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From the Editor

FDA report says 
drug shortages are 
underappreciated 

and patients 
pay a price.

Rita Peters is the  
editorial director of  

BioPharm International. 

Breaking the Drug Shortage Cycle

I n announcing a new report on drug shortages, FDA noted “their [drug short-
ages] impact is likely underappreciated” (1). The seriousness of shortages of 
crucial drugs is not lost on doctors, caregivers, and patients.

For example, the ongoing heparin shortage has caused surgeons to reconsider 
heart surgeries and implement emergency plans. Drugs for childhood cancers, pal-
liative care, septic shock, anesthesia, and sedation are also experiencing shortages. 
In addition, ongoing shortages are not being resolved. In fact, after declining from 
a peak in 2011, the number of ongoing drug shortages has increased, with some 
shortages continuing for eight years. While production- and quality-related issues 
have previously been cited as the reasons specific drugs may experience shortages, 
the report had a direct assessment of the root cause: economic factors are the cause 
of drug shortages.

Under the direction of Congress, FDA in July 2018 established an Agency Drug 
Shortages Task Force, which was charged with identifying the root causes of drug 
shortages and suggesting potential long-term solutions. The task force included 
representatives from FDA, the Centers for Medicare & Medicaid Services, and other 
federal agencies impacted by drug shortages. 

The resulting report, “Drug Shortages: Root Causes and Potential Solutions” 
(2), published in October 2019, was based on FDA analysis of data on 163 drugs 
that went into shortage from 2013 to 2017, as well as comparisons to similar 
drugs that were not in short supply. The report also considered published 
research, comments at public meetings, and input from representatives from 
the public and private sectors. Not surprisingly, drugs that are relatively low in 
price, “financially unattractive” drugs, and sterile injectables are more likely to 
be in short supply. 

The task force’s report identified an unusual business pattern that does not fol-
low “textbook” practices during a product shortage. After a typical shortage, the 
report said, prices go up and other suppliers are incentivized to enter the market. 
With drug shortages, this scenario does not occur. 

Instead, “prices rarely rose after shortages began, and during shortages, pro-
duction typically did not increase enough to restore supply to pre-shortage levels. 
Many manufacturers reported discontinuing the production of drugs before a 
shortage for commercial reasons (e.g., loss of profitability),” FDA reported in a 
statement announcing the report. “These results suggest a broken marketplace, 
where scarcity of drugs in shortage or at risk for shortage does not result in the 
price increases predicted by basic economic principles,” the statement continued.

Three root causes identified are a lack of incentives for manufacturers to produce 
less profitable drugs; no recognition for manufacturers that have mature quality 
systems that focus on continuous improvement and early detection of supply 
chain issues; and logistical and regulatory challenges make it difficult to recover 
from a disruption.

The task force suggested a shared understanding of the impact of drug shortages 
be created, including quantifying the harms of shortages, developing a quantita-
tive characterization of the shortage, and more transparent pricing from contract 
manufacturers. Development of a rating system to encourage drug manufacturers 
to invest in quality management maturity for their facilities, and the promotion 
of sustainable private sector contracts to make sure there is a reliable supply of 
important drugs were also suggested.

References
 1.  FDA, “Statement on FDA’s New Report Regarding Root Causes and Potential Solutions 

to Drug Shortages,” Oct. 29, 2019.
 2.  FDA, “Drug Shortages: Root Causes and Potential Solutions,” Report, October 2019 ◆

From the Editor
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FDA readies more efficient oversight  
processes while advancing collaboration with Europe.

C ontinuing concerns about the qual-
ity and safety of prescription drugs, 
particularly APIs and products made 

overseas, has spurred efforts by FDA to mod-
ernize its drug manufacturing inspection pro-
grams at home and abroad to better detect 
potentially harmful and violative medicines, 
while streamlining oversight for reliable pro-
ducers. The ongoing discovery of potential 
carcinogens in multiple formulations of med-
icines with ranitidine has prompted recalls, 
Congressional investigations, and a clamor 
for more effective oversight of drugs and their 
ingredients. 

To address these and other long-term con-
cerns, FDA’s Office of Regulatory Affairs (ORA) 
is moving forward with efforts to roll out a 
much-discussed New Inspection Protocol 
Project (NIPP), a key component of its initia-
tive to make field inspections more efficient, 
predictable, and informative (1). ORA is apply-
ing the new process first to sterile products 
in recognition that most serious manufac-

turing problems and related drug 
shortages involve contaminated or 
violative sterile injectables. ORA has 
conducted several pilot programs to 
test new methods for inspecting and 
evaluating manufacturing processes 
and facilities for sterile drugs and 
continues to fine tune the program 
with an eye to full implementation in 
the near future. Other dosage forms, 
including bulk powders, transdermal 
delivery systems, creams, solutions, 
metered-dose inhalers, terminally 
sterilized products, and APIs will fall 
under the NIPP in coming years.

The NIPP is part of a major reorgani-
zation of the ORA field force over the past 
decade, which has established dedicated cad-
res of investigators for drugs, biologics, medi-
cal devices, and other regulated products (2). 
The aim is to shift the focus of inspections 
to practices and metrics related to achieving 
and maintaining a state of quality production, 
explained Rosa Motta, supervisory consumer 
safety officer in the Center for Drug Evaluation 
and Research (CDER), at the PDA/FDA Joint 
Regulatory Conference in September 2019. 

These changes have taken several years to 
implement, but now the NIPP appears to be 
near the starting gate. The ability of inspectors 
to collect data in a structured manner and to 
submit them in templated inspection reports 
will enable data analysis that can help focus 
future inspections on key areas and support 
informed and data-driven decisions on prod-
uct and process quality, Motta noted. FDA 
also is beginning to construct surveillance 
and pre-approval protocols for inspections of 
non-sterile products, with plans to follow with 
similar approaches for API inspections. 

More Consistent Drug  
Inspection System on Horizon

The ORA field force 
aims to reduce the need 

to visit capable and 
compliant manufacturing 

facilities in Europe.

Jill Wechsler is  
BioPharm International’s 

Washington editor, 
 jillwechsler7@gmail.com.

mailto: jillwechsler7@gmail.com
http://www.biopharminternational.com/
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SEEKING BETTER RESPONSES
A related inspection initiative 
aims to address manufacturer 
complaints that invest igators 
raise unexpected and sometimes 
unfounded issues during site vis-
its, leading to noticeable variation 
in citations for violative actions. 
In response, FDA has launched an 
initiative to improve communica-
tions about and industry responses 
to Form 483 notices issued to 
companies at the conclusion of 
site inspections. Agency inspec-
tors use this process to inform a 
manufacturer of the observa-
tions made during the inspection 
affecting product quality, includ-
ing the scope of the issues, impact 
on other drugs, and whether the 
observations appear to be iso-
lated incidents or global in nature, 
explained David Jaworski, senior 
policy advisor in the Office of 
Manufacturing Quality in CDER’s 
Office of Compliance, at the PDA/
FDA conference. 

Manufacturers are expected to 
address Form 483 observations 
following an inspection through 
a comprehensive investigation 
and development of a corrective 
actions and preventive actions 
(CAPA) plan. To avoid delays 
and often inadequate industry 
responses, FDA officials seek to 
provide more details and advice 
on how companies should meet 
these obligations. The first step, 
Jaworski advised, is for the man-
ufacturer to fully understand the 
Form 483 observations to investi-
gate the issues and conduct a risk 
assessment on the relative sever-
ity of each observation for patient 
health and product quality. Such 
analysis then forms the basis of a 
CAPA plan that describes imme-
diate short-term corrective actions 
and strategies for addressing root 
causes of larger or systemic issues. 

Jaworski also advised manufactur-
ers to submit clear responses—pref-
erably in English—that identify 
the facility involved and observa-
tions addressed. 

Manufacturers 
are expected to 

address Form 483 
observations through 

a comprehensive 
investigation.

The larger objective is to facil-
itate corrective actions, while also 
enabling FDA to issue warning let-
ters expeditiously when warranted. 
Clear communications between field 
inspectors and company officials 
aims to improve the process for iden-
tifying quality problems and making 
necessary changes leading to long-
term improvements. 

SHARING INSPECTION REPORTS
In addit ion to updating FDA 
inspection practices, the ORA field 
force aims to reduce the need to 
visit capable and compliant man-
ufacturing facilities in Europe 
and other regions through full 
implementation of the Mutual 
Recognition Agreement (MRA) for 
drugs with the European Union 
(3). Under development for a 
decade, the MRA capability assess-
ment process was completed by 
FDA and EU regulatory officials in 
2019. It is now being implemented 
so that regulatory authorities may 
share inspection and quality infor-
mation and recognize and rely on 
GMP inspections in each other’s 
territory. This process is expected 

to provide a “significant” drop in 
inspections in both regions, noted 
David Churchward, deputy unit 
manager at the UK’s Medicines & 
Healthcare Products Regulatory 
Agency (MHRA), at the PDA/FDA 
conference, citing a 75% reduction 
in EU inspections in the United 
States. 

Churchward further pointed 
out that an important benefit for 
US manufacturers is an end to the 
requirement that products shipped 
to EU member states have to sub-
mit to EU quality control testing 
to be imported. While there is no 
obligation for regulators to accept 
an inspection report from another 
agency, all parties may do so, and 
also stand to benefit from mutual 
alerts to problems and shared data-
base information on good manu-
facturing practice issues. Efforts 
are underway to build confidence 
further for relying on reports for 
pre-approval inspect ions and 
for third-country site visits. Also 
planned are efforts to negotiate a 
similar agreement for veterinary 
medicines and to extend the drug 
MRA program to vaccines by 2022. 
Differences in oversight of clinical 
trial operations, though, has put 
on hold for now plans to harmo-
nize inspections in that area.

REFERENCES
 1. FDA, “Statement from FDA 

Commissioner Scott Gottlieb, M.D., on 
New Steps to Strengthen and 
Modernize Agency’s Oversight and 
Reporting of Inspections for Sterile 
Injectable Drugs,” FDA.gov, Nov. 9, 
2019, www.fda.gov/news-events/
press-announcements/statement-fda-
commissioner-scott-gottlieb-md-new-
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Contract manufacturers are making strategic partnerships 
and expanding services in the last quarter of 2019.

The burgeoning cell therapy and gene 
therapy market segments continue 
to spur new partnerships and business 

expansions for contract manufacturing organi-
zations (CMOs) and contract development and 
manufacturing organizations (CDMOs) in the 
second half of 2019.

CombiGene, a gene therapy company located 
in Sweden, announced it signed an agreement 
with Cobra Biologics—a CDMO that provides 
DNA, viral vectors, and microbiota for preclin-
ical, clinical, and commercial supply—for the 
production of the epilepsy gene therapy candi-
date drug CG01 (1). 

The agreement includes a Master Service 
Agreement that details the terms under which 
the two companies will collaborate. There will be 
three separate contracts: quality, production of 
plasmids, and production of CG01. The agreement 
includes manufacturing of CG01 by Cobra for 
clinical studies and future commercial production, 
according to a October 14, 2019 press release. 

“I am very pleased that we have selected 
Cobra as our manufacturing partner,” said Karin 
Agerman, chief research and development officer 
at CombiGene, in the press release. “The choice 
of a CDMO marks a significant milestone in the 
CG01 project and an important step towards clin-
ical studies. Our collaboration will now begin in 
earnest and we see potential for it to continue for 
many years to come.”

“For almost 20 years, Cobra has been manufac-
turing DNA and viral vectors for its gene therapy 
customers and we are pleased to be involved in 
bringing CG01 closer to market,” added Peter 
Coleman, CEO at Cobra Biologics, in the press 
release. “CombiGene has recognized our expertise 

and track record, and this project fits 
perfectly into our newly expanded 

viral-vector manufacturing facility, which will 
soon be capable of commercial scale supply.”

Also on October 14, 2019, Lonza announced 
an extension to its partnership with Genmab, a 
Denmark-based biotechnology company special-
izing in antibody therapeutics for cancer, which 
covers preclinical and clinical development and 
manufacturing for part of Genmab’s pipeline 
(2). Lonza’s Ibex Solutions in Visp, Switzerland is 
designed to provide Genmab with the flexibility 
and speed needed to take candidates toward inves-
tigational new drug application (IND) filing and 
commercialization, Lonza reported.

Lonza’s Ibex Design enables Genmab to take 
their candidates from gene to IND in 12 months 
and move to reserved manufacturing capacity in 
Ibex Develop for clinical manufacturing and bio-
logics license application submission. The agree-
ment aims to provide Genmab with security of 
supply and the ability to move rapidly into clinical 
manufacturing.

The new agreement will cover development 
and clinical manufacturing of drug substance and 
drug product for certain programs in Genmab’s 
pre-clinical and clinical pipeline. These include 
more complex molecular formats developed using 
Genmab’s DuoBody technology.

Lonza also announced it is entering into a 
manufacturing service agreement with Cellectis, 
a clinical-stage biopharmaceutical company 
that specializes in developing immunothera-
pies based on allogeneic gene-edited chimeric 
antigen receptor (CAR) T cells (UCART), for the 
clinical manufacturing of Cellectis’ allogeneic 
UCART product candidates targeting hematolog-
ical malignancies (3).

Manufacturing of the cell line will take place 
at Lonza’s GMP facility in Geleen, Netherlands 
where the frozen, off-the-shelf, non-alloreac-
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tive engineered CAR T cells will be 
industrialized with defined phar-
maceutical release criteria for the 
patient population, according to a 
October 1, 2019 press release. 

“This agreement not only bol-
sters our product supply for clini-
cal trials, but it ensures that we are 
producing first-rate product can-
didates so that we can potentially 
deliver new hope to patients liv-
ing with certain blood cancers,” 
said William Monteith, executive 
president, technical operations, 
Cellectis, in the press release. 

“We will draw on the experience 
at our cell and gene therapy center 
of excellence in the Netherlands, 
idea l ly equipped to suppor t 
Cellectis in bringing their prom-
ising pipeline of allogeneic CAR-T 
therapies to people around the 
world in need of life-saving prod-
ucts,” added Alberto Santagostino, 
senior vice-president, head of cell 
and gene technologies, Lonza, in 
the press release. 

CLINICAL AND COMMERCIAL 
CONTRACT AGREEMENTS
Rentschler Biopharma announced 
in a October 4, 2019 press statement 
that it will further enhance and 
develop an existing collaboration in 
Japan with Summit Pharmaceuticals 
International Corporation (SPI), 
a wholly owned subsidiary of 
Sumitomo Corporation (4). Through 
its collaboration with SPI, Rentschler 
Biopharma has secured new con-
tracts with Japanese pharmaceuti-
cal companies. SPI and Rentschler 
Biopharma are working together 
with Japanese clients to outline proj-
ects from early clinical stage up to 
commercial launch.

“Our relationship with SPI has 
been highly productive and fruit-
ful, and we have been impressed by 
their strong network and extensive 
experience in contract manufactur-
ing and supply. Japanese pharma-

ceutical companies are playing an 
important and expanding role in 
the global healthcare market, and 
we are delighted to be continuing 
this productive collaboration as we 
grow our client base in Japan,” said 
Frank Mathias, CEO of Rentschler 
Biopharma, in a company press 
release.

Catalent announced it has 
entered into a long-term commer-
cial supply agreement with Minerva 
Neurosciences, a Waltham, MA, 
USA-based biopharmaceutical com-
pany focused on the development 
of therapies to treat central nervous 
system disorders (5). The companies 
will focus on roluperidone (MIN-
101), an investigational compound 
under development by Minerva, for 
the treatment of negative symptoms 
of schizophrenia.

A Phase III clinical trial of the 
drug is currently being conducted 
in Europe and the United States, 
according to a Sept. 24, 2019 press 
release. If successful, roluperidone 
(MIN-101) will be the first treat-
ment approved to treat symptoms of 
schizophrenia in the US, according 
to the companies. 

“Launching any new drug with 
a partner marks the culmination of 
many years of hard work and hav-
ing to overcome challenges, and is 
a milestone for a project,” said Aris 
Gennadios, president, Catalent 
Softgel & Oral Technologies, in the 
press release.

“We are pleased to be working 
closely with our partner, Catalent, 
under a long-term supply agreement 
for a compound with the potential 
to treat negative symptoms, one of 
the leading unmet needs in schizo-
phrenia,” added Rick Russell, presi-
dent of Minerva Neurosciences, in 
the press release.

NEW FACILITIES AND SERVICES
Novasep revealed on October 1, 2019 
that is has launched a dedicated unit 

in Seneffe, Belgium that offers fill/
finish clinical and commercial ser-
vices for biological products (6). 
The unit, Senefill, forms part of 
Novasep’s flagship for the man-
ufacturing of commercial viral 
vectors, Senrise-IV, and will pro-
vide standalone fill/finish services 
in addition to integrated drug 
product manufacturing, ranging 
from formulation to packaging. 
Operations undertaken at Senefill 
will support Novasep’s key bio-
pharmaceutical markets.

“Senefill is a major step for 
Novasep to achieve its growth 
strategy, R ise-2,” said Michel 
Spagnol, chairman and CEO 
of Novasep, in a press release. 
“This unit strongly distinguishes 
Novasep from its competitors in 
the market for viral-vector drug 
product manufacturing services. 
It was crucial for us to be able to 
meet the growing needs of our cli-
ents for targeted and innovative 
therapies and address patients’ 
needs.”
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Protein Therapeutics Pipeline

New Immuno-Oncology 
Candidate Holds Promise 
for Solid Tumor Treatment 
Researchers at Aptevo Therapeutics, a biotechnology company 
that develops oncology, autoimmune, and hematology 
therapeutics, has introduced APVO603, a new immuno-
oncology candidate that was expanded from the company’s 
ADAPTIR bispecific antibody platform (1).

The new dual agonist bispecific antibody is used for solid 
tumor treatment by applying a device of action to target two 
members of the tumor necrosis factor (TNF)-receptor family, 4-1BB 
(CD137) and OX40 (CD134). Dual targeting of the TNF-receptors 
co-stimulates the T cells, which heightens the cytotoxic function 
of activated T cells and NK cells and leads to more enthusiastic 
anti-tumor responses. 

