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Chairman’s Letter

T

he biopharmaceutical industry continues to grow at a
steady rate, and now represents nearly half of pharmaceutical industry profits, largely due to the higher drug
costs for biologic drugs. This trend—and other insight about
the landscape for bioprocessing, market growth potential, and
manufacturing capacity—are summarized in a Special Report
by BioPlan Associates in “Trends Affecting Biopharmaceutical
Manufacturing.”
The COVID-19 pandemic continues to have implications
for the industry including for primary packaging. An early
manufacturing concern was supply. Would enough vials be
available to handle the COVID-19 vaccine demand, as well
as the normal requirements for other therapies? With billions
of doses of vaccine distributed and billions more needed, the
cover story of this issue, “Setting a Clear Strategy for Primary
Packaging”, reviews the response of both vial and vaccine manufacturers to meet current needs, as well as strategies to ensure
robust supply chains of materials for the future. Alternatives
to the standard borosilicate Type I glass vials, such as readyto-use molded glass, strengthened aluminosilicate glass, and
plastic options are explored.
While the industry continues to expand its COV ID-19
pandemic response, companies are advancing new technologies to take some of the guesswork—and expensive trial
and error—out of process development steps. Two articles in
the Manufacturing section address this progress. The role
mechanistic models can play—using minimal experimental
data—to develop robust manufacturing processes is reviewed
in “Using Digital Twins to Model Process Chromatography.”
Models for upstream and downstream processing, cell culture
development, and vaccine manufacturing are examined in
“Opportunities for Digital Twins.”
Automation and digitalization practices can reduce the
number of people needed in a manufacturing facility. This
important lesson learned from the COV ID-19 pandemic
can be applied to the manufacture of emerging therapies, as
described in the Development topic “Reevaluating Cell and
Gene Therapy Development.”
Peer-review research shared by industry experts contributes to the overall advancement of bioprocessing practices. In
this month’s paper, “Conformational and Colloidal Stability
Studies to Predict the Best Biopharmaceutical Formulation”,
analytical scientists describe analytical workf lows to assess key
structural characteristics of model proteins to evaluate stability
during formulation processes.
Continuing the comprehensive coverage, other features in
this issue examine fermentation challenges, advances in process
chromatography, in-vivo and in-vitro studies for adventitious
agent testing, and understanding reagent purity grades.
We expect additional changes as the world and the industry recover from the pandemic. We will continue to bring you
strategies to address these challenges.

Mike Hennessy, Sr.

Chairman and Founder
MJH Life Sciences™

To subscribe, email mmhinfo@mmhgroup.com
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From the Editor

Next Chapter

W

hen I f i rst entered t he
Rita Peters is
business-to-business pubeditorial director of
lishing world more than 30 BioPharm International.
years ago, I never expected to spend a significant portion of
my career writing about bio/pharmaceutical development and
manufacturing. The subjects I have covered are somewhat
obscure to someone not involved in that industry, prompting
the comment: “There’s a magazine for that?”
As a writer/journalist, I sometimes would question my
choice to write about pharmaceutical regulations or bioprocessing equipment versus penning the great American novel.
During the past 18 months, however, reporting on the pandemic-related news and bio/pharmaceutical development
and manufacturing efforts to combat COVID-19 served as a
reminder of the important role media outlets such as BioPharm
International, Pharmaceutical Technology, and Pharmaceutical
Technology Europe play in their markets, and beyond.
The achievements by the bio/pharmaceutical industry to
produce billions of doses of new vaccines has been remarkable; however, it is obvious that more work is to be done.
For me, it is time to transition to my next chapter; I will be
retiring from my position of editorial director of these publications at the end of September 2021.
I leave with the confidence that the magazines, websites,
webcasts, newsletters, videos, podcasts, conference sessions,
and other multimedia programs are in the great hands of the
editorial team of Felicity Thomas, Susan Haigney, Jennifer
Markarian, Feliza Mirasol, Meg Rivers, Grant Playter, and
new editorial director, Christopher Spivey.
I also know readers and advertisers will be supported by
the sales team led by Publisher Mike Tracey and the webcast,
design, content marketing, audience development, and other
experts who have supported the publications over the years. I
am grateful for their expertise, dedication, and friendship during my time with the publications.

PARTING THOUGHTS

Currently, we are witnessing the impact rumors or misinformation about COVID-19 and vaccines can have on society.
As essential healthcare providers, bio/pharma companies
cannot contribute to such misinformation or prioritize the
bottom line over the quality and safety of the products they
produce. Likewise, the companies supporting these efforts are
obligated to share information supported by science and data,
not marketing or sales objectives.
Keeping a “science first” mantra at the forefront will help
ensure the bio/pharma industry can meet its primary obligation of serving patients. Thank you for the opportunity to
represent this industry. ◆
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Regulatory Beat

Biosimilars Move to Center Stage
Will FDA’s approval of Semglee create a surge in
the development of interchangeable biosimilars?

8

BioPharm International September 2021 

lin analog. FDA Acting Commissioner Janet
Woodcock praised the action as “momentous,” emphasizing the agency’s support for a
competitive marketplace for biological products and for increasing patient access to “safe,
effective, and high-quality medications at
potentially lower cost” (1).

Despite years of
disappointment, recent
progress has fueled
predictions for significant
growth in biosimilars...
FDA also emphasized its rigorous testing and
analytical process for documenting that a biosimilar has “no clinically meaningful differences” with its reference product and that there
are no additional risks for a patient switching to
an interchangeable treatment. The key to expeditiously developing less-costly biosimilars is the
ability of manufacturers to conduct analytical
studies to confirm the structural and functional
similarity of a proposed biosimilar to a reference
product. Biosimilar manufacturers do not need
to conduct many expensive and lengthy clinical trials to establish similarity, FDA explains,
but may rely more on extensive structural and
functional comparisons (2). To document interchangeability, however, the manufacturer has
to conduct switching studies to demonstrate
that there are no added safety risks or decreased
efficacy for an individual moving between the
reference product and biosimilar (3).

www.biopharminternational.com
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T

he holy grail for expanding access to
less costly biotech therapies in the
United States has been FDA approval
of interchangeable biosimilars that do not
require a physician to prescribe the alternative
treatment. The development and utilization
of biosimilars has been slow and disappointing since Congress enacted the Biologics Price
Competition and Innovation Act (BPCIA) in
2010 authorizing follow-on products in this
area. FDA has approved only 30 biosimilars
since then, with just 20 on the market through
2020. But on July 28, 2021, FDA authorized the
first interchangeable biosimilar for the US market, raising hopes for more affordable biotech
treatments to come (1). It was no surprise that
the first interchangeable is for an insulin therapy, predicted to reduce costs for some of the
nation’s 34 million diabetics and setting the
stage for what analysts expect to be a surge in
the development of interchangeable products.
Despite FDA assurances that biosimilars are
as safe and effective as innovator therapies, prescribers have been slow to switch patients to these
alternatives, especially where brand manufacturers warn of adverse reactions to products undergoing an abbreviated testing process.
Extensive patent protections and complex legal issues have enabled innovators to delay new competition, as has
the need for a physician to prescribe
the follow-on product.
Now a ll eyes a re watch ing
closely to see how well an interchangeable product competes with
a w e l l - e s t a b l i s h e d b r a n d . F DA
Jill Wechsler is approved Semglee—made by Viatris
BioPharm International’s a nd Bio con Biolog ic s (for me rly
Washington editor, Mylan) — as interchangeable w ith
jillwechsler7@gmail.com. Sanofi’s Lantus, a long-acting insu-

Regulatory Beat

At t he sa me t i me, F DA a nd
other regulatory authorities recognize that large-molecule biologics are not identical copies of
a reference drug and usually contain a mix of many slight variations of a protein. Manufacturers
thus need to submit data showing similar variations compared
to the brand. Additional animal
toxicology and clinical pharmacology studies support the structural and functional assessments,
and manufacturers look to control for the pattern and degree
of variations between different
batches to ensure that safety and
effectiveness does not change.

Additional action
on Capitol Hill
may advance
biosimilar use...
MORE GROWTH AHEAD
Despite years of disappointment,
recent progress has fueled predictions for significant growth in biosimilars, even before FDA’s action
on Semglee. A report from IQVIA
issued in October 2020 predicted
an accelerated increase in biosimilar approvals and sales that
will yield $100 billion in savings
over five years. As biotech therapies account for a larger portion
of the prescription drug market,
the analysts expect an increase in
biosimilar development programs
and greater uptake of these competitive products by prescribers
and patients (4).
Similarly, a new analysis by
Amgen on the current state of the
US biosimilar marketplace predicts
significant growth as more bio-

www.biopharminternational.com

similars launch at deep discounts
and capture larger market share
(5). In addition to financial savings, the analysts believe that
payers and providers will support
biosimilar uptake, as confidence
grows in manufacturers’ ability
to produce high-quality products
and ensure reliable supply.

FDA also is assisting
firms in navigating
innovator patents
and exclusivity
periods with an
update and expansion
of its Purple Book
of approved
biological products.
FDA also is assisting firms in
nav igat i ng i n nov ator pate nt s
a nd e xc lu siv it y p e r io d s w it h
an update and expansion of its
P u r ple Book of approved bio log ical products. Budget leg islation approved by Congress in
December 2020 instructed FDA
to include important patent and
technical information on reference products to facilitate the
development and approval process for biosimilars (6).
The legislators also are eyeing measures to deter innovator
promotional messages that dispa rage fol low- on compet itors,
spurred by FDA criticism of an
Amgen promotional communication for undermining consumer
confidence in biosimilars to its

Neulasta (pegf ilg rastim) injection. In July 2021, FDA’s Office
of Prescription Drug Promotion
(OPDP) sent Amgen an Untitled
Letter criticizing the company
fo r m a k i n g a f a l s e c l a i m o f
greater adverse events with the
injec t ion system used by bio similars compared to the Amgen
pro duc t (7 ). OPDP adv i s e d
Amgen and other firms to “caref ully evaluate the information
presented in promotional mater ials for reference produc ts or
biosimilar products” to ensure
cor rec t produc t ident i f icat ion
and avoid consumer confusion.
Additional action on Capitol
Hill may advance biosimilar use,
such as legislation approved earlier this year by the Senate that
increases public access to information on biosimilar and interc h a n ge a ble pr o duc t s to he lp
address patient concerns. Even
more impor tant for biosimilar
makers is to enact measures that
en ha nce Me d ic a re rei mbu r se ment for follow-on products by
rev ising t he pay ment for mu la
for biosimilars under Part B and
requ i r i ng favorable for mu la r y
placement by Part D drug plans.
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Cover Story: Fill/Finish

Setting a Clear Strategy
for Primary Packaging
Alternative materials, as well as supply-chain planning,
are essential to ensure a reliable supply for parenteral drug packaging.

P

harmaceutical glass, above all, should be inert to drug
formulations and ensure the safe storage of medicines.
While borosilicate Type I glass is the industry standard, shortages of some types of glass vials in recent years
have been further exacerbated by the COVID-19 pandemic
supply chain disruptions and need for high demand for glass
containers for vaccines.
Manufacturers that implemented advanced supply-chain
planning for fill/finish materials have weathered these challenging conditions so far, but difficulties are expected to continue for
some time. Glass manufacturers are helping customers adjust to
the situation with validation of alternative glass container solutions, including ready-to-use (RTU) molded glass products and
strengthened aluminosilicate glass. Greater flexibility and collaboration across the supply chain have also surfaced as important
factors for managing fill/finish material supply.

SAFE AND INERT

Drug products produced in glass vials and pre-filled syringes
must be safe for the people who rely on the medicine they
contain. That is the number-one priority for Curia (formerly
10
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AMRI), according to Jon Leisner, the company’s director of
US procurement. “We take our responsibility seriously, to
both our clients and the end-user, to provide sterile, quality,
and compliant products,” he says.
For that reason, the most critical aspect of the glass used
for pharmaceutical primary packaging needs to be as inert
as possible so that it does not react with, add to, absorb, or
allow external factors to change a drug product’s established
safety, identity, strength, quality, or purity characteristics,
explains Kevin McLean, quality and technical manager—
Americas with SGD Pharma.
As such, notes Woocheol Chae, head of the drug product
planning group at Samsung Biologics, the glass material must
be chemically stable and not generate extractables or leachables
(E&L), delaminate, or undergo other changes upon contact
with the drug product. Minimizing E&L concentrations, adds
Robert Schaut, scientific director of Corning Pharmaceutical
CYNTHIA A . CHALLENER, PhD, is a contributing editor to
BioPharm International.

www.biopharminternational.com

adisonpk/Stock.Adobe.com

CYNTHIA A. CHALLENER

Do you need support when
producing small batches of
GMP products for Phase 1
and 2 clinical trials?
Photo courtesy of VanRX

BioPharma
Product Testing
www.Eurofins.com/BPT

Eurofins BioPharma Product Testing can help eliminate
human error and other risks associated with manual
fill-finish with our state-of-the-art Vanrx Microcell Vial
Filler. We offer the agility needed to support personalized
medicines and the capacity to make multiple batches
each day.
As the FDA pushes for less human intervention in aseptic
processing, choose Eurofins for a proven solution for sterile
filling using a single machine with maximum efficiency,
flexibility and accuracy.

Request a Quote to Get Started Today

Leading experts in:
Chemistry

Molecular &

Biochemistry

Cell Biology

Microbiology

Virology

Global Services:
Method Development/Optimization
Validation/Qualification/Transfer
Product Release Testing
Stability Storage & Testing

Raw Materials Testing
Impurities & Residuals Testing
Characterization
Cell Banking

Cell Line Characterization
Viral Clearance
Bioassays
Professional Scientific Services®

Cover Story: Fill/Finish

rity below the elastomer’s transition
Technologies, promotes the stability and
PANDEMIC-RELATED
temperature, maximizing filling-line
purity of the drug product.
SUPPLY-CHAIN CHALLENGES
In addition, according to McLean, throughput while minimizing particle
The supply-chain for the production
glass containers must protect their con- contamination, ensuring mechanical
of tubular glass pharmaceutical-grade
robustness during freezing and trans- vials has been under stress for several
tents from the environment, and in some
cases protect people from their contents, portation, delivering cosmetic quality to
years. Notably, the raw cane used to
for example, from cytotoxic drug products. permit inspection of the contents, and
produce these vials was under strain due
In the United States, specific require- serving as a functional barrier to con- to changes in regulatory expectations in
ments for primary packaging as estab- tamination, gas, and light.
Asia, where there was demand move“The introduction of messenger RNA ment from so-called low-borosilicate
lished by FDA are outlined in 21 Code of
vaccines sets more specific needs beyond
Federal Regulations Section 211.94. With
to mid- and high-borosilicate composiconventional glass vials, demanding
respect to glass packaging, the global
tions, according to McLean.
pharmacopoeias list three types of con- either increased strength for optimal
The COVID-19 pandemic then
tainers distinguished by their composi- fill volumes in cold storage or a greater
placed an enormous global demand on
number of conventional glass vials with
tions and classified by their hydrolytic
the supply of tubular vials, creating conlower fill volumes,” Schaut continues. cerns for global drug supply lines. “The
resistances—the extent to which 121 °C
superheated water extracts alkali from “These needs have created new chal- supply/demand balance can be challenglenges for fill/finish manufacturing and
the surface of the glass.
ing to maintain when we are in a steady
Type I borosilicate glass, for instance, drug delivery that traditional pharma- state, so the addition of a once-in-a-genceutical packaging is not able to address
has a long history of application and is
eration public health emergency has
and is pushing the industry to move
the global standard for parenteral drugs
certainly put additional pressure on the
towards new, more advanced solutions to
due to its high hydrolytic resistance and
marketplace,” says Leisner.
ability to withstand extreme conditions, glass manufacturing,” he asserts.
“The speed at which companies are
Filling-line throughput has been
according to McLean. Type II and III
required to move in order to address supparticularly important for the COVID- ply shortages is impacting every stage of
are both soda-lime-silica glasses, but
the former is treated on the inner sur- 19 vaccine due to the need to fill mil- the supply chain, from manufacturing to
lions of vials as rapidly as possible. business processes to people,” Schaut adds.
face to increase hydrolytic resistance.
Borosilicate glass primarily com- “There are many factors that limit the
Many of the large pharmaceutical
speed and efficiency of pharmaceutical
prises silica and boric oxide and only
companies, notes McLean, took a risk
contains small quantities of sodium. filling machines, including dimensions
and placed orders for vials to package
and friction of the vial being processed,” vaccines that were yet to be approved,
This composition, says Leisner, makes
it resistant to heat and to enzymes. notes Schaut.
locking in supply to meet the demand.
Traditionally, Schaut observes, filling “Ultimately, the supply-chain challenges
Its chemical inertness also makes it
non-reactive with pharmaceutical prod- machines have been deliberately engi- for glass packaging materials observed
ucts and reduces the risk of contamina- neered with output constraints due to
over the last year are a result of a series
the physical interactions between the
tion, API degradation, and pH shifts.
of events, with a ripple effect across the
machine and conventional borosilicate
All three types of glass must meet the
industry,” he concludes.
container and closure system specifica- glass vials. “Stress and friction generaAn extended delivery period, which
tion on turn tables, tracks and trays, and
tions of the United States Pharmacopeia
caused supply shortages, posed the bigparticularly at junctions between inter- gest challenge over the last year, accordand/or the European Pharmacopoeia, says
mittent and continuous motion can lead
Chae. The use of a colorant (mostly
ing to Chae. “Where it used to take 4–6
amber) is possible as a means for pro- to glass breakage and human line inter- months to get a fill/finish material supventions, which risks greater contami- ply delivered is now extended to 12–20
tecting the contents from exposure to
nation of sterile environments,” he says.
light, he adds.
months.” In particular, glass vials that are
Rapidly filling millions of vials with
widely used for vaccines, such as 10R vials,
COVID-19 vaccines requires optimal
were difficult to secure due to immediate
PANDEMIC-DRIVEN
filling
efficiency
and
quality,
which
can
increase in demand.
PERFORMANCE
be
achieved
in
part
using
vials
with
a
Despite such advanced planning by
The COVID-19 vaccines placed addilow coefficient-of-friction exterior sur- many, there has—and continues to be—a
tional performance requirements on the
packaging system, according to Schaut. face, improved dimensional consistency, tremendous amount of pressure on the
and strengthening to resist breakage, entire supply chain, according to Leisner.
Key examples, he explains, include
“Quite simply, demand has outstripped
maintaining container-closure integ- concludes Schaut.
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supply across the entire spectrum of fill/
finish. It is not restricted to glassware.
There have also been shortages of things
[such as] plugs and stoppers, as well as all
the consumables we need throughout the
manufacturing process to fill and finish
vials and pre-filled syringes, such as filters
and filter bags,” he comments.

