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From the Editor

Resolving drug 
shortages starts 
with identifying  

the source  
of the problem.

Rita Peters is  
the editorial director of  
BioPharm International.

Pandemic-fighting Drugs in Shortage, Again

R ising numbers of confirmed cases of COVID-19, hospitalizations, and deaths as the 
last quarter of 2020 began signaled what may be the predicted second wave of the 
global coronavirus pandemic. For regions that experienced high infection and fatality 

rates in the spring, a dreaded sense of “here we go again” seemed to be taking hold. In my 
home region of the Northeast United States, healthcare experts and government officials 
weighed the economic considerations of keeping businesses and schools open and complaints 
of “pandemic fatigue” with the potential for the virus to spread rapidly. 

Fortunately, healthcare professionals have made progress in identifying treatment options 
and protocols to treat COVID-19 patients, improving the odds of survival. Diagnostic test-
ing has improved from the early days of the pandemic but is, according to many public health 
experts, insufficient to provide crucial information to address outbreaks in a timely manner. 
And many people—but again, not enough—adhere to basic public health messages to wash 
hands, wear face coverings, and to practice social distancing. 

ARE WE BETTER PREPARED?
One way to assess US preparation is to review action taken to resolve previous health emergen-
cies. One lesson the pharma industry has not learned—for nearly two decades—is to effectively 
resolve drug shortages. 

A recent report from the Center for Infectious Disease Research and Policy at the 
University of Minnesota (1) noted that 29 of 40 critical drugs used to treat patients with 
COVID-19 have experienced shortages, including propofol, albuterol, midazolam, hydroxy-
chloroquine, cisatracurium, rocuronium, fentanyl, azithromycin, and vancomycin. A rapid 
increase in the demand for these drugs, coupled with production and supply interruptions 
related to the pandemic, and trade bans imposed by foreign manufactures were contributing 
factors to the shortages. 

Other factors, such as quality-related production delays, lack of manufacturing capacity, raw 
materials shortages, or business decisions to stop making a drug are familiar causes for short-
ages. While drug shortages are tracked by FDA, the root cause often is not apparent due to a 
lack of supply chain transparency, the report noted.

The US dependence on unknown foreign suppliers for raw materials means patients do not 
know where the ingredients in their drugs are coming from. FDA lacks the information needed 
to anticipate the impact a disruption in the supply chain may have on the US drug supply.

Many consumer products—from fruit and vegetables to clothing to electronics—note the coun-
try of origin. An analysis of more than 40,000 prescription drug product labels, however, found 
that more than two-thirds did not report the name of the manufacturer or where it was made (1).

MAPPING THE SUPPLY CHAIN
The report recommends initiatives to address shortages, including the following:

• A national entity to analyze, predict, and prevent drug shortages
• A map of the US drug supply chain, including the source of starting materials and where 

APIs and finished drugs are manufactured
• Prescription drug profiles detailing supply chain information, quality, and regulatory 

information listed on a consumer website
• Ongoing research on supply chain resiliency and a warning system to alert for potential 

shortages.
The authors offer good suggestions; however, the initiatives must work in concert with 

patient demands for lower prices for safe, effective drugs, drug company profit goals, and the 
reality that the industry depends on a global marketplace to succeed. 

The pandemic may kick-start a number of changes in the way drugs are made. Identifying 
and qualifying the supply chain deserves a top spot on the list.

REFERENCE
1.   S. W. Schondelmeyer, et. al., COVID-19: The CIDRAP Viewpoint, Part 6 Ensuring a Resilient 

US Prescription Drug Supply, Report, Oct. 21, 2020. ◆



Introducing USP’s newest Gonadorelin Reference Standards 
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A  s manufacturers advance Phase III 
testing of multiple COVID-19 vaccine 
candidates, industry and government 

authorities are focusing on the vast delivery, 
handling, and information systems needed to 
bring vital preventives efficiently to appropri-
ate healthcare sites. Important complications 
are that some promising vaccines require two 
shots about three weeks apart and must be 
shipped frozen, one at sub-sub-zero tempera-
tures. Additionally, it’s not clear how manufac-
turers, distributors, and public health officials 
will deal with multiple approved vaccines and 
the possibility that a later preventive will be 
more potent than earlier shots. 

In hope of avoiding the confusion and mis-
takes that stymied access to diagnostic tests 
and personal protective equipment when 
the pandemic erupted six months ago, the 
administration’s Operation Warp Speed (OWS) 
has established an organization to oversee 
the delivery of COVID-19 vaccines, in addi-
tion to its more prominent role in funding 
the development of vaccines and therapeutics 
to combat the pandemic. A cadre of military 
logistics experts are monitoring production 
and planning for distribution of authorized 

medical products, headed by Gen. 
Gustave Perna, with support from 
the Centers for Disease Control and 
Prevention (CDC). 

The OWS plan for vaccine pro-
duction and distribution is out-
lined in its “From the Factory to 
the Frontlines” report to Congress 
issued Sept. 16, 2020  (1). The report 
notes that initial vaccine distribu-
tion will follow recommendations 
of the Advisory Committee on 

Immunization Practices (ACIP), which advises 
CDC on vaccination schedules and prac-
tices. ACIP’s recommendations will be shaped 
by a special panel formed by the National 
Academies of Science and Medicine (NASEM), 
which unveiled a framework on Oct. 2, 2020 
for a four-phase approach to COVID-19 vac-
cine allocation and distribution (2). The panel 
called for the first phase to cover approxi-
mately 15% of the population in the United 
States, including front-line health workers and 
first responders, followed by individuals with 
underlying health conditions that puts them 
at higher risk of severe disease or death. The 
NASEM advisors do not support early access for 
minority populations per se but addresses the 
needs of disadvantaged groups by prioritizing 
early access based on health conditions and 
limited access to care. 

Meanwhile, the CDC has provided advice 
to help state health departments update 
and expand vaccine distribution plans (3), a 
challenging task for local and tribal health 
departments charged with providing vaccines 
to priority populations. A CDC distribution 

Jill Wechsler is BioPharm 
International’s Washington editor, 

jillwechsler7@gmail.com.

Experts fear confusion over allocation processes, cold-chain  
requirements, and IT systems needed to bring a COVID-19 vaccine to market.

COVID-19 Vaccine Distribution 
Raises Multiple Challenges

While the logistics of the 
initial delivery process are 

relatively limited and straight-
forward, later expanded 

distribution to multiple sites 
will be more complex. 



http://www.wuxibiologics.com/scale-out
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contract with McKesson will han-
dle initial vaccine deliveries from 
manufacturers to states and other 
jurisdictions. 

LAST MILE COMPLICATED
While the logistics of the initial 
delivery process are relatively lim-
ited and straight-forward, later 
expanded distribution to multiple 
sites will be more complex. The 
real challenge, explained Nicolette 
Louissaint, executive director of 
logistics firm Healthcare Ready, is 
the “long, long dreaded last mile” 
within a state. The logistics really 
do differ, she explained at a brief-
ing sponsored by the Alliance for 
Health Policy on Sept. 30, 2020, 
based on the population to be vac-
cinated and the facilities engaged. 
And vaccination of a broader US 
population in later phases will 
involve supplying doses to phar-
macies and private practices where 
most individuals receive medicines 
and care. 

The early phase of vaccine distri-
bution is expected to run through 
mid-2021, followed by a second 
phase covering about 60–80 mil-
lion essential workers and high-
risk individuals. The experts don’t 
expect a sufficient volume of doses 
for the general US population until 
mid-2022. Distribution systems 
will differ for a single-dose vaccine, 
as opposed to two-dose products, 
where “it’s not just getting people 
to the pharmacy the first time,” 
Louissaint noted. 

Challenging temperature-con-
trol requirements for lead vaccines 
developed by Moderna and Pfizer/
BioNTech based on mRNA tech-
nology will limit how and where 
such products can be shipped. The 
logistics experts advise clinics and 
hospitals not to purchase special 
freezers to hold such products, as 
many local distributors should have 
such equipment. These early vac-

cines may have to be administered 
only by large hospitals and health 
clinics and involve more frequent 
deliveries of smaller supplies that 
can be administered before the 
product deteriorates. 

Similarly, all parties face dealing 
with multidose vials that have to be 
used within hours of opening due 
to a lack of preservatives. The larger 
vials can be shipped and stored 
more efficiently, but administration 
may challenge many providers. 

Even though CDC and most 
medical systems and distributors 
have advanced data systems for 
tracking vaccines, a main challenge 
will be integrating these systems 
and newly expanded federal IT pro-
grams designed to identify patients 
at risk and to track vaccine admin-
istration and individual responses. 
CDC is developing a new Vaccine 
Administ rat ion Management 
System (VAMS) to support existing 
state operations, with added capa-
bilities for patient scheduling and 
supply management. But the new 
system is confusing, and integra-
tion may take some time. 

Tracking a two-dose vaccina-
tion schedule adds to the diffi-
culties. To ensure that individuals 
receive the right shots at the right 
time, vaccine resupply will have 
to occur within the allotted time 
frame, and information systems 
must track and record when an 
individual is vaccinated, with 
which product and where. Even 
for vaccines that require only one 
shot, it will be important to record 
every individual dose in order 
to identify any adverse events, 
patient illnesses, and the extent 
of immunity provided over at least 
two years. 

REFERENCES
 1. HHS, “From the Factory to the 

Frontlines, The Operation Warp Speed 
Strategy for Distributing a COVID-19 
Vaccine,” Report to Congress, Sept. 
16, 2020.,

 2.  NASEM, Framework for Equitable 
Allocation of COVID-19 Vaccine 
(Washington, DC, The National 
Academies Press).  

 3.  COVI-19 Vaccination Scenarios for 
Jurisdictional Planning–Phase 1, Q4 
2020, Aug. 26, 2020, https://int.nyt.
com/data/documenttools/phase-1-
vaccination-planning-scenarios-8-27/
e0b519d686f4dda5/full.pdf ◆

FDA published guidance on Oct. 6, 
2020 (1) for developers requesting 
Emergency Use Authorization (EUA) 
for COVID-19 vaccines. The guid-
ance provides recommendations for 
the data and information that will be 
needed to support an EUA.
The guidance states that an 

EUA may be issued if, “Based on 
the totality of scientific evidence 
available, including data from 
adequate and well-controlled 
trials, if available, it is reasonable 
to believe that the product may be 
effective to prevent, diagnose, or 
treat such serious or life-threatening 
disease or condition that can be 
caused by SARS-CoV-2.” In addition, 
the benefits of the product should 

outweigh any “known or potential 
risks of the product,” and there 
should be no other “adequate, 
approved, and available alternative 
to the product for diagnosing, 
preventing, or treating the disease 
or condition.” The document 
discusses regulatory information 
that must be submitted with the 
EUA; chemistry, manufacturing, and 
controls information; and safety and 
effectiveness information.

Reference
1. FDA, Emergency Use Authorization 
for Vaccines to Prevent COVID-19, 
Guidance for Industry (CBER, Octo-
ber 2020).

—The Editors of  
BioPharm International

FDA Issues Guidance on EUA for COVID-19 Vaccines

https://www.hhs.gov/sites/default/files/strategy-for-distributing-covid-19-vaccine.pdf
https://www.hhs.gov/sites/default/files/strategy-for-distributing-covid-19-vaccine.pdf
https://www.hhs.gov/sites/default/files/strategy-for-distributing-covid-19-vaccine.pdf
https://www.hhs.gov/sites/default/files/strategy-for-distributing-covid-19-vaccine.pdf
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Pinpointing Bioprocess  
Development Success 

More collaboration and a knowledge-based approach, 
driven by better analytics and high-throughput system 

integration, are reducing the risk of failure.

AGNES SHANLEY

F or years, pharma’s key opinion leaders have empha-
sized the need for deep process knowledge to inform 
new product and process development. The concept 

may have taken some time to catch on, but today, more bio-
pharmaceutical development and manufacturing programs 
are showing what is possible when ideas such as pharmaceu-
tical quality by design (QbD) are combined with better ana-
lytics and automation, as well as with equipment that reflects 
the principles of process intensification. 

These concepts are most notable in process development, 
which has become inextricably linked with scale-up (see 
related article on p. 54). More development projects now 
start off with clear scalability goals in mind. Developers are 
collaborating more closely with technology vendors, contract 
development and manufacturing organizations (CDMOs), 
and suppliers to achieve these goals. Among the greatest chal-
lenges that CDMOs and technology developers agree on are:

• Reduced project timelines and the need to reduce costs
• Increased numbers of more complex biotherapies

• Widepread adoption of single-use equipment at all 
phases of product development

• The need for cell line optimization at the earliest phases.
Automation is driving improvement, according to Joe 

Makowiecki, director of business development for Cytiva’s 
FlexFactory and KuBio product lines. He sees the benefits 
becoming more visible as pharma moves to more real-time 
monitoring and control, and to applying the principles of 
Pharma 4.0. “Automation will lead to development of processes 
that are manufacturing-ready in less time,” he says.

This trend, in turn, should feed continuous improvement. “As 
they are scaled up, processes will yield much more information, 
especially on the interdependency between process parameters, 
allowing development to move faster and to focus only on exper-
iments that will add the most value,” Makowiecki adds.

PREVENTING DATA OVERLOAD
Technology vendors are incorporating automation and adopting 
new approaches to help companies achieve these goals. However, 

Cover Story: Process Development
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they must be careful to balance the need 
for more data with the need to keep sys-
tems from becoming too complex, says 
Loe Cameron, director of analytics & 
controls at Pall Biotech.

“Like many others in the industry, Pall 
is on a Pharma 4.0 journey, assembling 
solutions and assessing the impact. Our 
research is focused on how we can pro-
vide tools in a way that does not nega-
tively impact the usability of our systems, 
and we work closely with users of these 
systems to reach that goal,” Cameron says. 

Pall has installed automation systems 
in its process development labs that 
mimic many of the functions found in 
full-scale manufacturing. “This capability 
allows customers to project the future of 
their process as it scales more effectively,”  
says Cameron. “We have connected this 
system to a centralized historian data-
base which has allowed us to more deeply 
explore how solutions such as soft sensors, 
modeling, and advanced process controls 
can improve viral vector processes at each 
scale, and over the full life of the process,” 
she says. However, Cameron notes, it is 
important to remember that this has a 
cascading effect. “As we install more sen-
sors to support the automation of our 
processes, so much data are then created 
that the analysis must be automated as 
well,” she says. 

CHANGES IN APPROACH 
Those involved in process development 
say they are approaching projects quite 
differently from the way they might have 
tackled them a few years ago. Broadly, the 
need for speed (if not to market, then 
to the next milestone or developmental 
stage) and early-stage robustness are key 
drivers, says Patrick McMahon, global 
operations manager for integrated ser-
vices at Cytiva. 

Biopharmaceutical process develop-
ment teams are linking the drug discov-
ery phase to process development and 
scalability early on, leveraging plat-
forms and predictive technology, says 
McMahon. “This allows them to reduce 
project timelines, drive in quality and 

robustness, and reduce the need for repeat 
work and comparability for process or 
analytical changes,” McMahon explains. 

MORE COLLABORATION
Process development specialists see 
efforts as becoming increasingly collabo-
rative. “Across the industry, we see more 
and more companies working together 
to overcome challenges. CDMOs are 
performing a wider range of services, 
and equipment manufacturers and 
media suppliers are also contributing 
to process development efforts,” says 
Jean-Christophe Drugmand, senior 
bioprocess architect at Univercells 
Technologies. He recalls working on 
projects where media optimization stud-
ies were subcontracted to the media sup-
plier, and some QbD studies were also 
handled by specialists in that area to 
accelerate the overall project execution. 

One fairly recent, and fundamental, 
challenge to bioprocess development 
has been the increasing complexity of 
biotherapies, as more companies pursue 
gene and cell therapies and multi-spe-
cific antibodies. “Historically, process 
development followed the philosophy 
that more product equates to a better 
process, but as molecular complexity (and 
with it, sensitivity) has increased, we must 
think about the balance between produc-
tivity and quality,” says Timothy Morris, 
group leader of manufacturing process 
development at Catalent Biologics. In 
this new environment, Morris says, pro-
cess development teams must think about 
cell culture as the product of both the 
molecule and the bioreactor. For example, 
he explains, increased antibody sialyla-
tion is viewed as being representative of 
increased residence time in the body. 

“Complex bioproducts require a dif-
ferent approach when it comes to devel-
oping robust and scalable processes, and 
we must focus on developing processes 
and analytical methods based on the 
particular characteristics of a molecule,” 
says Atul Mohindra, senior director for 
biomanufacturing, R&D, Lonza Pharma 
& Biotech.  Companies are moving to 

reducing the risk of failure as early in 
process development as possible. Cell 
line development (CLD) is becom-
ing a critical area of focus, McMahon 
says. This had often been a problem in 
the past, as development efforts sped 
quickly only to find that the cell line 
selected simply did not work.

“Optimizing cell lines reduces risk 
early on. It also forces the focus from the 
immediate task at hand, whether feasibil-
ity or a clinical milestone, to longer-term 
success for scalability and regulatory com-
pliance with foresight built in. Using the 
best quality cell culture media helps fur-
ther improve critical quality attributes,” 
McMahon says.

“Understanding how the process will 
impact the product is very powerful,” he 
says, recalling a biosimilars development 
project that Cytiva had worked on with 
a client, which used predictive modeling 
to understand critical quality attributes 
(CQAs) such as glycosylation patterns, 
and better correlate them with critical 
process parameters (CPPs), earlier in 
development. As a result of these efforts, 
the team improved the glycosylation pat-
tern and charge variance profile, yielding 
a molecule with quality attributes more 
similar to the innovator molecule. 

Currently, early stage automation 
supports the generation of high produc-
ing clones capable of producing opti-
mum quality molecules, says McMahon. 
In general, the use of automation not 
only improves the overall development 
process, but also clinical and commer-
cial manufacturing. 

“Improved early small-scale process 
models have become increasingly import-
ant, and tools to improve the insight we 
get from these and provide data earlier 
in the development timeline are prov-
ing vital to de-risk early decisions,” says 
Colin Jaques, technical director, R&D, for 
Lonza Pharma & Biotech. 

Catalent uses its proprietary GPEx 
and GPEx Boost cell line development 
technologies to generate high yielding 
clones, Morris explains. “While clone 
selection is typically based on yield, we 
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have matrixed in processes to evaluate 
clones for both yield and robustness. This 
approach combines the cell line tech-
nology with the ambr15/ambr250 bio-
reactors, and our advanced analytics to 
support a robust scalable strategy,” he says.

Morris recalls one program in which 
multiple high-yielding clones came 
off the Berkeley Lights Beacon clonal 
selection system. “We were able to take 
many of those clones into our micro-
bioreactors. However,  if we had picked 
candidates solely based on yield, the 
third-ranked clone would have been 
missed, even though it increased its 
yield at the CGMP scale. This clone has 
been robust in our failure mode process, 
whereas the top two showed sensitivity to 
known failure modes that may not occur 
in the CGMP process,” he says. As this 
case clearly shows, a robust process relies 
on a robust clone, so selection is crucial, 
Morris adds.

High-throughput analytics makes 
key data (e.g., CQAs) available for deci-
sions at this stage of cell line construction. 

