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Critical Considerations
About The Future Of Global
Cell Culture Bioprocessing
by Dr. Günter Jagschies
Senior Director, Strategic Customer Relations
GE Healthcare’s Life Sciences

The future role of biopharmaceuticals in developing global
economies is evolving rapidly. The rising number of patients and
the growing presence of noncommunicable diseases is creating
an increased need for both existing treatment options, such as
monoclonal antibodies (mAbs) as well as advanced strategies
using cell and gene therapies and/or antibody-like drugs with
enhanced potency. As the biopharma industry explores strategies to tackle this growing issue, it is critical we consider several
factors about cell culture bioprocessing today and the impact
they will have on the future of patient treatment.

The Health Transition Challenge
When looking across the landscape of the world’s health challenges and comparing the age of a country’s population with
its disease portfolio, some clear trends begin to take shape. For
example, the graphs below (Figures 1-3) show the demographic
and disease burden transition occurring around the globe with
snapshots of Nigeria, India, China and Japan. In most sub-Saharan African countries, the majority of the population is under the
age of 30 (Figure 1, left). Infectious, or communicable, diseases
dominate the disease profile of these young countries, as exhibited in Figure 1 on the right. Mortality from communicable diseases is high and affects the population at a (very) young age.
The graph for India displays a remaining burden of communicable diseases while mortality from noncommunicable diseases
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(NCDs), such as cancer, diabetes, and chronic respiratory disease, grow in importance for the overall disease burden (Figure
2, right). India has a slightly older population than sub-Saharan
Africa, although the majority is still relatively young.
As the age of a population rises, so does the relevance of NCDs
in the country’s disease and mortality profile. China and Japan
(Figure 3) show the demographic profile of an aged (China) or “super-aged” (Japan, more than 20 percent of the population is older
than 65) country. Middle- and high-income countries have had
considerable success with fighting infectious disease with, for
example, improved hygiene standards and the implementation
of vaccination programs for essentially the entire population. The
victory over communicable diseases is evident in the mortality
profiles. The domination by NCDs continues to change the burden on healthcare systems. In Japan, the proportion of cancers
and neurological disease related mortality is higher than in China, for example. The main driver for this development is the fact
that people are more likely to develop an NCD and die from it the
older they become.
Beyond mortality, the overall disease burden, also known as disability-adjusted life years (DALYs)1, for a country is a time-based
measure that adds the years of life lost due to premature mortality and the years lived in states of less than full health. Figure 4 shows the mortality rate compared to DALYs for the whole
world and reveals the hot spots for cancer, diabetes, and Alzheimer’s-related challenges.

Fig 1: Demographic and mortality profile for a typical Sub-Saharan African country (Nigeria); orange represents communicable diseases, blue shows noncommunicable diseases (NCDs), and green denotes mortality related to injuries. (Reproduced with permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”, Elsevier 2018)

Fig 2: Demographic and mortality profile for India. (Reproduced with permission: G Jagschies et al., “Biopharmaceutical Processing: Development, Design, and
Implementation of Manufacturing Processes”, Elsevier 2018)

Not only is mortality from these diseases highest in the world’s
largest populations of China and India (or similar to the U.S.’s for
Alzheimer’s), but these countries also carry the burden of providing medical treatment to patients with those diseases as well
as prioritizing the money to prepare their still-developing healthcare systems to care for the elderly patients at large scale. As a
result, they experience losses in economic productivity and other aspects critical to societies, such as the impact of long-term,
out-of-pocket healthcare costs. The number of patients for these
three disease categories currently doubles every 17-20 years.

A Closer Look At
Today’s Bioprocessing Numbers
The demographic and disease transition described in the
previous paragraphs also places significant urgency on pharmaceutical and biopharmaceutical R&D developing novel

preventive and therapeutic approaches. Affordability of advanced medicines for a rapidly increasing number of patients
in all parts of the world, including populations with low or
middle levels of income, puts pressure on financially efficient
development and manufacturing as well as on rapid, systematic harmonization of regulatory efforts. As we continue to advance drug manufacturing to address these needs, there are
several factors that will have a strong economic impact on the
future of the industry.

The Rise Of Titers
There have been fantastic productivity improvements in mammalian cell culture of monoclonal antibodies (mAbs). What began with achievements of 0.1 grams per liter (g/L) has grown
to 10 g/L. Genentech presented mAb titers between 9 and 14
g/L for nine different antibodies in its study presented at the
2018 ECI Cell Culture Engineering XVI conference2. As exciting
as this is, this progress is essential for future processes to be
BioProcessing Asia Conference In Review
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CHINA

JAPAN

Fig 3: Aged populations in China and Japan. Cancers (neoplasms) and neurological disease as well as diabetes increasingly dominate the mortality profile as
the aging of populations progresses (compare China and Japan). (Reproduced with permission: GG Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”, Elsevier 2018)

financially viable; these milestones of achievement should be
viewed not as getting ahead but as catching up. To keep pace
with our challenges, we must ensure we pursue continued
improvements of overall process productivity from facilities,
i.e., not just product titer. Upstream costs are often described
as the driver for overall cost reduction. Yet, the direct costs
of upstream processing tools and methods have hardly gone
down over time as more sophisticated approaches are developed, such as advanced fed batch regimes requiring more
complex and expensive culture media. Upstream tools and
technology are frequently protected with intellectual property or with very significant licensing or royalty costs for others,
as a consequence. There are also expenses associated with
developing workaround approaches to overcoming IP or with
accepting lower productivity from less efficient technologies.
In a classic batch process, 10 g/L translates to about 0.7 g/L
per day, assuming there are two weeks of cell culture time. It
is possible to achieve significantly higher productivity (up to 3
to 5 g/L per day) with continuous perfusion culture, but there
is also considerable skepticism from management about its
risk profile. Managers may prefer batch processes over perfusion culture, due to business continuity reasons and a perceived risk of batch failure with subsequent drug shortages.
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The Productivity of Chromatography
Chromatography resins are also demonstrating significant
productivity improvements, but concern about a mismatch in
productivity in upstream versus downstream process steps is
still regularly expressed. Next-generation Protein A materials
typically have 10- to 15-fold higher productivity than legacy
resins and up to 30 grams per liter per hour (g/L/hour) of productivity. However, when the full volume from a bioreactor
where antibody has accumulated during two weeks of processing time is harvested and captured in the first purification
step (Protein A) within a day, a design glitch becomes obvious.
Assuming a 2,000 L reactor, 9,000 grams per hour need to be
processed on a Protein A capture column, requiring a large
resin volume and possibly leading to a productivity mismatch
and financial challenge. In reality, though, the problem is not
in the productivity itself but in how we arrange the process
when we assume that one part must handle within hours or
a day what was produced over two weeks. The issue can be
mitigated by cycling the large batch in smaller portions. When
manufacturing for clinical trials or low-market demand drugs,
there may be financial concern when it is not clear whether
the capture resin will be used to its full lifetime and acquired
value.

The Financial Promise Of Mammalian Cell Culture
From a business perspective, mammalian cell culture offers
considerable promise, as it is used in many processes with
much success. While nearly 50 percent of all approved protein
therapeutics are manufactured using cell culture processes
and the remaining 50 percent with E.coli and yeast-based processes, mammalian cell culture actually generates 70 percent
of the revenue of this industry.
As long as drug prices are at current western market levels
(multiples of $1,000 per gram of antibody), manufacturing
costs are low in proportion, and mAb production may indeed
be considered a low-cost operation. Still, the impact of manufacturing on the overall financial performance is likely to increase, and companies may feel the pressure to prepare for
that scenario, assuming that increased competition will drive
down drug prices (see market fragmentation section below).

The Impact Of Market Fragmentation
The fragmentation of today’s biopharmaceutical market not
only has implications for the supply chain and for facility requirements but also on the scale of operation. Of the approximately 180 recombinant therapeutic proteins publicly reported
to generate $190 billion in revenue in 2017, 95 percent require
less than 500 kilograms (kgs) of annual production; 75 percent
require less than 100 kgs. Most biosimilars currently require
even less (10 to 50 kg).3 For the three legacy drugs Humira,
Remicade, and Enbrel, there are eight originator biologics and
soon 10 additional biosimilars entering the competition. These
molecules compete for a limited number of patients. Even if
patient access increases, competition will still be destructive
for most players involved, as any increase in size of the patient
population likely requires/dictates lower prices for better affordability and the corresponding deterioration of the intendCANCER

ed business cases. To prevail in a competitive environment like
this, the industry needs to continuously develop the next level
of drug safety and potency with novel originator drugs for key
medical indications. It should also explore additional benefits
for any commodity drug that could make it more competitive,
rather than just developing yet another copy of the same molecule or a different mechanism of action without significant
enough clinical benefits over the first generation. Examples
could be devices for convenient delivery, advanced diagnostics
for better targeting of responsive patients, and disease management programs supporting patients beyond medication.
Many branded biotherapeutics, and certainly most biosimilars,
will see reduced demands on manufacturing scale as a result of
market fragmentation. Over time though, some biosimilar products may become the most used alternative for their medical
indication, requiring higher production at more economic levels
to achieve any financial benefits at the low prices.

Selected Trends In
Manufacturing Technology
mAbs still dominate the later-stage development pipeline,
but the industry must prepare for challenges from new types
of molecules. The diversity of these novel drug modalities, and
thus the fragmentation of a relatively homogeneous manufacturing technology landscape (platforms), calls for a review of
our biomanufacturing toolbox and the facilities we build. Specifically, the community of bioprocessing experts must think
about how to integrate different technologies and steps and
modularize the design of processes, including both preparative and analytical or process control aspects. Another challenge appears with the technology and economic efficiency

DIABETES

ALZHEIMERÕS

MORTALITY

DALYs

Disability-adjusted life years

Fig 4: A comparison of the mortality rate and DALY for cancer, diabetes, and Alzheimer’s in the world’s largest regions; hot spots shown in yellow, orange,
and red. (Reproduced with permission: GG Jagschies et al., “Biopharmaceutical Processing: Development, Design, and Implementation of Manufacturing
Processes”, Elsevier 2018)
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Fig 5: A simplified overview of integrated bioprocessing. Each step in the process can be operated in batch or continuous mode. Most steps can be operated
in single-use or re-use equipment.

of production processes supplying large patient groups with
small quantities of personalized medicine. This trend labeled
“precision health” focuses on detailed diagnosis, patient specific treatment, and a low level of side effects as key aspects
in future treatments, such as gene and cell therapies, as well
as novel immunotherapeutic modalities.
In addition to integration, the simplification of processes is
critical. Just as continuous processing is an option for successful process integration, single-use technology offers an important opportunity to simplify bioprocessing. Other aspects
of simplification are related to reduction of footprint and the
number of operators and steps in a process. Focus on inline
and online analytics rather than offline operations can reduce
process times and delays in release decisions. Simplification
and integration are key to the processing strategies needed to
efficiently address the diverse portfolio of the future.
The development of the upstream process components, as
well as the operation of the upstream process (mammalian
cell culture), is clearly the longest part on a Gantt chart of the
overall process development (PD) project or the end-to-end
manufacturing process. Cell line, expression system and culture PD used to take close to a year or longer in less experienced organizations; running the process from cell bank to
product harvest from the bioreactor could easily last up to one
and a half months (cell expansion, seed train, and production
culture). This typically leads to debates and new initiatives to
research alternative production systems, such as bacteria or
yeasts. Since these currently have limitations related to typical product quality profile requirements, e.g., glycosylation,
efforts to improve performance with mammalian culture are
still dominating the industry. Cell line development time has
been reduced to 10 weeks in advanced PD laboratories, and
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the length of inoculation and seed train operations has been
compressed by 50 percent using high-density (HD) perfusion
culture. For example, high cell number inoculation of the production reactor with HD N-1 culture has reduced process time
for the N reactor by up to 30 percent, leading to the corresponding productivity increase for the whole facility. High
product titers with advanced fed-batch regimes allow a significantly lower cost burden per single-use bioreactor used in
the operation.
Continuous perfusion culture has been selected in the early
days of mammalian cell culture to either protect sensitive proteins, such as coagulation factor VIII, from longer exposure to
the culture environment or to achieve financially viable productivities from the culture of some monoclonal antibodies.3
Today, perfusion culture has emerged again with a promise
for significantly increased productivities.4 It has also been
studied in combination with fed-batch operation to boost cell
numbers and to attain extraordinarily high product titers (~60
g/L) within normal run times of 14 days, thus achieving best
utilization of the reactor bag. This is also considered when
looking to reduce overall facility footprint and the perceived
risk for batch loss during long run times of classic perfusion
cultures.6
The Amgen facility in Singapore is an example of a biomanufacturing plant designed for future processing with an output
capacity at one ton of antibody from six 2,000 L bioreactors
and columns that do not seem to exceed 80 centimeters in diameter (with no obvious scale inconvenience from extremely
large equipment installations downstream in the process). A
long-lasting debate about a “downstream bottleneck” seems
to have found its resolution. A factor in achievements like this
is the availability of Protein A capture resins with capacity up

to 80 g/L and ion exchanger-like stability to sodium hydroxide at 1 molar (M) concentration (e.g., MabSelect™ PrismA, GE
Healthcare). In the foreseeable future, an even more productive format will become available using derivatized fibers that
will allow full “consumption” of the useful life of the device
while capturing the antibody from a high titer 2,000 L bioreactor over less than a day (2.4 L device volume). Continuous
operation of the capture process, currently discussed as the
future way of operating Protein A steps may become obsolete
with such single-batch Protein A affinity device.6 However,
continuous operation of the step on a periodic counter-current chromatography/simulated moving bed (PCB/SMB) system maximizes the useful capacity of packed Protein A resins
with an increase of about 30 percent over an optimized batch
operation. Many teams are investigating this option and evaluating the balance between a resin cost reduction opportunity and the increased system complexity required to make
this gain.
Footprint reduction has a significant impact on capital expenditure. Switching to perfusion culture can reduce the bioreactor size and the scale of subsequent processing steps three to
five-fold at constant product output (Figure 5). Deletion of the
centrifugation step becomes possible with perfusion in combination with a cell retention system. Downstream steps can
be connected and operated with direct delivery of buffers from
an inline conditioning system, which together deletes up to 90
percent of the tank volume otherwise required to support the
process with intermediate product and buffer storage.
Once process technology is optimized in all economically viable ways, an area for improvement that must be prioritized
is process monitoring and control with advanced sensors and

ÒESCAPE ROUTESÓ IN CANCER TREATMENTS
EGFR inhibitors

Sustaining proliferative signaling

Cyclin-dependent kinase inhibitors

Evading growth suppressors

Immune-activating anti-CTLA4 mAb

Avoiding immune destruction

Telomerase inhibitors

Enabling replicative immortality

Selective anti-inflammatory drugs

Tumor-promoting inflammation

Inhibitors of HGF/c-Met

Activating invasion and metastasis

Inhibitors of VEGF signaling

Inducing angiogenesis

PARP inhibitors

Genome instability and mutation

Proapoptotic BH3 mimetics

Resisting cell death

Aerobic glycolysis inhibitors

Deregulating cellular energetics

Table 1: Cancer cells are the body’s own cells and are protected from or have
ways to avoid attack by the immune system or by therapeutic approaches
that try to block some of their capabilities supporting survival.

analytical technology, algorithms derived from process modeling, and, consequently, the use of these approaches to address typical delays in decision making on the performance
of the process and the quality outcome of the product. In
the Amgen Singapore facility, these advanced analytical approaches have been introduced on the production floor to
achieve the maximum benefit for efficiency and cost of the
operation. These or similar concepts are spreading to other
facilities too, e.g., as presented by Biogen speakers for their
new facility in Solothurn, Switzerland.7

Changing The Outlook On
Patient Treatment
Addressing the needs of today’s patient population remains
the top priority of the bioprocessing industry. Nevertheless,
it is believed that up to 60 percent of all mortality could be
prevented by changes in lifestyle, avoidance of key risk factors, and better, earlier diagnosis.8 The future business field
for successful biopharma companies may also be in disease
prevention and creating a better overall approach to healthcare. Countries with emerging economies may be ill-advised
to copy what Western countries have done in terms of developing healthcare systems, as they are characterized by large
inefficiencies, high treatment costs, and a bias for very expensive infrastructure that increasingly turns out to be unaffordable even in high-income countries.
Biotherapeutics for the most complex diseases we know, such
as cancer or diseases of the nervous system, are still in the
earlier phases of their efficacy- and potency-related “learning
curves.” Consequently, additional generations of biotherapeutics will have to be developed before one may hope for victory
over those diseases or even returning these patients to a status where life with the disease is long-term manageable. For
example, there are a number of promising drugs for cancer, yet
Table 1 at left shows how many “escape routes” a cancer cell
typically has when attacked with a therapy. To be effective, we
may need to apply a cocktail of drugs and other therapeutic
approaches to make cancers manageable for the patient.
Doing so means we have to be prepared to reconsider how
things are done today and come up with new solutions for our
biggest challenges. The power of change and our ability to initiate it requires a new level of collaboration among businesses to meet the disease challenges of the future.

