
edge transfer and ensures consistency 
and uniformity,” Duncheon states. 

“More efficient transfers reduce expo-
sure to open air and sample exposure 
to temperature.”

Duncheon also says that the greatest 
gains in efficiency will come from fully 
automating the entire process of cell 
culturing and harvesting, which will 
establish a standard platform that will 
provide a digital footprint. For exam-
ple, Celltrio’s automation platform, 
RoboCell, is built on the company’s 
standard task modules, and this design 
provides flexibility and scalability, which 
can allow easy integration of all cell line 
development processes into one solu-
tion. Duncheon lists the various stan-
dard task modules in Celltrio’s portfolio, 
which include the following:

• Liquid handling (Robo-LH)
• Incubation and cell culturing 

(Robo-I)
• Cell counting, confluence, and 

viability inspection (RoboReader)
• Centrifuge harvesting (Robo-C)
• Cryogenic storage and retrieval of 

samples (RoboStor).
Because the cell harvesting process 

typically involves operations comprising 
multiple steps (e.g., pre-flush, harvest 
processing, and post-use product recov-
ery steps) that are performed in manual 
and semi-automated mode, there is a 
desire to automate, which will enable 
faster processing and less operator 
dependance, Kumar comments.

AUTOMATED PROCESSING
In a 2015 study that compared auto-
mated versus manual downstream pro-

cessing, the performance of automated 
harvesting and tandem purification was 
compared to those of manual processing, 
including manual harvesting and two-
step purification. The results indicated 
that recovery of product was signifi-
cantly higher using automated processes 
compared to manual, and product qual-
ity was consistent the quality seen in 
manual processes (1).  

The researchers noted that, by set-
ting up an automated system for in-line 
cell harvesting and purification, they 
were able to reduce their downstream 
bottlenecks. The researchers concluded 
that automated processes eliminate 
subjective user decisions, which in turn 
minimized waste and potential contam-
ination while improving process yields 
and process reproducibility (1).

TRANSITION TO AUTOMATION
Today, the transition to automated cell 
harvesting remains an growing trend, 
says Duncheon. He also notes that 
automated cell harvesting is gaining 
more interest because of process effi-
ciency gains and attractive payback.

As the transition continues, the cell 
harvesting process is currently car-
ried out with a mix of manual and 
automated systems, notes Kumar. 

“Currently there are limited processes 
that utilize automated processes. There 
is a desire to go more toward auto-
mated processes and minimize the 
manual operation, and new technology 
such as TFDF is designed to have that  
automated processing concept in mind,” 
he states.

“We believe two-dimensional cell 
growth and cell harvest are fully devel-
oped from companies [such as] Celltrio,” 
adds Duncheon. “We are committed to 
further innovating the cell harvesting 
process as we continue to examine 3D 
cell growth, microfiltration and depth 
filtration, [and other processes].”

REFERENCE
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Scalable workflows process various wastewater sample 
sizes and save hours of time.

Infectious disease surveillance from wastewater and fecal samples 
has been recently adopted as a method for monitoring the 
emergence and re-emergence of infectious diseases. This method 

allows public health agencies, universities, hospitals, cruise lines, and 
more to detect a pathogen and respond before there is a community 
outbreak. BioPharm International recently spoke with Madhu Jasti, 
research and development scientist at Thermo Fisher Scientific, 
about how the company has partnered with many labs globally to 
implement new wastewater testing systems and optimize existing 
wastewater monitoring processes, as well as the importance of 
wastewater surveillance and processes and protocols available for 
infectious pathogen surveillance. 

BIOPHARM INTERNATIONAL: What is infectious pathogen 
surveillance and what are the benefits? 
JASTI: Infectious pathogen surveillance is an important 
epidemiological tool to monitor the magnitude of pathogen 
levels and identify the outbreaks and identify the new pathogens. 
Wastewater surveillance is one such tool that showed the signs 
of SARS-CoV-2 RNA before any cases were detected in the US 
population. Wastewater surveillance works because many infectious 
agents are excreted in bodily fluids before and during the active 
infection. When these fluids enter the sewage systems, they are 
transported to a central wastewater treatment facility for processing 
where they can be detected. Sewage testing has been successfully 
used as a method for early detection of other pathogens such as polio. 
The main benefit of infectious pathogen surveillance is to detect the 
pathogen before the outbreak occurs.

BIOPHARM INTERNATIONAL: What method is Thermo Fisher 
Scientific using for infectious pathogen detection?
JASTI: Thermo Fisher offers a variety of solutions for infectious 
pathogen detection in terms of open area panels with the TaqMan 
assays. This is for a urinary tract infection panel, respiratory panel, and 
vaginal microbiota panel. In terms of wastewater, Thermo Fisher offers 
magnetic bead technology. We are concentrating the viral material 
in wastewater samples and Dynabeads to help enrich viral material 
in the wastewater samples. In addition, Thermo Fisher also offers the 
Applied Biosystems, MagMax Microbiome Ultra kit for isolation of 
nucleic acid from wastewater samples.

Infectious Pathogen Detection 
and Surveillance BIOPHARM INTERNATIONAL: Have you come 

across any pain points in the process of monitoring 
wastewater for the presence of pathogens? If so, 
what were they and how did you address them?
JASTI: Yes, I came across a couple of pain points 
during the process of monitoring water and 
processing the wastewater samples. The main pain 
point is the concentration step for the enrichment 
of viral material in wastewater samples because the 
samples are highly diluted.

Several options can be utilized for enrichment 
such as ultra-filtration, ultra-centrifugation, and 
PEG precipitation, but those methods consume 
a lot of time to process the wastewater samples. 
Our Dynabeads magnetic bead-based technology 
offers a quick and fast solution for enrichment of 
viral material from wastewater samples. So, the 
concentration is the main pain point.

Second, when we design the workflows for different 
volumes of wastewater, we saw some sensitivity 
drop at processing higher volumes of wastewater. 

BIOPHARM INTERNATIONAL: Can you explain 
more about how you are working with labs? 
JASTI: One research lab in the UK was processing 
wastewater by centrifugation followed by a 
precipitation method and then isolated the viral 
nucleic acid using one of our competitor’s kits. That 
whole process was taking them more than four 
hours. When we offered them our workflow using the 
MagMax microbiome kit and KingFisher instrument 
automation for workflow, they were able to isolate 
the viral nucleic acid in less than two hours.

Another lab processing wastewater samples used 
KingFisher and MagMax to enrich for SARS-CoV-2 
and isolate the nucleic acid from SARS-CoV-2. 

BIOPHARM INTERNATIONAL: Can this workflow 
process support small and large volume 
sample input? And is it scalable for researchers 
conducting high throughput research?
JASTI: Yes, this process is scalable. We developed 
four different workflows for different volumes of 
wastewater, using as little as 500 microliters to 1 mL 
up to 200 mL. We do not need any pre-enrichment 
or centrifugation steps for processing these 
wastewater samples. This is the fastest technique 
for isolating viral nucleic acid, within 40 minutes. For 
5mL to 50mL, the workflow we developed uses the 
Dynabeads for viral target enrichment, and the whole 
process takes one-and-a-half hours for all these 
volumes. However, we did see a slight sensitivity 
dip when processing large volumes of wastewater 
samples. But, when we compare Dynabeads against 
those of our competitor, Dynabeads performed 
better in this sensitivity drop issue.

BIOPHARM INTERNATIONAL: Do you see this 
method being used beyond SARS-CoV-2 for other 
infectious pathogen detection?
JASTI: Yes, this method is being used beyond 
SARS-CoV-2 because the utility of wastewater 
surveillance was first recognized back in the 1960s 
when Yale University researchers tested this with 
samples for various strains of the polio virus. And in 
2009, influenza A viruses were detected in sewage 
samples. Then in 2013, multiple strains of hepatitis 
E virus were detected in the sewage samples. It is 
a well-known fact that the viral targets other than 
SARS-CoV-2 are present in the sewage samples. 
To test that, we tested the isolation of viral targets 
other than SARS-CoV-2, and we successfully isolated 
them using our newly designed workflows for 
wastewater samples. The targets we were able to 
isolate so far were influenza A, adenovirus, norovirus, 
and enterovirus. 

Madhu Jasti
Research and  
Development Scientist
Thermo Fisher Scientific

Thermo Fisher Scientific Inc. has an annual revenue exceeding $25 billion, supporting customers 
that are accelerating life sciences research, solving complex analytical challenges, improving patient 
diagnostics and therapies or increasing productivity in their laboratories.

https://www.thermofisher.com/us/en/home.html
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emergence and re-emergence of infectious diseases. This method 

allows public health agencies, universities, hospitals, cruise lines, and 
more to detect a pathogen and respond before there is a community 
outbreak. BioPharm International recently spoke with Madhu Jasti, 
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about how the company has partnered with many labs globally to 
implement new wastewater testing systems and optimize existing 
wastewater monitoring processes, as well as the importance of 
wastewater surveillance and processes and protocols available for 
infectious pathogen surveillance. 
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epidemiological tool to monitor the magnitude of pathogen 
levels and identify the outbreaks and identify the new pathogens. 
Wastewater surveillance is one such tool that showed the signs 
of SARS-CoV-2 RNA before any cases were detected in the US 
population. Wastewater surveillance works because many infectious 
agents are excreted in bodily fluids before and during the active 
infection. When these fluids enter the sewage systems, they are 
transported to a central wastewater treatment facility for processing 
where they can be detected. Sewage testing has been successfully 
used as a method for early detection of other pathogens such as polio. 
The main benefit of infectious pathogen surveillance is to detect the 
pathogen before the outbreak occurs.

