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Our global team of experts is here to help, with on-site and virtual seminars designed to meet your 
unique needs. Seminar topics include:

And more...

SUPPORTING YOUR PURIFICATION DEVELOPMENT

Request your customized seminar today. 
Learn more at bio-rad.com/seminar.

BIO-RAD is a trademark of of Bio-Rad Laboratories, Inc. Nuvia aPrime 4A Resin is covered  
by U.S. Patent Number 9,669,402 and foreign counterparts. All trademarks used herein  
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Simple Method Development*  
mAb purification using Nuvia aPrime 4A Resin.

	■ Mixed-mode chromatography
	■ Ion exchange chromatography
	■ Hydrophobic interaction chromatography
	■ Affinity chromatography
	■ Size exclusion chromatography
	■ Monoclonal antibodies (mAbs)

	■ Viruses/virus-like particles
	■ Vaccines
	■ Gene therapy
	■ Method development
	■ Column packing assistance
	■ Regulatory support

* Bulletin 7193.

Excellent clearance of impurities. Binding buffer pH and NaCl affect 
monomer content in flow-through fractions to yield good clearance.
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High recovery. Binding buffer pH and NaCl yield high monomer 
recovery in a flow-through fraction.
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Learn more about the use of our resins in your purification development through your customized seminar.
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Misleading 
messages 

contribute to 
eroding trust in 

public health 
agencies. 

Rita Peters is  
the editorial director of  
BioPharm International.

The (Dis)Information Pandemic

P   eople often embrace information sources that align with their personal beliefs and reject 
opposing viewpoints that they do not want to hear. If they don’t like the message, they 
find another messenger that tells them what they want to hear. When the source of the 

information is not subject to fact-checking or ethical standards, inaccurate information, disin-
formation, and outright conspiracy theories replace science-based expert insight and facts. 

Disinformation from many different—and sometimes unknown sources—is contributing to a 
growing credibility problem for institutions normally entrusted with public health decisions. At 
the same time, actions by some of those institutions, including the Centers for Disease Control 
(CDC), FDA, and biopharma companies, may be lowering public trust in vital health matters.  

Missteps, such as the September 2020 release, then retraction by the US CDC of a guidance 
on airborne transmission of the virus (1), undermine confidence in the very institutions that 
should be the “gold standard” for health information. 

The credibility of pharmaceutical development, public health authorities, and FDA are in 
question, as illustrated in a survey by the Kaiser Family Foundation (KFF) (2). A majority of 
people (62%) surveyed from Aug. 28–Sept. 3, 2020 said they are concerned that pressure from 
the Trump Administration will cause FDA to rush approval of a vaccine without ensuring it is 
safe and effective. About 40% said FDA and CDC are paying too much attention to politics 
when reviewing and approving treatments or issuing guidelines and recommendations.

Despite the volume of information that has been published by credible sources, the KFF 
survey found that nearly half of the respondents held at least one misconception about six coro-
navirus-related facts about the existence of a cure or vaccine, the effectiveness of hydroxychloro-
quine, whether children can transmit the virus, and the wearing of face masks. 

WHO CAN YOU TRUST?
When KFF conducted the survey in April 2020, 83% of respondents said they had a “fair 
amount” or “great deal” of trust in the CDC; in the latest study, that number dropped to 67%, 
with declines among voters across the political spectrum. Trust in Anthony Fauci, director of 
the National Institute of Allergy and Infectious Diseases and the leading government figure 
on pandemic response, declined;  78% of respondents in the April poll said they had a “fair 
amount” or “great deal” of trust in Fauci compared with only 68% in the September poll. 

In an open letter issue in early September 2020, leaders of the Biotechnology Innovation 
Organization urged biopharmaceutical companies to ensure the “integrity, transparency, and 
objective assessment” of clinical data when seeking drug and vaccine approvals. Top execu-
tives of nine companies developing COVID-19 vaccines promised to adhere to the scientific 
process and regulatory guidelines and prioritize patient safety (3). And, career FDA leaders 
maintained that the agency is committed to science, while acknowledging it operates in a 
political environment (4).

The COVID-19 pandemic has been a new, unnerving experience for society. Scientific 
and medical communities scrambled to research, react, and develop appropriate medical 
responses. The lack of a coordinated, authoritative message about best practices to control the 
virus spread has fueled more than infections; it has sown distrust that will undermine further 
response and recovery. 

REFERENCES
1.   M. Mishra, “US CDC Takes Down Coronavirus Airborne Transmission Guidance,”  

www.reuters.com, Sept. 21, 2020.
2.   H. Hamel, et. al., “KFF Health Tracking Poll–September 2020: Top Issues in 2020 Election, 

The Role of Misinformation, and Views on A Potential Coronavirus Vaccine,” www.kff.org, 
Sept. 10, 2020.

3.   J. Wechsler, “FDA’s “Gold Standard” Critical for Biopharma R&D,” 
 www.biopharminternational.com, Sept. 8, 2020.

4.   BioPharm International, “Career FDA Leaders Say Science Is Agency’s Guide,” www.

biopharminternational.com, Sept. 11, 2020. ◆
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F  or decades, FDA officials have encouraged 
industry adoption of advanced manufac-
turing methods to ensure product quality 

and avoid drug shortages. The goal is to shift away 
from outdated batch manufacturing systems that 
increase the risk of production problems and raise 
costs by offering reduced regulatory oversight to 
firms able to document high-quality manufactur-
ing processes and reduced product defects and reg-
ulatory snafus. However, pharma companies have 
remained leery of required reporting of perfor-
mance measures for fear of revealing proprietary 
information and damaging reports, even resisting 
the agency’s more recent proposal for voluntary 
submission of information that would support 
rankings of firms based on quality culture and tar-
get achievements. 

Now this initiative may gain impetus from 
operational and supply issues created by the 
COVID-19 pandemic. Curbs on international 
trade and travel have highlighted the dangers 
of relying on Chinese and other foreign manu-
facturers for supplies of APIs as well as antibiot-
ics and other vital medicines, especially as the 
halt in most on-site facility inspections further 

limited oversight of overseas suppli-
ers. FDA has moved to assess regula-
tory compliance and product quality 
through past inspection reports, prod-
uct defect and adverse event filings, 
recall information, and consumer 
complaints. The agency can evaluate 
product quality through sampling 
and testing in agency labs and also 
review social media postings citing 
drug adverse event reports or patient 
concerns about accessing a needed 
therapy. And inspection information 

from foreign regulatory authorities under exist-
ing mutual recognition agreements (MRAs) can 
supplement in-house information.

The situation has bolstered support for encour-
aging biopharma manufacturers to shift more pro-
duction to the United States. In a Sept. 10, 2020 
opinion piece on CNBC.com, FDA Commissioner 
Stephen Hahn and Deputy Commissioner Anand 
Shah proposed that investment in modern manu-
facturing technologies can increase the efficiency 
and reduce costs of medical products, while also 
reducing the regulatory burden on companies 
through real-time assessments of drug quality (1). 

This proposal follows an August posting on 
FDA’s website by Hahn and Shah that describes 
more fully how advanced manufacturing can 
relieve strain on medical product supply chains 
and ensure quality production of vital medicines 
(2). They cite a partnership between the Center 
for Drug Evaluation and Research (CDER) and the 
Biomedical Advanced Research and Development 
Authority to explore how continuous manufac-
turing techniques can improve capacity for rapid 
medical countermeasure production during emer-
gencies. And FDA is supporting the development 
of an International Council for Harmonization 
(ICH) guideline on continuous manufacturing as 
part of its Q13 proposal. 

FDA continues to devise strategies that encour-
age pharma companies to invest in modern man-
ufacturing systems, primarily through submission 
of data documenting how resulting products meet 
or exceed FDA quality standards. CDER has gone 
through several iterations of such quality metrics 
initiatives and now has stepped back to learn 
more about how firms already collect quality data 
and how they utilize this information to improve 
product performance and reliability (3). 

Jill Wechsler is 
 BioPharm International’s 

Washington editor, 
 jillwechsler7@gmail.com.

Drug shortages and supply chain challenges  
bolster FDA efforts to promote modern manufacturing.

Will COVID-19 Pandemic Finally 
Establish Drug Quality Metrics?
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Regulatory Beat

In 2019, CDER’s Office of Product 
Quality (OPQ) visited 15 manufac-
turing facilities that volunteered to 
demonstrate how they use quality 
metrics and other measures inter-
nally to promote quality production. 
Important early takeaways are that 
it can take years for a manufacturer 
to get quality metrics and quality 
programs up and running, reported 
Lucinda (Cindy) Buhse, director of 
OPQ’s Office of Quality Surveillance, 
in a presentation to the September 
regulatory conference sponsored by 
the Consumer Healthcare Products 
Association (CHPA) (4). She noted 
that quality metrics are challenging 
because companies need to establish 
consistent methods and definitions 
within a facility, among a compa-
ny’s different facilities, and between 
the company and its contractors. A 
successful program involves inte-
grating quality metrics throughout 
a company, “up to the CEO,” she 
commented, so that these measures 
become part of a firm’s strategic plan 
and include predictive analytics that 
can help a company prevent devia-
tions and production issues. 

Also at the CHPA conference, Steve 
Greer, Corporate Quality Assurance 
External Engagement Leader at 
Procter & Gamble, described the ben-
efits of participating in FDA’s site visit 
program in 2019. FDA raised ques-
tions about how P&G defines quality 
metrics, how it measures quality cul-
ture, which metrics are more predic-
tive, and which are most important 
in providing insight into the health 
of the organization, he said (4). 

One immediate need, Greer and 
Buhse emphasized, is for manu-
facturers to participate in a Dun & 
Bradstreet Quality Benchmarking 
Study funded by FDA, which aims to 
assess data from some 2000 industry 
establishments on what metrics firms 
use to assess manufacturing perfor-
mance. D&B is partnering with the 

University of St. Gallen in Switzerland 
to conduct the study with the aim of 
improving global understanding of 
which quality management practices 
are most effective (5). 

CDER also is moving ahead with 
a “feedback program” that involves 
FDA staffers analyzing and assess-
ing quality data from a manu-
facturer and then reviewing its 
findings with the firm on a confi-
dential basis. Thirteen establishments 
are submitting quality metric data 
on lot acceptance and invalidated 
out-of-specification rates, product 
quality complaints, quality culture, 
and process performance. CDER 
staffers began discussing their anal-
yses with firms in virtual meetings 
that began in May 2020 with an eye 
to completion by the end of this year. 

This information from manufac-
turers will help FDA revise and final-
ize draft guidance on quality metrics. 
Buhse noted that manufacturers have 
raised concerns about data valida-
tion, how FDA will address different 
types of companies and products, 
and how the agency will deal with 
products made at multiple sites and 
sites that produce multiple products. 

“MATURE” QUALITY STATUS
The larger vision for FDA is that the 
quality metrics program will advance 
from basic quality management sys-
tems to more mature, proactive qual-
ity management maturity (QMM) 
programs that focus on outcomes 
affecting patients. Buhse described 
QMM as a “larger umbrella” for qual-
ity metrics, involving supply chain 
management and change manage-
ment that together provide evidence 
that a firm can reliably provide a 
drug to customers. In a report on 
drug shortages in 2019, CDER makes 
the case that manufacturers able to 
demonstrate high-quality drug pro-
duction, as documented through a 
QMM system, should be able to use 

this achievement as a selling point 
with purchasers and the public that 
want to avoid shortages and quality 
problems (6). A new pilot in 2021 
may offer reduced routine moni-
toring to firms and facilities that 
demonstrate QMM. QMM involves 
meeting current good manufactur-
ing practice standards as a minimum 
requirement for a firm to assure the 
proper design, monitoring, and con-
trol of a manufacturing process and 
facility. Advanced change manage-
ment, as outlined by the ICH Q12 
guideline, requires a manufacturer to 
demonstrate a clear understanding of 
process performance. 

Most important for QMM is 
a management commitment to 
maintaining a quality operation. 
“Management sets the tone” for a 
company to take ownership of qual-
ity, Buhse noted. This involves a 
focus on performance, on outcomes 
that affect patients, and on efforts 
to reduce those quality issues that 
lead to complaints. A company may 
need to update business processes 
and invest in facility improvements, 
equipment, staff training, and qual-
ity systems, while also supporting 
analytics able to forecast supply 
issues and market changes. 
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Navigating Cell Therapy 
Manufacturing Amid Pandemic Woes

Automation, digitalization, and supply-chain strategies help mitigate 
vulnerabilities in both autologous and allogeneic cell therapy manufacturing.

FELIZA MIRASOL

C ell therapies are a relatively new type of biothera-
peutic in the marketplace. As such, their commercial 
manufacture poses unique challenges in bioman-

ufacturing that necessitate the need for new thinking and 
innovative solutions. Adding to the pressure of maintaining 
a sterile manufacturing environment are the restrictions 
imposed by the current COVID-19 pandemic, which has 
had wide-reaching effects across all industries. Additional 
manufacturing practices or operating protocols may be 
required to ensure aseptic manufacturing in the cell therapy 
arena during and post the pandemic.

DEALING WITH THE CHALLENGES 
Speed, safety, reliability, and cost management are among the 
normal challenges faced by cell therapy manufacturing. But a 
unique challenge that cell therapies face is the variability in 
donated cells that form the starting material of the therapy. 

For instance, autologous chimeric antigen T-cell (CAR-T) 
cell therapy requires a sophisticated manufacturing process 
and uses cells collected from an individual cancer patient, 
says Ryan Larson, senior director, cell therapy product and 

analytical development, Bristol Myers Squibb. “During the 
autologous process, a patient’s cells are collected through a 
process called leukapheresis, in which blood is drawn and 
white blood cells are separated out to use for manufactur-
ing. The cells are then shipped to the manufacturing facility 
where they are reprogrammed to become CAR-T cells to 
recognize and fight cancer cells and then sent back to the 
patient’s certified treatment center where they receive their 
CAR-T cells via a one-time treatment,” Larson explains.

“One key challenge in manufacturing autologous CAR-T 
product is between-patient variability in starting material,” 
Larson continues. “In some cases, a CAR-T manufactur-
ing run may fail due to the detrimental impact of multiple 
rounds of chemotherapy for prior cancer treatments on T 
cells that serve as the starting material for the manufactur-
ing process. Manufacturing process robustness to handle 
heterogeneous autologous starting material between patients 
and across disease indications is an important part of process 
design and development.”

Further, autologous cell therapy manufacturing is much 
more challenging than the manufacturing process for alloge-
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neic cell therapies. The manufacturing 
process for an autologous cell therapy 
must accommodate for the variability 
in the source patient’s cells in order 
to consistently produce final product 
with desired quality attributes, notes 
Dr. David Chang, CEO of WuXi 
Advanced Therapies, the cell and gene 
therapy contract development and 
manufacturing organization business 
unit of WuXi AppTec. Manufacturers 
need to have shown “proven and 
qualified” end-to-end manufacturing 
capacity to regulators for commer-
cial production. In addition, practices 
such as right-first-time are essential 
to ensure patients can receive drug 
production for treatment reliably in 
the shortest possible turnaround time, 
according to Chang.

In addition, many general cell ther-
apy manufacturing operations are 
conducted in “open” settings, which 
require aseptic processing in a bio-
safety cabinet (BSC) in a Grade B 
cleanroom, Chang says. The exten-
sive use of sterile disposable compo-
nents and complicated raw materials 
requires intensive supplier manage-
ment effort. “There are also compli-
cated analytical methods (e.g., flow 
cytometry, potency assay) for in-pro-
cess control and release testing that 
are difficult to develop and qualify/
validate,” Chang adds.

Specifically, cell-therapy manufac-
turing processes are most vulnerable 
where there is open processing under 
a BSC. Fortunately, significant prog-
ress has been made to date in “closing” 
these operations through the use of 
tubing welding/connections that allow 
the manufacturing processes to take 
place out from under the BSC, thus 
reducing vulnerabilities, notes Chang. 
There remain a few steps, however, 
such as viral transduction and cell har-
vesting, that are harder to “close”.  

Safeguards for sterile operation 
include going through formal aseptic 
processing validation (APV) to further 
assure sterility throughout processing. 

“It is important to conduct extensive 
in-process and final release sterility 
testing to ensure final drug product 
sterility,” says Chang.

Allogeneic CAR-T cell products, 
in comparison, are produced in large 
batches from normal healthy donor 
starting material (e.g., stem cell bank 
or primary T cells). With allogeneic cell 
therapies, a single batch can be used to 
treat many patients, Larson explains.

“These products may be easier to 
produce than autologous products, 
because the starting materials are 
derived from healthy donors rather 
than heavily pre-treated patients. 
However, challenges remain with 
regards to gene-editing strategies that 
mitigate risk of graft versus host dis-
ease and engraftment,” Larson con-
tinues. “In addition, stem-cell based 
allogeneic T-cell therapies are being 
developed in which a CAR-T cell 
product is manufactured from a master 
stem cell bank, which has the bene-
fit of lot-to-lot consistency in starting 
material. Allogeneic cell therapy prod-
ucts will reduce manufacturing costs 
while providing patients with quicker 
access to ‘off-the-shelf ’ treatment and 
more consistent therapeutic doses.”

In both allogeneic and autologous 
cell therapy, Chang points out that 
manufacturers have to contend with 
requirements for maintaining chain-of-
identity throughout the manufacturing 
and transportation processes to pre-
vent mix-ups or cross-contamination 
among patients’ lots. “Highly manual 
operations demand a high proportion 
of direct labor, which results in a high 
cost of manufacturing and is suscepti-
ble to human error,” Chang states. 

Working with what are fundamen-
tally “living therapies” in the cell (and 
gene) therapy field also creates one 
of the most complex supply chains in 
medicine, says Tamie Joeckel, global 
business lead, cell and gene therapy, 
ICON. “Orchestrating the cell ther-
apy logistics for both source materials 
and final doses requires detailed plan-

ning and hands-on management. The 
end-to-end processes of tracking and 
tracing the movement and handoffs of 
these shipments among stakeholders 
are rife with risk and potential points 
of failure,” she says.