“Mathematical models are essential in 
dealing with the volume of data arising 
from high throughput scale down sys-
tems,” Jaques explains. During the early 
stages of process development, more 
high-throughput screening (HTS) and 
design of experiment (DoE) approaches 
are being integrated, says Drugmand. He 
sees more process development teams 
leveraging mathematical modeling and 
advanced analytical technologies. “This 
approach helps increase our under-
standing of the process and reduce costs 
through automation while contributing 
to better process control,” he says. 

In addition, Drugmand says, process 
development teams are routinely using 
statistical analysis and process analytical 
technologies (PAT) to review processes 
and results. “It’s now a common com-
ponent of process development initia-
tives, which is a change from the past,” 
he says. Process modeling tools are also 
being explored for scalable DoE options, 
and scale-down models are being used 
to streamline process development and 

scale-up. Catalent’s bioprocess develop-
ment team has created many product 
specifications based on historical infor-
mation on the molecule or type of mol-
ecules involved, says Morris. “We take 
in-process samples to ensure that we 
understand how process changes affect 
the product,” he says, noting use of sys-
tems such as ambr 15 and ambr 250, 
which allow the team to perform a DoE 
to reduce the chances of failure early in 
the development process.

“The availability of high throughput, 
high-fidelity, small-scale bioreactor mod-
els has facilitated the use of response sur-
face optimization approaches to process 
and medium development,” says Jaques. 

“Improvements in high-throughput prod-
uct characteristics assays have enabled 
optimization techniques to be broadened 
out to more process outputs,” he says, 

“while response surface methodology 
allows propagation-of-error techniques to 
be used to improve process robustness in 
those platforms.”

Lonza’s team routinely uses small-
scale ambr systems, Tecan robots, and 
high throughput analytics to select clones, 
screen purification resins and to identify 
optimal conditions, adds Mohindra. In 
addition, the company is installing more 
in-line process measurement technology 
which he expects to further improve pro-
cess control. 

SINGLE-USE SYSTEMS: 
DOUBLE-EDGED SWORD?
Process development specialists note a 
trend toward greater use of single-use 
technologies. “Biologics manufactur-
ers are looking to these technologies to 
reduce capital expenditures and util-
ities consumption, increase flexibility, 
and reduce changeover times,” says 
Mohammed Elfar, product innovation 
manager at Univercells Technologies. 
Elfar notes that use of continuous pro-
cessing is also increasing as a way to 
help increase productivity and reduce 
of goods sold. Yet the move to sin-
gle-use unit operations has introduced 
technical challenges to process develop-

ers and scale-up teams. “Many modern 
sites can’t handle hot feed preparations, 
which can lead to challenges in develop-
ing concentrated feeds,” Jaques explains. 

“Furthermore, single-use bioreactors are 
often underpowered and undersized for 
gas flow, requiring that compromises be 
adopted for gassing strategies,” he says. 

DOWNSTREAM FOCUS
As high titers have become the rule 
upstream, recent years have brought a 
shift in focus from upstream to down-
stream process development. “Whole 
process considerations (instead of a 
focus on cell culture only) are helping 
to streamline efforts,” says Drugmand. 
“Unit operations are being intensified 
and integrated to optimize upstream 
and downstream work in parallel for 
overall process optimization,” he adds. 

“Process development scientists and 
engineers are being challenged to cope 
with larger harvests. This is especially 
true in the case of monoclonal anti-
bodies, where dramatic titer increases 
have been observed over the years,” 
says Elfar. 

There is also a greater emphasis on 
the interface between upstream and 
the downstream processes, says Jaques. 
“Perversely, this trend has led us away 
from small-scale high-throughput mod-
els for platform process development 
because there are no representative pri-
mary recovery or purification tools at that 
scale,” Jaques says. This shift has involved 
measuring more biological properties of 
the harvest materials and the develop-
ment of models to understand the impact 
of the parameters on the quality of the 
feed stream going into and coming out of 
the downstream process, he adds.

Clearly, bioprocess development, like 
scale-up, has become more complex and 
challenging for the scientists and engi-
neers who drive these efforts. However, 
new technologies, acquired process 
experience, and better access to relevant 
historical data are allowing biopharma 
teams to make the overall operation more 
systematic and less risky. ◆
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Control Strategies  
for Perfusion Cell Culture

PAT advances are enabling improved process understanding, 
process control, and error prevention.

CYNTHIA A. CHALLENER

I nterest in continuous bioprocessing continues to rise as more 
initial successes in the area prove out the potential benefits. In 
a 2020 survey conducted by BioPlan Associates, more than 

half of the 200 companies polled indicated they were planning 
to actively or informally evaluate continuous upstream technolo-
gies in the next 12 months (1). Not surprisingly, the global mar-
ket for continuous bioprocesses is estimated to be expanding at a 
compound annual growth rate of 23% from 2020 through 2030 
to reach a value of $310 million (2).  

Upstream continuous bioprocessing involves perfusion. 
One of the benefits of such processes is the ability to oper-
ate at steady-state conditions for extended periods of time, 
resulting in more consistent and higher product quality. 
Maintaining a steady state, however, requires effective process 
monitoring and control.

Support from regulatory authorities for continuous bio-
processing and encouragement and guidance for improving 
process control and consistency have enabled the industry to 
drive advances in process analytical technology (PAT) and 
eased the path for implementation of novel solutions into per-
fusion processes, according to Atul Mohindra, senior director of 

research and development for Lonza. “PAT tools are becoming 
more accepted within the biotech industry, and their imple-
mentation is leading to novel control strategies that previously 
could not be realized,” adds Thaddeus Webster, lead scientist, 
research and development with Lonza. As a result, he notes that 
improved process control, error prevention, and understanding 
have become more and more of a reality each day.

MONITORING CHALLENGES TO OVERCOME
Effective monitoring of perfusion processes must be achieved 
before they can be controlled, but real-time collection of 
valuable data is not always a simple task. The main challenges 
include monitoring the accurate concentration of cells, the 
main nutrients and metabolites, and the relationship between 
growth and metabolic data using typical in-line, real-time 
monitoring of parameters such as pH, temperature, and dis-
solved oxygen, according to Claudia Berdugo-Davis, director 
of process development at Catalent Biologics. “The ability to 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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develop an effective control strategy is 
impacted by the lack of understanding 
of the critical process parameters in per-
fusion processes,” she says.

On a more granular level, on-line 
monitoring of cell density is needed to 
achieve the cell-specific perfusion rate, 
according to Andreas Castan, strate-
gic technology partnership leader with 
Cytiva. In addition, he notes that con-
trol of the feed, harvest, and bleed rates 
is important, and all of the parameters 
that characterize the filtration process 
like the flow rate and pressure of the 
feed, and the filtrate rate and pressure 
are important to design a robust and 
reproducible filtration process.

Particular attention should be paid 
to metabolite monitoring and viable 
cell volume, Webster adds. “While 
daily adjustments can be made to cell 
volume, doing so could lead to an 
oversimplification of the cell culture 
demands because the cellular metab-
olism of the culture can change in a 
dynamic environment,” he explains. 
Daily measurements of metabolite 
levels and adjustment of perfusion 
rates based on these results can lead to 
similar issues.

Emphasis on control of product 
quality is equally important, accord-
ing to Mohindra. “Traditionally during 
fed-batch production, product attri-
butes are measured at the end of a 
batch as part of quality-control release 
testing. However, given that perfusion 
processes could be designed to operate 
for more than 60 days, it is crucial to 
be able to monitor additional parame-
ters in order to ensure consistent prod-
uct quality. The challenge is to measure 
the correct parameters, do so accurately, 
and ensure that timely feedback loops 
are put in place,” he comments.

At the macro scale, Avril Vermunt, 
strategic technology partnership leader 
at Cytiva, observes that accounting for 
variability greatly impacts the com-
plexity of the required downstream 
equipment and the control strategy. 

“Implementing improved monitoring 

and control of the perfusion process 
stream helps reduce the burden on 
downstream process design,” she states.

COMMON PAT TOOLS
A number of common sensor tech-
nologies are used for the monitoring 
of perfusion processes. In addition to 
well-established methods for moni-
toring pH, temperature, and dissolved 
oxygen, biomass capacitance sensors 
for the monitoring of cell growth and 
various spectroscopy tools for under-
standing the relationship between 
biomass and some key metabolites 
have been developed, according to 
Berdugo-Davis.

Recently, adds Webster, inline 
viable cell count/viable cell volume 
(VCC/VCV) monitoring using capac-
itance probes has begun to be used for 
perfusion rate/bleed rate adjustment. 

“These PAT tools allow near-contin-
uous feedback of the perfusion rate, 
which should lead to more consistent 
processing during perfusion,” he says. 
In addition to the wide use of capac-
itance-based sensors for viable cell 
density and gravimetric control of the 
feed, harvest, and bleed flows, Castan 
also highlights disposable pressure 
sensors for the assessment of trans-
membrane pressure.

Measurement of key nutrients is 
also being used for the monitoring and 
control of perfusion processes, accord-
ing to Mohindra. “Superficially, the 
control of glucose and certain amino 
acids in a perfusion culture can enable 
a given process to be better controlled 
in terms of culture performance and 
product quality,” he observes.

Inline analysis and control, Webster 
stresses, remove the operator from 
the equation because no sterile bar-
rier needs to be broken to remove 
a sample for analysis and control. 

“This approach reduces process com-
plexity from an operator standpoint 
while potentially removing the need 
for daily calibration/maintenance of 
offline equipment,” he asserts. In fact, 

with a toolkit of available sensors and 
control strategies, well-designed tan-
gential flow filtration-based perfu-
sion processes can easily be developed, 
according to Castan.

MEASURABLE  
MONITORING ADVANCES
Advances in PAT tools have occurred 
on several fronts. One important area 
is the transfer of established sensors 
and control strategies from the stain-
less-steel world into single-use oper-
ations, which Castan believes have 
been a great enabler for modern per-
fusion processes. 

Development of spectroscopic tech-
nologies for inline analysis is another. 
Many PAT tools already in use in bio-
processing today leverage spectroscopy, 
with Raman spectroscopy currently 
being considered state of the art in fed 
batch and presumably following soon 
in perfusion, according to Webster. 

“The ability to measure multiple pro-
cess parameters via Raman should 
enable near-continuous perfusion and 
bleed rate adjustments that currently 
cannot be achieved using daily adjust-
ments,” he remarks. Berdugo-Davis 
observes that the industry is currently 
looking expanding the scope even fur-
ther to include online high-pressure 
liquid chromatography, near-infrared 
spectroscopy, and mass spectrometry. 

“These tools may help to gain knowl-
edge from better understanding of 
the properties of cell functionalities in 
dynamic environments such as perfu-
sion systems,” she says. 

Yet other developments in PAT 
have been geared to reducing the 
need for offline sampling, according 
to Webster. “While offline analysis for 
viable cell concentration and metabo-
lite analysis is critical to understand-
ing the state of the bioreactor culture, 
it requires skilled operators to asepti-
cally remove samples, calibrate equip-
ment, perform analyses, and upload 
results. Replacing offline analysis with 
inline technologies reduces the poten-

Upstream Processing
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tial for errors associated with offline 
analysis,” he comments. 

For parameters that cannot be mea-
sured accurately via an inline probe 
or require processing prior to anal-
ysis (e.g., product quality attributes), 
Webster does point out that specific 
analytical methods have been devel-
oped with atline analysis in mind to 
take advantage of automated sam-
pling systems that can pull on-de-
mand samples for analysis. “These 
approaches aim to remove the need 
for operators to make manual inter-
ventions in the process while still 
collecting information about process 
changes,” he explains.

Another development is the rapid 
advances in data analytics capable 
of processing the large quantities of 
data generated by today’s PAT tools, 
according to Berdugo-Davis. “Such 
advances are needed in order to be 
able to quickly understand the rela-
tionships between multiple process 
parameters and apply that knowledge 
to consistently achieve optimum pro-
cess performance,” she says.

AIDED BY IMPROVED 
SAMPLING TECHNIQUES
A sampling event is always a risk in 
the aseptic operation of a bioreac-
tor. Therefore, says Castan, dispos-
able aseptic sampling assemblies 
are  widely  used. Col laborat ive 
efforts are directed at the develop-
ment of automated tools for sam-
pling of high-throughput systems 
and bench-scale bioreactors, accord-
ing to Berdugo-Davis. “Auto sam-
pler systems integrated with PAT and 
control loops can help to elucidate 
critical process parameters for more 
effective control strategy definition,” 
she states.

Indeed, given the duration of per-
fusion processes, the improved robust-
ness and reliability of aseptic sampling 
technologies have been crucial to 
ensuring “batch” success, Mohindra 
asserts. That includes any sampling 

that must occur in subsequent purifi-
cation steps integrated with the perfu-
sion process.

In particular, Webster points to 
advances in fluidic technologies as 
important for newer sampling tech-
nologies. For instance, he notes that 
Lonza’s MAST automated sampling 
system is capable of sending highly 
viscous samples greater than 80 feet 
to their final destination for analysis. 
“This ability enables atline sampling 
and analysis of several process param-
eters that have historically needed to 
be sampled and analyzed offline,” he 
says. When connected with automated 
sample prep systems, Webster adds 
that operator manipulation of samples 
can be eliminated, leading to improved 
robustness and analytical throughput. 

AUTOMATION IS AN ENABLER
The implementation of PAT sensor 
strategies is the first step towards a 
robust and well-controlled process, 
according to Castan. “The next level,” 
he adds, “is the implementation of 
automation, of leveraging the sensors 
for feed-back or feed-forward control.” 
In this case, Castan notes it is a great 
advantage to have the perfusion skid 
with its automation connected as one 
unit to the bioreactor. Cytiva has intro-
duced such a system that integrates 
with its perfusion bioreactors that pro-
vides automated filter switching, liquid 
management, and cell bleed.

Automation and PAT are, observes 
Vermunt, also evolving the indus-
try toward an ideal future state where 
rather than using single-dimension 
ranges for multiple parameters to define 
operating spaces, operating spaces are 
fluid and dynamic and able to account 
for the interplay between multiple 
parameters and product attributes.

ISSUES STILL BEING TACKLED
Despite all of the advances to date 
that are enabling enhanced mon-
itoring and control of perfusion 
processes, there are plenty of oppor-

tunities for further improvement. 
Vermunt would like to see non-spe-
cialized sensing technology that is 
accurate enough to control the direct 
contributors to yield, productivity, 
and/or quality without the need for 
development specific to each cell 
line and process. 

Improvements in at-scale PAT 
solutions, particularly with respect to 
stability of inline sensors exposed to 
high cell densities, typical bioreactor 
disturbances, and extended culture 
durations are also needed, accord-
ing to Berdugo-Davis. For example, 
Mohindra points to inline pH sen-
sor technology, which still remains 
prone to drifting, thus potentially still 
requiring operators to extract samples 
and take offline measurements.

More sophisticated technologies 
for the measurement of traditional 
parameters such as dissolved oxygen, 
pH, temperature, glucose, and amino 
acids that provide more informa-
tion about exactly what is happening 
within a cell are also needed, accord-
ing to Mohindra, and will be a step 
change for the industry.

Vendor compatibility also stil l 
remains a challenge with respect to 
process automation, Mohindra adds. 
Aggregation of al l  perfusion-re-
lated data such as online viable cell 
density readings, flow rate mea-
surements, and pressures into one 
repository together with other data 
from the bioreactor and on cell-cul-
ture performance is another issue for 
Castan. He believes that integration 
of the perfusion skid with the bio-
reactor is a significant step toward 
achieving that vision.

REFERENCES
1. E.S. Langer, BioPlan 17th Annual Report 

and Survey of Biopharmaceutical 
Manufacturing Capacity and Production, 
(BioPlan Associates, April 2020).

2. Roots Analysis Research and 
Consulting Group, Continuous 
Manufacturing Market Research 
Report (Small Molecules and Biologics), 
2020–2030, Report (March 2020). ◆

Upstream Processing



20     BioPharm International November 2020   www.biopharminternational.com

D
ilo

k/
St

o
ck

.A
d

o
b

e.
co

m

What’s New in Downstream 
Technologies 

The latest advances in downstream technologies include sterile disconnects 
for single-use manufacturing systems, ligand technologies for purifying 
RNA and for COVID-19 vaccines, and an automated perfusion system.

LAUREN LAVELLE

B  iopharmaceutical downstream processing and cell 
and gene therapy manufacturing is moving toward 
greater use of single-use technologies and automation, 

as well as developing continuous, automated processes. The 
following are a sampling of products developed to enhance 
the bioprocessing industry. 

STERILE DISCONNECTS FOR  
SINGLE-USE MANUFACTURING SYSTEMS
The new HFC Disconnect Series from Colder Products 
Company (CPC) allows simple and fast disconnection of 
tubing within single-use biopharma and cell and gene therapy 
(CGT) manufacturing systems (1). Applications include 
flexible tubing used with storage/mixing tanks, single-use 
bioreactors, transfer lines, chromatography skids, filters, 
sampling, and freeze/thaw bags.

A thumb latch disconnects the single-use system and 
maintains a sterile fluid path on both sides, while a protective 
latch cover prevents accidental disconnection. The HFC 

disconnects require no additional equipment for sterile 
disconnection.  The series is offered as separate connector bodies 
and inserts or as ready-to-install sets that fit 1/4 in., 3/8 in., and 
½ in. inner diameter tubing.

“The HFC’s simple-to-use design helps reduce operator 
error, streamlines staff training and enables consistent point 
of disconnect when designed into the single-use system,” said 
Maria Bollensen, CPC product manager, in a company press 
release. “We’re supporting the speed, flexibility, and quality that 
biopharma and CGT manufacturers demand in their operations.”

LIGAND TECHNOLOGY FOR RNA PURIFICATION 
PrimaS ligand technology from BIA Separations is a multi-
use platform that enables high-resolution and high-speed 
processing while focusing on the separation problems 
of advanced therapy medicinal products (2). Part of the 
company’s mRNA purification toolbox, the platform is 
equipped for dsRNA impurity removal and mRNA sizing 
options and is scalable from lab to manufacturing. 

Downstream Processing
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AFFINITY CHROMATOGRAPHY 
RESIN FOR PURIFYING COVID-
19 VACCINES
Navigo Proteins  and Repl igen 
developed an affinity ligand targeting 
the SARS-CoV-2 spike protein for the 
purification of COVID-19 vaccines (3). 
The program is currently in stage two, 
which will focus on the development 
and validation of a related affinity 
chromatography resin to serve as 
a rapid, high purity capture step to 
reduce processing time and improve 
yield during the manufacturing of 
COVID-19 vaccines. The final resin 
product is expected to be commercially 
available in early 2021.

“This joint endeavor is the logical 
continuation of our journey to 
develop platform-based purification 
solutions for biopharmaceutical 
downstream processing,” said Dr. 
Henning Afflerbach, CEO of Navigo 
Proteins, in a press release. “Our 
affinity chromatography technology—

Precision Capturing—is a solution to 
cope with ever-increasing regulatory 
and capacity requirements of the entire 
biopharmaceutical manufacturing 
industry, including vaccines.”