BIOPHARM INTERNATIONAL: What method is Thermo Fisher 
Scientific using for infectious pathogen detection?
JASTI: Thermo Fisher offers a variety of solutions for infectious 
pathogen detection in terms of open area panels with the TaqMan 
assays. This is for a urinary tract infection panel, respiratory panel, and 
vaginal microbiota panel. In terms of wastewater, Thermo Fisher offers 
magnetic bead technology. We are concentrating the viral material 
in wastewater samples and Dynabeads to help enrich viral material 
in the wastewater samples. In addition, Thermo Fisher also offers the 
Applied Biosystems, MagMax Microbiome Ultra kit for isolation of 
nucleic acid from wastewater samples.

Infectious Pathogen Detection 
and Surveillance BIOPHARM INTERNATIONAL: Have you come 

across any pain points in the process of monitoring 
wastewater for the presence of pathogens? If so, 
what were they and how did you address them?
JASTI: Yes, I came across a couple of pain points 
during the process of monitoring water and 
processing the wastewater samples. The main pain 
point is the concentration step for the enrichment 
of viral material in wastewater samples because the 
samples are highly diluted.

Several options can be utilized for enrichment 
such as ultra-filtration, ultra-centrifugation, and 
PEG precipitation, but those methods consume 
a lot of time to process the wastewater samples. 
Our Dynabeads magnetic bead-based technology 
offers a quick and fast solution for enrichment of 
viral material from wastewater samples. So, the 
concentration is the main pain point.

Second, when we design the workflows for different 
volumes of wastewater, we saw some sensitivity 
drop at processing higher volumes of wastewater. 

BIOPHARM INTERNATIONAL: Can you explain 
more about how you are working with labs? 
JASTI: One research lab in the UK was processing 
wastewater by centrifugation followed by a 
precipitation method and then isolated the viral 
nucleic acid using one of our competitor’s kits. That 
whole process was taking them more than four 
hours. When we offered them our workflow using the 
MagMax microbiome kit and KingFisher instrument 
automation for workflow, they were able to isolate 
the viral nucleic acid in less than two hours.

Another lab processing wastewater samples used 
KingFisher and MagMax to enrich for SARS-CoV-2 
and isolate the nucleic acid from SARS-CoV-2. 

BIOPHARM INTERNATIONAL: Can this workflow 
process support small and large volume 
sample input? And is it scalable for researchers 
conducting high throughput research?
JASTI: Yes, this process is scalable. We developed 
four different workflows for different volumes of 
wastewater, using as little as 500 microliters to 1 mL 
up to 200 mL. We do not need any pre-enrichment 
or centrifugation steps for processing these 
wastewater samples. This is the fastest technique 
for isolating viral nucleic acid, within 40 minutes. For 
5mL to 50mL, the workflow we developed uses the 
Dynabeads for viral target enrichment, and the whole 
process takes one-and-a-half hours for all these 
volumes. However, we did see a slight sensitivity 
dip when processing large volumes of wastewater 
samples. But, when we compare Dynabeads against 
those of our competitor, Dynabeads performed 
better in this sensitivity drop issue.

BIOPHARM INTERNATIONAL: Do you see this 
method being used beyond SARS-CoV-2 for other 
infectious pathogen detection?
JASTI: Yes, this method is being used beyond 
SARS-CoV-2 because the utility of wastewater 
surveillance was first recognized back in the 1960s 
when Yale University researchers tested this with 
samples for various strains of the polio virus. And in 
2009, influenza A viruses were detected in sewage 
samples. Then in 2013, multiple strains of hepatitis 
E virus were detected in the sewage samples. It is 
a well-known fact that the viral targets other than 
SARS-CoV-2 are present in the sewage samples. 
To test that, we tested the isolation of viral targets 
other than SARS-CoV-2, and we successfully isolated 
them using our newly designed workflows for 
wastewater samples. The targets we were able to 
isolate so far were influenza A, adenovirus, norovirus, 
and enterovirus. 

Madhu Jasti
Research and  
Development Scientist
Thermo Fisher Scientific

Thermo Fisher Scientific Inc. has an annual revenue exceeding $25 billion, supporting customers 
that are accelerating life sciences research, solving complex analytical challenges, improving patient 
diagnostics and therapies or increasing productivity in their laboratories.
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T  he biopharmaceutical mar-
ket, one of the fastest grow-
ing segments in the life 

sciences industry, is valued at approxi-
mately USD 325.17 billion in 2020 
(1). The segment is expected to con-
tinue its upward trajectory at a com-
pound aggregate growth rate of 7.32% 
from 2021 to 2026, reaching antici-
pated revenues of USD 496.71 billion 
in 2026. The rapid expansion of this 
market has occurred for good rea-
sons: biopharmaceuticals such as cell 
and gene therapies hold great promise 
to be more effective, better-targeted 
treatments for difficult-to-treat dis-
eases across a wide variety of medical 
conditions, including cancer and car-
diovascular, neurodegenerative, ocular, 
and immunologic diseases.

For gene therapy, the challenge is 
determining the best method for get-
ting genetic material into the nucleus 
of the target cells. Recombinant adeno-
associated viral (rAAV) vectors are one 
of the most commonly used delivery 
methods because they are nonpatho-
genic, have low immunogenicity, and 
can be designed to target multiple cell 
types. Thus, AAV vectors have been 
utilized for stable gene expression in 
hundreds of clinical trials. Once viral 
vectors are identified as the modality 
of gene delivery, the manufacturing of 
vectors must be considered. The pro-
duction platform must be reliable and 
scalable in order for therapeutics to 

successfully reach production capacity 
under GMP conditions.

CELL LINES: ADHERENT OR 
SUSPENSION CULTURE?
There are two basic methods for growing 
cells in culture: adherent (i.e., as mono-
layers on a substrate) or suspension (i.e., 
free-floating in culture medium).

Adherent culture has historically 
been the go-to method for viral vector 
production; the technique is well estab-
lished and, in many cases, produces 
higher viral titers. Moreover, transfec-
tion of adherent cell lines is relatively 
straightforward, especially at small scale, 
which can shorten development time—
an important factor in the fast-moving 
biopharmaceutical industry where time 
to regulatory approval is of the essence. 
Yet, adherent platforms that use stacked 
culture vessels might require scale-out 
beyond a certain scale, occupying a larger 
footprint and creating inherent variabil-
ity in processing a large number of ves-
sels in a scale-out process. More recently, 
there has been movement among manu-
facturers toward using suspension culture 
because suspension culture is gener-
ally easier to scale-up, when preferred 
to a scale-out strategy. The decision of 
which system is best is not simple. When 
choosing adherent versus suspension 
lines, manufacturers must balance a host 
of complex factors such as the cell type 
and medium, the intended size of the 
final product lots (scale-out vs. scale-up), 

manufacturing constraints such as the 
amount of cleanroom space available, 
and the time needed for process develop-
ment. In the end, manufacturers need 
to carefully consider which platform is 
best suited for the application and end 
product—and how to ensure it is highly 
reproducible at a larger scale. 

BOTTLENECKS TO  
SCALABLE TRANSFECTIONS
When scaling transfections for viral vector 
production, there are several bottlenecks 
to avoid that are common to both adher-
ent and suspension culture, ensuring the 
process is reproducible and robust.

One common bottleneck is prepara-
tion of the transfection mix itself, spe-
cifically, when using a reagent that is not 
developed for large-scale transfection. 
At large scale, transfection complexes 
represent larger volumes (typically 
10% of the final cell culture volume). 
Working with larger volumes opens the 
doors for reproducibility, sub-optimal 
complex formation and stability con-
cerns, which has a direct impact on the 
transfection efficiency and viral vector 
yield compared to those generated in 
small volumes at small scale. Utilizing 
a transfection reagent that is optimized 
for larger scale complex formation and 
that ensures complex stability can allevi-
ate this bottleneck. By the same token, 
reproducible complex formation is criti-
cal when generating several batches for 
scaled-out transfection process. The best 
transfection reagent will reliably gener-
ate the same size of complexed DNA 
to ensure reproducible transfection effi-
ciency and viral titer yield per batch.  

There should be a robust process 
in place for transfection, including 
preparation of the transfection mix and 
addition to the vessel(s), because problems 
with transfection efficiency and/or low 
viral titer may not reveal themselves until 
the process is scaled-up/out. It is analogous 
to baking a cake: commercial bakeries do 
not simply multiply the quantities of a 

Transfection Best 
Practices for AAV  
Gene Therapy
 
Tips for scalable transfections.
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single-batch recipe to fill bakery shelves. 
Instead, they prepare recipes that have 
been specifically created for a large 
volume with the correct chemistry and 
ratio of ingredients so that a customer 
can always be sure to walk away with a 
cake that tastes the same. It is critically 
important that the production system, 
including transfection protocol and 
reagents, have been developed for  
large-scale processes.

Moreover, the system should be 
adapted to easily transition from small-
scale process development through man-
ufacturing. Manufacturers should seek 
guidance to design the best platform and 
transfection for their specific application 
from suppliers of the products utilized 
in the process (e.g., cell culture vessels or 
the transfection reagent).