MOLDED GLASS
AS AN ALTERNATIVE

For companies that typically rely on
tubular glass vials to package their therapeutics facing supply shortages, one
option was to rapidly qualify other solutions, such as molded glass, as a backup or
alternative. Molded glass can have some
shortcomings compared to traditional
glass, such as higher weight, non-uniform
thickness, and reduced cosmetic quality,
but does meet good manufacturing practice requirements.
“Forward-looking fill/finish operators continue to shore up their supply
base and are thinking ahead. As vaccine
administration is allowing the world to
resume some degree of normal activity,
COVID-19-driven demand remains
high, and demand for other therapies
that dropped during the pandemic is
also rebounding. We are seeing more
and more interest in molded glass as
an alternative or back-up option to
tubular glass given its global availability,”
McLean observes.
It is not a simple solution, though.
“The difficulty here is that the qualification and validation for alternate packaging can be extremely resource-intensive
and can overwhelm smaller pharma companies,” says McLean.
Some have therefore turned to glass
suppliers like SGD Pharma for regulatory support and to help with providing stability evidence and other needed
data, according to McLean. “Many companies are seeking the expertise of their
primary packaging partners to ensure
approval and mitigate the risk of validations not being accepted. For instance,
SGD Pharma is working with fill/finish organizations to provide support and
www.biopharminternational.com

information to help with the scientific
justification of material changes,” he says.

GROWING INTEREST
IN READY-TO-USE VIALS

SUPPLY-CHAIN NEEDS

There has also been growing interest
in RTU glass vials in several pharmaceutical segments. RTU glass vials can
be delivered pre-sterilized in optimized
secondary packaging ready for fill and
finish, skipping up-front washing and
depyrogenation steps in an aseptic environment, allowing biotechs and drug
manufacturers to speed up time-tomarket, according to McLean.
“RTU technology has been around
for a while, but only recently have we
seen real interest, particularly in markets
that require considerable flexibility in
their operations, such as veterinary and
biotech,” McLean says. For example, he
points to the growing trend of personalized medicine as placing demand on
innovative biotech companies for more
flexible production capacity that can
be supported by novel combinations of
primary packaging.
To help meet that demand, SGD
Pharma has introduced a number of
RTU molded glass range extensions
for fill/finish, including 50-mL vials in
clear and amber glass in pre-sterilized
tray secondary packaging and 20-mL
vials in clear and amber glass in a nestand-tub format.
“These new RTU primary and secondary packaging combinations developed
in collaboration with Stevanato Group
offer drug producers the flexibility they
need to deliver innovative medicines to
patients significantly faster because the
drug master files (DMFs) are available,”
McLean comments. “The nest-and-tub
format, for instance, protects vials with no
glass-to-glass contact and enables combi-line filling, the ideal option for smaller
biotech companies looking for optimal
flexibility,” he adds. In addition, biopharma manufacturers now have access
to an integrated, flexible multiple filling
line solution for different sources of primary packaging.

Catalent has not had any direct experience of significant supply shortages
during the pandemic because the
company honed in on addressing supply-chain needs, according to Melissa
Buchanan, supply-chain director at the
company’s Bloomington, Ind., site.
“ To ensure minimal disruption,
Catalent has tightly monitored its
inventories, collaborated with
supply-chain partners to protect critical supply needs, and committed additional resources to identify, navigate, and
resolve potential supply-chain disruptions. This has included expanding safety
stocks and extending the buying horizon to ensure sites have the necessary
components to manufacture medicines,
vaccines, and therapies for customers,” Buchanan remarks. Additionally,
Catalent has developed improved business analytics to identify and track
potential supply risks earlier, allowing
more time to respond to challenges.
Similarly, Samsung Biologics benefited from resilient and flexible supply-chain-management operations,
which ensured a stable supply by anticipating such disruptions and adopting
proper contingency plans in advance,
according to Chae.

THE VALUE OF EARLY
SUPPLY-CHAIN MANAGEMENT

Even prior to the pandemic, it was
important to have supply-chain strategies and contingency plans in place to
support biopharma operations in the
long-term and withstand market fluctuations and sudden material supply
disruptions, Chae asserts.
With the COVID-19 pandemic, the
industry has come to understand even
more than ever before the value of early
supply-chain management, according to
McLean. “It may sound obvious, but successful drug manufacturers are those that
manage their packaging supply with a
proactive, rather than reactive, approach,”
he states. Although there is an element of
risk involved, he notes that securing sup-
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plies before product approval has huge
benefits, particularly in situations such as
the COVID-19 pandemic. The importance of having a backup packaging supplier has also been highlighted this year,
McLean adds.
As a step to address the concerns
over packaging supply uncovered during
the pandemic, drug manufacturers are
encouraged, says McLean, to start stability testing for alternative packaging
materials before they experience shortages to mitigate risk and ensure business
continuity in an uncertain climate.
Catalent, like many companies,
found during the pandemic that the use
of online and virtual tools, including
improved data analysis for business-decision making, was vital to success. “These
types of tools are helping identify and
track potential supply risks earlier, allowing more time and better options to react,”
Buchanan remarks.

LEVERAGING
FLEXIBILITY AND SPEED

For Leisner, the pandemic has underscored the need for greater flexibility. “The pandemic has shown that the
drug-development and manufacturing
industry needs to build more diversity
and agility into its processes and place an
emphasis on phase-appropriate quality
practices,” he asserts. “COVID-19 may

not be the last pandemic that we’ll face in
our lifetime, so we need to learn from the
last 18 months and start making changes
now,” he adds.
A specific example of how to increase
agility in supply chains, Leisner highlights, would be to qualify multiple
options for alternative components in
the DMF. “That way we could diversify,
if needed, and minimize disruption to
manufacturing,” he says.
As a pharmaceutical glass packaging company, SGD Pharma has already
learned to leverage flexibility, particularly
the flexibility of the molded glass production process and run size, according
to McLean. “During production, we
form vials directly from the glass furnace,
rather than converting from tubular cane
that originates from a furnace elsewhere.
We can therefore produce hundreds of
thousands of containers per day on a single line and, when necessary, stop that
line short and move to production of
another size or design. In this way we can
be flexible in production and add capacity
quickly when needed,” he explains.
The pandemic, believes Schaut, has
also highlighted the demand for
increased efficiency and speed in pharmaceutical packaging and vaccine production. “New glass coating technology and
high-speed filling lines can help enable
pharmaceutical companies and contract

manufacturing organizations (CMOs) to
ramp-up capacity and throughput based
on demand,” he asserts.

NEW LEVELS OF
COLLABORATION

A positive outcome of the COVID-19
pandemic has been increased collaboration across the biopharma supply chain.
“The pandemic has required unprecedented cooperation between all partners
involved, sharing information; working
on various activities in parallel; and focus,
dedication, and hard work by all the
teams involved,” Buchanan states.
“We learned that collaboration is
essential to meet demand and overcoming challenges quickly. Companies
up and down the supply chain have
been required to collaborate and find
new solutions, be it material or technical, in order to meet the current need,”
agrees Schaut. “Collaboration throughout the entire supply chain is essential
to move quickly to implement solutions.
From raw materials to fill/finish operations, companies are working together
with an understanding that change is
inevitable,” he says.
“Over the course of the last 18
months, Catalent has not only seen
an increase in demand, but also an
increase in collaboration and transparency across the industry, from innova-

Production for the pandemic’s duration
It is important to remember that the industry is not out of
the COVID-19 period yet, says Jon Leisner, Curia’s director
of US procurement. “Vaccines are still in high demand and,
while certain countries are realizing higher vaccination rates,
we anticipate continued global demand. The need for
booster shots also remains unknown. Consequently, tightness in the market remains, and supply will likely not catch
up with demand for some time to come,” he comments.
Corning Pharmaceutical Technologies believes that the
global shortage of borosilicate glass tubing used in the
production of pharmaceutical glass primary packaging
will continue to cause a bottleneck for fill/finish materials.
“The need for COVID-19 vaccines is expected to continue
on an annual basis in the form of annual boosters, new
variant vaccines, and multivalent vaccines. Any tubing
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used for COVID-19 must be pulled from other drug
products, potentially impacting the availability of nonCOVID-19 related treatments,” says Robert Schaut, the
company’s scientific director.
In addition, while COVID-19 vaccine manufacturers are
currently filling at 10–20 doses per vial, Schaut notes
that plans are already in place to shift towards singledose vials and pre-filled syringes. Aging capacity in the
industry also presents a long-term challenge for fill/finish
material producers and the pharmaceutical companies
who ultimately receive the converted packaging, he adds.
Overall, Schaut concludes that COVID-19 vaccine
material demand is not expected to wane in the near
future, which could lead to extended lead times until
capacity throughout the supply chain is brought online.
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if changes are needed. Going forward,
tors and other [contract development
CMOs need to be included during valand manufacturing organizations]
CDMOs, to suppliers and even regu- idation of different container sizes and
glass types,” he remarks.
lators,” Buchanan continues. As a result
of these new levels of collaboration, she
notes that partners have been willing
REGULATORY GUIDANCE
to make investments at-risk, allowing AS A NAVIGATIONAL AID
Catalent to bring more commercial
Regulators are realizing, according to
capacity online, faster.
Schaut, that support for new materials
Along with greater willingness to
such as aluminosilicate and strengthconsider other options, Leisner has
ened vials, will help to curve supply
observed a declining interest in sin- shortages and meet increased capacity
gle-source contracts, which he believes
and safety needs.
may become a thing of the past. “To
FDA, for instance, is playing an
get there, we will need to work in part- important role in facilitating the indusnership across the ecosystem, and we
try’s ability to respond to the changing
all have a role to play,” he says. Fill/ supply situation that has resulted directly
finish experts, for instance, need to help
and indirectly f rom the pandemic.
their customers understand the sup- “Through regulatory guidance issued in
ply-and-demand risks of over-speci- early 2021 (1), FDA is helping fill/finish
fication in regulatory documentation, operators navigate the qualification prowhile regulatory agencies could make
cess for alternative glass vials and accelerre-opening DMFs easier by stream- ate approvals,” McLean observes.
lining the current resource- and time“The release of this guidance signaled
intensive process.
FDA’s flexibility in permitting changes
McLean agrees that the inability of
and substitutions between material types
CMOs providing fill/finish services to
for primary packaging, as long as a strong
make changes to primary packaging
risk-based analysis justifies the safety of
is an issue that should be addressed. doing so,” McLean explains.
“Primary packaging options for products
validated on a contract manufacturer’s
PLASTIC POTENTIAL
production lines are limited and there- Glass, of course, is not the only material
fore CMOs cannot respond quickly
that can be used as containers for paren-

teral pharmaceutical products. Plastic is
an alternative that is receiving increasing
consideration in light of the shortages of
glass materials. “With the enhancements
in plastic molding technology, plastics
may potentially become an alternative
solution to glass in the long run,” Chae
observes. Developments are also being
achieved in blow-fill-seal technology,
which he predicts may eventually replace
vials and syringes to some degree.
Leisner adds that, while its excellent
safety profile means borosilicate glass is a
well-established industry standard, it does
have limitations in some settings. As a
result, he notes that a steady migration to
polymer syringes, which are free of heavy
metals and tungsten, has already been
underway in recent years.
One key takeaway from Leisner is
the fact that there never is a one-sizefits-all solution in the world of fill/
finish. Plastic has its place, but it can
be easily scratched and is not suitable
for oxygen-sensitive drugs, he notes. It
is essential to select the most suitable
material for each drug product, considering the end user, route of administration, and manufacturing requirements.

ONGOING INNOVATION

So what does the future hold for glass
containers for parenteral drug products?

Building capacity, a multi-year process
Capacity investment and new manufacturing technologies,
such as high-volume manufacturing lines, are needed to
help meet evolving industry needs, according to Robert
Schaut, scientific director, Corning Pharmaceutical
Technologies. Large vendors are making investments to
increase capacity, which are expected to go into actual
operation by mid to late 2022, says Woocheol Chae, head
of the drug product planning group at Samsung Biologics.
He expects that as demand for pharmaceuticals continues
to increase, even if it is not related to COVID-19, the
shortage of materials is likely to worsen in the short term.
Building in the additional capacity needed to meet the
increased demand, both logistically and with regards to
regulatory sign off, does not happen overnight; it is a
multi-year process, adds Jon Leisner, Curia’s director of
US procurement. “As an industry, it will take time to create
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the additional capacity necessary to meet the COVID
challenge while also protecting the supply of medicines to
those who already depend on us,” he concludes.
Indeed, many announced borosilicate capacity
investments are one to two years away, and most are
slated for Asia and may not be available for the US
market due to local demand, says Schaut. As the only
American primary packaging pharmaceutical glass
manufacturer, Corning is ready to assist by leveraging
its North American manufacturing assets. “As previously
announced, Corning and the US government have
made significant investments in US manufacturing,” he
says. The company is also expanding capacity around
the world to support global supply chains, including a
facility in Bengbu, China, which is slated to open ahead
of schedule in in the third quarter of 2021.
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McLean expects trends such as robust
shipping to continue, with packaging
innovators continuing their focus on glass
vials that are resistant to breakages.
Innovators are creating new types of
glass to overcome challenges associated
with borosilicate, Leisner agrees. He notes
that a relatively new-to-market glass has
been designed to be break-resistant and
to lower the risk of delamination by eliminating boron and sodium from the glass
surface, which could increase the throughput on filling lines.
Chae points to aluminosilicate glass,
which contains aluminum oxide and
exhibits more tensile strength and resistance to high temperature and chemical
corrosion. He also notes that new external surface-coating technology offers
enhanced durability and productivity,
while vials with built-in sensors facilitate
process analysis.
“The introduction of strengthened aluminosilicate glass offers superior chemical
durability, strength, and damage resistance

as compared to traditional borosilicate
vials. These qualities can help enable
increased throughput and more reliable
access to state-of-the-art medicines for
patients, while maintaining a high level
of quality assurance for pharmaceutical
companies,” Schaut adds.
In addition, Schaut observes that
advances in glass coating technology
have enabled improved damage resistance, reduced particulate generation,
and improved machinability leading to
increased manufacturing capacity.
Going for ward, Corning also
believes that the industry will further
adopt high-speed filling lines enabled
by coated vial technology that can be
used to help respond to rapid surges in
demand for primary packaging, according to Schaut. “This technology is being
adopted now, and we believe that it will
become more and more prevalent as
CMOs and pharmaceutical companies continue to expand capacity and
upgrade existing lines,” he states.

Other trends outside of glass composition noted by McLean include
growing interest in individual vial serialization with cradle-to-grave track and
trace capabilities and the development
of new RTU formats for larger capacity
vials, which is of particular relevance
to compounders, a once-again growing
segment of the market.
“Compounding pharmacies have the
ability to create drugs that were experiencing shortages, such as anesthetics,
sedatives, muscle relaxants, and painkillers, and to combine multiple medications into a single solution to make
them easier and cheaper to administer.
Larger-size RTU vials will help compounding pharmacies manage sterility needs through the pandemic and
beyond,” McLean states.
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Reevaluating Cell and
Gene Therapy Development
The industry considers applying automation and digitalization lessons
learned during the COVID-19 pandemic to enhance workflows.