“We believe that a targeted strategy combining activation of 
both the 4-1BB and OX40 TNF receptors represents an attractive 
approach in potentially overcoming the suppressive tumor 
microenvironment,” said Jane Gross, chief scientific officer 
for Aptevo, in a press release. “The targeted co-stimulation of 
4-1BB and OX40 has the potential to promote an important 
immunological cascade, enhancing T-cell activation, prolonging 
T-cell survival, and improving tumor killing.”

According to the company, APVO603 has several potential 
benefits including broad utility for therapeutic use for different 
types of solid tumors, reduced toxicity compared to traditional 
CD3-based T-cell engagers due to selectivity, differentiation from 
4-1BB agonistic monoclonal antibodies because it contains an Fc 
(the tail of the antibody) that does not interact with Fc gamma 
receptors, and synergistic activity or amplified response resulting 
in more robust T-cell responses.

“Bispecific antibodies are expected to be the cornerstone of 
the next generation of immuno-oncology products,” Gross said.  
“The key to success is having the technology and the necessary 
expertise to generate bispecifics with the desired activity, while 
maintaining excellent stability, half-life, and manufacturing 
characteristics. Our demonstrated ability to create new molecules 
with novel function substantiates the power and versatility of the 
ADAPTIR platform.”

Gross presented the data for APVO603 at the 10th Annual 
World Bispecific Summit in Waltham, MA in September 2019 by 
demonstrating how the candidate outperformed a monospecific 
4-1BB antibody in multiple T-cell activation assays and promotes 
CD4, CD8 T-cell, and NK cell activation and proliferation.
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First Biosimilar of Inhalation 
Solution for Cystic Fibrosis 
Treatment Approved
The first biosimilar of dornase alfa inhalation solution, 
a generated biological product that uses antibiotics, 
bronchodilators, and steroids to control symptoms of cystic 
fibrosis, has been approved in Russia, according to Selexis 
SA, a JSR Life Sciences company, and Generium JSC, a Russian 
biotechnology company (1) on Sept. 17, 2019. 

Named Tigerase, the biosimilar uses Selexis’ 
SUREtechnology platform, which enhances the way cells 
are used in the discovery, development, and manufacturing 
of recombinant proteins to improve lung function in cystic 
fibrosis patients (2). Generium is the first company to market 
and develop a biosimilar of the inhalation solution, according 
to the companies. 

“This biologic’s market approval in Russia represents 
another major milestone for Selexis, and we are pleased to 
recognize the work of Generium in delivering the fifth and 
sixth approvals using our SUREtechnology Platform,” said 
Igor Fisch, PhD, CEO, Selexis SA. “There are currently 122 
clinical programs in development utilizing our platform. The 
increasing number of Selexis-generated research cell banks 
used in clinical programs, and now a sixth marketed product, 
continue to validate the value of our scientific innovation. We 
are extremely proud of our ability to help our partners address 
complicated and intractable diseases by developing complex 
protein therapeutics faster, safer, and more cost efficiently.”

Professor Dmitriy Kudlay, CEO of Generium, emphasized the 
new quality of life the biosimilar can potentially give to cystic 
fibrosis patients.

“We believe patients will be able to maintain a higher 
quality of life on our dornase alfa inhalation solution,” 
said Kudlay. “The orphan drugs market has been growing 
significantly over the last several years. Biotechnology, as a 
science, is developing rapidly, providing new products for the 
treatment of the most severe and rare diseases.”

The new biologic will join Selexis’ SURE CHO-M Cell Line, 
a proprietary high-performance mammalian cell line derived 
from Chinese hamster ovary-K1 (CHO-K1) cells that are used 
for the production of therapeutic recombinant proteins and 
monoclonal antibodies.

References
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New Therapies Present Scaling 
Challenges

Manufacturing differences between traditional mAb therapies and 
newer biotherapeutics dictate whether processes should be scaled up, 
scaled out, or use an alternate approach for commercial production.

T he approval of emerging biologic-based therapeutics—
such as cell and gene therapies—presents challenges 
and decisions for drug companies looking to increase 

the manufacturing volumes of these specialized therapeutics. 
However, differences in manufacturing cycles for emerging 
therapies, compared with that of the traditional monoclonal 
antibody (mAb) therapeutic, calls for different strategies to 
increase production.

In mAb production, increasing production volume to com-
mercial scale is typically a scaling operation. Bioreactor size can 
be increased (scale up), or the number of bioreactors used can be 
increased (scale out). In addition, mammalian cell culture tech-
nology has advanced such that producing multi-kilogram quan-
tities of therapeutic mAbs in one batch is now commonplace 
(1). With a cell therapy, however, establishing cost-effective ways 
to commercially manufacture cell therapies for mainstream use 
remains a challenge. For a gene therapy, some aspects of its man-
ufacturing process can use a scale-up strategy similar to a mAb, 
but other aspects of its manufacture cannot be easily be scaled up. 

THE CELL THERAPY CHALLENGE
Cell therapies are generally divided into two categories: autolo-
gous and allogenic. Autologous cell therapies use a patient’s own 
cells for the threapy, while allogenic cell therapies use cells from a 
donor to develop a therapy to treat multiple patients. Specifically, 
autologous cell therapy manufacture is not easily scaled up; allo-
genic cell therapies have a better chance at following the tradi-
tional scale-up route.

With allogenic cell therapies, a single batch of donor cells is 
used to produce large volumes of the product for many patients, 
a model similar to traditional mAbs, in which a single cell-line 
source is cultivated to mass produce the product. The case for 
scaling up allogenic cell therapy production is thus supported by 
the economies of scale that apply to mAb production (i.e., scal-
ing up production reduces the cost per dose of final therapeutic 
product) (2). In addition, both the engineering knowledge and 
operational expertise gleaned from scaling up mAb production 
already exists and can be used to support the increased manu-
facture of allogenic cell therapies, provided that a product quality 
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profile for the allogenic cell therapy has 
been established and is well understood 
(2, 3). It is estimated that scale-up man-
ufacturing solutions for cell therapies will 
need to generate batches of up to 2000 L 
(3) of product using single-use, disposable 
technology. Dependence on single-use 
formats limits the selection of upstream 
hardware that is currently available, how-
ever; downstream hardware are more lim-
ited because processing solutions that are 
currently available are typically incom-
patible with the unique requirements of 
cell-therapy products (4). 

Yet, even if allogenic cell therapies lend 
themselves to a scale-up manufacturing 
strategy, there are limits to how scale up 
can be implemented for this type of ther-
apy. Unlike mAb production—where the 
goal is to produce higher titers of cells 
containing the antibody—in cell-ther-
apy, the cell itself is the therapeutic agent. 
The cells must, therefore, keep their integ-
rity and remain functional, two aspects 
that are challenged when the cell den-
sity in the biomanufacturing environment 
increases. As the number of cells rise, the 
risk of introducing inhomogenity also 
increases; if inhomogeneity increases, then 
cellular performance can also be altered, 
impacting the quality and effectiveness 
of the cell therapy. By scaling up cell pro-
duction, process developers and opera-
tors must also overcome the challenges of 
properly scaling other aspects of the man-
ufacturing process, such as cell harvesting, 
downstream processing, and formulation 
technology, to ensure that the final cell 
therapy product meets quality standards 
and therapeutic requirements (2). 

Autologous cell therapies, in compari-
son, do not lend themselves to a scale-up 
manufacturing strategy because each 
treatment is patient specific. Cells must 
first be collected from the patient, trans-
ported from patient to a manufactur-
ing facility where the cells are processed, 
and then shipped back to the patient for 
administration. The entire manufactur-
ing chain, from patient back to patient, 
must retain sterility and traceability. Thus, 
autologous cell therapies require a decen-
tralized scaled-out manufacturing pro-

cess—to produce a single batch of therapy 
for each patient. This poses a challenge 
to conserving cost making economies of 
scale difficult to achieve (3). Lowering the 
costs associated with commercial-scale 
autologous cell-therapy manufacture 
therefore relies on advanced engineering 
solutions and innovative manufacturing 
technologies that reduce the complexity 
and labor-intensive steps that currently 
exist in cell therapy manufacture (2). 

For commercial autologous cell ther-
apy production, a scale-out scenario 
would entail a complete manufacturing 
loop—from patient to manufacturing 
facility and back to patient—set up per 
patient. Challenges are largely rooted 
in the logistics of the workflow, such as 
the location of each patient, how close 
they are to a cell-therapy manufacturing 
facility, maintaining sterility and trace-
ability throughout the entire loop, pre-
serving cell integrity and functionality 
until the therapy is administered to the 
patient, and time constraints where cell 
viability is time dependent. Bioprocessing 
equipment and materials suppliers—as 
well as contract manufacturing organiza-
tions—are racing to develop suitable tools 
and processes to meet the manufacturing 
demands of these personalized treatments.   

THE GENE THERAPY 
CHALLENGE
Gene therapy manufacturing has simi-
larities to mAb manufacturing that allow 
for some steps in its process to be scaled 
up. Currently, viral vectors are a popu-
lar method used to deliver gene therapy. 
Mammalian cells are cultivated to pro-
duce the viral vector “package”, and—as in 
cell culturing for mAbs—cell density can 
be increased by using larger-volume bio-
reactors. In the case of gene therapy, you 
may scale out by adding more bioreactors. 
The downstream purification process can 
be scaled up, as the purification process for 
a gene therapy can use similar hardware as 
is used in mAb purification. 

“In general, purification processes in 
gene therapy are able to be scaled up to 
larger volumes because most of them 
use standard types of biotechnology unit 

operations such as chromatography, mem-
brane, and/or hollow fiber filtration. On 
the downstream purification side, much 
of the technologies one would use for 
gene therapy are commonly used on 
mAbs now,” says Diane Blumenthal, head, 
technical operations, Spark Therapeutics. 
Spark received FDA approval for its gene 
therapy product, Luxturna (voretigene 
neparvovec-rzyl), for treating an inherited 
retinal disease, in December 2017 (5). 

“For example, mAbs rely heavily on 
affinity resins, which are very specific to 
the mAb itself. In the case of gene ther-
apy, the resins would be specific to the 
capsid protein. The downstream purifica-
tion aspect lends itself nicely to standard 
purification technology. Although there 
are many technical biochemical nuances 
to take into consideration, the unit opera-
tions themselves are very similar to mAbs,” 
Blumenthal adds.

For other steps of gene-therapy man-
ufacturing, however, a scale-up strategy is 
more complex. One major challenge to 
a scale-up strategy lies in the crucial step 
of transient transfection, which is when 
DNA is introduced into the mammalian 
cell. The genetic material to be introduced 
into the mammalian cell include the 
DNA that encodes the cell’s machinery to 
make the virus, which will be the vehicle 
through which the therapy is delivered, 
and the DNA that will be delivered to the 
patient’s cells (i.e., the therapy). The virus 
packages the therapy DNA, making it 
ready for delivery (i.e., the viral vector).

The transient transfection process has 
not been perfected to be effective at sig-
nificantly large volumes, and a significant 
barrier to that lies in the fact that the 
transfection process is a highly complex 
process, according to Blumenthal. There is 
a limitation on how much DNA each cell 
can take up. In addition, there are chal-
lenges posed by having high DNA den-
sities present during transfection. DNA is 
sticky and especially likes to stick to itself 
and to cells. The more DNA there is in a 
mixture, the higher the chances that the 
transfection process will be less efficient.

“With a mAb, we can grow 10,000 L 
or more. But, [for a gene therapy] we hav-
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en’t quite perfected the ability to grow 
cells to a high cell density as we have 
been able to do with a mAb and still be 
able to conduct the transient transfec-
tion process. We haven’t perfected the 
technology to get us to those large vol-
umes where we can produce gene ther-
apy product in larger amounts, quickly, 
while improving upon the cost of goods 
economics,” Blumenthal states. 

Based on the inherent limitations 
posed by the transient transfection 
process, a simple scale-up method may 
not work; a scale-out method may be 
more appropriate. That would entail 
making smaller cell culture batches and 
combining them together at an appro-
priate place in the production manu-
facturing process. “There needs to be 
a balance between how much DNA 
can be put into a concentrated volume, 
how high the cell density can be, and 
how capable the cell machinery is to 
take up the DNA and produce the 
required virus for packaging the ther-
apeutic DNA component. Overall, it’s 
a very complex biological process. We 
understand the process, but we don’t 
yet understand well enough every little 
nuance nor the complex needs of the 

transient transfection process to be able 
to apply engineering principles to over-
come the biochemistry, the virology, and 
the molecular biology that is associated 
with it,” Blumenthal says. 

In the specific case of Luxturna, 
Spark uses a roller bottle process in the 
cell culture step, an older technology 
still used to manufacture some vaccines. 
In the roller bottle process, cells grow 
and attach to the surface of cylindrical 
bottles and are bathed in growth media 
as the bottle is rolled on a rack inside 
a temperature-controlled chamber. To 
increase production volumes using a 
roller bottle process, a scale-out strategy 
could be used. Scale-up technology is 
also available for this type of culture 
methodology. They are not, however, 
more efficient than suspension culture 
methodology.  

“On the upstream cell-culture side, 
Luxturna is made using an attach-
ment-dependent system which, when 
you really want to do more volume, you 
do multiple weeks’ worth of production 
at a certain scale and then we com-
bine them together at the final step, 
after the product has been purified,” 
Blumenthal elaborates. 

Spark is, however, looking toward 
advancements in technology for their 
processes. For example, the company 
is moving almost all of its products 
to more standardized technology. In 
the case of the cell culture process, it is 
moving toward a suspension cell culture 
(i.e., bioreactor), so it would no longer 
need to rely on an attachment-depen-
dent cell culture. “Using a bioreactor 
allows for us to scale up as well as scale 
out,” Blumenthal says. 
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The principle of scaling down

Scale-down principles have long been used to evaluate 
and understand how a process will be carried out and the 
parameters that surround the process. In particular, scale-
down models are used to conduct evaluations on how a 
process should be scaled for commercial production and 
to give an understanding of the design space that would 
be needed, according to Diane Blumenthal, head, technical 
operations, Spark Therapeutics.

The use of scale-down models allows for processes to 
be optimized theoretically and for troubleshooting problems 
during the developmental stage, and before bringing the 
processes to full scale. Understanding the design space 
around processes is important as the processes get closer 
to licensure. With a scale-down model, process developers 
and manufacturing associates can evaluate the parameters 
by which a process would run correctly. At the same time, it 
would give them an idea of whether or not the process would 

still run and give the same quality results if certain parameters 
where a bit off. 

“That means that we want to be running down the middle, 
but we want to know that if we run to the left or run to the right 
a little bit, will the process still perform the same, and is the 
product at the end still going to meet all the attributes that we 
need it to meet?” Blumenthal explains. 

A scale-down model allows process developers and 
manufacturing associates to establish a range within which 
the process can be deemed to be on course. During production, 
operators need to know when a parameter has fallen out of 
range and to know when a point of failure will happen. 

“We never want to run close to the point of failure. We tell the 
operations team to run somewhere at the midpoint and provide 
them with boundaries on either side of the midpoint. Without 
scale-down models, it is hard to do that level of work quickly, 
efficiently, and cost effectively,” says Blumenthal. 

http://www.biopharminternational.com/
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O ver the past few years, process modeling and simu-
lation have evolved from an option to a necessity in 
more biopharmaceutical development and manufac-

turing operations. As models are used by companies ranging 
from large manufacturers to contract development and man-
ufacturing organizations (CDMOs) such as WuXi, Lonza, 
MilliporeSigma, and Patheon, initiatives are currently under-
way to expand its use, both upstream and downstream. Lonza 
is using models to guide process economics (i.e., investment 
decisions); to identify patterns in data that predict expected 
process outcomes (i.e., machine learning); and to gain a better 
understanding of how aspects of the process work (i.e., mech-
anistic models), says Brandon Downey, principal engineer, 
R&D at Lonza. Currently, process economics modeling tools 
are being used to decide which elements of continuous process-
ing to adopt and when, he says. 

“In the other two cases,” he says, “we seek process improve-
ments or process risk-mitigation strategies that are directly 
supported by fundamental process understanding and data. Use 
of machine learning techniques that incorporate mechanistic 
process knowledge helps our process experts focus on only the 
aspects of the process that are most likely to give the outcome 

we desire, as opposed to only using an empirical approach. We 
let the models do the pattern recognition, so that our experts 
focus and deeply understand how key areas of the process work 
and can be improved,” he says. 

ENABLING FEEDBACK CONTROL
In the future, Downey expects to see more use of mechanistic 
and machine learning approaches to accomplish feedback con-
trol of bioprocesses, particularly when it comes to protein quality 
attributes. “The more data we gather, and the more mechanistic 
knowledge we incorporate, the more generalizable we can expect 
our models to be,” he says. “This quality could allow models to 
be applied across multiple sites, processes, and molecules, which 
would drastically reduce the development effort required for new 
molecules (including more complex, non-standard antibodies). 
Feedback control would substantially lower the process risk 
when it comes to quality attributes, which should lead to lower 
cost as well,” he says.

Currently, the main obstacle to greater use of modeling is 
data, says Downey, specifically, the ability to generate large 
amounts of process data economically, and then curate those 
data automatically in an electronic form so that they can 

Upstream Processing

Modeling Comes of Age in Biopharma
Modeling is being used for everything from yield 

improvement to facility design, but new initiatives plan to 
broaden its reach, both upstream and downstream.

AGNES SHANLEY
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be used for modeling. “Electronic data 
systems are part of the puzzle, but we 
also need to be creative about how data 
are generated so that we can measure the 
right things and generate more of the 
right kind of data in less time,” he says.  

Finally, he says, establishing tools that 
can readily access data from a com-
plete product development program (i.e., 
from candidate selection to clinical end 
point results) is another gap that must 
be filled if modeling is to play a larger 
role in biopharm.

ELIMINATING DATA GAPS
Development efforts are underway to 
expand the use and availability of new 

modeling approaches for biopharma, 
in both upstream and downstream 
processing. In late October 2019, 
the BioPhorum Operations Group 
(BPOG) was expected to release its 
first guidance document on modeling 
for continuous downstream processes. 