PROTEIN A FIBER 
CHROMATOGRAPHY 
TECHNOLOGY
Cytiva’s Fibro PrismA, a product 
based on Cytiva’s new protein A fiber 
chromatography technology, was 
introduced in 2020 and is already being 
used to accelerate research (4). Two 
versions of the product, HiTrap Fibro 
PrismA and HiScreen Fibro PrismA, 
are commercially available for research 
and process development.

With the ability to rapidly cycle 
antibody purification, Fibro PrismA 
can support up to 20 times increased 
throughput compared with traditional 
resins. Using the full unit lifetime in 
a single batch makes it efficient for 
single-use operations.

“Speed and flexibility are what 
our customers need to advance the 
development of novel therapeutics,” said 
Olivier Loeillot, senior vice president, 
Bioprocess, Cytiva, in a company press 
release. “Fibro PrismA enables ultrafast 
purification in research and process 
development allowing researchers to 
accelerate the drug discovery process.”
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Not a Moment Too SoonA Q&A

Dr. Athmaram T. Narayanappa
Scientist

Thermo Fisher Scienti�c

BioPharm: Given the current situation 
with the COVID-19 pandemic, there 
is a lot of discussion about the 
development and importance of 
having a vaccine. What are various 
strategies used for the development 
of vaccines to infectious agents, such 
as COVID-19?

Narayanappa: A vaccine, or immunization, 
is a way to build the body’s natural 
immunity to disease before we get sick. 
With the current COVID-19 pandemic, the 
importance of vaccines for public health has 
become very clear. Vaccination prevents 
the spread of contagious, dangerous, and 
deadly diseases and plays a vital role in 
protecting us against infection. Vaccination 
can signi�cantly reduce mortality and 
morbidity worldwide.

Considering different vaccine types, there are 
several conventional strategies, such as using 
killed or inactivated vaccines, live attenuated 
vaccines, subunit vaccines, conjugate 
vaccines, etc. In addition, the application 
of molecular techniques in virology has 

profoundly in�uenced our understanding of 
virus biology and vaccination methods.

Based on this, we have several next-
generation vaccines, such as replicating or 
non-replicating viral-vector vaccines, virus-
like particle vaccines, nucleic-acid vaccines, 
peptide vaccines and so on, all of which are 
emerging as useful vaccine platforms.

All of these vaccine strategies employ 
current media and supplements either for 
the manufacturing process producing the 
pathogen directly or indirectly to produce 
products related to the pathogens—such 
as proteins or their nucleic acids—that are 
used in the vaccine preparation. And in fact, 
peptones have played an important role since 
the early 1990s and are extensively used in 
vaccine media, feeds, and supplements.

BioPharm: For decades, peptones 
have played a significant role in the 
production of biotherapeutic proteins 
such as monoclonal antibodies, and in 
the generation of numerous vaccines. 
Can you explain how peptones are 

Using peptones to facilitate vaccine development

T he COVID-19 pandemic is as stark a reminder as any of vaccination’s importance 
to promoting and preserving public health. Research teams are working around the 
clock to develop a safe, effective vaccine for this unfamiliar new disease, and to get 

it into circulation posthaste.

One important factor in smoothing that path to market is the use of peptones—low-cost, 
growth-promoting cell-culture media supplements—as substitutes for serum, which 
all too often drives up costs and introduces safety and quality risks into the vaccine-
development process.

BioPharm International sat down with Thermo Fisher Scienti�c’s Dr. Athmaram 
T. Narayanappa to learn about the peptone options available as vaccine media 
supplements, and why increasing demand for serum alternatives could make peptones 
more valuable to vaccine development than ever. And not a moment too soon.
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used in bioproduction and their applicability in the 
vaccine industry?

Narayanappa: Peptones are low-cost growth-promoting 
nutrients for intensive microbial and animal cell culture. 
The effect of adding peptones to serum-free and serum-
supplemented media for culturing most widely used Chinese 
Hamster Ovary cells resulted in significant increases in 
the cell number and specific monoclonal antibody (mAb) 
production. In fact, around 30 years back the traditional 
bioprocesses were usually operated for a week in batch 
mode with a peak cell density of 3 million cells/mL and 
recombinant proteins that were approximately 100 mg/L.

But now, with state-of-the-art processes, there has 
been a considerable increase in the process duration, 
improvements in the cell densities, and a huge increase 
in mAb titers that range from 5 to 10 g/L very easily. This 
is possible as a result of improved basal media as well as 
feed strategies to replenish the depleted nutrients.

It is noteworthy that peptones can help maintain or 
modulate proper glycosylation profiles and are being used 
as feeds or supplements either in the batch process or 
fed-batch process—or even in perfusion processes.

It is very important to note that peptones are highly stable, 
have a long shelf life, and can easily blend into any media or 
supplement, either in liquid or dry format. To give a couple 
examples of licensed vaccines that use peptones, we 
have tetanus and diphtheria from the bacterial vaccines, 
and on the viral-vaccine side, the best example would be 
the hepatitis B vaccine that uses peptones in the vaccine-
production media. In fact, Gibco peptones are used in more 
than 150 marketed drugs, with many more in the pipeline.

In addition, the biopharma industry is actively looking 
toward nutritionally diverse peptones to further improve 
specific feed concentrates that can meet the nutritional 
demands of cells during different phases of cultivation, 
such as growth and production phases. This would 
certainly enable higher cell densities and product titers of 
biotherapeutics and vaccines.

BioPharm: Peptones have multiple benefits to cell 
cultures. What are the benefits of using peptones 
for vaccine development?

Narayanappa: Peptones are water-soluble protein 
hydrolysates containing peptides, amino acids, inorganic 
salts and other compounds such as lipids, vitamins, and 
sugars. There are various types of peptones derived either 
from animals such as casein, from plants including soy or 
wheat peptones, and even microbial sources like yeast. 
These diverse sources of peptones provide a wide range 
of nutritional profiles that can improve cell growth and 
enhance the specific and volumetric productivity in stable 
or transient-expression systems, and also in conventional 
vaccine manufacturing.

As we all know, peptones are well suited for use as 
supplements and feeds. Also, it is well-established that 

peptones provide critical nutritional and environmental 
support for mammalian cell culture, microbial fermentation, 
drug production, and other recombinant protein productions. 
Looking at other benefits, peptones are also associated with 
anti-apoptotic properties during scale-up processes.

If selected carefully for a process, peptones act as 
performance enhancers that, in turn, help reduce the time 
required to progress from development to market. Some 
peptones, like soy, are also known to provide stability to 
vaccines, and this can potentially help to break the cold 
chain, which is crucial during transportation and storage.

Elaborating a bit on vaccines here, a variety of strategies 
are currently being evaluated to address some of the 
challenges of increasing productivity while at the same 
time reducing the unit cost of the vaccine. In this direction, 
there is a strong focus on optimization of cell-culture 
media, feeds, and serum substitutes that could drive down 
the cost of the vaccine. I strongly feel that there is going to 
be an effective strategy in which low-cost peptones with 
diverse nutritional values can be introduced.

In viral vaccine manufacturing, serum is an important 
cost driver and can significantly contribute to inconsistent 
product quality. Having said that, there is a lot of R&D 
focus on developing serum alternatives, with peptones as 
key components of their formulations.

BioPharm: Serum is a costly and variable part of the 
vaccine-production process. How can peptones be 
used for the reduction or replacement of serum?

Narayanappa: It is not just the high cost of serum; there 
are also other serious ethical and safety concerns of 
using serum, such as risk of pathogen contamination 
from viruses, bacteria, fungi, mycoplasma, and prions. 
Historically, while serum has been used as one of the main 
components of mammalian cell cultures, with a deeper 
understanding of serum-related risks, serum and serum 
derivatives are switching to serum-free conditions.

Furthermore, with serum being a natural product, the 
composition of any commercially available serum varies from 
batch to batch, which impedes reproducibility of results.

I would also like to mention that the industry anticipates 
facing a serum supply deficit with increased demand for 
serum from the cell-therapy and gene-therapy markets. 
There is acceleration in serum consumption of at least 
10–15% annually, which clearly suggests that the global 
demand for serum will exceed supply. Since demand is 
greater than supply, serum prices may even go up by 300%.

These scientific concerns clearly warrant reducing serum 
use and looking toward serum substitutes. Hence, peptones, 
along with other factors, are being considered with high 
importance. Given the serum-like benefits found in peptones, 
careful selection of the right peptone for the process can lower 
the serum concentration dependency to as little as 2–3%, or 
even completely replace it using peptones and other factors.

There are several commercially available serum-free media, 
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such as Gibco’s Virus-Production Serum-Free Media 
(VP-SFM), which has been widely used for culturing Vero 
cells for many years and is considered a gold-standard 
peptone-containing media. Similarly, we have Gibco’s  
SF-900 insect cell-culture media, which is another example 
of a peptone-based media that is completely serum-free.

As the industry continues to grow, there will be increasing 
demand for serum alternatives for commercial production 
of therapeutic proteins and vaccines because of economic 
advantages coupled with the benefits of product 
purification and, more importantly, biological safety from 
infectious agents.

BioPharm: There are many commercially available 
peptones. How would a scientist choose the right 
peptone for their vaccine manufacturing process?

Narayanappa: There are numerous types of peptones with 
a lot of differences in their grade supplied by various vendors 
on the market. At Thermo Fisher Scientific, we have a 
diversified portfolio of legacy peptones that are derived from 
either animal, plant, or yeast and that must be selected very 
carefully based on the bioprocess requirements.

Since the nutritional requirements of each cell line are 
different, it is important to identify a peptone that meets 
the unique requirements of the cell line. Considerations for 
selecting the right peptone include the type of cell-culture 
media and the base materials, like animal origin or animal-
origin free, ultra filtered or non-ultra filtered versions, the 

vendor source, raw-material quality, evaluation of multiple 
peptones or a blend of peptones, etc. 

Several studies have shown that peptones can improve cell 
growth and enhance specific productivity and volumetric 
productivity. However, the positive effects of peptones are 
not the same for all cell types and clones. Similar feeding 
strategy may cause different responses in different systems. 
Consequently, a peptone supplemented bioprocess needs to 
be optimized for the specific cell line or clone.

With a more than one and a half century-long heritage in 
Difco peptones, Thermo Fisher Scientific has vast knowledge 
and expertise in recommending peptones and are currently 
working with various customers on developing peptone-
based formulations for various applications in the vaccine 
industry. We can help identify the right peptone to enhance 
performance and reduce time to market with Thermo Fisher 
Scientific’s legacy high-performance peptone products. 
We have a vast variety of peptones in our portfolio that 
meet stringent quality standards and rigorous raw-material 
sourcing policies for use in the development of next-
generation pharmaceutical innovations, including vaccine-
media development.

The use of peptones in bioproduction processes provides 
a flexible, versatile, rapid, and efficient means of achieving 
desirable vaccine targets.

For Research Use or Further Manufacturing. Not for diagnostic use or 
direct administration into humans or animals.  
© 2020 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are 
the property of Thermo Fisher Scientific and its subsidiaries unless otherwise 
specified. COL012971 0820
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Single-Use Sensors 
Increase Process Understanding

The shift to single-use technologies is driving the need 
for innovation in PAT-friendly sensor technologies.

FELIZA MIRASOL

A s the use of single-use technologies in bioprocessing 
continues to advance and therapeutic molecules 
increase in complexity, process analytical technology 

(PAT)-friendly tools strive to keep pace. Data needs have 
also changed, with demand for robust and meaningful data 
becoming more important to understanding biomanufactur-
ing processes and to implement process controls. The ques-
tion remains, however, about whether the current availability 
of single-use sensors and probes are sufficient to meet these 
changing needs.

Sensors and probes are needed to collect critical data 
during bioprocess steps, particularly data on pH, dissolved 
oxygen (DO), and cell viability. The industry, however, still 
needs improved sensor technologies. Examples of spe-
cific improvements needed are high-resolution tools with 
low-limit detection thresholds, the ability to capture high 
frequency measurements that do not require repeated cali-
bration over the course of a single batch production, and the 
ability to have online characterization of proteins in a biore-
actor in a reliable, reproducible, and robust manner as well as 
with high precision (1). 

The shift toward single-use technologies in bioprocessing 
also poses challenges, namely that single-use technologies 
can often be incompatible with sensor technology. This 
incompatibility prompts the need for innovation in sin-
gle-use or single-use-compatible sensors, probes, and related 
technologies. Examples of such innovation is the sheathing 
of sensors or probes in disposable coverings that are com-
patible with single-use biobag ports and the development of 
single-use sensors and probes (2).

To discuss the challenges and improvements made in 
PAT-friendly sensor technology, BioPharm International 
spoke with Kelsey Mato, PhD, market segment manager for 
Process Analytics at Hamilton Company.

PAT COMPATIBILITY
BioPharm: What is the importance of probes and sensors 
to the implementation of PAT in biologics manufacturing?

Mato: Probes and sensors are at the center of the PAT 
initiative (they are the PA after all). The goal with PAT is 
essentially to continuously measure as many parameters 
as possible for the deepest understanding of your pro-

Manufacturing
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cess. Sensors are the tool used to gain 
those measurements, giving you more 
parameters, more data. Much of the 
sensor information is used in real time 
to automate process control (like DO 
measurements for oxygen sparging), 
but the data can also be used for pro-
cess monitoring and even post-process 
calculations. This can be important for 
troubleshooting, optimization, or even 
a use that isn’t determined until the 
need arises. Having more sensors in a 
bioreactor that are collecting as much 
information about the process as possi-
ble is the same as having more tools in 
the toolbox. 

BioPharm: With the increasing 
adoption of single-use technologies in 
bioprocessing, what is the impact on 
sensor and probe usage, development, 
and utilization?

Mato: Sensors need to adapt to the 
needs of single use. Development of 
single-use sensors needs to retain the 
same robustness and precision as in 
reusable sensors. This is especially true 
at facilities using both. In addition to 
mirroring the expectations of reusable 
sensors, single-use sensors need to be 
able to integrate into the single-use 
bags or reactors and meet the require-
ments of those pieces as well. This typ-
ically means the ability to withstand 
gamma sterilization, prolonged dry 
storage, and the assembly needs to not 
leak. All of these requirements lead to 
the assurance that use of the sensors 
should not change substantially from 
their reusable counterparts. 

NEED FOR SINGLE-USE 
SENSOR TECHNOLOGY
BioPharm: Why is it important to 
develop more single-use probes and 
sensors; what benefit would this be 
for PAT? Are currently available sin-
gle-use probes and sensors adequate for 
the job (i.e., have they benefitted PAT 
implementation and have they gener-
ated robust data)?

Mato: Single-use sensors are very 
important for reaching PAT alignment. 

The proper sensors for the application 
are critical to process understanding 
in exactly the same way as in steel or 
glass reactors. There are lots of possible 
issues with using reusable sensors in a 
single use process, so the more param-
eters that are available in SU [single 
use] format, the better. 

This ensures that the measurement 
is optimized for the type of integration. 
There are currently a few good options 
on the market, but there needs to be a 
full suite of options available on each 
bag or SU reactor. Implementation 
of SU sensors have enabled people to 
increase the degree of process under-
standing. Many of the sensors available 
as SU (especially intelligent and dig-
ital) have been shown to provide reli-
able and robust data. When sensors are 
developed specifically for single-use 
applications but with all the benefits of 
reusable sensors, real-time, robust data 
can be acquired. 

MEANINGFUL DATA 
COLLECTION
BioPharm: What is the importance of 
having robust data collected through-
out the bioprocessing stages; how does 
this benefit biologic production?

Mato: Robust data are critical for 
maximum process understanding. Any 
signal interference, for example, may 
hide the true value of the measure-

ment. A noisy signal or otherwise 
imprecise signal reduces the possibil-
ity for an accurate deadband. Robust, 
reliable data also ensure that no pro-
cess events are missed and provide 
the most efficient troubleshooting 
tool for batch-to-batch or scale-to-
scale reproducibility. To this point, the 
biggest benefit of robust data is the 
ability to automate and control the 
process based on these data. If a mea-
surement signal is not robust, auto-
mated control becomes less reliable 
and higher risk. Robust data are also 
required for the utilization of soft 
sensors. Using the data from two or 
more sensors to calculate an addi-
tional parameter that is not being 
physically measured is an incredibly 
powerful approach to furthering pro-
cess understanding and optimization 
and to truly reaching PAT compliance. 
If the data going into these calcula-
tions are not robust, there is no way 
the data coming out can be.

BioPharm: Between in-l ine, 
on-line, and at-line data collection, 
which of these offers the most mean-
ingful way to collect bioprocessing 
data and offers the most useful point 
at which to involve single-use probes 
and sensors?

Mato:  In-line data collection 
should always be the main goal for 
process analytics when the option is 
available. The PAT initiative guide-
lines clearly emphasize the benefits of 
in-line measurement, but to reiterate, 
in-line measurements have no time 
delay, no changes to sample condi-
tions (e.g., temperature changes from 
handling), and the least complicated 
set up. This makes in-line sensing the 
best way to get real-time data that is 
truly representative of the bioreactor 
as a whole.
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ABSTRACT
The advent of new antibody formats, such as multispecific antibodies or 
Fc-fusion proteins, imposes new challenges on downstream processing. 
Classical Protein A or ion exchange chromatography may not be capable 
of delivering adequate product quality if impurities display similar 
physicochemical properties compared to the target product. Size exclusion 
chromatography (SEC) with the possibility to purify according to the 
molecule size suffers from low productivity and is, thus, rarely used in 
commercial antibody purification. In this feasibility study, the principle 
suitability of continuous SEC using simulated moving bed chromatography 
to separate bovine serum albumin (BSA) and myoglobin, as model 
proteins, is shown. The applicability of this approach for separation of 
high molecular weight species (HMWs) from a multispecific antibody is 
then further evaluated. Compared to batch SEC, productivity is increased 
by a factor of 2.2 while maintaining higher product quality and yield. 
Additionally, BSA and myoglobin are separated with a productivity increase 
of factor 3.3–3.4, showing the feasibility of considering continuous SEC 
as an emerging viable option for “difficult-to-manufacture” proteins, 
especially for purification of a specific molecule in larger quantities.

KILIAN BRAND, FLORIAN CAPITO, VERENA OEINCK, HENDRIK FLATO, MARC BISSCHOPS, 

MARTIN GLENZ, AND RALF EHRET

S ize exclusion chromatography 
(SEC) is an established method 
in analytics to separate molecules 
according to their size. Because a 

good resolution can only be achieved with 
relatively low volumes of feed in relation to 
the column bed volume (approximately 5% 
of the column volume can be loaded), the 
throughput and, therefore, the productiv-
ity in SEC is low compared to other chro-
matographic processes (1).

One of the processes in which SEC is 
used for commercial production is the puri-
fication of proteins derived from human 
plasma (1). In vaccine production, SEC is 
also used to separate viruses from contam-
inants (2–4). For the purification of anti-
bodies, SEC is almost exclusively used to 

screen a larger number of proteins to iden-
tify promising leads in research (5). The 
advantage of purifying molecules with very 
similar physicochemical properties lies in 
the fact that SEC allows the separation 
of molecules according to their respective 
sizes and, thus, represents an orthogonal 
method compared to ion exchange chro-
matography, for example (1). Due to the 
limited capacity of the SEC, this separa-
tion method has not been established for 
the separation of antibodies in production 
processes yet (6). 