BEST PRACTICES  
FOR STREAMLINED  
TRANSFECTION 
Manufacturers can follow these simple 
steps as a roadmap for streamlined 
transfection.

1. Spend sufficient time optimizing 
your culture, ensuring you have 
healthy, actively dividing cultures in 
order to even start doing transfec-
tions. The time spent maintain-
ing and characterizing the cultures 
upfront will pay off by streamlining 
transfection optimization. 

2. Understand how your cultures 
grow, especially cell yield and 
growth rate, in whatever vessel will 
be used for the final transfection. 
Cell density is a key parameter for 
transfection optimization because 
the amount of DNA and transfec-
tion reagent should be calculated 
per million of cells to transfect, 
rather than total surface area. 
Having well-characterized cell 
cultures will make it easier to fine-
tune the amount of transfection 
reagents and DNA needed and the 
timing of transfections. Ultimately, 

predictable cell growth will result 
in a more robust process for repro-
ducible viral titer yields. 

3. Turn to reagents that have been 
optimized for your processes and 
that are scalable. For instance, 
Polyplus has reagents for both 
adherent and suspension systems. 
PEIpro is a linear polyethyleni-
mine (PEI) transfection reagent 
that binds that binds to DNA 
through electrostatic interactions 
during cationic polymer transfec-
tion. The reagent-DNA complex 
enters the cell by endocytosis and 
releases the DNA cargo into the 
cytoplasm. Water solubility and 
performance in serum-based cul-
ture media eliminate the need for 
medium changes before or after 
transfection, making this method 
ideally suited for large-scale 
transfections of adherent cells in 
Corning CellSTACK® culture 
chambers.

4. Design the scale-up/out process 
with the transitions from pilot 
scale to production scale in mind. 
A scale-down model for process 
development should mimic the 
AAV production process at the 
final production scale, whether 
the final scale is intermediate or 
large, adherent or suspension. As 
an example for adherent cultures: 
Corning HYPERFlask® vessels or 
Corning HYPERStack® 12-layer 
vessels can serve as the process 
development vessel for a final 
scaled-out production in a Corning 
HYPERStack 36-layer ves-
sel; Corning CellSTACK 1-layer 
culture chambers or CellSTACK 
2-layer culture chambers model 
larger scale cultures in CellSTACK 
10-layer or CellSTACK 40-layer 
culture chambers; Corning 
CellCube® 10-layer or CellCube 
25-layer module directly scale to 
CellCube 100-layer modules. 

SUMMARY
Gene therapy based on rAAV vectors 
has been used in hundreds of clinical 
trials. rAAV has an excellent safety 
profile, targets a wide range of tissues, 
and provides long-term stable transgene 
expression. However, achieving high-
titer vector yields in a cost-effective, 
t imely manner is  chal lenging. 
Researchers developing cell and gene-
based therapies are often on aggressive 
timelines in an attempt to bring much-
needed therapeutics to market quickly. 
Thus, the tried-and-true method of 
transient production by transfection 
of adherent cell cultures remains 
commonplace to generate high titers. 
Case in point, a recent publication chose 
transfection of HEK293T/17 cells in 
Corning CellSTACK 10-layer culture 
chambers with PEIpro® to generate 
the quantity of virus needed to develop 
and optimize various methods of 
downstream processing. (2)

Regardless of the production 
platform, planning scalable processes 
from cell expansion through transfection 
to harvest and downstream processing is 
critical for generating high-titer yields. 
There are numerous considerations 
when deciding on a production platform 
and certainly no “one-size-fits-all” 
solution to reach the highest titers. 
Seek the expertise of the cell culture 
vessel manufacturers, like Corning, and 
transfection experts like Polyplus, to help 
design an appropriate upstream process 
for each specific application. 

REFERENCES
1. https://www.mordorintelligence.

com/industry-reports/global-bio-
pharmaceuticals-market-industry

2. McNally DJ, Piras BA, Willis 
CM, Lockey TD, Meagher MM. 
Development and optimization 
of a hydrophobic interaction 
chromatography-based method 
of AAV harvest, capture, and 
recovery. Mol Ther Methods 
Clin Dev 2020;19:275-284. doi: 
10.1016/j.omtm.2020.09.015 ■



34     BioPharm International August 2021   www.biopharminternational.com

Iv
an

 T
ra

im
ak

/S
to

ck
.A

d
o

b
e.

co
m

The Evolving Aseptic 
Processing Landscape

Through the adoption of single-use technology, drug manufacturers have 
been able to adapt to the challenges posed by the COVID-19 pandemic.

BEN WYLIE

T he past year has been dominated by the COVID-19 
pandemic, which has posed challenges similar to that typ-
ically faced in the aseptic pharmaceutical processing mar-

ket, where the rapid development and deployment of vaccines 
has proved to be a stern test of the capabilities of both manufac-
turers and suppliers. The speed at which sterile vaccines needed 
to be produced has brought some key challenges to the forefront, 
even as demand for the same production remains high today.

Because the pandemic occurred against the backdrop of a 
rapidly changing industry landscape, bio/pharmaceutical com-
panies need to be aware of changes in regulations as well as the 
greater pressure that industry supply chains have been put under. 
In addition, there are more sterile drug products in development, 
and there is a wider shift toward outsourcing the manufacturing 
work for these products in development. This is only a small 
sample of the shifts that are occurring.

BOOMING MARKET
It is without doubt that manufacturers in the aseptic processing 
space have a number of challenges to face down, but one of the 
major challenges is a positive one: demand. Manufacturers are 

facing unprecedented demand, which is exerting added pressure 
on both facilities and equipment. The latest estimation suggests 
that the overall global aseptic processing market will grow to be 
worth $73.6 billion by 2027, up from $62.2 billion in 2020 (1).

A significant driver of this growth is COVID-19 and the vac-
cines that were quickly developed to counter the pandemic. As 
people are expected to need booster vaccinations in the years to 
come, this is likely to become a stable foundation for continued 
demand for the sterile production of vaccines.

Broader than this, there has been a general movement in 
the pharma industry toward providing patients with more 
individualized treatments, which has been reflected in the rapid 
growth of cell and gene therapies. The growth of individualized 
treatments in development has resulted in a greater number of 
aseptic products that require a different kind of manufacturing 
process than those at large scale. This shift toward small-batch 
production necessitates the adoption of new technology to 
maintain speed of production and the integrity of the process. 

BEN WYLIE is senior product manager at ChargePoint Technology.

Manufacturing
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ADAPTING TO THE PRESSURE
Regardless of the drug product 
involved, the basic objective remains 
the same: to produce safe medicine 
for patients as efficiently and effec-
tively as possible. Errors and mis-
steps can have disastrous effects. Any 
issues during the aseptic processing 
steps could lead to risks in patient 
safety and can result in product recalls, 
logistical delays, operational disrup-
tion, and increased costs.

The demand for vaccine manu-
facture, as a result of the COVID-19 
pandemic, proved to be a test for the 
industry, not least of which was deter-
mining how quickly vaccine production 
could be sped up. The pandemic shone 
a spotlight on the capacity available of 
a particular type of facility due to the 
spike in demand. Producing sterile vac-
cines is far from simple, and a complex 
task such as this questions whether or 
not the industry is set up to meet the 
challenge of producing a product at 
the speeds needed. The demand high-
lighted the requirement for manufac-
turing facilities that are flexible and 
able to turn around a quicker response 
to immediate need.

The pressure the industry came under 
initially was evident when vaccine devel-
opers experienced issues with being able 
to provide the number of doses initially 
estimated. The supply chain was heavily 
disrupted in the early stages of the pan-
demic, which led to shortages of ingre-
dients for products and the materials 
required for packaging.

With many more moving parts 
involved due to the pandemic, there 
was also the issue of transfer and 
logistics through the manufacturing 
process. The transfer of ingredients 
into and out of critical areas, such as 
isolators, has always been a challenge 
for the industry. With manufactur-
ers partnering with a greater number 
of contract manufacturers and other 
partners, there is an on-going discus-
sion regarding the ease of transfer of 
product from site to site.

REGULATORY CHANGES
Beyond the immediate pressures of the 
pandemic, there remains the signifi-
cant challenge regarding the broader 
move toward increasing regulation. A 
final version of the European Union’s 
good manufacturing practices (GMP) 
Annex 1 (sterile products) will be intro-
duced in 2021, with a consultation 
draft previously published in February 
2020 (2). Annex 1 will have wide-rang-
ing implications for aseptic processing 
and containment, especially regarding 
contamination control strategy (CCS) 
in cleanroom zones.

A section has been added regarding 
closed systems, which provides addi-
tional stipulations that pharma manu-
facturers will need to comply with. This 
means that pharma manufactures will 
have to reduce the number of manual 
interventions to ensure sterility. As a 
result, emphasis will need to be placed 
on carrying out risk assessment and the 
monitoring of data integrity, which will 
require additional methods to be put in 
place to comply with regulation.

AN EVOLVING INDUSTRY
Facing down these challenges meant that 
the industry has had to adapt, especially 
in reaction to the pandemic. Numerous 
trends that were already underway have 
been accelerated as the need for flexibility 
and speed became paramount.