In September 2019, the Process 
Systems Enterprise Group (PSE), 
based in the United Kingdom, held its 
Advanced Process Modeling Forum in 
Tarrytown, NY, where it discussed plans 
to develop a systems modeling frame-
work for upstream and downstream bio-
processes.  Analogous to work that PSE 
has done with GlaxoSmithKline (GSK) 
and other pharmaceutical companies in 

the small-molecule drug space (1), its 
biopharma initiative (funded in 2018 by 
InnovateUK, the UK government’s inno-
vation agency) would bring techniques 
that have been proven in small-molecule 
operations to biopharmaceutical process-
ing, and also optimize other methods 
for use with large molecules. So far, its 
first application projects are focusing on 
bioreactors and liquid chromatography, 
according to Ed Close, strategy director 
for large molecules at PSE Formulated 
Products.

PSE aims to create a systems 
modeling capability for biological 
medicines within PSE’s gPROMS 
Formulated Products software, says 

Upstream Processing

Biopharm Modeling: Where It Is and Where It’s Heading

Bob Lenich, global life sciences business director at Emerson, 
shares his views on biopharm’s current use of modeling and 
where it will be used in the near future.

BioPharm: What are the leading applications for modeling 
in biopharmaceutical development today? 

Lenich: In development, we are seeing greater use of 
modeling in quality parameter optimization, continuous 
yield improvement, and facility design and fit. Key quality 
parameters for biopharma may not be directly measurable or 
may require converting analytical measurements (e.g., using 
near-infrared [NIR] or Raman spectroscopy) to the required 
quality value. ‘Soft-sensor’ correlations and converting 
spectral data to the required process value are examples of 
using models to generate key quality attribute data in real 
time. They can then be optimized through advanced control 
applications by the automation system.

As biopharma moves from batch to continuous production 
processes, having a digital twin model of the unit operation 
facilitates yield optimization of individual pieces of equipment 
and the overall process. A medium-to-high-fidelity process 
model allows development of the required automation for the 
production process to proceed off-line and as new equipment 
is added to ensure proper process control. Finally, having a 
digital twin model of the facility construction allows verification 
that the equipment in the facility will physically fit and operate 
properly before construction commences.

BioPharm: Were is modeling used in manufacturing?
Lenich: In manufacturing, modeling is being used for 

throughput de-bottlenecking, optimizing processes and 
minimizing test runs, training operators and certifying their 

training, and validation. Most manufacturing processes 
don’t run at (or above) design capacity due to unforeseen 
constraints in equipment sizing, utility capacity, or material 
flow. Having a comprehensive digital twin of the facility 
operations allows bottlenecks to be identified and addressed 
to ensure optimal facility performance. For instance, 
organizations can utilize a digital twin to perform engineering 
runs during product change-over to prove out the process and 
automation before going to live production. This approach can 
minimize the use of expensive materials and ensure that the 
production process is properly tuned. As these organizations 
add new equipment and personnel, they can more effectively 
and efficiently upskill the workforce to optimize operations 
via modeling. Users are also leveraging dynamic process 
modeling to complete factory acceptance tests off-site, which 
minimizes equipment check-out time and automates the 
generation of validation documentation.

BioPharm: What will be the top applications in five years? 
Lenich: Once better equipment models are available, 

design of experiments for a new process can be done off-line. 
In addition, virtual and augmented reality experiences can be 
integrated with digital twin technology to provide immersive 
simulations of the facility. Using modeling, responding to 
deviations will also be easier, because process developers 
can run ‘what if’ simulations to determine the best ways 
to address a problem. Another use will be in predicting 
equipment problems to avoid problems and deviations. 

    — Agnes Shanley
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Upstream Processing

Close. Many of the approaches that 
are being used in the small-mole-
cule world (e.g., parameter estimation, 
external model validation, and optimi-
zation) are directly applicable to bio-
pharmaceuticals, he says.

Where the science is mature, PSE’s 
work is focusing on science-based 
mechanistic models that have been 
derived f rom conservation laws of 
physics and chemistry. Where the sci-
ence is less mature, the company is 
using data-driven approaches to fill 
in gaps in scientific knowledge, says 
Close. Increasingly, data-driven 
approaches are being combined 
with mechanistic models in a hybrid 
approach, he says. 

USE OF CFD
In situations that require a high degree 
of accuracy (e.g., for modeling pro-
cesses such as mixing, in which chem-
ical phenomena are strongly dependent 
on local hydrodynamic effects), Close 
says that PSE is using the Multizonal 
gPROMS-CFD interface to link 
multi-zonal unit operation (e.g., bio-
reactor) models to computational fluid 
dynamics (CFD) models. This linkage 
provides a powerful way to model the 
effects of non-ideal mixing in indus-
trial-scale process equipment, he says, 
while using kinetics models that were 
developed using scale-down processes. 

“Once we have a validated model, we 
can then use advanced solution tech-
niques to exploit the model’s predictive 
capabilities, such as simulation, opti-
mization, uncertainty analysis, sensitiv-
ity analysis, and deployment in online 
applications for operations,” says Close.

HYBRID MODELS  
GAIN GROUND
Hybrid statistical and mechanistic 
modeling is becoming a promising 
approach for the biopharmaceutical 
industry, says Close. It combines the 
best of both worlds. The mechanis-
tic structure of the model is used to 
describe well-known elements of the 
process, while the data-driven por-

tion simplifies the management of 
unknown system complexity, such as 
cell metabolic networks and reaction 
pathways.  

The concept may not be new, per se, 
but use of hybrid models is particularly 
promising in biopharma, says Michael 
Sokolov, CEO and co-founder of Data 
How, a spinoff of ETH Zurich that is 
leveraging the hybrid model to develop 
an “algorithmic toolbox” to help 
increase modeling’s reach in biopharma.

“In biopharma, we do not have big 
data [yet] because each data point 

takes a lot of effort to obtain,” says 
Sokolov. “However, especially upstream, 
we face a lot of uncertainty about the 
overall process and data, because the 
process is not yet completely under-
stood,” he says.

Purely data-driven approaches such 
as machine learning cannot be applied 
directly because they require sufficient 
data of good quality, Sokolov explains. 

“We need to utilize as much of all 
available information as possible (i.e., 
not only the data but the knowledge 
that has been established for the past 
few decades). This knowledge will help 
compensate for lack of data and its 
uncertainty,” he says.

“Hybrid models can be leveraged to 
help with this because they combine 
mechanistic approaches (i.e., teaching 
the digital tool the lessons that have 
already been learned), and machine 
learning approaches, which allow users 
to learn beyond the existing boundar-
ies of knowledge from available data,” 
says Sokolov. 

Using this approach, Sokolov 
believes, reliable solutions can be built 
based on limited data and yet allow 
users to learn beyond what is already 
known to find new, nonintuitive com-
binations of relevant process parame-
ters. “Including prior knowledge and 
stakeholders’ opinions in the solution 
makes it easier to change the user’s 
mindset. Because it is centered on 
information provided by users, it will 
not appear as a black box.”

Currently, he says, modeling is par-
ticularly important upstream, and it 
is more widely used in earlier process 
development stages. Downstream pro-
cesses are better understood, but in 
complex cases and given time pres-
sures, modeling offers benefits by 
enabling in-depth data analysis. In 
the future, he predicts that companies 
will see the value of organizing data 
centrally and in a standardized way, 
as Amgen did recently with its new 
facility in Singapore. “This will enable 
the establishment of knowledge and 
model libraries, which can effec-
tively learn from data and be accessed 
directly,” he says. 

Sokolov says biopharma is not far 
from seeing digital twins being used 
across many companies’ labs and facil-
ities. “However, the [broader] goal is 
to apply the concept to cover complete 
plants (i.e. all unit operations and their 
data sources) and to provide the mod-
el-based solution in a powerful man-
ner so that many stakeholders can use 
it to support their decisions and plan 
operations,” he says. Sokolov believes 
that over the next two or three years, 
there will be more success stories from 
companies in the industry that are 
using this approach. At this point, 
he says, DataHow is working with a 
number of industry partners on proj-
ects in this area.

REFERENCE
 1. A. Shanley, “Can Better Modeling 

Reduce Pharmaceutical 
Development Costs?” PharmTech.
com, March 16, 2016. ◆

Today, modeling is 
becoming particularly 
important upstream, 

and is being used 
more widely in earlier  
development stages.  
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Applying Lessons Learned from
the Semiconductor Industry

T wo of the world’s most complex manufacturing indus-
tries—semiconductor fabrication and biopharma-
ceutical production—share a common fundamental 

objective: to maximize process yields through rigorous con-
trol of production equipment and process variables. 

One process variable that the semiconductor industry has 
long focused on is raw material quality. Thorough analysis 
and full characterization of each raw material used will 
determine the precise composition, down to the parts-per-
trillion level, providing information on how this composition 
might impact the production process. Recently, biopharma-
ceutical manufacturers have also begun to focus on under-
standing and controlling the characteristics of the materials 
they use. In upstream and downstream processes, biopharma 
manufacturers seek to correlate raw material data with vari-
ations in their bioreactor and process chromatography yields, 
with a goal of achieving greater predictability and control of 
process results. In formulation, a lot of emphasis goes into 
correlating how variables in excipients affect drug product 

stability (and therefore bioavailability) throughout the shelf 
life of the product. 

There is significant value in assessing and potentially 
applying the semiconductor industry’s highly developed 
advanced materials analysis, characterization, and sup-
ply-chain control practices to materials’ management and 
process control issues in biopharmaceutical operations.  

MAXIMIZING SEMICONDUCTOR YIELDS
Semiconductor manufacturing is expensive. The cost of 
building a semiconductor foundry can exceed $10 billion 
when all the tooling, automation and management sys-
tems, environmental controls, and quality control costs are 
considered (1). And once in place, the additional cost of 
the raw materials and associated processing to make a sin-

CL AU DIA BERRÓN i s  s e n io r  v i c e - p re s id e nt ,  St r a teg y 
and Commercial Operat ions, Biopharma Produc tion, and  
GARY DAILEY is vice-president, Global Marketing, Electronic 
Materials, both at Avantor.

Raw materials’ characterization and supply-chain control allow 
more rigorous control of the manufacturing process.

CLAUDIA BERRÓN AND GARY DAILEY
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gle wafer adds to this expense, which 
is why semiconductor manufacturing 
operations must focus on maximizing 
process yields. 

At the beginning of the process, a 
raw wafer, composed of a highly 
refined form of silicon, can cost 
approximately $500 (1). There can be 
25 to 50 wafers in a batch, and a large 
fabrication plant can process 50,000 
wafers per month, with each wafer 
going through more than 1000 pro-
cess steps. A wafer containing finished 
memory chips can be valued in excess 
of $1600, and a finished high-end 
processor wafer can reach $5000 (1). 
Every process step has an impact on 
yield and, ultimately, profitability. 

It is crucial for a manufacturer to 
control process variables and eliminate 
unknown factors that could interfere 
with or contaminate each step of the 
process. In complex integrated circuits 
such as processors in smart phones, a 
single chip can contain several billion 
transistors, each only a few nanometers 
wide. If any foreign material is present 
in those transistors, the chip may not 
function according to its design. The 
risks associated with these challenges 
has led the semiconductor industry and 
the companies that supply its materials 
to make investments in ultra-precise 
materials characterization procedures 
in order to maximize predictability of 
manufacturing outcomes. 

Each process step is controlled by a 
process of record that defines every detail. 
For example, the exact chemical makeup 
and level of impurities in a chemistry 
used to remove post-etch residue must be 
characterized down to the parts-per-tril-
lion level. While it may not be practical 
to manufacture a chemical to meet 100% 
purity, the chemical should be as pure 
as the best technology can deliver. Any 
trace materials in the post-etch strippers 
used in the process need to be identified 
and quantified so they may be incorpo-
rated into a process of record and mon-
itored. Once set, the foundry operator 
has the statistical data to assume that, 
with the properly characterized material, 

that post-etch residue step will yield the 
defined result, and the wafer can move on 
to the next process step. Any variation in 
trace elements—even just a few parts per 
billion—can result in less-than-desired 
post-etch cleaning that may interrupt 
production and lead to significant costs 
in time, labor, testing, materials, and other 
areas to investigate the cause of variation. 

IMPROVING BIOPHARMA 
STABILITY AND YIELD
Materials characterization has also 
been of interest in the biopharmaceuti-
cal industry; however, rather than yield, 
manufacturers were initially interested 
in using it to determine stability. Highly 
accurate and detailed materials charac-
terization has been performed for the 
excipients used in fill/finish process-
ing. During this process, the biologi-
cal drug substance is combined with a 
variety of excipients to enable delivery 
and stability and is formulated into a 
final drug product. Because the excip-
ients would be used within the body 
during the administration of the final 
drug, such characterization is neces-
sary, and requirements have increased 
over time to satisfy strict regulatory and 
safety requirements. Also critical is the 
stability of the drug product; reducing 
drug product degradation during stor-
age has become a significant focus for 
raw material characterization. 

From this initial focus on meet-
ing regulatory requirements and drug 
product stability, biopharma producers 
seeking to improve their process yields 
have more recently begun to assess the 
impact of stricter and more compre-
hensive materials characterization in 
upstream and downstream process steps. 

Unlike fabrication of precisely engi-
neered semiconductors, however, biolog-
ics production has an inherent variability. 
Even under similar process conditions, 
a molecule can react slightly but mea-
surably differently, often depending on 
genetic sequencing for that particular 
molecule. All these molecules react dif-
ferently to a variety of trace metals. When 
large-scale production of biologic drugs 

originally began, the focus was on char-
acterizing excipients, but not nearly as 
much attention was paid to the buffers, 
salts, cell culture media, and other materi-
als used upstream, until further study and 
analysis tied to improved process control 
was undertaken.

A further challenge to understanding 
and applying rigorous materials charac-
terization practices to biologics produc-
tion is that the presence of trace minerals 
can actually be beneficial to upstream and 
downstream processes. The addition of 
metals, including iron, manganese, and 
zinc, can enhance glycosylation yields 
upstream in certain molecules. It has also 
been shown that understanding and con-
trolling the ratio of trace metals, as well 
as their levels, can impact upstream yields 
positively or negatively—all dependent 
on the molecule. 

As biopharmaceutical manufacturers 
have begun turning their attention to 
improving trace material characteriza-
tion, they have determined the critical 
importance of lot-to-lot consistency 
of the trace elements in critical mate-
rials used upstream and downstream. 
Variation to that consistency, including 
minimal changes at the parts-per-bil-
lion levels, can impact glycosylation 
patterns in the reactor, reduce over-
all target cell growth upstream, and 
impact recovery downstream. This 
knowledge has been gained by the 
biopharma industry while responding 
to problems or unexpected shortfalls 
in upstream yields. As a result of les-
sons learned, the biopharma industry is 
turning to a more formal and compre-
hensive process of trace materials char-
acterization as a tool to boost yields.

APPLYING BEST PRACTICES 
The biopharma industry has already 
made great strides in improving its 
trace materials characterization efforts 
and applying that data to improving 
upstream and downstream yields. To 
advance this further, three rigorous 
processes used in the semiconductor 
industry can be applied to the bio-
pharma industry: statistical control, 

Manufacturing
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analytical capabilities, and in-depth 
management and control of global 
supply-chain resources.

Statistical control
It is well established in the semicon-
ductor industry that every process 
step, including a change to a step, goes 
through a comprehensive qualification 
process that ensures every material 
used in a process is qualified at specific 
ranges down to parts-per-trillion levels. 
Once qualified, suppliers commit to and 
document that every lot has the same 
level of trace materials. Some suppliers 
are able to commit to characterizing, 
within two sigma, each of the compo-
nents of a certificate of analysis (CoA). 
In fact, the trend is moving in the direc-
tion of even stricter, three sigma levels 
of control of impurities in raw materials.

Although biopharma processes can 
deliver projected yields with a parts-
per-billion characterization, there are 
advantages to adopting the compre-
hensive model used by the semicon-
ductor industry. By establishing the 
principle that all materials used in 
upstream and downstream processes 
will be fully characterized and con-
trolled, it should become easier to pre-
dict process yields, identify whether 
materials are contributing to a shortfall, 
and leverage the ability to modify the 
levels and ratios of trace metals in bio-
reactors to potentially improve yields.

Analytical capabilities
For biopharma manufacturers to 
effectively implement statistical con-
trol along the same lines as the semi-
conductor industry, they will need 
to increase investments in analytical 
capabilities and tools and begin to 
implement a data-driven production 
environment. Compared to other pro-
cess industries, the biopharmaceutical 
industry lags in the aggressive use of 
data and predictive analytics to uncover 
ways to improve productivity, yields, 
and costs. The industry is, however, 
making significant investments to 
improve its use of data. 

The objective is to use production 
data to optimize the process, then man-
age the critical parameters within it so it 
can be reliably repeated. These efforts are 
being conducted for both upstream and 
downstream production, but often in iso-
lation. There is an opportunity to expand 
the application of data analytics beyond 
a specific process component to more 
completely characterize the entire pro-
cess, including the raw materials used in 
both upstream and downstream produc-
tion. Ultimately, this can be integrated 
into the overall optimization efforts for 
the entire production process.

Supply-chain control
One of the most important benefits of 
greater statistical control and analytical 
capabilities will be the ability of bio-
pharma manufacturers to have more 
complete control of the quality of the 
materials they receive from their global 
supply chains. This is a key capability 
that has been established by the semi-
conductor industry to prevent varia-
tions in trace materials from impacting 
their operations.

For example, there are multiple pro-
cesses in semiconductor fabrication that 
use organic solvents. Many of the precur-
sors for these solvents are manufactured 
by petrochemical producers, who nor-
mally don’t need to exercise ultra-strin-
gent control of impurities. As a result, 
suppliers of solvents to the semiconduc-
tor industry have invested in the tools 
and processes to manufacture their prod-
ucts with tight purity levels and fully 
characterized CoAs. In addition, they 
work with their suppliers to document 
any changes made to source materials 
or production processes, well ahead of 
time. This lead time lets the supplier 
build stock and evaluate that change as 
it comes through the process to see if it 
introduces change to their end product. 

This same attention to detail and sup-
ply-chain control is also crucial for bio-
pharma materials for essentially the same 
reason; minor changes in processes or 
raw materials used upstream can signifi-
cantly affect the downstream product.