Different fields of application for sim-
ulated moving bed (SMB) chromatogra-
phy, such as separation of sugars, desalting, 
purif ication of proteins, purif ication 
of monoclonal antibodies (mAbs), sepa-

Continuous Preparative 
SEC for Purification of 

“Difficult-to-Manufacture” 
Proteins–A Feasibility Study
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ration of ionic molecules, separation 
of organic solvents, and separation of 
optical isomers are already described 
in the literature (7). Furthermore, con-
tinuous capture followed by continu-
ous polishing processes for mAbs were 
shown to be economically attractive for 
preclinical and proof-of-concept stud-
ies (8). The use of continuous chroma-
tography led to productivity increases 
up to a factor of 5 compared to a con-
ventional batch process when applied in 
the Protein A capture step (9). The rise 
in productivity, which has now been 
achieved using a continuous purifica-
tion process for the Protein A capture 
step, should be transferred to a SEC 
step. By using continuous SEC, pro-
ductivity may be increased to such an 
extent that this purification step offers 
the opportunity to separate molecules 
with similar physicochemical proper-
ties while keeping the costs at this step 
to a reasonable level. 

Some research already deals with 
continuous SEC, and the main area 
of application so far has been vaccine 
production, in which impurities have 
been removed from a virus. Nestola et 
al. achieved an increase in productiv-
ity by a factor of 6 with a two-column 
quasi-continuous simulated moving-bed 
process operating in an open loop con-
figuration (10). The authors described 
the purification of an adenovirus by 
continuous SEC and the clearance of 
impurities, namely DNA and host cell 
proteins (HCPs), was experimentally 
assessed. The yield of purified adenovi-
rus could be increased from 57% for the 
batch system to 86% for the two-column 
SEC process. This achievement was 
based on internal recycling of the mixed 
fractions and contaminated virus (10). 

An increase in productivity up to 3.8 
times higher compared to the batch 
mode was reached by Kröber et al., who 
utilized a SEC SMB process (2). In this 
paper, authors described a continuous 
SEC process for the separation of cell 
culture-derived inf luenza virus from 
contaminating proteins. 

Another example demonstrating an 
increase in productivity through the 
use of continuous SEC processes was 
reported by Xie et al. (11). Insulin 
was successfully separated from high 
molecular weight species (HMWs) 
and zinc chloride using tandem SMB. 
Compared to a conventional batch SEC 
process, the tandem SMB has 10% 
higher yield, four-fold higher through-
put, and 72% lower eluent consumption. 

Continuous SEC combined with 
matrix-assisted refolding was also used 
by Wellhoefer et al. to obtain full sep-
aration of the cleaved target peptide 
from residual proteins (12). Compared 
with a batch process, a 60-fold higher 
throughput, up to 180-fold higher pro-
ductivity, and at least 28-fold lower buf-
fer consumption was achieved (12). 

Freydell et al. challenged the SMB 
technology for size exclusion chro-
matographic refolding and obtained 
a 53-times higher volumetric produc-
tivity, one-tenth solvent consumption, 
and a 4.5 higher concentration of prod-
uct compared to the batch mode (13). 
Lysozyme refolding on continuous SEC 
was shown to result in a 72% higher 
yield compared to a batch process (14). 

OBJECTIVE
The present work describes a feasibil-
ity study using the separation of BSA 
and myoglobin to evaluate the contin-
uous SEC principle on an SMB system. 
Additionally, for the first time, a con-
tinuous SEC was applied in this feasi-
bility study for the removal of HMWs 
from a multispecif ic antibody. The 
transfer of SEC from batch to continu-
ous mode was evaluated and compared 
regarding yield, removal of impurities, 
and purity of the product. Additionally, 
it was investigated whether the use of 
continuous chromatography leads to an 
increase in productivity. 

MATERIALS AND METHODS
The feasibility study was conducted 
using BSA (Merck KGaA, Germany) 
and myoglobin (Merck KGa A, 

Germany), which were bought as 
clean substances and 50:50 mixed 
with buffer. For the HMW separation, 
a monoclonal antibody expressed in 
Chinese hamster ovary cells was used. 
This multispecific antibody has been 
purified by Protein A chromatography 
and cation exchanger prior to use. 

Buffers, resins, 
and stationary phase
Screening experiments involving a 
design of experiments to find optimal 
conditions with regards to yield and 
purity based on buffer composition, pH, 
salt content, and load volume when 
selecting the most promising resin 
were performed prior to this study. As a 
higher buffer pH and conductivity were 
shown to be beneficial with regards to 
yield—based on the screening exper-
iments—a 0.01 M sodium phosphate 
(Na-Phosphate), 0.14 M sodium chlo-
ride (NaCl) (pH 7.4) buffer was used 
as running buffer. Buffer was pre-
pared with purified water taken from 
a water purification system (MilliQ 
Super-Q-Water,  Merck KGa A, 
Germany) and reagents obtained 
from Merck KGaA (Germany). For 
the pH adjustment, disodium phos-
phate (Na2HPO4) (83.4 mol%) and 
monosodium phosphate (NaH2PO4) 
(16.6 mol%) were used in proportion. 
Throughout the experiments, a SEC 
resin (Superdex 200, Cytiva, Sweden) 
was used. This resin provided the best 
resolution in screening experiments 
performed prior to this study, aimed at 
selecting the most promising resin for 
the studies, based on an evaluation of 
six resins from different vendors, also 
confirmed by Schmitz et al. (5).

Equipment and software
The conventional SEC process is also 
named “batch process” in this paper. 
Experiments with the batch process 
were carried out by means of a chro-
matography system (Äkta Avant 25, 
Cytiva, Sweden). Conductivity, pH, 
and ultraviolet (UV) detection were 
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monitored online (Unicorn 7 software, 
Cytiva, Sweden). Continuous SEC 
chromatography was performed on an 
SMB chromatography system (Cadence 
BioSMB PD system, Pall Corporation, 
US). Process parameters were monitored 
online using programs (Pall BioSMB 
Method Control v.11.11 and Pall 
BioSMB Measurements Main v11.11). 

All pumps were purged at 10 mL/
min to prevent introducing air into 
the system. The columns were equil-
ibrated with at least f ive column 
volumes (CV) prior to use. SMB 
methods were created with the system 
provider proprietary Phase Editor.

For the continuous SEC experi-
ments, a f low-based process design 
was chosen. The f low-based SEC fol-
lows the principle of traditional SMB 
processes, which rely on continuous 
f low in all zones. The eff luent of zone 
1 is continuously divided and directed 

to both the extract collection and to 
zone 2 (Figure 1A). Thereby, the 
f low rate of the f low control pump 
after zone 1 is designed in a way that 
the propagation velocity in zone 2 and 
3 matches the desired operating point. 

For a two-phase countercurrent 
separation process, the concentra-
tion prof iles in the system can be 
described using the mass balance 
equations over the two phases. The 
solutions for this set of equations 
were presented by Miyauchi and 
Vermeulen (15). For a system that can 
be described with a linear isotherm 
and the linear driving force model 
(LDF) for mass transfer, the solution 
can be simplif ied to the so-called 
Colburn equations (16).

The phases for all SMB experi-
ments were created based on the 
theory mentioned by Miyauchi and 
Vermeulen (15). The residence times 

of product and impurity are defined 
in the batch reference process and 
translated into CV. The principle 
of the triangle theory is based on a 
three- or four-zone, open-loop SMB 
with one column per zone. To deter-
mine the operating f low rates and 
switching intervals, the equilibrium 
theory of the equivalent true moving 
bed process was used. In Figure 1B, 
an example for a triangle diagram 
with the area of complete separation 
is shown. 

Model proteins: 
BSA and myoglobin
One of the goals was to assure compa-
rability between methods of batch and 
continuous mode. For that reason, two 
different column geometries (60 cm 
and 15 cm column lengths) were tested. 
Table I gives an overview about all 
batch and continuous SEC experiments.

Peer-Review Research

Figure 1. A)  Design principle of the flow-based splitting: effluent of zone 1 is split into zone 2, and extract using a pump 
for flow-control (left) and simulated moving bed (SMB) configuration (right). B) Triangle diagram.
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Experiments with 
60-cm high columns
T he per for ma nce  wa s  inve s t i-
gated with the parameters that are 
described in batch 1 and SMB 1 in 
Table I with an injection of a mix-
ture of 4 g/L BSA and 4 g/L myoglo-
bin. A pre-packed column was used 
exhibiting a diameter of 1.6 cm and a 
column height of 60 cm for the batch 
experiment. For the experiments 
using the SMB system, two addi-
tional columns with the same sizes 
were used. BSA was collected in the 
raff inate fraction while myoglobin 
was collected in the extract fraction. 
Three experiments were performed 
for each condition, with two of them 
analyzed further by analytical SEC 
for purity and yield determination. 
Productivity was calculated for all 
three experiments, based on the pro-
cessed volume achieved.

Batch experiments 
with 15-cm high columns
Based on screening experiments, f low 
rates were shown to have some impact 
on yield based on UV measurements. 
Thus, three different experimental set-
tings were conducted to investigate the 
effect of altered flow rates on product 
quality. Volumetric flow rates of 2 mL/
min (batch 2), 4 mL/min (batch 3), and 
6 mL/min (batch 4) were tested on a 
self-packed column exhibiting a diam-
eter of 2.5 cm and a 15-cm bed height. 
Sample mixture consisted of 1.3 g/L 
BSA and 1.3 g/L myoglobin. The injec-
tion volume was 5 mL and, therefore, 
the same for the three batch experimen-
tal settings. For the SMB experiments, 
two experimental conditions were eval-
uated at one point in the triangle. The 
difference between these trials was the 
increase of the maximum f low rate 
from 70 cm/h (SMB 2) to 280 cm/h 

(SMB 3). Two identical columns were 
packed for the SMB experiments. Three 
experiments were performed for each 
condition, with two of them analyzed 
further by analytical SEC for purity 
and yield determination. Productivity 
was calculated for all three experiments, 
based on the processed volume achieved.

HMW removal of 
a multispecific antibody
For HMW removal of an antibody solu-
tion, a test solution with a concentration 
of 4.32 g/L, HMW content of 29%, 
and monomer content of 71% was used. 
The parameters for the batch and SMB 
experiments are listed in Table II. 

Four different SMB experimental 
settings were evaluated, each at a max-
imum f low rate of 210 cm/h. Each 
SMB trial represents a different trian-
gle point. The batch experiment used 
a column with 15 cm bed height and a 
diameter of 2.5 cm. For the SMB trials, 
two equally sized columns were used. 
HMW was collected in the raffinate 
fraction while purified antibody was 
in the extract fraction. For the batch 
experiments, a single run was per-
formed. For SMB-based experiments, 
three runs were performed for each 
condition, with two of them analyzed 
further by analytical SEC for purity 
and yield determination. Productivity 
was calculated for all three runs, based 
on the processed volume achieved.

ANALYTICS
All experiments were evaluated in 
terms of their yield and productiv-
ity. The respective formulas are given 
below (Equations 1, 2, 3). The cal-
culations for the productivity of HMW 
removal of a multispecific antibody are 
based at the total amount of protein 
without the terms yield and purity. 

[Eq.1]

Peer-Review Research

Parameter

Batch 
1

SMB 
1

Batch 
2

Batch 
3

Batch 
4

SMB 
2

SMB 
3

60-cm high 
columns 15-cm high columns

Desorbant flow [mL min-1] 2 2.35 2 4 6 5.724 22.896

Zone 2 flow [mL min-1] / 1.69 / / / 4.142 16.570

Feed flow [mL min-1] / 0.13 / / / 0.647 2.589

Switch time [min] / 47.8 / / / 11.37 2.84

Max. flowrate [cm h-1] / 70 / / / 70 280

Safety factor Zone 1 / 1.15 / / / 1.15 1.15

Injection volume [mL] 5 / 5 5 5 / /

Column volume[mL] 121 363 74 74 74 222 222

Table I. Overview regarding the settings tested for continuous size exclusion 
chromatography (SEC) and batch SEC for the bovine serum albumin and myoglobin 
feasibility study. SMB is simulated moving bed.

Parameter Batch 1 SMB 1 SMB 2 SMB 3 SMB 4

Desorbant flow [mL min-1] 2 17.172 17.172 17.172 17.172

Zone 2 flow [mL min-1] / 11.105 11.813 12.995 14.176

Feed flow [mL min-1] / 0.709 0.473 0.473 0.473

Switch time [min] / 2.68 2.68 2.91 3.11

Max. flowrate [cm h-1] / 210 210 210 210

Safety factor Zone 1 / 1.15 1.15 1.15 1.15

Injection volume [mL] 5 / / / /

Column volume [mL] 74 222 222 222 222

Table II. Overview regarding the settings tested for continuous size exclusion 
chromatography (SEC) and batch SEC for the high molecular weight species removal of 
an antibody solution. SMB is simulated moving bed.

Equation 1

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [ 𝑔𝑔
(𝐿𝐿 ∗ 𝑝𝑝)] =

𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐵𝐵𝑝𝑝𝐹𝐹𝐵𝐵𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔
𝐿𝐿] ∗ 𝐼𝐼𝐹𝐹𝐼𝐼𝐹𝐹𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹[𝑉𝑉𝐿𝐿]

𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]
𝐼𝐼𝐹𝐹𝐼𝐼𝐹𝐹𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿] + 𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]

𝐹𝐹𝑉𝑉𝑝𝑝𝐹𝐹 [ 𝑉𝑉𝐿𝐿
𝑉𝑉𝑝𝑝𝐹𝐹]

∗ 24 [ℎ] ∗ 60 [𝑉𝑉𝑝𝑝𝐹𝐹] ∗ 𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] ∗ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [%]

Equation 2

𝐵𝐵𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝐵𝐵 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [ 𝑔𝑔
(𝐿𝐿 ∗ 𝑝𝑝)] =

𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐵𝐵𝑝𝑝𝐹𝐹𝐵𝐵𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔
𝐿𝐿] ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝𝐹𝐹 [ 𝑉𝑉𝐿𝐿

𝑉𝑉𝑝𝑝𝐹𝐹]
𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿] ∗ 24 [ℎ] ∗ 60 [𝑉𝑉𝑝𝑝𝐹𝐹] ∗ 𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] ∗ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [%]

Equation 3

𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] = 𝑉𝑉𝐵𝐵𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 𝐹𝐹𝑉𝑉𝑝𝑝𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔]
𝑉𝑉𝐵𝐵𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 𝑉𝑉𝑝𝑝𝐵𝐵𝑝𝑝 [𝑔𝑔] × 100%
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[Eq. 2]

[Eq. 3]

With these equations, the amount 
of purif ied monomer per liter resin 
volume and per day is calculated for 
batch and continuous SEC. Further, 
the amount of monomer was analyzed 
by analytical SEC. Protein concentra-
tions were determined with a nano-
photometer (Implen Nanophotometer 
NP 80, Implen, Germany). All sam-
ples from the SMB experiments were 
taken as soon as a steady-state equilib-
rium was reached. The target volume 
of the extract and raffinate fraction 
was compared with the actual volume 
to monitor the pump precision. 

RESULTS AND DISCUSSION
Model proteins: 
BSA and myoglobin
Table III shows an overview of analy-
sis results for the different setting runs 
for columns with a height of 60 cm 
and 15 cm. For each column length, 
SMB and batch experiments were 
performed to compare purity of BSA, 
yield of BSA, and the productivity 
of BSA. Batch 1 and SMB 1 were 
performed on 60-cm high columns. 
A full separation could be achieved 
due to the high resolution resulting 
from the high bed height. For further 
productivity increase the f low rate 
must be raised, which was not possi-
ble at this column parameter because 
of pressure limitations. 

To bypass the pressure challenges 
and increase the productivity, lower 
columns with 15-cm bed heights 
were used. To allow a fair comparison 
between batch and continuous pro-
cess, the batch process was optimized. 
Flow rates from 24 cm/h (batch 2) 

up to 73 cm/h (batch 4) were tested. 
At a f low rate of 73 cm/h (batch 4), 
the purity of BSA in the raff inate 
fraction was lower. The yield of BSA 
in the raff inate fraction decreased 
dramatically at this f low rate, indi-
cating that the residence time on the 
column was too low to separate BSA 
and myoglobin. A maximum f low 
rate of 49 cm/h (batch 3) was identi-
fied for optimal product quality and 
yield. The SMB trials showed no sig-
nificant difference regarding purity of 
BSA and yield of BSA in SMB 2 (70 
cm/h) and SMB 3 (280 cm/h). A f low 
rate higher than 280 cm/h was not 
possible due to pressure limitations.

For the product iv it y compar i-
son, the optimal settings were com-
pared only. Batch 3 at a f low rate 
of 49 cm/h resulted in a purity of 
98% ± 0.05 BSA (0.05% coefficient 
of variation [Coeff V]) and a yield 
of 92% ± 1.15 BSA (1.25% CoeffV). 
Product yield and purity decreased 
in the batch experiments at a f low 
rate of 73 cm/h. An effect of the f low 
rate on the product quality in the 
range of 70 cm/h to 280 cm/h could 
not be determined at the SMB tri-
als. At a f low rate of 280 cm/h, a 
purity of 96% ± 0.05 BSA (0.05% 
CoeffV) and a yield of 85% ± 1.05 
(1.24% CoeffV) was achieved. The 
product quality was comparable in 
the batch and in the SMB experi-
ments. In the batch, an increase in 
yield by 7% was achieved. The SMB 
trial (SMB 3) has a productivity that 
is 3.3–3.4 times higher than the 

optimal batch (batch 3) experiment. 
Generally, these data conf irm the 
experiments reported by Kröber et 
al. (2), where the productivity was 
increased between factor 1.7 and 3.8 
when compared with single-column 
batch chromatography (2).

HMW removal 
of a multispecific antibody
A batch run was performed, and the 
peak was fractionated. The amount of 
HMW and monomer is shown graphi-
cally in Figure 2. A baseline separation 
was not possible; therefore, in almost 
each fraction HMWs were present. 

Depending on the pooling, anti-
body purity could be increased by 
the expense of yield at this diff i-
cult separation. Table IV displays 
the batch experiment with different 
pooling of fractions and the SMB 
exper iments.  SMB exper iments 
were chosen; SMB 1 represents a 
triangle point at the left, and, with 
increasing experiment number, a 
point more to the right triangle-side 
was chosen. The productiv it y in 
SMB 1 is 2.2 times higher compared 
to the batch result. 