Summary
The burden from non-communicable diseases, such as cancer,
diabetes, or neurological diseases, is growing, driven by demographic changes in rapidly aging populations around the world.
An improving economic and political environment leads to improvements in basic health conditions and increases in NCD bur-
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den. Therefore, the largest biopharmaceutical markets by patient
numbers are expected in Asia and potentially Africa. This scenario puts high pressure on pharmaceutical development pipelines
to deliver the diagnostic, therapeutic, and preventive means
required to meet the needs at an affordable cost for healthcare
systems and patients.
Currently, affordability is a significant issue even in high-income
countries, and research portfolios are not aligned with global disease burden developments. The growing phenomenon of market
fragmentation suggests that R&D efforts will multiply treatment
options, which may not all be linked to improvements. The product demand we foresee can be met by relatively small facilities
and manufacturing installations. Available technology supports
most, if not all, scenarios for manufacturing needs, with gaps
identified in process monitoring and control and processing solutions for certain novel therapeutics. Gene and cell therapy are
rapidly emerging fields with a still immature selection of robust
manufacturing technology. Economic supply of patient specific
medicines remains an infrastructure and cost challenge for the
industry.
Biotherapeutics for the most complex diseases we know, such
as cancer or diseases of the nervous system, are still in the
earlier phases of their efficacy- and potency-related “learning
curves.” Consequently, additional generations of biotherapeutics will have to be developed before one may hope for victory
over those diseases or even returning these patients to a status
where life with the disease is long-term manageable. For example, there are a number of promising drugs for cancer, yet Table
1 below shows how many “escape routes” a cancer cell typically
has when attacked with a therapy. To be effective, we may need
to apply a cocktail of drugs and other therapeutic approaches to
make cancers manageable for the patient.
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Thoughts On Securing
Sustainable Growth In
The Biosimilar World
by Dr. Ashok Kumar
President
Center for Research&Dev, IPCA Lab

The global biologic drug market, valued at $200 billion and expected to reach $300 billion by 2020, is becoming a key part
of patient treatment.1 Fueling this growth is a steady stream
of new drug approvals in recent years for targeted therapies
tackling important unmet biological needs. There is also growing adoption of personalized medicines, where scientific advances allow doctors to customize treatments based on refined diagnostic testing and individual patient characteristics.

Biosimilar Approvals And Commercial
Success Exhibit Market Promise
As biosimilars are marketed competitively at a lower price
point, they will become an increasingly large part of the market, with forecasts of sales up to $21 billion by 2022.3 Price
competitiveness may be especially important in emerging
markets, as they are a major opportunity for pharma companies (often generics businesses) already located in those
markets. India, which is expected to have sales of $1 billion in
biosimilars by 2020,4 is an example of a market where growing
middle-class income and cost-effective biosimilars are likely
to have a positive effect. Currently 57 Indian companies work
in this area, both for domestic and global supply.5

This dynamic market stands to change dramatically over the
next few years, as a group of biologic drugs with combined
sales of over $100 billion will face patent expiration, paving
the way for an explosion of the biosimilar industry.2 Biosimilars are close to but not entirely identical to the generic,
off-patent versions of small molecule medicines common in
the pharmaceutical market. They offer commercial opportunities for traditional generics companies that are challenged by
a very competitive and price-sensitive market; yet, they also
appeal to traditional biologics manufacturers that can leverage their existing infrastructures and expertise in the production of these complex medicines.

As more biosimilars hit the market, their ability to provide unmet therapy needs at a more affordable rate is having much
success in various areas of the world. For example, one of the
45 biosimilars approved in the EU in the last decade, Infliximab, is already being used to treat 80 percent of patients suffering from inflammatory diseases in the EU.6

As companies begin to explore new markets, they apply not
just creative thinking to discovery and development but also
common sense. This tried-and-true approach to business also
applies to biosimilars. By doing so, the industry can discover
ways to sustain not just the success of a product but also the
long-term life of the biosimilar industry.

The possibilities in the biosimilars market become even more
encouraging when considering the rise in regulatory approvals
over the last 10 years. The U.S. has made significant strides
with a total of 19 biosimilars approved since its first approval
in 2015.7 In India, the Drug Controller General of India has already approved 70 biosimilars.8 These numbers and the prog-

BioProcessing Asia Conference In Review

11 of 55

ress these therapies have made since their introduction are
creating a growing interest among manufacturers, especially while the generic small molecule business is reeling under
price pressure. While there have been doubts of biosimilars’
potential in the past due to the complexities of manufacturing and regulatory approvals, the growing number of approved
biosimilars and the commercial success of the first biosimilar antibodies are driving confidence across all of the world’s
major markets. However, this market comes with unique challenges not observed in the small molecule generic market.

An Opportunity For Growth—
But Don’t Assume This Will Be Easy
While the trends look positive for the biosimilar market, there
are some important cautions for anyone getting involved in it,
particularly if they assume biosimilars are as straightforward
to develop as small molecule generics. Biosimilars require 8
to 10 years to develop and cost $100 million to $200 million,
compared to small molecule generics, which cost between
$2 million to $5 million and take only 3 to 5 years to bring to
market.9 This reflects the increased complexity of biosimilar
manufacturing and testing as well as their regulatory barriers.
There is also significant commercial risk from the complexity of the intellectual property (IP) surrounding some of the
originator molecules and the way this is negotiated between
biosimilar providers and originators. An example is the agreement that the Humira biosimilar cannot reach the U.S. market
until five years after the same molecule is launched in Europe.
With intense competition and global complexity, commercial
planning is as great a factor for success as technical expertise is in developing the molecule. The transition from being
a small molecule generic provider to a biosimilar one is not
straightforward, with radically different skillsets and capabilities required. Being first to market may not guarantee success
if subsequent entrants have better technological execution or
cheaper products, and there is little in the way of IP protection to prevent challenges. It is also likely to be a long-term investment requiring persistence and ongoing funding until the
product starts generating profits on the investments.
In addition, in contrast to the small molecule generics, there
is debate and concern about the process of acquiring interchangeability status from regulatory authorities for switching
a patient from an originator molecule to a biosimilar without
the intervention of the health care provider who prescribed
the reference product. This may require significant extra efforts and investment, such as extra clinical trials; however, if
achieved, it can give such biosimilars a huge competitive advantage. Finally, the complexity of biosimilars may result in
a patient/doctor preference for products from innovators or
global pharma/biotech companies.
Finally, there are factors that distort the biosimilar landscape.
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For example, tendering processes may mean only one biosimilar is available in a particular market, locking out others. There
may also be both positive and negative incentives for physicians, depending on how they are reimbursed. Some initial
assumptions about the nature of the market, such as the idea
that biosimilars will only be 20 to 30 percent cheaper than
originators, are being challenged with aggressive discounting
from both originator and biosimilar providers.10 Considering
these barriers, any company targeting biosimilar development must figure out a way to stand out in what is becoming
an increasingly crowded field of competitors.

How Can Biosimilar
Providers Be Competitive?
More than 310 companies of all sizes are currently active in the
global biosimilar market, with South Korea able to deliver 40
percent of today’s market by sales.11 Companies working on biosimilars are essentially competing to produce the same relatively
small range of molecules. For example, there are more than 40
Humira biosimilars in development around the world; also, in addition to the two approved Rituximab biosimilars in Europe, another 25 are in development.12 In this febrile atmosphere of competition, it is important to consider how a sustainable biosimilar
industry develops for the benefit of all stakeholders, including
patients, doctors, investors, and governments as well as the insurance companies that pay the final bill. How does a biosimilar
manufacturer create competitive and beneficial differentiation?
The minimum standards for developing a biologic, which are to
create high-quality products and robust processes to deliver
them, are non-negotiable in a pharmaceutical environment and
essential to establishing a place in the market as a trusted supplier. Every drug must have a consistent biological dose effect,
be safe and stable, and, for biological medicines, be nonimmunogenic. The knowledge of how to deliver on these requirements
is a competitive advantage; one’s products may not be able to
claim IP but knowing how to successfully meet these standards
is a barrier for “less-than-serious” participants in the market.
Achieving competitive market goals in the biosimilar market first
requires reflection on the challenges and flaws in the existing
practices used to make the originator molecule. A biosimilar provider must ask itself: what changes do we need to make to reach
our goals, and how do we implement them? Knowing this answer
requires them to question specific elements of their business
model and marketing strategy:
• What markets do we wish to cover, and what are acceptable price points and margins?
• Is this a sensible product to include in the company’s
portfolio, and does it play to our perceived strengths in
the marketplace?

• Should we consider partners to take the product to market in at least some geographies?

•

When considering these questions, a few points may seem
obvious. First, the cost of goods of a biosimilar should be
one-twentieth to one-fiftieth of the innovator drug, so material
cost in a dose is less than $20. This requires a highly efficient
process. For a mAb process, this translates to cell culture titers
of 8 to 10 grams per liter (g/l) recovered at 80 percent yield in a
downstream process.

selecting a clone that goes beyond simple high levels
of messenger ribonucleic acid transcription: it must be
able to handle critical-to-quality aspects, such as protein
folding and secretion and, of course, maintaining good
viability

•

boosting protein expression and secretion several fold by
using compatible signal peptide to help the above

Putting this in some perspective, only 12 percent of processes
before 2015 achieved more than 6 g/l, 13 which would imply
a significant cost improvement if the industry can achieve this
ambitious goal. So, are current practices and processes taking
us in the direction of fast and efficient biosimilar production?
The answers are mixed across a diverse set of companies, but
we can certainly identify some challenges, particularly as each
targets speed and productivity:

Advances in gene editing technologies will undoubtedly improve the tricks and tools needed to achieve these goals,
but it is equally important to realize that simply racing to
achieve speed while purely imitating will not be enough
for competitive differentiation. Instead, some key factors
may be what is needed to translate into best practices and,
ultimately, success:

•

•
•
•

Translating Best Practices Into Success

•

Cost management through a lean structure that is sophisticated enough to ensure smooth transfers or operations.

•

Targeting high copy numbers in clone development to increase titer can result in genetic instability.

Products are selected that are a strategic fit for the business, such as therapy area expertise.

•

Random integration of gene of interest in the host genome
leads to high clone and product heterogeneity.

Targeted yields of product in manufacturing are much
higher than the current industry average.

•

Products meet U.S. FDA and European Medicines Agency
quality standards.

•

Fifteen to 20 percent of R&D resources should focus on
creating differentiation.

A tendency to acquire rather than develop clones to save
time often backfires as companies struggle to establish the
imported technology.

Process optimization with a major emphasis on downstream processing typically results in high product losses
and poor yields.

These experiences show there must be more focus on the research component of delivery, as a pure focus on development
is unlikely to lead to an improved and differentiated position.
A few lessons learned point to developing platforms with the
following features:
• developing a cell line allowing site-specific integration of
the gene of interest
• Use of promoters that overcome potential silencing of the
incorporated gene
Some of the well-established methods known to deliver improved result are:
•

inserting an internal ribosome entry site to help expression of multiple genes from a single promoter

•

incorporating various DNA “tricks,” such as ubiquitous
chromatin opening elements, matrix attachment regions,
and stabilizing and anti-repressor elements; these protect
against gene silencing and DNA methylation and improve
histone acetylation, enhancing protein expression approximately 15-fold without the need for
gene amplification

Biosimilars can be an important market opportunity, reaching new global customers in emerging markets that are increasing spend on healthcare fueled by the rise of the middle
classes. The caveat is that they must be delivered at the right
price point, so cost-competitiveness can be maintained for
more than 10 years. Achieving overnight success is unlikely;
however, with a strong plan and clear foresight, the wheels of
common sense will lead a company’s journey and its product
into a sustainable future.
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A Plasma Problem:
Dwindling Supply In The Face
Of A Growing Demand
by Andrew Goodsall
Cofounder
MST Marquee - Independent Equities Research

Plasma-derived medicinal products are becoming increasingly
important to the healthcare industry. The global immunoglobulin (IG) market, for which the majority of plasma is collected, is
experiencing significant growth with an expected cumulative
annual growth rate (CAGR) of 6.6 percent from 2018 to 2025.1
IG is used in the treatment of a variety of autoimmune and inflammatory disorders.2 The albumin market relies on the collection of sufficient plasma, as it serves a wide range of functions
in patient treatment, such as supplementing blood volume
during medical treatments, including those for trauma. Overall,
these applications, as well as plasma’s use in injectable medications and testing reagents, make it a critical component of the
biopharmaceutical industry. Nevertheless, the demand for it is
rapidly outpacing the world’s supply. An outlook on the market
shows plasma fractionators will have to look to innovation and
other opportunities for supply, in order to meet the needs of the
growing patient population who rely on plasma collection.

A Look At Global Plasma Collection
There are two methods to collect plasma for use in medicinal
products. The first, recovered plasma, is plasma extracted from
whole blood donation centers. However, there has been a concerted effort by hospitals to reduce blood component wastage,
resulting in a decline in the need for whole blood donations. The
other is source plasma, which is derived from a process called
plasmapheresis, where blood is collected from a donor and cen-

CAGR 8%
CAGR 4%

Fig 1: Growth rate of U.S. plasma collection centers. Source: MST estimates,
FDA, Company reports.

trifuged. The cellular portion is then returned to the donor, and
the liquid portion is sent to a donation facility or fractionation
center. Currently, the U.S. supplies nearly 70 percent of the
world’s source plasma,3 due to a lack of restrictions on paying
donors. (Most other countries do not offer compensation for
plasma donations. There are exceptions in some European countries where donors are paid for the time spent but not for the
actual plasma components.)
Looking at the capacity of source plasma donation centers over
the last two decades, the number of U.S. plasma collection centers remained nearly the same in the five years leading up to
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However, despite success in source plasma collection, recovered
plasma collected globally has flatlined, leading to increased pressure on U.S. source plasma to increase and meet the growth in
global demand (Figure 2).

Recovered

Apheresis (Source Plasma)

Fig 2: Liters of source plasma collected globally versus recovered plasma.
Source: MST estimates, MRB.