 An added dimension to this sup-
ply-chain challenge lies in the fact 
that, in some programs, the patient 
and site schedules are co-dependent 
and require close coordination. “Many 
patients must travel to specialty cen-
ters, requiring the additional coordi-
nation of concierge services for both 
the patients and their caretakers. Any 
change or disruption in schedule rip-
ples through the entire workflow and 
can affect the product chain-of-cus-
tody, chain-of-condition, and chain-
of-identity that are required to ensure 
patient and product safety,” Joeckel 
says. “New disruptions caused by the 
COVID-19 pandemic exacerbate the 
risks of these critical shipments.”  

TECHNOLOGY INNOVATION
The challenges posed by cell ther-
apy manufacturing have pushed for-
ward biomanufacturing innovations 
already under development or in use 
for monoclonal antibody-based and 
protein-therapeutic-based production. 

“In my opinion, innovations in cell 
therapy are actively taking place in sev-
eral fields, such as disposable technol-
ogies, automation, process integration, 
and digital solutions,” notes Chang. 
The effort of automation and process 
integration is addressing the challenges 
faced with the highly manual cell ther-
apy processing steps, such as sampling, 
medium exchange, in-process moni-
toring/testing, and cell manipulations 
(e.g., activation, transduction, harvest, 
etc.), Chang explains. 

“I believe that there has been some 
progress made in automation, but 
cell therapy needs significantly more 
innovations in this area in order to 
transform the manufacturing paradigm. 
There are innovations in process inte-
gration that are aimed at fully integrat-
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ing end-to-end manufacturing steps 
into a turn-key solution,” Chang says. 

“Digital solutions are also evolv-
ing, such as cell-therapy-manufac-
turing-friendly MES [manufacturing 
execution system], LIMS [laboratory 
information management system], 
and ERP [enterprise resource plan-
ning] systems that are being actively 
developed and/or optimized,” Chang 
continues. “These digital solutions 
need to be fully integrated to be able 
to communicate in real time during 
manufacturing and release testing. It is 
also critical to connect manufacturers 
to clinics electronically to ensure the 
chain-of-identity is fully maintained.”

Ultimately, there is an urgent need 
for innovation, especially in automa-
tion, to transform cell therapy man-
ufacturing, Chang concludes. The 
primary goals of innovation are to 
lower the cost of goods, reduce human 
error, and accelerate timelines with 
greater predictability.

“At Bristol Myers Squibb (BMS), we 
embrace digitization and have invested 
in the use of next-generation technol-
ogy,” says Chris Ramsborg, vice-pres-
ident, cell therapy process science and 
technology, Bristol Myers Squibb. BMS 
has invested in the development of its 
proprietary NEX-T manufacturing 
platform, for example, with which the 
company may be able to create a man-
ufacturing environment that is opti-
mized to potentially reduce turnaround 
time and increase product control. 

“BMS currently has two active clin-
ical trials evaluating our NEX-T tech-
nology for a CD-19-directed CAR-T 
cell therapy in relapsed or refractory 
B-cell non-Hodgkin lymphoma and 
an anti-BCMA CAR-T cell therapy 
in relapsed and/or refractory multi-
ple myeloma. We recently dosed our 
first patient using this technology and 
look forward to seeing more progress,” 
Ramsborg says.

“In addition to NEX-T, we are also 
continuing to invest in, evaluate, and 
develop new manufacturing platforms 

to advance scientific innovation in 
cellular therapies, researching tech-
nologies for overcoming resistance to 
CAR-T cell therapies, investigating 
use in solid tumors, and potentially 
creating allogeneic CAR-T cell thera-
pies for patients,” Ramsborg adds.

SAFEGUARDING 
AGAINST VULNERABILITY
The manufacture of cell therapy prod-
uct carries vulnerability and risk, which 
have been further pronounced during 
the COVID-19 epidemic. 

For CAR-T cell therapies, every 
stage is vulnerable to scientific and 
technical challenges stemming from 
the inherent variability of the autolo-
gous starting material, states Larson. 
To mitigate these manufacturing vul-
nerabilities, BMS is creating a sim-
ple digital platform that streamlines 
handling, chain of identity, ordering, 
and scheduling to expedite delivery of 
CAR-T cell therapy, he says. 

“We are also optimizing manu-
facturing through automation to 
make processing units more effi-
cient while supporting product con-
sistency,” Larson says, explaining that 
current CAR-T manufacturing pro-
cesses require delivery of a transgene 
encoding the CAR, which induces T 
cell activation and co-stimulation in 
response to target antigens expressed 
by the tumor cells. 

“Sourcing and control of the gene 
delivery raw materials, whether it be 
viral or non-viral modalities, introduce 
challenges to the CAR-T manufac-
turing process. Prioritizing this area to 
increase knowledge through identify-
ing biologically relevant critical qual-
ity attributes and building a supply 
chain for GMP [good manufacturing 
practice] gene delivery, raw materials 
will continue to increase the technical 
maturity of this element of CAR-T 
manufacturing,” Larson continues. 

The company’s investigational autol-
ogous CAR-T cell therapy, lisocabta-
gene maraleucel (liso-cel) for treating 

multiple hematologic B-cell malignan-
cies, for example, uses a manufacturing 
process designed to support robustness 
and consistency for a diverse patient 
population across different B-cell 
malignancies. “The process employs 
technologies for purification, activa-
tion of the starting material, and gene 
delivery that aims to reduce the vari-
ability between patient populations, 
supporting consistent and predictable 
manufacturing duration and product 
quality,” states Larson. 

Another manufacturing vulnerability 
lies in maintaining chain of identity, 
especially in autologous cell therapy 
manufacturing. “To address this chal-
lenge, manufacturers should establish 
procedures and trainings to ensure 
operations maintain end-to-end chain 
of identity throughout manufactur-
ing process.  In addition, it is strongly 
desired to use fully integrated digital 
solutions (e.g., MES, LIMS, ERP, etc.) 
to achieve this goal,” Chang states.

Furthermore, cell therapies are both 
time and temperature sensitive, leav-
ing them at the mercy of transport 
logistics. “[Cell therapy] logistics is an 
already complex, finely tuned, orches-
trated process involving numerous 
stakeholders—and disruptions caused 
by COVID-19 in site procedures, 
patient re-scheduling, and shipment 
delays can ripple through the work-
flow, placing both the product and the 
patient at risk,” indicates Joeckel.

For example, the end-to-end sup-
ply chain involves a large number of 
handoffs between internal depart-
ments at the sites and external ser-
vice providers. “More importantly, for 
many patients, these therapies may 
be their final hope—and patients in 
the final stages of their disease may 
not be able to physically withstand 
an additional procedure should their 
cell shipments be damaged or lost. It 
is truly a ‘zero defect ’ environment. 
Mapping out the detailed workflows 
and validating the entire process is 
critical,” Joeckel asserts.  

Cover Story: Cell Therapies



14     BioPharm International October 2020   www.biopharminternational.com

Moreover, because autologous ther-
apies involve cells from the patient—
which are used to manufacture the 
final dose that goes back to the same 
patient—another element that needs 
to be safeguarded is that of “track 
and trace.” Safeguarding “track and 
trace” activity is important for main-
taining the chain of identity of the 
material—from the initial collection 
of the patient’s cells to transportation 
from the apheresis center to the man-
ufacturer—all throughout the manu-
facturing process of the final dose and 
transport back to the site of adminis-
tration, Joeckel continues. 

“A common delimiting factor in 
autologous programs is  manag-
ing limited manufacturing capacity. 
Manufactur ing schedules  must 
be coordinated between sites, labs, 
patients, apheresis centers, specialty 
couriers, and the manufacturing cen-
ter to collect the cells and ship them 
overnight to the manufacturing facil-
ity. These refrigerated shipments are 
highly time sensitive, and the manufac-
turer must be ready to start the process 
upon receipt,” says Joeckel.

NAVIGATING THE PANDEMIC
In the face of the current COVID-19 
pandemic, manufacturers are learning 
to navigate not only the complexity of 
cell therapy manufacturing and devel-
opment, but also restrictions and neces-
sary shifts in daily operating protocols. 

“During the initial COVID-19 out-
break, the majority of clinical trials, 
especially in cell therapy, were put on 
hold,” says Chang, who goes on to say 
that “since some restrictions now have 
been eased or lifted, hospitals and clin-
ics are once again able to receive and 
treat patients for clinical or commer-
cial cell therapy applications.” WuXi 
Advanced Therapies (WuXi ATU) 
proactively increased critical inventory 
and is evaluating alternative suppliers 
for future inventory.

Autologous cell therapy c lini-
cal trials are complex in nature, and 

COVID-19 adds to this complexity, 
stresses Ramsborg. Because the cell 
therapy requires transportation of 
cells from patients to manufacturing 
sites and back, travel restrictions both 
in-country and across countries have a 
significant impact, he emphasizes. 

“Lastly, in contrast to clinical tri-
als of many investigational products, 
initial treatment with a cellular ther-
apy product requires a lead time of 
several weeks. Because of the uncer-
tainty created globally by COVID-19, 
healthcare professionals may be con-
servative about starting patients on 
an investigational therapy in a clinical 
trial, given that the trial, and thus the 
treatment course, may be interrupted 
by the uncertainties of the evolving 
pandemic,” notes Ramsborg. 

In response to COVID-19, BMS 
had early on made the necessary but 
difficult decision to temporarily sus-
pend screening, enrollment, and apher-
esis in its cellular therapy clinical trials. 

“That pause has since been lifted, but 
we are continuing to monitor the 
COVID-19 situation to ensure that 
we are supporting the safety of study 
subjects, staff at clinical trial sites, and 
our employees while also ensuring reg-
ulatory compliance and the scientific 
integrity of trial data,” Ramsborg states.

Disruptions varied by region, says 
Joeckel, but can start with the cell col-
lection step. For example, some apheresis 
centers had reduced schedules or stopped 
operating altogether to limit the expo-
sure of their staff and donors to COVID. 
Sites concerned about the transmission of 
the virus, especially to vulnerable patients, 
also had to cancel or delay appoint-
ments, and many sites reassigned per-
sonnel, which affected patient enrollment, 
access, and capacity. As a result of these 
measures, restricted access to healthcare 
facilities and new COVID safety and 
screening procedures should be included 
in protocols and training manuals going 
forward, says Joeckel. 

A critical issue being faced currently 
is receiving shipments and supplies to 

and from sites, Joeckel adds, noting 
that border closures and reduced air 
traffic have disrupted the supply chain 
around the world. “Flight delays are 
more common, requiring hands-on 
management and monitoring of the 
temperatures and hold times of the 
cells and requiring more robust inter-
vention procedures. Supply shortages 
have also caused problems—causing 
some service providers to shut down 
entirely,” she states.

“Until we have an effective vaccine 
for COVID-19, the threat of disrup-
tions to the manufacture and delivery 
of cell and gene therapies remains. 
The current pandemic is far from over 
and the threat of new outbreaks is a 
possibility. Continuing to find ways 
to ensure business continuity, supply 
chain resilience, and keeping devel-
opment programs on track requires 
ongoing innovation, flexibility, and 
agility. The overarching reason for 
urgency is quite simple—there are 
patients waiting for life-changing, 
life-saving therapies at the end of 
every supply chain,” asserts Joeckel.

WuXi ATU, which has made 
a strategic move by diversifying its 
suppliers, sees value in conduct-
ing extensive risk assessments of its 
facilities, including reviewing current 
manufacturing operations and the 
potential impact from COVID-19 on 
product safety. “We’ll then take that 
information and develop and imple-
ment mitigation efforts to ensure we 
can continue to conduct high qual-
ity aseptic manufacturing operations. 
Through our enabling platforms, 
technology, and security of supply 
chain, WuXi ATU is ready to acceler-
ate progress and time to market in the 
years to come,” Chang states. 

“COVID-19 has led to many uncer-
tainties, but we have proactively taken 
precautions to protect and support all 
our clinical trial participants, trial site 
staff, and employees, as well as pro-
tect the integrity of our clinical trials,” 
adds Ramsborg.  ◆ 
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Reimagining Affordable Biosimilars
Advances in preclinical development play a crucial role 

in reducing cost for developing biosimilars.

ANURAG S. RATHORE, NARENDRA CHIRMULE, AND HIMANSHU MALANI

D rug development is undergoing a transformation 
from multi-billion-dollar blockbusters to personal-
ized medicines. More than 300 active biopharma-

ceutical product licenses in the market today bear witness 
to increasing interest in targeted treatments. With an antic-
ipated valuation of over $200 billion by 2022, this popularity 
of protein-based biologics can be attributed to their unique 
target specificity in protein–protein interactions for the 
treatment of complex diseases such as cancer, hematological 
disorders, and autoimmune diseases (1). 

The development of protein therapeutics, however, has a 
high degree of complexity in manufacturing because of the 
variable nature of protein expression in biological systems. 
Furthermore, developing this class of drugs is expensive and 
time consuming. Costs range from approximately $500 mil-
lion to $3 billion, and development takes more than a decade, 
the majority of which is required for clinical trials (2,3). While 
effective and successful, biotherapeutics are presently marred 
by their high costs, which make their affordability poor for 
most of the world and thereby limit their accessibility. 

 The advent of biosimilars is an opportunity to address 
affordability. Development costs have been estimated to be 
reduced to approximately $50 to $300 million and develop-

ment time to less than eight years (4). While considerably 
lower than the corresponding metrics for development 
of novel biotherapeutics, they are at least a log higher 
than those required for small-molecule generic molecules. 
Other challenges for biosimilars are frequent failures in 
demonstration of biosimilarity and establishment of clin-
ical equivalence for efficacy, immunogenicity, and safety 
(5). There is a growing need to develop reliable, nonclinical 
approaches that faithfully represent clinical safety and effi-
cacy. Exponential advances in new technologies and com-
puting such as mathematical modeling of pharmacokinetics 
(PK) and pharmacodynamics (PD), organ-on-a-chip plat-
forms, in-silico algorithms, and transgenic animal models 
are likely to significantly impact drug development in the 
decade to come (6). In this article, the authors explore the 

ANURAG S. RATHORE, PHD* is professor in the Department of 
Chemical Engineering and coordinator, DBT Center of Excellence for 
Biopharmaceutical Technology, at the Indian Institute of Technology, 
Delhi, Hauz Khas, New Delhi, 110016, India, asrathore@biotechcmz.
com, Phone: +91-11-26591098. NARENDRA CHIRMULE, PHD, is CEO at 
SymphonyTech Biologics. HIMANSHU MALANI is a graduate student 
at the Indian Institute of Technology, Delhi. 

*To whom all correspondence should be addressed.

Development



www.biopharminternational.com October 2020  BioPharm International 17

F
IG

U
R

E
S

 A
R

E
 C

O
U

R
T

E
S

Y
 O

F
 T

H
E

 A
U

T
H

O
R

S

role that these technologies can play 
in reducing biosimilar development 
cost and time.

LIMITATIONS OF  
CLINICAL STUDIES 
Clinical trials have long served as the 
gold standard for evaluating safety and 
efficacy of drugs in a systematic man-
ner using established, robust statistical 
processes that allow testing and valida-
tion of clinical hypothesis. For biosim-
ilars, factors that significantly impact 
affordability and development time 
include: development cost, variabil-
ity in product quality, and low success 
rates of trials. 

Cost of biosimilar development 
Development of biosimilars begins 
with cloning the appropriate host 
cells with the target gene. This is a 
multistep process involving upstream 
processes (e.g., bioreactor design), 
downstream processes (e.g., separa-
tion and purification technologies) for 

removal of impurities (e.g., extractables, 
leachates, host cell species, variants, 
and contaminants), and formulation 
(e.g., liquid/lyophilized/frozen prod-
uct, stability) to obtain purified, con-
centrated product. Analytical and 
functional evaluation of the quality 
attributes of a biotherapeutic product 
is an integral part of process devel-
opment (see Figure 1). This char-
acterization is typically followed by 
preclinical studies for evaluating phar-
macology (e.g., pharmacokinetic [PK], 
pharmacodynamic [PD], immuno-
genicity) and toxicology (e.g., small 
and large animal studies) to establish 
margins of safety and efficacy of the 
product. The final steps involve testing 
biosimilarity equivalence in clinical tri-
als. A Phase I trial aims to assess safety, 
pharmacology (PK/PD), and initial 
safety and tolerability of the biosimi-
lar. Because the therapeutic dose and 
clinical indications are established by 
the reference product, Phase II trials 
are typically not required for biosimi-

lars. A Phase III trial is a confirmatory 
study for evaluating biosimilarity with 
respect to safety and PK/PD (7,8). In 
most cases, these confirmatory stud-
ies cannot be powered to test for effi-
cacy (5). Post-approval monitoring 
of the performance of the product is 
accomplished via pharmacovigilance. 
Given this arduous journey from lab to 
market, it is no surprise that biologics 
demand significant investments, the 
burden of which ultimately falls on the 
patients.

Making biotherapeutics affordable 
is the holy grail for biosimilars. Recent 
advancements in technology and 
computational biology offer tools for 
development of accurate and predic-
tive methods to understand the poten-
tial risks related to safety and efficacy. 
With the ever-growing therapeutic 
modalities (such as bi-functional mol-
ecule, antibody-drug conjugates, cell 
and gene therapies) (1) along with 
advanced analytical tools to measure 
primary, secondary, and tertiary struc-
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Figure 1. Hierarchy of data generation in biotherapeutic development.
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tures (such as mass cytometry, mass 
spectrometry [MS], cryo-electron 
microscopy) and computational tools 
(9,10), there is a need for transforma-
tion of the traditional drug develop-
ment process.