A comparison between batch and 
SMB regarding the monomeric puri-
ties and yield is shown in Figure 3. 
The theoretical pooling of batch frac-
tions 4–7 resulted in purity of 76% 
and a yield of 72%. In BioSMB 1, a 
product purity of 78% ± 0.02 (0.03% 
CoeffV) with an absolute increase in 
yield by 10% was achieved. SMB 2 
resulted in a monomer purity of 84% 
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Equation 1

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [ 𝑔𝑔
(𝐿𝐿 ∗ 𝑝𝑝)] =

𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐵𝐵𝑝𝑝𝐹𝐹𝐵𝐵𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔
𝐿𝐿] ∗ 𝐼𝐼𝐹𝐹𝐼𝐼𝐹𝐹𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹[𝑉𝑉𝐿𝐿]

𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]
𝐼𝐼𝐹𝐹𝐼𝐼𝐹𝐹𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿] + 𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]

𝐹𝐹𝑉𝑉𝑝𝑝𝐹𝐹 [ 𝑉𝑉𝐿𝐿
𝑉𝑉𝑝𝑝𝐹𝐹]

∗ 24 [ℎ] ∗ 60 [𝑉𝑉𝑝𝑝𝐹𝐹] ∗ 𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] ∗ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [%]

Equation 2

𝐵𝐵𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝐵𝐵 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [ 𝑔𝑔
(𝐿𝐿 ∗ 𝑝𝑝)] =

𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐵𝐵𝑝𝑝𝐹𝐹𝐵𝐵𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔
𝐿𝐿] ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝𝐹𝐹 [ 𝑉𝑉𝐿𝐿

𝑉𝑉𝑝𝑝𝐹𝐹]
𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]

∗ 24 [ℎ] ∗ 60 [𝑉𝑉𝑝𝑝𝐹𝐹] ∗ 𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] ∗ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [%]

Equation 3

𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] = 𝑉𝑉𝐵𝐵𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 𝐹𝐹𝑉𝑉𝑝𝑝𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔]
𝑉𝑉𝐵𝐵𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 𝑉𝑉𝑝𝑝𝐵𝐵𝑝𝑝 [𝑔𝑔] × 100%

Equation 1 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [ 𝑔𝑔
(𝐿𝐿 ∗ 𝑝𝑝)] =

𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐵𝐵𝑝𝑝𝐹𝐹𝐵𝐵𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔
𝐿𝐿] ∗ 𝐼𝐼𝐹𝐹𝐼𝐼𝐹𝐹𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹[𝑉𝑉𝐿𝐿]

𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]
𝐼𝐼𝐹𝐹𝐼𝐼𝐹𝐹𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿] + 𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿]

𝐹𝐹𝑉𝑉𝑝𝑝𝐹𝐹 [ 𝑉𝑉𝐿𝐿
𝑉𝑉𝑝𝑝𝐹𝐹]

∗ 24 [ℎ] ∗ 60 [𝑉𝑉𝑝𝑝𝐹𝐹] ∗ 𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] ∗ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [%] 

 

Equation 2 

𝐵𝐵𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝐵𝐵 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [ 𝑔𝑔
(𝐿𝐿 ∗ 𝑝𝑝)] =

𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐵𝐵𝑝𝑝𝐹𝐹𝐵𝐵𝐹𝐹𝐹𝐹𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔
𝐿𝐿] ∗ 𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝𝐹𝐹 [ 𝑉𝑉𝐿𝐿

𝑉𝑉𝑝𝑝𝐹𝐹]
𝐶𝐶𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 𝑉𝑉𝑝𝑝𝑉𝑉𝑝𝑝𝑉𝑉𝐹𝐹 [𝑉𝑉𝐿𝐿] ∗ 24 [ℎ] ∗ 60 [𝑉𝑉𝑝𝑝𝐹𝐹] ∗ 𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] ∗ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝑝𝑝 [%] 

 

Equation 3 

𝑌𝑌𝑝𝑝𝐹𝐹𝑉𝑉𝑝𝑝 [%] = 𝑉𝑉𝐵𝐵𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 𝐹𝐹𝑉𝑉𝑝𝑝𝐵𝐵𝑝𝑝𝑝𝑝𝐹𝐹 [𝑔𝑔]
𝑉𝑉𝐵𝐵𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 𝑉𝑉𝑝𝑝𝐵𝐵𝑝𝑝 [𝑔𝑔] × 100% 

Experiment Column 
length SMB 1 SMB 2 SMB 3 SMB 4

Batch 1 (raffinate)
60

60 100 ± 0 100 ± 0.45 3.8 ± 0.05

SMB 1 (raffinate) 70 100 ± 0 100 ± 0.40 2.0 ± 0.12

Batch 2 (raffinate)

15

24 93 ± 0.10 97 ± 1.30 3.3 ± 0.04

Batch 3 (raffinate) 49 98 ± 0.05 92 ± 1.15 6.5 ± 0.05

Batch 4 (raffinate) 73 89 ± 0.10 62 ± 0.20 9.7 ± 0.05

SMB 2 (raffinate) 70 98 ± 0.10 85 ± 1.80 5.5 ± 0.06

SMB 3 (raffinate) 280 96 ± 0.05 85 ± 1.05 22 ± 0.09

Table III. Column length, flow, average and standard deviation of purity bovine serum 
albumin (BSA) n=2, yield BSA n=2, and productivity BSA n=3. SMB is simulated moving bed.
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± 0.07 (8% higher compared to the 
batch, 0.08% CoeffV) and a mono-
meric yield of 76% ± 0.68 (4% higher 
compared to batch, 0.89% CoeffV). 
Additionally, to the increased pro-

ductivity, continuous SEC on the 
SMB system achieved higher prod-
uct specif ications in terms of yield 
and/or purity. Comparing the chro-
matograms on SMB (run SMB 2) 

for a duration of 10 cycles (i.e., for 
30 elutions) on the continuous SEC 
(Figure 4) shows a good reproduc-
ibility once the system is in a state 
of equilibrium. This equilibrium is 
achieved after approximately two to 
three cycles, as visible in Figure 4. 
Compared to continuous Protein A 
chromatography, reaching equilib-
rium takes slightly longer, which can 
be attributed to a different system 
condition and setup (9).

CONCLUSION
In the present study, it was shown that 
a productivity increase, with the same 
product quality and yield, is possible 
through the use of continuous SEC. 
For that reason, short columns are 
needed to avoid pressure limitations 
by increased f low rates. The produc-
tivity in the BSA/myoglobin exper-
iments was increased by a factor of 
3.3–3.4. For the f irst time, contin-
uous preparative SEC was success-
fully applied to the purification of a 
multispecific antibody, showing good 
reproducibility after reaching equilib-
rium state of the continuous system. 
Thereby, productivity was enhanced 
by at least a factor of 2.2 even at better 
product quality and yield compared 
to the batch experiment. Due to the 
reduced separation eff iciency at the 
HMW/antibody separation, high 
purities could only be achieved at the 
expense of yield. Compared to batch 
SEC, continuous SEC resulted in 
higher productivity with high yield 
and purity, thereby representing a via-
ble option for diff icult-to-manufac-
ture proteins. However, due to the 
complexity of continuous SEC, the 
technique’s most promising applica-
tion may be in the routine purif ica-
tion of larger quantities for a specific 
molecule without the need of regular 
process adaptations. Application in 
a multi-product environment to the 
purif ication of different molecules 
with the then-required regular adap-
tation of the SEC sequence and pro-
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Figure 2. Multispecific antibody: amount and distribution of monomer and high 
molecular weight species (HMW) in different fractions of batch experiment.

Experiment Purity monomer (%) Yield monomer (%) Productivity
(g [L*d]-1)

Batch (extract fraction 3–7) 70 (n=1) 98 (n=1)

10.7 (n=1)
Batch (extract fraction 4–7) 76 (n=1) 72 (n=1)

Batch (extract fraction 5–7) 99 (n=1) 25 (n=1)

Batch (extract fraction 6–7) 97 (n=1) 3 (n=1)

SMB 1 (extract) 78 ± 0.02 (n=2) 82 ± 0.45 (n=2) 23.2 ± 0.06 (n=3)

SMB 2 (extract) 84 ± 0.07 (n=2) 76 ± 0.68 (n=2) 15.5 ± 0.07 (n=3)

SMB 3 (extract) 89 ± 0.00 (n=2) 71 ± 1.62 (n=2) 14.2 ± 0.09 (n=3)

SMB 4 (extract) 93 ± 0.05 (n=2) 47 ± 1.03 (n=2) 13.3 ± 0.06 (n=3)

Table IV. Average and standard deviation of purity monomer, yield monomer,  
and productivity. 

Figure 3. Comparison between batch and continuous size exchange 
chromatography (SEC) on simulated moving bed (SMB) regarding yield and 
purity. Depicted are mean ± standard deviation. SMB 1 and SMB 2: n=2. Data for 
the batch experiment are worst-case estimations based on the other calculated 
data (purity ± 0.10 and yield ± 1.6).
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cess parameters for each molecule may 
not be the preferred option of choice 
for continuous SEC.
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Figure 4. Multispecific antibody: chromatogram for continuous size exclusion chromatography (SEC) showing 10 cycles 
for three columns within 30 total elutions. Displayed is monomer ultraviolet (UV) absorbance (solid line) as well as high 
molecular weight species (HMW) UV absorbance (dotted line).
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For more on downstream chromatography, read these articles on  
BioPharmInternational.com:

• Technology Innovations Improve Process Chromatography Performance
www.BioPharmInternational.com/view/technology-innovations-im-
prove-process-chromatography-performance

• Chromatographic Science Clarifies Separation Challenges
www.BioPharmInternational.com/view/chromatographic-sci-
ence-clarifies-separation-challenges

• Points to Consider for Continuous Downstream Bioprocessing
www.BioPharmInternational.com/view/points-to-consider-for-contin-
uous-downstream-bioprocessing

• What’s New in Downstream Technologies
www.BioPharmInternational.com/view/what-s-new-down-
stream-technologies

• A Look at the Affinity Chromatography Landscape
www.BioPharmInternational.com/view/look-affinity-chromatogra-
phy-landscape

More on downstream chromatography
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Can a Two-Step Process Be an 
Effective Monoclonal Antibody 
Purification Platform?A Q&A

Dr. Phu Duong
Product Manager of Process Media

Tosoh Bioscience

BioPharm: Why are mAbs suitable for a 
purification platform approach?
Duong: Monoclonal antibodies exhibit 
many similar properties, such as structures, 
biological properties, etc. All can interact 
and be captured by protein A ligands. 
After the capture step, impurities such as 
aggregates, host cell proteins, etc., can be 
removed by subsequent polishing steps.

BioPharm: Which performance criteria 
of protein A resin will determine 
the increased productivity of a mAb 
purification platform?
Duong: The performance criteria of a 
protein A resin that will determine the 
increased production of a mAb is its 
dynamic binding capacity and its mass 
transfer characteristics. A high dynamic 
binding capacity will allow the protein A 
resin to capture a higher amount of mAb 
and fast kinetics, or high mass transfer, will 
allow the protein A resin to capture mAb 
quickly and maintain a larger percent of 
its capacity at a shorter residence time. 
High dynamic binding capacities and fast 

kinetics lead to lower production times and 
cost because more cycles can be achieved 
during a working period. Lower residence 
time also correlates with less impurities 
because secondary interactions typically 
occur during a longer exposure time.

BioPharm: Typically, how many 
purification steps are there when 
designing a mAb purification platform?
Duong: With the recent introduction of 
improved process chromatography medias 
to market, three-step—or even two-step—
mAb purification platforms can now be 
designed. For example, some polishing 
step resins, such as TOYOPEARL® NH2-
750F, which is a strong anion exchange 
resin, can effectively remove or significantly 
reduce impurities in a single polishing step.

BioPharm: If a two-step purification 
platform is selected, what are some 
important criteria that need to be con-
sidered? Additionally, what economic 
benefits will customers gain from a 
two-step mAb purification platform?

Duong: In a two-step purification platform, important 
criteria for the protein A capture step include using a resin 
that offers a high dynamic binding capacity, has superior 
mass transfer characteristics, and has high recovery of 
monomer, which will allow the resin to maintain a larger 
percent of its capacity at shorter residence times. In 
addition, the resin must have high alkaline resistance. 
Important criteria to consider in the selection of a resin for 
the polishing step is the resin’s ability to significantly remove 
impurities, such as mAb aggregates, host cell proteins, and 
endotoxins, to an acceptable level. The economic benefits 
of a two-step mAb purification are the reduction of process 
costs per gram of mAb purified and processing times.

BioPharm: Is it possible to design a mAb purification 
platform using small, pre-packed columns?
Duong: Yes, but it is important that these pre-packed 
columns are reproducibly packed and take into account 
the compressibility of the resin being tested. This ensures 
these columns provide an accurate representation of 
conditions found in full-scale columns. Tosoh Bioscience 
recently introduced small, pre-packed columns for resin 
screening and method development purposes. These 
columns have excellent physical strength and ideal flow 
characteristics for industrial downstream processing 
usage, and are fully scalable.

BioPharm: Can you give an example of an effective 
two-step mAb purification platform?
Duong: For the first step, or the capture step, I recommend 
a high dynamic binding capacity protein A resin such as 
TOYOPEARL AF-rProtein A HC-650F resin. Because of 
its fast kinetics, this resin exhibits high dynamic binding 
capacities of greater than 65 g per liter at residence times 
of three minutes, and greater than 70 g per liter at five 
minutes residence times, with feedstock concentrations 
from 1 g per liter to 10 g per liter.

A flow rate above 500 cm per hour can be reached 
using a 10–20 cm bed height column. TOYOPEARL AF-
rProtein A HC-650F delivers greater than 95% purity mAb 
with aggregate levels at about 2%. With such high purity 
mAb being produced from the first step of the platform, 
for the second step—the polishing step—a strong anion 
exchange resin such as TOYOPEARL NH2-750F should be 
selected. The unique high salt tolerance of this resin allows 
for the retention of mAb aggregates and its endotoxins at 
salt concentrations up to 0.05 mol/L.  At these conditions, 
aggregates can be removed from the mAb monomer 
without having to dilute or buffer exchange the sample 
post-protein A capture prior to loading.

Streamlining downstream processing reduces the  
manufacturing costs of biological therapeutics

Protein A affinity chromatography is widely used for the capture of monoclonal 
antibodies (mAbs) and other Fc-containing biotherapeutic drugs. In recent years, 
more mAbs have been developed and produced to address the high demand for 

treating diseases. Downstream processing for mAb purification is responsible for up to 
80% of the entire production costs of biotherapeutics. To reduce the cost of manufacturing 
for biological therapeutics, streamlining downstream processing is a necessity for 
chromatographers and process engineers. BioPharm International recently sat down with 
Dr. Phu Duong, Product Manager of Process Media, Tosoh Bioscience, to discuss the 
effectiveness of a two-step process for mAb purification.

“

”

The unique high salt tolerance of 

this resin allows for the retention 

of mAb aggregates and its  

endotoxins at salt concentrations 

up to 0.05 mol/L.

Tosoh Bioscience is a global leader in chromatography media for antibody purification. TSKgel®, TOYOPEARL 

and Ca++Pure-HA™ bulk media are manufactured and sold for all modes of liquid chromatography, and offered in 

convenient formats for process development through production scale.

Tosoh Bioscience, TOYOPEARL and TSKgel are registered trademarks of Tosoh Corporation. 
Ca++Pure-HA is a registered trademark of Tosoh Bioscience LLC in the USA, EU, India, and Japan.
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Tosoh Bioscience is a global leader in chromatography media for antibody purification. TSKgel®, TOYOPEARL 

and Ca++Pure-HA™ bulk media are manufactured and sold for all modes of liquid chromatography, and offered in 

convenient formats for process development through production scale.
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Complex Manufacturing Processes 
Prompt New Inspection Methods

Complex manufacturing processes pose challenges for final product 
inspection needed to ensure product integrity at commercial launch.

FELIZA MIRASOL

A ll biologics entering the global pharmaceuticals 
market are required to undergo good manufacturing 
practice (GMP)-compliant testing on final product 

packages to show that the product meets regulatory guidelines. 
Having appropriate methods to inspect final product to ensure 
compliance can be challenging as manufacturing processes, 
fill/finish, and packaging operations evolve with the emer-
gence of new biologics. Final product inspection methods 
must also adapt.

FDA’s guidance for the inspection of biological drug prod-
ucts (1) includes guidelines on how to establish a system to 
inspect packaging and labeling of biologic drugs, which should 
include the measures and activities used to control packaging and 
labeling. The guidance emphasizes that inspectional coverage 
should include review of the firm’s “written procedures regarding 
packaging and labeling controls, for example, procedures that are 
in place to prevent label mix-ups, document appropriate label 
storage, and issuance and destruction of labels after use as well as 
removal of labels from a manufacturing area” (1). 

According to the guidance, agency inspectors are tasked 
with observing a firm’s protocol for examining labels, usage, 

label storage, and issuance. FDA recommends that drug firms 
maintain clean and orderly facilities to support the inspec-
tion system. Facility size must be suitable, and the firm must 
ensure that adequate cleaning, maintenance, and operations 
are upheld. FDA also states in its guidance that the audit of 
this system “should include a determination of significant 
physical and/or manufacturing changes” and should include 

“review of procedures and records of calibration and mainte-
nance, verification that the firm is following procedures and 
that the procedures conform to the manufacturer’s recommen-
dations and/or user manuals” (1). Finally, audit of the inspec-
tion system must also verify that equipment in the facility has 
been qualified for its intended use and, where applicable, note 
where any new equipment has been added or existing equip-
ment has been modified since the last inspection.

COMPLEX MANUFACTURING
“Manufacturing processes for new biotherapeutics are very 
complex,” says Andrew Bulpin, head of Process Solutions, 
MilliporeSigma. These increasingly complex biotherapeutics 
require sophisticated production, control, and regulatory 
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Event Overview
Glycosylations are critical quality attributes (CQAs) whose modulation during 
upstream processes is challenging but essential. For example, fine-tuning 
of sialylation is key to achieving optimal bioavailability and limiting adverse 
immune reactions. Current biopharmaceutical industry trends—including 
increasingly complex fusion proteins and higher throughputs—are revealing 
significant limitations in conventional released glycan analyses such as 2AB-
UPLC and CGE-LIF. 

Discover how scientists at Merck overcame these limitations by implementing 
an automated mass spectrometry (MS)-based glycopeptide mapping 
workflow for monitoring glycosylation. Compared to conventional released-
glycan analysis methods, the advantages of this workflow include:

• The ability to monitor glycosylation at the site-specific, amino-acid level 
instead of just at the global level

• Higher confidence in automated peak assignment through accurate mass 
measurement, making co-elution issues a thing of the past

• User-friendly processing of 45 samples in under an hour, instead of the 
several days of expert manual review that would otherwise be required

Key Learning Objectives
• Learn about the advantages of MS-based methods over conventional 

released-glycan analysis methods 

• Discover how automating MS-data processing and analysis 
dramatically increases productivity while reducing operator-related 
variability

Who Should Attend
• Biopharma analytical scientists and managers who are looking 

to automate mass spectrometry-based analytical workflows for 
characterization and quality monitoring of biotherapeutics

An Automated MS Data Workflow 
Enabling Targeted, Site-Specific 
Glycosylation Monitoring of 
Biopharmaceuticals

Presented bySponsored by

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

All Attendees will receive a FREE executive summary 
of the webcast!
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processes to ensure that safety, quality, 
and efficacy parameters are achieved. 
Bulpin also notes that cell-based man-
ufacturing systems can give rise to 
inherent product variability. 

“It is well established that small 
changes in the manufacturing pro-
cess can affect the quality attributes 
of the final biological products, with 
respect to their structure, function, 
and impurity levels, thus, highly sen-
sitive and precise methodologies are 
needed to ensure quality attributes 
are maintained prior to product 
release,” he states.

During the development of the 
product, for instance, biosafety and 
quality are built into the full product 
lifecycle. This process involves control 
of raw materials used in production, 
cell substrate evaluation, and drug sub-
stance/product testing. “Final product 
testing generates data to confirm the 
capability of the manufacturing pro-
cess to generate product with consis-
tent quality attributes,” says Bulpin.