2013. As U.S. unemployment rose and more people sought extra
income through plasma donations, the volume collected per center in the U.S. increased. Conversely, as employment recovered,
volume per center flatlined. From 2013, plasma fractionators
opened new collection centers to drive an increase in volume
collected. Growth in the U.S. has since remained at a steady
CAGR of 8 percent.

It takes at least two years and anywhere from $3 million to $5
million to build a new donation facility for source plasma, making it a challenge to quickly grow supply. However, an outlook on
the throughput from today’s key fractionators, which include CSL
Plasma, Takeda (previously Shire), Octapharma, Kedrion, Biotest,
and BPL, indicates the supply of plasma from the U.S. and EU will
fall short of global IG demand (the single factor driving collection
growth). (Figure 3)
Determining global IG demand can be complex. There is some
visibility of current U.S. IG supply in the monthly data from the
Plasma Protein Therapeutics Association (PPTA). What cannot
be estimated from these numbers, though, is the latent demand
for IG. Some areas of the world choose to ration plasma products
due to cost constraints and other factors. For example, China has
restrictions on importation of all products other than albumin.
In addition, underlying drivers, such as new indications, earlier
diagnosis, demographics, increased patient access expectations,
and progressive adoption of standard of care for rare diseases,
also contribute to the latent demand for plasma products. Fractionators must keep these factors in mind as they determine
how much capacity they forecast and produce to meet future
plasma demand, as it takes up to five years to build a new facility.

New Targets Present
Opportunities For Revenue Per Liter

Fig 3: Supply of U.S. and EU derived IG versus global IG demand. Source:
MST estimates, MRB.

Increased efficiency and lowering the cost of drug manufacturing
is a major focus in today’s biomanufacturing industry, and that
also extends to plasma fractionation. An analysis of the average
revenue per liter across the industry over the last decade shows
a 2.9 percent CAGR decline over the last five years (Figure 4).
Approximately 18 plasma-derived biotherapeutic products can
currently be produced from one liter of plasma, but there is not

5yr TRAILING CAGR -2.9%

Fig 4: Average revenue per liter plasma across plasma fractionation
industry. Source: MST estimates, Company reports.
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Fig 5: Industry product and revenue per liter by approximate value Source:
MST estimates, Company reports.

equal demand for each of these products. Slower demand for
plasma-derived clotting factor concentrate and other novel
treatments means these are extracted from the base plasma
volume but are not part of the final liter fractionated. Demand
does continue to grow for IG and albumin, hence the last liter
produced out of any facility will be for only these two products,
establishing the price achieved for the final liter at a lower point
than the average. The cost of goods sold in the U.S. is $220 per
liter (plus or minus 10 percent). Revenue per liter is a key element to understanding margins and profitability. Taking advantage of opportunities in process improvement will be critical in
achieving higher yields and lower costs. With increased treatment of rare diseases, fractionators should be able to expand
the number of specialty products extracted per liter. The first 20
percent of liters offer the highest price point at around $402 per
liter, with final liters offering around $350.
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Based on recent trends in both developed and emerging markets over the last decade, healthcare funding is targeting treatment of more rare diseases. Doing so creates an opportunity for
fractionators to service new markets, expand revenue per liter,
and ultimately maintain a consistent level of growth.
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ICH Q12 Updates:
Increasing Predictability And
Efficiency Of Post-Approval Changes
by Andrew Chang
Vice President, Quality and Regulatory Compliance,
Quality Intelligence and Inspection
Novo Nordisk Quality

Today’s pharmaceutical industry is evolving rapidly. Advancements in science and technology are breathing new hope into
addressing unmet patient needs with highly innovative treatments. Yet, even with these groundbreaking developments in
patient treatment, diverse regulatory environments across the
globe create unnecessary burdens on pharmaceutical product
lifecycle management. These include, but are not limited to,
post-approval changes made for continuous improvement or for
expansion of manufacturing capabilities for global product supply. These burdens create the need for a harmonized, risk-based,
efficient, and predictable regulatory guideline for pharmaceutical
product lifecycle management.
Between 2003 and 2012, the International Conference of Harmonisation (ICH) developed its Q8 through Q11 guidelines to
emphasize a science- and risk-based approach for pharmaceutical quality. ICH Q8 through Q11 focused mainly on the early stages of the product lifecycle, but there has been significant process
since their creation. The ICH recognized a need for a new guideline that focused on the commercial manufacturing phase “to improve execution and communication of science and risk-based
assessments that enable product life cycle management.”1 The
result was the ICH Q12 technical and regulatory considerations
for pharmaceutical product lifecycle management guideline,
which builds on the principles outlined in previous ICH guidelines. Q12 is intended to “demonstrate how enhanced product
and process knowledge contribute to a reduction in the number
of post-approval regulatory submissions.”2
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Post-approval change for
marketed products
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regulatory assessment
and inspection

Effective PQS

Post-Approval Change
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Established
Conditions/PLCM

Risk-based
reporting category

ICH Q12 Objectives

ICH Q8 - 11 Framework
Fig 1: Tools and enablers used to meet predefined ICH Q12 objectives.

Its objectives included, but were not limited to,:
•

harmonizing change management in a more transparent and
efficient manner across ICH regions

•

facilitating risk-based regulatory oversight

•

emphasizing a control strategy as a key component of the
regulatory dossier

•

enhancing the use of regulatory tools for prospective change
management and enabling strategic management of
post-approval changes.

Through proper implementation of Q12 tools and enablers,
the industry could manage CMC changes effectively under a
company’s pharmaceutical quality system with less need for
extensive regulatory oversight prior to implementation.
Established Conditions, eg.:
• Raw material specifications
• Product specifications
• Critical & key process
parameters
• Manufacturing sites

Supportive Information, eg.:
• Development data
• Stability data
• Batch records
• Validation reports

two companies work on the same class of product and one of
those companies has less knowledge about a process or product,
they may end up with more ECs.
The following approaches during product development can be
used alone, or in combination, to identify ECs:
•

A parameter-based approach in which product development
prior to regulatory submissions provides a limited understanding of the relationship between inputs and resulting
quality attributes. It will include a larger number of inputs
(e.g., process parameters and material attributes) along with
outputs (including in-process controls).

•

An enhanced approach with increased understanding of interaction between inputs and product quality attributes
together with a corresponding control strategy can lead to
identification of ECs that are focused on the most important
input parameters along with outputs, as appropriate.

•

In certain cases, applying knowledge from a data-rich environment enables a performance-based approach in which
ECs could be primarily focused on control of unit operation
outputs rather than process inputs (e.g., process parameters
and material attributes).

Change require regulatory reporting

Fig 2: An example of ECs versus supporting information.

ICH Q12 Regulatory Tools And Enablers
The ICH Q12 expert working group (EWG) was composed
of nearly 40 regulatory and industry representatives with a
wide range of technical, quality, and regulatory expertise. For
example, the team included companies working on not just
small molecule products but also biologics. The group used
the existing framework established by ICH Q8 through Q11
by identifying existing effective tools and enablers, as well as
new ones that could help reach the predefined Q12 objectives
(Figure 1). These included those used only by individual countries, such as risk-based reporting categories for post-approval changes and post-approval change management protocols
(used in Europe) and comparability protocols (used in the
U.S.). The Q12 EWG wanted to use this opportunity to introduce those proven effective regulatory tools to the rest of the
ICH member countries/regions.
More information about these tools can be found in the Step 2b
document for ICH Q12.3

ICH Q12 Established Conditions

The Q12 guideline also intends to increase predictability as
well as set appropriate expectations about when post-approval change reporting would be needed based on ECs. Q12
advises marketing authorization holders (MAHs) to propose a
reporting category in their original submission or in a post-approval supplement for already-marketed products should they
need to make future changes to ECs. The reporting category
is dependent on the potential risk to the product quality. This
creates a clear understanding about what changes to the ECs
would require regulatory oversight and how they should be
reported. MAHs can follow either existing regional regulations
or guidance or propose an alternative reporting category with
justifications. Risk assessment activities should follow ap-

Established conditions (ECs) is a new regulatory tool under ICH
framework that has been more clearly defined in the Q12 guidelines; ECs serve as legally binding information considered necessary to assure product quality.
A marketing application contains a combination of ECs and supportive information. Supportive information is not considered to
be an EC but is provided in the marketing application to share
development and manufacturing information at an appropriate
level of detail with regulators and to justify the initial selection
of ECs and their reporting categories (Figure 2). Changes made
to the supporting information (e.g., more knowledge gained
post-approval) are not subject to regulatory reporting.
The number of ECs and how narrowly they are defined will vary
based on a number of factors, including product and process
understanding, characterization, a company’s development approach, and the potential risk to product quality. For example, if

Is the process parameter
either a CPP or a KPP?

YES

NO

IT IS AN EC

IT IS NOT AN EC

What is the level of potential
risk associated with the
proposed change, taking into
consideration the Control
Strategy?

HIGH
PRIOR APPROVAL

MODERATE TO LOW
NOTIFICATION

NOT REPORTED

Fig 3: Decision tree for the identification of ECs and associated reporting
categories for manufacturing process parameters.
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proaches described in ICH Q9, and the overall strategy and
any possible concurrent changes should be considered during
the reporting category’s creation.
Figure 3 provides an example of a decision tree of an EC reporting category for a critical/key process parameter (CPP/
KPP), as described in the ICH Q12 Step 2b document.
The guideline proposed in ICH Q12 reached Step 2b last year
and has been published for public comment. The working
group encourages the industry to voice its opinion while the
opportunity is available. With effective implementation of
Q12 tools and enablers, MAHs improve their ability to manage CMC changes effectively under their own quality system
with less need for extensive regulatory oversight prior to implementation. This milestone would reduce unnecessary regulatory burdens, decrease costs, and encourage innovation in
today’s growing market.
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6 Regulatory Changes
Affecting Bioprocessing In China
by Scott M. Wheelwright, Ph.D
Cofounder and Principal consultant
Complya Asia

Recent reports about the Chinese pharmaceutical industry
estimate its worth at $122.5 billion, making it the world’s
second-largest national pharmaceutical market in 2017, with
growth anticipated to reach up to $175 billion by 2022.1 Yet,
challenges with regulatory policies in China that make entry
difficult and costly are causing outside pharma companies to
hesitate to expand their global footprint into the country, despite strong government support for innovation. Several scandals have also left a black eye on the country’s promising drug
manufacturing industry.
There have been recent regulatory reforms to prevent future
incidents as well as reduce regulatory burdens and minimize
delays. Understanding what efforts are being made to facilitate market entry is critical for any company considering expansion into this challenging but flourishing area of the pharmaceutical industry.

1. Application Review Changes
From 2007 to 2014, nearly half of drug companies that submitted drug license applications in China waited anywhere
from one to five years for approval, with 35 percent waiting
six to 10 years and 17 percent over 10 years.2 Beginning in
2015, 600 additional resources were added to the NMPA to
reduce the approval timelines as well as assist with a backlog of drug applications. Prior to this, a workforce of 70 re-

viewers was tasked with an annual load of more than 7,000
drug applications.3
Data on whether the new approval timeline goals were
reached is limited; however, it does indicate the reforms, including the hiring of additional resources, has had a positive
influence on approval timelines and processes for INDs and
new drug applications (NDAs). An article examining three
case studies assessing the impact of the regulatory changes
found that for NDAs submitted in 2014 through early 2016, it
took an average of 21.4 months to obtain approval.4 However,
NDAs submitted after that time (when the changes were implemented) took only an average of 6.8 months.4
A faster review process was also created under the new
changes. The agency now must conduct a preliminary review
to confirm the content (of both the IND and NDA) is properly
formatted within five working days of drug registration application. If the applicant hears nothing, then it is considered accepted. In the case of the IND, the NMPA then has 60 working
days to review the application. If no negative or questionable
opinions are given, it is considered accepted from the 61st
working day and the company may initiate clinical trials.5 For
the application for drug marketing license, the NMPA Department of Drug Registration (DDR) has 20 working days to conduct its preliminary review. A second-tier review is a technical
evaluation by NMPA CDE, which may take up to 100 working
days for a new drug and 120 working days for a biosimilar.5

BioProcessing Asia Conference In Review

21 of 55

2. Drug Category
Changes For Priority Review
The NMPA issued the Work Plan for Reforming Chemical Drugs
Registration Classification System in March 2016, which set
new registration requirements for drug license applications.
Chemical drugs are now classified into five categories:6
1.

innovative new drugs not marketed anywhere in
the world

2.

improved new drugs not marketed anywhere in the world

3.

generic drugs, with equivalent quality and efficacy to the
originator’s drugs, that are marketed in other countries
but not yet in China

4.

generic drugs, with equivalent quality and efficacy to the
originator’s drugs, that are already marketed in China

5.

drugs that have been marketed in other countries but not
yet in China.

The purpose of the new priority review process was to encourage local and international new drug innovation by incentivizing multinational companies to start product development for
innovative drugs in China earlier than before. Domestic companies wanting to market a generic drug are now required to
demonstrate equivalency in quality and efficacy against the
originator drug, even if that drug is marketed in China. Approved priority review requests are allocated resources by the
NMPA Center for Drug Evaluation (CDE) and additional channels to facilitate timely feedback from regulators. The goal
is to reduce China’s lengthy approval timelines to within six
months of the application.

3. Regulatory Changes On
INDs Improve China’s Competitiveness
In August 2015, the State Council of the People’s Republic of
China made steps toward improving and strengthening regulatory oversight by issuing the Opinions on Deepening the Review and Approval Policies Reform and Encouraging Drug and
Medical Device Innovations (later updated in October 2017).7
The document proposed measures to positively impact the
regulatory review process for drug and medical devices in China, including the review process for an Investigational New
Drug (IND) application.
An IND application is an exemption from the approved marketing application, which is most often required for clinical
investigations. Drug manufacturers in the U.S. must wait 30
days after they submit an IND application, so the FDA has
time to “review the IND for safety to assure that research subjects will not be subjected to unreasonable risk.”8 Once the
30 days has passed (or after any inquiries from the FDA have
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been addressed), the company is able to initiate its clinical
trials. The process and waiting period are similar in Europe.
However, in China, drug manufacturers in the past have had
to wait 24 months before they could begin their clinical trials.
That requirement put China at a competitive disadvantage, as
Chinese clinical testing sites were not included in global trials
and application in China came several years after approval in
other countries. As part of the regulatory reform movement,
an applicant can now start their clinical trial according to the
submitted trial design if there is no rejection or other feedback from the reviewer within 60 working days following IND
submission.

4. Drug Pricing Negotiations
In February 2017, experts in medicine, pharmacology, health
economics, and health policy completed a review of the China National Formulary (CNF) for reimbursable drug use (also
known as the National Reimbursement Drug List, or NRDL).9
The CNF, which covers 52 percent of China’s population under
the government urban health insurance programs, represents
“a list of preferred medicines under certain medical policies
within the healthcare system.” A pilot project was then implemented to negotiate drug pricing on 44 innovative but expensive medicines still outside of the formulary. They were selected based on review of market sales data. The government
also invited 35 pharma companies to participate in the initial
negotiation.
The results of the project were twofold. First, an official definition of an “innovative” medicine in China was created. According to the panel of experts, an innovative medicine is one
that has “clearly proven clinical outcomes for urgent unmet
medical needs” but is also expensive. Second, agreements
were reached for 36 of 44 drugs. Thirty-one of the 36 drugs
were Western medicines, of which 22 are imported. These
cover important disease areas, such as hematology, cardiology, immunology, neurology, and cancer therapy (including
trastuzumab, bevacizumab, nimotuzumab, and rituximab).
The result was an average 44 percent decrease in price. Drug
pricing negotiations, including expanding the number of drugs
included in the review, continue to be an ongoing activity of
the Chinese government.9

5. Accepting Foreign Clinical Trial Data
In October 2017, the NMPA ushered in the next stages of Chinese drug system reform by announcing it plans to allow data
from other countries to be used in support of most drug and
device market filings in China.10 This is a major breakthrough
in China’s regulatory landscape, as the NMPA previously required Phase 3 trials to be conducted in China, regardless of
where the product had previously been launched. Drug manufacturers were faced with the risk of having to build a facility

for a product before conducting clinical trials within that new
facility, which is a cost they could potentially not recover if
the drug is not approved. Later, in July 2018, the NMPA issued
the Technical Guidelines for The Acceptance of Overseas Clinical Trial Data for Drugs. This document requires applicants to
ensure the clinical trial data is authentic, complete, accurate,
and traceable. According to the quality of clinical trial data,
acceptance is divided into fully accepted, partially accepted,
and not accepted.

intended to restore the quality of the country’s drug supply
and the trust of its patient population.