SINGLE-USE 
TECHNOLOGY SOLUTIONS
One of the major prevailing trends in 
recent years has been the uptake of sin-

gle-use technology (SUT), which nearly 
85% of operations at clinical or process 
development scale use, research suggests 
(3). One piece of SUT that can support 
drug developers is the split butterfly 
valve (SBV). This technology provides a 
solution for the sterile transfer of pow-
ders, including drug substance and drug 
product. The valve enables the trans-
fer of powders into and out of process 
equipment during the pharmaceutical 
manufacturing process. 

The SBV is made up of two com-
ponents: a passive half that connects 
to a filling container and an active 
half, connected to the production line 
equipment. This allows the product 
to transfer from the line into the con-
tainer via the interior of each half. The 
end result is that the power does not 
come into contact with the surround-
ing environment and thereby main-
tains aseptic integrity through the 
process. There is also a disposable ver-
sion of the passive components, with 
the principal benefit being to manage 
the same quality of aseptic processing 
but with the improved efficiency that 
comes with using a disposable system.

MAINTAINING STERILITY 
DURING TRANSIT
Another area of the process that has 
become increasingly important is ensur-
ing sterility while transferring from facil-
ity to facility or to another geographic 
region. This has become a pressing need 
because the trend toward outsourcing 
manufacturing is accelerating as pharma 
manufacturers choose to select a partner 
specializing in the manufacture of a par-
ticular product or delivery formulation. 
This trend was particularly seen when 
pharma vaccine developers looked to 
contract manufacturing partners once a 
viable vaccine candidate had been found. 
The fragmentation of manufacturing led 
pharma companies to engage with mul-
tiple partners to handle different parts of 
the manufacturing journey.

As manufacturers look for seam-
less integration from drug substance to 

Manufacturing
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drug product site, single-use products are 
gaining ground because of the ability to 
reduce risk by eliminating double han-
dling. This posed the problem of main-
taining sterility during transit and the 
additional cost that comes with purchas-
ing reusable solutions. However, there are 
SU bags available on the market that are 
contained and maintain sterility during 
the transfer of powders through the man-
ufacturing process, as well as between 
facilities. In addition, because SU equip-
ment is discarded after use, this signifi-
cantly speeds up the hygiene procedures 
required to maintain a sterile environ-
ment. As a result, production downtime is 
reduced compared to reusable alternatives.

BRINGING DATA TO BEAR
The revolution that is occurring across 
industry lines is the utilization of data, 
which can be regarded as an opportu-
nity to aid the aseptic processing indus-
try. The “smart factory” concept allows 

pharmaceutical production lines to view 
real-time usage data of the equipment 
on their processing lines. 

This comes with various benefits, but 
the principal one is to ensure the health 
status of valves on the processing line, 
with fully automated monitoring being 
possible. Those working on the line are 
able to receive information remotely. The 
real-time data generated can help line 
operatives determine exactly where and 
when maintenance is needed, allowing 
for intervention prior to a situation where 
aseptic integrity or productivity is affected.

The data can also be made accessi-
ble through a mobile device or through 
an online dashboard to the health and 
safety team, who can then remotely 
assess the health of the processing line. 
This remote assessment also works 
for viewing the functioning of valves 
located in different facilities when the 
individuals accessing the information 
are not in the same location.

OPPORTUNITY FOR  
THE FUTURE
There is no doubt that, since the begin-
ning of the pandemic, the pharmaceuti-
cal industry has faced a number of new 
challenges. However, from these chal-
lenges, the industry has emerged better 
equipped and more resilient for future 
challenges that may come. The demand 
of aseptic manufacturing will continue 
to grow and, therefore, investing in the 
ability to ensure product quality at faster 
speeds and with more flexibility will 
always be worthwhile. 
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Designing Flexible Fill/Finish Facilities
Scenario modeling informs planning for current 

and future manufacturing needs. 
JORGE FERREIRA AND LORA ZEANCHOCK

T he biopharma industry is changing as it responds to 
rapidly evolving market conditions and the necessity 
to produce more treatments and therapies to meet 

the needs of patients around the world. Accelerated project 
timeframes have prompted the fill/finish sector to review its 
approach and consider strategies that support greater agility. 
Increasingly, modern-day facilities are building flexibility 
into infrastructures, with an emphasis on the ability to mod-
ify capacity and use equipment that can fill multiple drug 
types in different formats.

This article looks at design considerations required to 
deliver facilities that offer maximum flexibility and industry 
best practices in scenario modeling. It also examines the flexi-
ble capabilities built into the design of the Mark Cuban Cost 
Plus Drug Company’s sterile fill/finish facility being built in 
Dallas, Texas, to provide rapid response to drug shortages and 
support formulation, filling, and packaging of small batches.  

PLANNING FOR THE LONG TERM
Manufacturers seeking flexibility in their facilities must plan 
for the long term and consider the various product combi-
nations that could arise over the next five to ten years. Agile 
processes are critical to react to changes in market demand, for 
both type of product and volume. 

Scenario modeling is used in fill/finish facility design to 
inform the manufacturing opportunities for fill/finish facil-
ities. Through simulating different product and production 
scenarios, manufacturers can make informed decisions about 
the facility layout and type, capacity, and phasing of equipment 
required. Phasing involves the installation of equipment capacity 
as required for production. For instance, manufacturers might 
require the installation of one or two fill lines during the initial 
facility construction and have plans for additional fill lines to 
meet future projections a few years later.  

Scenario modeling tests the extremes of facilities, enabling a 
clear understanding of what opportunities there are for clients 
to maximize the facility use. Through examining a combina-
tion of containers, filler speeds, shifts, doses, and batch-mix 
percentages, modeling provides clarity on the degree of utili-
zation made possible through different scenarios. Additionally, 
modeling evaluates the impact of changes in critical parameters 
on various key performance indicators, such as production cost, 
cycle times, and plant throughput. These insights enable facility 

JORGE FERREIRA is a fill/finish subject matter expert with Jacobs,  
jorge.ferreira@jacobs.com, and LORA ZEANCHOCK is the project 
manager for Jacob’s efforts on the Mark Cuban Cost Plus Drug 
Company Dallas facility. 
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designers to engineer spaces, optimize 
production lines, and select equipment 
to provide maximum flexibility. These 
parameters can then be used to extrapo-
late sizing for supporting functions and 
facilities. Ultimately, scenario modeling 
identifies the bounds of a facility’s capa-
bilities and aligns facility designers with 
the manufacturer on both their short and 
longer-term manufacturing goals.

Figure 1 shows an example of sce-
nario modeling that looks at the capacity 
of a conventional filling line compared 
to a small batch filling line, recognizing 
turnaround time as the limiting factor.  

This model considers a simple 
snapshot of filler type, turnaround 
time, and batch campaigning to eval-
uate different capacity outputs. During 
modeling, the design team undertakes 
interactive simulations utilizing a large 
number of variables to find the opti-
mized selection of equipment and 
facility operational efficiency.  

MULTI-PRODUCT FACILITIES
Flexibility is particularly important in 
multi-product facilities, which require 
additional levels of segregation to opti-
mize the ability to have multiple products 
in the production process simultaneously. 
Flexibility can be viewed in a variety of 
formats, including facility adjacencies, 
separations, future expansion, and mod-
ularization. Facility designers balance 
adjacency to other processes, maximizing 
efficiencies of material, product, people, 
sample, and waste flows, while keeping 
a focus on expansion plans. Adjacencies 
are a complex problem, because project 
priorities and scope vary significantly. 
For example, a facility designer might 
consider aspects such as process steps or 
process time sensitivity and product flow, 
frequency of sampling and proximity of 
labs, or location of utilities to critical areas. 
Scenario modeling feeds into these adja-
cency discussions, and data from the sce-
nario modeling is critical to design.

To facilitate future process expan-
sion, design teams will need to consider 
how manufacturing requirements may 

change over time. Modular construction, 
such as preassembled cleanrooms, offer 
manufacturers the flexibility to repur-
pose spaces to facilitate their evolv-
ing manufacturing needs, quickly and 
cost-effectively. For example, the design 
team may place low-functioning areas—
including collaboration spaces, staging, 
and storage—in locations adjacent to 
manufacturing spaces. If an expansion of 
the manufacturing area is subsequently 
required, modular systems can easily be 
removed to enable the low-functioning 
spaces to be relocated. This requires the 
design team to be mindful of the lifetime 
of the facility and foreseeable expansion 
plans. To accommodate this level of flex-
ible design, facility designers will need 
to consider door and corridor clearances, 
ceiling heights, and power and utility 
requirements to ensure that spaces can 
accommodate a wide range of equipment 
sizes, for current and future use. Modular 
construction is particularly beneficial in 
cases where repeatability is necessary, as 
the expanded spaces can be designed 
once and fabricated multiple times. 

FILL/FINISH  
EQUIPMENT SELECTION 
AND AUTOMATION
Equipment for fill/finish facilities should 
be selected based on the outputs of sce-
nario modeling, in order to maximize 
the facility throughput, together with 
expected growth. A combination of fillers, 

inspection, assembly, labeling, packag-
ing, and serialization equipment are often 
selected to enable a balance between 
speed and capacity. In multi-product 
facilities, the various unit operations are 
not directly coupled and do not oper-
ate at the same speeds. Flexible fillers 
maybe used to fill various containers, such 
as vials and syringes, though often the 
downstream equipment does not require 
the same level of flexibility, as syringes 
and autoinjectors require further assem-
bly but vials do not. Therefore, the assem-
bly equipment may have more availability 
due to the mix of components and turn-
around times and, as a result, does not 
need to be as fast as the filler. 