T

he COVID-19 pandemic has made the complex
processes of cell and gene therapy (CGT) development more challenging with severe shortages of raw
materials, a decline in R&D activities, and a reduction in
manufacturing capacity, which have exacerbated pre-existing
challenges. Fortunately, biotherapeutics manufacturers have
learned from the pandemic, with many companies turning
toward automation technologies and digital connectivity to
reduce human touchpoints and mitigate the impact of future
pandemics. Advancements in automation and digitalization
technologies will change the cultural tide of data recording
and management as well as ease regulatory burdens throughout the manufacturing process.

AUTOMATION SOLUTIONS THAT
MINIMIZE HUMAN TOUCHPOINTS

Good manufacturing practice (GMP) protocols require
a large team to manage, manufacture, and oversee a given
manufacturing campaign. Thus, staff will always be needed.
However, minimizing the number of people in a GMP
facility at any given time through automation and digital
18
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connectivity allows operators and quality personnel to be
“virtually present,” without physical proximity.
Biopharmaceutical manufacturing facilities already use
a wide range of automation solutions to optimize their
workflows, increase throughput, and reduce human error.
Robotic instrumentation such as automated liquid handling
systems ensure precision and repeatability by accurately
performing routine pipetting and mixing procedures (1).
Robotic platforms can consistently perform cell culture
processes including media exchange, feeding, and passaging,
with reduced variability and increased reliability. However,
the applicability of these platforms to cell and gene therapies is still being established (2). Inconsistency in production processes, most notably in manual handling tasks,
is a major source of human error where automation can
potentially help, but the inherent variability arising from
multiple donors or patients, which results in cell heterogeNIRUPAMA (RUPA) PIKE, PhD, is director of Enterprise Science and
Innovation Partnerships at Thermo Fisher Scientific.
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neity, continues to be a challenge (3).
New technologies are therefore needed
to address this and other issues, such
as inefficient scalability for allogeneic
therapies, poor transferability of CGT
workflows to stirred tank bioreactors,
batch-to-batch discrepancies, open
workflows and multiple human interventions, as they increase the risk of
contamination and can lead to failures,
product loss, and increased costs (2).
Other sectors have demonstrated
that reducing hands-on time through
automation offers a way to reduce
human error, obtain more reproducible results, achieve standardization,
and improve the critical quality attributes of the final product. These benefits could be achieved through the
automation of a single step, multiple
automated steps integrated together
in a workflow, or through completely
automated workflows (2). Ideally, fully
automated platforms would offer an
end-to-end solution from donor to
product with continuous validation
and monitoring for ongoing process
optimization activities (2). These systems could be fully closed, eliminating
user contact to reduce the chance of
contamination and human error (2).
Unfortunately, automation platforms
designed for biologics and monoclonal antibodies lack the versatility and
flexibility required for CGT applications (2). Cell therapies that are living
pharmaceuticals require altered, fit-forpurpose manufacturing solutions.
Efforts to enhance these technologies are ongoing, and the industry is
now beginning to see the emergence of
platforms that incorporate bioreactor
and scaffold technologies to provide
complete automation for both adherent and suspension cell cultures (2).
The next step for system developers
is to identify the many factors that
contribute to enhancing a bioprocessing strategy and to implement these
into their workflows (4). For CGT, the
differences between autologous and
allogeneic therapies must also be con20

sidered. Autologous therapies can benefit from a decentralized approach or
a hybrid approach, while allogeneic
therapies are more compatible to centralized manufacturing, which is easier
to scale up and will make the initial
investment in automation solutions
more cost effective (5).

DIGITALIZATION IN
CGT DEVELOPMENT

Digital connectivity for manufacturing workflows offers opportunities to
reduce the number of human touch
points, minimize deviations, and
improve patient outcomes. Remote
process monitoring and optimization
are becoming increasingly common in
biopharmaceuticals and could easily be
translated into CGT development (6).
Real-time monitoring and continuous
feedback can not only speed up workflows, but could also greatly improve
standardization, quality, and reproducibility. With the large degrees of variability existing in CGT development,
in-line sensors and analytics could
enable live monitoring of processes and
potentially lead to better methods for
increased accuracy (6).
Digitalization can also streamline
the GMP record-keeping process and
quality oversight functions. It can reduce
the significant amount of paperwork by
automating a workflow and digitalizing documentation and data management. This digitalization will provide
superior traceability of all manufacturing
steps, improve deviation management,
and de-risk the process (3). In addition, digitalization can speed up time
to market and regulatory procedures
through virtual audits. The potential of
this approach has been especially highlighted during the current pandemic,
where site inspections have been necessarily limited (7). Lastly, digital platforms and data integration tools that
monitor chain of custody and chain of
identity by creating a “digital twin” of the
physical flow of raw materials and products as they circulate around the patient
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can play a significant role in the success
of a complex supply chain process (8).
Digitalization and automation promise to generate large amounts of information and data, which will simplify
identification of errors in a workflow
and can be used to improve bioprocesses,
leading to higher quality products at an
accelerated pace (6). More importantly,
with the implementation of cloudbased platforms, data could easily be
accessed and shared, internally within
a company, or between international
collaborators (6). Sharing clinical and
pre-clinical data globally, especially in
CGT research and development into rare
diseases that currently lack treatments,
could also help to improve efficiency and
reduce duplication of efforts (7).

CONCLUSION

The need for automation and reduction
of human touch points in CGT development has been at the forefront of the
collective industry mind for some time,
and the CGT sector has witnessed the
benefits that other biopharmaceutical
sectors are enjoying from automating
their workflows and modernizing into
the digital era. Now CGT development must follow the same path. The
COVID-19 pandemic may have highlighted the pitfalls of current practices,
but it has also shown how quickly the
industry can adapt to continue vital
research and manufacturing.
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Bioprocessing Innovations Pose
New Challenges for Fermentation
Advancements in bioprocessing technologies test
microbial fermentation adaptability.

F

ermentation, the oldest biological process used to
produce biopharmaceutical products, may have a challenging road ahead in adapting to innovations in bioprocessing technologies. Significant investments needed to
update hardware and, in some cases, software, in older, legacy
facilities to meet modern automated processing requirements,
for example, would cause hesitancy. In addition, training is
required to run and manage updated systems to get the most
out of process optimization. Furthermore, fermentation processes require close scrutiny to ensure that the integrity of
whole batches of product are not compromised.

ONGOING CHALLENGES

While there is a general belief that fermentation is simple, well
understood, and well characterized because it is an old bioprocess, there are aspects of it that require careful consideration,
such as the environment in which fermentation takes place and
the process itself—factors that can impact results.
For instance, the scientists who modify and construct the
microbial strains used in the fermentation for a particular product are not necessarily the same people who perform the fer22
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mentation itself or who analyze the data generated, explains
Zsolt Popse, CEO of GPC Bio, a US-based bioreactor manufacturer. “I did observe at some times a lack of communication
between departments and mutual understanding on goals and
expectations. There remain many opportunities to increase the
yields by understanding and characterizing the vessels and the
various gas, feeding, and mixing strategies, for example,” he says.
The current challenges of needing upfront investments for
hardware improvements and the lack of project management
skills is another stumbling block to the modernization of fermentation, Popse notes. “We are talking about complex projects
with multiple stakeholders and technical/budget decisions [that
need] to be made,” he says, adding that there is a need to coach
small and mid-size companies and educate them on the pros
and cons of each element of the hardware and the process.
Another difficulty in upgrading fermentation systems involves
troubleshooting future problems. Many end users need to make
decisions that could impact their facility for years to come, for
example, and they may have limited visibility about the future
projects they may handle, Popse points out. Future projects could
involve new biological hosts, scaling-up, or simply ordering a
www.biopharminternational.com
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system that will take a month to install
and qualify before having the process
fully optimized, he emphasizes.
Popse further states that software and
data generation, or workflow creation, is
one aspect that is often neglected. Many
end users, he notes, need to be trained
on software and will require information technology flexibility as well as flexibility of communication between various
ancillaries, existing equipment, and sensors. In addition, scientists need to learn
many new tools within a short timeframe,
Popse adds. To that end, vendors should
become partners and coaches.
Over the years, however, there have
been numerous improvements in optimizing the fermentation process, such as
the genetic engineering of host microorganisms to generate enhanced cell-lines,
using scale-down models for process
development, and the advent of high
throughput screening techniques, Popse
says. He also notes that design of experiment is now a well-established practice
with specific programs and that there has
been a key focus on media formulation
and feeding strategies. On the hardware
itself, some experiments allowed producers to anticipate and better control
process challenges related to shear stress,
foaming, oxygenation, and other factors. Meanwhile, new sensors have been
developed, which increased the number of parameters that can be monitored,
Popse explains.

MODERNIZING THE PROCESS

One of the most interesting innovations in the bioprocessing field has
been the ability to generate significantly more data nowadays, which in
turn has led to the ability to lead with
data-driven decisions, Popse says. The
evolution of data collection, management, and interpretation has opened
up advantages in fermentation as well
as mammalian cell culture. “We are
not just collecting data to ensure we
have collected data and are remaining
within the desired range, but we are
now capable of intelligently using that
www.biopharminternational.com

data insight to positively impact the
culture in real time,” Popse emphasizes.
However, another recent innovation,
single-use technology (SUT), which has
had a largely positive impact on mammalian cell culture bioprocesses, does not
necessarily offer the same benefits for
fermentation systems. SUTs have led to
major improvements in terms of adding
flexibility, avoiding cross contamination
between batches, speeding up the overall
process, and, in some instances, reducing costs, Popse says, but those benefits
remain true for mammalian cell cultures.
For bacterial fermentations, those benefits
would be less valid because, for example, there are technical blocks that would
make the switch to SUT very challenging or impossible, he states. “First, bacterial fermentations are often operated at a
scale where SUT is either not compatible
or not convenient. There are numerous
applications in cell culture where SUT
vessels are used up to 2000 L now, but, for
fermentations, this range of volumes is
not always sufficient,” Popse explains.
Other issues in switching to SUT for
fermentation involves pressure and temperature, Popse also points out. Much of
the ferementation process would require
that the equipment used not only have
good heating capability but also cooling
capability, since processes could be exothermic. Popse notes that plastic (e.g.,
single-use plastic bioreactor bags) is not
a good conductor for these temperature variations, so glass or stainless steel
remain the best options. “Glass and stainless steel also remain the best options
when there is a need for pressurized vessels, since SUT is not suited for high
pressure,” he adds.
SUTs are, therefore, not particularly
popular for fermentation today, Popse
says. Furthermore, the cost of consumables might become an issue because
the batch duration is shorter than mammalian cell culture, making the cost per
batch difficult to justify. “Some fermentation processes, such as those that use
fungi, would also expose the scientist to
challenges related to high viscosity, for

example; traditional fermenters can be
designed accordingly, whereas SUT
would offer less opportunity in terms of
mixing mechanisms,” he states.
Lately, the COVID-19 situation also
highlighted the key challenges related to
the supply chain. “When you use SUT,
you rely entirely on a vendor to deliver
the consumables and on the forecasting
team. The increase in demand demonstrated that challenges arose due to many
delays in delivery. Most end-users we
know today would not consider SUT for
fermentation; they prefer to remain in
control because a supply disruption could
lead to major problems. Traditional and
SUT fermenters have both valid pros and
cons,” Popse explains.

FUTURE POSSIBILITIES

The likelihood that fermentation would
move toward an innovation such as a
cell-free process for commercial-scale
production is tempting, but so far unlikely.
Cell-free processes offer numerous interesting solutions, and can sometimes be a
better solution, but remains process- and
scale-related, Popse states.
Popse notes that there are numerous
limitations using cellular systems, as it
is always a challenge to scale-up and
ensure a robust expression level as well as
achieve standardized reactions outcomes
with a cell-free system. Thus, he believes
that cell-free systems are something to
consider for the research phase. “However,
it has been my observation that there is
little collaboration between the differing
approaches,” he adds. “Cell-free experts
should interact more with traditional producers to develop a hybrid approach. I am
not envisioning the cell-free approach to
displace traditional approaches at large
scale since there remain some challenges
related to the need for enzyme synthesis and co-factors, which lead to some
expensive scale-up modeling. But I would
absolutely see the benefits in using cellfree systems for screening and optimizing
your process and then switching to living
organisms for further improvements and
production,” Popse concludes. ◆
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Process Chromatography
Makes Steady Progress
Process chromatography in downstream processing has seen steady
improvements over the years, but there is still room for improvement.

A

s the biopharmaceutical market grows, the need for
cost- and time-efficient processes also intensifies.
An area that has potential for further optimization
and increased efficiency is that of process chromatography in
downstream processing (DSP).
According to a market report, the global downstream
processing market is expected to grow at an annual compound
rate of 15.9% between 2021 and 2028 (1). A dominant
segment for the market is chromatography systems, which,
through continuous research and development and a rise in
the number of deals pertaining to chromatography systems, is
anticipated to expand further (1).
To find out more about the changes, challenges, innovations,
and opportunities in process chromatography for DSP,
BioPharm International spoke with Jungmin Oh, manager,
New Product Development from Avantor, and Elliot Haimes,
Field Application Specialist, Sartorius Stedim Biotech.

A MATURING PROCESS

BioPharm: What have been the biggest changes over recent
years to process chromatography in DSP of biopharmaceuticals?
24
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O h ( A v a n t o r ) : Monoc lonal antibody (mAb)
chromatography steps have been optimized over the past
30 years, and as such, a need for differentiated resins is
increasing. Many of those novel biologics do not have
established chromatography processes, and do not have the
appropriate resins available. This is a significant market
opportunity for innovation. Process chromatography has
seen steady improvements in recent years to offer better
throughput, productivity, and separation efficiency. The
separation efficiency improvements are driven using new
multi-mode/mixed-mode ligands and resin technologies.
The biggest change is new, tailored affinity ligands
that significantly improve resin stability and selectivity.
These tailored ligands-based resins can be used for many
different modalities such as bi-specific antibodies, antibody
fragments, viral vectors, and nucleic acid development.
Haimes (Sartorius): DSP has undergone several
changes in recent years as the industry continues to mature.
To address the cost and complexities of equipment cleaning validations, there has been a shift from multi-use to
single-use processing. The adoption of convective chrowww.biopharminternational.com
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Downstream Processing

matography media, connected and
intensified processing, and the automation of high-throughput screening
and development has made processes
more productive by reducing media
needs and time costs. As custom
ligand availability and adoption has
grown, vendors are now supplying
more affinity ligands. Lastly, chromatography media, overall, has advanced
to offer higher binding capacity, better
pressure-flow, more robust cleanability,
and greater selectivity.

PERFORMANCE CHALLENGES

BioPharm: What are the most significant challenges faced when performing process chromatography in DSP?
Haimes (Sartorius): Customers
continue to face significant challenges
when performing chromatography in
DSP. Of course, the cost of consumables is always a concern—specific
examples include chromatography
resins (especially affinity) and flow
kits for single-use chromatography
skids. Manufacturers are also concerned about the consistency and
security of supply for raw materials/
vendor products that many industries are now facing. Further, while
manufacturers are adopting new
technologies, such as single-use chromatography systems or convective
devices, these new products must be
scalable to meet customer demands.
Next, emerging modalities, such as
gene therapies, lack a strong platform
purification approach. With these
molecules, and also more traditional
biologics, there is a need for real time
(in-line) or on-line analytics. Finally,
the industry is also facing issues
with buffer management in existing
facilities, as well as the physical and
automation connections between
equipment and systems.
Oh (Avantor): As upstream processing increases, the downstream
efficiency becomes more important
to ensure stability of biomolecules
during the increased processing time.
26

The process time not only affects the
quality of the biomolecule, but also
affects the costs to the process, like
labor. It also limits the floor capacity
especially for multiproduct facilities.
To achieve a high output upstream
process as well as an equally efficient
downstream process, both processes
required an extraordinarily high quality of raw material for smooth dayto-day operation. This balance may
be challenging to manage, but it is
possible with improving productivity of chromatography steps through
resin and buffer selection. As the resin
capacity can dictate the overall process
throughput significantly, the use of
protein A resin with higher capacity
(>65 mg/mL), such as the J.T.Baker
BAKERBOND PROchievA recombinant protein A resin can reduce the
process time by decreasing the number
of column cycles. Based on the calculated simulation for 2000 L reactor
with 5 g/L titer process, using a higher
capacity protein A resin can save up
to 44% of process cycle compared to
traditional protein A resins with lower
dynamic binding capacity of [approximately] 30 mg/mL.