6. Permission To Use CMOs In China

2. Xiaohua, Ma. (2018, June 24). China To Approve Much-Needed Foreign Drugs Up To Two Years Faster. Retrieved from
https://www.yicaiglobal.com/news/china-approve-muchneeded-foreign-drugs-two-years-faster

For the first time, biopharmaceutical development companies
have permission to use a contract manufacturing organization (CMO) for production of their commercial drug substance
and drug product materials. There were provisions added concerning a Marketing Authorization Holder’s (MAH) rights and
obligations, as outlined on Med Device Online11
•

MAHs may manufacture or sell their products or entrust
others to do the same.

•

MAHs must:
◊ ensure their quality systems operate effectively and
their products satisfy the relevant requirements
◊ submit annual self-inspection reports to the relevant
regulatory authority
◊ establish an adverse event monitoring system for their
medical devices and assume responsibility for the recall of defective products.

Although several changes were made, the single-site rule that
requires drug substances and drug products be made at the
same site is still in effect. That is, for biopharmaceuticals, if
a contract facility is used for production, the same site must
be used for both drug substance and drug product. Separate
sites cannot be used for drug substance and drug product.
The MAH rule was set to expire in November 2018, but rather
than being made permanent and taking effect nationwide (as
was expected), regulators renewed the existing rule for another 12 months. This means only the 10 cities and provinces previously authorized are allowed CMO manufacturing.

Conclusion
With explosive growth in China’s drug market expected over
the next several years, these changes will likely have a significant impact on not only the success of the products pursued
by drug companies but also on the regulators faced with the
daunting task of approving them. In addition, companies expanding their global footprint into China for the first time will
set a new precedent for drug development and manufacturing, while existing companies can take advantage of new tools
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The Current Landscape For
Developing Biosimilars In India
by Ankita Bhargava
Research Fellow
Department of Chemical Engineering, Indian Institute of Technology

The lucrative patents for many top-selling biologics will expire in
the next couple of years, opening up opportunities for the introduction of a wide range of biosimilars. These products are defined
as complex biotherapeutic molecules that show similarity to their
reference products, in terms of quality, safety, and efficacy. In the
emerging market of India, a mature biosimilar manufacturing ecosystem and regulatory environment have led the way to considerable growth in the country’s biosimilar market, where over 25 biosimilars have been approved and marketed.1 As it moves toward a
promising future, it is important to gain an overview of the current
regulatory and clinical expectations in India for biosimilar products.

Revised Guidelines
For Biosimilars In India

•

Genetic Engineering Appraisal Committee (GEAC) – Reviews
activities involving large scale use of genetically-modified organisms and their products

•

Central Drugs Standard Control Organization (CDSCO) – Monitors product safety and efficacy and is responsible for clinical
manufacturing and market approval for drugs

In 2012, India’s Central Drugs Standard Control Organization
(CDSCO) released new guidance for biosimilar developers.
These guidelines were later revised and updated in 2016 in
consultation with stakeholders from various industry associations and scientific organizations.2 Summaries of the changes,
which begin with section 6.1, are as follows:

The national regulatory body for Indian pharmaceuticals consists
of four organizations. They are:

6.1 Selection Of Reference Biologic

•

Institutional Biosafety Committee (IBSC) – Completes initial
review of applications to be recommended to RCGM and ensures biosafety onsite; also responsible for training personnel
on biosafety and organizing healthy monitoring programs for
lab personnel

•

Review Committee for Generic Manipulation (RCGM) – Responsible for authorizing the conduct of R&D and approval of
preclinical studies

The 2012 guideline stated reference biologics (RB) must be
“licensed and widely marketed for four years post-approval in
the country where the innovator product was approved with a
well-established regulatory framework.” However, the updated guideline states if the RB is not marketed in India, it can be
imported from any ICH country (i.e. EU, USA, Japan, Canada,
and Switzerland) “for developing the similar biologic for quality, preclinical, and clinical comparability.”
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6.2 Manufacturing Process
In addition to renaming this section from “Fermented Process
Development” to “Manufacturing Process” to align with global terms, the update also included a requirement to include
“a complete description of the manufacturing process from
development and characterization of cell banks, stability of
clone, cell culture/fermentation, harvest, excipients, formulation, purification, primary packaging interactions (if different
form the RB), etc. and the consequences on product characteristics.” Previously, the inclusion of the media components
used for cell growth was not required, as it was considered
confidential information.
For upstream process development (6.2.2), details of upstream process kinetics from “a representative batch” are now
required “from consistency batches.” This means companies
must report the process kinetics data indicating cell growth,
product formation, pH, temperature, dissolved oxygen, major
nutrient consumption, and agitation rate from three batches
of reproducible fermentation data at pilot scale (batch size adequate to give enough purified product to generate preclinical
data). This is to verify protein yield and its consistency apart
from demonstrating overall reproducibility and scalability.

6.3 Quality Based
Considerations For Similar Biologics
The updated guideline changed the word “calibrated” to “validated” in the following sentence: “The methods used to measure
quality attributes for batch release, stability studies and in- process controls should be validated in accordance with ICH guidelines (ICHQ2⁷,Q5C⁷,Q6B⁷), as appropriate.” Typical validation characteristics to be considered (as mentioned in ICH guidelines and
USP guidelines) include accuracy; precision; specificity; detection
limit; quantitation limit; linearity; and range.
Finally, this sentence about acceptance limits was added to the
2016 guideline: “Acceptance limits should be set based on RB
data and data from a sufficient number of batches from preclinical or clinical batches, which must be in line with international
norms.” Without it, the guideline left an opportunity for variability in limits among manufacturers.

6.4 Quality Comparability Study
In the 2012 guideline, the following sentence in this section
did not mention key quality attributes: “From the perspective
of establishing Similarity, quality attributes of a Similar Biologic have been considered in two categories; Critical Quality
Attributes (CQA) and Key Quality Attributes (KQA).” There was
also no segregation of the attributes in the original guideline,
whereas the 2016 version separates the impact of critical
quality attributes and key quality attributes.
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The quality attributes that have a direct impact on the clinical
safety or efficacy are covered under a section for CQAs, where it is
noted that they “must be controlled within limits that need to be
established based on the RB.” The KQAs are defined as those quality attributes “not known to impact clinical safety and efficacy but
are considered relevant from a product and process consistency
perspective.” While the KQAs must necessarily be controlled within acceptable limits, it may be acceptable to have slight differences in comparison to the RB. Check boxes for quality comparability
exercise of CQAs and KQAs are now well defined under Annexure
II of the current guideline in terms of what data is expected to be
submitted. This is bound to increase the overall timeline as well as
the cost of developing a similar biologic (SB). However, the resulting data would be more acceptable for claiming biosimilarity.

7.3 Immune Responses In Animals
The updated guideline states applicants may now “submit
parallel applications to RCGM and the office of DCG (I) seeking
approval to conduct clinical trial.” This helps save regulatory
review time as previous applicants had to wait for the RCGM
to review and approve the toxicity study reports before proceeding with DCGI filing to seek clinical trial approval. In fact,
the DCGI office had already started accepting parallel applications beginning in August 2016 (prior to the release of the
current guideline), for which they had issued a separate notification.
In regard to what should occur “if the pharmacologically relevant animal species is not available for doing repeat dose toxicity studies and has been appropriately justified,” the 2012
guideline required studies be undertaken in two species: one
rodent and one non-rodent. However, more consideration has
now been given on the species differences as part of selection
criteria, as there could be molecules for specific indications
where a non-rodent (e.g. rabbit) would be the pharmacologically relevant animal species rather than a rodent (e.g. rat/
mouse). Because of this, the current guideline states that, in
such scenarios, one can do the study only in rabbits (the pharmacologically relevant animal species) and justify the same to
RCGM while seeking approval.

8 Data Requirements
For Clinical Trial Application
The 2012 guideline stated, “The quality data submitted should
establish comparability of SB manufactured at clinical stage
against RB”. As commented under subsection 6.4, CQAs and
KQAs are now defined. Therefore, companies will have to ensure that quality data meets the current requirements before
applying for clinical trial approval.
In addition, the 2012 guideline did not provide an indication of
the number of patients for a Phase 3 study. Rather, it offered

that a sample size should have statistical rationale. The Indian
Good Clinical Practice guideline and the draft guideline from
CDSCO titled “Approval of CTs and New drugs” released in July
2011 states, “If the drug is already approved/marketed in other countries, Phase 3 data should generally be obtained on at
least 100 patients primarily to confirm the efficacy and safety
of the drug in Indian patients when used as recommended in
the product monograph for the claims made.” With SB being
classified as “new drugs” under the D&C Act, companies were
exercising the option of designing Phase 3 protocols with the
sample size over 100 evaluable patients in the test and reference arms put together. As per the current guideline, the
number of evaluable patients on the test arm itself cannot be
less than 100.
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10.3 Post Marketing
Studies (Phase IV Study)
A single arm study of generally, more than 200 evaluable
patients, compared to historical data of the RB, needs to be
conducted with the primary endpoint as “safety” and the secondary endpoint as “efficacy and immunogenicity.” The Phase
IV protocol should be submitted along with the marketing
authorization application for approval. If immunogenicity has
already been evaluated during clinical studies, then it does
not need to be done as part of Phase IV. The study should be
completed preferably within two years of the marketing permission/manufacturing license unless otherwise justified.
Understanding India’s biosimilar market is a critical aspect of
successful development in an area where there are continuously evolving international guidelines. Due to the market’s
complexities, it may be valuable to work with a consultant or
even partner with a company who has experience before entering India’s increasingly competitive biosimilar industry.
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Development Pathways For ATMPs:
Virus Safety Challenges And
Regulatory Perspective
by Andy Bailey
Founder
ViruSure

Advanced therapy medicinal products (ATMPs) are medical
products for human use, often used in regenerative medicine.
They include gene therapy, somatic cell therapy, tissue engineered, and regenerative medicine products. In the EU, ATMPs
are regulated under a consolidated framework for advanced
therapies as pharmaceutical products.1 Within the EU, control
of safety, consistency, reproducibility, and uniformity are key
aspects of compliance for ATMPs. Annex 2 of the EU guidelines
for medicinal products for human veterinary use has been updated to include GMP regulations for ATMPs. In the U.S., cellular
and gene therapy products are regulated by the Center for Biologics Evaluation and Research.2 Yet, in all regulated countries,
it is clear that if animal or human cells are being used to develop
an ATMP, there must be measures in place to ensure minimum
risk when it comes to virus contamination.
Companies in the commercial sector with experience developing biopharmaceuticals understand these virus safety issues and have experience preventing them. However, those in
the non-commercial sector without that background, such as
universities, medical centers, and government, where many
of these products are being developed, often do not have the
in-depth experience when it comes to GMP compliance.3 And
because doctors face situations where they need to make real-time decisions during the preparation of materials for ATMPs, there is an increased risk of viral contamination in these
settings. For these reasons, it is important to understand the
contamination risks and the solutions available to control them.
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Virus Safety For ATMPs
Given the complex nature of ATMPs, ensuring the safety and
quality of such products requires a rigorous, science-based approach with careful consideration of:
•

sourcing of tissues and materials

•

testing of product intermediates and/or reagents to ensure
safety

•

design of the manufacturing process of all components to
minimize risk.

Many of these principles are captured in the ICH Q5A guidance.4
Viruses come in many shapes and sizes, and they infect all kingdoms—plants, vertebrates, and invertebrates. The goal of virus
safety is to ensure that, if these contaminants were to be present, they do not find their way into clinical products, or, at a minimum, will not be clinically relevant to the patient who receives
the ATMP. Past virus contamination events in cell-manufactured
biologics demonstrate the need to be prepared for unusual
sources of potential contamination.5
For example, Genentech published its experience in the 1990s
with multiple contamination events of the Minute virus of mice
(MVM) in its CHO fermenters.6 Although the source of the contamination was never clearly identified, MVM is a virus of the
family Parvoviridae affecting mice, so the assumption was that
the contamination was caused by rodents either in Genentech’s

facility or at its suppliers’ facilities. Mice infected with MVM carry
the virus in high titers in multiple tissues (as high as 107 /milliliter), and it is excreted in their urine.7 Theoretical calculations
indicate there were likely no more than one to three infectious
particles per liter of medium, showing it does not require large
amounts of a virus to cause a contamination issue. Without any
current test methods available that can detect viruses at levels
so low, the issue becomes even bigger when considering that
Parvoviruses are among the most resistant viruses and survive
for extended periods in the environment.
In another example, two contamination events with different Vesivirus 2117 (V2117) strains were detected in 2008 at separate
Genzyme facilities on different continents (North America and
Europe) with no identified shared components in use.8,9 Later, a
contamination event in 2009 at the same U.S. facility showed a
virus 99 percent identical at the sequence level as the virus from
2008 was still contaminating cultures. Phylogenetic sequence
analysis of the different strains of V2117 that have been observed in CHO cultures (the original contamination was reported in 2003 from bioreactors that were contaminated in the late
1990s) clearly demonstrate the U.S. and Belgium virus contaminants to be from different virus strains (Figure 1). Intriguingly, another Vesivirus isolated from a dog with gastroenteritis clustered
along with these CHO-derived Vesivirus contaminants (submitted to GenBank in 2011; Acc. #JN204722), raising the possibility
that these contaminants might be of canine origin.
There are several theoretical possibilities of where contamination events, such as those observed with MVM and V2117, could
originate. One is that the viruses are arboviruses, which are
transmitted by insects. Biopharmaceutical manufacturers have
reported receiving powdered cell culture media that, even after
quality control testing, were contaminated with particulates that
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Fig 1: : Phylogenetic tree of Vesivirus 2117 isolates present in the GenBank
sequence database in 2011 (prepared using the UPGMA method using the
virus capsid protein alignment 10). The percentage of replicate trees in which
the associated taxa clustered together in the bootstrap test are shown next
to the branches (500 replicates). The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. (Note: In recent papers, additional Vesivirus 2117-like
contaminants isolated from dogs with gastroenteritis were identified and are
not included in this tree.11,12)

were later proven to be insect body parts. Although most arboviruses are enveloped viruses that cannot survive long periods
of time, there are exceptions (e.g., Bluetongue). Another possible source is infected workers at a facility. In a GMP recombinant
pharmaceutical facility, many manufacturers have requirements
that if, for example, an employee lives on a farm, they must implement daily procedures to minimize the risk of viruses being
transmitted from the farm into the facility. Employees could also
unknowingly carry viruses transmitted from family pets, a risk
not currently controlled by most manufacturers (nor, for example, their suppliers of cell culture media or media supplements).
In the end, controlling such risks is challenging and requires
barrier technology for media prior to entering the bioreactor to
ensure that low levels of contaminating virus do not present
a significant risk. It further highlights the importance of ongoing risk assessments similar to those already conducted in the
blood plasma industry, which could limit the risk of virus contamination events.