Variability in product quality
Variants. Biological processes are highly 
variable. Variability is intrinsic to the 
process of translation of proteins and 
manifests itself as variability in sev-
eral attributes. The critical quality 
attributes of a product are defined as 
physical, chemical, biological, or micro-
biological properties or characteristics 
that should be within an appropriate 
limit, range, or distribution to ensure 
the desired product quality (11). For 
example, the glycosylation profile of 
antibodies made by a single Chinese 
hamster ovary (CHO) cell line will 
have several dozen forms of gly-
can-patterns. Each glycosylated vari-
ant of the antibody can have different 
biological effects with respect to effi-
cacy and safety. Thus, the complexity 
of biologics makes it near-impossible 
to study the effect of each variation in 
clinical trials; surrogate methods based 
on in-silico and in-vitro determination 
need to be developed and validated 
to allow scientists to extrapolate the 
potential of a post-translational variant 
of a biotherapeutic product (such as 
aggregation, oxidation, and isomeriza-
tion) on safety and efficacy (12,13).

Impurities. The manufacturing 
process itself serves as a producer 
of impurities and thus is a source of 
product heterogeneity. Characterizing 
and separating these impurities is 
essential for ensuring that product 
quality meets the stringent criteria for 
biotherapeutic products. A thorough 
analytical and functional evaluation 
of biosimilarity serves as the foun-
dation for biosimilar development. 
It is expected that the manufacturer 
demonstrates lack of measurable dif-
ferences in product, product-variant, 
and impurities between the biosimi-

lar and the reference product. In case 
differences are identified, their impact 
needs to be investigated through a 
detailed structure-function analysis. 
Biosimilars are approved only when 
there is no “meaningful clinical impact” 
(14). Since the levels of variants and 
impurities are at extremely small 
levels (could be in ppm), it is diffi-
cult to purify the individual species 
to perform this analysis. Furthermore, 
adequate process controls to monitor 
and control product quality are neces-
sary for receiving regulatory approval. 
Ultimately, this situation creates a 
burden on the manufacturer to invest 
resources toward product and process 
development and impacts the cost of 
development of the biosimilar (15).

Immunogenicity.  Variabil ity of 
immunogenicity induced by biosim-
ilars and reference products can be 
observed only through clinical trials. 
Recent advances in immunogenic-
ity prediction tools could be used to 
understand the potential differences 
(16). European Medicine Agency 
(EMA) biosimilar guidance provide 
recommendations for such predictive 
tools as supportive information for 
biosimilarity (17).

Thus, establishing biosimilar-
ity requires an in-depth understand-
ing of product and process variability, 
process controls, and development of 
specifications for manufacturing to 
ensure that product quality meets the 
expected standards, and also that the 
quality stays consistent from batch to 
batch. Other contributors to variability 
in manufacturing include source and 
qualification processes of raw materials 
and changes in manufacturing pro-
cesses (e.g., scale, sites) (18). With the 
use of digital technologies for collect-
ing, analyzing, and interpreting data, 
the potential of product variability on 
clinical safety or efficacy can be pre-
dicted and substantially reduced. These 
digitalization approaches can have a 
significant impact on reducing the 
dependence on clinical trials.

Failure rates of clinical trials 
Clinical studies often provide the 
final verdict on product safety and 
efficacy, and while this may also be 
true for biosimilars, it is not the most 
conclusive exercise. They unequivo-
cally have a low failure rate compared 
to novel biologics, yet their standalone 
success is not sufficiently powered to 
detect clinical meaningful differences. 
A majority of switching studies for 
biosimilars have not reported any new 
adverse events, and similar experience 
has been reported by researchers all 
over the world (19). Such results fail 
to justify the financial burden of heavy 
clinical studies and undermine the 
need for analytical similarity. These 
failures indicate that there is an 
urgency for creating approaches based 
on predictive modeling to understand 
the relationships between biological 
pathways, the mechanism of disease 
pathogenesis, product quality, phar-
macology, and toxicology.

ADVANCES IN PRECLINICAL 
DEVELOPMENT 
Analytics
The complexity of biotherapeutic 
molecules, in particular monoclonal 
antibodies (mAbs), lends themselves 
to fascinating targets for analytical 
and functional characterization. The 
past decade has witnessed significant 
strides in our ability to characterize 
these molecules, via new tools and 
approaches to achieve high resolution, 
sensitivity, robustness, and specificity. 
Typical comparability exercises involve 
use of an arsenal of analytical and 
functional tools capable of character-
izing various facets of these molecules 
(see Table I).

The task of similarity assessment 
is of critical importance for efficient 
development of biosimilars, with infor-
mation being unravelled at multiple 
levels. Among all available analytical 
technologies, MS has seen the biggest 
jump in terms of depth and scope of 
investigation. It is a resourceful tool 
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at different stages of biosimilar devel-
opment, namely, clone selection (e.g., 
clonal proteome variations, product 
confirmation, sequence, glycosyla-
tion, residue modifications), process 
scaleup (e.g., batch variations, impu-
rities, leachates), and clinical studies 
(e.g., serum analysis, tissue proteom-
ics, biomarker discovery). The field 
has seen simultaneous advances on 
multiple foref ronts of instrumen-
tation, including ionizers, such as 
matrix-assisted laser desorption/ion-
ization, electrospray ionization (ESI), 
and nano-ESI; mass analyzers such 
as quadrapole-time of flight (QTOF), 
triple quadrapole (QqQ), Fourier 
transform-ion cyclotron resonance 
(F TICR), Orbitrap, and ion-mo-
bility; and f ragmentation by elec-
tron-transfer dissociation (ETD) and 
electron-capture dissociation (ECD) 
compared to classic collision-induced 
dissociation (CID) and data acquisi-
tion (i.e., data-independent acquisition 
[DIA], such as alternating low-energy 
and high-energy collision induced 
dissociation-MS, sequential window 
acquisition of all theoretical spectra 
[SWATH]). Multi-attribute method-
ology (MAM), liquid chromatogra-
phy (LC), and capillary electrophoresis 
coupling techniques allow simultane-
ous measurement of multiple product 
and process impurities in an automated, 
high-throughput mode. MS also offers 
an excellent orthogonal approach to 
traditional immunochemical assays 
for host cell protein identification and 
quantification in ppm levels using 
cutting-edge LC–MS sample prepa-
ration and analysis techniques. DIA 
strategies such as SWATH bypass 
the current limitations of limited low 
abundant peptides encountered in data- 
dependent acquisition using numer-
ous smaller acquisition windows, thus 
increasing coverage. Rapidly grow-
ing databases and sequencing algo-
rithms provide bioinformatics support 
to deconvolute experimental data. 
Another growing application in biologic 

characterization is the determination 
of higher order structures (HOS) 
using hydrogen-deuterium exchange 
and crosslinking chemistries coupled 
with MS. These methodologies elu-

cidate 3-D conformation dynamics 
of proteins, thus enabling hotspot 
predictions for post-translation mod-
ifications (PTMs), sites, and extent of 
degradation (20).

Development

Type Attribute Details captured Techniques

Analytical 
characterization

Primary 
structure 

Molecular weight, 
amino acid/peptide 

sequence, PTMs

HPLC, LC-MS, CE-MS, 
tandem MS (intact and 
subunit levels), N-/C-
terminal sequencing, 

microarray

Secondary 
structure 

Disulfide linkage, 
protein secondary 

structures

Spectroscopy (Far-
ultraviolet [UV] CD, 

FTIR, Raman)

Higher order 
structures

Tertiary and 
quaternary 
structures

Near-UV CD, 
Fluorescence, DSC, 

DSF, NMR, X-ray 
crystallography, 

HDX-MS, AUC, Cryo-
electron microscopy 

(EM)

Impurities
Product- and 

process-related 
impurities

HPLC, Light 
scattering, AUC, MS/

MS, PAGE

Functional 
characterization

Protein and 
ligand binding 

Affinity, avidity, 
kinetics, 

quantification, 
thermodynamics

Spectroscopy (SPR, 
BLI, NMR, affinity 
chromatography), 

mobility shift 
(electrophoresis, 

ITC, MST, AUC, ED), 
stability shift (ICD, 

DSC, TSA, PSA), ELISA

Cell-based 
function

Potency (cell cycle, 
cell death, signal 

transduction)

Cell based assays 
(Target activation/
neutralization, cell 

uptake, cell viability/
proliferation/toxicity, 

ATP assays)

In-vivo 
function

Pharmacology 
(pharmacokinetics, 

pharmacodynamics,  
immunogenicity) 
and toxicology

Whole animal/human 
experiments, PLA- 

(Stegmann Systems) 
based data analysis

Ex-vivo 
function

In-vitro visualization 
of cellular systems

3-D cell culture 
systems, ex-vivo 

serum studies

Abbreviations: PTM is post translation modification; HPLC is high-performance 
liquid chromatography; MS is mass spectrometry; CE is capillary electrophoresis; 
CD is circular dichroism; FTIR is Fourier-transform infrared spectroscopy; DSC is 
differential scanning calorimetry; DSF is differential scanning fluorimetry; NMR 
is nuclear magnetic resonance; HDX is hydrogen-deuterium exchange; AUC is 
analytical ultracentrifugation; PAGE is polyacrylamide gel electrophoresis; SPR 
is surface plasmon resonance; BLI is biolayer interferometry; ITC is isothermal 
titration calorimetry; MST is microscale thermophoresis; ED is equilibrium dialysis; 
ICD is isothermal chemical denaturation; TSA is thermal shift assay; PSA is pressure 
shift assay; ELISA is enzyme-linked immunosorbent assay.

Table I. Analytical and functional tools capable of characterizing various facets 
of biotherapeutics (see note below the Table for abbreviations).
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Spectroscopic techniques have 
also advanced the understanding of 
structure–function relationships. 
State-of-the-art spectroscopic tools 
allow orthogonal assessment of sec-
ondary and tertiary structures. Raman, 
Fourier transform infrared, and cir-
cular dichroism (CD) spectroscopy 
are now being increasingly used for 
fingerprinting biomolecules using 
PTMs like glycosylation and stability 
parameters as barcodes. Near-infrared 
spectroscopic methods find appli-
cation as process analytical tools in 
upstream and downstream processing 
of biotherapeutics, aiding in process 
control. Unique spectral signature of 
chemical compounds in the infrared 
spectrum allows for easier coding in 
HOS assessment. Thermal CD is 
used to probe the folding-unfolding 
profile of proteins, which is a critical 
component of stability studies for bio-
similarity. Nano differential scanning 
fluorimetry (nano-DSF) has emerged 
as a high throughput platform for 
screening biotherapeutic formulations. 
Light scattering tools permit label-
free size characterization, thus aiding 
in aggregation screening. While the 
above-mentioned techniques probe 
the relative 3D conformation of pro-
teins, X-ray diffraction (XRD), nuclear 
magnetic resonance (NMR), and the 
more recent electron microscopy (EM) 
are being increasingly used to visualize 
proteins in their exact spatial posi-
tions. Complementary usage of these 
techniques includes aggregate analysis 
by EM, protein-ligand interactions 
using NMR, and structural variations 
studies upon sequence changes using 
XRD (21).

Functional characterization for 
structure-function relationship has 
also seen similar advances. Surface 
plasmon resonance (SPR), biolayer 
interferometry (BLI), and isothermal 
titration calorimetry (ITC) continue to 
enjoy popularity for kinetic estimation 
and quantification given their high 
throughput and label-free assessment 

methods. With new configurations and 
solid-state designs, SPR has become 
a workhorse in protein and nucleic 
acid applications. The sensor surfaces 
have been modified to allow cell-based 
binding to mimic real-time binding 
events. Cell-based binding in SPR and 
BLI takes into account the cell-surface 
expression of receptors, allowing label-
free detection, binding, and saturation 
events. Recent advances in protein 
interaction studies include the use of 
BLI for high throughput formulation 
screening and stress prediction based 
on the binding profiles. ITC has been 
explored to allow for binding kinetic 
analysis along with conventional ther-
modynamic parameter estimation (22). 
This information will help hasten the 
drug design process. Potency assays 
represent another level of functional 
assessment and are prerequisite for 
proposing in-vivo experiments. Recent 
developments in 3D cellular systems 
have been used for candidate efficacy 
screening for anticancer drugs in an 
ex-vivo tumor microenvironment. 
Bioprinting cancer models may be the 
next big thing in safety and efficacy 
measurement that overcomes the diffi-
culties of in-vivo preclinical xenograft 
studies (23).

Prec l in i ca l  an ima l  s tud ies 
Preclinical assessment usually involves 
data collection from at least two spe-
cies: rodent (rat/mouse) and non-ro-
dent species (dog/cat) or non-human 
primates (NHPs). Recent advance-
ments in genetic engineering have led 
to the generation of transgenic mice 
that express the species-specific target 
of interest. A typical study for com-
plex biologics, such as mAbs, includes 
the following components:  assess-
ment of acute toxicity (two-weeks to 
one month) via single- and multi-
dose studies, including evaluation of 
analytical, absorption, distribution, 
metabolism, and excretion (ADME), 
PK–PD, immunogenicity, local tol-
erance, and safety attributes; chronic 

toxicity studies (three to 12 months); 
and reproductive toxicity studies when 
the indication for the biotherapeu-
tic involves children and women of 
child-bearing age. These studies are 
designed at three levels: detection of 
drug in the newborn, PD effect of 
the drug in the newborn, and long-
term (two-year) safety of the new-
born. Most of these studies are not 
performed during biosimilar devel-
opment, since these effects have been 
previously demonstrated with the ref-
erence product. The need for safety 
studies in animals ensures potential 
risks of adverse events of product vari-
ants and impurities. Immunogenicity 
assessment in animals does not predict 
immune responses in humans. When 
biosimilars use different formulations 
from the reference product, the bio-
similars’ impact on safety and efficacy 
is required to be established via pre-
clinical studies (24).

A review of biosimilars approved in 
the past five years suggests increasing 
use of rodents followed by NHPs for 
PK studies and mice for PD studies 
(25) (see Table II). When the target 
antigen of the biotherapeutic is not 
expressed in animals, transgenic and 
humanized chimeric mice are used as 
surrogates. Recent advances in gene 
editing technologies (e.g., CRISPR-
Cas9, transcription activator-like 
effector nucleases, and zinc finger 
nucleases) have enabled generation of 
animal models for disease pathogene-
sis that can be used for assessment of 
pharmacology and toxicology. Thus, 
there exists immense scope in advance-
ment of nonclinical studies as an alter-
native to clinical assessment (26,27).
Animal models have limited poten-
tial in predicting immunogenicity of 
biotherapeutics in humans. However, 
evaluation of accurate exposure of the 
drug in animals to interpret the results 
of PK, PD, and safety studies requires 
assessment of immunogenicity. EMA 
regulations do not require animal 
immunogenicity studies, while FDA 
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No. Biosimilar product Year Region Animal study

1 Bemfola (pegfilgrastim) 2014 EU rat (pharmacodynamics [PD]/toxicity)

2 Abasaglar (insulin glargine) 2014 EU Sprague Dawley rat (PD/toxicity)

3 Zarxio (filgrastim) 2015 US neutropenic Sprague Dawley rat (PD)

4 Basaglar (insulin glargine) 2015 US Sprague Dawley rat (PK)

5 Inhixa/Thorinane (heparain) 2016 EU rat/dog/monkey (toxicity)

6 Flixabi (infliximab) 2016 EU transgenic mouse (PD)

7 Inflectra (infliximab) 2016 US mouse (toxicity)

8 Amgevita (adalimumab) 2016 US Cynomolgus monkey (PD/toxicity)

9 Benepali (etanercept) 2016 EU BALB/C mouse (PD)

10 Insulin Lispro Sanofi 2017 EU Sprague Dawley rat (toxicity)

11 Admelog (insulin lispro) 2017 US Fischer 344 rat (PD)

12 Lusduna (insulin glargine) 2017 EU rat/dog (PD)

13 Lusduna (insulin glargine) 2017 US rat/dog (PD)

14 Renflexis (infliximab) 2017 US transgenic mouse (PD)

15 Ixifi (infliximab) 2017 US mouse (toxicity)

16 Rixathon/Riximyo (rituximab) 2017 EU SCID mouse/Cynomolgus monkey (PD)

17 Truxima/Blitzima/Ritemvia/Rituzena (rituximab) 2017 EU Cynomolgus monkey (PD)

18 Amgevita/Solymbic (adalimumab) 2017 EU Cynomolgus monkey (toxicity)

19 Imraldi (adalimumab) 2017 EU transgenic mouse (PD)

20 Cyltezo (adalimumab) 2017 EU Cynomolgus monkey (toxicity)

21 Cyltezo (adalimumab) 2017 US Cynomolgus monkey (toxicity)

22 Mvasi (bevacizumab) 2017 US athymic nude mice (PD)

23 Ogivri (trastuzumab) 2017 US Cynomolgus monkey (toxicity)

24 Terrosa/Movymia (teriparatide) 2017 EU Sprague Dawley rat (PD)

25 Erelzi (etanercept) 2017 EU transgenic mouse (PD)

26 Erelzi (etanercept) 2017 US transgenic mouse (PD)

27 Retacrit (epoetin) 2018 US normocythemic mouse (PD)/ beagle dog (toxicity)

28 Nivestym (filgrastim) 2018 US neutropenic Sprague Dawley rat (PD/toxicity)

29 Pelgraz (pegfilgrastim) 2018 EU neutropenic Swiss Albino mouse (PD)

30 Udenyca (pegfilgrastim) 2018 EU neutropenic Sprague Dawley rat (PD)/Cynomolgus monkey (toxicity)

31 Udenyca (pegfilgrastim) 2018 US Cynomolgus monkey (toxicity)

32 Fulphila (pegfilgrastim) 2018 EU neutropenic Sprague Dawley rat (PD)

33 Fulphila (pegfilgrastim) 2018 US neutropenic Sprague Dawley rat (PD)

34 Pelmeg (pegfilgrastim) 2018 EU neutropenic Sprague Dawley rat (PD)

35 Semglee (insulin glargine) 2018 EU Swiss albino mice (PD/toxicity)/Wistar rat (toxicity)

36  Zessly (infliximab) 2018 EU rat (toxicity)

37 Truxima (rituximab) 2018 US Cynomolgus monkey (PD)

38 Hyrimoz/Halimatoz/Hefiya (adalimumab) 2018 EU transgenic mouse (PD)

39 Hulio (adalimumab) 2018 EU transgenic mouse (PD)

40 Hyrimoz (adalimumab) 2018 US Cynomolgus monkey (toxicity)

41 Mvasi (bevacizumab) 2018 EU athymic nude mice (PD)

42 Zirabev (bevacizumab) 2018 EU athymic nude mice (PD)

43 Herzuma (trastuzumab) 2018 EU Cynomolgus monkey (toxicity)

Table II. List of approved biosimilars in the past five years (2014–2019) with the reported nonclinical animal models, 
compiled from various sources. EU is European Union. (Continued on page 22.)
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and several other regulatory agencies 
require preclinical results prior to initi-
ating clinical trials (28). 