KEY PARAMETERS AND 
INSPECTION METHODS
“The primary aim of product final 
testing as required by global regu-
latory authorities is to ensure that 
the pre-determined specifications 
for quality attributes that have been 
shown to be critical for the drug to 
meet the necessary safety, purity, and 
efficacy profiles, are maintained,” 
explains Bulpin. There is thus an 
expectation that the final package that 
has been tested will have been exam-
ined for possible impurities or con-
taminants with the use of assays and 
methodologies that have been demon-
strated to be fit for purpose.

The most common inspection 
method for final biologic product 
packages is visual inspection, which 
ensures consistent quality of the 
product in terms of physical, chem-
ical, biological, or microbiological 
properties, notes Bulpin. He further 
points out that, in accordance with 

regulatory guidance, visual packag-
ing inspection of aseptic filled drugs 
should be performed at a period to 
allow growth of any potential con-
taminating micro-organisms.

“All physical, chemical, biolog-
ical, or microbiological properties 
or characteristics should be within 
appropriate limits, ranges, or desired 
product quality (International Council 
for Harmonization of Technical 
Requirements for Pharmaceuticals for 
Human Use (ICH) Q8 [2]). Stability 
methods should also be considered to 
ensure that shelf life and temperature 
storage are appropriate,” Bulpin fur-
ther emphasizes.

Drug companies manufacturing 
these complex biotherapeutic prod-
ucts face the particular challenge 
of establishing a well-controlled 
manufacturing process that gen-
erates consistent data (i.e., quality 
by design, follows ICH Q8 guide-
lines). “There may be a need for cus-
tom assays to address very specific 
product attributes and hence signifi-
cant investment in analytical method 
development to ensure methods are 
tailored to the product,” Bulpin says, 
adding that “in particular, biopotency 
can be a challenge.” Another chal-
lenge for service providers and manu-
facturers is that there is not “one assay” 
that fits all circumstances, he notes.

INCREASED AUTOMATION
Using automation technology and 
information technology (IT) as tools 
in the inspection process can help to 
address some challenges in final prod-
uct inspection.

“Final product release of biological 
drug commercialization raises the 
potential of introduction and use of 
automated systems for filling, utili-
zation of closed systems, and use of 
IT systems to monitor and control 
the release process. The replacement 
of manual visual inspection with 
automated processes has the abil-
ity to reduce variation,” says Bulpin, 

adding that “automated filling pro-
cesses, fill finish systems, and rapid 
techniques ensure consistency on 
quality expectations and meet final 
fill requirements.”

Moreover, technologies are now 
being introduced to meet the need for 
closed fill/finish operation that incor-
porate single-use fill/finish assemblies. 
In addition, Bulpin points out, the 
use of improved and updated tech-
nology supports release testing (e.g., 
rapid microbial detection systems, 
validation of such technologies, and 
updated analytical technology).

“There is a significant move away 
from traditional methods to test 
products that have limited volumes 
available for testing (e.g., sterility), 
and, as noted above, there is need 
for rapid testing for products with 
greatly reduced shelf life. Another 
key is testing in closer proximity to 
the sites of manufacture (e.g., cell-
based therapies),” he says.

FASTER ANALYSIS
New test methods and technologies 
can speed analysis, Bulpin observes. 

“Rapid technologies for the detec-
tion of microbial contaminants and 
physiochemical analysis are being 
introduced and are well received by 
regulatory authorities,” he states.

Meanwhile, other technologies in 
development include methods that 
can assess many product attributes 
simultaneously, or multi-attribute 
methods. Such methods are intended 
to reduce the time burden for prod-
uct release as the number of indepen-
dent assays required to ensure product 
quality prior to release is minimized, 
Bulpin explains.  
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Event Overview
The rational biophysical characterization of therapeutic protein candidates 
and their formulations can greatly improve the early-stage development 
process of new biologics. As a part of this characterization, dynamic light 
scattering (DLS) is a valuable technique that can be applied to understand 
the aggregation behavior and colloidal stability of proteins in solution.

This webinar will present three case studies in which DLS was crucial to 
understanding the stability of therapeutically relevant proteins. The first 
study shows how DLS in multi-well plates can quickly indicate which 
solution conditions are expected to suppress the aggregation of a cytokine 
during long-term storage. The second part of the presentation will focus 
on the characterization of a bispecific antibody fusion protein in different 
formulations, and how DLS-based formulation ranking correlates with 
the ranking based on aggregates formed after long-term storage. The 
third case study examines binary mixtures of monoclonal antibodies with 
different biophysical properties and how DLS helps investigate whether the 
antibodies mutually impair their physical stability in solution.

Key Learning Objectives
•  Review DLS basics, instrumentation, protein characterization methods, 

and the therapeutic protein classes that can be characterized by DLS.
•  Learn how small changes in the solution conditions can affect protein 

storage stability and how DLS is used to study and even predict  
these effects.

•  Examine a DLS-based approach to characterizing binary mixtures of 
monoclonal antibodies.

•  Understand the benefits and implementation of DLS in early-stage 
development of therapeutic proteins.

Who Should Attend
•  Biopharmaceutical R&D leaders involved in the characterization and 

formulation development of therapeutic protein candidates
• Scientists studying the stability and interactions of therapeutic proteins

For questions or concerns, email 
kbarry@mjhlifesciences.com
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How to Easily Access Mass 
Spectrometry DataA Q&A

Michael Daly
Senior Principal MS Field 

Field Applications Specialist
Waters Corporation LCGC: How long have you been with 

Waters, and what is your role? 
Daly: I have been with Waters for 31 years. I 
am a principal mass spectrometry (MS) �eld 
applications specialist. I primarily focused 
on biopharmaceutical analyses using 
high-resolution MS. My job at Waters is to 
make customers successful by providing 
application training for our MS systems.

LCGC: You’re one of the primary field 
applications specialists who is training 
customers on Waters new BioAccord 
system. What makes this system 
different than previous MS systems?
Daly: The BioAccord was designed as an 
LC-MS system that would be easy to install, 
use, and maintain. It can be deployed 
into laboratories and departments that 
traditionally haven’t used high-resolution 
MS, such as late-stage development, 
manufacturing, and quality control. On 
installation, the BioAccord must pass 
speci�c application-based tests for intact 
protein, peptide mapping, and glycan 
analyses. As an application trainer, this 
gives me con�dence that the BioAccord is 
ready to generate good data when I show 
up for training.

LCGC: How does training on the 
BioAccord differ from other MS 
systems you support? 

Daly: The professional services team I am 
a part of has moved to a training model 
called Outcome Based Services for the 
BioAccord. It is designed to make users 
successful with their intended application 
rather than de�ning a speci�c number of 
training days. This allows us to provide 
appropriate training to a variety of users—
from experienced MS chemist to �rst-time 
LC-MS users. The automated startup and 
system checks built into the BioAccord 
frees up training time that was previously 
dedicated to showing users how to make 
sure their LC-MS system was ready to 
perform their intended analyses. Instead, 
training now focuses on obtaining useful 
data from their samples within a short time 
after installation is complete.

LCGC: If the intention to provide the 
BioAccord to laboratories with no 
previous experience, what are the key 
things they need to understand to be 
successful? 
Daly: Traditionally LC-MS systems 
are operated by experienced, highly 
trained scientists who are comfortable 
with adjusting settings and voltages to 
optimize MS performance. The BioAccord 
is designed to automate these start-
up functions; it then monitors system 
performance with every injection. A big 
part in making sure more people could use 

How the BioAccord system is easy to install, use, and 
maintain for experienced and inexperienced mass 
spectrometry users  
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the BioAccord is that it requires minimal maintenance. If 
the system diagnostics detects an error, simple icons on 
the front of the instrument prompt the user with specific 
steps to address the issue. It is similar to when a paper jam 
occurs on your printer, and it helps you figure out how and 
where to fix the problem. It’s what our marketing people 
call SmartMS.

LCGC: What is SmartMS, and how does it impact the 
user of the BioAccord?
Daly: SmartMS means the user, experienced or first-time 
user, no longer has to determine whether the system is 
ready to go or if there are any problems. We want the MS 
to be used like a UV detector—you turn it on, and as long 
as the light on the front isn’t blinking or red, it is ready to 
go. The user now only has to focus on the results of their 
analysis. This opens up the use of MS to a much wider 
range of laboratories and users.

LCGC: How are MS core labs and other labs with 
significant high-resolution MS experience using 
the BioAccord? How are they making use of its 
capabilities?
Daly: The MS experts in these core labs are looking for 
a routine LC-MS system to relieve some of the burden 
on their time and their research LC-MS systems. Now, if 
expert users are busy or take a vacation, the instrument 
is not sitting unused—inexperienced users can run 
samples on the BioAccord. The core lab users have been 
impressed and even a bit surprised with the performance 
of this easy-to-use system. I found some expert users are 
initially a little nervous about giving up control and allowing 
SmartMS functions to get the BioAccord ready, but they 
quickly realize the system is doing the same steps they 
would have done.

LCGC: What aspects of the BioAccord are important 
for the future of MS in biopharma?
Daly: The fundamental importance of MS to 
biomolecule characterization is well-understood in the 
biopharmaceutical industry. The expansion of LC-MS into 
more routine applications in late-stage development labs, 
on manufacturing floors, and quality control organizations 
is now possible given the reduced expertise needed to 
operate these systems. The BioAccord allows the rapid 
deployment and routine operation of MS-based analyses 
into these labs. MS provides specific and critical information 
on the attributes of biomolecules and the performance of 
biopharmaceutical processes. That information enables 
companies to make better decisions and generate  
safer products.

“

”

MS provides specific and critical 

information on the attributes of 

biomolecules and the performance 

of biopharmaceutical processes.

 
Waters Corporation is the world’s leading specialty measurement company focused on improving human health 

and well-being through the application of high-value analytical technologies and industry-leading scientific expertise. 

Our decisions and actions are guided by two simple words: Deliver Benefit. Our founder, Jim Waters, coined these 

words to encapsulate the idea that we should positively impact our customers, employees, shareholders, and society at  

every opportunity.

Driven by that ethos for over 60 years, Waters has continually pioneered chromatography, mass spectrometry and 

thermal analysis innovations. Whether it’s discovering new pharmaceuticals, assuring the safety of the world’s food and 

water supplies, or ensuring the integrity of a chemical entity in production, we are constantly working with our 40,000+ 
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Complex Modalities Require More 
Sensitive Adventitious Agent Testing

Early detection and more sensitive methods of detecting 
adventitious agents are becoming increasingly critical in bioprocessing.

FELIZA MIRASOL

T he importance of adventitious agent testing, a routine 
aspect of biopharmaceutical production, cannot be 
overlooked as it is a critical component in ensuring 

the purity and quality of biological product from the start. 
The growing complexity of newer biologic modalities, how-
ever, requires more highly sensitive testing methods and 
poses challenges to current analytical methods. 

Generally speaking, adventitious agents are the microor-
ganisms (bacteria, fungi, protozoa, mycoplasma, viruses, etc.) 
that may be introduced into the product during the normal 
course of the biomanufacturing process. They can be intro-
duced through product processing or through process mate-
rial used for production.

“These contaminants are living organisms that can 
adversely affect manufacturing efficiency, product quality 
but more importantly pose a threat to patient safety,” notes 
Marian L. McKee, PhD, vice-president, Biosafety, Eurofins 
BioPharma Product Testing. 

Typically, endogenous agents are differentiated from adventi-
tious agents as they are integrated pathogens of the production 
system, says Horst Ruppach, scientific and portfolio director, 

Global Biologics, Charles River. The Chinese hamster ovary 
(CHO) production cell line, for example, contains retrovirus-like 
particles that are typically regarded as endogenously.

“As biologics are produced to treat patients, it is highly import-
ant to ensure pathogens are not co-purified with the product,” 
Ruppach states, adding that “even though a pathogen might be 
harmless for healthy people, it can seriously affect patients. It is, 
therefore, essential to detect and eliminate pathogens, ideally at 
an early stage of the product development.” 

Contamination of the manufacturing process can also 
have significant business and medicine supply consequences. 
“Facilities must be closed and fully sanitized and a deep route 
cause investigation is required. The supply of urgent medicine 
is probably impacted. It takes a minimum of six months and 
can go much beyond to get back to production,” Ruppach adds, 
emphasizing some of the consequences that can result from 
adventitious agents.

DETECTING CONTAMINATION
To date, many guidelines and compendial methods recommend 
different approaches to screen for and identify pathogens in bio-

Analytics
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Event Overview
Field-flow fractionation coupled to light scattering (FFF-MALS) is 
a powerful method for characterizing nanoparticles, proteins and 
polymers. For nanoparticles with sizes from 1 – 1000 nm, FFF-MALS 
uniquely provides high-resolution size distributions, quantitative particle 
concentration and other types of on-line characterization, along with 
the ability to collect size fractions. For macromolecules ranging from a 
few kDa to 1 GDa, FFF-MALS determines absolute molar mass, size and 
conformation while overcoming the inherent limitations of SEC for larger 
polymers and aggregates.

In this webcast, technological advancements for FFF-MALS will be 
introduced that greatly enhance sensitivity, fraction concentrations 
and the ability to measure zeta potential distributions via EAF4. These 
capabilities also improve experimental robustness and ease of use. The 
simplified workflow, from in silico method development to final analysis, 
will be presented.

Key Learning Objectives
	• How FFF-MALS separates and characterizes nanoparticles and 
macromolecules, and key applications
	• How dilution control improves the detectability of low-abundance 
sample components
	• How electrical/flow FFF determines charge distribution in complex 
samples
	• How the streamlined workflow lower the bar to running FFF-MALS 
while enhancing performance and productivity

Who Should Attend
	• Researchers who need to characterize complex samples such as 
vaccines, gene vectors, drug nanocarriers, environmental samples or 
emulsions 
	• Industrial lab managers exploring advanced methods for nanoparticle 
quality control or release assays 
	• Scientists interested in expanding their range of capabilities for 
macromolecular analysis
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pharmaceuticals, Ruppach states. “General 
screening methods for viruses include 
inoculation of manufacturing test articles 
into susceptible animal systems and/or 
indicator cell lines to amplify outgrowth 
of adventitious contaminants. The infec-
tion is detected via symptoms, including 
death or the production of virus-specific 
antibodies in animals, changes of cell-line 
phenotypes, including cell disruption, or 
detection of virus-specific components in 
the supernatant of the inoculated cell lines,” 
Ruppach adds.

Single polymerase chain reaction 
(PCR) or multiplex PCR are frequently 
used to screen for suspected specific con-
taminants. While in-vivo and in-vitro 
methods detect infectious viruses, molec-
ular biology-based methods detect viral 
genomes that include both infectious 
and non-infectious viruses, which cannot 
be differentiated, Ruppach points out. 

“The combination of a cell-based assay 
with PCR readout combines the bene-
fit of both methods and is, for instance, 
applied when screening adeno-associated 
virus (AAV) preparations for replica-
tion-competent viruses. In any case, the 
choice of methods must be adapted to 
the test item and the characteristics of 
the test item can affect the assay sensi-
tivity significantly,” he says. “For instance, 
test items can be toxic for animals or 
cell lines and must be pre-diluted to 
bypass the toxicity, and there is a risk 
that low contaminant concentrations 
are diluted out before analysis. That 
said, low contamination levels can be 
difficult to detect, which can be a specific 
risk for recombinant products on cell 
lines. Minimal viral contaminants can be 
introduced via media into the fermen-
tation process, and minimal amounts of 
viruses can amplify to high levels during 
fermentation with all the aforemen-
tioned consequences.”

Traditionally, and in accordance 
with regulatory guidance, an orthogo-
nal approach to detecting the presence 
of adventitious agents has been taken, 
McKee states. The analytical methods 
used include in-vitro and/or in-vivo 

culture as well as molecular methods for 
detection. “In-vitro culture under permis-
sive conditions for the suspected adven-
titious agents, taking into consideration 
the environmental conditions of the man-
ufacturing space, is the long standing or 
‘old school’ method used for detection of 
many adventitious contaminants. The 
benefit of in-vitro culture-based methods 
is that they will detect a broad range of 
agents. In the case of the IVAA [in-vi-
tro adventitious agent] method for virus 
detection, various endpoints (for example, 
hemagglutination and hemadsorption of 
various species of red blood cells) are used 
to widen the range of detected viruses 
even further,” says McKee. 

McKee notes that in the last decade, 
PCR-based methods have taken hold in 
the industry as a more specific and sen-
sitive means for detecting adventitious 
agents. “As new viruses are found to con-
taminate raw materials, specific PCR-
based test methods can easily and rapidly 
be deployed for use. A good example is 
the advent of PCR methods against the 
minute virus of mice (MVM), which 
came on the scene after a contamination 
event in the mid-90s. Next generation 
sequencing (NGS) is also taking off as a 
method for detection of contaminants in 
bioprocessing,” she states.

NGS technologies or other disruptive 
multiplex technologies are increasingly  
considered for testing or replacing the 
standard methods and the in-vivo assays 
specifically, says Ruppach, who sees that 
these new technologies offer many ben-
efits. “Different from PCR or multiplex 
PCR, NGS can also detect unknown 
viruses. In fact, NGS can detect any 
pathogen in a sample—bacteria, myco-
plasma, and viruses—and makes it a 
multi-attribute method. Instead of 
applying many different methods, one 
method can be used. Like all nucleic 
acid-based detection methods, NGS 
can typically not differentiate infectious 
from non-infectious pathogens, but 
approaches such as whole transcrip-
tomic analysis have been developed to 
circumnavigate this downside. Detection 

of pathogen-specific mRNA in cell sub-
strates is a clear indicator of active repli-
cating virus,” Ruppach explains. 

Ruppach goes on to say that, while 
NGS is being progressively considered for 
pathogen testing in the biopharmaceutical 
industry, there is an emerging need for 
methods that attempt to offer the benefits 
of shorter turnaround times, small sample 
volume, and low equipment requirements 
to address specific challenges inherent to 
next generation biologics.

MEANINGFUL 
EARLY DETECTION
Early detection of adventitious agents is 
also important and can benefit the bio-
processing cycle. Early detection of an 
adventitious agent contamination helps 
contain the event, for one, McKee says. If 
the working cell bank or a raw material is 
found to be contaminated during release 
testing, for example, it is much less costly 
to deal with the contamination at that 
early point, rather than missing detection 
of that same contaminant and not find-
ing it until after a full bioreactor run has 
been initiated. “Raw materials, cell, virus 
or plasmid stocks, and other reagents used 
in biomanufacturing should all be tested 
and confirmed free of adventitious agents 
prior to use in a bioprocessing cycle,” 
McKee recommends.   

As there are multiple points through-
out the bioprocessing cycle where sam-
pling for adventitious agent testing occurs, 
early detection can save bigger headaches 
further down the line. “Ultimately, it 
comes down to mitigating the risk to a 
very costly and time intensive manufac-
turing process,” McKee adds.