ATMPs And Possible Virus
Safety Strategies
The safety tripod for virus, or product, safety is a careful balance
among sourcing, testing, and virus clearance. This may require characterization of master cell banks as well as a selection of the raw
materials and defining sourcing policies. There may also be in-process testing, using either infectivity or Polymerase Chain Reaction
(PCR) assays. Finally, there must be validation of the manufacturing
process (wherever possible), where a virus can be removed/inactivated through, e.g., chromatography, virus filtration, or detergent
treatment.
A drawback of in-process testing using infectivity or PCR assays is
that they have a defined limit of detection that is dependent on the
type of detection system being used, the virus in question, and the
volume of sample being tested. In addition, a negative result does
not mean the sample is negative; it could just mean the virus is below the level of detection for the assay. For most manufacturing processes where virus clearance is not implemented, this level of risk is
unacceptable, making it imperative that either a better process for
virus detection is available or that steps are implemented to control
this risk more carefully (e.g., via virus clearance).
Table 1 provides an example residual risk calculation that can be
used for any component entering a bioreactor and demonstrates
the high level of residual risk for any component where virus clearance has not been applied. Only a few infectious virus particles are
required to initiate an infection in a bioreactor scenario, which will
then spread through the whole culture.
The importance of implementing robust virus clearance in order
to effectively control virus risk has also been demonstrated for the
blood plasma industry, where risk reduction by careful donor selection and subsequent testing each demonstrated a risk reduction
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by approximately 100-fold (i.e., two log10 depending on the virus
type).13 Significantly higher levels of risk reduction, as much as 10
logs where you have two robust steps present (i.e., two by five 5
log10 reduction steps) can be achieved compared to virus inactivation or removal. Testing is still important to quantify the amount of
virus entering the beginning of the process and to ensure the process is not overloaded beyond the validated capacity to clear the
virus. For Intravenous immunoglobulins derived from blood plasma,
the introduction of robust solvent detergent treatments prevented
the transmission of hepatitis C virus through those products.14
How can industry then best control virus safety risks with ATMPs?
For the upstream process, there is already quality control testing of
the starting materials (e.g., cell banks), but cell culture medium and
other components may be used with only limited bacterial testing
(e.g., only sterility and mycoplasma). The contamination events with
MVM and V2117 demonstrate a need to apply risk control measures
including implementing barrier technologies to prevent contaminants in the media or media additives from entering the cells.
For cell-based therapies, where no clearance of contaminating virus
can be achieved downstream, the focus for controlling risk shifts to
controlling both the cells as well as the medium used to grow the
cells. First, there must be full documentation of the history of the
cells. If they are taken from a patient at the bedside and reprocessed
in culture before being injected back into the patient, documentation will be available. If, though, non-allogenic cells are being used,
there must be knowledge about the kind of patient from which they
were collected and how they were stored and processed. Many virus
infections have no clinical symptoms or result in no cytopathic effect in infected cells, so it is sometimes impossible to know if donor
cells are infected with a virus, as they may appear perfectly healthy.
Residual Risk
Calculation (for
process with no
dedicated virus
clearance step)

Residual Risk
Calculation (for
process including
dedicated virus
clearance step)

Volume of sample tested for virus

10 ml

10 ml

Theoretical limit of
detection (based on
Poisson distribution of
virus and detection at
95% probability)

0.3 IU/ml

0.3 IU/ml

Potential virus load in
1,000 L bioreactor if
component used at 5%
concentration

0.3 x 50,000 ml = 15,000 IU

0.3 x 50,000 ml = 15,000 IU

IPotential clearance of
virus by dedicated virus
clearance step (i.e., >5.0
logs)

0 logs

>5 logs (i.e., 100,000-fold
reduction)

15,000 IU

0.15 IU

Immune-activating
anti-CTLA4 mAb

Table 1: Example residual risk calculation for medium components used
in a bioreactor.
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There may also be latent viruses that could be dormant during collection but reactivated later. In addition, poorly controlled collection
or handling procedures can introduce contaminants.
Next, most somatic or tissue-engineered cells require cell culture
either to expand the number of available cells for therapy or to differentiate the cells. This often requires the use of bovine serum or
human- and/or bovine-derived supplements, which present a risk
as purified growth factors are often not tested or manufactured
to GMP standards.15 Even chemically defined medium can be contaminated (see above discussion with MVM and V2117). Due to
these potential risks that need to be considered when preparing
ATMP products, barrier technology may be an effective risk control
measure.

Implementation Of Barrier Technology
The implementation of barrier technologies presents the best
control measure for reducing the risk of introducing adventitious
agents into a cell culture system. These technologies include
high-temperature/short-time, small virus filtration, heat, UV treatment, gamma radiation, and other membrane technologies. Any
of these could provide additional protection against low-level virus
contamination. Hollow fiber anion exchange chromatography using QyuSpeed D (QSD) is an example of using a membrane-based
technology to improve the virus and prion safety of pooled human
platelet lysate (HPL), which has become a standard supplement
for ex vivo cell culture for clinical protocols.16 The risk of pathogen
contamination of HPL increases with the platelet pool size, so researchers used hollow fiber anion exchange chromatography to
remove resistant and untested blood-borne pathogens without
affecting the capacity of HPL-supplemented growth media to support ex-vivo cell expansion.14
Next-generation sequencing (NGS) could also potentially be used
as a screening tool to look for virus contamination in biological
products. It has shown tremendous progress in application in recent years, but it presents several issues in implementation.17 Its
sensitivity has been called into question as well as its detection
of non-relevant virus specific sequences. These are sequences
that may look like virus-specific sequences but are simply remnants of a previous virus infection or incomplete virus sequences.
These junk sequences must be filtered out so that, when comparing a cell line to the sequence database, the data returned is
only what is relevant to the risk assessment. The other aspect is
standardization of the technology and the bioinformatics. From
a regulatory perspective, this is still at an early stage, and if it is
going to be used for the release of a biopharmaceutical product,
there must be some standardization of those procedures. The
FDA, along with the biotech industry, has established an interest
group to evaluate and further develop NGS technologies.17 While
it may take some time to mature, NGS could be a suitable way to
complete a rapid characterization of a cell line to provide some
assurance it is safe before it goes into the patient.

Overall, ATMPs represent a class of medicines with a higher virus risk
profile that needs to be effectively controlled. The most effective key
to minimizing the potential for virus contamination is risk management. Understand where the risks originate from, and when a risk
is identified, implement steps to reduce that risk by implementing
effective sourcing and a risk-based approach to QC testing. The potential for risk reduction at this stage should not be underestimated.

9. Qiu, Y., et al., Identification and quantitation of Vesivirus 2117
particles in bioreactor fluids from infected Chinese hamster
ovary cell cultures. Biotechnol Bioeng, 2013. 110(5): p. 134253.
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Virus Safety
For Continuous Processing
by Mark Schofield
Senior R&D Manager
Pall Biotech

The increased flexibility, efficiency, and quality that come with continuous processing are just some of the benefits driving the growth
of this innovative alternative to batch manufacturing. From a regulatory perspective, the FDA has been encouraging industry efforts
to move the industry to this modernized approach for the last several years. That is because the agency recognizes the advantages
of continuous processing, where smaller equipment and facilities
are leading to fewer steps and lower capital, operational, and environmental costs. The overall savings are then passed on to both
the industry and, most importantly, the patients. However, among
other regulatory questions surrounding this transition is the uncertainty around implementing an effective virus clearance strategy, which is intended to prevent various virus contaminations that
could threaten patient safety.

approaches can still be successful in the continuous processing
context is a key part of enabling future adoption.

Chromatographic Clearance
Typically, virus clearance is provided by anion exchange chromatography, but clearance is often bolstered by the Protein A capture step. As anion exchange chromatography is typically performed in flow-through mode, its method of operation is not likely
to change when transitioning to continuous mode. For bind and

Assessing Today’s
Virus Clearance Methods
Virus safety for biologics is provided through a multifaceted approach. Raw materials and working cell banks are carefully chosen and screened to ensure they do not contain viruses. Tests
are made during the process to confirm common virus contaminants are not present. Finally, the purification process has to
be capable of robust virus removal. This includes multiple steps
and orthogonal methods, such as chromatographic clearance,
low pH virus inactivation, and virus filtration. Ensuring these
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Fig 1: Pareto analysis of experimental factors.

Fig 2: Cadence virus inactivation operation concept.

elute chromatography steps, such as Protein A, productivity and
capacity can be improved by loading two or more columns in series. The first column can be overloaded to improve capacity while
any product that breaks through can be captured on subsequent
columns. A collaboration between Pall, the FDA, and Amgen is focused on determining what impact this change in loading has on
the virus clearance through the Protein A step.1
The project was initiated with single-column experiments to understand virus clearance through the capture step. A bacteriophage was used to mimic a mammalian virus. The data from the
experiments was then used to design experiments performed on a
continuous chromatography skid. This enabled a comparison of virus clearance between single- and multi-column chromatography.
The goal is to emulate the continuous process results with those
achieved in batch processing and eventually confirm those findings with real mammalian viruses.

Fig 3: Continuous virus filtration design space.

The Design of Experiments
approach and subsequent
Pareto chart in Figure 1 is
used to identify the most important individual factors for
virus clearance. Two parameters here are important for
transition to continuous processing: the residence time,
where there is 1 minute to
mimic continuous or 4 minutes that is more typical for
a batch process; and loading
to percent breakthrough,
where 5 percent is representative of some batch processes and loading to 60 percent breakthrough simulates
what may occur in continuous processing. Neither of
these factors are statistically
significant, giving an initial indication that virus clearance may not
be impacted by the transition to continuous processing. The results
indicate three factors that have a major effect on virus clearance:
the arginine in wash 2, the sodium chloride in wash two, and wash
CVs. These parameters are crossing to the right of the reference line
for statistical significance at 95 percent confidence.
These parameters can then be used to look at two different continuous chromatography loading scenarios: a worst-case scenario
where the lowest clearance is being achieved (just washing with
three CVs, no additional salt, no arginine) or at the best-case scenario where the best clearance is being achieved (six CVs with an
extra half molar salt and with 0.3 molar arginine). There is consistent virus clearance in continuous chromatography, with a large difference between the best- and worst-case scenarios. In the worstcase scenario, there is hardly any virus removal at all, but the best
case shows two and a half logs. This data can be compared with
results from the single-column experiments (all performed with 5
mL columns). In summary, there is a similar performance between the single- and
multi-column scenarios and no indication
there are any issues
using this strategy
for continuous processing, regardless of
loading capacities or
residence time.

Low pH Virus Inactivation
For batch processing, the low pH hold
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step, which is critical in virus inactivation, is most often performed
manually. Many companies do not even have a pH probe in their
pooling tank. The material in the tank is simply sampled and then
measured on a benchtop pH probe, which can take a significant
amount of time. Also, the product spends time near the inactivation pH, which is bad for the product but not low enough to claim
inactivation, so the process is more damaging for the product than
it needs to be. To move to a continuous process, low pH virus inactivation must be automated. As the Protein A capture process
may produce multiple eluates per hour and may be performed for
several hours or even months, this step must also accommodate
this change. As outlined in a recent article by Pall Biotech experts,
different strategies have emerged as a result of these needs, including a continuous plug-flow reactor and packed column-based
low pH hold to process and attenuate these elution volumes.2
However, the plug-flow approach presents a number of challenges, including the titration and how to manage the pH probes and
residence time in the plug flow reactor. So, an alternative stirred
tank approach was explored. In addition to it being identical to
the well-known and well-understood low pH inactivation method
commonly employed by the industry and accepted by regulatory
authorities, the stirred tank approach’s advantages include:

•

a reliable path to scale-down

•

simplification of virus clearance validation studies, as the
collection of the elution pool enables homogenization and
eliminates any impact of protein concentration gradient on
virus inactivation

•

homogenization of product in preparation for subsequent
purification steps

•

segregation of batches (can trace and quarantine deviations)

•

simple sampling strategy

Figure 2 shows the flow path of the stirred tank system. Acid
is added to achieve the inactivation pH. When it is reached, a
1-hour time is set. At the 1-hour point, base is added to neutralize the material in mixer one and the pH is raised for the
next process step. When the desired pH is reached, mixer one
is emptied and the material in mixer two is acidified while new
material is being brought into mixer one. This is essentially a
swing strategy where one tank is filling while the other tank
processes and then switches over at the swing point.
The system has a gamma-irradiated flow path and a central control
unit designed for both continuous and batch operation that can operate fully automated semi-continuously to process a 2,000-liter fed
batch bioreactor. Two key risks emerged while creating this system.
The first was holdups that could contaminate inactivated product
with non-inactivated material. The
challenge with this is that bioprocesses are looking for five logs of
removal. One way to eliminate this
risk is having a flow pattern with no
dead legs, which can be achieved
by using an Aquasyn (Aquasyn LLC,
NV) valve block. It minimizes holdup
volume and creates a clear line of
separation between incoming active
elutions and inactivated elutions.
A series of tests were performed to
demonstrate the absence of dead
legs. This involved mimicking the virus inactivation process using both
bacteria and bacteriophage.

Fig 4: Pegasus Prime virus filter batch process performance (top) versus Pegasus Prime virus filter MMV
continuous design space performance (bottom).
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The other challenge is a lack of trust
in pH probes. The team addressed
this risk by screening pH probes
using a process that mimicked the
low pH process. The probe was first
dipped in solution with a pH of 3.5
for 120 minutes. A robot arm then
moved from that solution to one
with a pH of 8 for 15 minutes and
then moved into the air, where it was
exposed for 15 minutes, then back
to the solution with the pH of 3.5.

This was done for 48 hours. A reference probe also used for the test
solutions had its calibration checked throughout the experiments,
which was then compared to the test probe. After periods of 24 and
48 hours, the same values were achieved for the test probe and the
reference probe, with neither exhibiting any drifting throughout the
experiments.
In the end, several benefits were achieved using this system. With
the fluid entry at the base using a recirculation loop and low holdup
valve block, there is negligible risk of contamination of virus inactivated product with non-inactivated material. There is also no requirement to have multiple tanks for one inactivation cycle. This fully
automated operation with configurable predefined sequences eliminates operator error, runs continuously for long periods of time, and
it is easy to configure. The multi-mixer processing allows for flexible
operation in multiproduct facilities for both batch and continuous
processes. It also makes Pall first to market with integrated chromatography and low pH virus inactivationsolution for manufacturing scale, which integrates processing with unit operations running
in parallel, leading to time and cost savings.

Virus Filtration
Traditionally, virus filtration is operated at a continuous and relatively high pressure for short periods of time. Some companies are
looking at the potential to run semi-continuous, process intensified operation, which may run continuous upstream processes and
chromatography processes but then hold the virus filter feed material until sufficient volume has been built up to allow the virus filtration and subsequent process steps to operate in a batch mode.
This may be one of the common approaches to continuous in the
short term; however, it does not represent where Pall believes the
future of continuous processing is with a fully integrated continuous
one-piece flow. This will require significant changes in the virus filter
design space due to the continuous and low product stream flows.
A potential solution raised for continuous virus filtration is to run
multiple small filters at equivalent flux to the batch process, resisting a change to the design space. This leads to far more risk and
complexity, especially the risk of many more integrity tests at such
a small scale. Pall recommends the use of fewer virus filters at lower flux to reduce filter switching complexity and improve risk. This
makes the projected continuous virus filter design space very different from a batch process for the implementation of virus filtration in

an ideal continuous process.
Figure 3 shows the typical batch and projected new continuous design spaces and the significant difference in operating
pressure and operating time, allowing a virus filter to be run for
several days at the lower, continuous flow expected during an
optimal continuous process.
Because some virus filtration filters get breakthrough if the pressure is not high and constant, Pall Biotech designed the Pegasus™
Prime virus filter. Testing on the Pegasus Prime filters reveals the
same virus clearance is achieved before and after a 30-minute
pause during a batch process as well as before and after a 4-hour
pause during a 96-hour continuous operation (Figure 4). No MMV
was detected in any of the samples analyzed.