ADVANCEMENT EFFORTS

BioPharm: Could you highlight any
specific innovations or technologies
that have advanced process chromatography in DSP significantly?
Oh (Avantor): Over the years,
technology rooted in process analytics
has been integrated with chromatographic unit operations to streamline
and automate the process. Significant
efforts have been made to develop
and demonstrate continuous chromatographic processes. On one hand,
continuous chromatography through
use of multi-columns or countercurrent processes can increase the process
throughput significantly by reducing
operating time and enabling the use
of a resin more efficiently. However,
there are challenges related to adopting continuous chromatography in
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commercial batches due to operational complexity and the uncertainties of regulatory requirements. On
the other hand, in-line dilution for
buffer preparation is relatively easier
to adopt to commercial-scale productions. Certain buffers are commonly
used in multiple chromatography
process such as cleaning solutions. In
those cases, high-concentrated buffers
can be sourced to reduce warehouse
space and handling volume as well as
f ree up floor space for multi-product facilities where it can be used for
more critical processes.
Haimes (Sartorius): Significant
considerations include enhancing the
productivity of customers’ processes
as well as meeting the demands of
newer molecules that are more challenging to purify. Some examples of
innovations that are advancing process chromatography include radial
chromatography for the clarification
and direct capture of high cell density feed streams, as well as the use of
monolithic technology for gene therapy product development, including
viral vector-based vaccines, messenger
RNA (mRNA), exosomes, and so on.
Additionally, multi-column chromatography (MCC) and rapid-cycling
chromatography (RCC) are disruptive technologies that allow users to
remove bottlenecks at their capture
step while maintaining their existing
process design. Lastly, in-line conditioning and dilution f rom buffer
concentrates reduce the buffer management bottleneck in DSP.

AREAS OF IMPROVEMENT

BioPharm: Are there any areas within
process chromatography in DSP
that you believe could benefit from
increased research and development?
Haimes (Sartorius): Increased
research and development can surely
benefit DSP by enhancing the existing process chromatography ‘toolbox’. For example, manufacturers
desire higher-specificity ligands
www.biopharminternational.com
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FUTURE TRENDS

BioPharm: What are your predictions
for the future of process chromatography in DSP in the next decade?
Oh (Avantor): The future of process chromatography will likely
bring wider use of multimode ion
exchange resins and adoption of continuous chromatography processes.
Biotherapeutic molecules are evolving at a fast pace, and often affinity
purification won’t be available in the
early phase. In addition, standard
purification platforms may not suffiwww.biopharminternational.com

ciently separate impurities that are in
similar properties as target molecule.
Separation of empty and full capsid
is an example where higher resolution is required for advanced therapies,
but multimode resins can be used in
the capture, intermediate, or polishing
steps depending on the process. Novel
biologics from non-traditional expression systems, or molecules that are difficult to purify, will require the types
of products that can offer a wide portfolio of multimode resins (both strong
and weak anion exchange and cation
exchange chromatography) that can
be used at relatively higher conductivity, such as J.T.Baker BAKERBOND
resins, for example.
H a i m e s (Sa r to r iu s): In the
short-term, a higher adoption of convective media for flow-through polishing steps and capture steps for
new modalities, more advancements
in ligand chemistries to offer higher
selectivity and more flexibility in
process design, and a shift towards
ready-to-use (plug-and-play) chromatography media are expected trends. In
the intermediate time frame, as cell
lines become more efficient in generating high quality, low impurity products,
some predict a shift from a three-step
chromatography process to a two- or
even single-step process (just for
affinity driven by multicolumn chromatography [MCC] or rapid cycling
chromatography [RCC] approaches).
Similarly, we should see greater adoption of process intensification, which
will include MCC, RCC, in-line buffer
dilution, membrane adsorbers, and connected operations. The long-term goal
for the industry is to adopt in-line PAT
for real-time release.
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and/or custom ligands for emerging
modalities. For example, no good
solution exists yet for lentivirus purification. The industry needs robust
platforms for new modalities such as
adeno associated virus, mRNA, plasmid DNA, and exosomes, to name a
few. There is also room for improvement in the optimization of existing affinity ligands to enable higher
binding capacities and accommodate
increased product titers. As previously
mentioned, on-line or in-line process
characterization can be significantly
improved. Currently this characterization is highly reliant upon a UV
signal. The industry can benefit from
chromatography systems with more
process analytical technology (PAT)
capabilities to aid in product and
process impurity monitoring. While
there are high-throughput automated
PD systems, these need to be fully
connected to high-throughput analytical systems to realize their maximum
value and utility.
Oh (Avantor): Purification of
complex biomolecules, such as bispecific antibodies and viral vectors, can
present significant challenges due
to limited availability of resins that
can provide the appropriate specificity along with the right stability
and usability. Additional research and
development of novel purification
approaches using tailored resins could
improve these processes.
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Using Digital Twins to Model
Process Chromatography
Mechanistic models provide process understanding for developing
robust manufacturing processes and for scale up and tech transfer.

A

digital twin is a model of a process that allows
process development experiments to be run in
silico—on a computer—rather than on actual lab
or manufacturing equipment. Although models can be
developed using experimental data, mechanistic models, based on first principles, can be developed with only
minimal experimental input, explains Nick Whitelock,
EngD, sales specialist at GoSilico, which was acquired by
Cytiva in June 2021. The company provides software as a
service, as well as consulting and training services to help
users build expertise within their organizations. BioPharm
International spoke with Whitelock about how digital
twins are used in biopharmaceutical process development,
scale up, tech transfer, and manufacturing, particularly
chromatographic polishing as an example.

BENEFITS AND CHALLENGES

BioPharm: Are digital twins typically used for modeling
individual unit operations in biopharmaceutical manufacturing? Can they be used for continuous operations? What are
the benefits and challenges?

28
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Whitelock (GoSilico): Modeling a single operation
is the first goal of mechanistic digital twins, as this represents the low hanging fruit in which little experimental
effort provides profound process understanding. A typical
first project would include calibrating and interrogating
a model describing a single operation, often a chromatographic polishing step, as this is often straightforward.
A powerful aspect of a mechanistic approach is the ability to extrapolate to unseen process conditions. [These conditions] may include a changing feedstream quality with
respect to product or contaminant concentrations, variations in material quality, such as adsorber capacity and buffer composition, or indeed simulating a process comprising
of multiple chromatographic steps, continuous or not.
With a mechanistic approach, relatively sparse experimental data are used to describe the full dynamics of the
system at hand, using deceptively simple fundamental
natural laws f rom the fields of fluid mechanics, kinetics, and thermodynamics. With these base processes
understood, the complex, emergent behavior can be
simulated to high precision by linking these underlying
www.biopharminternational.com
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phenomena, systems and operations,
in silico as they are in vitro. Tedious,
physical experimentation can, therefore, instead be performed in mere
seconds within a computer.
The challenges of mechanistic
modeling include the need to characterize the behavior of these systems,
and the expertise required to use
them effectively. Companies such as
GoSilico (now part of Cytiva) provide
intuitive tools, intensive training, and
expert consultancy to help develop
this expertise and lower the barrier
of entry. Additionally, the field has
reached a maturity where experimental workflows are often straightforward, and there is an ever-growing
library of models and use cases applicable to a wide range of activities.

An evergrowing
library of models
and use cases is
applicable to a wide
range of activities.
— Nick Whitelock,
GoSilico
SCALE UP
AND TECH TRANSFER

BioPharm: How are digital twins
used in process development?
Whitelock (GoSilico): All mechanistic models describing preparative
chromatography have the eventual aim
to understand and improve manufacturing-scale processes. It is typically
the development lab, however, that has
access to the data needed to characterize system dynamics, considering the
small operating window at manufacturing scale and prohibitive expense
of testing scale-up conditions. Models
are typically calibrated using lab-scale
data for material and cost efficiency,

www.biopharminternational.com

with the model then scaled to predict manufacturing scale by accounting
and simulating changes to scale, operation, systems, and material quality.
The fundamental principle of in silico
scale-up and scale-down of chromatography is that only the fluid dynamics
outside the pore system change. Once
a molecule enters the pore system, its
behavior follows the same mechanisms
in an adsorber bead packed in a filter
plate and a production column. To allow
for a prediction of the complete process on a new scale, only the basic fluid
dynamic properties need to be known
that can be derived from, for example,
column qualification runs.
BioPharm: What types of models/
data would be needed for scale up/
tech transfer?
Whitelock (GoSilico): A digital
twin is an invaluable tool for transferring a process, whether to different
scale, equipment, or facility. By explicitly describing all components within a
process, from raw material to method,
one can account for any changes.
To predict the impact on process
performance, a profound understanding of the differences with respect
to material, system, and operation is
required, though fortunately obtaining this required information is often
easy. The impact of the chromatographic system used, whether labscale or manufacturing skid, can be
assessed with pulse experiments, or
knowledge of the machine’s geometry.
Data on column packing quality [are]
often available as part of column qualification, and conductivity transition
data may provide an insight in fluid
mechanics often overlooked. Data
on buffer compositions and adsorber
quality should also be available.
A particularly powerful application of these tools to manufacturing,
aside from predicting the influence of
scale, is for root cause analysis; whilst
a mechanistic model enables one to
find optimal conditions for process
robustness, if deviations do occur, such

a model is also well suited to determine the root of the issue. In this case,
if a model describing the process is
extant and describes the process when
controlled, data for the out-of-spec
chromatogram is fed back into the
model. Process parameters are then
changed in silico to search for potential differences, such as raw material
quality, operational changes, or feed
stream variations, which enables one
to isolate the mechanisms responsible for changes, therefore making informed decision during root
cause analysis based upon data and
fundamental principles.

A powerful
application of these
tools is for root
cause analysis.
— Nick Whitelock,
GoSilico
PROCESS CONTROL

BioPharm: Can digital twins be used
in manufacturing to control a process?
If so, what are the benefits and challenges of doing this?
Whitelock (GoSilico): Mechanistic
models can and have been used as part
of a sophisticated control strategy,
though often we see models being
used to better understand the process and, therefore, find more robust
conditions. In a situation where thousands of experimental conditions
can be evaluated in silico, including
variation in upstream feed or material quality, one can mechanistically
understand the dynamics and develop
a design space that will function with
simple controls even in the face of
process variability.
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Opportunities for Digital Twins
Models of biopharmaceutical processes can be used for
speeding development and improving process control.
JENNIFER MARKARIAN

MODELS FOR UPSTREAM AND DOWNSTREAM

Digital twins from Siemens Process Systems Engineering
(SPSE), which was acquired by Siemens in 2019, are being
used in a wide range of unit operations for process development and manufacturing. Use of the SPSE gPROMS
FormulatedProducts mechanistic modeling platform began in
small-molecule drug manufacturing, and in 2018, SPSE began
translating this experience into biopharmaceutical modeling.
“The value of the approach is well established for downstream
process modeling (e.g., chromatography, etc.),” says Edward
Close, strategy director for pharma biologics, SPSE. He says that
these downstream models are being adopted by industry to support their current design of experiments approach. Models for
upstream processes, however, are less mature, says Close.
“Developing a highly accurate upstream model is more
challenging because of the biological nature of the process
and very large design space,” says Close. “The models are less
30
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mature, and there’s still a lot of research ongoing, not just on
modeling, but also on our fundamental understanding of the
process itself, which is far from complete.” Even at this stage,
however, the models offer value for reducing the number of
experiments required.
Close says that the majority of modeling work at SPSE
supports R&D and development, but that there is opportunity
for using the models for manufacturing process control as well.
“We have successfully completed proof-of-concept projects for
bioreactor monitors used for decision support in operations.
In general, there is huge scope for digital twins in biopharma
and a great deal of interest in the industry,” he reports.

MODELS FOR CELL CULTURE

German software company Insilico Biotechnology launched
the “Insilico Advisor” for cell culture manufacturing processes
in April 2021. This new application of digital twin technology allows the prediction of potential future process deviations and also suggests measures to bring the cultivation back
on track, explains Klaus Mauch, CEO of Germany-based
Insilico Biotechnology.
Efforts to make data available have been crucial, says
Mauch. As biopharmaceutical manufacturing becomes more
digitalized, the greater availability of process data is enabling
www.biopharminternational.com
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igital twins of pharmaceutical manufacturing processes
use in silico simulation of the actual process that developers can use as a tool to gain better understanding of
how variables, such as raw materials, equipment, and process
conditions, affect outcomes. These models can then be used in
process development, as well as in manufacturing process control.
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the development and use of digital
twins to enable model predictive monitoring of cell culture processes. Digital
twins are useful in both speeding process development and in improving efficiency and quality in manufacturing.
Insilico’s digital twin is built with a
hybrid approach that uses mechanistic
and material balance “rules” combined
with process data. “We have developed
rules using the biochemical pathway
in cells for the models. These are combined with process data, which can be
exploited using artificial intelligence
to predict cell culture performance and
flag future deviations,” says Mauch.
He explains that without such digital tools, deviations in the cell culture
process are discovered only after they
occur. With predictive tools, however,
operators can take corrective and preventive actions to prevent deviations
f rom occurring. The digital twin
enables predictions about the future
state of the process, says Mauch. For
example, the Advisor can detect variability in raw materials and give advice
on how to correct feedstreams to compensate for this variability. If a batch
failure does occur, the digital twin can
provide information for root cause analysis. These insights can increase process
reliability and enable more consistent
quality in biologics manufacturing.
A digital twin for cell culture is tailored
to a specific clone and a biological product, says Mauch, but the general behavior
of the cell line can be identified across
clones and products. As a result, fewer
data are required to characterize a specific clone’s behavior. Digital twins can
increase the throughput of development
by providing early insights into the process and reducing the number of experiments that need to be performed.
“Digital twins can save a lot of time
and effort,” says Mauch. “Currently we
are starting from square one with each
product. With these models, we can
begin with existing data and knowledge
held in the digital twin. For example, at
Phase I, a developer may not be sure
32

how a clone would behave in a largescale reactor, but the digital twin can
predict this information.”
The twin can be “trained” during
process development, used for scale up,
and then applied to the manufacturing
process for process control. In scale up,
for example, a developer can use the
twin to mimic the larger volume and
other parameters of the manufacturing
phase to provide data for the process
development phase.
Mauch notes that as digitalization takes hold in biopharmaceutical
manufacturing, data management has
improved and more data are available
for training models. Sensors that collect
online or at-line measurements from
the process (e.g., dissolved oxygen, viable
cell density, pH, glucose) are now more
often connected to databases, providing more resources for models. Insilico’s
models can use data from such databases or taken directly from processes.
In addition to greater data availability,
the capabilities of models are improving,
and the time needed to train or retrain
models is becoming less, says Mauch.
Such improvements are driving use of
digital twins, he notes.

MODELS FOR
VACCINE PROCESSES

Digital twins are also being used in
vaccine process development. In 2020,
Siemens and Atos (a digital transformation company and a long-time
Siemens partner) partnered with
GlaxoSmithKline (GSK) to pilot a digital twin for GSK’s vaccine manufacturing
process that modeled and controlled the
adjuvant particle manufacturing process.
Developing the model

This model was a hybrid model that
incorporated knowledge of the physics of
the process (i.e., mechanistic modeling)
with data generated from a computational
fluid dynamics (CFD) model and with
limited data from physical experiments.
“We used CFD to simulate the formation of the final product (adjuvant
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particles) and to predict the quality of
this final product,” explains Rebecca
Vangenechten, the head of the Pharma
Business at Siemens. “We did this by fitting parameters and running these CFD
calculations until the virtual quality prediction was identical to the measured
quality in the lab.”
CFD, however, is a slow method—
the CFD model needs about four
hours to calculate two seconds of a
process run, notes Vangenechten. To
overcome this limitation and create
a digital twin that could be used in
real time, Siemens generated a large
amount of data from the CFD model
on all potential quality outputs by
varying all possible inputs (e.g., temperature, flow, and concentration of
the incoming material), explains
Vangenechten. These virtually generated data were then used to train
a “state estimator” to predict product
quality in real time. “The state estimator can, based on the data collected
in the real plant, predict virtually the
product quality,” she says. In addition,
the CFD data were used to train a
model predictive controller that can be
used in real time during manufacturing
to monitor if the product quality is
shifting from its expected path.
Using the model

The digital twin is used in process
development to predict end product
quality (i.e., critical quality attributes)
and define the control strategy for
keeping the process within specification,
notes Vangenechten.
Matt Harrison, head of Sciences,
Digital Innovation, and Business
Strategy at GSK Vaccines asserts
that digital twins will be useful not
only for process control in the operation of manufacturing facilities, but
for the future of vaccine development.
“When designing a vaccine, manufacturability is crucial. Having a digital
twin to develop understanding of the
manufacturing process is a key benefit,” he explains.
www.biopharminternational.com

Manufacturing

The model allowed developers to
better understand the relationships
between process variables to control variability. “Controlling variability
allows us to improve quality and make
product ‘right first time’ every time,”
says Harrison. “The model and the high
degree of process control also allows us
to better predict and optimize product
yield. The aim was to build the twin
during process development and then
use it in manufacturing. The digital
twin is an additional ‘deliverable’ of the
development process.” Doing the work
to understand and optimize the process
“in silico” in the digital twin, rather than
actual experiments with real material in
a lab or test facility, saves a significant
amount of time, materials, and cost.
In manufacturing process control, process parameters such as temperature and
flow, as well as data from process analytical technology (PAT), are input into
the model to predict quality. PAT instruments include near-infrared spectrosManufacturing —
Contin. from page 29

The challenges in implementing
model-based control strategies are the
availability and quality of data, as well as
required timelines. A mechanistic model
can easily predict the influence of a process change; variations within the process
need to be quantified for such a prediction to be valid, and often these data are
not easily available, which is a limitation
in all modeling approaches. If such data
are available, a mechanistic model would
allow not just a prediction of process performance, but also whether this variation
can be mitigated by varying operational
conditions, such as chromatographic
method or pooling strategy.