Adoption of automation technolo-
gies into fill/finish processes presents 
other clear benefits. By making pro-
cesses consistent and endlessly repeat-
able, automated equipment eliminates 
human error and increases a manufac-
turer’s ability to meet production quo-
tas on tight deadlines. Furthermore, 
these technologies require less super-
vision, releasing staff members to work 
on other processes that are contingent 
on human intervention, and enabling 
technicians to work on multiple small 
batches in the same facility. Automated 
fill/finish processes can also signifi-
cantly increase a facility ’s capacity, 
through completing each iteration of a 

Manufacturing

Figure 1. A snapshot of a portion of a scenario modeling exercise evaluates the 
capacity of a conventional filling line compared to a small-batch filling line. In this 
example, turnaround time is the limiting factor.
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Capillary electrophoresis (CE) methods play an 
important role in biomolecular characterization while 
microfluidic CE-mass spectrometry (MS) accelerates 
analytical workflows and improves development/
commercialization timelines.

BIOPHARM/LCGC: Why is CE such an important technology for 
biomolecules?
MELLORS: Most of the developments in separations that have 
happened in recent history have focused on liquid chromatography 
(LC), which is great for many applications, but biomolecules often 
aren’t the best fit for chromatography. The need to optimize a 
separation to work with a stationary phase and deal with the range of 
properties of the molecules makes it difficult—plus, there is also a lot 
of column chemistry and other things like that. 

Whereas CE works in an open-channel capillary, and it has no 
interactions with a surface—it simplifies the problem. You can 
optimize conditions to make the molecules happy, and you can 
separate on properties that are simpler than they would be for 
chromatography. Also, critical for biomolecules, a bigger molecular 
size isn’t a handicap for CE separations. The band broadening in CE: 
faster diffusion leads to wider peaks. Whereas in chromatography, 
when you’re pushing things with pressure, slow diffusion hurts you. 
So, big molecules are great candidates for CE separations. 

BIOPHARM/LCGC: What are the limitations of traditional CE?
MELLORS: When you say traditional CE, the technology was originally 
developed in capillary tubes, traditionally with optical detection. You 
can do an amazingly good separation in a silica capillary tube. With 
optical detection, you don’t have to worry about transferring those 
peaks out of the tube, which is good, but you don’t have the mass spec 
information. The biggest limitation of traditional CE is it’s stuck inside of 
a capillary tube and the methods used to couple capillary tubes to MS 
are difficult to make work well.

A single tube is hard to couple with an electrospray emitter without 
introducing dead volume. Moving that into microfluidics gives you the 
ability to make a fluid network while keeping the volumes very small 
without introducing any dead volume. You have the freedom now to do 
the high-quality, low-volume separations that CE was born to do. You can 
couple that with MS and get so much information out of it that, for many 
applications, is crucial. 

The Critical Role of CE-MS Methods 
for Biotherapeutic Characterization BIOPHARM/LCGC: Tell us about ZipChip and why it 

was developed?
MELLORS: What is today called ZipChip started 
in the academic lab with Mike Ramsey at the 
University of North Carolina as microchip CE-
MS. The original problem was they were doing 
amazing separations in microchips, but with optical 
detection—mostly fluorescence detection—and it 
was obvious that if they could get those separations 
into a mass spectrometer, it would be powerful. 
But there was no good way to do it, and people 
were struggling with the connection between a 
microchip and some sort of electrospray emitter.

The key development was to figure out how to 
electrospray right off the corner of the microfluidic 
device. We don’t have to connect anything else; we 
just have a single piece of glass with channels etched 
in it, and the corner of the chip is the electrospray 
emitter. That allows you to maintain the speed and 
efficiency of a microchip separation but with the most 
sensitive and stable electrospray directly into the 
mass spectrometer—a combination of microfluidic 
separations and top-of-the-line MS technology.

BIOPHARM/LCGC: What are the benefits of 
coupling the chip to MS?
MELLORS: There is so much information that 
you get from MS. I come from the separations 
world where making as many peaks separate as 
possible is the best thing. But MS allows you to see 
and do so much: high-resolution accurate mass, 
fragmentation, characterization at a deep level, high 
sensitivity, etc. From that standpoint, coupling the 
separation to the MS is crucial to the problem.

From the MS side, ZipChip is a very easy-to-use 
source. It’s a single box, and the microchip is parked 
right in front of the inlet. There are no fittings to 
adjust, no voltages or gases to adjust. It performs 
fast runs with a simple workflow. It’s a nice, easy way 
to get data out of your MS, and on top of that, you 
can separate things that are very difficult to work 
with when using other technology.

BIOPHARM/LCGC: Can you describe the typical 
workflow?
MELLORS: Most of the time, it’s very simple. Diluting 
the sample into the background electrolyte (the CE 
equivalent of a mobile phase). Sometimes you add 
standards or something else to it, but it’s simply 
dilute and shoot. In our case, we work with an 

autosampler. We prep the samples and put them in 
LC vials or a 96-well plate. And if there is any sample 
prep necessary, we only need to desalt. And that’s 
because CE is driven by an electric field, and huge 
mismatches in conductivity can cause problems. So, 
it’s the same workflow as with chromatography; you 
may want to add standards or make a calibration 
curve, but the rest is familiar to anyone who works in 
the LC-MS world.

BIOPHARM/LCGC: Can you explain how ZipChip 
CE-MS offers an advantage in critical quality 
attributes (CQA) monitoring over alternative 
methods?
MELLORS: It’s uniquely versatile in the level of 
different applications it can do in that space. With 
the same system, using the same chips, you can 
look at everything from individual amino acids 
to intact native proteins and protein complexes 
because it’s not based on retention on a stationary 
phase; it’s just analytes moving through an open 
tube in an electric field. You can do a charge variant 
separation of an intact protein and get a separation 
that’s as good as or better than all the other charge 
variant separation techniques but with MS data 
directly coupled onto it. As such, from a single, 
10-minute experiment, you get a huge amount of 
information. And, on that same system, you can do 
a peptide mapping experiment or a middle-up type 
analysis where you break a protein into its subunits 
and analyze those.

BIOPHARM/LCGC: What’s next for ZipChip?
MELLORS: We are only beginning to take advantage 
of this technology. We recently introduced our 
system to the market, and we’re trying to catch up 
on many decades of LC method development. There 
are new applications such as nucleic acids and 
broader classes of molecules that were challenging 
for the initial development. We’re also focusing on 
complete end-to-end workflows. These separations 
have the potential to be extremely fast. The speed 
of a microfluidic separation is largely only limited 
by the speed of the detector. The faster and more 
powerful MS gets, the faster we can speed up the 
separation. But to take advantage of that means 
speeding up the autosampler and the automation. 
There is a lot of room to take full advantage of 
analyzing small samples and optimizing the  
process of getting samples into the chip. We can 
drive the sensitivity and improve every other aspect 
of the technology. 

Dr. Scott Mellors
Principal Scientist
R&D
908 Devices

https://908device%E2%80%A6
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Statistical Approaches for Determining 
Comparability of Biosimilars

Correct organization and appropriate methods for demonstrating 
biosimilar comparability are important for supporting regulatory filings.

THOMAS A. LITTLE

B iosimilars go through the same rigorous evaluation of 
safety and efficacy as any other biological drug product 
or drug substance. Because there is prior knowledge 

and a grounded scientific understanding of the reference mol-
ecule, drug demonstration of comparability of the biosimilar 
molecule to a reference molecule may speed up and simplify 
the regulatory requirements for the biosimilar. Data require-
ments are determined on a case-by-case basis working with 
FDA and/or other health authorities (1).

Comparability is multi-faceted and typically includes clinical 
trials (pharmacokinetic [PK] profiles), animal studies, analyt-
ical comparability (functional and or structural) of the mole-
cule, analytical method comparability where possible, process 
comparability (lot-to-lot), and in-process controls/monitors. 
Comparability in all cases is with respect to the reference drug/
molecule compared to the biosimilar under evaluation.

Comparability for biosimilars is risk-based (2), and the level 
and complexity of the comparison is commensurate with the 
risk to safety and efficacy. Also, using a risk-based approach, the 
statistical method for demonstration of comparability can be 
likewise grouped into a three-tiered approach for comparison.

THREE-TIERED APPROACH TO COMPARABILITY
It is useful to group comparability methods into three dis-
tinct categories. Tier one is the most rigorous basis of com-
parison and is typically used for critical quality attributes 
(CQAs), clinical performance, and structural and functional 
analytical comparability. Tier one also includes process 
comparability for CQAs as well as analytical method com-
parability for CQAs. Tier two is for in-process controls 
or for other lower priority quality attributes that may be 
included in the characterization of a molecule. Tier three is 
for in-process monitors or other visual comparisons when a 
quantitative assessment is not practical or possible (3).