Summary
The overall goal of these experiments is to supply continuous
solutions that will streamline current processes, in order to intensify processes. Changes to current chemistry or technologies
are not being proposed. Drawing on the design space approach
of quality by design and interacting earlier with regulators on
these methods leads to a hybrid of new and traditional validation approaches that could facilitate the adoption of continuous
processing and its benefits in biomanufacturing.
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Addressing New Chromatography
Challenges with Fiber Adsorbents
by Iwan Roberts
Department Director
GE Healthcare

The dominant technique for chromatographic purification in today’s pharmaceutical industry uses highly porous microscale
beads with a functionalized surface to allow discrimination of drug
product from the complex process stream. For example, with a
Protein A ligand on the surface, monoclonal antibody (mAb) purification is mediated via an affinity interaction. However, as the
biopharmaceutical market continues to evolve and grow to adapt
to clinical and economic drivers, there is an increasing need to
improve both intensification and flexibility of facilities. To address
this, new technologies that increase productivity and are economical in single-use operation are required across unit operations,
leading to the exploration of alternatives to porous beads.
One such technology is Fibro, which uses a novel proprietary structure that overcomes the diffusional and flow limitations of packed
bed chromatography purification systems. It also aims to address
capacity issues of chromatography membranes, which have limited their application to predominantly contaminant capture steps.
The new adsorbent material has the capability to not only improve
process flexibility and robustness but also meet the demands of
the rapidly changing biopharma landscape.

Next-Generation Protein A
Ligand MabSelect™ PrismA
The recombinantly produced chromatography ligand “Protein
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Fig 1: Protein A ligand engineering for improved capacity and alkaline stability.

A” has enabled the era of antibody biopharmaceuticals by allowing all therapeutics of this type to be purified using the
same approach to achieve more than 99 percent purity in a
single step. While Protein A was discovered in the 1960s, it

(mAb being around 5 nanometers). Furthermore, utilization of
the ligand is dependent on the time taken to complete a purification cycle (binding and elution of product combined with
multiple wash and conditioning steps). Productivity is thus a
function of the amount of product that can be purified per unit
of time and per unit of adsorbent and the use of multiple cycles to amortize the up-front cost (up to 200 cycles often cited
as achievable).

Fig 2: Mass transfer schematic in a porous bead.

was not until the 1980s that it started to be widely utilized
in the industrial purification of antibodies. The development
of Protein A technology has mirrored the needs of the industry, first by removing animal-based components from the production of Protein A and then by improving the pressure/flow
properties of the chromatography bead. In 2005, the commercialization of the first alkali-stable protein A medium, MabSelect SuRe™, advanced Protein A technology even further by
dramatically extending the lifetime of Protein A media and
thereby reducing the cost of mAb purification. Most recently, GE developed MabSelect PrismA to address the needs of
higher titer cell cultures by improving capacity and alkaline
stability (Figure 1).
The ligand was developed using high-throughput screening
to identify amino acids sensitive to alkaline degradation, so
they could be substituted with more stable ones. The first
screening was performed on monomers, and the most promising constructs were multimerized into stabilized ligand constructs. More than 400 constructs were screened with GE’s
Biacore™ system, which is used for high-quality characterization of molecular interactions.

Bead-based chromatographic adsorbents are highly porous,
with the majority of their ~40m2/g surface area being “hidden”
within the inner structure. Thus, the target antibody carried
in the bulk feed media must go through two stages of mass
transfer before reaching the functional binding surface buried
deep within the pores of a chromatography bead, as shown in
Figure 2. The initial film diffusion takes place, followed by diffusion into the porous structure. This transfer requires sufficient
residence time to take place, resulting in a flow rate-limited
operation, as faster flow rates reduce binding capacity and
productivity. Diffusion then presents a fundamental barrier to
improving purification productivity using beads.
Additionally, as the bead support structure is compressible,
increasing flow rate reduces the interstitial void and thereby
increases the back pressure. Above a critical limit, this compression causes irreversible mechanical damage. For industrial scale bead-based operations, residence times of between
3 and 12 minutes are used, which leads to a cycle time in the
region of 6 to 8 hours. Although multiple cycles for a single
batch are used in some processes, making this process cost
effective requires use over multiple batches, with associated
inter-batch validation costs and activities, e.g., cleaning and
storage.
Monolith and membrane technologies that operate by convective mass transfer do not rely on diffusion and can therefore
be operated at lower residence times (higher flow rates). Yet,
they are limited in their available surface area. This has led to
their adoption in scenarios where capacity is less critical, e.g.,
toward the end of the purification chain where contaminants
are mostly removed and, in low amounts, can be pulled out

Exploration Of Chromatography
Adsorbents For Protein A
Despite its effectiveness, Protein A ligand is costly, as it is a
protein derived from recombinant production process, which
requires purification itself to be safe to use in subsequent
biotherapeutic manufacture. Therefore, to utilize the Protein
A ligand effectively, the adsorbent material must have a high
surface area-to-volume ratio to efficiently capture as much
antibody as possible in the smallest physical volume. This
surface area must also be accessible to large protein targets

Fig 3: Illustration of fiber formation by electros.
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to surface area being determined by nitrogen molecule adsorption and so it measures area the antibody molecule cannot
reach. As the residence time increases, there is more time for
diffusion to take place and the bead capacity increases. However, the Fibro capacity remains largely constant, adding further
support to the case that the binding is minimally impacted by
residence time due to a highly accessible surface area.

Fig 4: Fiber technology allows high dynamic binding capacity at short
residence times.

by these adsorbents. Therefore, to increase the productivity of
product capture steps such as Protein A, new adsorbents are
needed to combine a high flow rate with rapid mass transfer.

Fibro Technology
The structure of the fibers in the Fibro technology is highly open to facilitate mass transfer without diffusion like the
membrane and monolith technologies but also yields a high
surface area resulting from its manufacturing method. Electrospinning is an additive process by which the Fibro technology is manufactured. An electrical charge is applied to the
polymer solvent solution, which leads to self-repulsion due to
the induced electrostatic charge. This results in the formation
of jets from the polymer solvent solution. The solvent dries off,
and the charge migrates to the surface of the polymer, causing
a rapid acceleration through a whipping process with the fiber
diameter decreasing as the fiber spins out (Figure 3).
With a long hydrocarbon chain-linked polymer used in this
material, the chains become entangled and cannot separate
from one another, ensuring the polymer structure remains intact and forming the fiber. Each fiber layers on top of another
in a completely random form, similar to a ball of yarn or spaghetti. This process creates a material with a very high surface
area – ~10 m2/g compared to ~0.7 m2/g for traditional porous
cast membranes, which creates homogeneity and ideal properties that allow rapid mass transfer to the surface.
The difference in performance between the Fibro technology
(orange line) and porous resins (blue line) (both with the PrismA protein A ligand) is shown in Figure 4 above. Although the
surface area of the Fibro at ~10 m2/g is lower than that of the
bead (~40 m2/g), the binding capacity from the left axis shows
a much smaller difference in binding antibody, with higher capacity for Fibro at short residence times. This is potentially due
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The ability to operate Fibro at short residence times has significant impact on an industrial scale. Rather than taking 6 to
8 hours to perform a cycle on a bead column, a Fibro cycle can
be completed in around 5 minutes. This means that, with a
large enough fiber technology device, a chromatography step
could be run in just 2 or 3 minutes instead of the one to five
days required today. The ability to complete full chromatograms in just minutes using fiber absorbents allows for rapid
column recycling. Fibro could complete hundreds of cycles in
the same amount of time it takes to run just one or two cycles
on a normal column at large scale. Productivity such as this
would shrink the operational footprint considerably.
Finally, by enabling the full amortization of the cycle lifetime
of the Protein A ligands, Fibro effectively modernizes the Protein A step into a single-use operation. Fibro also offers flexibility that will be beneficial in continuous manufacturing, as
an end user can change the feed-flow rates to adapt to upstream process variation without fear of change of purification performance.

A Technology For The Future
To demonstrate the scalability of Fibro, a team at GE used the
fiber technology in combination with its MabSelect PrismA
Protein A ligand across many different molecules. Figure 5
shows the conformity of the UV trace, which tracks the protein through the chromatography rig from the first cycle to the
90th cycle. It was purified with a 40-milliliter absorbent volume of the fiber material. Over a 6-hour period, 114 grams of
mAbs were produced.

Fig 5: Chromatogram showing the same performance over the lifetime of the
rapidly-cycled Fibro unit.

In terms of productivity, nearly 500 grams of mAb were purified per liter of absorbent per hour, as opposed to only about
10 grams per liter per hour produced by the resin columns
commonly used today. This level of production is critical, as
the future of biomanufacturing is trending toward smaller
batch sizes with annual production rates below 150 kilograms
and a dramatic increase in upstream titers, which puts new
demands on bioprocessing manufacturing design.
Multiproduct facilities with easy and fast changeover between
campaigns have become more important, driving the adoption of single-use technologies. Increased upstream titers
also put extra pressure on downstream operations where
better productivity is required. This has resulted not only in
recent developments of high-capacity resins but also in the
adoption of continuous chromatography. Flexible facilities utilizing scalable technologies reduce process development risks
during manufacturing handover by allowing biomanufacturers
to delay capital investment until they know how their drug will
perform on the market.

In developing the technology, GE has completed development
of the regulatory documentation necessary for the technology
to become commercially available later this year. A GE team
based in Stevenage, UK, has worked with over 50 different
mAbs from collaborators across the globe, large and small. In
every case, the quality of the product produced from the Fibro
purification process is the same as the quality produced by
existing Protein A technologies, due to the enormous power
of the engineered Protein A ligands like PrismA.
There have been previous calls for the development of new
technologies to replace Protein A chromatography, but due to
its effectiveness, Protein A is nearly universally employed for
mAb manufacture. Yet, rather than replace Protein A chromatography, Fibro offers a step-change in its productivity, which
will extend the use of Protein A for platform processes for
many decades to come. Critically, for those working with newer biological targets, Fibro will ultimately be combined with a
wide range of ligands and functionalities, making it relevant to
other key areas, such as the purification of viral vectors.

Iwan Roberts

Department Director | GE Healthcare
Iwan has a master’s degree and a doctorate degree from the Biochemical Engineering department
at UCL. While researching engineering solutions to the scale-up and commercialisation of cell-based
therapies, he became involved with a project from professor Dan Bracewell’s group. Dan’s Post Doc Dr
Oliver Hardick was developing an alternate chromatography material based on fibres. Iwan and Oliver
spanned the technology out from UCL, and in between 2014 and 2017, they sourced venture capital
financing. With support from industry collaborators, Iwan and Dan demonstrated the industrial application of the technology. Their company “Puridify” was bought by GE in Nov 2017. Iwan is now working
with GE to commercialise and launch the technology.

BioProcessing Asia Conference In Review

39 of 55

CMC Strategies For The Development
Of A Bispecific Antibody Platform for
Cancer Immunotherapy
by Jianzhong Hu
Director of Process development
Wuhan YZY Biopharma

Compared to the development of typical monoclonal antibody
(mAb) drugs, the development of bispecific antibodies (BsAbs)
can present many challenges in product expression, purification, product stability, and scale up of the manufacturing process. Therefore, in addition to efforts made with molecular design, CMC strategies are critical for developing and marketing
bispecific drugs.

A Growing Future
For Bispecific Antibodies
Bispecific antibodies is an emerging and potentially highly
profitable area of next-generation antibody products. They are
engineered immunoglobulins with the ability to bind to two
different epitopes on the same or different antigens. Therapy
with immunoglobulin G (IgG)-like BsAbs shows active immunization against specific tumors, which in the future could lead
to increased use of this format to provide long-lasting antitumor immunity in the organism.1
There are currently more than 200 BsAbs in clinical trials, with two
already available on the market (Hemlibra and Blincyto), bringing
in total sales of nearly $1 billion in 2018.2 A recent analysis predicts the estimated market opportunity for BsAbs to surpass $8
billion by 2025.2 The potential of BsAbs and their promise in cancer immunotherapy is garnering attention from both big and small
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Fig 1: IgG-like structure of YBODY® platform.

pharma companies. Wuhan YZY Biopharma, located in Wuhan,
China, has two bispecific candidates in Phase I clinical studies and
several other candidates in the pre-clinical or discovery stage. Its
lead product candidates were developed using YZY’s proprietary
bispecific antibody platform, YBODY®, which uses engineered Fc
to promote heterodimer formation. The potency of the antibody
can be greatly enhanced by recruitment of T cells.

Fig 4: YBODY® 3D structure.
Fig 2: GFP-labeled tumor cells are surrounded by lymphocytes via interaction
with a YBODY®.

YBODY® Bispecific Platform
YBODY® is composed of two parts, the half antibody and the single chain for CD3 binding. The half antibody can interact with a
tumor-associated antigen, and the single chain can interact with
the CD3 on T cells. YBODY® has an IgG-like structure, so it can
provide good pharmacokinetics and pharmacodynamics (Figure
1). The knob-in-the-hole and salt-bridge methods were used for
production of this antibody, and the CD3 single chain format was
used for T cell redirection. The YBODY® platform currently has a
total of nine patents, with four in the U.S.
The images below show two characteristics of the YBODY®
platform. Figure 2 shows that the green fluorescent protein
(GFP)-labeled tumor cells are surrounded by lymphocytes when
the antibody YBODY® is added into this mixture, indicating

Fig 5: HPLC-SEC and CE evaluation of the candidate molecule under
stressed condition.

formed an antigen binding surface, and the full YBODY® forms an
IgG1-like structure.
This molecule can arm the immune cells through the interactions between the single chain and the antigens on the immune cells. Then, the armed immune cells can be redirected
onto the tumor cells through the interactions between the
half antibody and the antigen on the tumor cells and then attack and kill the tumor cells.

Fig 3: HPLC-SEC chromatogram of a purified YBODY®.

YBODY® can mediate tumor T cell interactions. The high-performance liquid chromatography size-exclusion (HPLC SEC) chromatogram in Figure 3 shows the product can achieve greater
than 99 percent purity.
A computer-modeled 3D structure of YBODY® is shown in Figure 4. In the single chain, the variable region of the heavy and
light chains are combined through a flexible linker. This domain

Fig 6: Binding affinity of the candidate molecule to CD3 and tumorassociated antigen under stressed condition, as determined using
BiacoreTM (GE Healthcare)

BioProcessing Asia Conference In Review

41 of 55

Overcoming
YBODY®
Manufacturing
Challenges
YBODY®, like other IgG-like bispecific antibodies, can present several manufacturing challenges,
including:
•

low expression titer of the target
bispecific

•

purification difficulties

•

instability of the intermediates
and the product

•

issues in process scale-up.

Fig 7: Two-stage pool selection strategy for enhanced bispecific purity.