In addition to variation caused by 
trace minerals, biopharma processes may 
use organic or plant-based materials. 
For example, sucrose and galactose are 
sugars derived from sugar beets. Plant-
based materials will inevitably have 
some variation in their properties. There 
are significant advantages to working 
with suppliers who have implemented 
technologies and purification to further 
purify and narrow variability in elemen-
tal impurities that would affect biophar-
maceutical production.

By building networks of suppliers 
who are fully committed to following 
global current good manufacturing 
practices for manufacturing processes 
and documenting all source materials 
completely, it is possible for the bio-
pharma industry to achieve a similar 
level of materials management and con-
trol over the variability and quality of 
critical sourced components.

CROSS-COLLABORATION
Although the two industries have vast 
differences, both semiconductor man-
ufacturers and biopharmaceutical man-
ufacturers have some core common 
ground. Both begin with raw materials 
and process those materials in a highly 
controlled, multi-step fashion to pro-
duce products of high value. And both 
industries are driven to invest time and 
resources into continuously improving 
those processes to achieve better yields 
and return on investment.

By applying some of the hard-earned 
principles and approaches the semi-
conductor industry has developed, the 
biopharmaceutical industry has the 
potential to significantly advance its 
ability to analyze, characterize, and con-
trol the trace elemental properties of the 
materials used in biologics production 
and ultimately achieve new milestones 
in process efficiency and yields.

REFERENCE
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Modernizing Flu Vaccine 
Manufacturing

T wo years ago, deficiencies in egg-based flu vaccine 
manufacturing led to adverse patient responses and 
79,000 deaths. Experts are calling for a shift to more 

reliable modern production methods based on cells and use 
of recombinant technology. In the 2017–2018 season, chal-
lenging strains of influenza virus reduced the effectiveness 
of flu vaccines, resulting in hospitalizations and deaths. The 
2017–2018 flu season was particularly severe, with substan-
tial impact on individuals in every age group within the US 
population, according to the US Centers for Disease Control 
and Prevention (CDC) (1). 

The vaccines used had primarily been manufactured using 
the traditional chicken egg-based process, and observers 
have called for a move to cell-based and recombinant tech-
nology for flu vaccine production. For several years, it has 
been noted that the chicken egg-based approach can result 
in vaccines that trigger a less-than-optimal response from 
the human immune system. This problem has been traced to 
constraints in the egg substrate, within which the vaccine is 
constructed. When there constraints are present, the result-
ing vaccine ends up targeting an antigen that is different 
from the antigen on the surface of the influenza virus strain.

CDC WEIGHS IN
According to CDC’s influenza surveillance systems, the 
2017–2018 season saw higher than normal levels of hospital 
outpatient visits, emergency room visits, influenza-related 
hospitalizations, and deaths due to pneumonia and influenza. 
CDC officials said that they had not seen such severe results 
since the flu pandemic in 2009 (1). 

The agency estimates that 48.8 million flu-related ill-
nesses occurred during the 2017–2018 season; of those 
959,000 required hospitalization. In addition, 79,000 people 
(including 68,000 elderly individuals and 600 children) died 
from complications related to flu treatment, according to 
CDC, which analyzed results in a December 2018 webinar 
(1). The agency estimated that the flu vaccine that year had 
shown only 40% effectiveness against both influenza A and 
B viruses. Broken down by virus type and subtype, the influ-
enza vaccine protected 25% against influenza A(H3N2), 65% 
against influenza A(H1N1), and 49% against influenza B (2).

Most influenza vaccines are still manufactured using eggs; 
vaccine manufacturers are given the reference viruses (spe-
cific strains of influenza that are recommended for inclusion 

Limitations in traditional flu vaccine manufacturing methods 
underline the need for shifting to modern technologies.

FELIZA MIRASOL

Manufacturing
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Innovative and Effective Workflow 
Solutions for Oligonucleotides from 
Purification to AnalysisA Q&A

Hydrophobic interaction chromatography proves 
to be more effective than reversed-phase 
chromatography for purifying a DMT-on 
oligonucleotide.

The use of synthetic oligonucleotide therapeutics continues to grow because 
of their effectiveness in treating devastating diseases. Within in the 
biopharmaceutical industry, oligonucleotide drug pipelines have increased 

significantly along with the need for purification and analytical characterization 
techniques. BioPharm International recently spoke with Phu Duong, PhD, Product 
Manager II, Process Media, Tosoh Bioscience LLC, to discuss several new innovative 
and effective workflow solutions for the purification, as well as the analysis, of 
oligonucleotide therapeutics.  

Phu Duong, PhD
Product Manager II, Process Media

Tosoh Bioscience LLC

BioPharm International: What are 
oligonucleotide therapeutics?
Duong: Oligonucleotides are short strands 
of DNA or RNA that typically contain 15–
30 nucleotide residues. Oligonucleotide 
drugs can be specifically designed to 
prevent or modulate the translation of 
almost any gene, allowing for highly 
targeted treatment. Unlike the bulk of 
biologic drugs, such as monoclonal 
antibodies and recombinant proteins that 
target proteins and thus the downstream 
effects of diseases, oligonucleotides 
target errors in the genetic code. These 
root causes of diseases—many of which 
have been untreatable by conventional 
therapeutics—may now be addressed. 

BioPharm International: Which 
purification methods are recommended 
for purifying a charged oligonucleotide?

Duong: Oligonucleotides are polyanions 
that have a particular net negative charge 
based on the number of phosphodiester 
groups on the molecule. Several 
methods can be used for purifying 
oligonucleotides such as reversed-phase 
and ion-exchange chromatography.

For charged oligonucleotides, anion-
exchange chromatography is 
recommended. The stationary phase 
on the anion exchange particles is 
composed of polyamines that are 
positively charged and interact or capture 
the negatively charged oligonucleotide. 
Separation of the oligonucleotide mixture 
is accomplished by slowly increasing 
the ionic strength of the mobile phase 
to weaken the interactions between the 
oligonucleotide and the stationary phase. 
The highly charged oligonucleotide 
elutes later than those of a lesser charge.

www.tosohbioscience.com
http://www.biopharminternational.com/
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INNOVATIVE AND EFFECTIVE WORKFLOW SOLUTIONS  
FOR OLIGONUCLEOTIDES FROM PURIFICATION TO ANALYSIS

SPONSORED BY

BioPharm International: Which purification 
methods would you recommend for purifying  
a protected or DMT-on oligonucleotide?
Duong: Oligonucleotides are synthesized with the 
terminal 5’-DMT group attached. The attachment of the 
DMT group is called DMT-on or trityl-on. The nature 
of this group is hydrophobic. Therefore, the DMT 
group increases the hydrophobicity of the full-length 
oligonucleotide and protects it from interactions with 
other molecules. Oligonucleotides that don’t contain 
this DMT group are considered failed oligonucleotides 
and are less hydrophobic. 

Reversed-phase purification methods are considered 
very effective in separating the DMT protected product 
from the non-DMT attached oligonucleotides. However, 
due to the usage of organic solvents in reversed phase, 
it is rather cumbersome and expensive. Therefore, 
methods using hydrophobic interaction chromatography 
(HIC) are considered a better alternative.

BioPharm International: Why is HIC considered 
a better alternative method for purification of a 
protected or DMT-on oligonucleotide?
Duong: There are two reasons for HIC to be considered a 
better alternative than reversed-phase chromatography 
for the purification of a DMT-on oligonucleotide. 

The first reason is there is no need to use organic solvents 
with hydrophobic interaction chromatography; only salts 
are used in this method. Even better, some suppliers 
supply HIC resins that can purify oligonucleotides 
without using high salt concentrations. 

The second reason for using HIC for purification of 
a DMT-on oligonucleotide is that it is a very effective 
method. It can be used as a two-step process within 
one column. The first step is capture of the DMT-on 
oligonucleotide. The second step is the cleavage of the 
DMT groups from the full-length oligonucleotides on the 
column. The DMT-on groups stay on the column and 
will be stripped off the column at the last step in the 
process.

BioPharm International: Is there an effective 
and rapid analytical characterization method 
to determine the molecular weight of an 
oligonucleotide without using mass spectrometry?
Duong: Yes. There is an effective and rapid method to 
determine the molecular weight of an oligonucleotide 
without using mass spectrometry. This method involves 
the use of size exclusion chromatography (known as 
SEC) with a detector such as a refractive index (RI), light 
scattering (LS) or viscosity detectors.

SEC is well known for the determination of the molecular 
weight of synthetic polymers, polysaccharides, proteins 
and biopolymers. SEC can also be used for the 
molecular weight determination of oligonucleotides.

SEC is particularly suited for the analysis of these 
synthetic molecules because it can be run in most 
aqueous salt solutions as mobile phase under very mild 
conditions. And this method takes minutes to complete.

BioPharm International: Why is SEC coupled with 
light scattering detection considered an effective 
and innovative analytical method to determine the 
molecular weight of an oligonucleotide?
Duong: SEC coupled with light scattering detection  
is considered to be effective and innovative because  
this method typically operates under native mild 
conditions, using buffers such as sodium phosphate 
at a neutral pH. Under these gentle conditions, this 
method does not denature the intact conformational 
oligonucleotide molecules. 

Light scattering is especially valuable for the molecular 
weight determination of an oligonucleotide. The theory 
is based on the Rayleigh Equation, where the intensity 
of the scattered light, R theta, is directly related to the 
molecular weight of macromolecules. Unlike methods 
using UV, which depend on the molecule containing a 
chromophore, and mass spectrometry which depends 
on the use of organic solvents that denature the sample, 
light scattering detection coupled with SEC works under 
native conditions. Therefore, the native conformation of 
an oligonucleotide (especially those that are conjugated) 
is still fully intact. For that reason, it is a very effective, 
easy and gentle method to determine the molecular 
weight of an oligonucleotide.

There are two reasons for HIC to be 
considered a better alternative than 
reversed-phase chromatography for the 
purification of a DMT-on oligonucleotide.

Tosoh Bioscience LLC is a leading supplier 
of chromatography products worldwide, 

particularly to the pharmaceutical, 
biotechnology, and chemical industries. Tosoh 

Bioscience LLC manufactures and sells pre-
packed HPLC columns and bulk resins, and 

offers dedicated systems for GPC analysis.
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in each’s year’s vaccine). Manufacturers 
grow these viruses in mass quantities 
in eggs to make doses of the vaccine. 

Not all flu vaccines are made 
by the chicken egg process, how-
ever. According to the CDC, two 
alternative flu vaccines are currently 
licensed in the United States: Flublok 
Quadrivalent (Sanofi) and Flucelvax 
Quadrivalent (Sequirus). Instead of 
virus, Flublok features hemagglu-
tinin, a virus surface protein, and is 
produced via recombinant technology, 
while Flucelvax contains viruses that 
were grown in cell culture, rather than 
in eggs. 

TECHNOLOGY INNOVATION
The statistics resulting from the 2017–
2018 flu season underscore the need 
for more effective vaccines to combat 
influenza viruses. Methods based on  
recombinant or cell technology avoid 
the constraints of egg-based vaccine 
manufacturing, and thus can result 
in vaccines that are capable of han-
dling the circulating strains of influ-
enza virus more effectively, according 
to GlobalData, a data and analytics 
company.

Vaccine developers and manufactur-
ers are responding to this need. In an 
October 2019 report (3), GlobalData 
notes that the current late-stage pipe-
line for seasonal influenza vaccines is 
comprised mainly of candidates that 
were developed using non-egg-based 
production methods. In addition, the 
focus of today’s vaccine development is 
on efficacy and the improvement and 
development of vaccines for specific age 
groups, the report says. Pipeline can-
didates include a new plant-cell-based 
vaccine from Canada-based Medicago, 
which is a virus-like-particle (VLP) 
vaccine produced in plant leaves (4), and 
a nanoparticle-based seasonal influ-
enza vaccine, NanoFlu, that is being 
developed by Novovax (5). Medicago’s 
vaccine candidate is in Phase III devel-
opment, and Novavax’s NanoFlu is in 
Phase I/II development.

Meanwhi l e , a c co rd ing  to  a 
December 2018 study, cell-cultured 
influenza vaccines were found to be 
10–11% more effective than egg-based 
vaccines in treating elderly patients in 
the US (6). According to the research, 
the cell-cultured vaccine was signifi-
cantly more effective in preventing 
influenza-related hospital encounters 
in patients aged 65 years and older.

Currently, three cell lines have been 
recommended for use in commercial 
cell-culture-based production of influ-
enza vaccines: Madin Darby canine 
kidney cells (MDCK), Vero cells—epi-
thelial cells from the kidney of the 
African green monkey—and PER.C6, 
which is a human retina-derived cell 
line (7). MDCK cells and Vero cells 
have been shown to be promising cell-
line candidates.

S e q u i r i s , w h o s e  F l u c e l v a x 
Quadrivalent is currently the only 
cell-culture based vaccine commercialized 
in the US, filed an Annual Strain Update 
with FDA that includes the decision to 
manufacture Flucelvax for the 2019/2020 
flu season using a cell-based candidate 
vaccine virus (CVV). The CVV includes 
all four influenza strains recommended 
by the World Health Organization 
(WHO). This move makes the entire 
production process exclusively cell-based, 
according to Sequiris (8).

Since 2014, the company has pro-
duced Flucelvax Quadrivalent at its 
vaccine manufacturing facility in Holly 
Springs, NC, built in partnership with 
the US Biomedical Advanced Research 
and Development Authority (BARDA). 
Seqirus initially used egg-based CVVs in 
its cell-based manufacturing process, but 
since then, WHO began recommend-
ing cell-based CVVs. FDA approved 
Sequirus to use cell-based CVVs to pro-
duce its vaccines (8).

Flucelvax was made from a cell-based 
H3N2 MDCK-CVV for the 2017–2018 
flu season. The 2019–2020 vaccine was 
made from cell-based CVVs for both 
influenza B strains. According to Seqirus, 
its transition to an exclusively cell-based 
product is completed with the inclusion 

of a cell-based CVV for the remaining A 
strain for the 2019–2020 season.

Other cell culture-derived influenza 
vaccines in the global market include:
• OptaFlu (Seqiris), a trivalent vaccine 

approved by the European Medicines 
Agency (EMA) for the European 
Union (EU) in 2007 and derived 
from MDCK cells and egg-adapted 
viral seeds

• Celtura (Novartis), an adjuvanted 
monovalent vaccine approved in 
Germany in 2009 and derived from 
MDCK cells 

• Pref lucel and Celvapan (formerly 
Baxter, sold to Nanotherapeutics 
in December 2014)—Preflucel is a 
seasonal influenza vaccine licensed in 
the EU in 2010 and produced in Vero 
cells, formulated with inactivated 
H1N1, H3N2, and inf luenza B. 
Celvapan is a monovalent vaccine 
approved for commercial distribution 
in Europe in 2009 and also derived 
from Vero cells (7). 
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Cell and Gene Therapies Necessitate 
 New Lot Release Test Methods 

Accelerated timelines and small batch volumes of cell and gene 
therapies pose unique challenges for product-release testing.

CYNTHIA A. CHALLENER

P roduct-release testing is required for all drug products 
to ensure their quality and safety. For most conven-
tional small-molecule and biologic drugs, batches are 

held until the release testing results are received and confirm 
the product is within specifications. Cell and gene therapies 
and some of their components (e.g., viral vectors), however, 
often must be used in further processing or administered to 
the patient within a short timeframe. 

Test methods and procedures for product release must there-
fore be developed that can reproducibly (robust and rugged), 
accurately, and with sensitivity and precision measure attributes 
that are critical for cell and gene therapy products in a short time, 
according to Mo Heidaran, vice-president-regulatory, Parexel 
Consulting. They should also require small volumes of product 
for testing to maximize the therapeutic dose delivered to patients. 
“Most compendial methods used in the pharmaceutical industry 
today cannot be used for cell and gene therapy products,” he says. 
“This is mainly due to the sampling requirements specified in 
the compendial methods and length of time needed to complete 
these assays. Cost is another factor that should be considered in 
the development of the product release tests,” Heidaran adds.

As importantly, notes Richard Snyder, vice-president, sci-
ence and technology, Pharma Services, Viral Vector Services at 
Thermo Fisher Scientific, the potential of cell and gene therapies 
means that clinical development timelines can be accelerated. “It 
is vital that analytical methods are developed early in the product 
lifecycle and that product-specific potency methods are qualified 
and validated to prevent shifts/changes in dosing during clinical 
development,” he observes.

MANY ESSENTIAL REQUIREMENTS
According to FDA, cell and gene therapy products include 
vector products (plasmid DNA or messenger RNA), viral vec-
tors, gene-modified cellular products such as chimerical anti-
gen receptor (CAR) T-cells, and unmodified cellular products 
such as induced pluripotent cells and mesenchymal stem cells. 
Requirements for product-release testing for these next-gener-

CYNTHIA A. CHALLENER, PhD, is a contributing editor to  
BioPharm International. 
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ation medicinal products are outlined in 
several different regulations and numer-
ous guidance documents. 

Product release testing must confirm 
the safety, identity, strength, purity, and 
quality  of each lot manufactured prior 
to release, according to Christopher 
Murphy, vice-president/general man-
ager, viral vector services at Thermo 
Fisher Scientific. Characterization and 
quality control are based on physico-
chemical-biological testing, adds Sarah 
Snykers, QC manager at Celyad. 

For cell therapies, important attributes 
include viability, and purity- and func-
tionality-related parameters, whereas 
gene therapy may entail expression of 
the transgene, replication competent 
viruses, correct sequence, viral vector 
copy number, etc. “The quality attri-
butes are always product-specific and 
should be defined on a case-by-case basis 
using profound characterization, with 
the published data on similar products 
considered as benchmarks,” Snykers 
stresses. She adds that acceptance cri-
teria/limits are often defined based on 
sound scientific rationales through pro-
cess development and tweaked with  
clinical experience. 

According to Heidaran, not all of the 
requirements for commercial products 
must be met for initiation of an inves-
tigational new drug (IND) application. 
“FDA follows a phase-based approach 
to compliance. For initiation of an IND, 
sufficient information must be provided 
to ensure the proper identification, quality, 
purity, and strength of an investigational 
product,” he explains. For licensure of 
cell and gene therapies, manufacturers 
are also required to establish full com-
pliance with current good manufac-
turing practices (CGMPs) and other  
applicable regulations. 