 Ideally, Ruppach says, the pathogen 
risk should be addressed in the product 
development phase and before stepping 
into the clinic. “Even though many reg-
ulations require pathogen safety testing 
for clinical material, it is reasonable to 
address the pathogen risk much ear-
lier. For instance, extended pathogen 
testing is required for master cell banks 
(MCB—starting material for cell line-
based production systems). However, it 

Analytics



www.biopharminternational.com November 2020  BioPharm International 47

would be reasonable to screen any pre-
bank or the parental cell bank before 
MCB preparation by using the most 
sensitive methods with the widest 
breadth of detection,” he states. 

NGS approaches have these attri-
butes, Ruppach continues, and when 
applied at early stages they perfectly 
mitigate the risk for all subsequent 
steps. NGS significantly reduces the 
risk that any contaminant is found 
later in the production cycle, which 
Ruppach says can save many resources 
and time. “The same is true for animal- 
or human-derived raw materials, such 
as extracts of human platelets in cell 
therapy products used in the produc-
tion process,” he adds. 

Furthermore, detecting any con-
taminant in the raw material before it 
comes into contact with the product is 
mandatory. Early detection minimizes 
the risk for the product and avoids 
subsequent measures to clear the virus 
from the product, Ruppach says. 

HIGHER SENSITIVITY NEEDED
With complex biologic modalities, it is 
necessary to have analytical methods 
with higher sensitivity for detecting 
adventitious agents. As McKee points 
out, sensitivity is important in adven-
titious agent testing for several reasons. 
“The burden of the contamination may 
be quite low early in infection or very 
high later in the event. As discussed 
previously, the earlier an adventitious 
agent contamination is detected, the 
better. The ability to detect <10 micro-
organism is important in mitigating 
the risk by early detection of low-level 
contaminants,” she says.

Ruppach adds that sensitivity is 
highly important; however, he points 
out, one method is not equally sensi-
tive to all potential pathogens. NGS 
comes closest, he says. Some ani-
mal-based assays, however, can be very 
sensitive for specific contaminants, 
such as embryonated chicken eggs for 
Influenza viruses. “These aspects must 
be considered when selecting testing 

methods which should be based on a 
risk assessment,” Ruppach states.

“For some biotherapeutics like viral 
gene vectors or CAR-T cells [chimeric 
antigen receptor T cells], the available 
sample volumes for testing can be limited. 
The smaller the test sample volume, the 
more important it is to have a highly sen-
sitive method,” he further explains.

In addition, autologous cell therapy 
product cannot wait weeks for testing 
results. “Rapid testing methods must 
replace established long-lasting assays 
such as in-vivo and in-vitro test meth-
ods, and industry has developed rapid 
sterility and mycoplasma assays reducing 
turnaround times from weeks to a few 
days without impacting the sensitivity,” 
Ruppach says. 

UNMET NEEDS
As the modality of therapeutic biological 
molecules grows increasingly complex, the 
manufacturing processes for these ther-
apies also evolve. The needs for adventi-
tious agent testing must also respond and 
change, says McKee. 

“The complexity of therapeutics is also 
driving technology. Viral vectors for gene 
therapy are not going through the same 
downstream purification processes that 
traditional biologics such as monoclonal 
antibodies do. The viral clearance gained 
by downstream processing of protein bio-
logics is not an option for cell and gene 
therapies. Both the need for increased sen-
sitivity and a compressed time to result are 
becoming more important, especially in 
the field of autologous cell therapies and 
regenerative medicine,” McKee explains.

“With personalized medicine and small 
batch manufacturing, as we see for some 
rare disease gene therapy clinical trials, 
the sample volumes available for testing 
is also becoming smaller. A technology 
solution that can leverage a small sample 
to gain high volume information on con-
tamination in a short period of time will 
be a game-changer in the field,” she adds. 

The need for rapid testing assays is 
also driven by the limited stability of 
some products or the need to release final 

products quickly, Ruppach says. In some 
cases, as in the autologous cell therapy 
field, the patient cannot wait weeks for 
testing results before receiving treatment, 
he points out. “While rapid sterility and 
mycoplasma methods are available, there 
is still a need for rapid virus screening 
methods. PCR based testing is rapid but 
typically target known viruses or known 
virus groups. NGS approaches, however, 
have the potential to detect any contami-
nant and unknown variants but cannot yet 
be regarded as rapid, except where one is 
willing to compromise with respect to the 
sensitivity,” he further explains.

Ruppach notes that rapid testing 
requirements can also be met by appli-
cation of onsite, easy-to-use, and robust 
assays/kits, rather than shipping material 
to contract research organizations for test-
ing. “Here is still space for development, 
even though some of the rapid assays are 
set up for onsite applications,” he says.

Moreover, there is a trend away from 
“off-the-shelf ” assays to customized assays, 
Ruppach observes. “Biopharmaceutical 
products are more and more optimized 
for specific applications (cell therapy, 
AAV serotypes, etc.) that require individ-
ual adaption of adventitious virus testing 
methods. For instance, the assay to screen 
for replication competent AAVs in AAV 
vector products requires a sensitive cell 
line capable of supporting amplification 
of a potential replication competent virus. 
Not all wild type serotypes grow up on 
the same cell line and it requires imple-
mentation of serotype-specific suitable cell 
lines in the assay. Ideally, this is addressed 
by building platform assays which can be 
adapted to the specific needs of a specific 
product type,” he explains.

New production methods, such as con-
tinuous manufacturing processes where 
material from the fermenter moves 
through to fill/finish continuously, require 
continuous online testing, Ruppach also 
notes. Continuous online testing is best 
achieved by automated sampling and test-
ing using devices installed at critical posi-
tions of the process flow and that provide 
results within hours, maximally.  ◆
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Digital Strategies  
for Biopharma Manufacturing

Collecting and analyzing data are crucial for creating 
efficient, automated bioprocesses. 

JENNIFER MARKARIAN

D igitalization of biopharmaceutical manufacturing 
processes is moving forward, with new technologies 
for digital data collection and analysis playing an 

important role in automating processes. Industry groups 
and consortia, such as the BioPhorum Operations Group 
(BioPhorum) and the National Institute for Innovation in 
Manufacturing Biopharmaceuticals (NIIMBL), are bring-
ing together experts to develop standards and roadmaps for 
these new technologies.  

“We are heavily invested in the future of the bioprocess 
automation space by being part of and actively shaping the 
standards of the future as part of these groups,” says Darren 
Verlenden, head of Bioprocessing at MilliporeSigma, the 
Life Science business of Merck KGaA. “Our vision is of 
a facility of the future that will be digital, virtual, and a 
resource-efficient space.”

Verlenden says that subject matter expertise was key to the 
development of the company’s digital ecosystem introduced 
in April 2020, the Bio4C Software Suite, which employs the 
digital “4C strategy” (control, connect, collect, and collab-
orate). “Our process experts are the ones who functionally 

design our software and automation products. [Their exper-
tise was key] in our approach to defining our data architec-
ture, collection, analysis, and usage strategies.” 

Verlenden says that the company plans to introduce a 
family of products that create an integrated digital twin. The 
first product, introduced in April, is the Bio4C ProcessPad, 
which is used to collect and analyze data from disparate 
sources including equipment, batch records, databases, and 
historians. BioPharm International spoke with Verlenden 
about best practices for data collection and analysis, main-
taining data integrity, and predictive maintenance for bio-
pharmaceutical processes.

DATA COLLECTION AND ANALYSIS
BioPharm: What are some best practices for collecting and 
analyzing process data? 

Verlenden (MilliporeSigma): In the biopharma-
ceutical industry, if you were to look across the value 
chain of drug development to scale up to manufactur-
ing, process data are generated and used throughout the 
process stages. Whether the stages are carried out under 

Operations



Event Overview
Adeno-associated viruses (AAVs) are the main viral vectors 
for gene therapy and have been successful in treating 
inherited retinal diseases and spinal muscular atrophy. An 
AAV is composed of an icosahedral protein shell with a 
single-stranded genome of approximately 4.7 kb. The intact 
AAVs act as a vehicle to protect and deliver oligonucleotide 
therapeutics. As AAVs continue to be explored as therapeutic 
delivery platforms, it is vital to ensure that all the critical 
quality attributes of the therapeutic product are maintained. 
This webinar highlights a workflow to characterize AAVs, 
including post-translational modification identification of the 
capsid proteins.

Key Learning Objectives
 •  Learn about the utility of mass spectrometry for AAV 

characterization
 •  Learn how intact mass spectrometry can accurately 

confirm AAV capsid proteins
 •  Learn how AAV post-translational modifications can be 

identified and confirmed with mass spectrometry
 •  Learn how upfront sample preparation can improve mass 

spec accuracy and resolution

Who Should Attend
 •  Drug discovery, development and QA/QC scientists who 

are doing protein characterization
 •  Application chemists
 •  Biopharma scientists
 •  Process chemists
 •  Anyone with an interest in biotherapeutic development
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one umbrella or done in collabora-
tion with partners across an ecosys-
tem, this mechanism of capturing 
and using data is driven by two key 
objectives: to eventually run a com-
pliant and efficient operation and 
to deliver high quality therapeutics 
for the patients. The key objectives 
of these two elements never change, 
and they are rooted in the methods 
of quality by design (QbD), design 
of experiments, and continued pro-
cess verification (CPV) as you move 
through the scale up to the manufac-
turing processes. 

The design principles of interop-
erability and modularity manifest in 
the way MilliporeSigma products 
are developed and how our teams 
approach standards. Industry 4.0 
is big on an ecosystem approach; 
interoperability, data exchange, and 
decentralized decision making are 
key principles. These standards and 
protocols are what make these prin-
ciples real. Whether we speak of ISA-
95 for automated interface between 
enterprise and control systems (1), the 
ANSI/ISA-88 standards for batch 
process control (2), OPC UA for 
machine to machine communication, 
or ASTM standards for Raw Material 
eData Transfers (3), we ensure align-
ment on these by design.  

BioPharm: To employ data analysis 
systems, is it better to first digitize and 
go paperless, or are there good ways 
to handle paper-based data? What are 
some best practices in this area? 

Verlenden (MilliporeSigma): 
To make the best use of data anal-
ysis systems and tools, it is always 
recommended to have all the data-
sets, whether historical or present, 
in electronic format. However, this 
again goes back to the key imper-
atives for our industry. Companies 
know that in order to remain com-
petitive and deliver on their vision of 
bringing high quality therapeutics to 
the patients faster, they need to invest 
in efficiency. We know there are still 

many organizations out there, by vir-
tue of their past investments, that are 
still heavily paper-based. But that ’s 
changing rapidly. Products like the 
Bio4C ProcessPad facilitate transcrib-
ing paper-based historical records to 
an electronic format, seamlessly inte-
grating with other digital platforms. 

The Digital Plant Maturity Model 
(DPMM) from the BioPhorum 
Operations Group (4) is one good place 
to start. The DPMM has defined a 
framework that cuts across the differ-
ent functions in an organization and 
helps companies uncover the key gaps 
and focus areas they must consider as 
they move up in digital maturity. Once 
they start moving up this maturity lad-
der, the benefits are self-evident—faster 
root cause identifications, better trou-
bleshooting process, and quicker lot 
releases, to name a few. 

DATA INTEGRITY
BioPharm: What are the top con-
cerns with data integrity for bio-
pharma processes? What are some 
specific concerns for processes with 
single-use systems?

Verlenden (MilliporeSigma): 
Data integrity plays an essential role 
for the final delivery of products in the 
biopharma industries, as the availability 
of complete, accurate, and reliable data 
is of paramount importance to ensure 
drug safety and quality. Data integ-
rity refers to both manual (paper) and 

electronic data, and the availability of 
increasingly sophisticated digital sys-
tems is making issues relating to data 
integrity increasingly complex. 

Product quality is determined 
through the right and critical pro-
cess parameters and critical quality 
attributes. These parameters trans-
late into a complex set of data points 
that have to be identified, measured, 
monitored, and correlated to ensure 
they all come together across the 
process to finally deliver on the 
stated product quality goals. 

During any manufacturing process, 
enormous amounts of data are collected 
across and within production process 
steps. There are a large number of pro-
cedures, standard operating procedures, 
documentation, and reviews one must 
employ to maintain the integrity of the 
data that gets collected. All these pro-
cedures, reviews, and documentation 
exist to mitigate the issues around tran-
scription errors, missing records, limited 
audit trail, data corruption, and mis-
matched data set across steps and sys-
tems, to name a few. 

Thus, if you look at data integrity 
in the context of the digital plant 
maturity model, the lower one is in 
the maturity level of electronic records, 
the higher the investment required in 
more personnel, manual procedures, 
reviews, and additional paper docu-
mentation. The higher one moves in 
the maturity level, the costs diminish 
for collecting such data, increasing the 
efficiency, and increasing the ability 
to access and review data in near-real 
time to make faster decisions. Coming 
back to ensuring data integrity—one 
has to look at the complete process, 
from data acquisition, aggregation, 
and analysis to delivering insights.

PREDICTIVE AND 
PRESCRIPTIVE MAINTENANCE
BioPharm: What do you see as the 
trends in using digital technologies in 
maintenance of biopharma manufac-
turing equipment? 

Operations
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digital, virtual, and 
resource- 
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Verlenden (MilliporeSigma): 
Our approach to digital is to look at 
data as the key integrating unit. In 
Bio4C, our 3rd ‘C’, ‘Collect’, looks at 
the reporting and analytics across the 
analytics continuum from descriptive, 
diagnostic, predictive and, eventu-
ally, to prescriptive analytics. Bio4C 
ProcessPad offers, through its machine 
integration module ProcessPad RT, the 
ability to consume real-time machine 
data from historians for monitoring 
batch parameters.

On the maintenance side—namely 
predictive and prescriptive main-
tenance—we are integrating the 
above-mentioned process monitoring 
use cases to focus on the condition 
monitoring of the equipment. We are 
investing in the space of sensor inte-
gration and designing our unit oper-
ations’ automation with the capability 
to capture the right data across the 
equipment, the pumps, the valves, and 
the operations. 

There are fundamentally two scenar-
ios here. In the first scenario, existing 
facilities built over time have invested 
in their equipment and facilities and 
need to maintain them for the future. 
The second scenario includes expan-
sions and new facilities. In both sce-
narios, the approach to equipment 
maintenance will have a balance of dig-
ital and non-digitally enabled strategies.  

We can learn from other industries 
that are already ahead in this space, 
including automotive, aerospace, and 
oil and gas. These industries moni-
tor and maintain their equipment 
remotely with advanced digital and 
virtual tools. These learnings are also 
coming into our industry; we only have 
to make sure we balance them with 
industry-specific compliance and reg-
ulatory requirements when adopting 
these technologies. 

These trends are manifesting them-
selves in two dimensions: equipment 
are becoming intelligent and low-foot-
print sensors are becoming real, and 
secondly, service delivery will become 

advanced, proactive, and virtual. The 
convergence of these two dimensions 
will bring about the use of machine 
learning, augmented and virtual sup-
port, self-service capabilities, and pre-
dictive analytics and scheduling, to 
name a few.  Thus, you can imagine a 
future where predictive maintenance 
models would predict instrument fail-
ure well in advance and thus save man-
ufacturing batches. 

BioPharm: What are some best 
practices for using predictive main-
tenance? 

Verlenden (MilliporeSigma): 
First and foremost, the approach to 
predictive maintenance should be more 
holistic, with an integrated opera-
tions perspective—consider the busi-
ness imperatives, people, processes, 
and technology, which will drive bet-
ter asset utilization and overall lower 
operational costs.  

A holistic approach should start 
with a robust strategy and plan 
around your production floor asset 
management. For example, one needs 
to identify the critical equipment 
and their impact on the overall drug 
development process and product 
quality rather than aiming for pre-
dictive maintenance of all available 
equipment. This information should 
further be mapped at the key com-
ponent level and their function in the 
process. The strategy should ensure 
the key parameters regarding people 
and process elements are also identi-
fied and linked. 

Investment in technology is key: the 
equipment of the future will be intel-
ligent equipment. Advanced sensors 
and condition monitoring strategies 
are already being developed; control 
platforms and software will be able 
to collect and collate past and cur-
rent data. Advanced algorithms and 
machine learning capabilities will assist 
the end user to analyze, correlate, and 
understand the machine performance 
to detect faults in the equipment in 
real time. 

Finally, it is one thing to gather 
data, but quite another to analyze and 
use the data for its intended purpose. 
That ’s where—based on Industry 
4.0 concepts—the integration of the 
equipment with the facility level auto-
mation becomes important for con-
sidering predictive maintenance as a 
key strategy toward overall operations 
effectiveness. 

BioPharm: Can predictive main-
tenance be used for continued process 
verification?

Verlenden (MilliporeSigma): 
We think it should be the other way 
around—once the industry initiates 
continued process verification (CPV) 
and captures all datasets in a near-real 
time manner, then the collected data-
set can potentially be very helpful for 
training machine learning models and 
thus helping industries moves toward 
near real-time predictive maintenance. 

To elaborate, today, manufacturers 
collect samples and employ traditional 
statistical methods in their CPV pro-
grams. At the heart of such programs 
is identifying potential process incon-
sistencies to eventually execute cor-
rective or preventive measures. Thus, 
with enhanced digital capabilities of 
data aggregation and analysis, pre-
dictive models, and machine learning 
algorithms, one can start to work on 
the aspects of detecting inconsistences 
early and feed back into a CPV pro-
gram in a more systematic and struc-
tured manner.  
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In vitro glycosylation engineering (IVGE) enables the 
manipulation of glycosylation outside of cells to improve 
therapeutic protein production.

Glycosylation can significantly influence protein stability, 
biological activity, and pharmacokinetics of the final products. 
One way to manipulate glycosylation is through in vitro 

glycosylation engineering (IVGE). LakePharma, in collaboration 
with Roche CustomBiotech, offers custom IVGE services to improve 
therapeutic protein production. 

BioPharm International recently sat down with Hua Tu, PhD, 
founder and CEO of LakePharma. He provided insight into protein 
glycosylation, how it can be engineered, and IVGE in particular. 
Dr. Hua discussed LakePharma’s collaborative work with Roche 
CustomBiotech and its IVGE system.

BIOPHARM: Can you explain what protein glycosylation is? Why is  
it important?

HUA: Protein glycosylation is the process of adding sugar groups 
to proteins. Most proteins in the human body are glycosylated, and 
glycosylation is a natural phenomenon. Over the past 30 years, we 
have found that glycosylation is important because it affects the 
activity as well as the pharmacokinetics of proteins. Glycosylation 
has an impact on how a protein functions, and some proteins are 
only functional when glycosylated. If it is not glycosylated, the same 
protein may be either nonfunctional or it may not last long enough in 
the body to be meaningful.

BIOPHARM: How can protein glycosylation be engineered?  
Are there difficulties with any of the protein glycosylation 
engineering practices?

HUA: Protein glycosylation has become a key domain in the biotech 
industry. It is a very complicated process. Naturally, the number of 
enzymes and pathways that are involved in protein glycosylation 
makes it a challenging domain. With proteins, it is difficult to achieve 
consistent glycosylation.

In the past, protein glycosylation was left up to the cells to perform. 
To engineer and control protein glycosylation, it is necessary to 
change out glycosylation enzyme pathways in the system, which 
has been a challenge. In addition, because these are such complex 
pathways, it is very difficult to do this in a consistent manner.

Approaches for Protein Glycosylation 
Engineering: The Why and the How

BIOPHARM: To take that one step further, what is 
IVGE? How does it work?