REGULATORY 
TRANSFORMATIONS
The regulatory landscape for bio-
similars has seen many changes to 
requirements of preclinical and clinical 
subjects, reliance on analytical char-
acterization studies, and the approval 
process. Despite harmonization of reg-
ulatory processes, there are several dif-
ferences in the biosimilar regulatory 
processes of major regulatory agencies. 
The major hurdle is the requirement 
of biosimilarity with the local refer-
ence material. Concepts of “totality of 
evidence (ToE)” and “confirmation of 

sufficient likeness (CSL)” have been 
added and more recently edited from 
the regulatory guidelines (29,30).

Regulatory changes have affected 
the attitude toward animal subjects. 
The evolution of the 3R principle 
(reduction, refinement, and replace-
ment) speaks volumes on efforts 
aimed at generating maximum data 
with an increased humane approach 
(31). Although more than 60 years old, 
this principle is today deeply embed-
ded in all legislation and research 
methodologies. Recently, a fourth R 
has been proposed in a white paper 
by the Max Planck Society that talks 
about “responsibility” aimed at achiev-
ing the optimal trade-off between the 
need for animals in research and the 

obligation of protecting them (32). 
The paper discusses using global ref-
erence standards to avoid repetition 
of animal studies along with com-
plete and sincere declaration of data 
and resources. Refinement focuses 
on humane practices of anaesthe-
sia, euthanasia, and maximal use of 
non-invasive methods to avoid animal 
sacrifice as well as using appropri-
ate statistical tools to organize the 
data. Replacement, on the other hand, 
proposes the use of modern in-vitro 
techniques, such as computer-based 
prediction models (e.g., physiolog-
ically based PK models), organ-on-
a-chip platforms mimicking in-vivo 

No. Biosimilar product Year Region Animal study

44 Herzuma (trastuzumab) 2018 US monkey (toxicity)

45 Kanjinti (trastuzumab) 2018 EU
Nonobese diabetic/severe combined immunodeficiency (NOD/

SCID) mice (PD)/ Cynomolgus monkey (toxicity)

46 Trazimera (trastuzumab) 2018 EU CD-1 mice (toxicity)

47 Avsola (infliximab) 2019 US rat (toxicity)

48 Abrilada (adalimumab) 2019 US Cynomolgus monkey (toxicity)

49 Ziextenzo (pegfilgrastim) 2019 US neutropenic rat (PD)

50 Hadlima (adalimumab) 2019 US transgenic mouse (PD)

51 Ruxience (rituximab) 2019 US Cynomolgus monkey (toxicity)

52 Zirabev (bevacizumab) 2019 US athymic nude mice (PD)

53 Kanjinti (trastuzumab) 2019 US NOD/SCID mice (PD)/ Cynomolgus monkey (toxicity)

54 Eticovo (etanercept) 2019 US BALB/c mice (PD)/ Cynomolgus monkey (toxicity)

55 Trazimera (trastuzumab) 2019 US mice (toxicity)

56 Ontruzant (trastuzumab) 2019 US Cynomolgus monkey (toxicity)

57 Kromeya (adalimumab) 2019 EU Cynomolgus monkey (toxicity)

58 Idacio (adalimumab) 2019 EU Cynomolgus monkey (toxicity)

59 Grasustek (pegfilgrastim) 2019 EU neutropenic rat (PD)/CD strain rats (toxicity)

60 Cegfila (pegfilgrastim) 2019 EU neutropenic rat (PD)

61 Amsparity (adalimumab) 2020 EU Cynomolgus monkey (toxicity)

Table II (cont.). List of approved biosimilars in the past five years (2014–2019) with the reported nonclinical animal models, 
compiled from various sources. EU is European Union. (Continued from page 21.) 

Contin. on page 58



www.biopharminternational.com October 2020  BioPharm International 23

D
av

id
B

au
ti

st
a/

St
o

ck
.A

d
o

b
e.

co
m

Current Challenges with Cell Culture 
Scale-up for Biologics Production 

Bioreactor technology advances can offer seamless manufacturing scale-
up and can reduce the timeline and cost of biologics production.

MELISA CARPIO

In the past decade, upstream scale-up of mammalian cell 
culture has changed and so have the challenges associated 
with it. However, the cost of delaying process transfer 

remains stubbornly high. As manufacturing scales increase, 
these soon mount up to hundreds of thousands of dollars, 
with Matzmorr (1) estimating that for a biologic with $1 bil-
lion sales annually, the cost of every month lost during tech-
nology transfer is an eye-watering $80 million. With figures 
like this, it is little wonder that getting scale-up right is what 
keeps bioprocess scientists awake at night. Costs incurred 
are generally from the media, reagents, and staff resources 
needed to rerun a process, which can be in the hundreds of 
thousands of dollars at the 2000-L scale. Also lost are the 
opportunity costs of a product not being available for clini-
cal trials or for patient use, and, in pandemic situations, this 
can result in preventable loss of life. Therefore, being able to 
scale-up a process in a timely manner is critical.  

To conduct scale-up in 2010, microplates and shake flasks 
were used to select four to six clones to take forward for process 
development in glass bench-top bioreactors (2,3,4). Because 
these methods did not allow for process control, scientists 

would cross their fingers and hope that they had selected the 
best clones to take forward into bioreactors. But they remained 
uncertain that the clones they selected were the best as a full 
design-of-experiments (DoE) approach of testing multiple 
parameters with different clones to generate hundreds of data 
points would have been virtually impossible at that time unless 
an army of dedicated scientists was available to manually run 
and sample flasks constantly. The lucky clones selected, usu-
ally after around six-months of development work, were then 
cultured in benchtop bioreactors. After analysis of results and 
more finger crossing, scientists would take their star performer 
through culture in a series of up to six increasingly larger ves-
sels. This would usually begin at N-5 with 125-mL–250-mL 
flasks being used to seed an N-4 benchtop bioreactor (5 L). 
That culture would be used to inoculate a series of stirred tank 
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technology consultant for Cell Culture Technologies at Sartorius 
North America.
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stainless-steel bioreactors starting at the 
N-3 bioreactor (10 L–50 L), and the pro-
cess would transfer to N-2 (100 L–200 
L), then to N-1 at 1000 L–2000 L and 
would culminate in an N-manufacturing 
bioreactor of around 20,000 L. The 
volumes were large because the slightly 
haphazard method of clone section and 
process development didn’t produce 
significant titers. In fact, the titers were 
on average between 1.0 g/L–1.5 g/L 
(5,6), which meant their clones couldn’t 
produce enough of most biologicals at 
2000-L scale. 

CHANGES IN 
PROCESS DEVELOPMENT
Fast forward 10 years and upstream cell 
culture looks different. With the advent 
of high throughout automated micro 
bioreactors (10 mL–15 mL) in 2010 (7) 
and mini bioreactors (100 mL–250 mL) 
in 2013 (8), suddenly scientists could 
culture up to 96 clones in a controlled 
environment using a full DoE design 
in weeks instead of months. They could 
select the best clone and really optimize 
everything about their process from 
pH and dissolved oxygen (DO) right 
through to the best media and feeds. In 
fact, studies by Hsu at Genentech (9) 
comparing the growth of Chinese ham-
ster ovary (CHO) clones cultured in 
shake flasks, 2-L benchtop bioreactors, 
and mini bioreactors, showed that the 
performance in shake flasks in terms of 
growth, viability, metabolism, and titer 

were not comparable to either 2-L biore-
actors or mini bioreactors, indicating that 
shake flasks are quite a poor mimic of 
stirred tank bioreactors. 

Use of mini bioreactors was such a 
game changer that by 2020, plates and 
shake flasks have virtually disappeared in 
process development at biopharmaceu-
tical companies and contract develop-
ment and manufacturing organizations 
(CDMOs). Being able to select clones 
and optimize a process using mini bio-
reactors has helped significantly reduce 
process transfer timelines at the begin-
ning of scale-up, and Lange at Cobra 
Biologics, a CDMO, reported that one 
of their process development projects 
was cut from many months to just six-
weeks using automated mini bioreactors 
in place of shake flasks and benchtop 
bioreactors (10).

RISE OF SMALLER 
BIOREACTORS 
Being able to select the best clones and 
nail down processes has, in the past 10 
years, helped double the average prod-
uct titer to 3 g/L (6), enabling the use 
of smaller bioreactors for commercial 
manufacturing. This reduction in final 
manufacturing scale has made it possible 
to use single-use (SU) rocking motion 
bioreactors and stirred-tank bioreactors 
as part of the scale-up. In many pilot and 
manufacturing plants today, the scale-up 
equipment is increasingly fully SU bio-
reactors, especially in the United States 

and Europe. In Asia, the scale-up equip-
ment is either fully SU or a hybrid of 
SU and stainless-steel bioreactors, par-
ticularly where companies are still using 
legacy equipment. A typical scale-up 
is now transferred through a series of 
up to five vessels. This usually begins at 
N-4, with 125-mL–250-mL flasks being 
used to seed an N-3 benchtop or rocking 
motion bioreactor (5 L). The culture is 
used to inoculate a series of SU stirred-
tank stainless-steel bioreactors starting 
at the N-2 bioreactor (50 L), and the 
process is transferred to N-1 (500 L) and 
is finished in an N manufacturing bio-
reactor at 1000 L–2000 L (Figure 1). 
If a biologic is required at high capacity, 
then instead of using a 20,000-L stain-
less-steel bioreactor, facilities that don’t 
have the ceiling height, floorspace, suffi-
cient capital, or the time to install such a 
big piece of equipment, will often instead 
use what Wypych describes as a “six pack” 
of six 2-000 L SU bioreactors (11). 

WHERE IS THE CHALLENGE? 
With all this progress, scale-up should 
be easier, but it remains tricky. Most 
delays nowadays tend to occur during 
transfer from process development scale 
(10 mL–5 L) to the larger bioreactors 
because that part of the process is often 
not scaled in the same facility or even 
the same country. For example, a pro-
cess can be developed in an academic 
laboratory or CDMO and then trans-
ferred to another CDMO or biopharma 
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Figure 1. What a biologics cell-culture scale up from process development to commercial manufacturing looks like in 2020.
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company for manufacturing. This means 
that a process developed in a shake flask 
and benchtop bioreactor or mini bio-
reactor could be transferred to a rock-
ing motion bioreactor for the next scale 
or to a series of stirred-tank bioreactors 
that have dissimilar geometry and designs. 
Studies by Löffelholz show that using 
different impeller types, stirring meth-
ods, and sparging strategies can all make 
cell culture performance go awry during 
scale-up (12). 

Most bioprocess scientists will say 
that when they transfer a perfectly fine 
process from one scale to another, they 
will often see changes. Work by Brunner 
describes that these changes are generally 
in key process indicators (KPIs), such 
as viable cell concentration (VCC), cell 
viability, cell diameter, and product titer 
(13). Brunner also indicates that changes 
to a biologic’s critical quality attributes 
(CQAs), such as its glycan profile (13), 
are equally likely to occur during process 
transfer. Therefore, at each scale, scientists 
may have to go for up to three engineer-
ing runs and one lock-down run to get 
the best process performance, which can 
take several months. Issues with VCC 
and viability will show up within the first 
three to four days of a run and are usually 
the easiest to fix, whereas problems with 
product quality are more difficult to find 

and solve and need to be ironed out at 
the pilot stage, if possible, because, as each 
bioreactor increases in scale, conducting 
a number of engineering runs becomes 
increasingly costly in terms of media and 
reagents. In addition, at manufacturing 
scales, scientists won’t be allowed many 
opportunities to meet their process goals.

MAKING SCALE-UP EASIER
The most forward-looking scientists use 
a quality-by-design approach during cell 
culture scale-up and  will typically use 
common scaling strategies, such as volu-
metric gas flow rate (vvm), mass transfer 
coefficient (kLa), and power per unit vol-
ume (P/V) to determine scale-dependent 
parameters, including gas transfer and 
agitation rates, in larger bioreactors (14) 
and scale-down models (15, 16). 

At the start of scale-up, scientists will 
generally keep a single parameter such 
as vvm constant throughout the com-
plete range of scales. However, this can 
cause issues when developing a process 
across a broad range of scales from mini 
bioreactors (starting at 15 mL) through 
to production vessels (2000 L). For exam-
ple, a specific power input of 30 W/m³ 
provides a good working stirrer speed 
at 2000 L but translates to low stirring 
speeds in mini bioreactors, which can 
lead to poor culture performance. 

An alternative approach is to use a 
scaling tool to scale multiple parame-
ters in a bioreactor-size-independent way. 
This allows scientists to find the “sweet 
spot” within a parameter set of P/V, 
impeller tip speed, and Reynolds number 
(RE) to set the right agitation range for 
consistent mixing with the least sheer 
force to minimize damage to cells across 
scales. Currently, some scientists are try-
ing to make their own scale conversion 
tools using Excel spreadsheets to build a 
database of in-house process data, but this 
task requires a detailed knowledge of bio-
reactors being used, which may not always 
be available from suppliers. Commercial 
versions of scaling tools are being devel-
oped by some bioreactor manufacturers 
using a full characterization of their ves-
sels and information about critical influ-
ences on cell lines being cultured. Using 
one such commercial scaling tool in stud-
ies, Ruhl (17) generated a set of scaling 
parameters that were used in a proof-of-
concept cell culture process from 15 mL 
to 2000 L for a CHO cell line express-
ing a commercial monoclonal antibody 
(mAb). This set of parameters was applied 
to mini bioreactors (15 mL and 250 mL), 
transferred from single-use pilot (50 L 
and 200 L) through to commercial manu-
facturing bioreactor volumes up to 2000 L, 
and resulted in VCCs and critical process 
parameters with similar trends across all 
scales and with comparable performance 
to historic golden batch data.

Using an in-house scaling tool, 
where scientists put down all the 
information they have on their pro-
cess and vessels and then crunching as 
many numbers as possible, scientists 
can scale any bioreactor to any other 
type of vessel. However, it can take 
time to perform that amount of man-
ual analysis and the results may not be 
accurate if information on bioreactors 
is incomplete, or if scientists are using 
a range of different types of biore-
actors for process transfer. However, 
scaling becomes easier if scientists use 
a scaling tool in combination with 
mini bioreactors—which have similar 
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Figure 2. Bioreactor range showing linear scalability from 250 mL to 2000 L.
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geometrical height-to-diameter ratios 
to larger vessels (Figure 2)—for pro-
cess development and then transfer 
that process across a single bioreac-
tor range (17). Finally, analytical tools 
that are also scalable need to be used 
alongside the bioreactors to ensure 
that the process can be monitored and 
measured in the same way throughout 
scale-up, so that like-for-like data are 
being compared. This allows develop-
ment of a robust process as on/in-line 
measurements with feedback loops 
that are not dependent on manual 
measurements offline. The process can 
then be rapidly transferred through 
different scales often with as few as 
three scale-up steps (17), for more 
cost-effective process transfer.

CONCLUSION
Delays in upstream scale-up can run 
into hundreds of thousands of dollars 
a day and generally occur because not 

enough is known about the process 
before it is scaled from benchtop to 
pilot and manufacturing culture vol-
umes. In 2020, technology advances, 
including mini bioreactors for process 
development, commercial scaling soft-
ware tools, and bioreactor ranges that 
have similar geometries and associ-
ated analytics, all offer the potential 
for more seamless scale-up. When 
combined, these could shave months 
off scale-up timelines, thus speeding 
up manufacturing and helping deliver 
affordable biologics to countries when 
and where they are most needed.
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Cell Harvesting Steps Separate  
the Good from the Bad

A balance must be achieved between debris and  
impurity removal and maximizing product quality and yield.

CYNTHIA A. CHALLENER

U pstream and downstream bioprocessing operations are 
linked via the cell harvesting step. Cell harvesting is a 
crucial unit operation involving the removal of cells, cell 

debris, and other soluble and insoluble impurities that are detri-
mental to subsequent chromatographic separation processes. 

Proper choice of harvesting technology is essential; the 
results of this step impact all following purification operations. 
The technology chosen must match the characteristics of the 
upstream cell-culture process (adherent or suspension, high or 
low titer, etc.) and the nature of the product (proteins, viruses, 
cells, etc.) while providing bioprocess fluids suitable for sub-
sequent required purification steps. The most appropriate 
harvesting technology will also accommodate the inevitable 
batch-to-batch variations that occur with cell culture processes.

INCREASING CELL DENSITIES  
AND PROCESS VOLUMES
The biggest challenges to successful harvesting can be 
attributed to increases in productivity of cell culture processes. 

“In recent years, significant advancements in upstream processes 
have resulted in creating bottlenecks in clarification when 

approached by traditional means,” says Darren Verlenden, head 
of bioprocessing at MilliporeSigma. 

Cell densities and product concentrations, for instance, are 
increasing as cell culture processes become more intensified, 
according to Susan Prochazka, application specialist for separa-
tions at Sartorius. Greater maximum filter areas and, therefore, 
production plant footprints are required.

One example is handling cell densities of greater than 20 mil-
lion cells/mL, which is common with high-titer processes. “High 
cell density processes often come with increased impurities 
including DNA, host cell proteins, and cellular debris, which can 
wreak havoc on the downstream processes,” Verlenden explains. 
An optimal harvest clarification, he adds, can be instrumental 
in the removal of these impurities to alleviate challenges that 
high-density feed streams can exact further downstream.