Several methods can be used during molecule design to overcome
these challenges, including mutation of amino acids to decrease
aggregation susceptibility, mutation of instability hot spots in
CDRs, and selection of Gln residues as the amino-terminal to force
pyroglutamylation to decrease the number of charge variants.3
However, it is also imperative to implement effective CMC strategies, as these will have the most impact on a company’s ability to
successfully develop and market bispecific drugs.
The CMC strategies employed by YZY included evaluating the stability of the candidate molecules, choosing clone expression bispecifics with high titer and purity, tailoring purification methods fit
for the molecule characteristics, and using sustainable scale-up
strategies for large-scale manufacturing.
Fig 8: Titer and purity of the clone in limited fed batch before upstream
process development.

Fig 9: Leading clone stability evaluation: normalized titer and target gene
copy number.
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Evaluating The Stability Of Candidate Molecules
The stability evaluation was performed at a very early stage

Fig 10: Leading clone stability evaluation: viability and viable
cell density.

Choosing The Right Cell For Bispecific Production
At the process development stage, it is important to choose the
right cell for bispecific production, as different cell lines may express bispecifics with varied expression and purity levels. For
YBODY®, CHO cells were used as the host cells for expression,
with two vectors for expression of the half antibody and the single chain, respectively. Vector A contained a puromycin resistant gene for HL expression, while vector B contained a hygromycin resistant gene for single chain expression; both vectors
also contained a dihydrofolate reductase selection marker.
A two-stage pool selection strategy was used to balance the HL
and single chain expression before clone selection (Figure 7).

Fig 11: Product titer and purity of a typical YBODY® bispecific at 2 L and
200 L scale.

of process development. Generally, three buffer systems are
used for this evaluation. The quality change of the candidate
was monitored over the course of two weeks under stress conditions (40 degrees Celsius). Figure 5 and Figure 6 summarize
HPLC-SEC and binding affinity results for the stability evaluation of a candidate molecule.
The purity of the candidate (Figure 5) and the binding affinity of the candidate molecule to CD3 and a tumor-associated
antigen (Figure 6) did not change significantly at 40 degrees
Celsius within two weeks. The results of the stability evaluation provided the confidence to proceed with process development of this molecule.

At stage one, a constant selection pressure of 5 micrograms
per milliliter (ug/mL) of puromycin and 600 ug/mL of hygromycin was used, resulting in a purity of about 40 percent. In the
second stage of pool selection, the half antibody expression
and the single chain expression were balanced by increasing
the expression of the single chain via increased selection pressure of hygromycin. The bispecific purity of around 88 percent
was achieved using 2,400 ug/mL of hygromycin plus 600 ug/mL
of methotrexate, but without puromycin, which is a significant
increase comparable to its parental pool.
Clones that can produce bispecific antibodies with acceptable
purity are then selected from the pool. Figure 8 summarizes the
clone selection results for a typical YBODY®.
As indicated by Figure 8, the titer ranged from 0.2 to 1 gram per
liter (L) before process development. The purity ranged from
about 20 to 90 percent for different clones.
Because the goal is to manufacture YBODY® at a large scale, it
is important to ensure the clone has acceptable stability. Figure
9 shows a clone stability evaluation for a leading clone. The top
graph shows the expression titer of the leading clone did not
change with the increase of the population doubling level (PDL)
to 70. Also, the target gene copy number for the heavy chain,
light chain, and single chain did not decrease with increase of
the PDL.
The cell growth performance for this leading clone showed its
viability and viable cell density did not change significantly with
increase of the PDL (Figure 10). The results of the clone stability
evaluation indicate the leading clone is suitable for large-scale
manufacturing.

Fig 12: Glycan forms and charge variants of a typical YBODY® bispecific at
2 L and 200 L scale.

Using Sustainable Scale-Up
Strategies For Large-Scale Manufacturing
The scale-up strategies for YBODY® are straightforward. For
the upstream process volume-dependent parameters, the
volume can be proportionately scaled up. The same setting
points are maintained for volume-independent parameters,
such as the inoculation density, pH, dissolved oxygen, and
feed regime. For the impeller agitation rate, an equivalent P/V
is used across scale. For air/oxygen sparging, air sparging is
proportionally increased and oxygen is used to control disBioProcessing Asia Conference In Review
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solved oxygen. For the downstream process, a constant bed
height and linear flow rate were maintained for the column
steps, and the column diameter was increased. A constant
flux/pressure was maintained for the filtration steps but increased the membrane area at the larger scale.
The YBODY® is manufactured using a platform process. Figure
11 shows that the production titer and purity by HPLC-SEC of
a typical YBODY® at scale of 200 L and 2 L are very comparable. Figure 12 shows the YBODY® bispecific has similar charge
variants and glycan forms at 2 L and 200 L. Figure13 shows
the reproductive production titer of a typical YBODY® from
three 200 L batches.
In summary, manufacturing challenges for IgG-like bispecifics
include low expression titer of the target bispecific, difficulty
in purification, instability of the intermediates, and the prod-

uct issues in process scale-up. However, by using molecular
design, stability assessment optimizing clone selection, tailored purification method fit for the characteristics of the molecule, and a suitable scale-up method, a high-titer, scalable
process for the YBODY® bispecific antibody can be achieved.

References
1. Sedykh, Sergey E. et al. (2018, January 22). Bispecific antibodies: design, therapy, perspectives. National Center for Biotechnology Information. 12: 195–208. Retrieved from https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5784585/
2. Medgadget (2019, January 16). Global Bispecific Antibody
Market, Drug Sales, and Clinical Pipeline Insight 2025.
Retrieved from https://www.medgadget.com/2019/01/global-bispecific-antibody-market-drug-sales-and-clinical-pipeline-insight-2025.html
3. Beck, A., Wurch, T., Bailly, C., et al. Strategies and challenges
for the next generation of therapeutic antibodies. Nature
Reviews Immunology, 10, 345-352 (2010).
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Developing A Scalable Process
For Adenovirus Manufacturing
by Dr. Mats Lundgren, Ph.D
Customer Applications Director
GE Healthcare Life Sciences

Market analysis done by GE Healthcare in 2016 showed that viral vectors are being utilized in a number of different ways. The
most commonly used viral vector at that time was the adenovirus, although application of the lentivirus was rising due to its
use in cell therapies, where viral vectors are predominantly used
to transduce the cells and reinfuse the modified cells into the
patient. When looking at other areas of clinical trial application,
viral vectors are becoming a valuable tool in the promising area
of oncolytics, such as with Amgen’s IMLYGIC®, as well as with the
use of adeno-associated virus (AAV) in gene therapy.
As a growing number of approvals inspire more companies to explore and invest in this market, increasing speed and efficiency
in the current methods of viral vector manufacturing is critical.
Scalability, in particular, becomes a focus as the demand for viral
vector supply multiplies. To address this, a team of process development and analytical scientists at GE focused on developing a
process for adenovirus manufacturing that would not only fulfill
all regulatory requirements but also be inherently scalable up to
2,000 liters in their single-use stirred-tank bioreactors.

Upstream Cell Culture And
Virus Propagation
For this project, the recombinant adenovirus serotype 5 encoding green fluorescent protein (GFP) was used as a model virus.
Human embryonic kidney cells (HEK293) were selected for vi-

Fig 1: MA comparison of the cell culture media’s effect on virus
productivity at two different multiplicities of infection. HyClone
CDM4HEK293 medium resulted in higher infectious virus titer for both
virus concentrations compared to a commonly used competitor media.

rus production. HEK293 cells were suspension adapted in cell
culture media from various vendors. The adenovirus was then
propagated in cells grown in the different media and virus productivity was subsequently analyzed.
The cell culture medium for HEK293, which is a chemically defined medium, was compared to another commonly used competitor medium (Figure 1). It was determined the HyClone™
CDM4HEK293 medium could support higher cell density and
provide 10 times more virus as compared to the reference medium. This was true in both multiplicities of infection. While
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Fig 4: Bioreactor harvest was clarified and divided into three parts. Two
of them were concentrated, and buffer exchanged and then applied to
combinations of capture and polishing steps (A and B). The third part
was applied to capture and polishing steps directly after clarification (C).
Column A represents the reference process, B is the novel resin process,
and C is the membrane process.

Fig 2: Adenovirus productivity in GE’s XDR-10 bioreactor showing
consistency in infectious virus titer (InCell) and total virus titer (qPCR)
between three different runs in comparison with shake flask control.

both medias provide acceptable cell growth, the difference is
evidenced in the virus productivity.
The team optimized the multiplicity of infection (between the
range of 0.01 and 10), the time of infection, and time of harvest in shake flasks using different cell densities at the time of
infection. The effect of the media exchange before virus infection was also evaluated. For the time of harvest, different time
points between 36 and 72 hours were examined.

Fig 3: Multiplex fluorescence SDS-PAGE and Western blot showing
the purification progress using Capto Q ImpRes. Lane 1 is the starting
material, Lane 2 is flow through, Lane 3 is wash, Lanes 4 through 7 are
the first elution peak (HCP), and Lanes 8 to 10 are the elution peak (virus).

The next step was to scale up the process using a bioreactor,
as all work done up to this point was performed in shake flasks.
Figure 2 below shows the virus productivity after three different
runs in GE’s single-use, stirred-tank bioreactor, the Xcellerex™
XDR-10, compared to the shake flask control. The cells were expanded for three days and the media dilution was completed
on day three. The cells were infected at that point and then harvested 42 hours later.
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The infectious virus particles were consistent between each
run. The total virus particles are shown in green, whereas the
blue bars represent infectious virus particles. The difference between the blue and green bars is due to the intrinsic property
of the adenovirus biology that many virus particles are not fully
infectious. A similar process was also created for GE’s rocking
bioreactor, the ReadyToProcessTM WAVE 25; while the system
is robust and easy to use, it is designed for volumes below 50
liters. However, the XDR bioreactors are scalable up to 2,000
liters.

Downstream Purification
Because the adenovirus is a non-lytic virus, the downstream
process had to begin with cell lysis followed by DNA fragmentation with DNase enzyme. There are several ways lysis can be
done, but the most common and scalable method is by using
detergents. After screening detergents for an effective and
harmless option, the Tween 20 detergent was selected. Clarification was done using normal flow filtration, and then concentration and buffer exchange were completed using tangential
flow filtration with hollow fiber filters. Depending on the virus
size, different filter cutoffs can be used. In this case, a relatively
low cutoff was used to ensure good recovery of virus and the
remaining impurities were shown to be efficiently removed in
the downstream process steps to follow.
Two approaches were used for the capture step. One was to
use the Capto™ Q ImpRes chromatography resin with gradient
elution. The advantage of this relatively new chromatography
resin is that the beads are small, so there is a large surface
area available for virus binding, improving the capacity. Even
though the beads are small, the virus can be bound only to
the resin surface (due to its size). The other alternative was
to use ReadyToProcess Adsorber Q membrane with step elution, which also offers certain advantages, such as high binding capacity because the virus can reach a high proportion
of the membrane surface and bind to the ligands. However,
it was difficult to separate the virus from the DNA and other
impurities using the ReadyToProcess Adsorber Q membrane,
so Capto Q ImpRes with optimized conditions was ultimately
selected for efficient DNA and host cell protein (HCP) removal.
Figure 3 shows a multiplex fluorescence SDS-PAGE and Western blot of how the impurities were removed using Capto Q

ImpRes. The green bands represent the viral proteins detected with a Cy3-labeled antibody, and the red bands represent
labeled protein impurities from the host cells (samples Cy5
pre-labeled before SDS-PAGE). The impurities are successfully removed as the purification process continues from lane
1 (starting material) to lane 8 through 10 (virus particle fractions). The green bands in lanes 2 and 3 are free viral proteins.
Different options could be considered for the polishing steps.
One is the traditional approach of size exclusion, which is suitable for separating virus from impurities, but the disadvantage
is it is difficult to scale up due to limitations in load capacity,
typically resulting in large columns. Instead, GE has developed
the Capto Core 700 resin, which has an inert porous surface
and a strong multimodal octamylamine ligand inside that binds
impurities with both hydrophobic and ionic interactions. Consequently, viruses that are larger than the pore size of the resin
will pass on the outside of the resin bead, whereas smaller impurities will be trapped in the resin. When polishing with Capto
Core 700 and GE’s size exclusion resin Sepharose™ 4 Fast Flow
were compared, the impurity reduction was similar. However,
Capto Core 700 enables higher sample-load-volume capacity
(0.1- to 0.2-column volume versus up to 30-column volume)
and higher total recovery of particles, making it a better resin
for scale-up.

Fig 5: SEC HPLC analysis using a Superose TM 6 Increase column showing
efficient adenovirus purification and impurity reduction after the novel
resin process.

lower for the novel resin process compared to the membrane
process using ReadyToProcess Adsorber Q. LOD for the HCP
analysis was 1 ng/ml. Genomic DNA (gDNA) was below the
LOD (1 ng/mL) for both processes. The dose size assumption
was set to 1011 virus particles, and the regulatory demands
were reached for all processes, even if reference and the
membrane process were slightly higher on total protein. The
ratio of total virus and infectious virus titer was under 30, as
required by regulatory agencies.

Three downstream processes were run as described above but
different capture and polishing combinations were evaluated in
larger scale (3L) and run in duplicate; the best process was then
run in a 10-liter scale (Figure 4).
The results of the final bulk analysis between ReadyToProcess
Adsorber Q (membrane process) and the novel resin process
developed by GE, as well as an older published process (reference process), are shown in the table below.

Recover
vp %

Recover
ivp %

HCP
ng/mL

Total protein
µg/dose

gDNA
µg/dose

Reference process
average

42

45

22

20

<LOD*

Novel resin process
average

39

43

<LOD

10

<LOD

Membrane process
average

41

46

162

17

<LOD

Process variant

*LOD - limit of detection

The average recoveries of the total virus particles (vp) and
infectious virus particles (ivp) were similar for all three process variants in duplicate runs in 3-liter scale or triplicate runs
(one additional run with novel resin process in 10-liter scale).
The quantitative polymerase-chain-reaction (qPCR) analysis
showed low variation for triplicates of the same sample but
sometimes varied between analysis occasions of the same
sample. Total protein and host cell proteins (HCP) levels were

Fig 6: TEM analysis of the novel process shows improved impurity reduction.

Characterization
A size exclusion, high-performance liquid chromatography (SEC
HPLC) analysis of the starting material and final sample from
the new process shows enrichment of the virus and the near
complete removal of the impurities (Figure 5). The final bulk
product is represented with orange, and blue represents the
starting material.
The final purified samples from the process variants were sent
to Vironova, a biotech company with expertise in transmission
electron microscopy (TEM) analysis, as TEM can identify partic-
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A comparison of the total
virus particles per milliliter
achieved by Biacore CAR assay, Biacore FX assay, and the
standard technology, qPCR
detecting viral DNA, is shown
in Figure 8 below.
The disadvantage with the
qPCR process is that it takes
more time and requires
preparation of the DNA before the assay. Biacore assay
(CAR and FX), however, offers
Fig 7: Adenovirus titer with Biacore T200 assays based on affinity to CAR (left) or Factor X (right).
similar results with a higher
level of reproducibility and
ulate impurities that protein and DNA assays cannot. Figure 6
convenience.
The
infectious
virus
particle concentration was
shows the TEM analysis for samples purified with Q Sepharose
measured
with
the
InCell
assay.
This
assay correlates very well
XL and Sepharose 4 Fast Flow on the left (reference process)
with
the
TCID50
assay
(data
not
shown).
and with the Capto Q ImpRes in combination with Capto Core
700 on the right (novel resin process).
The results clearly show that there were many more cell debris
particles in the samples purified with the reference process.
These types of impurities can potentially interfere with the
infectivity of adenovirus and are difficult to detect with other
analytical assays. The low level of debris after the novel resin
process could be due to the optimized gradient elution and the
Capto Core 700 polishing step that were more efficient in removing this type of debris.