NUMEROUS TEST METHODS
Intermediate and final product testing 
may include product-appropriate potency 
testing, full biochemical characteri-
zation testing, bioburden, mycoplasma, 
and viral testing for the detection of 

adventitious agents, and testing for both 
product and process residuals, accord-
ing to Jeri Ann Boose, senior director of 
biopharmaceutical services at Eurofins  
Lancaster Laboratories. 

“While classical medicines/drugs 
(e.g., aspirin) are characterized and 
released by analytical chemistry meth-
ods such as chromatography, capillary 
electrophoresis, and mass spectroscopy 
(MS), advanced medicinal therapy 
products require more complex and 
novel biochemical and molecular biol-
ogy assets,” Snykers remarks. Examples 
include real-time or quantitative poly-
merase chain reaction (qPCR), dig-
ital droplet PCR (ddPCR), flow 
cytometry, cell-based assays, sequencing, 
and enzyme-linked immunosorbent  
assays (ELISA). 

For instance, safety testing of cell- and 
gene-therapy products typically includes 
sterility and endotoxin testing, as well as 
screens for mycoplasma, replication-com-
petent viruses, and other adventitious 
agents. Sterility testing is generally per-
formed using a combination of two-week 
culture assays and rapid tests such as 
gram staining, which is highly insensi-
tive and can only detect gross microbial 
contamination, according to Heidaran. 
Endotoxins are evaluated using the limu-
lus amoebocyte lysate assay. Mycoplasma 
testing is performed using a PCR-based 
assay that is more rapid than the tradi-
tional approach.

Identity testing typically involves 
the analysis of unique cell surface 
markers or other markers of the prod-
uct using flow cytometry or through 
molecular analysis (e.g., sequencing  
or PCR).

Potency is optional for Phase I but 
required for Phase III and is a prod-
uct-specific attribute. Even though a 
potency assay is not a requirement for 
Phase I, FDA highly recommends devel-
oping multiple potential assays early 
on. Potency testing methods depend on 
the type of product, and for viral vectors, 
cell-based assays are utilized to deter-
mine infectivity and transgene expression. 

Typically, biological assays must be devel-
oped for each product that can demon-
strate its bioactivity, including cell-based 
assays to measure infectivity and prod-
uct-specific potency. 

Purity testing includes quanti-
fication of residual host-cell pro-
teins (ELISA), DNA (PCR), the 
level of aggregation, and visualization 
through gel electrophoresis (sodium 
dodecy l  sulfate–polyacr y lamide  
gel electrophoresis).

TIME, COST, AND VARIABILITY 
There are a number of hurdles that must 
be overcome both when developing and 
performing analytical methods for the 
product-release testing of cell and gene 
therapies. “The complexity in quality 
control and release is a direct result of the 
unique nature of cell and gene therapeu-
tic products. By definition, quality control 
is a control against a reference standard. 
By no means do these reference standards 
exist for these products at the process 
level (reference batches) or the analytical 
level,” asserts Snykers, citing guidance on 
pharmaceutical development (1). 

Additionally, Snykers notes that the 
high inherent variability of the cellular 
starting material (especially for autol-
ogous therapies) may have a further 
impact on the consistency of the pro-
duction process and of the final product. 

“Together with limited historical clinical 
data, this hampers cell and gene thera-
peutic companies from setting mean-
ingful release specifications/acceptance 
criteria and clinical-relevant potency tests. 
As these industries mature, it is incum-
bent on all involved to work to develop 
accepted standards and processes for 
rapid and efficient quality testing in order 
to ensure broad access to high-quality  
products,” she states. 

Given these issues, it can take time 
to develop analytical methods/assays 
for cell and gene therapies that are spe-
cific, reproducible, and robust, according 
to Murphy. Quality-by-design (QbD) 
approaches can provide a systematic 
method to build up understanding of 
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the product and process under devel-
opment, and identify relevant critical 
quality attributes (CQAs) and critical 
process parameters, Snykers comments. 

“CQAs play a central role in the identi-
fication of predictive (in-process) bio-
markers for the safety and efficacy of 
the product in clinical use. A selection 
of the most meaningful CQAs should 
ultimately lead to product-release assets 
and criteria,” she says, citing articles on 
the subject (2,3). 

Ideally, Snykers believes that multiple 
analytical methods (e.g., omics) should 
be used during development to iden-
tify the most useful analytical tools. “By 
preference,” she states, “release methods 
are fast track, automatable technologies 
such as PCR or flow cytometry-based 
tools allowing sustainable execution and 
data processing moving towards [a] bio-
logic license application and marketing  
authorization application.”

Indeed, Murphy points out that bio-
logical assays that rely on cell culture 
are prone to variability and inconsistent 
performance, leading to invalid tests or 
out-of-specification results. 

The tremendous variability in the 
types of systems or platforms used to 
generate the many cell and gene therapy 
products available today poses problems 
as well. “Often there is no clear-cut reg-
ulatory guidance as to the exact testing 
that should be performed. The testing 
approach is frequently, if not typically, 
custom, and as such there should be 
extensive dialogue with the regulators 
during product development to ensure 
that all testing needs are met,” Boose says.

Further complicating the situation 
is the fact that for many cell and gene 
therapies, completion of the required 
testing must happen quickly to support 
short product shelf-lives and the need 
for immediate delivery of the products 
to patients, Boose adds. Snyder points 
to mycoplasma and adventitious agent 
testing, which can take weeks to complete, 
resulting in long lot-release cycle times.

Limitations with regard to the amount 
of product available for testing is also an 

important issue, as is the cost of some 
release tests, according to Heidaran, such 
as the replication competent lentivirus 
test used to detect replication compe-
tent virus in lentiviral vectors and vec-
tor-transduced cells. 

OVERCOMING  
TIMING DIFFICULTIES
Managing the lot-release testing 
of time-sensitive products can be 
approached in different ways. Where 
possible, leveraging methods that have 
short turnaround times (e.g., flow cytom-
etry, PCR) and rapid microbial detection 
methods enable lot release for time-sen-
sitive production processes without 
impacting product stability, according to 
Murphy. He adds that batch production 
records are reviewed and approved in real 
time to ensure issues are identified and  
assessed quickly.

For testing methodologies with long 
durations, Boose observes that early or 
intermediate assay reads may be taken 
so that risk is mitigated prior to delivery 
of the product to the patient. Required 
tests may also be performed on sam-
ples that are representative of the final 
drug product or in some cases on just 
the drug substance and not the for-
mulated drug product, according  
to Heidaran. 

“This approach, however, is only 
acceptable if there are no options to 
test the product in the final container 
and sponsors have provided adequate 
justification to the agency,” Heidaran 
says. “It is important to keep in mind 
that FDA regulations explicitly state 
that for sterility, endotoxin and iden-
tity determinations samples should be 
obtained from the final drug product 
stored in the final container.”

“FDA has demonstrated some degree 
of flexibility regarding delivery of the 
fresh product, recommending the perfor-
mance of lengthier drug product testing 
but not requiring the results as a release 
criterion necessarily,” Heidaran observes. 

“If the results are positive, for example, 
from a two-week sterility test, then the 

manufacturer must notify clinicians and 
patients and have a plan to mitigate the 
risk associated with the undesirable posi-
tive results,” Heideran explains. 

Boose adds that given the short lead 
times for product delivery to patients, 
emphasis should be placed on the thor-
ough safety testing of any raw materi-
als used in product manufacture. The 
manufacturing process should also be 
studied extensively, and wherever pos-
sible, safety should be engineered 
into the process. In addition, constant 
communication and coordination 
between manufacturing, quality con-
trol, and quality assurance departments 
is essential to minimizing the  
time required.

NEXT-GEN SOLUTIONS
The regulatory landscape is maturing, 
according to Snykers, and leaving the 
door open for alternative methods and 
approaches. For instance, Celyad received 
approval from FDA, Belgium’s Federal 
Agency for Medicines and Health 
Products, and the United Kingdom’s 
Medicines and Healthcare prod-
ucts Regulatory Agency to use a vali-
dated seven-day automated BacTAlert 
(bioMérieux) test for sterility and a 
two-day fast-track qPCR method for 
mycoplasma for the release of autolo-
gous and allogeneic natural killer group 
2D CAR-T cell therapies in Phase I  
clinical development. 

Rapid mycoplasma testing and rapid 
sterility testing are accepted when the 
rapid methods are validated as com-
parable to the compendial meth-
ods, agrees Boose. FDA, the European 
Medicines Agency, and the European 
Directorate for the Quality of Medicines 
& HealthCare, which publishes the 
European Pharmacopoeia, have issued 
guidance recognizing rapid sterility tests, 
and the US Pharmacopeial Convention 
is developing a new chapter for rapid 
sterility testing based on the recommen-
dations of a panel of experts, industry 
leaders, and stakeholders, notes Snykers. 
She notes that the common thread 
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with all recent guidance is method  
validation (4–6). 

Rapid testing technologies mentioned 
in these guidance documents include 
adenosine triphosphate biolumines-
cence, flow cytometry, isothermal micro-
calorimetry, nucleic acid amplification, 
respiration, and solid-phase cytometry. 
Other alternative tools for rapid sterility 
testing currently under development are 
based on qPCR and Raman spectroscopy. 
To Snykers’ knowledge, however, none 
of these technologies has been used or 
approved for release testing of cell and 
gene therapies to date.

“The way forward,” Snyker says, “is 
the investigation of risk-based QbD 
approaches to enable predictive and even 
prescriptive analytics; the use of con-
trolled, closed, and automated processes 
to reduce variability and ensure better 
control of microbial safety; and a focus 
on allogeneic therapies to eliminate the 

lot-to-lot and quality variability associ-
ated with patient starting materials, the 
challenges of small lot sizes, and the need 
for timely release.”

High-performance liquid chroma-
tography and MS platforms capable 
of sensitive and rapid analysis of viral 
gene-transfer vector products are being 
used in analytics developed for product 
integrity, identity, and purity, according 
to Snyder. “These technologies are on 
track to supplant current ELISA and 
gel electrophoresis-based methods,” he 
asserts. However, reliable standards and 
controls need to be established and the 
assays optimized before they can be used 
for viral-vector product characterization 
and lot release.

Similarly, next-generation tests that 
capitalize on next-generation sequencing 
(NGS) to detect adventitious agents such 
as microbial, fungal, and viral contami-
nants are under development, according 

to Heidaran, but not yet adequately qual-
ified or validated. “Many companies have 
coordinated efforts in place to implement 
NGS, with the focus on developing and 
optimizing standard procedures and bio-
informatics tools,” Boose says.
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ABSTRACT
In this study, a complete membrane-based downstream process for the 
purification of influenza virus-like particles (VLPs) was monitored through 
transmission electron microscopy (TEM) imaging and customized image 
analysis using an innovative TEM-based method. The display of hemagglutinin 
(HA) spikes on the VLPs’ surface was evaluated throughout each step of the 
process, from initial clarification through a cascade of ultrafiltration/diafiltration 
steps with different pore sizes. It is demonstrated that this innovative TEM-
based method was able to detect the pleomorphic HA spiked structures and 
unwanted debris. The developed method was also able to monitor the relative 
density of spikes of the VLPs to make sure that there was no loss of spikes due 
to downstream operations. The analysis ensured that the HA quantification 
measurements obtained are derived from HA exposed on the VLP surface and 
not from free HA protein, HA incorporated in baculovirus, or HA associated 
with cell membrane-derived debris. This determination is further supported 
by the finding that the TEM-based image analysis showed that small-sized 
debris was removed by the purification process. We hence show that this 
innovative method is a useful tool to complement the traditional HA assays.

MARTIN RYNER, NINA FORSBERG, VANESSA CARVALHO, CRISTINA PEIXOTO,  
AND SOFIA B. CARVALHO

T he virus-based biopharmaceu-
ticals (VBBs) market consists 
of virus-derived components or 
virus-based particles in ther-

apeutic or prophylactic applications and 
comprises several bioproducts used for vac-
cination and gene transfer (1, 2). 

Virus-like particles (VLPs) are viral pro-
teins that have the ability to self-assemble 
into highly ordered repetitive structures, 
empty of genetic material. They display 
intact and active antigens that resemble 
the native virions. Since they lack the viral 
genetic material required for replication, 
they can trigger a protective humoral and 
cellular immune response without the pay-
load of an infection. The most straight-
forward use of VLPs is for vaccination 

against the virus from which they were  
derived (3–5).

Vaccination is a key strategy for the pre-
vention of inf luenza infections for both 
seasonal and pandemic virus. Due to the 
genetic processes of antigenic drift and 
shift, the content of the inf luenza vac-
cine needs to be reviewed annually (6). 
Furthermore, seasonal vaccines do not 
provide protection against novel pandemic 
strains (7). In addition, egg-based manu-
facturing limits the vaccine supply, which 
is critical in the case of pandemics. There 
is a need for faster vaccine development and 
more effective vaccines against influenza. 

Influenza VLP can be expressed in dif-
ferent cell systems such as mammalian, 
plant, or insect cell cultures, requiring dif-

Using TEM-Based Image 
Analysis to Validate the 
Presence of HA Spikes 

on Influenza VLPs

Peer-Review Research

mailto:Carvalho@vironova.com
http://www.biopharminternational.com/


36     BioPharm International November 2019   www.biopharminternational.com

ferent purification strategies (8). Clarification, the 
first step in the purification of VLP-based vaccines, 
connects the upstream and downstream processes. 
It affects yield, product consistency, and repro-
ducibility (9,10). Primary clarification is used for 
the removal of large particulate matter, including 
intact and non-viable cells. Secondary clarifica-
tion is used for the removal of colloidal matter 
and process- or product-related insoluble and sol-
uble impurities, including large aggregates (11–
13). On top of this, removal of host cell proteins 
and DNA may in some cases be accomplished by  
depth filtration.

Improvement of upstream productivity has led to 
cultures with high titers and high cell densities as 
well as a lot of impurities, which places a burden on 
the purification process (9). To address these chal-
lenges, conventional methods are being replaced by 
new membranes and filtration process technologies. 
It is noteworthy that influenza virus and VLPs are 
prone to form complexes with impurities present in 
the harvest material, which may lead to adsorption 
losses during the clarification step (12).

Analytical data play a critical role when deal-
ing with complex biological particles. A suite of 
complementary assays must properly assess prod-
uct identity, quality, titer, purity, and consistency 
throughout the manufacturing process (2,8,13). 

Hemagglutinin (HA), the major envelope pro-
tein, contains the epitopes for neutralizing anti-
bodies and is responsible for virus binding to 
host-cell receptors (14–16). One of the challenges 
during vaccine manufacturing is to maintain 
the particle integrity, keeping the HA spikes on 
the surface of the VLPs throughout the down-
stream process. Inf luenza virus and VLPs can 
naturally vary in both shape and size and show 
differences in the distribution of surface HA struc-
tures due to variability in incorporation of HA 
spikes during budding from the host cell (14,17). 
Moreover, HA distribution on particles can also 
depend on loss of the HA spikes during the  
downstream process.

Monitoring the presence of HA spikes is typ-
ically performed using an HA assay. One of the 
limitations of this assay is the inability to dis-
tinguish whether the HA activity detected rep-
resents HA on VLPs surface or the activity of 
free HA protein, HA present in the bacu-
lovirus, or HA present on fragments of the cell 
membranes (18). During the development of 
the downstream process of inf luenza VLPs vac-

cine, a robust method is needed to complement  
the HA assay. 

Transmission electron microscopy (TEM) is a 
versatile technology used to study the morphology 
and structure of biological specimens. An example 
of this would be an integrated low voltage system 
(MiniTEM, Vironova, Sweden) that is designed 
for nanoparticle analysis using an innovative image 
analysis software and which has been shown to 
automatically generate a quantitative analysis of the 
relative amount of different particle classes present 
in influenza VLPs samples from different strains 
that have been subjected to the same upstream and 
downstream process (19). The relative amounts of 
different particle types, such as VLPs (that con-
tain HA spikes) and particles with similar sizes to 
VLPs without spikes, as well as the detection of 
baculovirus and debris, are quantified. Due to the 
general sample preparation protocol used in elec-
tron microscopy, data may not correspond to the 
absolute numbers of each particle type in solution 
but can be used as a comparison between samples.

MATERIAL AND METHODS 
Influenza VLP production
A baculovirus expression vector (BEVS)/insect cell 
(IC) system has been used as a platform to produce 
influenza VLPs. Cell culture and VLP production 
were performed as described by Carvalho et al. (20). 
Briefly, High Five Cells were cultured in medium 
(Insect-EXPRESS, Lonza) and infected with 
recombinant baculovirus (Redbiotec AG) encoding 
for HA and M1 proteins. For infection, a multiplicity 
of infection (MOI) of 1 IP per cell was used and per-
formed at a cell concentration (CCI) of 2 × 106 cells 
per mL. Baculovirus titers were determined by 3,-4,5 
dimethylthiazol-2,5 diphenyl tetrazolium bromide 
(MTT) cell viability assay (21,22). One tablet per 
50 mL of cell culture of ethylenediaminetetraacetic 
acid (EDTA)-free Protease Inhibitor Cocktail 
(05056489001, Roche Diagnostics) and 50 UxmL-1 
of Benzonase (101654, MerckMillipore, Germany) 
were added to the cell culture approximately 12 h 
before harvest. Cells were harvested 48 h post-infec-
tion at a viability of 50–60%.

Downstream processing
Clarification was performed using two filters 
(Millistak+ D0HC [Cat #MD0HC23CL3], Merck 
Millipore, Germany, and Opticap XL 150 Capsule 
with Millipore Express SHC 0.5/0.2 µm [Cat 
#KHGES015FF3], Merck Millipore, Germany) 
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as previously reported (10). Clarified VLPs were 
further processed by tangential flow filtration (TFF), 
using polyethersulfone (PES) ultrafiltration mod-
ules (Pellicon XL, MerckMillipore). Two mem-
branes with different molecular weight cut offs, 
1000 kDa (Cat # PXB01MC50) and 300 kDa (Cat 
#PXB300C50), were used sequentially, as described 
by Carvalho et al. (17). For each membrane, a diafil-
tration step was performed. The final step consisted 
of a sterile filtration using PES syringe filters (Cat# 
SLGP033RS, MerckMillipore, US). The steps cor-
responding to the six samples compared in this study 
are listed in Table I.