In some cases, such as for viral vector and other virus 
production processes, choosing the right time to harvest 

CYNTHIA A. CHALLENER, PHD, is a contributing editor to 
BioPharm International.
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can enable higher product recoveries 
while minimizing cell debris. For oth-
ers that involve cell disruption to iso-
late intra-cellular products, a significant 
amount of cell debris, as well as debris 
of varying sizes, is produced that can 
challenge depth filers and potential 
sterile filters as well, Prochazka adds. 

As a result, it is important to have the 
ability to predict optimal harvest filter 
trains from measurable feedstream prop-
erties, according to Magnus Schroeder, 
vice-president of process development 
with Avid Bioservices. “The overall goal 
is to minimize product losses and cell 
damage while maximizing impurity 
removal. The best approach to achiev-
ing this goal is to identify high-capac-
ity, high-throughput harvest solutions 
that are highly scalable and robust with 
respect to relevant changes in the feed-
stream properties using data generated at 
lab scale,” he asserts. 

SUSPENSION VS.  
ADHERENT CELL CULTURE
While suspension cell culture is generally 
preferred and most new bioprocesses use 
this approach, there are still many pro-
cesses that involve adherent cell culture 
either because they were initially devel-
oped that way or because of the nature of 
the cells involved. Small-scale adherent 
cell-culture processes have traditionally 
been performed in roller bottle or cell tray 
formats, but they do not scale well. Larger 
adherent cell-culture processes employ 
microcarriers to provide adherent sup-
port for the cells within existing upstream 
suspension platforms or are performed in 
fixed-bed bioreactors. 

For cell harvesting, in most cases 
adherent cell-culture processes present 
fewer challenges because the supernatant 
contains less cell debris and often can 
be filtered directly through a bioburden 
reduction-grade filter or sterile-grade fil-
ter, according to Prochazka. She does 
note, though, that many of these pro-
cesses involve viruses or viral vectors, 
which tend to adhere more to depth fil-
ters due to their charged nature.

For processes that rely on microcarriers, 
the cells are typically released by exposing 
them to an enzyme such as trypsin for 
a short incubation period. Expertise is 
needed to find the right concentration 
of trypsin and incubation time to not 
damage or kill the cells due to over-ex-
posure, according to Peter Molloy, execu-
tive vice-president of Orgenesis. “We are 
overcoming some of these challenges by 
developing novel biodegradable micro-
carriers,” he notes. 

The free microcarriers can then be 
removed downstream using fully syn-
thetic large-capacity gradient filters fol-
lowed by a suitable secondary polishing 
depth filter, according to Verlenden. For 
adherent processes performed in fixed-
bed reactors, meanwhile, clarification may 
be focused on cell debris and impurity 
removal using an intermediate grade and 
polishing depth filter.

Although suspension cell-culture pro-
cesses are more scalable, cell harvesting 
can be challenging as well because find-
ing the right technique is based on the 
density and type of cells being harvested, 
Molloy says. He notes that common fil-
tration approaches include centrifuga-
tion, microfiltration, depth filtration, and 
membrane filtration, or a sequential com-
bination of these techniques. 

Typically, Verlenden adds, cell har-
vesting for a suspension cell-culture 
process would involve a two-stage clari-
fication train consisting of a primary and 
secondary step, or a pre-treatment tech-
nology to further enhance clarification 
performance. It is for these processes in 
particular that increasing cell and prod-
uct densities can lead to increased filter 
areas and therefore process costs and 
footprints, Prochazka observes.

CELLS AS THE PRODUCT
When the cells themselves are the 
product, cell harvesting can be quite 
challenging. Unlike for the bulk of 
traditional processes, where cells need 
to be discarded at the end of the cell 
culture, in cell therapy, the objective 
is to harvest the cells with the great-

est of care. “Cells are fragile and can 
be highly shear sensitive, however,” 
Molloy says. It is therefore important 
to take into consideration the density 
and viability of the cells, and ensure 
minimal disruption during harvesting. 
Lysis, he adds, must also be prevented 
to avoid potential cell death. 

Given that the sensitivity of the cells 
is the central challenge, they should be 
harvested using techniques that have 
extremely low shear forces and high 
product recovery rates, according to 
Prochazka. She points to a single-use 
continuous centrifugation system 
offered by Sartorius that maintains 
the cells in a fluidized bed where they 
can be concentrated or medium can be 
exchanged in a non-invasive way com-
pared to a conventional centrifuge. “This 
approach is also beneficial because it 
can be operated under sterile conditions, 
which is important given that sterile fil-
tration cannot be performed due to the 
large size of cells,” she observes.

Acoust ic  wave technology is 
another effective solution that is 
scalable, reduces costs, and improves 
quality, according to Ver lenden. 
MilliporeSigma has developed a solu-
tion based on this technique that he 
says provides a gentler, efficient, closed, 
and automated system as an alternative 
to current mechanical and filtration 
methods for cell harvesting. 

UNIQUE  
APPROACHES REQUIRED
Cell culture clarification is essentially a 
fine balance between removing debris 
and impurities while ensuring high 
product quality and yield. Because each 
process and product has unique char-
acteristics, each modality and cell line 
requires a unique cell harvest and clarifi-
cation approach, according to Verlenden. 

“Over the years, the industry has 
gained significant expertise in handling 
monoclonal antibody (mAb) processes; 
however, as novel modalities continue 
to gain market share along with the 
adoption of non-Chinese hamster ovary 
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expression systems (plant cells, micro-
bial, insect), it may require investigation 
and evaluation of novel clarification 
approaches, including the addition of 
flocculants to pretreat the feed stream at 
the bioreactor,” Verlenden says. 

For instance, Schroeder points outs 
that for some complex recombinant pro-
tein and low isoelectric point antibodies, 
product binding to depth filter matrices, 
and thus yield loss, must often be con-
sidered. Adsorption is also a challenge for 
other charged actives, including viral vec-
tors and other virus-based products and 
RNA-based drug and vaccine substances, 
due to higher levels of interaction with 
filter materials, Prochazka reiterates. A 
closed and sterile clarification step may 
also be needed to ensure operator safety 
and product sterility for some of these 
products, she adds. When single-use sys-
tems are employed, consumable quality 
and compatibility must also be addressed.

Meanwhile, the shift to intensified 
manufacturing is generating a need 
for continuous harvesting techniques, 
according to Prochazka.

INNOVATIVE SOLUTIONS 
ADDRESS MANY CHALLENGES
The increasing necessity to harvest 
products from high cell-density cul-
tures while maintaining or improv-
ing product yield has led companies to 
turn to innovative solutions for clarifi-
cation of cultures, including single-use 
devices, high-capacity depth filters, 
and pretreated feed streams. 

“Improvements in c larification 
depth filtration, including high capac-
ity filters with gradient filter media 
to support increased throughput with 
minimal breakthrough, fully synthetic 
filters, and depth filters optimized for 
pretreated feed streams benefit large-
scale manufacturing due to the lower 
quantity of depth filters required to 
achieve similar efficiencies compared 
to traditional primary and secondary 
filtration systems,” Verlenden asserts.

In addition to synthetic depth fil-
ter matrices, hybrid filter formats and 

additional pre-processing steps such 
as flocculation and filter aids can add 
value in terms of productivity, through-
put, and additional impurity removals, 
Schroeder agrees. “While increasing cell 
culture productivities largely achieved 
by increases in cell mass can present 
challenges with respect to depth filtra-
tion capacity, alternative formats such 
as flocculation and filter aids can help 
to overcome those capacity constraints 
by increasing the filter capacity,” he says.

Sartorius has focused on developing 
single-use sterile manifolds that can con-
tinuously process material from large-
scale, high cell-density mAb processes 
and cell therapies with working volume 
ranging from 0.5 L to 50 L, both with 
high recovery rates. 

Prochazka notes that switching from 
capsules to cassette format for cel-
lulose-based depth filtration allows for 
easy scale up and set up in a low foot-
print despite increasing batch volumes. 
However, where depth-filtration is not 
appropriate for clarifying high cell-den-
sity-cultures, Sartorius is focusing on 
using a centrifuge with single-use ster-
ile manifolds. These systems, according 
to Prochazka, can continuously process 
material from high cell-density mAb pro-
cesses up to 2000 L and cell-therapy pro-
cesses with working volumes down to 500 
mL, both with high recovery rates while 
employing low shear forces. 

MORE ADVANCES TO COME
Some of the newer technologies in use 
today for cell harvesting are expected to 
benefit from further improvements in 
the near future. Refinements of depth 
filtration technology through the addi-
tion of tailored functional groups that 
enable combined solid/colloid removal 
capacity with improved impurity 
removal will, according to Schroeder, 
reduce the burden on purification steps 
further downstream and potentially 
reduce the number of total purification 
steps required to achieved final product 
quality specifications.

Improved pre-treatment solutions for 
the flocculation of cells and cell debris 
are expected by Verlenden. This tech-
nology, he notes, allows for the aggrega-
tion of smaller particles that are difficult 
to centrifuge and may plug traditional 
downstream filters. “Pre-treatment 
offerings, including cationic flocculation 
polymers in conjunction with charged 
depth filters with gradient density 
structures, are specifically designed to 
manage the particle size distribution, 
and improve the process consistency 
and efficiency of clarification steps by 
reducing soluble process impurities such 
as host cell proteins and host cell DNA,” 
he says. 

Some older, alternative technolo-
gies for cell harvesting are also being 
revisited, according to Prochazka. She 
points to sedimentation techniques in 
combination with precipitation or floc-
culation as promising for very high 
biomass loads. 

Like Prochazka, Verlenden also 
expects the adoption of single-use tech-
nologies at commercial scale to continue 
in response to demand for production 
efficiencies and closed, intensified, and 
continuous processing. “Single-use tech-
nologies are becoming widely adopted 
for cell separation and downstream appli-
cations, offering benefits including min-
imized cross contamination of products, 
reduced process time and operation costs, 
increased productivity, and improved 
quality,” he asserts. ◆
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Reconfiguring Fill/Finish Inspection 
to Meet COVID-19 Vaccine Goals

Fill/finish inspection for vaccine vials and syringes must 
remain GMP-compliant while aiming for fast, efficient methods.

FELIZA MIRASOL

T he global race to produce COVID-19 vaccines under 
the Operation Warp Speed initiative adds pressure 
to vaccine manufacturers to have product ready while 

conforming to US-based current good manufacturing prac-
tices (CGMP) and other countries’ regulations. The speed 
and efficiency with which vials and/or syringes are inspected 
during fill/finish are crucial for meeting these goals.

INSPECTION METHODS AND TIMING
Visual inspection methods are common, but visual inspection 
is not necessarily simple, notes Andy Polywacz, vice-presi-
dent of Quality Assurance at West Pharmaceutical Services. 
Polywacz explains that in-line vision systems are highly 
capable at evaluating a number of product attributes, such 
as detecting particulate, the presence of the vial stopper, the 
presence and position of the vial seal, the color of the cap on 
the seal, the fill level of the vial, and cracks and/or deforma-
tions in the glass. Meanwhile, the speed of inspection should 
be based on the capability of the vision system. “Some 
systems are engineered for high-speed processing and, as 
such, can effectively inspect vials/syringes at a relatively high 

speed without compromising the quality of the product,” 
Polywacz says.

Multiple COVID-19 vaccine candidates are currently in 
development today that are following different development 
strategies, and they can likely pose two different scenarios: 
one in which the vaccines will be in a light suspension, with 
low turbidity, and another scenario in which the vaccines 
will be in a suspension that is more difficult to inspect, says 
Raffaele Pace, engineering head of Operations at Stevanato 
Group, a producer of glass primary packaging and provider 
of integrated capabilities for drug delivery systems.

“In the first case, a ‘traditional’ inspection method based on 
cameras could work efficiently. To increase the foreign particle 
detection rate, Stevanato Group relies on motion detection 
using advanced trajectory algorithms, as the particles behave in 
a statistically measurable way,” Pace states. “Should one or more 
approved vaccines be a thicker suspension, or even an emulsion, 
line scan cameras would be the best-suited option.”

The most crucial element in global vaccination programs, 
once a successful vaccine candidate moves into the manu-
facturing phase, is the supply of billions of doses of vaccines, 
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Pace continues. “The inspection phase 
will keep up the pace and match this 
high-volume production,” he says. “It 
is assumed, therefore, that the vials and 
syringes will be inspected at an average 
speed between 400 and 600 units per 
minute, depending on the inspection 
method used, counting up to 36,000 
inspected items per hour.”

Darryl Peterson, business develop-
ment manager for Antares Vision North 
America, a provider of inspection equip-
ment and traceability solutions, points 
out that the inspection process should, at 
least, equal the line speed, which is gen-
erally determined by the “slowest com-
mon denominator” on a filling line (i.e., 
the machine with the lowest throughput 
rate). “Some experts believe that about 
15 billion doses of a COVID-19 vac-
cine would be necessary to immunize 
the global population; the worldwide 
combined capacity within an accept-
able timeframe is not even half this 
amount. This means that the industry 
will need to innovate and upgrade to 
meet unprecedented vaccine demand 
in a condensed, emergency-level period. 
Inspection will play a mission-critical 
role in this expedition process,” he states. 

Peterson observes that the highest rate 
possible for fill/finish inspection, in this 
vaccine niche, is in the vicinity of 500 
items per minute, in line with Pace’s eval-
uation (400–600 units per minute). This 
pace of inspection slows slightly should 
vacuum leak detection be needed. “There 
are a significant proportion of companies 
converting existing fill/finish lines with 
speeds in the 100–150 item per minute 
range, with desires to get to [a speed of] 
over 200 items per minute,” Peterson says.

Ensuring container closure integrity 
(CCI) as part of the fill/finish inspec-
tion process is also important, emphasizes 
Oliver Stauffer, CEO, PTI Inspection 
Systems, a global provider of package 
testing equipment, specifically non-de-
structive inspection and leak testing 
technologies for high risk packaging 
applications. “Failure of CCI poses a sig-
nificant risk to patients, and visual inspec-

tion does not identify the lion’s share of 
CCI defects posing a risk to patients,” he 
says. “Vacuum decay and high voltage 
leak detection (HVLD) are two funda-
mental technologies that can be deployed 
to inspect containers for CCI.” PTI’s 
technologies can detect defects below 1 
micron in size on liquid fill parenteral 
products and can be performed with 
cycle times under 10 seconds.  

Moreover, CCI plays an important 
role in maintaining the sterility and sta-
bility of sterile injectable products, adds 
Derek Duncan, PhD, director, Product 
Line Europe, Lighthouse Instruments. 
Duncan explains that defects that cause 
a leak in a sterile vial are not necessarily 
defects that will be detected by a visual 
inspection process. “Examples of such 
defects are defects that are hidden by the 
crimp, microscopic cracks, and scratches 
in the glass, or temporary defects, such as 
stopper pop-up that result in temporary 
container leakage,” he says.

Duncan also notes that scientific CCI 
studies should be conducted earlier in the 
product life cycle to justify a CCI test-
ing strategy in manufacturing. “In other 
words, there is an implicit requirement 
on packaging and process development 
to generate robust scientific CCI data in 
support of manufacturing’s efforts to be 
compliant. If CCI studies generate data 
showing a high-risk package or process, 
then a more robust CCI testing strategy 
could be implemented in manufacturing 
and vice versa,” he states.

MEETING WARP SPEED GOALS
Meeting the goals set for COVID-19 
vaccine development under Operation 
Warp Speed will have logistical impacts 
on fill/finish operations.

“First and foremost, pharma compa-
nies are reconfiguring vaccine lines dedi-
cated for other medicines for COVID-19 
treatments and vaccines. This can require 
a significant amount of rework,” says 
Peterson. “Some are also adding entirely 
new lines to increase capacity exponen-
tially; here, opportunities exist to ‘start 
fresh’ with modernized filling lines with 
the latest and greatest in automatic 
inspection capabilities.” 

Peterson also recognizes the impor-
tance of temperature control for most vac-
cines and suggests that companies take 
note of this detail. Maintaining proper 
temperature control means that speed of 
production must be paramount to get the 
filled vials/syringes immediately into cold 
storage. “From there, that vaccine needs to 
be shipped in cold storage in a verifiable 
fashion, so that end users are assured of 
highest-possible efficacy,” he asserts.

Polywacz points out, however, that 
COVID-19 vaccines will more than likely 
follow the same basic filling process as 
other vaccines, including the inspection 
process. “The capacity for filling and the 
line speed is the question, not the abil-
ity to inspect the product. In-line vision 
inspection is a capability that allows an 
integrated approach to filling and inspec-
tion and, as such, the key is overall line 
speed,” he states.

“It is advisable to develop the vision 
recipes for the automatic inspection 
machines immediately, using multi-
functional analysis equipment and, 
thus, anticipating any unknown issue,” 
interjects Pace.

Pace also suggests using multifunc-
tional manual equipment to generate 
the “vision recipe”, highlighting the 
importance of collecting samples of 
product during Phase III studies, even 
if the candidate vaccine is not stored in 
the final primary container that will be 
marketed. He further notes that lever-
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aging the extensive database of existing 
vaccines currently on the market would 
be helpful in establishing inspection 
methodology for potential COVID-
19 vaccines. “Artificial Intelligence 
could support the fast realization of an 
inspection recipe for the COVID-19 
candidate vaccines,” he adds.

Duncan, meanwhile, says that 
because the time during the COVID-
19 vaccine development process is lim-
ited, more emphasis could be put on 
inspection/testing practices in man-
ufacturing, as an extra precaution to 
guarantee product quality in terms of 
CCI. “After validation of the funda-
mental closure system, data needs to 
be generated to understand if the pro-
cess introduces risk to CCI. To gain 
statistical confidence in the process, it 
would be necessary to perform testing 
on statistical sample sets. This in turn 
will require the use of non-destructive 
deterministic test methods because the 
probabilistic legacy test methods (blue 
dye and microbial ingress testing) have 
limited throughput capability.” 

“Any pharmaceutical technology needs 
to adhere to the highest quality standards,” 
adds Stauffer. “Container quality is just 
one aspect of assuring drug quality and 
safety and ultimately patient safety.”