TIER ONE 
There are two techniques that may be used for determining 
comparability: 1) equivalence test and 2) K sigma com-
parison. Minimum sample sizes are three of more lots of 

THOMAS A. LITTLE, PhD, drlit tle@bioassaysciences.com, is 
president of Bioassay Sciences.
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the reference molecule and three or 
more of the comparison product lots. 
Measuring each reference and com-
parison lot three to six times will help 
to improve the understanding of the 
analytical error of the method. All ana-
lytical methods should have been qual-
ified/validated prior to conducting the 
comparability studies. Equal number 
of lots in the comparison is recom-
mended but not required. A sample 
size and power analysis of the compar-
ison study design is generally required 
to demonstrate that the study design is 
adequately powered to reliably detect 
the mean differences used in the com-
parison.  Evaluation of sample unifor-
mity is also desirable but not required.

Tier one: comparability 
using equivalence test
The word biosimilar indicates that the 
protein/molecule in the comparability 
study is not bioidentical. Equivalence 
testing is used when one wants assur-
ance that the means do not differ by 
too much. In other words, the means 
are practically equivalent. A threshold 
difference acceptance criteria is set for 
each parameter under test. The means 
are considered equivalent if the differ-
ence in the two groups is significantly 
lower than the upper practical limit 
and significantly higher than the lower 
practical limit. Typically a two one-
sided t-test (TOST) is used to demon-
strate equivalence once the acceptance 
criteria has been defined (4). Statistical 
software such as SAS/JMP should be 
used in the equivalence testing.  

Setting comparability 
acceptance criteria 
There are three different groups of 
response parameters that are used in 
an equivalence test: 1) two-sided spec-
ifications (upper specification limit 
[USL] and lower specification limit 
[LSL]), 2) one-sided USL only or one-
sided LSL only, and 3) no specifica-
tion limits. Practical differences should 
be viewed relative to a target, tolerance, 

or as a function of design margin (5). 
Acceptance criteria should be risk 

based (2); higher risks should allow 
only small practical differences and, 

Analytics

Case 1. Two sided specification limits, % of tolerance (upper specification 
limits–lower specification limits)

High risk Medium risk Low risk

5–10% 11–25% 26–50%

Case 2. One sided limits, % of margin (reference mean–upper specification 
limit or lower specification limit–reference mean 

High risk Medium risk Low risk

5–10% 11–25% 26–50%

Case 3. No specification limits, % of mean reference

High risk Medium risk Low risk

5–10% 11–25% 26–50%

Table I. Description of response parameters for three case scenarios.

Product N Rows Mean 
(CQA)

Std Dev 
(CQA)

K sigma 
test Results

Reference 15 90.57 1.85 1.32 Comparable

Comparison 15 93.02 1.60

Table II. Comparability via K sigma comparison. CQA is critical quality attribute.

Figure 1. Comparability demonstrated using an equivalence test. CQA is critical 
quality attributes.
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conversely, lower risks should allow for 
marginally larger practical differences. 
Scientific knowledge, product experi-
ence, and clinical relevance should be 
evaluated when justifying the risk. The 
following risk-based acceptance crite-
ria shown in Table I are not absolutes; 
however, they are typical risk-based 
acceptance criteria.

The example shown in Figure 1 
has a practical limit of four between 
the means of the reference and com-
parison CQA. The confidence inter-
val must be fully inside the limits to 
be considered comparable. Sample 
size and power for every equiv-
alence test must be determined and 
reported in the comparability report. 
The example in Figure 1 indicates 
that, for this CQA, they are compara-
ble. Equivalence tests control for the 
means difference and for the variation 
in the samples, the sample size, and a 
defined risk factor.

Tier one: K sigma means testing
Another acceptable method for show-
ing comparability is based on a K 
sigma comparison. K sigma means 
testing is a bit simpler to perform and 
not as statistically rigorous. It takes 
the mean difference between the 
test article minus the reference and 
divided by the reference standard devi-
ation for multiple lots and measure-
ments per lot. This calculated value is 
called a z-score, and the absolute value 
of the z-score is reported as K sigma. 
Acceptance criteria are normally 
set at less than or equal to the 1.5 
K sigma of the reference to demon-
strate comparability. Table II shows 
the same data used in the equivalence 
test reported in K sigma.  The advan-
tage of this approach is there are no 
defined specification limits and it uses 
the sample means and variation to 
determine comparability.

TIER TWO RANGE TEST
Tier two range tests are applied to 
in-process controls and those less 

critical quality attributes for which 
we still want to demonstrate com-
parability, but they do not have the 
same rigor as is used in the tier one 
equivalence or K sigma means tests. 
A formal risk assessment is used to 
determine a tier one, tier two, or tier 
three approach.

The following is the procedure for 
setting up and checking a range test:

• Using the reference lots only fit 
for an appropriate distribution 
(e.g., normal, gamma, Weibull 
etc.)

• Set limits for the range at either 
99% (2.576 K sigma) or 99.73% 
(3 K sigma) (Figure 2)

• Using the reference l imits 
demonstrates the percent of the 
comparison measurements that 
are within the reference limits 
(Figure 3)

• Acceptance criteria may be set 
at greater than or equal to 85%, 
90%, or 95% based on risk.

Limits set f rom the reference 
materials using 3 K sigma are 57.4 
and 97.0 and are then applied to 
the biosimilar to show comparability. 
Percent actual (Figures 2 and 3) 
equals the percent of measurements 
of the biosimilar that are within the 
range of the reference samples.

TIER THREE
Tier three is used for attributes 
that are simply monitored during 
the  product ion  process  or  fo r 
quality attributes where quantita-
tive analysis is either not possible 
or not desirable. Tier three simply 
uses graphical comparison or pic-
tures of the molecular structure, the 
growth curve, sensor profile, power 

Analytics

Figure 2. Range limits for the reference materials.

Figure 3. Percent of the biosimilar within the reference range limits. LSL is lower 
specification limit. USL is upper specification limit.
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in a mixer, etc. In most cases a side-
by-side graphical comparison or an 
overlay of the graphical analysis 
may be used in the demonstration 
of comparability. For tier three, no 
acceptance criteria are used; how-
ever, it is important to point out 
visual comparability where areas are 
similar and/or differences have been 
visually detected in the comparison. 
Figure 4 shows a visual comparison 
of growth curves by location and 
change in scale.

PUTTING IT ALL TOGETHER
It is highly recommended to use a 
risk-based approach when performing 
biosimilar studies. Tables III and IV 
show examples of how that may be 
performed. Selection of the responses, 
placing them in the appropriate tier 
evaluation based on their merit as a 
CQA of their influence and uncer-
tainty (risk) on safety and efficacy, 
stating the method of comparison, 
defining acceptance criteria, and com-
ing to a conclusion make organizing 

and reporting comparability clear and 
concise. A tier three summary table is 
also recommended to summarize the 
attributes evaluated in any conclusions.

SUMMARY
Demonstration of comparability for 
biosimilars is a critical element for 
many drug companies. FDA’s involve-
ment in the mapping out of data and 
study requirements for a specific drug 
is a critical step in demonstration of 
comparability. Once study areas have 
been defined and a clear road map of 
the attributes, the sampling plans, sam-
ple sizes, and methods of comparison 
have been established, the productivity 
of the development team in designing 
and executing protocols for compara-
bility will be greatly improved. Correct 
organization and appropriate methods 
for demonstration of comparability aid 
both internal and regulatory health 
authority review of reported values in 
filings and submissions.
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Figure 4. Visual comparison of scale and location of bioreactor growth curves. 
VCD is viable cell density.

Table III. Tier one assessment and summary table. HMW is high molecular weight. LMW is low molecular weight. USL is 
upper specification limit. LSL is lower specification limit. CQA is critical quality attribute. TOST is two one-sided t-test. CI is 
confidence interval.

Tier 1 Change Event or Comparison's Potential Influence on CQAs Select High, Medium or Low to evaluate the potential influence the change event may have on the CQA

Release Testing or 
Characterization CQA/Assay Name Analytical Method USL Target LSL

Comparison or 
Change Event 

Influence on CQA

Comparison or 
Change Event 

Uncertainty on CQA

Risk Assessment Conclusion

Scientific Rationale

K sigma, % of 
Tolerance or % of 

Mean
Lower Practical 

Limit
Upper Practical 

Limit
Method of Comparison 

(Tier 1) Comparability Conclusion

Release Total Protein 20 12.5 5 Medium High Include in evaluation 15% -2.25 2.25 Equivalence Test TOST Comparable

Release % HMW 5 0 Medium Medium Include in evaluation 20% -1 1 Equivalence Test TOST Insufficient Sample Size

Release % LMW Low Low Not recommended for evaluation 1.5 k sigma -1.5 1.5 K Sigma Comparable

Release % Monomer Low Low Not recommended for evaluation 0 0

Release % Main Peak Low Low Not recommended for evaluation 0 0

Note: Tier 1 should have clinical relevance impacting safety, stability or efficacy of the drug

Type of Control Measurement Name
Analytical Method, 

Probe or Instrument

Upper 
Control 

Limit Target

Lower 
Control 

Limit

Comparison or 
Change Event 

Influence on IPC

Comparison or 
Change Event 

Uncertainty on IPC

Risk Assessment Conclusion

Scientific Rationale Risk Window

% Biosimilar 
Within 

Reference 
Range

Method of 
Comparison 

(Tier 2) Comparability Conclusion

Limits Titer 20 12.5 5 Medium High Include in evaluation 99% (2.576 sigma) 99 Range Test Comparable

Measurement VCD 5 0 Medium Medium Include in evaluation 99% (2.576 sigma) 76 Range Test Not comparable

Closed Loop % Viability Low Low Include in evaluation 99% (2.576 sigma) 55 Range Test Not comparable

Set Point DNA Low Low Include in evaluation 99% (2.576 sigma) 96 Range Test Comparable

Table IV. Tier 2 assessment and summary table. VCD is viable cell density. HCP is host cell protein. IPC is in process control. 