FUTURE USE

BioPharm: What do you predict for
how digital twins will be used in biopharma in the future?
Whitelock (GoSilico): O ver
the past few years, we have seen great
www.biopharminternational.com

copy to measure concentration in the raw
material vessel, which has an impact on
product quality, explains Vangenechten.
The digital twin can also be used for
scale up and tech transfer. Although
the team has not yet gone through a
tech transfer between manufacturing
facilities using the digital twin, in theory, the ability to model any differences
in scaling up or moving from one facility to another will reduce tech transfer
risks, says Harrison.
The partners succeeded with the project goal of proof of concept, and GSK
is now seeking to replicate the digital
twin concept on an industrial scale for
its vaccine development and manufacturing platforms.
“Industry 4.0 concepts, such as digital twins, are generally thought to be
a good idea, but this project created
belief that it can really be used in vaccine development and manufacturing,”

says Harrison. “Now we are developing
a vision for using it for multiple products and platforms, and we are deciding
which opportunities will best deliver
value and have the most impact.”
Factors in the success of the pilot
project including strong backing from
GSK leadership and good teamwork
both between GSK departments and
with partners Siemens and Atos, notes
Harrison. “Another key to the project’s success was that we started small
and focused on our goal of demonstrating the concept. The next challenge is industrialization—using digital
twins at scale in both development and
operations throughout the organization. This effort will require continuous improvement, and we expect we
will need to continue to make software
and hardware changes as we further
develop our capabilities,” says Harrison.
“Although there are certainly technical
challenges ahead, the aim is for digital
twins to become routine,” he notes.◆

enthusiasm and rapid adoption of this
technology across the industry, largely by
process development groups. In the near
term, we expect this trend to continue,
as has occurred for statistical models;
mechanistic model driven process development will continue securing itself the
standard approach for improved process
performance, intensified development,
and quality-by-design compliance.
Additionally, mechanistic modeling has an ever-growing research and
development pipeline itself; in recent
times, we have seen adsorption models based upon colloidal theory, with a
greater basis in physics, emerge as revolutionary tools. We expect this direction to continue, in which increasingly
sophisticated mathematical descriptions of bioprocesses become available
through strong collaboration with both
industry and academia.
Into the longer term, we expect
to see manufacturing groups further
embrace this technology; continued
process verification, improved control

strategy, and root cause analysis are just
three facets that greatly benefit from
a fundamental understanding of the
underlying mechanisms of the process.
Accordingly, fully developed digital
twins will foreseeably play an important
role in handling raw material variability, batch control, and real-time release
testing in the future.
One of the largest obstacles to the
adoption of such a revolutionary tool
is the perceived complexity; certainly,
the equations are obtuse, and that is
often enough to scare away non-engineers or computer scientists. However,
the art and tools have matured to the
point where user-f riendly software
are available, there’s a community of
experts and an ever-growing library of
papers and case studies—one doesn’t
need to be a mathematical genius with
advanced coding skills to use this technology effectively. Any chromatographer can pick up the practical skills
rapidly; and the fundamental principles
are very intuitive. ◆
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ABSTRACT
Biopharmaceuticals are complex molecules with a variety of functional
groups that are susceptible to instability through different degradation
pathways. Protein degradation may arise as a result of exposure to
different environmental changes and stresses throughout the product
lifecycle. Molecular variants arising during manufacture and/or storage
may not have properties comparable to those of the desired product with
respect to their activity, efficacy, and most importantly, safety. Therefore,
it is crucial to set up analytical workflows to understand the intrinsic
biochemical and physical stability of these molecules and predict the risk of
degradants formation. This paper describes the application of biophysical
stability parameters that measure solution-mediated interactions and
key structural characteristics of model proteins that will enable a fast
assessment of conformational and colloidal stability of biopharmaceuticals.

D
Joana S. Cristóvão*, PhD,
jscristovao@hovione.com, is
an analytical scientist, and
Salomé Neto was a Master’s
student, both with Hovione
Farmaciência S.A., R&D,
Analytical Development.
To whom all correspondence
should be addressed.

*

PEER-REVIEWED
Submitted: Feb. 24, 2021
Accepted: April 9, 2021.

34

elivery of therapeutic proteins presents benefits over
traditional small-molecule
pharmaceutical drugs, such
as increased potency and increased target
specificity, that result in fewer off-target
effects and associated toxicities. However,
protein-based products have a highly intricate tridimensional structure and complex degradation pathways, including both
chemical degradation and physical instability, resulting in significant challenges
during product and process development.
Several factors of the manufacturing process of biopharmaceuticals can involve
exposure of protein to stress conditions
that decrease protein stability and potentially increase the amount of protein
aggregates (Figure 1). One of the goals
of drug product process development is
to identify and limit possible degradation
pathways to enable a safe and efficacious
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usage with a viable shelf life. Analytical
tools that predict and differentiate formulations are highly desirable to identity
potential liabilities and possible technical
challenges associated with protein conformational and colloidal stability.
The level of chemical and physical stability of a protein in a formulation is determined by several factors, such as amino
acid sequence, protein folding, and amino
acid surface solvent exposure. However,
proteins are only marginally stable in their
folded states, as partially folded intermediates and unfolded states can lead to protein aggregation (1). The folding process
involves favorable interactions between
distant residues in the primary sequence,
resulting in native-like conformers with
lower Gibbs free energy. This process
involves a favorable enthalpy (due to the
establishment of intramolecular interactions) and a decrease in configurational
www.biopharminternational.com
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Figure 1. Outline of stress factors that cause destabilization of native state of a biopharmaceutical drug and consequent effects.

native aggregation pathways. Protein folding is a physical process that combines
the contribution of entropy and enthalpy to the total of Gibbs free energy
(ΔG) with the aim of achieving the minimum energy state that corresponds
to the native state. Disruption of intra-molecular bonds, especially non-polar
interactions, by stress conditions, promotes the unfolding pathway. Intermolecular interaction can also occur, due to stress conditions that will promote
self-association and protein aggregation.

entropy (caused by the increase in polypeptide organization and decrease
in number of conformers and movement of atoms within each conformer).
Conformational changes are needed
for the initiation of protein aggregation, allowing the exposure of a certain sequence of amino acids, called
aggregation-prone regions, that will
generate stable interprotein contacts.
The formation of protein aggregates
36

during the manufacturing process and
upon long-term storage of the drug
product is a critical quality attribute
because it can reduce drug potency
and potentially induce immunogenicity. Consequently, aggregation propensity of drug candidates is a critical
parameter to monitor.
Addition of stabilizing excipients
to the formulation can shield protein
tridimensional structure and conse-
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quently prevent the formation of
degradants and/or prevent protein
aggregation. Protein unfolding and
aggregation pathways are highly complex and protein-dependent processes
with several variants that can promote these types of events. The tendency of a protein to aggregate likely
depends on its conformational and
colloidal stabilities. Conformational
stability results from the thermodynamics of protein folding and the equilibrium between folded and unfolded
protein states, under specific conditions. Colloidal stability results from
the equilibrium between repulsive and
attractive forces between the folded
protein molecules and the surrounding
molecules in the solution (2). Protein
self-association can be a result of strong
or weak interaction forces, resulting
in irreversible or reversible aggregates.
Aggregates can then progress toward
larger structures as sub-visible or visible particles (Figure 2).

RESULTS AND DISCUSSION
The establishment of a bioformulation
stability profile with the application of
biophysical predictors that will allow
the assessment of stability of different
formulations is described in the following sections.
The study was performed using
lysozyme and immunoglobulin G
(IgG) in the absence and presence
of arginine and trehalose, common
www.biopharminternational.com

ALL FIGURES ARE COURTESY OF THE AUTHORS.

Figure 2. Simplified schematic diagram illustrating protein unfolding and non-
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excipients in biopharmaceutical formulations. Biophysical predictors
included the determination of second
virial coefficient (B22), onset aggregat ion temperat u re ( Ton s e t ), a nd
aggregation rate (K aggregation) by light
scattering analysis in a Zetasizer
Na no Z S e q u ipment ( M a l v er n
Panalytical), and melting temperature
(Tm), hydrophobicity and unfolding
rate (Kunfolding ) estimated by differential scanning fluorimetry (DSF) in a
real-time polymerase chain reaction
(CFX96 Real-Time qPCR, Bio-Rad)
system (Figure 3).
This study focused on how the
described biophysical parameters can
be used as a rationale to select formulations and/or conditions of manufacturing that assure protein stability.
Colloidal stability:
second virial coefficient (B22)

Protein self-association propensity can
be predicted by determination of the
particle interaction parameter/second
virial coefficient (B22) by static light
scattering (SLS). A positive value of
B22 indicates that solutes prefer association with the solvent over self-association, either due to strong electrostatic
repulsion between solute molecules or
positive interaction between solute and
solvent. In contrast, negative values
of B22 indicate self-attractive systems,
where the particles prefer self-association or aggregation over complete
solvation (3,4). A correlation was
demonstrated between the B22 values
calculated and the heat- and agitation-induced aggregation for antibodies, demonstrating the utility of this
parameter as a qualitative predictor of
protein aggregation (5, 6). Figure 4
shows the experimental Debye plots
of the model proteins, where protein
Rayleigh’s ratio is correlated with sample protein concentration, and B22 value
is calculated from the slope of this plot.
Lysozyme in the presence of arginine, under the studied concentrations
(50 mM and 150 mM), presents a
www.biopharminternational.com

Table I. B22 values obtained by Rayleigh equation from static light scattering
measurements. IgG is immunoglobulin G.

Formulation

B22 (10 -3.ml.
mol/g2)

Formulation

B22 (10 -4.ml.
mol/g2)

Lysozyme

-0.53±0.03

IgG

-0.98±0.22

Lysozyme + 50 mM
arginine

1.50±0.40

IgG + 20 mM
trehalose

5.18±0.85

Lysozyme + 150
mM arginine

2.50±0.32

IgG + 500 mM
trehalose

-5.75±0.79

positive B22 value (Table I), indicating
that this excipient promotes strongly
repulsive protein–protein interaction
and induces an increase in the colloidal stability of lysozyme.
In case of IgG, in the presence of
trehalose, it was observed that at low
concentration of trehalose (20 mM) a
positive B22 value was obtained, suggesting an increase in IgG colloidal
stability by trehalose. However, this
effect is not observed in the presence
of a higher concentration of trehalose (500 mM), where a large negative
value of B22 was observed.
Experiments with both systems
show the dependency of the protein
stability on the excipient concentration. For the IgG–trehalose system, it
seems that there is a maximum trehalose concentration, between 20–500
mM, at which this excipient is still
capable of having a stabilization effect.
Conformational stability:
melting temperature (Tm)

The presence of ligands or excipients
in a protein formulation can stabilize the conformation of a protein,
resulting in unfolding processes at
higher temperatures. However, excipients can have the opposite effect and
their presence can perturb, locally or
globally, the protein structure, leading to unfolding processes at lower
temperatures. To understand if the
protein native conformational structure is impacted by the addition of the
studied excipients, the authors performed the determination of melting temperature (Tm) by differential

scanning f luorimetry (DSF). This
analytical methodology is a rapid and
inexpensive high-throughput screening method that uses a f luorophore
that binds to protein hydrophobic exposed regions. This method is
useful to identify the impact of the
individual constituents and process
development parameters on the conformational stability of the protein (7).
Conformational stability of a protein
is related to the protein Gibbs free
energy of unfolding (ΔGu), which is
temperature dependent. As the temperature increases, ΔG u decreases,
reaching zero at the equilibrium
where concentrations of folded (native)
and unfolded (denatured) protein are
equal (7). The temperature at which
this occurs is called the melting temperature (Tm).
In this work, it was observed that
the presence of the excipients, under
the studied conditions, did not significantly alter the Tm of the protein
(Figure 5A and Table II), suggesting
that protein conformational stability is
not impacted by the presence of these
two excipients.
Conformational stability:
protein hydrophobicity

Another biophysical stability predictor
is the protein hydrophobicity, which
can be quickly determined by f luorescence probes and correlated with
surface properties of the protein and
changes in tertiary structure. Sypro
Orange (Thermo Fisher Scientific) is
a fluorophore for which an increase in
quantum yield will occur upon bind-
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Table II. Biophysical parameters to evaluate bioformulation stability profile determined for lysozyme in the presence of arginine
and immunoglobulin G (IgG) in the presence of trehalose. DLS is dynamic light scattering. DSF is differential scanning fluorimetry.

Hydrophobicity
KUnfolding (1/h)
(DSF)

Kaggregation
(1/h) (DLS)

Tonset (ºC)

1367±23

0.74±0.07

3.30

69.5

Formulation

Tm (ºC)

Fluorescence
Intensity (a.u.)

Fluorescence
amplitude (a.u.)

Lysozyme

68.00 ± 0.04

2514±24

Lysozyme + arginine (1:9)

69.20 ± 0.19

2539±20

2500±68

0.91±0.06

13.30

59.6

Lysozyme + arginine (1:26)

67.18 ±0.41

2640±104

5961±184

0.97±0.09

7.85

57.8

IgG

70.48± 0.05

2566±5

2315±4

1.89±0.05

9.15

70.2

IgG + trehalose (1:76)

70.94± 0.09

2591±5

2376±63

1.97±0.03

3.17

73.2

ing with the protein exposed hydrophobic region (7). In the presented
case study, the presence of arginine
significantly increases the initial f luorescence in a concentration-dependent manner (Table II). These results
suggest that arginine establishes conspicuously weak unspecif ic interactions with the protein, behaving as an
osmolyte molecule (8). However, the
presence of trehalose on the IgG solution does not significantly impact the
initial f luorescence of Sypro Orange
(Table II), suggesting that trehalose does not promote tertiary structural changes of IgG. Fluorescence
amplitude of the denaturation reaction denotes that binding to the f luorophore is increased in the presence
of arginine (Table II), suggesting
that arginine promotes exposure of
hydropic surfaces during the lysozyme unfolding process. Fluorescence
amplitude of the denaturation reaction of IgG is not significantly altered
by the presence of trehalose, supporting the data of initial fluorescence.
Conformational stability: protein
unfolding and aggregation rate

Figure 3. Bioformulation stability profile using biophysical stability predictors.

Figure 4. (A) Debye plot of lysozyme in the presence of arginine. (B) Debye plot
of immunoglobulin G (IgG) in the presence of trehalose.