“Simply put, there are a lot of chal-
lenges here,” Peterson confirms, stating 
that “CGMP is typically non-negotiable; 
they are and should be mandatory for 
FDA acceptance. Evidenced by the green-
lighting of mass production even while 
Stage III trials are ongoing, Operation 
Warp Speed may be a slight exception to 
full GMP compliance, as several com-
panies are producing vaccine in ‘at risk’ 
quantity, signifying that they may come 
with some potential for diminished effi-
cacy—whether that means the inability 
to verify cold chain perpetuity or fully fail-
safe inspection practices.” 

Peterson also says that the logistics 
of manufacturing a vaccine at “warp 
speed” is stretching the limits of global 
pharma capabilities. “The extraordinary 
demand—literally twice the global popu-

lation—makes meeting the highest GMP 
standards while achieving desired capacity 
exceptionally challenging,” he states.

A solution to the challenge of meet-
ing Operation Warp Speed goals is the 
use of automatic inspection machines 
that can inspect for all crucial parame-
ters, including the presence of foreign 
particles, fill volume (also referred to as 
fill height), discoloration, and closure 
orientation, while also incorporating 
vacuum-driven leak detection, Peterson 
says. Automated inspection machines 
help companies inspect pre-filled vials 
and syringes—with either liquid or lyo-
philized (freeze-dried) product—for 
foreign particles, proper fill volume/
height, color, cosmetic aspects (i.e., 
cracks or other defects), and the integ-
rity of the aluminum crimp seal as well 
as the cap, if applicable, he adds.

“The overarching point is that flex-
ible, comprehensive automatic inspec-
tion will be needed to achieve the 
mission laid out by Operation Warp 
Speed. Meeting these needs with basic 
manual inspection would be nearly 
impossible,” Peterson adds.

“There are no corners being cut in the 
pharmaceutical response to COVID-19. 
While the focus is speed to market, no 
steps are being skipped, and it simply 
means streamlining decision processes 
and always driving the process forward,” 
says Stauffer. “Warp speed simply means 
all hands on deck all the time. The phar-
maceutical industry knows there is a lot at 
stake in this mission and quality will not 
be compromised.”  

The primary needs for supporting the 
pharmaceutical industry’s mission is proj-
ect execution, which requires effective 
cross functional teams, financial resources, 
ability to make decisions in deploying 
those resources, and ultimately having 
suppliers that can rise to the challenge, 
according to Stauffer.

Polywacz also asserts that manufactur-
ers of approved vaccines will follow the 
established CGMPs, stating that “the fill-
ing and inspection process is not some-
thing new for the industry and, as such, 
can be conducted in a complaint manner.” 

“Manufacturers will operate their 
lines within the validated parameters to 
achieve a filled, compliant vaccine. Speed 
and compliance can co-exist as the two 
concepts are not mutually exclusive—it 
all goes back to the capability of the over-
all proces,” says Polywacz.

“In my opinion what is needed is 
speed and scale,” Polywacz adds. “The 
challenge is having enough open capac-
ity to produce and fill the vaccine in a 
timely manner. All other drug products 
need to continue to be produced, so it is 
not as if manufacturers can stop making 
other products and focus on the vac-
cine—they need to do both. The avail-
able capacity will be dependent upon 
the overall line speed for manufacturing, 
filling, and inspection. If a manufacturer 
needs to produce hundreds of millions 
of vials of vaccine in a relatively short 
time, then more than likely they will 
need to look at high speed lines and/or 
additional capacity to achieve the out-
put needed to supply the market.”

“To keep up a ‘speedy’ pace to meet 
Operation Warp Speed goals while 
still remaining CGMP compliant will 
require implementation of CCI inspec-
tion/test methods that are conducive 
to generating a significant amount 
of science-based CCI data in a short 
amount of time. Methods that are 
non-destructive, rapid, and analytical 
will be preferred, and the implemen-
tation of these methods will accelerate 
trends that have already started in the 
industry,” concludes Duncan.  ◆
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Glycoengineering Shows Promise for 
Enhancing Antibody Therapeutics

Glycoengineering is growing in importance as a technique 
to improve antibody therapeutic efficacy, safety, and product quality. 

FELIZA MIRASOL

In glycosylation, carbohydrates (sugars) can naturally 
attach to an antibody, and the pattern of attachment 
can have a significant impact on the antibody’s thera-

peutic activity. Approximately 50% of human proteins are 
naturally glycosylated (1). Although in some cases glyco-
sylation can be a challenge to biologic drug development, 
certain attachment patterns can have a beneficial effect, 
such as making the antibody more easily recognizable in 
vivo. This has led to the field of glycoengineering, where 
an antibody therapeutic is deliberately glycosylated with 
a preferred pattern. 

Meanwhile, a growing market for glycoproteins makes 
glycosylation an increasingly important factor in drug 
development. Glycoform heterogeneity has so far demon-
strated that different glycoforms have different biological 
activity, which means that control over the production 
process to produce specifically defined glycoforms is also 
becoming more important. Glycoengineering is moti-
vated by an increased understanding of the functions of 
individual glycoforms in the pursuit of generating more 
enhanced, or “bio-better” therapeutics (1). 

IMPORTANCE OF GLYCOSYLATION 
IN BIOTHERAPEUTIC DEVELOPMENT
It is well established that glycosylation plays important roles 
in the biological functions and therapeutic efficacy of anti-
bodies, Claus Kristensen, CEO of GlycoDisplay, confirms. 

“For example, immunoglobulin G (IgG), the most common 
isotype found in humans, carries single N-linked oligosaccha-
rides (N-glycans) at its Fc domain, which helps to maintain 
the quaternary structure of Fc and the stability of the anti-
body,” Kristensen says. 

Kristensen further explains that the fine structures of 
N-glycans, such as the status of core fucosylation or terminal 
sialylation, are critical in defining an antibody’s effector func-
tions, including antibody-dependent cell-mediated cytotoxic-
ity (ADCC) and anti-inflammatory activities. 

“Glycans may vary with different production conditions, 
so, during manufacturing, the glycan composition becomes 
an important quality parameter for antibody therapeutics,” 
Kristensen adds.

Detecting glycosylation patterns is also of crucial con-
cern. The most common analytical methods for detec-
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tion are based on mass spectrometry 
(MS). The traditional approach has 
been to glycoprofile released glycans, 
which involves a chemical release of 
the glycans and derivatization before 
MS analysis. 

Alternatively, MS analysis of gly-
cans at specific sites in glycopro-
teins using glycopeptides—released 
by proteolytic digestion of the anti-
body—may be performed. “More 
recently, MS analysis of intact gly-
coproteins has become possible, and 
the obstac le of heterogeneity of 
glycans can be overcome using gly-
coengineering to make more homo-
geneous glycans and simplify the 
analysis,” Kristensen says.

BENEFITS OF 
GLYCOENGINEERING
As the biopharmaceutical industry 
strives to develop more effective 
biotherapeutics, using a glycoengi-
neering approach may be a key to 
improving some therapeutics, such 
as monocloncal antibodies (mAbs), 
which have become the most com-
mon type of biotherapeutic in the 
market. The most common glyco-
engineering technique of antibod-
ies involves the removal of what is 
known as the “core-fucose sugar 
group” f rom the antibody glycans, 
Kristensen highlights. 

“Antibodies without the core fucose 
have 10–50-fold higher ADCC effect 
than antibodies with fucose, so anti-
bodies without the fucose become 
more efficient in cancer treatment,” 
Kristensen points out as an example. 

“Antibodies may also be glycoen-
gineered to obtain more homoge-
neous glycans, which will simplify 
characterization and analysis and give 
higher product quality with respect 
to reduced batch-to-batch variation 
and more predictable bioassay results,”  
he adds. “This approach is still in 
ear ly phases but will expectedly 
become the next level in antibody 
glycoengineering.” 

Kristensen also explains that the 
full range of biological activities, 
which different glycan structures con-
fer to antibodies, is not fully known, 
making it difficult to ascertain how 
much of a benefit or hindrance a nat-
urally occurring glycosylated antibody 
may be in a therapeutic setting. “For 
example, the degree of sialic acid sug-
ars on antibodies clearly have anti-in-
flammatory effects, but we do not 
understand the full range of effects 
in, for example, intravenous Ig treat-
ment,” he says.

However, what has been shown 
is that removing fucose on antibod-
ies improves ADCC and, therefore, 
provides the antibodies with higher 
potency against cancers. “Different 
technologies have been employed 
to reduce core fucose on therapeu-
tic antibodies, these approaches dif-
fer in complexity and efficiency. If 
decided early in development, one 
may employ engineered cell lines 
during production cell-line devel-
opment, and then development 
timelines are not delayed because of 
glycoengineering,” Kristensen states. 
In general, the afucosylated antibod-
ies should be easier to characterize,  
requiring less effort from analytical 
and quality control operations, and 
possibly meaning less cost for the 
glycoengineered antibody, he adds. 

GLYCOENGINEERING 
ADVANCES PUSH FORWARD 
Meanwhile, as the field of glycoengi-
neering moves forward, many differ-
ent strategies have been explored to 
modulate the glycosylation of anti-
bodies, Kristensen notes. However, 
at this time, it seems that the most 
optimal approach is the stable engi-
neering of glycosylation capacities 
of the host cells used to produce 
recombinant  g lycoprote in ther-
apeutics. “This approach has been 
applied to produce optimized gly-
cans on therapeutic antibodies, pro-
viding improved therapeutic efficacy. 
Especially with the emergence of the 
precise gene editing technologies, 
it is now possible to develop host 
cell lines with a high degree of sta-
ble, custom-designed glycosylation 
capacities,” Kristensen states. 

Kristensen notes that, in the 
future, such designed cell lines will 
provide further refined antibody  
glycodesigns. This wil l  ser ve to 
improve efficacy, safety, and quality 
features that would have an overall 
benefit to patients. 

REFERENCE
1. Creative BioLabs, “Glycoengineering 

Service,” creative-biolabs.com, 
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How Parenteral Drug Packaging Can 
Better Mitigate RiskA Q&A
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Technical Key Account Manager

Datwyler

BioPharm: What are some overlooked 
packaging do’s and don’ts in parenteral 
drugs?
Polini: Don’t just use what is already in the 
drawer. It’s easy to assume that because 
you used a certain component for the last 
product, that you’ll use the same component 
for everything forever. That can set you 
up for challenges down the road. This is 
important when considering the sensitivity 
of large-molecule drugs and how packaging 
components can impact formulation integrity. 
Don’t underestimate the importance of the 
packaging components’ impact on overall 
drug development and delivery. 

Additionally, do engage suppliers early, 
consulting with them on the best technical 
fit ahead of time to identify, or even 
customize, the appropriate solution. And 
be transparent with suppliers, providing 
all the facts. Don’t let your contract 
manufacturer dictate component strategy. 
Science, regulations, and risk mitigation 
should dictate component decisions. And 
consider how components arrive at your 
door; consult with suppliers on appropriate 
sterilization and washing parameters, and if 
products are coming in bulk or if they need 

to be ready-to-use or ready-to-sterilize. 
Work with suppliers to weigh options and 
plan processes. 

BioPharm: What are the most 
significant contamination threats?
Polini: The most significant contamination 
threat to parenteral drug products is humans, 
be it contamination that comes from our bodies 
or human error. Implementing automation 
into manufacturing processes helps reduce 
human interference. Contamination can also 
come from packaging, the drug product, 
and the environment. Have a complete 
leachables study done before launching 
a product. Silicone oil, which is used as 
a lubricant on many drug products and 
packaging products, can be a problem for 
sensitive formulations. Over-siliconization 
and under-siliconization can also provide 
avenues of contamination. 

BioPharm: Describe Datwyler’s quality-
first approach to the manufacture of 
packaging for parenteral drugs.
Polini: We follow good manufacturing 
processes, which is reflected by our 
adherence to ISO 15378. The quality of our 
parenteral packaging has to be as good, or 
better, than the products of our customers. 

We use quality-by-design principles to pick the right 
level of quality for a customer’s application. For example, 
particle contamination is a major factor in the quality of 
a parenteral drug product. So, we built a manufacturing 
standard called FirstLine™ that mitigates particle 
contamination before it can impact a drug formulation.

BioPharm: What are the quality principles that guide 
your process?
Polini: Everything that we make ratchets up to patient care. 
Everything we make aids in the containment of a drug 
that will be injected into a living being. We live a customer-
focused culture at Datwyler. We strive to exceed their 
expectations, thus generating long-term partnerships. 
We’re also constantly improving our processes. Our quality 
systems are supported by digitalization, which enables 
analysis, exchange of information, and trending. We also 
use a risk-based approach to meet the changing needs of 
our customers. We have process replication whereby our 
products can be reproduced in our many manufacturing 
sites using the same ingredients, the same processes, 
and the same quality management systems. Finally, we’re 
constantly looking for newer and better ways to make 
products safer and more effective, and with more utility for 
our clients.

BioPharm: How do these measures exceed regulatory 
standards and mitigate risk?
Polini: We like to exceed standards and build products that 
are better than the compendial needs dictate. For example, 
FirstLine™ represents a marriage of cleanroom and 
automated environments that adds up to greater reliability 
and minimal potential for product contamination. We also 

work with clients on product failure mode analyses (FMEA) 
to understand their main risks and design our products and 
processes to reduce risk and meet the requirements. We 
do computer simulations via finite element analysis (FEA) to 
visualize any unseen risks before they appear in the production 
environment and field use.

BioPharm: How is all of this is being impacted by 
COVID-19?
Polini: In my opinion, the urgency of almost everything has 
been heightened. The need for supplies, and the timelines 
for everyone have been shortened. It’s never been more 
important to get it right the first time. You don’t want to have 
quality investigations and interventions lengthening time 
to market because every day you’re not on the market is 
money. It’s incumbent upon engineers and formulators to be 
proactive in making educated packaging decisions.

BioPharm: How can parenteral packaging engineers 
and scientists adapt in the current climate?
Polini: Packaging engineers and scientists need to cut 
package development time. If they gave themselves a 
year in the past, they might need to do the things in three 
months, especially in the current environment. As an example 
of a mitigating factor, some of our package engineering 
departments have developed “kits” for parenteral packaging 
using closures that will accommodate 80% of their future 
drug product needs. They have prepared compendial 
machinability, leachables, and functionality dossiers on all 
parenteral packaging they might need in the future. 

These parties should avoid multiple-choice packaging options. 
No one has the luxury of time to explore multiple options. Consider 
that every variation on compound, design, and packaging takes 
time to develop, manufacture, validate, and test. 

Also, remember that higher quality reduces risk and time 
to market, but comes with a price that is typically higher 
than standard offerings. Cost should not be a roadblock to 
providing the best solution in the shortest time. Finally, they 
should qualify multiple suppliers, as no one supplier has the 
capability and capacity to meet all your needs.

Manufacturing standard measures contamination before 
it impacts a drug formulation.

Drug manufacturers face challenges when specifying packaging components that 
protect formulation integrity of injectables. Datwyler’s Technical Key Account Manager 
Eugene Polini recently spoke with BioPharm International about a manufacturing 

philosophy that aims to accommodate the sensitivities of large-molecule drugs and 
target zero defects. He also discussed the most significant, and sometimes overlooked, 
contamination threats that sealing solutions like plungers, stoppers, and aluminum caps 
must mitigate. And, he addressed key considerations for drug manufacturers and packagers 
navigating supply chains in the era of COVID-19.
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Datwyler is a leading industrial supplier and a key player in the global healthcare world with more than 20 operating

companies, sales in over 100 countries, and more than 6500 employees. Within its healthcare offering, Datwyler provides 

a unique range of products and services, including the most advanced elastomer formulations, coatings, aluminum 

seals, and processing technologies. 
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focused culture at Datwyler. We strive to exceed their 
expectations, thus generating long-term partnerships. 
We’re also constantly improving our processes. Our quality 
systems are supported by digitalization, which enables 
analysis, exchange of information, and trending. We also 
use a risk-based approach to meet the changing needs of 
our customers. We have process replication whereby our 
products can be reproduced in our many manufacturing 
sites using the same ingredients, the same processes, 
and the same quality management systems. Finally, we’re 
constantly looking for newer and better ways to make 
products safer and more effective, and with more utility for 
our clients.

BioPharm: How do these measures exceed regulatory 
standards and mitigate risk?
Polini: We like to exceed standards and build products that 
are better than the compendial needs dictate. For example, 
FirstLine™ represents a marriage of cleanroom and 
automated environments that adds up to greater reliability 
and minimal potential for product contamination. We also 

work with clients on product failure mode analyses (FMEA) 
to understand their main risks and design our products and 
processes to reduce risk and meet the requirements. We 
do computer simulations via finite element analysis (FEA) to 
visualize any unseen risks before they appear in the production 
environment and field use.

BioPharm: How is all of this is being impacted by 
COVID-19?
Polini: In my opinion, the urgency of almost everything has 
been heightened. The need for supplies, and the timelines 
for everyone have been shortened. It’s never been more 
important to get it right the first time. You don’t want to have 
quality investigations and interventions lengthening time 
to market because every day you’re not on the market is 
money. It’s incumbent upon engineers and formulators to be 
proactive in making educated packaging decisions.

BioPharm: How can parenteral packaging engineers 
and scientists adapt in the current climate?
Polini: Packaging engineers and scientists need to cut 
package development time. If they gave themselves a 
year in the past, they might need to do the things in three 
months, especially in the current environment. As an example 
of a mitigating factor, some of our package engineering 
departments have developed “kits” for parenteral packaging 
using closures that will accommodate 80% of their future 
drug product needs. They have prepared compendial 
machinability, leachables, and functionality dossiers on all 
parenteral packaging they might need in the future. 

These parties should avoid multiple-choice packaging options. 
No one has the luxury of time to explore multiple options. Consider 
that every variation on compound, design, and packaging takes 
time to develop, manufacture, validate, and test. 

Also, remember that higher quality reduces risk and time 
to market, but comes with a price that is typically higher 
than standard offerings. Cost should not be a roadblock to 
providing the best solution in the shortest time. Finally, they 
should qualify multiple suppliers, as no one supplier has the 
capability and capacity to meet all your needs.

Manufacturing standard measures contamination before 
it impacts a drug formulation.