Tier 1 Change Event or Comparison's Potential Influence on CQAs Select High, Medium or Low to evaluate the potential influence the change event may have on the CQA

Release Testing or 
Characterization CQA/Assay Name Analytical Method USL Target LSL

Comparison or 
Change Event 

Influence on CQA

Comparison or 
Change Event 

Uncertainty on CQA

Risk Assessment Conclusion

Scientific Rationale

K sigma, % of 
Tolerance or % of 

Mean
Lower Practical 

Limit
Upper Practical 

Limit
Method of Comparison 

(Tier 1) Comparability Conclusion

Release Total Protein 20 12.5 5 Medium High Include in evaluation 15% -2.25 2.25 Equivalence Test TOST Comparable

Release % HMW 5 0 Medium Medium Include in evaluation 20% -1 1 Equivalence Test TOST Insufficient Sample Size

Release % LMW Low Low Not recommended for evaluation 1.5 k sigma -1.5 1.5 K Sigma Comparable

Release % Monomer Low Low Not recommended for evaluation 0 0

Release % Main Peak Low Low Not recommended for evaluation 0 0

Note: Tier 1 should have clinical relevance impacting safety, stability or efficacy of the drug

Type of Control Measurement Name
Analytical Method, 

Probe or Instrument

Upper 
Control 

Limit Target

Lower 
Control 

Limit

Comparison or 
Change Event 

Influence on IPC

Comparison or 
Change Event 

Uncertainty on IPC

Risk Assessment Conclusion

Scientific Rationale Risk Window

% Biosimilar 
Within 

Reference 
Range

Method of 
Comparison 

(Tier 2) Comparability Conclusion

Limits Titer 20 12.5 5 Medium High Include in evaluation 99% (2.576 sigma) 99 Range Test Comparable

Measurement VCD 5 0 Medium Medium Include in evaluation 99% (2.576 sigma) 76 Range Test Not comparable

Closed Loop % Viability Low Low Include in evaluation 99% (2.576 sigma) 55 Range Test Not comparable

Set Point DNA Low Low Include in evaluation 99% (2.576 sigma) 96 Range Test Comparable

https://www.fda.gov/drugs/therapeutic-biologics-applications-bla/biosimilars
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Packaging for Stability Studies: 
to Outsource or Not? 

Manufacturers should consider the benefits of 
contract packaging for stability studies. 

SCOTT KENNY

T he average cost of bringing a new drug to market is 
estimated at $1.3 billion (1), and the average timescale 
from initial discovery to market often spans 10 years 

or more. It is well documented that the investment and time 
involved in developing new drugs has resulted in big pharma 
organizations choosing to outsource some or all of their 
R&D operations to academia, contract research organizations 
(CROs), or contract development and manufacturing organi-
zations (CDMOs). CROs and CDMOs are facing increasing 
competition, cost pressure, technological innovation, and 
consolidation activities (2), meaning that they, in turn, might 
outsource specific activities, such as stability studies and the 
associated requirements, to smaller specialists. 

Many big pharma organizations instead choose to acquire or 
buy formulations from small-cap developers once they have been 
proven. A report in 2020 found that large and mega-cap compa-
nies were the most likely group to source new molecular entities 
(NMEs) through company acquisitions (3). For example, in 
October 2020, Gilead purchased US biotech Immunomedics and 
its potential cancer blockbuster Trodelvy (sacituzumab govitec-
an-hziy), and Sanofi added a potential multiple sclerosis drug to 
its pipeline when it bought Principia Biopharma in August 2020. 

These smaller players are likely to be dependent on outsourcing, 
with key partners already firmly in place when they are acquired.

As of Feb. 1, 2021, there were 365,829 clinical studies regis-
tered globally, which is a monumental increase since 2000, when 
there were just 2119 (4). In that time, the focus has also shifted to 
rare disease and personalized medicine, with orphan drugs, bio-
technology, and gene therapies attracting significant investment. 
Because of this, packaging requirements are becoming more com-
plex, to accommodate sensitive formulations and APIs, as well 
as the small-scale nature of personalized medicines. The more 
sensitive or potent a drug is, the higher the barrier properties are, 
therefore, the more emphasis placed on the packaging.  

With discovery work of these kinds of drugs being done more 
often by smaller players, the scale, size, and resources of these 
smaller players dictate their dependence on outsourcing of key 
activities, such as stability testing, to specialists. These activi-
ties often require small batches of packaging to be produced. 
Developers might invest in small-scale equipment to produce 
the packaging in-house, or they might outsource production; 

SCOTT KENNY is business development manager at Sepha Ltd.

Outsourcing
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there are benefits and possible risks to 
both approaches that need to be weighed. 

PERSONALIZED MEDICINE 
AND INDUSTRY 4.0
The shift towards personalized medi-
cine sees therapies targeted to particular 
groups of patients (stratified) or individ-
uals (personalized), such as the case of 
patient-specific autologous cell and gene 
therapies (5). These therapies will require 
a shift in manufacturing to agile, small-
scale individualized production, in which 
the patient quickly receives individual-
ized drugs, suited to their specific needs. 
This new reality is to be facilitated by 
Industry 4.0—which includes connec-
tivity, advanced analytics, automation, 
and advanced-manufacturing technolo-
gies (6)—and is expected to better enable 
quality by design. In this new paradigm, 
outsourcing becomes even more import-
ant, with fast, efficient, small-batch pack-
aging a key requirement.

ENABLING FAST,  
EFFECTIVE STABILITY STUDIES
Each new drug application requires a 
stability study, as regulation requires 
expiration dates to be indicated on all 
pharmaceutical products, and stability is a 
critical quality attribute. 

In a stability study, the effects of vari-
ations in temperature, time, humidity, 
light intensity, and partial vapor pres-
sure on the pharmaceutical product are 
investigated (7). Accelerated stability 
studies are common for process valida-
tion and material selection pre-com-
mercialization. In accelerated studies, 
developers imitate a two-year shelf life 
in the space of around three months, 
usually at 45 ºC and 75% humidity. 

Multiple accelerated stability studies 
might be required to test different pack-
aging materials pre-production. Some 
stability studies may require one to 200 
packs, while others may require up to 
2000, depending on the amount of pull 
points in the stability study. Developers 
need flexibility and speed from their 
packaging department or supplier to 

accommodate increasingly complex and 
varied stability studies.

THE ROLE OF  
MATERIAL SELECTION
Stability studies are not only critical for 
regulatory approval, they prove key for 
the newer types of drugs when material 
selection can be challenging. When it 
comes to material selection, it is common 
that developers will over-specify their 
blister-pack material. They might know 
from past experience that aluminum 
gives close to the best barrier possible, 
so without always knowing exactly how 
sensitive their material is, might request it 
regardless of need. 

Contract packaging suppliers can pro-
vide advice on material selection and, for 
example, recommend testing the orig-
inally requested high-spec packaging 
alongside alternatives, such as high bar-
rier thermoform materials, which might 
be half the price and also faster to form, 
easier to fill, and smaller. Stability studies 
will then establish what barrier is actually 
required, for example, whether thermo-
form is suitable, or whether cold form is 
necessary. The small investment in run-
ning stability trials with different blister 
packaging materials could save a signif-
icant amount of time and money when 
the product is scaled up. 

Stability studies are required for 
material selection or shelf-life valida-
tion, process validation, and through the 
lifecycle of the drug. While post-com-
mercialization studies will use the final 
product and packaging, for the accel-
erated studies, it is important to have 
ready access to quick turnaround, small-
batch packaging to achieve compliant, 
effective stability studies. 

CONSIDERATIONS  
FOR OUTSOURCING
Whether drugs are developed by 
CDMOs or by small cap players, careful 
consideration would need to be made 
as to whether to outsource the packag-
ing for stability studies. In both cases, 
a hesitation not to do this might be to 

protect intellectual property (especially 
with experimental, high-value drugs); the 
benefits of outsourcing, however, might 
outweigh that risk. 

In the case of CDMOs, some key 
benefits of outsourcing packaging for 
stability studies might include:

• Reducing the r isk of cross-
contamination if developing a 
potent or experimental drug

• No need to change lines over for 
small batch runs

• No additional tooling required
• No delays due to availability of 

stability chambers.
For smaller developers, the benefits 

might include:
• No need to invest in equipment/

facilities
• No requirement for auditors, 

licensing, etc.
• Achieve milestones in a shorter 

timeframe
• Prov ide technica l expert ise, 

because many employees in 
smaller developers have biological, 
chemical, or medical backgrounds, 
but may not always have detailed 
knowledge of packaging operations. 

If the decision is made to outsource 
packaging for stability studies, there are 
some key questions to ask of a potential 
supplier. These questions might include:

• What turnaround times can you 
guarantee?

• Cost? Note that there may be 
additional cost to the packaging, 
such as design services and tooling 
manufacture.

• Minimum quantity? This question 
should be asked early in supplier 
qualification as they may not have 
the capacity or motivation for 
small-batch packaging. 

• Mater ia l ava i labi l it y? Some 
materials have relatively long lead 
times, so it is worth looking for a 
supplier with a large selection of 
material grades in stock.