HUA: IVGE entails performing glycosylation in a 
cell-free manner. In pioneering work done by Roche, 
enzymes and substrates have been developed that 
allow protein glycosylation to occur outside of cells 
using purified protein.

Suppose you want to add certain sugar groups 
to the protein. Instead of relying on the cells that 
produce the protein needed to add the correct 
sugar groups, Roche’s IVGE system allows the 
user to take control. Corresponding enzymes 
and substrates can be added to the test tube or 
reactions outside of cells. Then, the correct sugar 
groups can be added to the protein. It is a cell-free 
system that can be done in a controlled manner—
the temperature, the amount of enzyme and 
substrate used, and the reaction time can all  
be controlled.

BIOPHARM: What practical advantages have  
you seen with IVGE compared with  
traditional approaches?

HUA: IVGE has several advantages. The biggest one 
is that with IVGE, we can glycosylate a protein to 
be the way we want it. Because IVGE is performed 
outside of the cells, we can design what sugar 
groups we want to add to the protein, and  
how many.

Second, because IVGE is done with enzymes and 
substrates in a test tube, the level of glycosylation 
can be controlled. If we want the glycosylation to be 
complete, we can run the reaction until it is complete. 
The end result is the production of a very consistent 
product using IVGE technology.

BIOPHARM: Are there any limitations with IVGE?

HUA: Yes. IVGE currently works with certain types 
of glycosylation—for example, adding a sialic acid 
group. But there are other glycosylation pathways 
that occur in vivo, and those are not yet feasible 
to perform with IVGE. Currently, IVGE is limited to 
adding certain sugar groups, but certainly not all of 
the wide variety of sugar groups. There is more work 
to do in building additional glycosylation pathways 
that can be controlled by IVGE.

BIOPHARM: Can IVGE be adopted for large-scale 
GMP production?

HUA: Yes, we have been looking at the feasibility 
of this for quite some time. We do not believe 
that there are any bottlenecks or limitations to 
doing IVGE on a large scale, such as for GMP 
manufacturing. IVGE is done in test tubes using 
enzymes and reactions; this process is analogous 
to mRNA production, which also uses enzymes and 
substrates to produce a molecule.

LakePharma is a US-based biologics contract research, development, and manufacturing organization 
with operations in California, Texas, and Massachusetts. This biotech company specializes in the production 
and evaluation of DNA vectors, viral vectors, cell lines, proteins, antibodies, and conjugates while providing 
integrated solutions bridging discovery, engineering, development, and GMP manufacturing. LakePharma 
has contributed to the development of 200+ therapeutic or diagnostic products and strives to do hundreds 
more. Visit www.lakepharma.com for more information.

Roche CustomBiotech offers customized solutions for the pharmaceutical, diagnostics and 
biotech industry. The portfolio is geared to the demanding needs of pharmaceutical and in vitro diagnostic 
manufacturers. One product line was specifically developed for in vitro glycoengineering—enzymes and 
substrates to support your therapeutic protein development, as well as neonatal Fc receptor columns for 
antibody characterization. 

Visit www.custombiotech.roche.com for more information.
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Bioprocess Scale-Up:  
Getting Smarter, Sooner  

Single-use equipment, analytics, and automation may 
 add complexity, but they are reducing scale-up costs and timelines.

AGNES SHANLEY 

B ioprocess scale-up has become more complex, but 
asking the most difficult scalability questions at the 
very start of process development is leading to signif-

icant progress. In the end, the goal is standardized processes 
and increased flexibility. 

Converging trends are moving biopharma companies 
in this direction. One of the most important has been 
single-use equipment’s ascendance in all phases of R&D, 
pilot, current good manufacturing practice (CGMP), and 
even commercial manufacturing. Innovator companies 
and their contract development partners are relying more 
on single-use equipment throughout the value chain and 
taking a more data-driven approach to scale-up, says Joe 
Makowiecki, director of business development for Cytiva’s 
FlexFactory and KuBio products. The results have been 
reductions in timelines and costs, as well as the bottlenecks 
that have traditionally separated upstream and downstream 
operations, he says. 

“While the principles of scale-up are universal, each prod-
uct presents its own unique set of challenges,” notes Byron 
Rees, senior manager of process development services at 

Pall Biotech. “This is particularly true for therapies with less 
established platforms (e.g., the viral vectors used for gene 
therapies, or viral vaccines),” he says. 

“Long cell-doubling times for mammalian cell systems 
slow down upstream process development and the ability to 
generate material for downstream process development to 
optimize for yield,” he explains. Another potential problem 
is analytical cell-based assays with long turnaround times, he 
says. “In this case, low throughput and product complexity 
may also present challenges, so efforts must be made to 
identify rapid surrogate assays that can be used for process 
development,” Rees explains.

HIGH THROUGHPUT 
Many suppliers provide small-scale process development 
equipment that allow for high-throughput and design of 
experiments, Rees says. One example is Pall’s Mustang Q 
ion-exchange chromatography, which is available in 96-well 
format for early-stage development. Parameters determined 
on the early-stage product can then be translated into full-
scale versions using a larger form of the same product, he says. 

Outsourcing
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Partnering with equipment sup-
pliers can often accelerate process 
development significantly, says Rees. 
Recently, Pall’s process development 
services division in Portsmouth, UK, 
helped scale up the AstraZeneca/
Oxford University COVID-19 vac-
cine. “They were able to scale up the 
adenovirus-based vaccine, design a 
full single-use manufacturing facility, 
and install and commission it for the 
first commercial run in a record eight 
weeks,” Rees says. 

SINGLE-USE AND  
PROCESS INTENSIFICATION
Over the past five years, some of the 
biggest changes in bioprocess scale-up 
have been seen with single-use tech-
nology. Once reserved for the earliest 
pre-clinical developmental stages, sin-
gle-use equipment is now being used 
throughout the pharma value chain. 
Cytiva’s AKTA XL and FLUX XL 
systems represent extensions of its 
original “Ready” platforms, allow-
ing the technologies to be used on 
much higher volumes of product, says 
Makowiecki.                                               

Meanwhile, process intensification 
is transforming upstream and down-
stream processes, he says. Downstream, 
process intensification can be achieved 
through newer chromatography resins 
that are more rigid, provide increased 
flow rates and higher binding capaci-
ties, and can accommodate more strin-
gent cleaning regimens. New to the 
market are single-use chromatography 
nanofibers and membrane-based units 
that are designed for rapid cycling 
and single batch production, he says. 
Cytiva’s new Protein A Fibro device, 
for instance, can be rapidly cycled, 
resulting in similar or higher through-
put in less time, and in a compact, dis-
posable format.  

The switch from stainless-steel to 
single-use bioprocess equipment, if 
welcome from a cost and operational 
perspective, can still pose some tech-
nical challenges, and in some cases, 

has necessitated cell-line optimization 
efforts. “We have had to develop new 
scale-up paradigms to deal with sin-
gle use bioreactors,” says Colin Jaques, 
technical director, R&D, at Lonza 
Pharma & Biotech.“ With stain-
less-steel, developers control the pro-
cess by considering the geometry of 
the vessel and its materials of construc-
tion, which allows scale-up to be based 
on firm assumptions. With single-use 
systems, however, the design and 
geometry for each piece of equipment 
differs from vendor to vendor,” he says. 

Thus, in the stainless-steel days, 
when geometric similarity and materials 
of construction were assured, scale-up 
could be based on physicochemical 
considerations such as pressure/volume 
(P/V), mass-transfer coefficient (KLa), 
superficial gas velocity, mixing times, 
and feed strategies, Jaques explains. 

“Without this assurance, cell culture 
characterization has become much 
more important. At Lonza, we have 
moved to using multivariate data anal-
ysis methods, such as principle com-
ponent analysis (PCA) and projection 
to latent structures (PLS), to compare 
culture performance across scales and 
between vessel types,” he says.

BETTER SCALE-DOWN 
Scale-up is becoming increasingly 
data-driven. As analytical instrumen-
tation collects more data, and better 
models are developed for scale-down 
and other efforts, developers can 
apply enhanced process knowledge 
to improve results.“Historically, we 
would have only applied engineer-
ing principles when scaling processes 
up to bioreactors larger than 250 L, 
but now we add insight from all our 
data and experience in the large-scale 
and small-scale relationships,” says 
Timothy Morris, group leader of 
manufacturing process development 
at Catalent Biologics.“This approach 
adds robustness to our small-scale ear-
ly-stage development work, and helps 
us maintain a high level of success 

in our large-scale processes,” he says. 
His team trends data sets to ensure 
that all known potential failure modes 
are removed prior to scaling, Morris 
explains, a process that requires sea-
soned scientists and experience work-
ing on scale-up programs.

Catalent use multiple tools for 
scale-up, Morris says. In initial devel-
opment stages, one of the most com-
mon is a scale-down model approach. 

“Based on our experience with robust 
CGMP systems, we use multiple fac-
tors to detect known industry failure 
modes, such as pH variations in large 
bioreactors,” he says. 

In an ideal bioreactor, ever y-
thing would be homogenous, Morris 
explains, but empirically, a 2000-L 
bioreactor is going to have some strat-
ification. He recalls one case where 
the team saw lower bioreactor pro-
ductivity at large scale and concluded 
that cell productivity was pH sensitive. 
Although the online systems read sim-
ilar values, the scaling differences were 
not detected. “In a small-scale model, 
we were able to detect the same failure 
mode at the edge of the pH values, 
and incorporated that learning into 
our process scale-up. Modeling alone 
might not have detected the produc-
tivity loss,” Morris says. In the end, the 
manufacturing process was scaled up 
to achieve higher yields. 

MULTIPLEXING OF ANALYTICS
The most important scale-up approach 
in the future will rely on the “multi-
plexing of analytics,” says Morris. In 
the area of antibodies, complexity has 
already created a plethora of advanced 
analytics, he notes. As use of biother-
apeutics grows, he expects the industry 
to move to even more complex mole-
cules such as multi-specific antibodies, 
novel proteins, and other biomimetic 
modalities. These therapies will require 
more advanced analytics than the tech-
niques being used today, if developers 
are to better understand the relation-
ship between process and product 
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variation. “We will see high-through-
put and more sensitive analytics that 
provide a cost-effective way to screen 
variations in order to create in-process 
specifications,” he says,

MULTIVARIATE ANALYSIS
Lonza is also using more data-driven 
approaches and more historical data 
to leverage process understanding to 
improve scale-up. As Jaques notes, the 
company has started using multivariate 
analysis to aid in comparison of cul-
tures performed at different scales and 
in different reactor formats. 

In one case, Jaques recalls that his 
team was characterizing a new sin-
gle-use bioreactor. Data from the new 
reactor fit well with data generated by 
a comparable stainless-steel vessel, he 
says. However, when the bioreactor 
was running only half full, the behavior 
of the cell culture changed completely. 

Using principal component analysis, 
the team found that data from runs 
performed at half volume did not fit 
in with those from full volume runs. 
Even worse, data from the cultures 
performed at half volume at differ-
ent scales did not fit expected patterns, 
Jaques says. Analysis of the Q residuals 
for the PCA models indicated that 
operation at half volume had funda-
mentally changed the behavior of the 
cultures. In this case, changes to a sin-
gle geometric parameter, the depth of 
the culture in the vessel, had a signifi-
cant impact on performance. 

In the future, manufacturers and 
contract development and manufac-
turing organizations (CDMOs) will 
have to be better prepared for scale-up, 
says Atul Mohindra, senior director 
for biomanufacturing, R&D at Lonza. 
“First, we have to take into account the 
diversity of technologies being used 
for current and future clinical man-
ufacturing processes, and how these 
will differ when scaled up for com-
mercial production.” 

He points to the challenges of scal-
ing up from early-stage single-use 

equipment to larger stainless-steel 
bioreactors, and notes that histori-
cal experience doing these transfers 
has been crucial to achieving and 
being able to replicate good results. 
Mohindra also believes that the 
industry needs to expand its use of 
data modelling and the concept of 
digital twins, and to get better at 
transferring process information, both 
within and between companies.

HIGH-DENSITY CULTURES
As high-density cell cultures become 
more important in the industry, so 
will the need to achieve represen-
tative scale-down models to gener-
ate high density inocula for use in 
high-throughput models, says Jaques. 
“Cell line characteristics that are 
required to maximize process perfor-
mance in high-density cultures are 
different from those required to max-
imize performance for low-density 
cultures. As a result, selection deci-
sions made early in the cell-line con-
struction may be less than optimal if 
they are based on existing scale-down 
models,” he says. 

Operating small-scale perfused 
N-1 cultures for high-throughput 
cell line selection is not practical, he 
adds. “Crude methods of mimick-
ing a high-density inoculum can be 
developed, but these are often labor 
intensive and compromise the starting 
conditions in the production model,” 
says Jaques. Makowiecki sees adoption 
of Biopharma 4.0 concepts potentially 
halving the time required for standard 
programs (i.e., from the pretoxicology 
phase on) to six months.

RAPID SCALE-UP 
A number of platforms permit rapid 
scale-up, once the process has been 
fully characterized and the team is 
satisfied with the performance of 
the upstream production process, 
recovery yield, and product quality at 
the process development scale. Rees 
cites upstream suspension processes 

as an example. In this case, he says, 
process development scientists need 
to evaluate the bioreactor agitation 
and gassing strategy. Pall’s Allegro 
STR allows users to base scale-up 
on power input and superficial gas 
velocity. “The key for a streamlined 
scale up is to keep development 
runs to a minimum, so choosing a 
well-characterized platform is vital,” 
Rees says.Downstream, a l inear 
scale-up strategy can be adopted for 
many of the unit operations. “Here, 
we need not only to make sure that 
the filters and chromatography sta-
tionary phases are sized correctly for 
the process and that they are scalable, 
but that all the equipment and flu-
id-transfer manifolds are capable of 
operating at the required flow rates 
and pressures needed to maintain 
the process conditions from the lab-
oratory scale,” says Rees. 

As technology improves, biophar-
maceutical process scale-up remains 
a work in progress. Given increased 
outsourcing, optimizing approaches 
will be crucial to reducing costs. In 
collaborative research, Amgen Corp. 
and MilliporeSigma have described a 
unified scaling approach that would 
tie upstream and downstream scaling 
approaches. “Upstream and down-
stream process scale-up is most com-
monly approached in parallel, but 
separately. We felt that a unified 
approach that applies to all biopro-
cesses would be helpful to the biopro-
cess engineers concerned with process 
scale-up. We also noted that the scal-
ing techniques employed by industry 
are time-tested and have proven reli-
able. Often, scale-up failures are due 
to facility fit and system design con-
straints,” comments Joshua Arias, tech-
nical lead, BioReliance End-to-End 
Delivery, global pharma processing, 
MilliporeSigma. Ongoing automation 
improvements and better data analyt-
ics promise to help sort out the real 
signals from the noise in pharma’s 
scale-up projects. ◆
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Ask the Expert

vigilant with regards to the supply chain (e.g., look out 
for economically motivated adulteration or changes to 
established logistics or transportation systems). 

FDA points out in the guidance that a resumption 
plan, preferably in conjunction with an emergency 
plan, requires management leadership for successful 
execution and that such a plan should be based on a 
risk management approach. The concern must be the 
patient (i.e., the assurance of supply of drugs of the 
right quality). To come back to your question, this 
guidance document provides a wealth of informa-
tion for manufacturers like yourself and you are well-
advised to study it carefully.

REFERENCES
1. FDA, Guidance for Industry, Resuming Normal Drug and Biologics 

Manufacturing Operations During the COVID-19 Public Health 
Emergency (September 2020), 

2. FDA, Guidance for Industry, Planning for the Effects of High 
Absenteeism to Ensure Availability of Medically Necessary Drug 
Products (March 2011). ◆
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Ask the Expert

Siegfried Schmitt, vice president, Technical at Parexel, 
offers insight into FDA’s guidance on performing  
operations during COVID-19.

Q: We are a manufacturer of prescription 
pharmaceuticals, and we experienced 

many disruptions to our operations because 
of the COVID-19 restrictions. This made it 
difficult to fully comply with current good 
manufacturing practices (CGMPs). Is there a 
regulatory agency expectation by when we need 
to be back in compliance?

A: During the current pandemic, manufac-
turers have encountered difficulties in 

continuing operations while staying in compli-
ance with regulations. Although there is a lot of 
talk about the “new normal”, when it comes to 
CGMP, there is no such thing, because the regula-
tions have not changed, nor were they suspended. 
So, the question is not when you need to be back 
in compliance, but when you can resume normal 
operations in compliance. 

In September 2020, FDA published the 
Guidance for Industry, Resuming Normal Drug 
and Biologics Manufacturing Operations During the 
COVID-19 Public Health Emergency (1), in which 
FDA acknowledges that deviations from estab-
lished CGMP activities have likely happened 
and provides guidance on how to address these 
issues. FDA writes, “This guidance describes 
how to evaluate and prioritize the remedia-
tion of CGMP activities that were necessarily 
delayed, reduced, or otherwise modified during 
the public health emergency in order to main-
tain production and the drug supply” (1).

A risk-based approach to remediating is 
necessary, as resources are strained, be it for 
employee illness and absenteeism, travel restric-
tions, site closures, social distancing measures, 
or supply chain disruptions (including services). 
Despite these difficulties, FDA reminds industry 
of their obligation to provide necessary medi-
cines to patients and to maintain compliance 
with the regulations (i.e., to prevent disruptions 
to the supply chain, especially of medically 
necessary products) (2), or the release of prod-
ucts that would be considered adulterated. FDA 
emphasizes that, “CGMP requirements remain 

in effect during the COVID-19 public health 
emergency” (1).

With the COVID-19 pandemic, the supply 
of any type of drug, not just medically nec-
essary drug products, is at risk. FDA therefore 
requests that, “A drug manufacturer whose man-
ufacturing operations have been disrupted by 
the COVID-19 public health emergency should 
follow an established plan, which includes 
returning to normal CGMP operations, with 
consideration given to when there is a reason-
able expectation that normal operations will 
be maintainable for an extended period of 
time” [emphasis added by author] (1). In other 
words, companies must have a plan (e.g., based 
on a business continuity plan) on how to get 
back to normal operations on a continuous basis.

Before companies reach that situation, they 
may have departed from established CGMP 
activities. FDA requests that in these circum-
stances drug manufacturers perform the follow-
ing (1):

• Identify these deviations and any neces-
sary remediation actions.

• Evaluate these actions as part of their risk 
management approach. 

• Prioritize resumption activities based on 
the results of the evaluation. 

FDA explains that, “Where critical CGMP 
activities were delayed, interrupted, or reduced in 
frequency, the batch should be quarantined and 
the decision to approve the batch delayed until 
remediation activities ensuring drug quality are 
completed. Such activities include, for example, 
critical quality attribute testing, investigations of 
critical deviations, and evaluation of unapproved 
changes to critical operations or materials. Drugs 
not manufactured in a manner that ensures their 
quality must not be distributed” (1).

The guidance document includes examples of 
areas where remediation may be needed. This 
section reminds drug manufacturers to be extra 
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Resuming Operations During a Pandemic
Siegfried Schmitt 
is vice president, 

Technical at PAREXEL.

Contin. on page 57
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