Virus Titer Assay Development
First, the GE team wanted to develop an alternative to the
industry standard TCID50 method, as TCID50 for adenovirus
sometimes takes two weeks to perform. A technology was
developed based on the IN Cell Analyzer, an automated fluorescence microscopy instrument. In this assay, the virus was
serially diluted in a plate with the indicator cells and then the
fluorescence was imaged after 42 hours. If you are not using
green fluorescent protein (GFP), this can be done by staining
with antibodies against viral antigens. Then the infectious virus titer can be calculated. This technology is better in terms
of accuracy and reduced time for virus infectious titer determination.
Another titer assay was developed to measure the number
of total virus particles, which was based on a Biacore™ T200
instrument. In this case, recombinant Coxsackie adenovirus
receptors (CAR) and Factor X (FX) were used for the detection
of virus. These proteins bind the virus in different positions,
thereby complementing each other in terms of analytical resolution. By using Biacore, the sample can be passed over the
sensor chip to detect the interaction between the virus and
the chip (Figure 7).
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Process Economy Evaluation
For a new manufacturing method to be successful, it must be
able to show a payable process economy. In a process economy simulation, the cost per batch was compared between the
novel resin process and the reference process, and a sensitivity
analysis was performed, which identified yield as a major influence on cost per dose. Since there were issues with yield determination, the team decided to fix the yield of all processes
at 48 percent, meaning that each process produced the same
number of doses per batch in any given scenario. To make an
appropriate comparison between single-use technology (SUT)
and stainless steel, the influence of campaign changeover activities like cleaning verification and column packing had to be
taken into account.
Figure 9 shows an example of a 12-month campaign that consisted of two bioreactor scales, with the start and end assigned
with different amounts of labor for stainless-steel and single-use. All resins, ReadyToProcess-columns, and filters were

Fig 8: A comparison of the analytical assays used for an
adenovirus quantification.

Fig 7: Cost per batch comparison between the reference and the novel resin processes in single-use, stainless-steel, and hybrid scenarios.

assumed to be replaced at campaign changeover. In a cost per
batch comparison, the new process scales well and has better
process economy than the reference process. This is mainly due
to higher capacity in Capto Core 700 (15 CV used in this calculation) compared to Sepharose 4 Fast Flow (0,15 CV used in this
calculation) and lower labor costs for single-use technologies.
In the hybrid scenario, where stainless-steel process equipment was combined with single-use buffer/media prep and
hold, there was a lower batch cost than with single-use in the
single-product scenario, but not in the multi-product scenario.
This was due to the impact of the campaign changeover activities, as well as the increasing importance of capital costs, as
fewer batches are run per year.

Conclusion
The adenovirus process developed here is based on single-use
and scalable technologies, such as bioreactors, filtration, and
chromatography. The process is cost-efficient and leads to
high yields and purity. Since modern cell culture media and
purification technologies were used, it fulfills regulatory requirements, which is essential. All of the process technologies used are compatible with large-scale GMP production
and can be implemented in flexible manufacturing facilities
(e.g., GE’s FlexFactory TM).

Dr. Mats
Lundgren, Ph.D

Customer Applications Director | GE Healthcare Life Sciences
Mats has more than 25 years of experience in the field of biotechnology. He holds a PhD in Immunology,
Cell and Molecular Biology from the Karolinska Institute, Stockholm, Sweden and extensive post-doc
training at the MRC Clinical Sciences Centre, Imperial College School of Medicine in London, UK. In his
industrial career Mats has had positions as scientist, team manager and VP at Pharmacia, AstraZeneca
and smaller biotech companies. In his previous function, Mats was managing both the Cell line and Upstream Process Development teams at a major biotech company. In his current role, Mats works across
different viral vector and vaccine application projects as well as general upstream topics, focusing on
customer support, applicability of new technologies and manufacturing solutions.
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Benefits And Challenges Of
Driving Modernization In
Vaccine Development
by Dr. Manon M.J. Cox, MBA
CEO
Matrivax

Vaccines have historically been a challenging corner of the
industry, as they are highly-regulated and require a greater
investment of time and money to develop than other biologics. However, several factors, such as high prevalence of disease, government initiatives encouraging immunization, and
technological advancements are creating new growth opportunities in the vaccine market. Many vaccines today, though,
are still made using 60-year-old technology, despite the
availability of modern technology to improve the quality and
speed of manufacturing of vaccines. The impact of this was
evident during disease outbreaks over the last decade caused
by emerging viruses, including some with pandemic potential,
such as SARS Coronavirus, MERS, EBOLA and ZIKA. As these
outbreaks occurred, the response time for a vaccine was slow,
intensifying the need for a more effective biosecurity strategy.
Protein Sciences, a biotech company recently acquired by Sanofi Pasteur, recognized the need for a production platform
that could quickly and effectively produce a vaccine in the
case of a pandemic outbreak. Specifically, Protein Sciences
targeted a vaccine for influenza, a virus causing record-breaking levels of illness and hospitalization rates over the last
several years. The result of their efforts was the FDA approval of the recombinant hemagglutinin (rHA) influenza vaccine,
Flublok®, created with the established baculovirus-insect cell
expression technology (BEST). Through its experience, Protein
Sciences learned several valuable lessons during the development and final regulatory approval of the vaccine.
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The Benefits Of The
BEST Platform In Flublok Development
The BEST platform was first described in a paper written in
1983 by Gale Smith and Max Summers at Texas A&M University
about the potential of using the baculovirus Autographa californica multiple nucleopolyhedrovirus (AcMNPV) to produce recombinant proteins in insect cells.1 From there, the technology
matured and has since been used to produce proteins of scientific interest and to manufacture human and veterinary commercial vaccines worldwide.2 The BEST platform utilizes a large
double-strength DNA virus, baculovirus, which is highly specific
to insect cells and can be used to insert any protein of interest
behind the polyhedrin promotor.
When Protein Sciences used BEST to explore a potential vaccine
for influenza, the team used a reverse transcriptase polymerase
to produce a double strand version as the influenza virus is an
RNA virus. The hemagglutinin insert is then put into the baculovirus vector, and a universal production process was created
that would allow production of any hemagglutinin protein within a very short period. That production process consisted of first
growing cells, infecting cells, extracting the protein of interest
from the cells, and using a combination of column chromatography and filtration steps to purify the product of interest.
BEST acts as a universal “plug-and-play” system. Once the cell
line is characterized, the same cell line—and contaminants—

is used to produce any protein of interest. It then takes only
around 21 days to go from gene to production. The transient
nature of BEST makes it particularly attractive for the production of influenza proteins, as it could eliminate time-consuming process of preparing and qualifying a new cell line for each
new protein (as would be the case for, for example, a stable HA
producing Chinese Hamster Ovary (CHO) cell line3). This fasttracked process for vaccine development not only expedites
production of a safe and efficacious vaccine but also allows a
quick response to combating newly emerging influenza strains
and/or to address pandemics.

Overcoming Challenges
To Achieve Flublok Licensure
While trying to obtain a biological license for Flublok, Protein Sciences encountered several technical, regulatory, and financial
challenges that are important to note as the industry seeks
to modernize vaccine development. From a technical perspective, one of the greatest challenges to developing and manufacturing seasonal influenza vaccines is the need to adjust
vaccine composition each year and the limited timeframe
available to make these adjustments (only a few months). This
was an issue Protein Sciences encountered several times over
the course of the five-year timeframe it took for the FDA to
review the biologic license application (BLA) for Flublok. Each
time the vaccine composition changed, Protein Sciences had
to revalidate its development process using new hemagglutinins.
Manufacturing recombinant hemagglutinins facilitates timely
delivery of new antigens, and the recombinant process creates an exact match to the circulating viruses. With less time
needed to update the vaccine, scientists are given more time
to select a vaccine composition, leading to faster development
and manufacturing of an influenza vaccine. In addition to this
issue, there was also not a vaccine approved at the time that
produced hemagglutinin by infecting cultures of insect cells
with a baculovirus. This generated questions from the FDA
about the potential presence of any known or unknown advantageous viruses, requiring significant work from Protein
Sciences to prove Flublok’s safety.

The Impact Of Investor Confidence
Using a novel technology platform may lead to new and improved products, but its inherent uncertainty comes with
additional regulatory challenges. Specifically, the five-year
review of Protein Science’s BLA is evidence of the additional scrutiny the FDA applies to new technologies and produc-

tion methods. While it is certainly necessary to ensure these
approaches are not only effective but safe, waiting years for
a product to make it to market can become a long, difficult
journey for a small company with limited resources. Bringing
new biopharmaceutical products to the market requires significant funding, and influenza vaccines are not an exception.
Adequate funding must be available for all stages of a vaccine
development.
Initially, Protein Sciences received financial support from the
NIH, its development partners Diamyd and UMN, as well as
other private investors. This aid provided the money necessary to conduct clinical trials that would eventually prove Flublok was efficacious. In 2008, the license application for the
vaccine was filed with the FDA. The following year, Protein Sciences received a $150 million contract from the Biomedical
Advanced Research and Development Authority (BARDA) to
continue development. This support became the game-changing factor for the approval of Flublok, as the changing nature of
the vaccine and the new manufacturing process elicited many
questions from the FDA throughout the approval process.
Providing regulators with the necessary information to prove
safety and efficacy required a significant amount of resources
that would not have been available without the money from
BARDA.
Overall, the technical and regulatory obstacles faced by Protein Sciences are common when bringing something new to
the market using a development platform unproven for commercial products. Nevertheless, by pushing the boundaries of
innovation, Protein Sciences piqued the interest and support
of the U.S. government, which ultimately became the key factor in overcoming the challenges of developing a safe and reliable biosafety strategy.
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The Use Of Cell-Free
Synthesis In The Future
Of Modern Medicine
by Daniel Bracewell
Professor
UCL Department of Biochemical Engineering

Personalized medicine stands to be a revolutionary transformation to patient care. The traditional methods for drug development will no longer be applicable, as this new approach to
modern medicine focuses on a more targeted form of patient
treatment. However, the models used to produce large batches
of drug product are not economical on a smaller, individualized
scale. Therefore, as the industry explores the possibilities of precision care, it must consider alternative manufacturing platforms
that can make these ideas a commercial reality. To ensure these
medicines can be affordable, improved agility and productivity in
process design is critical.1
One possibility for doing so is the use of cell-free synthesis (CFS)
systems, which were first introduced over 50 years ago as a tool
to investigate genetic code as well as for the synthesis of proteins for structural biology. Also known as in vitro transcription/
translation (IVTT), CFS is a method for protein synthesis through
translation performed with biological components but without
the use of living cells. Instead, the preparation or the growth of
the cells is separated from the reaction itself using centrifugation, preserving the ribosomes, and transcriptional machinery of
the cell. The cell-free reaction is then combined with an energy
source and the DNA of the protein to be expressed. It may be
necessary to add other cofactors and supplements, such as tRNA
synthetases, translation initiation, and elongation factors.
Separating the biological reagent preparation from the cell-free
reaction makes CFS systems well suited to manufacture at the

point of treatment, improving patient access, particularly to
communities without established distribution networks. Yet,
transitioning to a more efficient model for the future of medicine
faces several challenges due to restrictions in today’s regulatory,
development, and manufacturing environments.

Reducing Complexity, Costs,
And Uncertainty With CFS
Traditional bioprocessing methods rely on a centralized facility to
create drug products using live cell fermentations, leading to long
lead times for development and validation of a stable cell line before manufacturing can begin. Because of the adaptable nature
of live cells, they can be very sensitive to even minor changes in a
manufacturing process. Monitoring them appropriately to avoid
batch-to-batch variation requires extensive analytical support,
significant infrastructure support, and a highly skilled workforce.
Eliminating the use of live cells through CFS allows for the product synthesis step to be separated from the reagent (crude lysate) generation, which offers potential for increased process
agility and consistency.
With a process more akin to a chemical reaction, CFS can allow
for more precision in molecular design, increasing confidence in
product efficacy and quality. For example, Sutro Biopharma, a
clinical-stage biotechnology company, used E. coli (one of CFS’
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most dominant platforms) to develop a proprietary CFS and conjugation platform to enable the precise design, rapid empirical
optimization, and manufacture of site-specific antibody-drug
conjugates (ADCs).2 The drug is comprised of a single molecular
species as opposed to first-generation ADCs made up of a mixture of imprecisely conjugated antibodies. Examples of the E. coli
cell extract reagent preparation process used in this type of CFS
process are outlined in Figure 1 below.

try begins to explore the possibilities of personalized medicine,
which, for examples like autologous cell therapies, presents
a unique two-way supply chain where cells must be safely
shipped to a production facility and then back to the patient.
While temperature management is already an important component for the safe delivery of effective biological drugs, it becomes essential when transporting personalized medicine to
individual patients as it requires delicate transfer of one dose,
which is not only risky but costly. Delivery becomes an even
bigger challenge if multiple geographical locations are involved.
By negating the need for a complex infrastructure normally
associated with a centralized live cell facility, CFS creates the
possibility of a distributed manufacturing model where drugs
can be made at the point of treatment at a potentially lower
cost. The differences between a traditional manufacturing and
supply model and a CFS model are detailed in Figure 2.

Fig 1: E. coli cell extract preparation

The cells are grown, broken, and the subcellular components released, then a low-speed spin is used to remove cell debris. In
the case of Sutro Biopharma, the cell extract is made up of a novel strain of E. coli that allows the incorporation of a non-natural
amino acid due to its additional transfer ribonucleic acid (tRNA).
This non-natural amino acid enables site-specific chemistry, giving scientists the ability to design a single site for conjugation
and increase yield compared to the heterogeneity typically seen.
CFS could also change the manufacturing landscape in terms of
manufacturing facilities. For example, highly toxic materials are
sometimes used in biopharmaceutical manufacturing. The main
challenge of using these dangerous substances is maintaining
the safety of the company’s operators, which requires the use
of safety cabinets to contain the toxins and prevent direct human contact. With CFS, fermentation is no longer needed to
carry out the reaction, so the toxins are only synthesized when
the cell-free reaction takes place. This reduces the risks to the
operators, as fermentation no longer has to take place in an environment of high containment, increasing process flexibility and
minimizing the need for specialized engineering equipment. This
is an approach Ipsen, a manufacturer of botulinum toxin-based
medicines, is actively exploring in collaboration with the National
Biologics Manufacturing Centre (NBMC) in the U.K.

Using CFS For Personalized
Medicine Manufacturing
Most notably, the benefits of CFS are critical as today’s indus-
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Fig 2: Current biopharma manufacture and supply versus CFS enabled
manufacturing as outlined in Cell free protein synthesis: a viable option for
stratified medicines manufacturing? by Ogonah, Olotu W. et al. (2017)1

How Can Biosimilar
Providers Be Competitive?
However, while other scalability, manufacturability, and sustainability issues would need to be addressed for CFS to be
successful,1 it is not possible as long as there is an expectation from regulators to execute complex release assays for every batch of drug substance. Executing a distributed manufacturing model for CFS would require “the use of newer online
monitoring techniques combined with the repeatability resulting from automation” to reduce the need for on-site testing.1 Process parameters/setpoints with predefined parameter space data shown to deliver the required quality using a
relatively small and mobile automated unit, enabling distrib-

uted manufacture and remote monitoring, could help make
the case to the FDA and other regulators to rationalize current
regulatory constraints. Doing so could prepare the industry for
changes to the manufacturing paradigms it has become used
to as well as for biological products that are targeted to smaller populations. As debate is happening between industry and
regulators, greater clarity will be necessary before significant
investment in CFS as a manufacturing platform can be made
beyond examples such as those described here, which capitalize on unique features of CFS.
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