HA assay
HA assay was performed for the quantification of 
HA protein and carried out based on the protocol 
described by Carvalho et al. (17). Briefly, 50 µL or 
66.7 µL of Dulbecco’s phosphate-buffered saline 
(D-PBS) (14190-169, Gibco, US) were added in each 
well of a clear, V-bottom 96-well microtiter plate (611 

V96, Sterilin, US). For each sample, two initial dilu-
tions were performed. To the first well of each row, 
50 µL and 33.3 µL, respectively, were added, and 
then two-fold serial dilutions were performed. To 
each well was added 50 µL of 1% chicken erythro-
cytes (Lohmann Tierzucht GmbH, Germany). The 
plate was incubated at 4 °C for 30–45 min without 
disturbance. As a positive control, influenza vaccine 
(Influvac, Abbott) was used. HA level was visually 
inspected to determine the highest dilution capable 
of agglutinating the erythrocytes.

Sample preparation
The electron microscopy grids were prepared follow-
ing a sitting-drop procedure and negatively stained. 
In brief, 3 µL of sample were applied on a glow-dis-
charged, carbon-coated 400 mesh copper grid and 
incubated for approximately 60 s. The excess of sam-
ple was blotted off, and the grid was washed with 
sterile water and stained using 2% uranyl acetate for 
10 s. Finally, the stain was blotted off, and the grid 
was left at room temperature to air dry.

Imaging and analysis
Imaging was performed using the automatic image 
acquisition mode. The image analysis capabilities of 
this TEM system involve particle classification using 
pattern recognition and machine learning. A method 
workflow, once created, can be used for automated 
analysis of multiple samples of the same type (e.g, 
to compare different purification steps or starting 
material). In this study, an image analysis workflow 
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Table I. The steps used for influenza virus-like 
particle sample analysis.

Sample Purification step

S1 Clarification

S2 Ultrafiltration—1000kDa

S3 Diafiltration

S4 Ultrafiltration—300kDA

S5 Diafiltration

S6 Sterile filtration

Figure 1. Schematic representation of the workflow used for image analysis in the transmission 
electron microscopy (TEM) system (MiniTEM, Vironova, Sweden). 

Imaging

Segmenting and refining 
objects

Classifying particle according to size & shape

Dense small sized 
particles =  debris

Large particles Fine structure 
(spikes)

Purity = Area of large sized 
particles/area of total particles VLP quality = Accumulated area of spikes / area of large particles
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with a total of 20 parameters was tuned on 13 images 
from the samples and consequently run on all 1347 
images. A schematic overview of this TEM system 
(MiniTem, Vironova, Sweden) imaging and anal-
ysis workflow is shown in Figure 1. The particles 
to which the automated detection was tuned were 
the ones with the most well-defined morphologies. 
Other more diffuse or unclear structures may be 
present but not detected. A quantitative metric of 
purity was defined as the area of particles deter-
mined to be influenza VLPs divided by the area 
of all detected particles. In addition, a quantita-
tive metric of integrity of the influenza VLPs was 
defined as the area of fine structures on the VLP 
surface divided by the VLP area. 

The imaging session on this TEM system con-
sists of the following workflow:
1. Designated posit ions on the g r id at 

representative areas of the grid are selected, and 
a set of images are automatically acquired around 
each position.

2. Particles and fine structure elements are detected 

in the acquired images and defined as particles 
using the TEM system’s image analysis toolbox.

3. Detected particles are measured in terms of 
characteristic features (e.g., area, circularity, or 
stain embedding).

4. Common descriptive features are used to classify 
particles into distinct groups.

5. Particle measurements and comparisons between 
particle groups are graphically presented 
together with statistical analysis. Variation of 
measured statistics are calculated by stratifying 
the data based on the representative area 
selection to check for on-grid variability.

RESULTS
TEM system analysis was performed to evaluate the 
presence, integrity, and morphology of the VLPs 
across the entire membrane-based purification pro-
cess. Six influenza VLP samples were analyzed, each 
corresponding to a different downstream processing 
step from the initial clarification step throughout 
a cascade of ultrafiltration/diafiltration steps with 

Table II. Number of collected and analyzed images and the number of detected particles for 
each sample. VLP is virus-like particle.

Sample # Representative 
areas #Images #VLP particles #Debris particles

S1 5 251 6 1691

S2 4 188 9 1329

S3 4 206 7 209

S4 6 221 21 4022

S5 10 260 61 5125

S6 9 221 214 2765

Figure 2. Electron microscopy images of the constituents in the samples (A–S1, B–S2, C–S3, D– S4, 
E–S5, and F–S6) with corresponding segmentation of particles and fine structures (G–L) showing 
dense bright particles (purple) interpreted as debris and less dense particles with a highly textured 
surface interpreted as virus-like particles (blue). The fine structure is divided into small (green), 
classified as hemagglutinin spikes, and large (orange). Scale bars correspond to 500 nm.
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membranes of different pore sizes. Each step where 
sampling was performed is described in Table I. 

The MiniTEM analysis was able to identify 
highly textured particles determined to be VLPs and 
high-density particles determined to be debris. The 
analysis was also tuned to identify structures on the 
surface of the VLP particles (Figure 2, green and 
orange structures), where the smaller sized struc-
tures (green) were classified as HA spikes. A sum-
mary of the number of images and detected particles 

for statistical analysis is presented in Table II. The 
purity assessment defined as area of influenza VLPs 
over total particle area (Figure 1) shows a trend 
of increased purity throughout the downstream 
process (Figure 3) in addition to confirming the 
maintenance of integrity of the VLP particles (area 
of HA spikes over VLP area) throughout the whole 
process (Figure 4).

The analysis shows that the amount of debris 
gradually decreased through the purification pro-

Figure 3. The relative concentration of the virus-like particle (VLP) particles in the S1–S6 samples, 
representing a purity measure of VLP particles. Error bars represent the variation when the data are 
divided into two cohorts based on representative area selection.
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Figure 4. Determination of the level of fine structure interpreted as hemagglutinin (HA) spikes on the 
particle surface. The virus-like particle (VLP) particles reveal a fine structure (green), classified as HA 
spikes but also a coarser structure (orange) observed in all particles (A). The summed fine structure 
coverage (area fraction) was used to determine the spike density of the particles of interest (B) for S1 
to S6. Error bar represents one standard deviation of the data divided on the different representative 
areas for image acquisition.
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cess, whereas the amount of VLP particles was 
enriched at the last concentrating step (shown in 
Figure 3). This can be observed in the increase of 
the purity level, from 10% to 65% (Figure 3), show-
ing that the purification process was efficient, and 
that small-sized debris was removed by the ultra-
filtration membranes (to the permeate). These data 
were correlated to the measured HA content using 
the HA assay (Table III), demonstrating how the 
methods complement each other. 

To further determine if the filtration process had 
affected the presence of spikes on the surface of the 
larger particles (i.e., particle integrity), the data set 
was subjected to more detailed analysis. By measur-
ing the amount of the detailed structures together 
with the full particle area, the density of surface 
structures corresponding to HA spikes throughout 
the downstream process before and after each filtra-
tion step could be monitored. The data showed that 
the density of spikes on the VLPs was maintained 
throughout the purification process, verifying that 
the downstream processing did not have any shear 
effect on the spike density, and, hence, particle 
integrity was maintained (Figures 2 and 4).

DISCUSSION
The appearance of the sample (Figure 2) is con-
sistent with the pleomorphic nature of influenza 
virus and VLPs (14,17). VLP sample heterogene-
ity implies the need for complementary methods 
to carefully characterize the population. When 
using the baculovirus as an expression vector 
system, the baculovirus buds off from the host 
cell, with the potential of carrying HA proteins 
in its membrane that can be misleadingly mea-
sured when analyzing the HA content using 
indirect methods such as the HA assay. Analysis 
with this TEM system (MiniTEM, Vironova, 
Sweden) allowed the characterization of the dif-
ferent populations present in each sample, which 
is critical in the evaluation of downstream pro-
cessing performance. 

The data from the HA assay showed that a 
minor drop of HA activity was observed after the 
first ultrafiltration concentrating step, while an 
enrichment of large-sized VLPs was demonstrated 
(Figure 3, S2). In the following diafiltration step, 
the concentration of HA proteins was unchanged, 
but the presence of VLPs was highly increased. 
However, considering the low number of particles 
detected, the measured values should be considered 
as indicative and have to be supported by other 
analytical data (Table II, S3). In the second ultrafil-
tration step, the sample was further concentrated 
but without further loss of smaller-size structures 
(Figure 3, S4). In the fifth purification step, con-
sisting of a diafiltration step, additional small-sized 
debris was removed as well as in the final sterile 
filtration step (Figure 3, S5 and S6). The data from 
the HA assay showed a drop of HA activity in the 
last sterile filtered sample (Table III). As shown in 
(Table II, Figure 3), there was also a significant drop 
of small-sized debris in this step, while the number 
of VLPs were further enriched. The concentration 
of influenza VLPs has an impact on the sterile fil-
tration process. As HA concentration increases, the 
recovery yield obtained for this step decreases, as 
higher concentration leads to membrane fouling. An 
optimal load of HA per cm2 of membrane should 
be evaluated (10,23-26). It could also be speculated 
that the drop of HA activity corresponds to the 
drop of small-sized debris, indicating that some of 
the measured HA activity is related to this portion 
of debris.

CONCLUSION
Influenza VLPs expressed in cell systems require 
different purification strategies as compared to tra-
ditional egg-based vaccine manufacturing (8). Yield, 
product consistency, and reproducibility (9,10) are 
critical factors when designing a robust process and 
must not be in conflict with purity goals, such as 
removal of intact and non-viable cells, colloidal mat-
ter, suspended species, and process- or product-re-

Table III. Measurement of hemagglutinin (HA) content using HA assay.

Sample HA conc (ug/mL) Volume (mL) HA content (ug) 

S1 - 1,4 370,4 518.6

S2- 4,22 94,4 398.4

S3 - 4,22 94 397,7

S4- 33,8 9,4 317,7

S5- 33,8 9,4 317.3

S6- 11,3 9,4 105.8
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lated insoluble and soluble impurities, including large 
aggregates, host cell proteins, and DNA (10–12). 

To address these challenges, membranes and 
filtration process technologies are becoming more 
common. One of the challenges is to maintain the 
particle integrity and retain the HA spikes on the 
surface of the VLPs throughout the downstream 
process.

One of the limitations of the traditional HA assay 
is the inability to distinguish HA on VLPs from 
the activity of free HA protein and HA present 
in the baculovirus or present on fragments of cell 
membranes (20). This study shows that an innova-
tive TEM system (MiniTEM, Vironova, Sweden) 
is a useful tool that complements traditional HA 
assays, ensuring that HA quantification measure-
ments obtained are derived from HA exposed on 
the VLP surface and not from free HA protein and 
HA incorporated in baculovirus or associated with 
cell membrane debris. This determination is further 
supported by the finding that the TEM analysis 
used in this study showed that small-sized debris was 
removed by the purification process. The data also 
showed that the density of spikes was maintained 
throughout the purification process, verifying that 
the downstream processing did not have any shear 
effect on the spike density or VLP integrity. 
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Essentials in Bioassay Development

A  bioassay measures biological activity or potency of a 
drug product (DP) or drug substance (DS), for which 
the most important critical quality attribute (CQA) 

is potency or relative potency if it is compared to a standard. 
Concentration measures how much of the molecule is in 
solution, and the bioassay measures how biologically active 
the protein is. Every biological product such as vaccines, hor-
mones, antibodies, cell therapies, complex therapeutic proteins, 
and gene therapies all need a bioassay or multiple bioassays to 
measure biological activity.

A bioassay is an interesting combination of science and 
statistical methods to determine potency or relative potency.  
The International Council for Harmonization (ICH) does 
not discuss bioassays to any great degree; however, United 
States Pharmacopeia (USP) does. USP <1032> covers biological 
development, USP <1033> covers validation, and USP <1034> 
covers analysis of bioassay data and methods of calculation.

Failure to develop the bioassay correctly will cause prob-
lems with drug approval/licensure, excessive invalids, and 
excessive out of specification (OOS).  Most of the problems 
with a bioassay can be avoided with correct development, 
qualification, validation, and control of the reference standard. 

ESSENTIAL STEPS IN DEVELOPING A BIOASSAY
Developing and validating a bioassay requires 12 essential 
steps, including determining the science that creates the 
signal that indicates biological activity and the dose response 
as well as number of doses used in the bioassay. In addition, 
one must develop a reference for relative potency as well as 
determine the method of calculation and design the bioassay 
calculator. Another step involves evaluating the robustness of 
the bioassay method while optimizing set points and limits. 
The other steps include standardizing and automating the 
bioassay, evaluating specificity and stability indicating, qual-
ifying the bioassay, validating it, and monitoring reference 
potency as well as conducting stability checks. 

Determine signal 
indicating biological activity
Every bioassay generates a signal based on the activity of the 
molecule. The signal measures the change in protein concen-

THOMAS A. LITTLE, PHD, drlittle@bioassaysciences.com, is 
president and CEO of BioAssay Sciences.

Developing an effective bioassay is crucial for determining the potency of a 
drug substance or finished drug product. This article gives an overview of 

how to avoid most problems associated with correct bioassay development.

THOMAS A. LITTLE

Analytics

mailto:drlittle@bioassaysciences.com
http://www.biopharminternational.com/


www.biopharminternational.com November 2019 BioPharm International 43

tration/dilution and biological activity. 
Each bioassay uses a specific technique 
to measure the change in activity or 
potency. It may react with the pres-
ence of another analyte in solution, 
modify cellular DNA, stimulate the 
immune response, cause florescence, 
stimulate hormonal activity, generate 
antibodies, measure toxicity, etc. The 
action of the drug generates a sig-
nal that can be measured with light, 
weight, or concentration.  

There are two different types 
of signals that can be generated by 
a bioassay, a linear dose response 
and a sigmoidal (s-shaped) dose 
response. Either approach may be 
used. Sigmoidal bioassay designs are 
preferred if there is a clear saturation 
in the dose response and there is no 
compelling reason to limit the number 
of doses. One solution does not fit 
all bioassays, however, and each bio-
assay needs to be evaluated based on 
the data at hand to ensure the right 
approach is used. This is particularly 
true for gene therapy and cell therapy 
bioassays.

Determine doses 
used in bioassay
If a sigmoidal design is used, a four- or 
five-parameter logistics (4PL or 5PL) 
curve is fit to the data. Nine doses 
are recommended to fit a 4PL model, 
three doses in the lower asymptote, 
three doses in the upper asymptote, 

and three doses in the linear range. If a 
parallel line analysis (PLA) fit is used, 
a minimum of four doses is recom-
mended within the linear range. Dose 
masking allows for the identification 
and removal of a dose at the low or 
high end of the dose curve. Three con-
secutive doses are required by guidance. 
Dose and curve fitting selection are 
among the most critical aspects of bio-
assay development.

Develop reference 
for relative potency
A reference is selected to evaluate 
potency relative to the reference. This 
helps to control for cell-line varia-
tion, sample handing, animal bio-
logical activity, reagent effects, food 
sources, media, etc. References are 
often selected from early clinical lots 
so that there is a clinical connection 
and clinical relevance associated with 
the reference. Secondary references are 
measured and created to provide an 
understanding of quality should the 
primary reference be retired or depleted. 
Calculator design should control/cor-
rect for difference in standards.

In defining bioassays and relative 
potency, the USP states (1):

“Because of the inherent variability 
in biological test systems (including 
that from animals, cells, instruments, 
reagents, and day-to-day and between-
lab), an absolute measure of potency 
is more variable than a measure of 

activity relative to a Standard. This 
has led to the adoption of the relative 
potency methodology. Assuming that 
the Standard and Test materials are 
biologically similar, statistical simi-
larity (a consequence of the Test and 
Standard similarity) should be present, 
and the Test sample can be expected 
to behave like a concentration or dilu-
tion of the Standard. Relative potency 
is a unitless measure obtained from a 
comparison of the dose-response rela-
tionships of Test and Standard drug 
preparations.”

Determine calculation method
There are two primary methods by 
which a bioassay potency and relative 
potency are calculated; 4PL with nine 
plus doses and PLA with four doses. 
In cases where animal life is a con-
sideration, PLA is preferred. In cases 
where there is no clear upper asymp-
tote, PLA is required. This is often 
the case with infectious viral vectors. 
For PLA, the doses must be carefully 
selected to stay in the linear range. 
Figure 1 shows the two methods of 
calculation.  Potency is the difference 
in the intercepts for the PLA, and 
Potency is the inflection point (50% 
change in activity) from the 4PL curve. 
Relative potency is calculated using the 
following equation, potency reference/
potency test article * 100.  The ratio 
depends on the bioassay and how the 
activity is measured.

Figure 1. Four parameter logistics (4PL) versus parallel line analysis (PLA) method of potency calculation.
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Characterize robustness, 
optimize set points and limits
USP <1033> states that a bioassay 
needs to be characterized for robust-
ness during development. Normally 
this is accomplished with a risk 
assessment (what can influence accu-
racy and repeatability) followed by 
a designed experiment with critical 
factors that may influence the bioassay. 
Normally three determinations are 
performed at the 100% target dilution 
for each experimental run. Accuracy 
and repeatability are evaluated for 
each of the run conditions, and the 
method is optimized to find the most 
stable conditions of the bioassay. A 
design space is created where the 
assay is accurate and repeatable and 
the edge of failure analysis indicates 
limits for critical reagent concentra-
tion, temperature, pH, etc.