• Materia l selection expertise? 
Working with a supplier who can 
help give guidance through the 

Outsourcing
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available material grades can be 
beneficial.

• Design expertise/experience? 
A good supplier will be able to 
understand your requirements 
immediately and may be able 
to meet them with an existing 
toolset, reducing the overall cost of 
your project.

• Experience in larger production 
environments can be beneficial to 
help you design a package that is 
scalable with common packaging 
processes.

• C l e a n r o o m  c a p a b i l i t i e s ? 
Understanding the options for 
environmental conditions will 

help to determine which type of 
drug the supplier can handle.

• Leak testing? Non-destructive 
leak detection can be beneficial 
for stability trials, as it ensures 
all packs are leak-tight prior to 
stability so package integrity can 
be immediately ruled out as a risk/
concern if outliers are found in the 
stability data.

CONCLUSION
In the case of stability studies, experts 
in packaging can deliver small batches 
quickly and cost-effectively for acceler-
ated stability studies that are crucial to 
the future success of a new drug.  
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fill/ finish step more rapidly than tra-
ditional approaches. As enhancements 
in machine learning improve precision 
of these systems, their ability to address 
unexpected deviations and incidents 
during filling also improves. 

Single-use filling systems and ready-
to-use components are increasingly being 
used in flexible, multi-product facilities in 
place of conventional stainless-steel and 
bulk component processing. These tech-
nologies eliminate the need to sterilize 
components and address the risk of con-
tamination between batches. Validation 
and set-up costs also tend to be lower, 
reducing initial up-front costs. 

CASE STUDY
Typically, a facility is developed with a 
specific product or products in mind. The 
facility being built in Dallas for the Mark 
Cuban Cost Plus Drug Company is 
unique in that its design must accommo-
date the production of unknown future 
product demands. This flexibility will 
provide a rapid response for drugs that 
FDA deems to be in short supply and 
for orphan drugs that are used to treat 
patients with rare diseases. The 22,000-ft2 
flexible fill/finish facility is designed to 
support the formulation, filling, and pack-

aging of up to 250 different medicines in 
small batches annually. 

Scenario modeling during design 
involves the evaluation of different prod-
uct mixes to determine batch size and 
total facility throughput as well as to 
inform equipment sizing. Scenarios for 
production of a single product were also 
evaluated against daily product changes 
and intermediate product mixes to opti-
mize capacity. Unit operations are split 
into different rooms using modular sys-
tems, allowing up to three different prod-
ucts to be processed simultaneously across 
formulation, filling, and packaging, with-
out the risk of contamination.

At the heart of this multi-product 
facility’s design is its ability to produce 
small batches of products and to keep 
costs low, with selected equipment sup-
porting these dual objectives. For exam-
ple, the use of robotics in the fill/finish 
equipment will facilitate different con-
tainers, cartridges, vials, and syringes, with 
products of varying viscosities. However, 
in contrast to facilities with high-speed, 
highly automated filling and packaging 
equipment, most operations at the facility 
will be independent of each other, with 
equipment, such as fillers, standing alone. 
Stand-alone equipment mitigates the 
need for retooling and enables the com-
pany to continually switch production 
from one product to another.  

Equipment has disposable product 
path components and minimal changes 
in parts, further supporting quick change-
over between products. Once set up and 
loaded with ready-to-use components, 
the fill/finish equipment will operate as a 
stand-alone work cell, with no operational 
supervision required. This minimizes 
operator interventions and enables more 
repeatable unit operations. The facility 
also makes use of a combination of por-
table equipment and single-use compo-
nents, selected to further limit costs and 
maximize flexibility. Laboratory services 
are planned to be outsourced, further lim-
iting onsite footprint and costs.

The future-proofed design of the 
facility will accommodate growth in the 
Mark Cuban Cost Plus Drug Company’s 
demand for filling capacity. This vision is 
aided through the design of the corridor 
and utilities, which can be extended to 
add additional filling capacity.

A FLEXIBLE FUTURE 
Looking ahead, flexible facilities will con-
tinue to play a central role in supporting 
biopharma industry requirements, with 
rapid reconfigurations and new builds 
underpinning growing demand. The 
widespread availability of flexible facilities 
will ultimately ensure that patients world-
wide can continue to receive life-saving 
therapies and treatments. ◆

Manufacturing —  
Contin. from page 39 
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Ask the Expert

all products (e.g., those with lim-
ited shelf life),” and “rapid sterility 
tests may be acceptable for ex vivo 
genetically modified cells admin-
istered fresh or with limited hold 
time between final formulation 
and patient administration” (2). 

It should be noted that both the 
Ph. Eur. and the USP both recog-
nize rapid sterility in their respec-
tive publications. Chapter 2.6.27 
of Ph. Eur., titled Microbiological 
E x a m i nat ion  o f  C e l l - B a s e d 
Preparations, allows for the use of 
automated growth-based methods 
or alternative methods such as a 
combination of direct detection 
by alternative methods or other 
methods based on the harmonized 
sterility test. The USP has a general 

Information Chapter <1071> titled 
Rapid Microbial Tests for Release 
of Sterile Short-Life Products: A 
Risk-Based Approach. All of this 
information supports the con-
cept that ATMPs are different and 
offer unique challenges regarding  
sterility. This recognition allows 
you to pursue options for demon-
strating sterility including the use 
of rapid microbiological/sterility 
testing equipment.

The best way to proceed forward 
in getting approval for rapid tech-
niques is to make sure you have 
performed the proper installation 
qualification/operational qualifica-
tion and performance qualifica-
tion on the equipment and have 
demonstrated its suitability for use 
with a complete validation pack-
age. In case there is an equipment 

failure, you should have backup 
methodologies identified as part 
of your quality risk management 
plans. The final word of advice is 
to make sure you and your orga-
nization have a robust, well-docu-
mented quality risk management 
plan that is in line with the con-
cepts set forth in International 
Council for Harmonisation Q9 
Quality Risk Management. 
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Experts Susan J. Schniepp, distinguished fellow for Regulatory Compliance Associates, and Steven 
J. Lynn, executive vice-president, Pharmaceuticals for Regulatory Compliance Associates, provide 
answers to frequently asked regulatory questions about advanced therapy medicinal products.

Q: Do I have to follow traditional pharma 
rules when I investigate deviations for 

my emerging therapy? 

A: There is really no process difference 
when performing deviation investiga-

tions for traditional pharmaceutical products 
versus biotech products versus advanced ther-
apy medicinal products (ATMPs). The purpose 
of performing an investigation into a deviation 
is to determine why the deviation happened 
and what its impact was on the product qual-
ity. To determine the impact of the deviation 
on the product quality, it is important to deter-
mine the root cause of the deviation. 

The process used in the industry to deter-
mine root cause is, of course, the investigation 
procedure. This procedure, regardless of the 
type of product you are manufacturing, should 
require the investigator to review various sys-
tems and determine whether they were the 
cause of the deviation under investigation. 

It is important to remember when perform-
ing an investigation to keep the following few 
general rules in mind: 

• One size does not fit all. Simple errors 
require simple corrections, while serious 
deviations require broader investigations. 

• The complexity of the investigation is 
related not only to the seriousness of the 
incident but also to the myriad of factors 
that could influence the outcome. 

• If you follow your investigation proce-
dure and thoroughly document your 
results, you should have an acceptable 
investigation regardless of whether you 
are manufacturing a traditional product 
or a biotech product. 

The language in EudraLex Volume 4 for 
ATMPs (1) supports this concept by stating, 
“As long as the specifications for the finished 
product are met, a QP [Qualified Person] may 
confirm compliance/certify a batch where an 
unexpected deviation related to the manufac-
turing process and/or the analytical control 

methods has occurred provided that: (i) there 
is an in-depth assessment of the impact of the 
deviation which supports a conclusion that the 
occurrence does not have a negative effect on 
quality, safety or efficacy of the product, and 
(ii) the need for inclusion of the affected batch/
batches in the on-going stability programme 
has been evaluated, where appropriate.”

Q: I need to get my product to the patient 
before the traditional test for sterility is 

concluded. This requires me to release product 
at risk. Is there any way to avoid this?

A: The global regulatory authorities are 
aware that the ATMP manufacturers 

face this and similar situations, and rather than 
have you release your product at risk, they have 
offered guidance that not only recognizes this 
situation but offers solutions to alleviate it. 

The European Union states, “[a]pplication of 
the sterility test to the finished product (Ph. Eur. 
[European Pharmacopoeia] 2.6.1) may not always 
be possible due to the scarcity of materials avail-
able, or it may not be possible to wait for the 
final result before the product is released due to 
short shelf-life or medical need. In these cases, 
the strategy regarding sterility assurance has to 
be adapted” (1).  

In a 2020 Guidance for Industry, FDA rec-
ognizes that traditional analytical method-
ology may not be suitable for this product 
category stating, “Analytical procedures dif-
ferent than those outlined in the USP [United 
States Pharmacopeia], FDA guidance, or Code 
of Federal Regulations (CFR) may be acceptable 
under IND [investigational new drug] if spon-
sors provide adequate information on test 
specificity, sensitivity, and robustness” (2). 
This guidance goes on to recognize the limita-
tions of the traditional sterility test stating, 
“We recognize that the compendial sterility 
tests (USP <71>; 610.12) may not be suitable for 
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