Ac c e ler ate d temp er at u re st abi lity experiments, such as isothermal
kinetics by fluorescence and dynamic
light scattering (DLS), are useful to
monitor real-time protein unfolding
and aggregation in stressed conditions
and, in some cases, are sensitive to
detect changes in protein stability that
were not possible to detect by melting temperature determination (9).
38
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Figure 5. Experimental data used to determine biophysical parameters.

external f luorophores such as thio f l a v i n T, 1- a n i l i n o n a p h t h a lene-8-su l fonic acid (A NS) and
4,4’-dianilino-1,1’-binaphthyl-5,5’-disulfonic acid dipotassium salt (BisANS) or by light scattering. Using
this set-up, researchers can evaluate the unfolding rate (K unfolding ) by
DSF and aggregation rate (K aggregation)
by DLS (11). In DSF isothermal
kinetics, the authors took advantage
of the properties of Sypro Orange
as a dye that binds hydrophobic
patches to monitor the exposition
of these regions that occur during
unfolding and protein aggregation.
By this end, the authors were able
to determine t wo stabilit y predictors parameters—Tm and K unfolding —
with the same instrument setup. In
this case study, unfolding isothermal kinetics demonstrate that the
presence of arginine increases the
lysozyme unfolding rate in a concentration-dependent manner. In
the case of IgG, presence of trehalose does not significantly alter the
IgG unfolding rate (Figure 5B and
Table II). Aggregation isothermal
kinetics monitored by DLS showed
that the presence of arginine induces
a four-fold increase in the lysozyme
aggregation rate. An opposite behavior was observed for IgG in the presence of trehalose. Trehalose induces a
decrease in the IgG aggregation rate
(Figure 5C and Table II).
Conformational stability: onset
aggregation temperature (Tonset)

By choosing a temperature 5–10 ºC
below the melting temperature, these
methodologies are a fast way to evaluate protein stability under formulation
and process conditions (10). These
studies allow a deeper understanding of the unfolding and aggregation
www.biopharminternational.com

mechanisms and whether protein
denaturation precedes aggregation or
native state and/or intermediate states
are the prone states to aggregate.
Monitorization of protein unfoldi ng a nd /or a g g reg at ion c a n b e
per formed by f luorescence w it h

A key stumbling block in protein
aggregation prediction is the detection of aggregate-prone intermediate
states that can be present transiently at
low concentrations relative to natively
folded proteins. Intermediates partially folded are the most prone state
to nucleate and promote aggregation.
Onset aggregation temperature (Tonset)
is another biophysical stability predictor that will disclaim the protein
propensity to aggregate and conse-
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quently predict if intermediate folded
states are present in the product.
Static light scattering coupled with
thermal ramping determined the Tonset.
The presented results indicate that
lysozyme as a Tonset of 69.5 ºC and
that the presence of arginine decreases
the Tonset in up to 11 ºC, suggesting
that the presence of arginine induces a
protein structure more prone to aggregate (Figure 5D and Table II). In
contrast, the presence of trehalose in
IgG induces an increase in the Tonset
of 3 ºC, suggesting a discrete structural change that does not impact the
propensity to aggregation (Figure 5D
and Table II).

CONCLUSION
Currently, the pharmaceutical industry targets increasingly complex biologic molecules, therefore analytical
workf lows play an important role in
streamlining the development process. A successful development of biopharmaceutical formulations requires
a careful assessment of the biophysical properties, primarily focused on
achieving optimal conformational and
colloidal stability of the drug molecule. It also involves extensive stability
studies under stressed conditions and
forced degradation studies. Prediction
of possible structural conformational
changes and the impact on colloidal
and conformational stability is useful
to understand the impact of different
formulations of a biopharmaceutical
drug and the consequences of subtle
process changes on the drug.
I n t he pha r maceut ic a l i ndu stry, chemical and colloidal stability
are the focus for choosing the best
formulation. The concentration-dependent diffusion coefficient is the
gold standard parameter to select for
determining the best formulation in
terms of colloidal stability. To analyze conformational stability, stability
studies under accelerated conditions
and analysis by liquid chromatography is still the most used approach.
40

Accelerated stability studies and liquid chromatography analysis are time
and resource consuming; therefore,
an approach to narrow the candidates
by prediction of the possible implication on protein aggregation and
unfolding pathways is a good strategy to identify and address potential problematic candidates in a faster
way, reducing risk and process development costs. Understanding the
link between thermal unfolding and
aggregation might help to minimize
conformational and colloidal instabilities. Determination of melting
temperature and onset aggregation
temperature that establish at least
the first unfolding and aggregation
event temperatures indicates what are
the highest storage temperatures that
can be used to induce stress under
accelerated stabilit y studies. It is
important to note that International
Council for Harmonisation (ICH)
guidelines on stabilit y testing of
biotechnological/biological product
indicate that accelerated conditions
are useful to understand degradation
profiles and product integrity upon
excursion/accidental exposure (12).
However, there is a lack of correlation between accelerated stability and
long-term low-temperature stability
(13) since proteins may follow several different aggregation pathways,
which are highly specific to the combination of protein, buffer condition,
and analysis conditions.
The present study designed an analytical package to predict structural
and colloidal stability and to demonstrate the impact of formulation on
the stability of two model proteins. In
the case study, it was demonstrated
that the presence of arginine at optimal and native conditions promotes
strongly repulsive protein–protein
interaction and induces an increase in
the colloidal stability of lysozyme. In
addition, arginine also does not affect
the melting temperature of lysozyme.
Under stressed conditions, arginine
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promotes the exposure of hydrophobic
regions of lysozyme that induces a distinct and faster unfolding and aggregation pathway. These results gave
information of the inherent structural
stability of the protein suggesting that,
under native conditions, arginine is
a good excipient choice for lysozyme.
Nonetheless, specific stress conditions,
such as high temperature and presence of arginine, can promote protein
aggregation, compared to lysozyme
alone. The presence of trehalose, on
the conditions studied, does not affect
the melting temperature of IgG or
the protein surface hydrophobicity. It
was observed that trehalose promotes
a discrete slowing effect on unfolding
processes of IgG, supported by the
fact that onset aggregation temperature is also higher, suggesting that
trehalose can be a suitable candidate
to IgG formulations.
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Lifesaving Logistics:
Today’s Cold Chain

T

he entire clinical supply chain — from manufacturer to shipper
to clinician to patient — is united in its reliance on cold chain
solutions to consistently deliver quality of life and potentially
lifesaving treatments. In this conversation, Jim Bacon, Director of
Technical Operations at Marken, and Eric Elbel, Technical Operations
Manager at Marken, discuss how to navigate an array of temperaturecontrolled shipping options across five specific temperature ranges
while ensuring product integrity and patient safety.

Jim Bacon
Director of Technical
Operations
Marken

ELBEL: How have you seen the cold chain industry evolve in
recent years?
BACON: Over the past 5-10 years, we’ve seen an increased focus on
product integrity and patient safety in our industry. We’ve seen intransit monitoring become the norm and post-shipment reporting
highlighting areas such as location, temperature and other data
that become a “go” or “no go” requirement in many studies before
administration of a drug to a patient.
It has become increasingly important for the entire clinical supply
chain — from manufacturer to shipper to clinician to patient — to
have a coordinated effort and communicate what is happening at
each step in the process.
How can an organization improve their cold chain acumen?
ELBEL: A big focus for us at Marken is our emphasis on increased
training on all solutions in our toolbox, and more cause-and-effect
education on how to condition shippers so they work as designed
and qualified. Compliance has become critical to the process as data
has become more readily available, and we’ve seen clients place
significance on data and data integrity. Do you agree?
BACON: Absolutely. Compliance is key.
ELBEL: When we consider the packaging of our materials, what
would you say we need to know about temperature ranges?
BACON: In the clinical and pharmaceutical world, there are basically
five standard commercially available temperature ranges of solutions:
• Cryogenic: -200 to -150 °C (with -150 °C considered to be the
upper threshold for deep frozen)

Eric Elbel
Technical Operations Manager
Marken
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• Dry ice: -90 to -50 °C (with -50 °C considered to
be the upper threshold for deep frozen)
• Frozen: -25 to -15 °C with some other
custom ranges
• Refrigerated: 2 to 8 °C
• Controlled room temperature: +15 to +25 °C
With frozen products, many blood products require less
than -20 °C, so custom ranges have been developed,
but are not as readily available from suppliers.
When we discuss solutions for clinical trials, we
look to educate clients early in the process, or at
the point of study startup regarding the solutions
and temperature ranges available in the cold chain
logistics industry because this will be a key decision
factor when it comes time to ship the product.
As we discuss solutions with our clients, what other
factors should we be considering and sharing?
ELBEL: In our industry, the adage of “you get what
you pay for” rings true with all these temperature
ranges. Some packaging solutions that you can find
online or originally developed for the perishables
industry may be less expensive, but they won’t
perform very well and have generally not been
tested to pharma standards. On the other hand,
you can certainly over-pay unnecessarily for overengineered packaging solutions. In our situation,
we’re looking to meet the needs of our clients. In
many cases, that means that we need to provide
them some education and training on proper
handling of product, dangerous goods and even on
the potential hazards of shipping materials with dry
ice and liquid nitrogen.
Also, it’s important that we inform clients about
their options, particularly to show that higher quality
solutions may be higher cost, but they increase
protection of product. There are so many options
out there now; a big part of what we can do is advise
clients what resources will best meet their needs.
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BACON: I agree — with so many choices out there,
clients need to be informed about their options
and to understand the shipping requirements of
their product.
What do you see as the biggest challenge to
the industry now? What has the pandemic
shown us, and how can technology be used to
improve outcomes?
ELBEL: The pandemic has shown us that being
reactive can be a recipe for failure. Education and
training are proven proactive steps to ensure a
higher level of success.
BACON: Yes, it is key to find the right solution for the
project that ensures product integrity and patient
safety. Easy and cheap cannot be the priority.
Compliance, discipline and due diligence are critical
as we try to balance risk with urgency because we
only get one chance to get it right.
The pandemic has shown us that strategic scenario
planning may be an excellent process to identify
alternatives, analyze consequences and impacts
and then plan appropriate responses. Once this is
established, we can work with clients to look for
early triggers and initiate actions to ensure a secure
supply chain.
ELBEL: Exactly. We get one chance to get it right; we
must adhere to the temperature ranges that we’ve
offered to clients. There are a lot of industries that
get second and even third chances to get things
right, but in cold chain logistics (and in clinical and
pharmaceutical logistics in particular), we’re often
shipping irreplaceable client product. It’s important
for us to consider the details of our consignment,
build a plan for each shipment and treat all of them
like they might save someone’s life — because
frankly, a lot of them do just that.

Marken is a wholly owned subsidiary of UPS and is a critical part of UPS Healthcare. With Polar Speed

and Marken included, the UPS Healthcare division staffs 128 locations with 5,500 employees worldwide.
Marken offers a state-of-the-art GMP-compliant depot network and logistic hubs for clinical drug product
storage and distribution in 58 locations worldwide, while maintaining the leading position for Direct-toPatient and Home Healthcare services, biological sample shipments and biological kit production. Marken’s
dedicated 1,691 staff members manage 110,000 drug product and biological sample shipments every
month at all temperature ranges in more than 220 countries. Additional services such as ancillary material
sourcing, storage and distribution, shipment lane verification and qualifications, as well as GDP, regulatory
and compliance consultancy add to Marken’s unique position in the pharma and logistics industry.
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In Vitro Pulls Ahead of In Vivo for
Adventitious Agent Testing
Scientific advances open the way to alternatives
to animal testing and in-vivo assays.

A

dventitious agents—microorganisms introduced
during the biomanufacturing process—present
significant risks to the quality and safety of biologic drugs. Prevention, detection, and removal are key
elements of risk mitigation practices.
“A source of risk for viral vaccines, biologicals, [and]
cell and gene therapies are adventitious agents (AA)—
microorganisms that may unintentionally be introduced
into the manufacturing process,” explains Archie Lovatt,
scientific operations director, SGS. “Exogenous forms
of AA include bacteria, yeast, chlamydia, rickettsia,
mycoplasma, prion, protozoa, and viruses. There are
also endogenous forms of AA, which are process- or
product-related impurities. These can include endogenous retroviruses or other viruses, replication-competent
retroviruses, adenoviruses, or adeno-associated viruses,
depending on the manufacturing process.”

COMMON SOURCES OF ADVENTITIOUS AGENTS

“Within the biopharmaceutical industry, the main sources
of adventitious agents are derived from the raw materials
44
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used during production, including the cell substrates, which
are the starting point for the generation of biologics products,” says Alison Armstrong, global head of field technology management, MilliporeSigma. “Potential contaminants
are also originating in manufacturing processes and cleaning procedures, equipment used, general production facilities used, and from direct and/or indirect human contact
(i.e., personnel-related contaminations).”
The most challenging adventitious agents are new
emerging viruses and viruses that can’t be assigned to a
known virus family or are a distant variant of a known
virus family, explains Horst Ruppach, executive director, scientific and portfolio, at Charles River. “Viruses
that are not expected as a potential contaminant are
especially difficult, such as the vesivirus contamination
of [Chinese hamster ovary] CHO production cell lines
or the porcine circovirus contamination found in rotavirus vaccines,” he says. “The latter was detected using
high-throughput sequencing (HTS), mostly by chance.
All typical testing assays applied during manufacturing
failed to detect this virus.”
www.biopharminternational.com
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KEY DIFFERENCES BETWEEN
IN-VIVO AND IN-VITRO
ADVENTITIOUS AGENT TESTING

Established in-vivo and in-vitro methods to test for adventitious agents have
benefits and drawbacks.
“Both in-vivo and in-vitro adventitious agent tests are broad detection
systems that can detect a wide range
of viral contaminants,” said Armstrong.
“The in-vivo assay is the classical method
of virus detection used for many years
to detect specific virus families, which
allowed the detection of viruses not traditionally detected in cell culture-based
systems. In-vivo assays use small animal
models that meet regulatory requirements to provide an additional level of
assurance of virus safety.”
Different guidelines for risk mitigation may require animal testing, says
Pascale Beurdeley, chief scientific officer
at PathoQuest. Animal testing is used
for starting material evaluation (such
as cell banks or virus seeds/vectors)
and used only minimally for lot release.
But one of the key differences between
these two testing methods is timing.
“The turnaround time with animal
testing is the longest: up to 42 days for
the experimental phase of the in-vivo
assays, two–six months for the complete study, as opposed to one week with
molecular testing or four weeks for cellbased in-vitro testing,” Beurdeley continues. “Specificity and sensitivity of virus
detection in in-vivo and cell-based in-vitro assays are usually unknown and currently, if an in-vivo or in-vitro cell-based
result is positive (detection of adventitious contamination), it always requires
additional investigation for virus identification using in-vitro or molecular assays.”
According to Ruppach, the breadth
of detection and the sensitivity for
specific viral contaminants can differ. The in-vitro assay typically has
a higher breadth of detection and is
more sensitive. A few viruses, however, are detected in the in-vivo assays
at a higher sensitivity. For example,
influenza contaminations can best
46

be detected through inoculation in
embryonated eggs.
“Different to the breadth of detection
or the sensitivity, there are also some
important practical aspects. The cellbased in-vitro assays typically perform
better compared to assays using adult/
suckling mice, guinea pigs, or embryonated eggs,” says Ruppach. “The administration of samples in vivo is tricky and
sample matrix components can lead to
animal death that could be misinterpreted as a viral contamination (false positive results). Both the in-vitro and the
in-vivo assays require specialized laboratories but the requirements for in-vivo
testing are even more challenging.”

DETERMINING TEST SUITABILITY

Experts interviewed agree that in-vitro
assays are usually the preferred method
for detecting adventitious agents.
“In our industry experience, in-vivo
methods have not proven to be effective
in the detection of adventitious virus in
products,” says Lorraine Borland, product manager, viral vaccine and gene therapy, Sartorius. “This may be due to lack
of sensitivity of the method or indeed
the reduced risk profile of products with
the introduction of sterile single-use
manufacturing systems, chemically
defined medium, removal of animal
components in the manufacturing chain,
and increased process control.”
Scientific advances have opened the
way to alternatives to using animals for
testing. In some cases, replacing the use of
animals with in-vitro testing are required.
“Given the range of technologies
and testing strategies available today,
it seems highly unlikely there are any
instances where in-vivo testing would
be considered more appropriate,” says
Beurdeley. “Animal testing in general
continues to fall out of favor in lieu of
more novel molecular approaches like
those that utilize the polymerase chain
reaction, next generation sequencing
(NGS), or combinations thereof.”
A 2014 study published in Vaccine
by J. Gombold et al. found that some
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viruses can be better detected with
in-vivo assays than with in-vitro cellbased assays—for example, the vesicular
stomatitis virus and influenza virus. But
in general, cell-based in-vitro assays
have a higher potential to detect adventitious viruses (1).
“Interestingly, the in-vivo assay was
included in the regulations for adventitious agent testing from the 1950s
as a broad-spectrum detection system
looking for viruses that were difficult
to grow in culture and, therefore, could
form contamination within a vaccine
production stream without affecting
the vaccine cultures themselves,” says
Borland. “The hypothesis was that
viruses, such as coxsackie virus, required
the in-vivo test to be detected. For
when they were isolated from clinical
samples, it was seldom possible to grow
them in cell culture unless a panel of
cells were used. Isolation of the virus
in suckling mice was, therefore, recommended. However, we can detect
enteroviruses using in-vitro methods
with a panel of susceptible cells and
employing molecular methods.”