Drug manufacturers face challenges when specifying packaging components that 
protect formulation integrity of injectables. Datwyler’s Technical Key Account Manager 
Eugene Polini recently spoke with BioPharm International about a manufacturing 

philosophy that aims to accommodate the sensitivities of large-molecule drugs and 
target zero defects. He also discussed the most significant, and sometimes overlooked, 
contamination threats that sealing solutions like plungers, stoppers, and aluminum caps 
must mitigate. And, he addressed key considerations for drug manufacturers and packagers 
navigating supply chains in the era of COVID-19.

“

”

Cost should not be a roadblock to 

providing the best solution in the 

shortest time.

Datwyler is a leading industrial supplier and a key player in the global healthcare world with more than 20 operating

companies, sales in over 100 countries, and more than 6500 employees. Within its healthcare offering, Datwyler provides 

a unique range of products and services, including the most advanced elastomer formulations, coatings, aluminum 

seals, and processing technologies. 
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Assessing Data Integrity Risks in an 
R&D Environment 

A data-integrity risk assessment tool has been developed for use 
with standalone R&D data-acquisition and processing software. 

JULIE LIPPKE, JOSEPH MONGILLO, THOMAS CULLEN, CHASE WALLER, KATRIA HARASEWYCH,  

ZAHID MUHAMMAD, AND JOHN BENNETT

I n 2014 through 2016, inspections of pharmaceutical 
facilities revealed a pattern of repeated failure to follow 
data integrity requirements established in the current 

good manufacturing practices (CGMPs) predicate rules 
and regulations in 21 US Code of Federal Regulations (CFR) 
211 (1) and other international regulations. Global regu-
lators took a number of enforcement actions against man-
ufacturers. Since that time, data integrity, particularly for 
electronic data, has become an area of increased regulatory 
focus in the pharmaceutical industry. 

In March 2018, the UK’s Medicines & Healthcare 
Products Regulatory Agency (MHRA) issued guidance 
and definitions on this topic (2), and FDA published guid-
ance the following December, in the form of Questions 
and Answers (3). These documents followed guidances 
issued by the World Health Organization (4) and the 
Pharmaceutical Inspection Convention/Pharmaceutical 
Inspection Co-operation Scheme (PIC/PICS) (5). 

A working group of the International Consortium for 
Innovation and Quality in Pharmaceutical Development 

(IQ) has developed a risk-assessment tool to help profes-
sionals working in pharmaceutical research and development 
assess data-integrity risks associated with stand alone (i.e., 
non-enterprise) computerized analytical data acquisition and 
processing software. It is meant to be used with systems that 
generate data kept in non-transient data storage. It would 
not, for example, be used for transient data storage (e.g., for 
non-computerized pH meters and the like). Its developers 
expect this tool to help harmonize the process for perform-
ing data-integrity risk assessments across the pharmaceutical 
R&D analytical community. 

JULIE LIPPKE* julie.a.lippke@pfizer.com, and JOSEPH MONGILLO 
both work in analytical research and development at Pfizer Inc. 
(Groton, CT); THOMAS CULLEN works in analytical research and 
development and CHASE WALLER works in quality, both at AbbVie 
Inc. (North Chicago, IL); KATRIA HARASEWYCH and ZAHID 
MUHAMMAD both work in quality at Merck & Co., Inc., (West Point, 
PA); JOHN BENNETT works in quality at Boehringer Ingelheim 
Pharmaceuticals Inc. (Ridgefield, CT). 

*To whom all correspondence should be addressed
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Event Overview
Product safety is vital. Aseptic processors perform aseptic 
processing simulations or media fill tests to ensure the 
production of parenteral drugs is safe. 

In this webcast, our media fill experts will give an overview of 
what to consider when selecting media for aseptic process 
simulations, in particular:

 •  Regulatory requirements in the United States and the 
European Union, including changes to GMP Annex 1

 •  User requirement specification for equipment and 
instruments

Key Learning Objectives
 •  Understand what regulations say about media fill tests

 •  Review real-world examples of problems that may occur 
with media fill tests

 •  Recognize the key challenges of selecting the right media 
for media fill tests

 •  Discuss solutions to overcome those challenges

Who Should Attend
 •  Pharmaceutical/Biotech manufacturing personnel

 •  QC/QA personnel

 •  Vaccine manufacturing personnel

 •  Staff microbiologists 

 •  Environmental monitoring personnel

Sponsored by Presented by

Presenters

Moderator

Adèle Gisselmann
Global Product Manager  

Environmental Monitoring
Merck KGaA, Darmstadt, Germany

Tim Cser
Senior Technology Specialist

MilliporeSigma

Rita Peters 
Editorial Director 

BioPharm International

For questions or concerns, email 
mdevia@mjhlifesciences.com

Media Selection Made Easy: 
Selecting the Best Media 
for Your Aseptic Process 
Simulation

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

ON-DEMAND WEBCAST
Aired: Tuesday, September 29, 2020

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2591952&sessionid=1&key=1CD2556D2F8476DBD4B01A3162B39E21&regTag=&sourcepage=register
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They also hope that the new 
risk-assessment tool will promote 
standardization and harmonization, 
allowing instrument and software ven-
dors who sell into the pharmaceutical 
R&D analytical marketplace to better 
understand the sector’s expectations 
and to meet the needs of their cus-
tomers. This article will describe the 
tool in greater depth.

EMPHASIS ON  
A RISK-BASED APPROACH
Recent regulatory guidances, partic-
ularly those from FDA and MHRA, 
place considerable emphasis  on 
the implementation of risk-based 
approaches to ensuring data integ-
rity. For example, the FDA guid-
ance explicitly notes that CGMP 
regulations and guidance allow for 

“flexible and risk-based strategies” to 
prevent and detect failures to ensure 
data integrity. In similar spirit, the 
MHRA guidance describes a risk-
based approach to data management 
that includes the assessment of “data 
risk, criticality, and lifecycle.”

The MHRA guidance  spe l l s 
out how to perform a risk assess-
ment specific to a particular data 
acquisition and processing system, 
suggesting that all processes that 
produce data or f rom which data 
are obtained be mapped out so that 
each of the formats is identified. The 
objective is to identify controls, the 
criticality of the data, and the inher-
ent risks involved with each of them.

Assessing the risk of lack of data 
integrity is seen as driving compli-
ance and, if necessary, remediation. 
For example, while audit trail review 
is often considered an essential part 
of ensuring data integrity, the same 
guidance clarifies that risk assess-
ment should determine a docu-
mented audit trail review as part of 
routine data review.

Given the complexity of audit trails 
for any electronic system, practitioners 
generally prefer to implement techni-

cal controls that will reduce or elim-
inate the need for audit trail review. 
Generally, however, when technically 
feasible, the goal must be to prevent a 
data-integrity failure. 

 In cases where this is not tech-
nically feasible, data collection and 
review is required to demonstrate that 
data integrity has been maintained. In 
rare cases in which an action can nei-
ther be prevented nor detected, a pro-
cedural control may (in some limited 
cases) be appropriate.

Any step taken to mitigate a data 
integrity risk should be assessed to 
determine its appropriateness in the 
context of the criticality of the gap 
between desired and actual practice. 
The MHRA defines critical risks as 
those that would potentially allow data 
or metadata to be “deleted, amended or 
excluded without authorization.” FDA’s 
guidance echoes this emphasis, high-
lighting the importance of data integrity 
throughout the CGMP data life cycle, 
from creation, through modification, 
processing, maintenance, archival, and 
on through retrieval, transmission, and 
disposition after the period required for 
data retention ends.

DISCUSSION OF THE TOOL
The risk assessment tool is divided into 
a number of sections, each of which is 
briefly discussed below. 

System control and access
This section contains a set of ques-
tions that deal with access controls for 
users, administrators, and others. It 
describes expectations related to the 
implementation of different access lev-
els and varying permissions. In situ-
ations where it is necessary to assign 
system administrator access to lab per-
sonnel, appropriate justification should 
be provided (e.g., ensuring that tech-
nical and procedural controls are in 
place to prevent the modification or 
deletion of files and settings). Time 
and date stamps and time zones are 
also discussed, as are steps that can be 
taken for the prevention of unautho-
rized access.

Data protection, controls,  
and regulatory compliance
The focus of the data protection, 
controls, and compliance section is 
on restricting the ability to delete 
or modify data. It also defines and 
discusses true copies of data and 
encourages the definition of the com-
plete data (raw file, process file, etc.), 
including storage location, system 
configuration, and data flow.

Audit trails, metadata, 
and data review
The questions in this section focus 
on the completeness and appro-
priateness of audit trails, and the 
required review of data and metadata.  
FDA defines an audit trail as being 
a secure, computer-generated, and 
time-stamped electronic record that 
allows the course of events leading 
to a data-integrity failure (e.g., the 
creation, modification, or deletion 
of an electronic record) to be docu-
mented and analyzed. 

FDA guidance uses a high-perfor-
mance liquid chromatography (HPLC) 
run as an example, stating that the 
audit trail should include user name, 
date/time of the run, the integration 
parameters used, and any reprocess-
ing details. It also states that the 
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Event Overview
The increase in more complex and sensitive therapeutics, scale 
up of biosimilars, and the expansion of the biopharma supply 
chain are driving the growth of cold chain distribution in coming 
years. Yet, the industry continues to experience significant 
product loss from brittle components and temperature excursions. 

This webinar will share a risk-mitigation strategy and 
corresponding study results highlighting the importance of 
choosing the right low-temperature materials, utilizing sensors for 
monitoring the distribution process step, and appropriate testing 
to qualify a single-use cold chain solution.  

Key Learning Objectives
•  Selecting single-use low temperature suitable materials

•  Distribution cycle variability and how to gain process 
understanding and control 

•  How to qualify a cold chain product-packaging solution 

Who Should Attend
•  Production operators and technicians

•  Process scientists/engineers 

•  Sourcing and supply chain managers

•  Others involved in cold chain, fill and& finish, 
cryopreservation, and bulk drug substance. 

Sponsored by Presented by

For questions or concerns, email 
kbarry@mjhlifesciences.com

Risk Mitigation for  
Single-Use Cold  
Chain Distribution

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

ON-DEMAND WEBCAST
Aired: Monday, October 12, 2020

Presenter

Moderator

Muhammad Siddiqui
Cold Chain Applications Engineer –

 Life Sciences  
Entegris

Rita Peters 
Editorial Director 

BioPharm International

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2595613&sessionid=1&key=0883DE33ECABA6D669735918072067BA&regTag=&sourcepage=register
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system audit trail, including system 
administrator actions, should be 
periodically reviewed.

Archival, retrieval,  
back-up, disaster recovery,  
and contingency plans
The questions in this section focus 
on ensuring that electronic data are 
enduring, complete, and secure from 
modification or loss. The electronic 
data (including associated metadata) 
should be in the original format or in 
a format that is compatible with the 
original format.

Electronic signatures
The questions in this section focus on 
the use (where necessary) of electronic 
signatures, which should ensure attrib-
utability to the specific person who 
signed the document electronically.

GUIDANCE ON USING 
THE TEMPLATE
The risk-assessment tool consists of a 
summary, followed by a tabular pre-
sentation as depicted in Figure 1. 

The entire tool is available on the IQ 
Consortium web site (6). The expected 
responses to be filled into these sec-
tions are described below. The sum-
mary section should contain an overall 
evaluation of the acceptability (from a 
data integrity standpoint) of the system 
under study. This evaluation should 
take into account any mitigations and 
interim actions identified in the risk 
assessment.

In addition, users may find it conve-
nient to describe (in general terms) the 
configuration of the system, including 
the data storage location and any data 
safeguards that are associated with it (e.g., 
if the data are written to a drive to which 
the user does not possess rights to modify 
or delete files). Other mitigations that 
apply to multiple lines in the assessment 
may also be conveniently discussed in the 
summary section and the summary sec-
tion referenced in the affected lines.

DESCRIPTION  
OF THE COLUMNS
The following sections describe the 
columns. 

Questions 
The first column contains a list of 
data-integrity requirements, each 
phrased as a question for which “yes” 
is the desired response. Options 
include yes, no, and not applicable 
(NA). These questions are designed 
to prompt a thorough investigation 
of the system at hand. As mentioned, 
the questions are phrased such that 
the desired response is “yes.” It is 
important to note that the assess-
ment should be performed against 
the system (including the hardware, 
software, and any governing proce-
dures) as it currently exists. If the 
system does not meet the expec-
tation described in the question, a 
response of “no” should be selected. 

In rare instances, a response of 
N/A may be appropriate. For exam-
ple, one question asks whether 
libraries are included in the data 
backup. For software that does not 
utilize a library search, this question 
would properly be answered N/A.

Quality/Regulations
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Figure 1. A brief excerpt from the data integrity tool.
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Event Overview
This webcast highlights the application of Agilent 2D-LC with 
SegFlow automatic sampler for online monitoring and control of 
titer and critical product quality attributes (CQA) of monoclonal 
antibodies and fusion proteins. Other applications include, but are 
not limited to near-real-time amino acid quantitation and feedback 
control to maintain the homeostasis of cells in bioreactors. The 
integrated system is an enabling technology to fill the gap of current 
deficit in Process Analytical Technology (PAT) to support QbD driven 
continuous bioprocessing. Continuous bioprocessing, referred as 
“Next Generation Manufacturing” is intended to achieve:

• Increased product quality
• Improved batch-to-batch reproducibility
• Miniaturization of manufacturing footprint
• Enhanced process understanding and robustness
• Increased efficiency and flexibility
• Reduced capital expenses and operating cost

Key Learning Objectives
 •  Introduction of the role of PAT in continuous bioprocessing/next 

generation manufacturing
 •  Sharing the challenges of PAT tool development for 

biopharmaceuticals
 •  Overview of the importance of appropriate integration of PAT tools 

for real-time monitoring and control of processes 
 •  Significance of PAT implementation to reduce turn-around time 

and increase sample integrity

Who Should Attend
 •  Practitioners in the biopharmaceutical industry including directors 

and managers as well as scientific and non-scientific staff  
• Information technology professionals supporting laboratory 

applications: managers and business system analysts providing 
automation support

• Quality staff, manufacturing personnel and regulatory & 
compliance staff

Presenters

Moderator

Dr. Letha Chemmalil
Principal Scientist

Bristol-Myers Squibb

Alissa Marrapodi
Custom Content Editor

LCGC

For questions or concerns, email
mdevia@mjhlifesciences.com

Process Analytical Technology 
(PAT): Online Monitoring and Control 
of Upstream Titer, Product Quality 
and Amino Acid Content Using 2D-
LC with SegFlow Interface 

Register for this free webcast at: 
www.chromatographyonline.com/lcgc_p/segflow

Sponsored by Presented by

ON-DEMAND WEBCAST
Aired: Wednesday, September 30, 2020
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Avoiding the GMP Bottleneck
Best practices to consider when transitioning from 

research-grade to GMP-grade materials. 

BELLA NEUFELD 

T ransitioning to reagents labeled GMP (good 
manufacturing practices) in the development of 
advanced therapy medicinal products (ATMPs), 

such as cell and gene therapies, can be complicated and 
is a potential bottleneck when the urgency for speed is 
particularly heightened. 

In the early discovery and preclinical stages, most 
materials will be predominantly for research use only (RUO) 
due to availability, flexibility, and cost benefits. However, 
once proof of concept has been established and there are 
sufficient data to support a move to the clinic, there is a real 
urgency to develop a documented process, get to clinical 
studies and, ultimately, to market. It is at this point—the 
transfer from discovery to process development—that the 
focus shifts to developing a manufacturable process, which 
will require the implementation of GMP-grade materials.

However, it is also exactly at this point that, if not well 
planned for, things can begin to go awry. The pressure 
to move quickly can mean that organizations simply do 
not have the time to adequately plan and strategize for 
the change to GMP, which can be especially difficult for 
smaller and start-up companies that may have only limited 
commercial manufacturing experience.

So, how can one ensure the transition to GMP runs as 
smoothly as possible? While the process will be different for 
each organization, the simple answer is that it is never too 
early to start thinking about GMP reagents and to evaluate 
suppliers that can help transition from the research phase to the 
clinical production phase. Seek out experienced suppliers, think 
ahead, and perform initial risk assessments to strategize how to 
make the transition. A good reagent supplier should be able to 
effectively handle the transition of reagents to a GMP process 
quickly and easily to avoid significant interruption or delays, as 
well as provide valuable advice and expertise. 

START WITH THE HIGHEST QUALITY POSSIBLE
While there is no shortcut to implementing GMP, one 
way to mitigate road bumps in the transition from RUO 
reagents to GMP reagents is to start with RUO materials 
manufactured to a higher standard of quality. Of course, the 
ideal scenario would be to start with GMP-grade reagents 
and, therefore, entirely negate the need to transition at 

BELLA NEUFELD is scientific director at Teknova, an ISO
13485-certified and GMP reagent manufacturer.

Operations



Covering the science and business 
of biopharmaceuticals

• Quality/Analytics • Upstream Processing  • Downstream Processing  
• Peer-Reviewed Technical Notes  • Product Spotlight  • Perspectives on Outsourcing

Sign up for a FREE print or digital subscription today 
biopharminternational.com/subscribe

BP-HouseAd-2019-FP.indd   1 1/28/2019   12:39:28 PM

https://subscribe.mjhlifesciences.com/biop/


48     BioPharm International October 2020   www.biopharminternational.com

all; however, GMP-grade versions 
of reagent formulations are often 
not available off the shelf, are more 
expensive, or—perhaps even more 
importantly—function differently. One 
such example is RUO-grade lipid-
based transfection reagents used to 
produce viral vectors. These reagents 
do not currently have a direct GMP 
equivalent, yet they typically provide 
higher y ields than GMP-grade 
alternatives such as polyethylenimine 
(PEI). At the point in discovery where 
transfection reagents are commonly 
implemented, the need is simply to 
produce enough virus for rapid proof 
of concept, leading many organizations 
to choose to use RUO-grade materials 
here for the benefits of availability, 
turnaround, and flexibility.