Design bioassay calculator
Generally SAS or SAS/JMP are rec-
ommended as software for bioassay 
development and validation because 
they are the only fully programable/
customizable solutions that allow for 
all of the below items. Other canned 
bioassay software have serious restric-

tions that make them undesirable for 
bioassay computation and reporting. 
Elements of the calculator design for 
a bioassay include the following: 
• Complete a l l  data ent r y and 

quality control data for integrity
• Log10 t ransform the data as 

appropriate (dose and or response) 
for model fitting

• Identify and remove within dose 
outliers (Jackknife z)

• Fit the model (4PL or PLA)
• Identify the subset of doses to be 

used (PLA only, dose masking)
• Remove between dose (model) 

outliers (Jackknife or Studentized 
Residuals)

• Check systems suitability/positive 
control

• Check test article and reference 
validity

• Calculate potency and relative 
potency and 95% conf idence 
intervals

• If out of specif icat ion or the 
conf idence interval is too wide 
run additional n where indicated 
i n  t h e  s t a n d a r d  o p e r a t i n g 
procedures (run ru les for the 
bioassay)

• C o m b i n e  n =1  o r  m o r e  t o 
determine the reportable result 
and 95% conf idence interval or 
declare the bioassay run invalid.

Systems suitability 
and evaluating parallelism
There are several techniques for the 
evaluation of parallelism. Table I 
provides a summary of methods for 
the evaluation of parallelism. Other 
systems suitability criteria include 
the measurement of a known control, 
relative variation (%CV) of repeated 
measures, and curve depth for sig-
nal strength. Systems suitability most 
often is the EC50 of the reference 
standard (positive control).

Standardize and 
automate the bioassay
Develop the code/script for the bioas-
say. Make sure to generate all reports 
as PDFs. Extract all critical tracking 
and trending data from the bioassay 
and store all reportable information 
and results in a table form for easy 
analysis. Update the LIMS system and, 
where possible, automate all calcula-
tions and data transfer.

Table I. Evaluation of parallelism and systems suitability. 4PL is four parameter logistics. PLA is parallel line analysis. RP is 
relative potency.

Evaluation method Recommendation Limit Rational

F test/linearity test PLA only 0.05 Parallelism

Chi-square test Not Recommended Report Only Too sensitive

Upper asymptote ratio (test/
reference) Recommended for 4PL Ratio limit or equivalence test Measures relative parallelism

Lower asymptote ratio (test/
reference) Not recommended Report only Scaled by low values, not 

reliable

EC50/LD50 Reference Recommended Based on representative 
bioassay runs

Positive Control Systems 
Suitability

Slope ratio (test/reference) Not recommended Report only Not a reliable indicator of 
parallelism

Constrained-unconstrained 
RP difference Recommended <15% relative potency Measures relative parallelism

Dose test Recommended 0.05 Measures detectable signal

Curve depth ratio (test/
reference) Recommended Ratio limit or equivalence test Measures relative signal 
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Evaluate specificity
Specificity is normally evaluated as a 
part of bioassay development or val-
idation. There are two different ways 
of showing assay specificity or selectiv-
ity. The first method indicates only the 
specific protein generates a signal and 
blanks/placebos or other proteins gener-
ate no signal. The second is interference 
of other materials such as media, formu-
lation buffer, forced degradation mate-
rials. Any interference is demonstrated 
by a shift in the intercept when spiked 
in. It can also be viewed as the change 
in accuracy in the presence of interfering 
compounds.

Evaluate stability indicating
Normally as part of development 
there is a desire to show the bioassay 
is stability indicating. This is done by 
thermal, light, pH or chemical degra-
dation of the protein and measuring 
the change in potency. Normally 4 to 5 
time points is desired and a statistically 
significant linear or none linear change 
in the signal is sufficient to prove the 
bioassay is stability indicating.

Qualify the bioassay
To qualify a bioassay the following is 
recommended:
• Accuracy, five concentrations, n=6 

or more at each concentration 
• Repeatability, five concentrations, 

n=6 or more at each concentrations
• D i l u t i o n a l  l i n e a r i t y ,  f i v e 

concentrations exceeding the upper 

specification limit (USL) and lower 
specification limit (LSL)

• Range where the bioassay is 
accurate, repeatable, and linear

• Intermediate precision, design of 
experiment (DOE) design to isolate 
the analyst, day, and instrument 
variance components.

Validate the bioassay
To validate a bioassay, the following is 
recommended:
• Accuracy, five concentrations, n=6 

or more at each concentration 
• Repeatability, f ive concentration, 

n=6 or more at each concentrations
• D i l u t i o n a l  l i n e a r i t y ,  f i v e 

concentrations exceeding the USL 
and LSL

• Range where the bioassay is 
accurate, repeatable, and linear

• Intermediate precision, DOE 
design to isolate the ana lyst, 
day, and instrument var iance 
components

• Robus t ne s s ,  s e t  point ,  a nd 
operational range

• Stability indicating, signif icant 
change in signal under degraded 
conditions.

Monitor/control reference 
potency and check stability
It is critical to monitor the performance 
of the bioassay over time. The uncon-
strained EC50 standard is generally con-
sidered the best measure of the stability 
and consistency of the assay. To detect if 
assay drift is a method issue or standard 

issue a comparison to the unconstrained 
EC50 should be made. If both the refer-
ence and the test are drifting, it is change 
in the assay over time but no impact to 
relative potency. If the test is stable and 
the reference is trending, it will impact 
relative potency and should be corrected 
or a new reference selected.

CONCLUSION
Bioassays are powerful tests of relative 
potency and biological activity but need 
care in the design of the assay and the 
analysis to make sure they are a reli-
able indication of the change in potency. 
Validation of the assay will demonstrate 
the accuracy, repeatability, and linearity 
of the assay and its fit for use in the 
measurement of relative potency. Care in 
the selection of the dose response, outlier 
detection and removal, masking, trans-
formation, and weighting will make the 
assay more stable and repeatable. 
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A Diverse Landscape of Patent Issues 
Seen in the US, UK, and the EU 

Legal experts in biopharmaceutical patent law 
shed light on trends and recent news.

AGNES SHANLEY

T he past year has seen some changes in the overall global 
business environment, with specific issues coming up 
in Germany and the United Kingdom, where questions 

posed by Brexit continue to dominate industry concerns. 
New developments were seen in the area of biosimilars in the 
United States, the UK, and the Netherlands. Sharing insights 
into biopharma patent protection challenges on both sides 
of the Atlantic are Kevin Noonan, partner with McDonnell 
Boehnen Hulbert & Berghoff LLP (MBHB), based in the 
United States; Daniel Rooke, partner with Start Codon in 
the United Kingdom; and Mathew Royle and Paul England, 
both partners with Taylor Wessing LLP.

OVERALL LANDSCAPE
BioPharm: How does the global IP protection landscape 
differ in the European Union and the UK vs. the US?

Rooke (Start Codon): In Europe, there remains some 
uncertainty about the Unified Patent Court and Unitary 
Patent package established by the EU. A constitutional 
challenge in Germany has prevented its ratification. Brexit 
also throws into doubt the UK’s participation in this system.

England (Taylor Wessing): Increasing patent lit-
igation is being seen concerning biosimilar versions of 
biological products, particularly monoclonal antibody 
treatments. The complexity and value of these drugs has 
led to a renewed focus on multiple patenting, in particu-
lar the use of serial divisional applications in Europe. 

These applications can have a potentially chilling 
effect on launch decisions, because biosimilar entrants 
cannot clear the way of patent applications by revoking 
them in the conventional way.  This has led to the devel-
opment of the Arrow Declaration in the UK and the 
Netherlands, which effectively gives immunity to a prod-
uct by implying that any patent it is alleged to infringe 
is invalid. The major difference between the patent land-
scape in Europe and the US is patent linkage. In the EU, 
the market approval of a generic or biosimilar drug is not 
dependent on the patent status of its branded equivalent. 
Consequently, generic and biosimilar companies are able 
to launch ‘at risk,’ although it is more common, partic-
ularly in the UK, to seek to clear the way of patents by 
revocation actions in the national court.  
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In the US, such linkage exists—albeit 
in a different form for generic drugs 
(Hatch-Waxman) and biosimilars (i.e., 
the patent dance under the Biologics 
Price Competition and Innovation Act 
[BPCIA]). Until fairly recently, the abil-
ity to challenge the validity of a patent 
post-grant in the European patent office 
further distinguished Europe from the 
US. This changed with the introduction 
of the Patent Trial and Appeal Board 
system in the US, which has now seen 
some 10,000 petitions.

SUPPLEMENTARY 
PROTECTION CERTIFICATES
Royle (Taylor Wessing): A pressing 
issue in Europe at present is the need to 
clarify exactly what form of pharmaceu-
tical product may be protected by a sup-
plementary protection certificate (SPC). 
It has been a while since the Court of 
Justice of the European Union (CJEU) 
ruled that SPC protection extends to 
secondary medical uses, but the impli-
cations of that ruling have yet to be 
fully resolved. In addition, a resolution 
to Brexit is needed for companies and 
patients to have greater certainty about 
future drug regulation and supply.

Noonan (MBHB): The global land-
scape is very diverse. In the US, the pri-
mary vehicle for IP-related litigation 
has been abbreviated new drug applica-
tion (ANDA) litigation between brand 
and generic actors. There is no ‘trend’ 
regarding how well drug patents stand 
up, although there is a selection effect to 
the extent that patents perceived to be 
‘weaker’ (especially for follow-on formu-
lations) may be preferentially both chal-
lenged and invalidated. How Orange 
Book-listed patents fare in litigation is 
very fact- and circumstance-specific.

Biosimilar litigation has taken a dif-
ferent path than many had assumed it 
would in view of the explicit pre-lit-
igation procedures specified in the 
BPCIA (i.e., the patent dance). With 
the Supreme Court interpreting disclo-
sure provisions to be optional, biosimilar 
applicants and reference product spon-
sors have engaged in a variety of strate-

gies. One confounding factor, however, 
is the fact that most biosimilars have 
been produced against biologic drugs 
that were approved so long ago that they 
are outside the protection of expired 
product patents, so most of the litigation 
has been over process patents for drug 
production. 

BioPharm: Will FDA guidance on 
biosimilars have any impact?

Roy le  ( Tay lo r  Wes s i ng ) : 
Guidance on the studies needed to 
demonstrate an interchangeable bio-
logic will allow manufacturers to design 
appropriate studies. The limits on cit-
izens petitions will makes it more 
difficult for brands to interfere with 
approvals. This mirrors the approach 
in Europe, where competition from 
biosimilars is encouraged. In Europe, 
however, there is no category of ‘inter-
changeable biosimilar,’ and prescription 
decisions are made nationally. 

Noonan (MBHB): The FDA has 
worked carefully and deliberately in 
providing guidances on these and other 
matters, and appropriately in view of the 
risks entailed in making biosimilars. One 
decision that has facilitated biosimilar 
development is that results obtained in 
Europe have been accepted by FDA in 
making its approval decisions. This trend 
can be expected to continue, with guid-
ances becoming more consistent with 
the agency’s experience with considering 
biosimilars for approval. A final guidance 
on interchangeability will be important 
because, while the exclusivity rewards are 
high (particularly for ‘older’ drugs that are 
outside the 12-year statutory exclusiv-
ity term), the costs of establishing inter-
changeability are also high. Biosimilar 
applicants pursuing interchangeabil-
ity will need some degree of certainty 
regarding what the agency expects in 
order to grant interchangeability status.

PATENT ISSUES WITH  
CELL AND GENE THERAPIES
BioPharm: What issues now surround 
the patenting of gene and cell therapies?

England (Taylor Wessing): 
Medical science is developing in the 

direction of identifying biomarkers for 
diseases and treating them at the genetic, 
rather than symptomatic, level. As a result: 

• Patenting strategies for products 
will become more complex in order 
to address the number and type of 
patient groups for which a product 
is designed. 

• As products are developed for 
smaller patient groups, treatment 
costs will rise as companies seek to 
recover R&D costs from a smaller 
consumer base. This is already 
causing a problem in the UK, where 
many medicines are reimbursed 
from the public purse. 

Noonan (MBHB): Because comple-
mentary DNA (cDNA) remains pat-
ent-eligible, the physical form most used 
by the industry is not subject to challenge. 
Cell therapies are usually based on altered 
or genetically engineered cells, and the 
Federal Circuit’s decision on Myriad’s 
claim 20 is generally used to protect these 
embodiments. There will almost always 
be a ‘hand of man’ that has changed these 
cells (analogous to cDNA) and thus there 
is a path for patent protection for them.

COMBINATION THERAPIES 
BioPharm: What trends are being seen 
with combination therapies?

Royle (Taylor Wessing): Drug/
device manufacturers suffered a disap-
pointment in late 2017 with a CJEU 
decision on Boston Scientific’s SPC 
application for a paclitaxel-coated stent. 
Here, the court ruled that a prior autho-
rization procedure for a device incor-
porating as an integral part a substance, 
under the Medical Devices Directive, 
cannot be treated in the same way as 
a marketing authorization procedure 
for that substance under the Medicinal 
Products Directive. As a result, the pacli-
taxel-coated stent could not be protected 
based on the CE mark. 

As EU SPC law stands, therefore, 
SPC protection based on the CE mark 
for a device is not possible in the EU. So 
far, there have not been any proposals 
made that would help remedy this gap in 
SPC protection. ◆
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What’s New in Manufacturing: 
Downstream Technologies 

The latest advances in downstream technologies include stainless-
steel liquid chromatography columns, sensing and control units for 
hygienic valves, a wettable phase for separation and purification, 

a buffer delivery platform, and a new filter integrity tester. 

LAUREN LAVELLE

A dvancements in downstream technologies are 
imperative to improving the reliability and capacity 
of biomanufacturing. The following products 

promise to aid the bioprocessing industry. 

STAINLESS STEEL LIQUID 
CHROMATOGRAPHY COLUMN
DAC Ergo by Asahi Kasei Bioprocess (AKB) is a liquid 
chromatography (LC) column that allows stainless-steel 
dynamic axial compression LC columns to be unpacked, 
disassembled, and reassembled by a single operator using 
a hydraulic system in collaboration with a bottom plate-
fastening approach (1).

Unlike smaller particle chromatography devices, which are 
unpacked manually by removing the bottom plate from the 
depressurized column, the new device uses a quick-release 
bottom plate-fastening design and a hydraulic column lift 
driven by a handheld control pendant. The plate is then 
fastened to the bottom of the column tube using I-bars 

instead of traditional threaded bolts and, once the column 
is correctly positioned, the bars can be disengaged by hand 
without tools. 

 “DAC Ergo allows a single operator to disassemble the 
column bottom plate and unpack the column in less than 
30 minutes, while the performance of the column and its 
flow distribution remain first-rate,” said Chris Nordhoff, 
president of AKB America and head of AKB’s Fluid 
Management business unit, in a press release. “Through 
both operator safety and labor savings perspectives, this 
new feature aligns strongly with our division slogan of 
‘Pioneering Biologics Safety and Manufacturing Efficiency’.”

The columns are available in diameters between 60 cm 
and 120 cm with pressure ratings up to 35 bar. 

UPDATED SENSING AND CONTROL UNIT FOR 
HYGIENIC VALVES
Alfa Laval introduced an updated version of its valve 
sensing and control unit for hygienic valves, the Alfa 

Downstream Processing
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Laval ThinkTop. The new additions, 
the Alfa Laval ThinkTop V50 and 
V70, are the second generation of the 
device and now include the latest 
advances in technology, according to 
the company (2). 

The new devices  are chosen 
based on the number of solenoid 
valves required and can cover all 
valve requirements. The V50 comes 
equipped with butterfly, single-seat, 
and double-seal valves, while the V70 
comes with the same features as the 
V50 plus a double-seat and special 
valves. 

The redesigned valve sensing and 
control units also include a 360° LED 
visual status indication, a repositioned 
Gore Vent, an auto-setup feature for 
simplified commissioning, a compact 
industrial exterior suitable for tight 
installations, burst seat cleaning, and 
a QR code for access to support 
materials and direct support. 

“We have listened carefully to 
what customers want f rom a valve 
sensing and control unit,” said René 
Stietz, Product Management Valves 
& Automation, Hygienic F luid 
Handling, Alfa Laval, in a press 
release. “The changes we’ve made to 
the ThinkTop are highly responsive to 
customer needs and therefore highly 
relevant—for instance, faster and more 
intuitive setup without compromising 
durability and reliability.”

WETTABLE PHASE FOR 
SEPARATION AND 
PURIFICATION 
Kromasil unveiled a new wettable 
phase engineered for the separation 
and purification of biomolecules, 
i m p u r i t y  r e m o v a l , a n d  A P I 
manufac tu r ing  under  aqueous 
conditions. The phase works in 
conjunction with the Kromasil 100 
Å C18(w), which permits selectivity 
and resolution opportunities to isolate 
impurities and cultivate samples with 
amino acids and peptides (3). 

The phase is end-capped and 
allows for sample loading and a 100% 

aqueous run start. Along with this, 
the Kromasil 100 Å C18(w) comes 
with 10 µm particles as bulk and 
packed columns from 4.6 mm to 21.2 
mm inner diameter.

BUFFER DELIVERY PLATFORM 
The BioContinuum Buffer Delivery 
Platform from Millipore Sigma is a 
new element in the BioContinuum 
P l a t f o r m f o r  nex t -gene r a t i on 
bioprocessing, which includes the 
company’s “contiGuous” bioprocessing 
(4).

The delivery platform is comprised 
of a selection of distinct buffer 
concentrates, Mobius Select single-
use assemblies, and an automated 
buffer dilution system with tailored 
system services. It also produces 
process buffers with less resources 

and facility space, which provides a 
streamlined buffer suite and an easier 
manufacturing process. 

Using the contiGuous processing 
element, the platform will handle the 
materials, production, testing, and 
analytics elements of the processing 
techniques. 

“Mil l iporeSigma’s  vis ion goes 
beyond continuous manufacturing 
a n d  w i l l  d e l i v e r  c on t i G u o u s 
b i o p r o c e s s i n g — a  s e a m l e s s 
confluence of digital and intensified 
bioprocessing building blocks,” said 
Andrew Bulpin, head of Process 
Solutions at MilliporeSigma, in a 
press release. “Our BioContinuum 
Buffer  Del iver y  P lat form is  a 
perfect example of the high degree 
of connectivity that contiGuous 
biomanufacturing can achieve.”