STRENGTHS AND
WEAKNESSES OF
IN VIVO VS. IN VITRO

Both in-vivo and in-vitro testing
methods detect live contaminating viruses and have an amplification
phase of contaminants, increasing the
detectability of very low levels of contamination. Each testing method also
has known strengths and weaknesses.
“For in-vitro assays, the use of
selected cell lines is permissive to a
wide range of viruses using several
end-point test systems (i.e., cytopathic
effect, haemagglutination inhibition or
haemadsorption, or immunofluorescent
assays [IFA]),” says Armstrong.
Although both assay types detect
infectious viruses, neither are usually
specific, says Ruppach. Ruppach adds
that a viral contaminant isn’t automatically identified in a positive result. The
exception is when applying specific
www.biopharminternational.com
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read-out methods like ELISA or polymerase chain reaction (PCR), which
are designed for specific viruses.
“I don’t see much strength with the
in-vivo approaches except if a specific
contaminant is assumed and known
to be best detectable through animals,”
says Ruppach.
Current adventitious agent tests
can detect a broad range of viruses
at a low limit of detection of about 1
TCID50, Armstrong explains. Because
these test methods have a limit for the
sensitivity they can detect, any contaminants below that level are challenging to detect. Armstrong further
adds that known limitations for cellculture-based systems include the fact
that not all virus agents grow well in
cell-culture-based systems. Therefore,
according to Armstrong, there is a need
for alternative methods in adventitious
agent testing—for example, molecular
based technologies including degenerate PCR methods, advanced molecular technologies such as NGS/HTS or
IFA systems, which allow detection of
a wider range of known and emerging
adventitious agents.
“Latent or silent virus infections can
be also difficult to detect and require
special testing regimes” says Armstrong.
“Cell culture systems are particularly
susceptible to matrix-related toxic-

ity, as well as to viral infection-related
cytopathic effects.”
Knowing the benefits and shortcomings of adventitious agent testing, what
is next for the industry? NGS or HTS
technologies are considered suitable supplements or even replacements of in-vivo
and in-vitro assays, says Ruppach. In a
given sample, these technologies detect
nucleic acids—including virus-specific
nucleic acids—and analyze the nucleotide sequence. Regulators have recognized the impact of state-of-the-art
technologies and have provided guidance
on the use of such technologies (World
Health Organization TR978, recent Ph.
Eur. chapters 2.6.16, 5.2.3, and 5.2.14).
“The major benefit is that these methods can detect and identify all viruses
(even unknown viruses) at a sensitivity
compared to PCR or even beyond. In
fact, there are ongoing discussions that
NGS/HTS may ultimately replace the
in-vivo methods for both 3Rs considerations, and the limitations outlined
above,” Ruppach says. “The major difference between NGS/HTS to the in-vitro and in-vivo methods is that NGS/
HTS methods detect both infectious and
non-infectious viruses. Non-infectious
viruses or related nucleic acids could be
a left over from a treatment, and—while
not typically a risk—they can lead to a
‘false’ positive result with an NGS/HTS

approach. However, while NGS/HTS
methods have been developed to differentiate infectious from non-infectious
viruses, which could make these technologies universal for viral contamination
detection moving forward, there are still
misconceptions about their effectiveness
[according to the literature (2)].”
Beurdeley adds, “Both tests [in-vivo
and in-vitro cell-based assays] were
initially assessed as broad range virus
detection assays. This approach has been
challenged with the advent of truly broad
molecular test methods, such as NGS,
which does not require prior knowledge or suspicion of the adventitious
agent. Moreover, our alternative NGS
approaches can distinguish replicative—
thus infectious—from non-replicative
viruses. As such, NGS can detect previously undetected or undetectable replicative virus contaminants [citing an article
in the Journal of Virology (3)].”
Only time will tell what technologies will emerge most effective for
detecting adventitious agents and other
contaminants.
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In-Vivo vs. In-Vitro Adventitious Agent Testing
Two assays used to identify adventitious agents are invivo and in-vitro testing. Experts from Charles River, MilliporeSigma, PathoQuest, Sartorius Stedim BioOutsource,
and SGS share the biggest differences between in-vivo
and in-vitro adventitious agent testing. In-vivo assays:
• Are used when testing animal cell lines for
microorganisms
• Are used for starting material evaluation, like
cell banks or virus seeds/vectors, and used only
minimally for lot release
• Have slower turnaround time (approximately two
to six months)
• Have an unknown specificity and sensitivity of virus
detection and require additional investigation for
virus identification if the test is positive
• More components to juggle.
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In-vitro assays:
• Are used for the detection of microorganisms
in cell culture or other studies performed on
microorganisms outside their normal biological
context
• Have a quicker turnaround time (approximately
four weeks)
• Have a higher breadth of detection and is more
sensitive.
Both in-vivo and in-vitro assays:
• Have broad detection systems that detect viral or
bacterial contaminants
• Require specialized laboratories.
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Special Report

Trends Affecting Biopharmaceutical
Manufacturing
Almost half of pharmaceutical industry profits
continue to come from biopharmaceuticals.
DAVID LIN
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and expanded approvals for new indications. International markets continue to grow, but mostly with biosimilars/biogenerics.
Biopharmaceuticals versus small-molecule drugs have
simply proven themselves to be profitable investments, due
to their insulation from major economic problems, such as
those caused by COVID-19. Biopharmaceuticals generally
provide much higher profits per sale and a higher likelihood
of products attaining commercial success, including capturing market share. This is due to their more straightforward
approach and tendencies to be developed for diseases and
indications lacking in other good options for treatment, thus
supporting relatively high sales prices.
Contin. on page 52
DAVID LIN, dlin@bioplanassociates.com, is the senior director,
Technical Research, BioPlan Associates. With a Master’s in Molecular
Biology, he has many years experience with biopharmaceutical and
pharmaceutical life science research, including a diverse science and
marketing background. Specializing in content creation and market
research, www.bioplanassociates.com
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T

he current biopharmaceutical industry is estimated at
more than $400 billion/year revenue and continues to
grow at a healthy rate. Biopharmaceutical revenue and
related aspects, including R&D investments and bioprocessing,
are continuing to grow at slightly over 12% annually, essentially
doubling approximately every five years, according to BioPlan
Associates’ Annual Report and Survey of Biopharmaceutical
Manufacturing (1). This consistent, robust growth is fueling the
current trends affecting the bioprocessing segment.
The report shows that the industry continues to expand at its
usual rate (1). This year’s survey of bioprocessing professionals
included responses from more than 140 decision-makers in 25
countries along with 100 industry supplier/vendor respondents.
With biopharmaceuticals generally more expensive than
other pharmaceuticals, nearly 50% of pharmaceutical industry
profits continues to come from biopharmaceuticals. The world
market for recombinant protein therapeutics is now approximately $250 billion, with non-recombinant vaccines, blood/
plasma, and cellular products comprising nearly all the remainder. Growth includes many new product/technology areas now
moving into the mainstream, such as cell and gene therapies
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Monitoring and Controlling dCO2
in Cell Culture & Fermentation
Dissolved CO2 measurement enables real-time
monitoring of content in media.

I

nline dissolved CO2 (dCO2) measurement and monitoring during
cell culture and fermentation scale up offers significant benefits
for process control, impacting productivity, and quality attributes.
Real-time dCO2 measurement complements routine dCO2
measurements with a blood gas analyzer (BGA) during pre-clinical
and commercial operations. BioPharm International recently spoke
with Olivier R. Berteau, pharmaceutical and biotech industry
manager at Mettler Toledo Process Analytics to learn why dCO2
should be measured as a critical process parameter (CPP), what
actions can be taken based on dCO2 measurements, and how to
implement real-time dCO2 measurement.
BIOPHARM: Accumulation of dCO2 as a CPP in culture media is
often ignored in fermentation and cell culture. Is this a missed
opportunity for process control?
BERTEAU: Indeed, CO2 is a gas, and it seems logical to monitor it
as a gas. But, in fermentation and in cell culture, the dissolution
and dissipation of CO2 is a very dynamic phenomenon. Thus, it is
important to measure CO2 in its dissolved form because that is the
form in which it directly affects the cell population.

BIOPHARM: What makes dCO2 critical to measure at any scale for
cell culture?
BERTEAU: This is a complex topic, but it all comes down to process
control. The carbonate buffering system used with the cell culture
media, the accuracy of the measurement of the pH, and the dCO2
levels combine to allow you to monitor and control the pH at a very
fine level, and therefore, limit the excessive accumulation of lactate
and ammonia in the cell culture media.
In fact, as the in-line measurement of dCO2 provides the same data
as an offline BGA, it is easier to compare CO2 data. Therefore, the
precision obtained for monitoring and control is very easy to qualify.
Because Mettler Toledo pH sensors for cell culture have almost zero
drift post-sterilization, this correlation between pH and dCO2 is of
great interest for cell culture.
BIOPHARM: Are you saying the dCO2 levels have an effect on
pH control?
BERTEAU: Yes, and there are several publications that explain how
controlling dCO2 could positively impact pH control. For example,

Olivier R. Berteau
Pharmaceutical and
Biotech Industry Manager
Mettler Toledo
Process Analytics
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when using buffered media at a defined pH and
dCO2 content, the addition of bicarbonated solutions
can be reduced, and potentially eliminated, because
the dCO2 content is monitored and pH becomes
more stable and smoother to control.
BIOPHARM: What makes dCO2 critical to monitor
with regard to fermentation?
BERTEAU: As long as dCO2 is able to pass both
ways through a cell membrane, looking at dCO2 in
fermentation—and monitoring its accumulation—
makes sense. Many engineers measure CO2 as a
gas in the off-gas or the overlay of the fermenter.
Sometimes, multiplexing the measurement is
applied, which complicates the process and induces
a delay in the monitoring. With dCO2 measurement,
the content can be monitored in real time in the
media. For example, a citric acid fermentation using
dCO2 monitoring and thresholds helps to maintain
the expected batch-to-batch productivity.
Dissolved CO2 is not always critical with microbial
systems. But, as I have observed, it should be
implemented more often in various fermentation
processes. And because dCO2 is not only used to
control pH in fermentation, the dCO2 measurement
is a direct output of the fermentation.
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BIOPHARM: Could the same be simply applied to a
cell culture process?
BERTEAU: Yes, but for mammalian or insect cells,
manipulating pH and CO2 could become more
valuable than helping to better monitor the addition
of a carbon source. Don’t get me wrong, dCO2 will
impact media osmolality, growth rate, and quality
attributes of a protein or a monoclonal antibody.
Like a CO2 incubator, the possibility to maintain
dCO2 at a fixed set point in media—or knowing the
dCO2 accumulation—is dynamic. It is also interesting
to maintain different dCO2 profiles or set points at
specific times during a batch.
BIOPHARM: How would you recommend
that someone measure dCO2 in cell culture
or fermentation?
BERTEAU: Mettler Toledo has a dCO2 sensor
specifically designed for bioprocessing. The
sensor has been used by our clients in commercial
phase for years under fed batch of perfusion,
with runs sometimes exceeding 300 days. The
technology is robust and qualified, with accuracy,
simplicity of calibration, and performance
proven for bioprocessing, which will help get
the measurements needed in cell culture or
fermentation at all scales.

BIOPHARM: Can a fermentation be monitored as
input and output data that are used to influence
the fermentation balance?
BERTEAU: Yes. Looking at a fermentation process
as inputs and outputs, dCO2 in fermentation could
help to monitor, for example, the addition of the
carbon source, and to maintain the optimum dCO2
required by a cell population. dCO2 is not exclusively
useful to better characterize and control pH. The
dCO₂ measurement is also a direct output of
most fermentations as long as the cell population
considered uses and secretes dCO₂ in culture media.

Mettler Toledo Process Analytics is a leading provider of analytical measurement solutions

for industrial manufacturing processes. The company produces sensors and analyzers for upstream and
downstream operations, including pH, dissolved oxygen, CO2, conductivity and turbidity measurement
systems. They also produce Thornton analyzers for the monitoring of pharmaceutical waters.
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The landscape for bioprocessing
continues to evolve, driven by many
externally imposed trends that have
been combined with ongoing technological changes and internal progress
in bioprocessing. These trends tend to
take years to develop and evolve. Thus,
most ongoing bioprocessing-related
trends are not new and are reported
after they become evident or familiar, making it difficult to cite when a
specific trend starts and ends. The
wild card in the bioprocessing landscape continues to be external forces,
which can cause rapid acceleration and
deceleration of developing and evolving
trends. A recent example of this can be
seen with the COVID-19 pandemic.

•

MORE IS COMING

•

Overall, because of ongoing trends, the
industry can expect more, including
more of the same, in the bioprocessing
sector, including:
• Increase in the number of biopharmaceutical products marketed,
with a focus on developing smaller
markets, personalized products, and
biosimilars.
• Biopharmaceutical companies and
R& D development investment
in developing regions, specifically
China, as biopharmaceuticals are
increasingly adopted for use and
more of the population in developing
countries can better afford these.
• More biopharma facilities worldwide, with more continuing to
come online in both major markets
and Asia. The Top 1000+ Global
Biopharmaceutical Facilities Index
currently tracks over 1900 facilities
worldwide with total estimated bioreactor capacity now over 17.3 million liters, including >720 facilities
with an ≥2000 L capacity (2).
• More biosimilars, biobetters, and
biogenerics, with continued expansion in developed markets and
capturing growing market shares
52
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in developing countries, due to an
increase in prices of the originals.
Single-use bioprocessing systems will
continue to rapidly displace commercial-scale stainless steel-based manufacturing, both at commercial manufacturing and clinical scales.
Expansion of second-source bioprocessing facilities to combat
supply chain issues due to the
COVID-19 pandemic.
Flexible manufacturing facilities,
including modulation, further
aided by the increased adoption of
single-use bioprocessing systems.
This results in fewer product-dedicated facilities.
Bioprocessing efficiency scale-out
and scale-up continues to incrementally increase, with increases in both
titer and yields.
Continued adoption of continuous
processing, including upstream perfusion and continuous chromatography for downstream processing as
technology and experience increases.
More high-tech expression systems and other genetic engineering
options.
More automation, reducing the need
for sampling by increasing in-line
monitoring, control, and data recording/processing built into bioprocessing equipment, all with the goal of
helping to maintain closed and aseptic environments. This move toward
greater automation is likely to be
especially important to cell therapies
in coming years.
More use of bioprocess modeling,
including increased importance of
down-scalability.
More regulatory framework, helping
to drive bioprocessing advances and
providing more direction to how the
bioprocessing landscape will look in
the coming years.

CONTINUED PANDEMICRELATED TRENDS

The COVID-19 pandemic continues to have the largest impact on the
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industry, significantly impacting related
future bioprocessing trends. An update
to a 2020 supplemental study done by
BioPlan, which conducted interviews
with bioprocessing facility and supplier
executives, is available (3).
In the short-term, the bioprocessing
sector continues to experience relatively
minor disruptions, proving itself again
to be relatively resistant to disruptions,
all while many other industries continue to experience significant reductions in R&D, manufacturing, and
sales. The biopharmaceutical market is
one that is generally deemed crucially
important, with products that maintain a steady demand because of the
seriousness of the diseases they tend
to target. This lack of disruption has
positioned the biopharmaceutical and
bioprocessing sectors for rapid growth
as the pandemic response continues
to evolve and develop. This growth
includes tens of billions of dollars
invested in R&D and the manufacturing of vaccine doses to provide billions
of doses per year of COVID-19 vaccines and potential boosters in coming years. This increase continues to
have a trickle-down effect, spreading
to non-pandemic-related industries as
well. As a result of this build-up and
investment, non-pandemic projects
continue to be shifted out to contract
manufacturing organizations (CMOs).
Even smaller CMOs have seen an
uptick in business as pandemic-related
projects take priority in these facilities.
A new landscape is evolving for
what bioprocessing will look like post
COVID-19. Figure 1 summarizes
results from interviews with product
developer and bioprocessing supplier
company executives regarding expectations for the impacts of the COVID-19
pandemic on the bioprocessing landscape,
post pandemic.
The top-ranked expectations coming from the COVID-19 pandemic,
cited by ≥50% of respondents were:
• “Shortage of [single-use systems]
SUS and other supply issues,” with
www.biopharminternational.com

Special Report

Figure 1. Key fears and resolutions in bioprocessing post COVID-19.

Source: Rader, R.A., Langer, E.S., Jhamb, K., Covid-19 Impact on Bioprocessing: Accelerating Trends – Long-term Impact of Novel
Coronovirus-19 on Biomanufacturing and Bioprocess Supply Chain, White Paper, BioPlan Associates, June 2020, https://bioplanassociates.com/wp-content/uploads/2020/07/Covid-19-Impact-on-Bioprocessing-White-Paper-BioPlan-20200605.pdf.

over 70% of developer interviewees
citing this.
• “Prioritization,” with over 50% of
developer interviewees citing this.

FIGURE COURTESY OF THE AUTHOR.

OTHER MAJOR TRENDS

Additional biopharma manufacturing
trends include the following:
• O ut s ou rc i n g. I nc lud i n g contract manufacturing, outsourcing continues to slowly increase.
However, recent survey data indicates that the rate of growth in
outsourcing is beginning to slow
in the biopharmaceutical industry.
Outsourcing appears to be increasing, however, in the mainstream
pharmaceuticals industry.
• New entrant companies. Several new
entrants, including generic-drug
and foreign companies developing
biosimilars, have appeared, with
those companies planning to use
these biosimilars to establish a name
for themselves in the industry. This
is an easier, cheaper, and faster
www.biopharminternational.com

way to establish a presence in the
biopharmaceutical industry.
• More modu l a r bioproce s si ng
facilities. Multiple bioprocessing
equipment developers and vendors are
developing and marketing modular
approaches to bioprocessing. These
types of bioprocessing facilities, even
on a commercial manufacturing
scale, can be completed in days and
weeks. This modular trend will likely
accelerate worldwide proliferation of
commercial manufacturing to lesserdeveloped countries.
• China, India, and other parts of
the world are becoming biopharmaceutical manufacturing markets.
Biopharmaceutical companies in
many developing countries are experiencing rapid growth by serving
their domestic and regional markets.
Markets for biopharmaceuticals are
growing in many developing countries, such as China and India, as a
result of increased incomes and an
embryonic middle class.

Each of these trends is being driven
by the underlying global demand for
these lifesaving therapeutics. COVID19 has only accelerated the recognition
of many trends and a general recognition of the contribution the industry
has made to public health. There will
be more changes as the world recovers from the pandemic and strategies
related to supply chain security, facility
planning, and other critical areas continue to evolve.
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How Pure is Pure? Understanding
Reagent Purity Grades
As interest in cell and gene therapies continues to grow, the
need for safe and consistent reagents to support research,
development, and manufacture efforts also increases.

I

t is vital that reagents are carefully qualified throughout
the design and manufacture of cell and gene therapies.
Commonly, reagents used during research and pre-clinical work are not of a quality suited to commercialization of
therapeutic or diagnostic products. Given that they influence
the quality of the final product, raw materials must be of the
appropriate grade during development stages, in part to mitigate
lengthy revalidation during scaleup and optimization of commercial manufacturing.
Purity grades signify that a substance meets predetermined
lower limits for specific chemical and biological impurities,
which in turn indicate suitability for different purposes (e.g.,
research, manufacturing, manufacturing under good manufacturing practices [GMP] guidelines). Therefore, understanding
reagent purity grades is critical to meeting regulatory requirements and, ultimately, ensuring patient safety.

UNDERSTANDING PURITY GRADES

Ensuring quality of raw materials for cell and gene
therapies presents unique challenges because the final
54
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therapeutics are of biological origin, which means they
are inherently complex and often bespoke in nature. The
specialized biologics—such as cells and vectors used in
cell and gene therapy development and manufacture—
have been of recent focus. However, reagents—including
growth media, process buffers, antibiotics, and general
chemical solutions—that are used to produce cells and vectors are equally critical to reliable, optimal results and final
product quality.
To determine the suitability of materials for cell and
gene therapy applications, a monograph that includes the
general description, specifications, requirements, and tests
necessary for a manufacturer to designate a substance as
meeting a specific purity grade can be used. Several international agencies supply purity grade regulations in food,
drug, and medicinal product manufacture (see Table I).
GARRETT PERRY is a technical services specialist at Teknova, www.
teknova.com.
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Table I. Overview of common reagent grades.

Grade

Description

Application

Example
applications in cell
and gene therapy

Example reagents
commonly used in
cell and gene therapy
workflows

General Grades

ACS

Reagent

Often regarded as a gold
standard for meeting or
exceeding the standards set
by the American Chemical
Society (ACS). Purity of
equal to or greater than 95%
are required.

Reagents are suitable
for food, drug, and
medical applications as
well as general protocols
requiring strict quality
specifications.

Bacterial and viral
culture

Media, buffers, and
solutions

Often considered equivalent
to ACS grade, although no
standard specifications exist.

Reagents are suitable
for food, drug, and
medical applications
as well as general
protocols requiring strict
quality specifications.
Frequently, these are
solutions or dilutions of
ACS grade reagents.

Bacterial and viral
culture

Media, buffers, and
solutions

Reagents are suitable
for food, drug, medical
and general laboratory
applications

Bacterial and viral
culture

Media, buffers, and
solutions

United States
Pharmacopeia (USP)
National Formulary (NF)
British Pharmacopoeia (BP)
Japanese Pharmacopoeia
(JP)

Meets or exceeds
requirements set out by the
corresponding institute.

European Pharmacopoeia
(PhEur or EP)
Multi-compendial

Meets or exceeds
requirements set by more
than one pharmacopeia.
Specialty Grades

Molecular biology

Specifically manufactured
for molecular biology
applications. Tested for
specific contaminants
including DNase, RNase and
protease activity as well as
bacterial contamination.

Suitable for molecular
biology laboratory
applications

Viral vector and
plasmid production
and purification

Polymerase chain reaction
(PCR) and lysis buffers,
buffers with poloxamers,
glucose solutions, water for
molecular biology, water for
injection (WFI) quality water

HPLC

Specifically manufactured
for the majority of highperformance liquid
chromatography (HPLC)
grade separations.
Extremely high purity
(generally >99.9%) solvents,
buffer salts, and mobile
phase modifiers.

Suitable for HPLC,
gel-permeation
chromatography, and
UV-spectrophotometric
analysis

Monitoring capsid
assemblies and
product/reagent
impurities

MES buffers; sodium
acetate, sodium citrate, and
sodium phosphate buffers;
and Tris buffers

www.biopharminternational.com
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A typical gene or cell therapy
workflow—f rom upstream plasmid
production and cell culture to downstream purification and final production—requires a massive amount
of molecular biology work. Because
molecular biology processes can be
extremely sensitive to impurities—particularly ubiquitous enzymes, such as
DNases, RNases, and proteases that
degrade DNA, RNA, and proteins,
respectively—molecular biology grade
reagents are often required (see Table
I). For example, polymerase chain
reaction (PCR) is routinely used for
plasmid and viral vector production

and requires the utilization of multiple
buffers, enzymes, and water. To avoid
non-specific amplification and prevent degradation of enzymes and target DNA, reagents must be free from
DNase, RNase, and protease activity.
Similarly, high-performance liquid
chromatography (HPLC) is commonly
used in gene and cell therapy workflows
for analytics, such as monitoring empty/
full capsid assemblies and total capsid
protein. Impurities in HPLC reagents
can result in extraneous peaks, which
interfere with the main peaks in the chromatogram and lead to results that are
difficult, or even impossible, to interpret.

HOW TO CHOOSE
REAGENT GRADES
Which grade?

Choosing a suitable reagent grade
depends on the application and end
goal. For research and educational
purposes, research use only (RUO)
reagents (Ta b l e I ) are broad l y
applicable and available at low
cost. Although RUO reagents may
seem appropriate for developmental stages of cell and gene therapies,
their use must be carefully considered. Impurities and contaminants
in reagents can affect results, especially when conducting highly sen-

The Impact of Insufficient Oversight
BioPharm International asked Vincent Colicchio, vice presi- FDA inspection or other regulatory agency inspection in
dent, supply chain and external manufacturing at Dr. Red- a timely manner.
dy’s Laboratories, about how a lack of proper supplier
While there are a wide variety of potential issues in this
oversight can impact the pharmaceutical industry and the category, it is particularly important that the contract
drug supply chain.
manufacturers properly operate and sanitize the purified
BioPharm: What types of quality issues can be created water system that is used for production operations
by insufficient oversight of material suppliers? Of contract and cleaning purposes. Prevention of any microbial
manufacturers?
contamination is a must in any purified water system. It
Colicchio (Dr. Reddy’s): There are several important is also critical that the HVAC systems properly function
materials in the pharmaceutical supply chain such as to maintain production room conditions for temperature
APIs; key starting materials for API production; excipients; and humidity control along with differential pressures at
purified water; and packaging materials including bottles, all times.
closures, vials, and printed components. The types of
BioPharm: How is the supply chain impacted by poor
quality issues that can be created by insufficient oversight oversight of suppliers?
of material suppliers that could impact the supply chain
Colicchio (Dr. Reddy’s): The supply chain can be
include the following examples:
impacted by poor oversight of contract manufacturers.
•
Material suppliers that manufacture APIs who fail For example, in the event that a contract manufacturer
to comply with [good manufacturing practices] fails to properly clean the production equipment or
GMPs could produce APIs that contain possible execute its cleaning validation program, it runs the risk
contaminants. This can be through dirty equipment of allowing residues or contaminants to enter into the
and facilities due to poor upkeep, [poor] cleaning, production process and product. If this occurs, analytical
or processing equipment in disrepair. This risk also testing would reveal the presence of contaminants. The
pertains to the production of excipients.
product would be placed in quarantine until such time
•
Printed component suppliers that fail to track and that the investigation is carried out and completed with
control the latest approved document version of the appropriate [corrective and preventive actions] CAPA.
the files for labels, patient information leaflets, and The equipment would need to be re-cleaned. Presuming
cartons risk printing and shipping an older version the original batch fails product release, the product would
of packaging materials to their customers. Failure to need to be manufactured again and then shipped to the
print the latest approved version could compromise customer. The delayed shipment of the product to the
the on-time packaging and supply of finished goods customer would likely impact on-time and in-full product
to customers due to possible mislabeling.
shipment to the customers and subsequently access to
The types of quality issues that can be created the patients.
by insufficient oversight of contract manufacturers
include failure to ensure that the contract manufacturer
—Susan Haigney
thoroughly addressed all open observations found in an
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sitive processes (e.g., HPLC, PCR).
Additionally, for clinical use, FDA
and the European Medicines Agency
(EMA) regulations require manufacturers to switch from RUO materials
to those produced according to GMP.
This transition may require validation, optimization, and comparative
studies that ensure processes remain
consistent—adding cost and time
to the commercialization workflow.
As such, using high-quality reagents
in the initial stages and potentially
switching to GMP reagents during
early pre-clinical research can ease
this transition.
While American Chemical Society
(ACS), Reagent, and United States
Pharmacopeia–National Formulary
(USP–NF) grades are often interchangeable and offer the highest
purity grades suitable for medicinal
manufacture, each reagent must be
scrutinized for ever y application.
Selecting a reputable supplier with

a sound understanding of cell and
gene therapy manufacture will ensure
appropriate reagents are used at each
stage, saving time and money.
Which supplier?

Choosing a known supplier is integral to a successful cell and gene therapy workflow. Reviewing a supplier’s
processing and documentation procedures can help evaluate their expertise. Suppliers that have been certified
through International Organization
for Standardization (ISO) inspections
confirm the presence of robust quality
systems. For example, manufacturing facilities that are ISO 13485:2016
compliant and integrate extensive
raw material analysis, bioburden testing, and quality-control processes
into production of reagents can help
enable a seamless transition f rom
RUO to GMP manufacturing.
Additionally, using companies that
already offer specialized products

Ask the Expert — Contin. from page 58
approach; sometimes it is possible to switch on one
module after another; use one site or one department
as the trial site. This approach will limit the fallout
from any system failures.
Avoid having user acceptance testing performed
by the vendor or someone from the IT department,
instead of the actual users. Invariably, users will do
something totally unexpected and will stress test
the system in ways that those who are experts in
the system could never imagine. I vividly remember
situations where I was told by IT “but this has never
happened before”. The clue is in the expression
‘user acceptance testing’.
Don’t buy the sales pitch (“this is the all-singing,
all-dancing system”), when all you actually need is
one tool to handle one very specific process. Overly
complex systems will only mean that users will find
ways and means to bypass the system, and the benefits of having an automated system will be lost.
Of course, these are only a few suggestions, and
there will be many more that can be found online
and through other channels, such as industr y
organizations. Good luck with your endeavors. ◆

www.biopharminternational.com

for cell and gene therapy workflows
can be beneficial, because they can
supply advice on the appropriate
reagent for each application and
stage. Moreover, they may be able to
offer custom RUO and GMP products and services that are critical to
meeting the complex nature of novel
cell and gene therapy development
and manufacture.

CONCLUSION

Although the manufacture of innovative
medicinal products, including cell and
gene therapies, represents a novel challenge, the basic principles that inform
choices about reagent grades and when
to transition to GMP materials still
apply. The choice of raw materials can
play a pivotal role in the manufacturing of cell and gene therapy products.
Suppliers who conduct robust quality
assessments to ensure that appropriate
resources are used will help realize the
promise of cell and gene therapies. ◆
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Improve Automation, but Beware of the Pitfalls
Siegfried Schmitt, vice president, Technical
at Parexel, provides best practices for switching
from paper-based to automated processes.
We have been tasked by management to improve our processes and
to enhance compliance. To achieve this goal,
we intend to significantly increase the use of
automated systems, replacing manual paperbased processes. It is a well-known fact that
IT projects can easily end up in disasters as
an Internet search will tell you. We want to
be diligent. Can you share some best practices
that can help us prevent or at least mitigate
automation project failures?

A:

Some things still need to be done by
hand, such as typing the answer to
your question. But automation is a necessity
in a regulated healthcare environment, not
merely for business optimization reasons, but
also for being able to operate in a compliant
manner. The keyword here is data integrity.
For example, every time someone performs
a manual transcription of data (e.g., typing a
measurement into a form), there is a chance of
a typing error. Even when you check and double check, you will never be able to reduce the
error rate to zero. That alone is reason enough
to eliminate manual entries, wherever possible.
The following are some suggestions that can
help you on your road to success when automating processes.

FOLLOW BEST PRACTICES

Benefit from others’ experience and expertise. Well-known and widely used methodologies include COBIT (Control Objectives
for Infor mation and Related Technolog y)
(w w w. i s a c a . o r g / r e s o u r c e s /c o b i t), I T I L –
The IT Infrastructure Library for IT Service
Management (ITSM) (www.itsmf.co.uk/), and
Good Automated Ma nufac t ur ing P rac t ice
(GA M P) ( ht t ps://ispe.org/init iat ives/reg ulator y/what-gamp), to name but a few. In
simplest terms, make sure you have a wellstructured, carefully planned, and professionally executed project.

Always have a plan B. In IT terms this could
be a roll-back option (i.e., you restore the status as it was before). It will be better to continue working the old ways than not being
able to work at all.

Avoid having user acceptance
testing performed by the
vendor or someone from
the IT department, instead
of the actual users.
AVOID THESE PITFALLS

One shou ld avoid t ra nsposi ng a ma nua l
paper-based process “as is” into an automated
process flow. This will not really deliver an
improvement. If we take the example of signing documents, then a piece of paper can
only be signed by one person at a time. An
automated process on the other hand should
allow simultaneous signing by several signatories, using electronic signatures.
Automated systems almost always offer
t ra nsac t ions t hat ca n not be (easily) performed manually. Therefore, find out what
the automated system will let you do that you
could not have done on paper.
Avoid going live “big bang” style (i.e., stop
any old process or system and use the new
system only from day one). Yes, you will have
tested the system and you have done dr y
runs, but the chances of things going wrong,
users getting fr ustrated, clients becoming
irate, and management being displeased are
to be expected. So don’t do it. Use a phased
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Q:

Siegfried Schmitt
is vice president,
Technical at PAREXEL.

pda.org/2021atmps

2021 PDA

Advanced Therapy
Medicinal Products
Conference
Clearing the Hurdles
and Winning the Race
to Save Lives
Gain Practical Insights
and Solutions to ATMP Hurdles

REGISTER BY
30 SEPTEMBER
TO SAVE

The 2021 PDA Advanced Therapy Medicinal Products Conference will explore many facets
of AMTPs and present practical approaches to key issues currently facing the industry.
Focusing on Clearing the Hurdles and Winning the Race to Save Lives, this popular
conference will offer a forum for sharing best practices and learning how the industry
is applying novel approaches to a wide variety of topics such as:

•
•
•

End-User Perspective
Product Lifecycle Management –
Early and Late
End-to-End Manufacturing
and Controls

•
•
•

Regulatory Considerations
and Standards
Risk Assessment/Tech Transfer
Supply Chain Management

The closing session will address establishing your manufacturing network to
effectively advance ATMPs from development to commercial manufacturing.
Ensure you are up to date with how the industry is applying novel approaches to
product development, manufacturing, and distribution and take away insights for
long-term success!

Learn more and register at pda.org/2021atmps

26-27 OCTOBER | BALTIMORE, MD AND ONLINE
#PDAatmps

DEVELOPING GENE THERAPIES IS SCIENCE.
ORCHESTRATING COMMERCIAL MANUFACTURING IS ART.
Successful gene therapies are built on innovative genetic science, advanced viral vector technology,
and the art of orchestrating successful process and manufacturing scale-up.
Catalent’s development expertise across multiple gene therapy modalities, proven clinical through
commercial scale-up capabilities and a licensed commercial facility help turn your science into
approved treatments.
raw material supply | scalable aav processes | dedicated capacity | licensed commercial facility

WHERE SCIENCE
MEETS ART.
us + 1 888 SOLUTION (765-8846)

EUR

00800 8855 6178 biologics.catalent.com/gene
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