NEW FILTER  
INTEGRITY TESTER
Sartorius Stedim Biotech announced 
the launch of the new Sartocheck 5 
Plus to its current line of Sartocheck 
integrity testers (5). The new device 
improves the detectability of operator 
errors, improper test set-ups, and 
out-of-tolerance environmental 
conditions. Advanced functions ensure 
data integrity and compliance with 
future requirements of quality risk 
management, such as the upcoming 
Annex 1 of the European Medicines 
Agency. 

Compared to other filter testers 
with l imited flow measurement 
capabilities, the Sartocheck 5 Plus 
covers a range of integrity testing from 
small syringe filters up to large, multi-
round housings and crossflow cassettes, 
with diffusion rates of up to thousands 
of milliliters per minute. An automatic 
test-time feature for diffusion and 
water intrusion, along with accelerated 
bubble point testing, reduces overall 
test time, and parallel bubble-point 
testing enables up to 10 small filters 
to be checked with one filter tester. 
A 12-inch screen has an ergonomic 
interface, easy-to-clean design, and 
inherent virus protection. 
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The Latest in the Laboratory
The following details some of the latest tools and systems 

available for biopharmaceutical laboratory operations.

THE EDITORS OF BIOPHARM INTERNATIONAL

A s research for immunology therapies and regenera-
tive medicines advance, new instruments have been 
introduced to equip life-science research laborato-

ries with needed tools.

ANALYTICAL PRODUCTS AND SERVICES
Agilent’s InfinityLab LC/MSD iQ System for chemists 
and chromatographers in the company’s liquid chroma-
tography–mass spectrometry (LC/MS) portfolio features 
incorporated instrument health monitoring and is designed 
to sit beneath a stack of Agilent ’s InfinityLab HPLC 
instruments, saving lab space (1).

Embedded sensors gather data that allow for assessment 
of the system’s readiness, status, and configuration, and a 
system suitability check uses a test mixture that allows for 
an evaluation of the entire LC–MS system before data are 
collected. The instrument also has an early maintenance 
feedback feature for planned routine maintenance. The sys-
tem can accommodate changing lab space and layouts and 
can be serviced without dismantling the stack. 

“Chromatography labs can now eliminate complexity, 
increase productivity, and gain certainty with Agilent’s 
new LC/MS which delivers an additional level of detail, 
ease-of-use, in a space-saving design, and with intelligence 

built-in,” said Monty Benefiel, vice-president, and general 
manager of Agilent’s Mass Spectrometry Division, in a 
press release. “The InfinityLab LC/MSD iQ System is the 
simplest and quickest path to robust, reliable, and routine 
mass-based detection.”

In September 2019, Gyros Protein Technologies AB, 
a provider of automated nanoliter-scale immunoassays, 
peptide synthesizers, and reagents, introduced Gyrolab 
p24 Kit for lentivirus titer determination in lentivirus vec-
tor manufacturing (2). The kit produces results 24-times 
faster than enzyme-linked immunosorbent assay (ELISA), 
according to the company, which can accelerate lentivirus 
bioprocess workflows. Data may be generated from small 
sample volumes and require 10-times less sample compared 
with ELISA. Minimal matrix interference reduces dilution, 
which increases sensitivity and accuracy. 

“We’re excited to introduce the Gyrolab p24 Kit to our 
growing portfolio of ready-to-use kits, which are rapidly 
being adopted by researchers for the automated analysis 
of bioprocess samples. Our customers in the cell and gene 
therapy market value the workflow efficiency enabled by 
Gyrolab solutions, and we look forward to further sup-
porting their efforts to develop the breakthrough therapies 
they are producing,” said Dan Calvo, CEO and presi-

Operations
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dent, Gyros Protein Technologies, in 
a press release.

Shimadzu Scientific Instruments’ 
(SSI) Micro-ESI 9030 interface, 
launched in August 2019, is com-
patible with the Nexera Mikros 
Microflow LCMS and enables micro 
flowrate analysis with the LCMS-
9030 quadrupole t ime-of-f l ight 
(Q-TOF) system with shorter anal-
ysis times (3). The Micro-ESI 9030 
detects components by optimizing 
the ESI probe position in relation 
to the sample injection port for low 
flow rates, maintaining microflow 
chromatography throughout the ion 
introduction process to the mass 
spectrometer. The interface allows for 
the removal of excess solvent, mini-
mizes background noise, and enables 
stable analyses by using an optimized 
probe angle. Spray position and status 
can be checked by a high-resolution 
camera. 

Cygnus Technologies, a Maravai 
LifeSciences Company, expanded 
its host cell protein (HCP) analy-
sis services in June 2019 (4). New 
services include identifying and 
quantifying HCP impurities in bio-
pharmaceuticals and vaccines that can 
impact product efficacy and stability. 
According to the company, regula-
tors are requiring that companies use 
advanced methods to quantify and 
characterize HCPs. 

Cygnus stated in a press release 
that its proprietary antibody affinity 
extraction (AAE) sample preparation 
method can be combined with mass 
spectrometry (MS) for this type of 
analysis. AAE, according to the com-
pany, enriches the HCPs up to 240 
times so that low-abundance HCPs 
can be detected with MS.

“Many of our biopharma customers 
are already outsourcing the detec-
tion and sample prep (AAE) steps to 
us,” explained Ken Hoffman, founder 
and president of Cygnus, in the press 
release. “With the regulatory push for 
much more information on the HCPs 
present, even more customers are 

looking to outsource. Many do not 
have expensive mass spectrometers in 
their labs or mass spec teams on staff 
to handle these specialized analyses.”

CELL CULTURE
myMATRIX MSC by denovoMA-
TRIX, a German company that 
develops and manufactures biomi-
metic coatings for cultivating human 
stem cells, enhances the expansion 
process for human mesenchymal stem 
cells (hMSC) by promoting adhesion, 
proliferation, and high viability of 
hMSC (5). The novel surface of the 
product supports long-term expan-
sion of hMSCs over 10 passages and 
more than 25 population doublings, 
the company reports. Furthermore, 
myMATRIX MSC enables expansion 
of hMSC in both serum-f ree and 
xeno-free media conditions.

A major challenge of hMSC-based 
therapy is the large-scale expansion of 
cells in order to achieve the cell num-
bers necessary for therapeutic treat-
ment. Currently, bovine-derived fetal 
calf serum and human plasma-de-
rived fibronectin are commonly used 
in hMSC culture, denovoMATRIX 
reports. 

These biological extracts frequently 
reduce experimental reproducibil-
ity and present a liability for hMSC 
manufacturers. To increase lot-to-lot 
consistency and eliminate the risk of 
transmission of xenogenic infectious 
agents, defined cell culture conditions, 
including media and extracellular 
matrix mimetic coatings, are essential, 
according to the company.

Corning Incorporated launched 
its Corning MicroDEN automated 
perfusion cell culture system in 
October 2019 (6). The system pro-
vides streamlined process for differ-
entiation of monocytes into dendritic 
cells by minimizing the manual steps, 
according to the company, which 
leads to reduced risk of contamina-
tion and more consistent yields.  

The Corning MicroDEN system 
is jointly branded with Flaskworks 

and will be marketed, sold, and sup-
ported globally by Corning. The sys-
tem includes the MicroDEN unit, 
manufactured by Flaskworks, and 
closed-system consumables (e.g., tis-
sue culture-treated polystyrene flasks, 
storage bottles, and tubing) manufac-
tured by Corning. 

“MicroDEN leverages Corning’s 
strength in cell culture technology 
and is a strong strategic fit, address-
ing key emerging needs in cell ther-
apy research and development,” said 
Keith Olson, vice-president, business 
operations and technology, Corning 
Life Sciences, in a press release. 
“Using MicroDEN for dendritic cell 
production provides a streamlined 
approach differentiated from the cur-
rent manual processes, saving time for 
our customers.”
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NEW PRE-PACKED 
CHROMATOGRAPHY COLUMNS
EconoFit Columns are disposable, ready-
to-use, prepacked chromatographic 
columns supplied in convenient 1 and 5 
mL sizes. They can be quickly connected 

to liquid chromatography systems using 10—32 fittings. The expanded 
range of columns are available for a variety of chromatographic techniques, 
including desalting (size exclusion [SEC]), ion exchange (IEX), affinity (AC), 
mixed-mode, and hydrophobic interaction chromatography (HIC). 
Bio-Rad, www.bio-rad.com/ResinsandColumns.com

AMBR® 15 CELL CULTURE 
GENERATION 2
ambr® 15 cell culture from Sartorius Stedim 
Biotech is a high throughput, automated 
bioreactor system for 24 or 48 parallel 
cultivations at the 10–15 mL microbioreactor 
scale. Offering new functionality, a high level 

of flexibility and improved performance the Generation 2 system is ideally suited 
for applications including: clone selection, media and feed development, early 
stage process optimization, and screening under perfusion mimic conditions.

Sartorius Stedim Biotech, www.sartorius.com

ONEBIOSM SUITE: INTEGRATED 
BIOLOGICS DEVELOPMENT 
AND SUPPLY

Catalent’s new OneBioSM Suite is a single solution for the integrated 
development, manufacturing, and clinical supply of biologic drugs to 
address the challenges facing companies looking for faster, simpler 
development. Offering speed, simplicity, and a reduced risk of product issues, 
OneBio Suite combines streamlined documentation, parallel processing, 
and improved, integrated planning to accelerate programs towards clinical 
and commercial lanch. Catalent, 14 Schoolhouse Road Somerset, NJ 08873 
USA, Tel. +1.888.765.8846, solutions@catalent.com, www.catalent.com 

OSMOTECH® PRO MULTI-SAMPLE MICRO-OSMOMETER
The OsmoTECH PRO Multi-Sample Micro-Osmometer from 
Advanced Instruments tests osmolality–an essential parameter 
for process control and QC.  Designed to meet these testing 
pharmacopeia guidelines, OsmoTECH PRO utilizes freezing point 
depression–the gold standard method for testing osmolality. 

Designed for user-friendliness, OsmoTECH PRO has an intuitive touchscreen 
interface, a 20-position turntable (that requires only a small sample of 30μL), 
and arrives factory-calibrated so your lab can start testing quickly. Built with 
the most data-management and security features of any osmometer currently 
on the market, the OsmoTECH PRO also helps support 21 CFR Part 11 and EU 
Annex 11 compliance. Advanced Instruments, www.aicompanies.com

PRODUCT SPOTLIGHT

Zippered Lab Coat
Kimberly-Clark Professional introduced the 
Kimtech A8 Zippered Lab Coat for liquid and 
particle protection for ISO 7 and 8 or higher 
cleanroom environments. 

In response to customer requests 
for a more secure closure, the company 
equipped the new lab coat with a nylon 
zipper and no-pocket design, rather than 
the typical snap design, which runs the 
risk of contamination to people and 
processes because of gaps between 
the closures and the possibility of the 
snaps falling off, according to a company press release. 

The lab coat is available in sizes small to 6XL with anti-static 
three-layer spunbond meltblown spunbond fabric, a mandarin 
collar for added protection, and soft knit cuffs. It can also be 
recycled through The RightCycle Program, a recycling program 
for non-hazardous lab, cleanroom, and industrial waste.

Kimberly-Clark Professional 
www.kimberly-clark.com/en/

KUBio Box for Viral Vectors

GE Healthcare Life Sciences launched the new KUBio box for the 
production of viral vector-based gene therapies. The device is the 
most recent addition the company’s KUBio modular bioprocessing 
portfolio. 

Designed to fit into new facilities and retrofitted existing spaces, 
the new device supports up to 200-L scale manufacturing, comes 
equipped with a biosafety level 2 (BSL-2) modular bioprocessing 
environment, and features a FlexFactory single-use biomanufacturing 
platform specifically for the production of viral vectors.

The design also supports future expansion at different production 
scales and product technologies. 

GE Healthcare Life Sciences 
www.gehealthcare.com

https://www.kimberly-clark.com/en/
http://www.biopharminternational.com/
www.gehealthcare.com
https://www.bio-rad.com/ResinsandColumns.com
www.catalent.com
www.catalent.com
www.sartorius.com
www.aicompanies.com
mailto:solutions@catalent.com
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reviewer has to do. In theory, yes; 
but in practice this is often not the 
case. Therefore, companies typi-
cally apply one of two approaches: 
either define the controlled docu-
ments review and approval respon-
sibilities in a document (e.g., the 
SOP for SOPs) or add the meaning 
to each signature in the signature 
list.

Table I is an example of such a 
review responsibilities matrix.

If we apply this to the cleaning 
SOP example, we would expect:
•  The operators to check if the 

instructions can actually be 
performed (technical feasibil-
ity)

•  Managers in manufacturing to 
check the functional correct-
ness of the cleaning procedures 

(e.g., cross-reference cleaning 
validation reports) and to ver-
ify that the instructions are 
clear and logical

•  The validation team to verify 
that the cleaning procedures 
are in concurrence with previ-
ously executed cleaning valida-
tions

•  The quality unit to ensure 
that the document uses the 
correct template and format, 
that the procedure meets regu-
latory requirements, and that 
any related change controls or 
audit/inspection commitments 
have been met

•  The regulatory affairs depart-
ment to confirm that the proce-
dure is in concurrence with the 
manufacturing licenses

•  The health and safety execu-
tive to check that all required 

safety precautions are applied, 
for example, where flammable 
or corrosive solvents are used.

In summary, it is good industry 
practice to clarify the precise remit 
for each of the reviewers of a con-
trolled document, rather than just 
apply the general term of ‘reviewer.’ 
This does not have to be as difficult 
as the example herein. 

And finally: are you still sure you 
need up to 10 reviewers?

REFERENCES
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Ask the Expert

Ask the Expert — Contin. from 
page 54 

Table I: Example review responsibilities matrix.

User/operator Functional manager Quality unit Regulatory affairs Health and safety

-Technical review - Functional correctness 
review

- Quality of information/ 
text review

- Compliance with  
the regulations review

- Compliance with  the 
quality system  review
-Format/layout review

- Compliance with the 
marketing authorization 

review

- Compliance with 
applicable regulations 

and company rules
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Siegfried Schmitt, PhD, 
vice-president, technical, 

Parexel Consulting

Q: In a recent audit, we were asked about 
the meaning of the signatures on our 

controlled documents. Our reply was that it 
clearly states that the signatories are either 
authors, reviewers, or approvers. The auditor 
considered our response insufficient, point-
ing out that we often have up to 10 reviewers. 
Though the names and titles of these are given, 
their review responsibilities are not defined 
or described. We are unclear how to make the 
meaning of the signatures more precise.

A: The regulations do not provide much 
detail with regards to your question. 

For example, the European Union guidelines 
(1) require, “Documents containing instruc-
tions should be approved, signed, and dated 
by appropriate and authorised persons.” The 
US regulations are a little bit more specific in 
21 Code of Federal Regulations (CFR) Part 11 (2) 
regarding the signing of electronic records 
and state, “This information must include 
the printed name of the signer, the date and 
time when the signature was executed, and 
the meaning [emphasis added] (such as review, 
approval, responsibility, and authorship) associ-
ated with the signature.”

The question is whether the meaning of the 
signatures in your documents is clear enough 
and unambiguous. Let us look at an example, 
such as a cleaning standard operating proce-
dure (SOP) for manufacturing equipment. An 
author, most likely a member of the operations 
team, prepares the document. There will be 
several reviewers, possibly including manufac-
turing, engineering, validation, quality unit, 
regulatory affairs, and health and safety. These 
reviewers will each have a different perspective 
from which they perform their review.

The question is whether the 
meaning of the signatures 
in your documents is clear 
enough and unambiguous.

One could argue that the role and the associ-
ated job description define sufficiently what a 

It is good industry practice to clarify the precise remit for 
each of the reviewers of a controlled document, says Siegfried 
Schmitt, PhD, vice-president, technical, Parexel Consulting.

Signatures–What’s in a Name?

More on data integrity and quality control

Data integrity, standard operating procedures, 
and document control are important quality 
control issues. For more on these topics, visit 
BioPharmInternational.com to read the following:
• Using Software in Process Validation 

www.BioPharmInternational.com/
using-software-process-validation

• ALCOA+ and Data Integrity 
www.BioPharmInternational.com/
alcoa-and-data-integrity-0

• Data Integrity Violations  
Draw Strong FDA Rebukes 
www.BioPharmInternational.com/
data-integrity-violations-draw-
strong-fda-rebukes-0

• Data Integrity Violations  
Found at China Facility 
www.BioPharmInternational.com/data-
integrity-violations-found-china-facility

Contin. on page 53 

www.BioPharmInternational.com/using-software-process-validation
http://www.biopharminternational.com/
www.BioPharmInternational.com/alcoa-and-data-integrity-0
www.BioPharmInternational.com/data-integrity-violations-draw-strong-fda-rebukes-0
www.BioPharmInternational.com/data-integrity-violations-found-china-facility
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Whether it’s a vaccine, a recombinant protein or gene therapy, 
Avantor® can help accelerate treatments from discovery to 
delivery, combining our unique workflow expertise with 
advanced biologic products engineered to satisfy the highest 
quality standards and regulatory requirements.

We help enable breakthroughs in life-changing biologics.

avantorsciences.com/moves-biopharma-forward

Whether it’s a vaccine, a recombinant protein or gene therapy, 
Avantor® can help accelerate treatments from discovery to 
delivery, combining our unique workflow expertise with 
advanced biologic products engineered to satisfy the highest 
quality standards and regulatory requirements.

We help enable breakthroughs in life-changing biologics.

avantorsciences.com/moves-biopharma-forward

avac8930-1CorpRepo-BioPharmaFP-A14.indd   1 10/4/19   2:48 PM

https://www.avantorsciences.com/en/moves-biopharma-forward.html
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Biologics | Biosimilars |  Gene Therapy | Oncolytic Virus | Next Gen Vaccines

Your one integrated 
biologics partner.

For Biologics and Gene Therapy, we have the passion to help you 
accelerate, simplify and de-risk from development and biomanufacturing, 

to fill/finish, analytical, clinical supply and commercial launch

antibodies & 80+ 
recombinant  
proteins developed

clinical trials 
supplied

5000+
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clinical trials using 
gpex® cell lines

120+

gene therapy 
programs

commercially 
approved products 
through fill/finish

25+

40+

marketed products 
using gpex® technology

12

Integrated Biologics_BioPharma.indd   1 10/29/19   4:58 PM
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