In lieu of using GMP-labeled 
reagents from the outset, researchers 
can instead look to suppliers that adhere 
to International Organization for 
Standardization (ISO) manufacturing 
standards. Adherence to ISO standards 
provides a good foundation of written 
procedures and training that include 
manufacturing protocols, raw materials 
requirements, quality records, product 
design, certification, and packaging/
shipping. Reagents manufactured 
to an ISO standard will also have the 
important flexibility needed for high 
quality preclinical research. 

While the common ISO 9001 
standard (1) is undoubtedly better than 
standard in-house manufacturing or 
no ISO compliance at all, a significant 
step up from this is a supplier that 
manufactures RUO reagents under 
the medical device standard ISO 
13485:2016 (ISO 13485) (2). ISO 
13485 represents the requirements for 
a quality management system (QMS) 
for the design and manufacture of 
medical devices and is recognized 
as a harmonized standard by FDA 
(3,4). The benefits of starting with 
products manufactured under ISO 
13485 standards include traceability, 
a change control process, and testing, 

which allow flexibility to continuously 
improve processes and mitigate costs, 
such as switching to less expensive 
enz y me  a l t e rna t i ve s , and  the 
adjustment of risk controls based on 
valid statistical quality thresholds (e.g., 
optimizing functionality testing). 

Both the ISO 9001 and ISO 13485 
standards are designed to enable the 
consistent manufacture of safe and 
high-quality products; however, there 
are some key differences that facilitate 
the transition to GMP from ISO 13485. 
The ISO 13485 standard is for medical 
devices; therefore, it is more stringent and 
puts more emphasis on risk management 
during product realization, as well as 
having more extensive documentation 
requirements and being closely linked 
to regulatory requirements. In fact, using 
reagents manufactured to ISO 13485 
standards can even increase speed to 
market, and some countries recognize 
certification to ISO 13485 standards to 
support regulatory approvals.

Although ISO 9001 is focused 
on continuous improvement and 
customer feedback, ISO 13485 centers 
on establishing processes, policies 
and procedures, and the ability to 
consistently demonstrate that products 
are fit for purpose. ISO 13485 also has 
a high level of risk management that 
requires processes to be in place for all 
stages of product manufacturing as well 
as training and staff supervision, project 
site specifications, and prevention of 
contamination. Importantly, as part of 
the evaluation process for design and 
development, clinical evaluation must 
be performed in line with regulatory 
requirements. Contamination control 
and product cleanliness are also taken 
into consideration, as well as product 
status related to measurement and 
monitoring. Additionally, information 
f rom post-market  sur ve i l lance 
(production and post-production) 
creates the feedback system required 
by regulatory agencies to demonstrate 
the consistency and effectiveness of the 
quality system.  

Starting with RUO reagents 
manufactured to ISO 13485 standards 
and then making the transition to GMP 
manufacturing with the same supplier 
delivers advantages such as reduced costs, 
rapid process transition and fast delivery 
timelines, and accelerated scale-up by 
ensuring proper risk controls, traceability 
requirements, change control, and 
appropriate testing.

SELECTING A  
REAGENT SUPPLIER 
Manufacturing needs differ for 
different applications and purposes, 
and the transition to GMP will have 
unique challenges for different groups. 
For example, an academic team may 
face challenges related to regionally 
distributed research teams and limited 
to no manufacturing experience. Small 
biotech companies might be under 
particularly high pressure due to funding 
restraints and the market need for 
speed, while larger biotechs and pharma 
organizations could have challenges 
related to cost savings and buying vs. 
making decisions. Therefore, one of 
the most impactful ways to prevent 
headaches down the road is to make 
sure the chosen suppliers not only have 
the required experience and expertise 
but, importantly, understand the larger 
picture and constraints beyond that of a 
reagent or assay alone.

When selecting a supplier for RUO-
grade materials, there are several key 
manufacturing considerations to help 
provide a smooth transition to GMP 
reagents. Ensuring that the supplier has 
a strong background in manufacturing 
biological products with robust quality 
systems, such as certification of ISO 
13485 compliance, already in place 
delivers both reliable assistance in 
developing reagents and a seamless 
transition between reagent grades. The 
supplier should be able to provide lot-
to-lot consistency by performing the 
quality control (QC) and analytical tests 
necessary to ensure product specifications 
are met. The manufacturing organization 
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should also have a technical background 
in design and development processes, 
and ideally, experience of making large 
numbers of different buffers and reagents 
packaged in a variety of container types.

It is also important to assess from 
the outset the supplier’s forward 
capabilities to meet future needs. It 
is easier to transition from RUO to 
GMP reagents with a single supplier 
because that supplier will have the 
proper documentation in place, like 
the device master record (DMR) and 
design history file (DHF) specific to a 
product and its particular manufacturing 
requirements. However, choosing a 
vendor who cannot meet future GMP 
reagent supply needs may force a 
change of manufacturer when GMP 
manufacturing is required, which could 
cause significant delays and added cost.

“Trust but verify” open-door auditing 
is necessary in GMP production. 
Make sure a supplier’s manufacturing 
team accommodates on-site process 
or product spot audits. Audits are 

especially important for new GMP 
production processes to identify and 
address issues before they become a 
headache. The importance of excellent 
technical support should also not be 
underestimated. A good supplier should 
be able to both customize and even 
improve on specifications to facilitate 
scale up at GMP.

One of the major differences 
b e t w e e n  R U O  a n d  G M P 
manufacturing is the quality and testing 
of raw materials. How raw material 
sourcing and testing is done can limit 
the available selection of materials 
for reagent production. A good 
manufacturer should be able to access 
a wide range of testing and validation 
methodologies to provide a wide 
selection of raw materials. In addition, 
a supplier that negotiates purchase of 
raw materials and that has the ability 
to hold or store finished product will 
decrease the pressure on logistical teams 
and can speed the transition while 
decreasing inventory management costs. 

CONCLUSION
While transitioning from use of RUO 
reagents to GMP requires more controls, 
planning ahead by selecting the right 
manufacturer for RUO reagents can help 
ease the process, avoid bottlenecks, and 
be cost-effective. Look to start RUO 
reagent production with a supplier that 
is FDA registered and has a QMS that 
is certified as being ISO 13485:2016 
compliant. Also, be sure to verify the 
necessary scientific and manufacturing 
exper t i s e—f rom raw mate r i a l 
qualification and testing to logistics. 
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Operations

Guidance
The Guidance column provides addi-
tional context for, and clarification of the 
questions. In some cases, it also provides 
suggestions on potential mitigations.

Comments and mitigation of risk 
The final column can be used to describe 
the manner in which the system meets 
the requirement (in the case of a “yes” 
answer). When the “no” response is 
selected, it should be used to describe the 
manner in which the risk therein identi-
fied is mitigated. 

There also may be the scenario 
where a “no” response is selected with a 
rationale for why the risk is considered 
acceptable.  Finally, in the case of an 
N/A response, the context which ren-
ders the question not applicable should 
be explained.

NEXT STEPS,  
OTHER POTENTIAL USES
The IQ working group is publishing this 
risk assessment tool to facilitate data-in-
tegrity risk assessments and promote stan-
dardization and harmonization of practice. 
However, its developers believe that it may 
be useful in other applications as well.  

For instance, pharmaceutical firms 
may find it helpful to use the tool (or 
a subset of it) when evaluating instru-
ment/software systems to aid in pur-
chasing decisions. Similarly, instrument 
vendors may find it useful in under-
standing the needs and expectations of 
the pharmaceutical industry. 

The tool may also be useful in manag-
ing third-party laboratories and vendors 
who service equipment and in drafting 
technical quality agreements with them. 
Finally, it is expected that implementation 
of the tool will aid pharmaceutical firms 
in internal harmonization and bench-
marking, across sites within a company.
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Streamlining Method Transfer  
Across Global Sites

Method-transfer kits help simplify analytical method 
transfer for global site certifications.

BRIAN W. PACK, DAWN E. SAILER, MARK D. ARGENTINE, AND AMY R. BARKER 

M ethod transfers are required to enable critical med-
ications to reach global markets. Challenges exist 
due to staggered submission timelines, different 

health authority requirements (e.g., from FDA [1] in the 
United States, the European Medicines Agency [EMA] [2] 
in the European Union, and the Brazilian Health Regulatory 
Agency [ANVISA] [3]), and varied importation standards 
and testing requirements. In China (4), Russia (5,6), and 
Mexico (7), for example, testing on imported medicines must 
be performed by government agencies or government-ap-
proved laboratories. In other cases, the testing must be per-
formed locally in the country involved (e.g., in Brazil, Peru, 
Chile, Argentina, Korea, and Japan). Given extended meth-
od-transfer timelines, discrete material batches are often used 
for each site transfer. This practice can lead to duplicated 
efforts (e.g., in authoring new test protocols and generating 
new originating laboratory data across multiple methods 
throughout product lifecycles). 

New approaches to analytical method transfer are being eval-
uated to help streamline the overall transfer and site-certification 
process. This article examines one solution: standardized meth-

od-transfer kits, designed to improve sustainability and consis-
tency for site-to-site comparisons. It also reviews and summarizes 
global regulatory guidance for analytical method-transfer. 

A number of different regulatory guidance documents rec-
ommend different approaches to analytical method transfer. In 
the US, FDA’s guidance (1) on analytical method transfer is 
part of the agency’s overall guidance on method development, 
validation, and lifecycle management. For method transfer, FDA 
recommends performing comparative studies to evaluate accuracy 
and precision, and assessing inter-laboratory variability across 
originating and receiving laboratories. For stability-indicating 
methods, both types of sites analyze forced degradation samples, 
or samples that contain pertinent product-related impurities. In 
Europe, the European Commission, Health and Consumers 
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Event Overview
As viruses can arise during the manufacture of biopharmaceuticals, regulatory 
agencies require viral clearance validation studies for each biopharmaceutical 
prior to approval. These studies are typically conducted in biosafety level (BSL)-
2 facilities and require large capital and human resources. Due to these hurdles, 
process knowledge pertaining to viral clearance is limited during development 
and characterization. 

This webcast will explore the use of a BSL-1 compatible, non-infectious minute 
virus of mice (MVM) particle to predict viral clearance results over a wide 
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economical spiking surrogate, a non-infectious MVM-mock virus particle 
(MVM-MVP). Results from an anion exchange design-of-experiment study, ion 
exchange high-throughput screening, and downstream purification of an adeno-
associated virus (AAV)-based viral vector will be presented. 

Key Learning Objectives
•  Learn how viral clearance prediction is possible through the use of 

non-infectious surrogates (MVM-MVP) that mimic the physiochemical 
properties of live mammalian viruses

•  Understand how MVM-MVP can be applied to downstream efforts such as 
design of experiments and high throughput screening and help facilitate 
process development/optimization.

•  Review a study that demonstrated that AAVX resin was an effective 
viral clearance step within an AAV downstream purification process 
and comparative MVM vs. MVM-MVP data showed favorable prediction 
through the use of the non-infectious surrogate.
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Directorate-General (2) guidelines outline 
that a method-transfer protocol should 
include, but not be limited to, identifica-
tion of the relevant test method(s) and 
testing to be performed, standards and 
samples to be tested, special transport and 
storage conditions, and acceptance cri-
teria (2). The acceptance criteria should 
be consistent with the method validation 
and align with International Council for 
Harmonization (ICH)/and International 
Cooperation on Harmonization 
of Technical Requirements for the 
Registration of Veterinary Medical 
Products (VICH) expectations.

ANVISA’s guidance outlines expecta-
tions for the validation of analytical and 
bioanalytical methods (3). ANVISA con-
siders a method transfer to be successful 
as long as precision, specificity, and linear-
ity are evaluated.

Adding to the different analytical 
method-transfer recommendations are 
guidance documents published by the 
International Society for Pharmaceutical 
Engineering (ISPE), the United States 
Pharmacopeia (USP), and the World 
Health Organization (WHO). ISPE rec-
ommends that, ideally, at least two ana-
lysts at each lab independently analyze 
three lots of product in triplicate; which 
results in 18 different executions of the 
assay method (8). USP’s <1224>, which 
discusses comparative, co-validation, and 
revalidation approaches to method-trans-
fer testing, recommends that testing be 
performed on homogeneous lots of target 
material (9), while WHO lists possible 
experimental designs and acceptance cri-
teria for test methods to account for the 
variability and sensitivity of the method 
and the specifications for the quality 
parameter (10).

Despite differences in site-certification 
guidance, it is essential that companies 
develop a robust method-transfer strategy 
that will consistently generate compa-
rable data across laboratories. From the 
authors’ experience, and as noted in a 
position paper on the transfer of analyti-
cal methods (11), a better overall predic-
tion of consistent longer-term method 

performance is ensured by testing one 
or two representative and/or range-chal-
lenging batch(es) with an increased 
number of testing setups rather than per-
forming fewer setups with an increased 
number of batches. 

Without advanced planning, sample 
procurement, protocol authorship, and 
approval are time consuming and labo-
rious, and can threaten project timelines. 
Method-transfer kits were designed to 
contain centrally-managed batch(es) of 
representative material (inclusive of matrix 
considerations such as strengths and 
impurity profiles), as well as pre-defined 
and approved protocols to use for method 
transfers throughout the product lifecy-
cle. The authors tested the kits, and this 
article describes the process as well as the 
results they observed. 

DEFINITION OF A 
METHOD-TRANSFER KIT 
A method transfer kit (MTK) includes 
representative materials to facilitate com-
parison of method performance across 
multiple laboratories during the product 
lifecycle. In addition, an MTK defines the 
setups, conditions, and acceptance criteria 
for the given batch across the originating 
and all receiving laboratories. Per WHO 
(10), FDA (1), USP <1224> (9), and 
EMA (2) guidance, protocols are estab-
lished prior to method transfers and have 
pre-defined acceptance criteria. Much 
has been written about the process used 
to establish acceptance criteria, which is 
beyond the scope of this article (11–13). 
Using the MTKs, pre-approved originat-
ing and receiving laboratory protocols are 
associated with and leveraged for the first 
transfer and all those in the future. 

Once originating laboratory data are 
generated, the MTK benefits begin to 
be seen. The originating laboratory data 
are generated once, and the MTK mate-
rial stability data are leveraged for mul-
tiple transfers within the stability period. 
For each analytical property, the stabil-
ity period is defined as the time when 
the material must be comparable to the 
first originating laboratory data set. It 

does not mean that the material simply 
meets the shelf-life specification. During 
method transfer, each receiving laboratory 
will perform the same evaluations on the 
same material, with the same criteria for 
comparison to results from the originat-
ing laboratory. 

Method-transfer kits provide more 
control over sample variability to allow 
focus on assessment of method perfor-
mance between originating and receiv-
ing laboratories, regardless of when the 
transfer occurs. MTK samples can be 
leveraged to enhance the understand-
ing of control strategy at each receiving 
site as well. For example, incorporation 
of a representative degraded sample can 
demonstrate that correct results can be 
generated both at release and throughout 
the product lifecycle. 

When the receiving laboratory ana-
lyzes a degraded sample that its staff has 
never seen before, it affords an opportu-
nity for them to discuss potential impu-
rities and degradation chemistry with 
subject matter experts using tangible sam-
ples. Discussion of the degradation mech-
anisms, if they are known, can assist with 
troubleshooting before, during, and after 
transfer activities. 

ESTABLISHING A  
METHOD-TRANSFER KIT
Figure 1 outlines the key steps to estab-
lish and maintain method transfer kits. 
First, there must be an understanding 
of sample numbers required per kit and 
the total number of kits required. For a 
typical small-molecule drug product, the 
analytical test methods may include those 
attributes that are listed in Table I. To 
determine the sample numbers required, 
the number of samples required to exe-
cute each method should be considered 
in the broader context of feasibility and 
method training studies, and the num-
ber of independent setups required to 
demonstrate equivalence or statistical 
comparability between the originating 
and all receiving labs. 

In the hypothetical example outlined in 
Table I, the number of tablets required 
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to execute a single setup of the method 
is 20 tablets. However, when performing 
the method transfer itself, due to multi-
ple replicates for each setup and testing 
in both the originating and the receiv-
ing sites, 140 tablets will ultimately be  
required for training and six setups at one 
receiving site. Table I indicates the min-
imum number of tablets required in this 
situation. Providing samples for training 
and transfer activities in a single MTK 

simplifies shipments and performance 
tracking, beginning with training and 
continuing throughout the transfer. 

If there are multiple doses, it may be 
necessary to establish the same num-
ber of samples for each dosage strength. 
Alternatively, a bracketing strategy may 
be used, in which high- and low-dose 
strengths are leveraged to qualify the 
receiving laboratory, provided there is 
enough confidence in the methods and 

formulations that mid-range doses behave 
in a manner similar to high and low doses. 

For example, dissolution might have 
different release profiles for each strength. 
In this case, a dissolution MTK might be 
required for the intermediate doses, but 
an assay or uniformity of dosage units 
(UDU) test at the middle dose might not 
be required if working solutions are of 
comparable concentrations. 

Finally, the total number of method 
transfers that may occur within the pro-
jected shelf life of the MTK should be 
considered. In the hypothetical example 
in Table I, if 10 method transfers to 
different sites are projected, at least 4000 
tablets should be placed into MTK inven-
tory. One option involves packaging 
enough dosage units in a single MTK to 
satisfy feasibility and site certification for 
all quality attributes. Another alternative 
is to tailor the kits based on individual 
analytical attributes. In the latter case, a 
kit would be defined to accommodate 
enough materials to qualify a labora-
tory on a single attribute. For example, 
microbial testing is often performed by 
a separate laboratory group than that for 
chemical testing. Separate kits eliminate 

Analytics

Figure 1. Steps to establish and maintain a method-transfer kit (MTK).

Determine Number 
of Methods to 

transfer and samples 
required to execute 

each Method.  
Consider that 

multiple instrument 
setups will be 

required to transfer 
most methods.

Will 
microbial 
testing be 

transferred
/verified at 

multiple 
sites?

Will  purity 
method 
transfer 
require 

“unique” 
samples?

Consider establishing a 
unique MTK using 

accelerated stability 
samples for 

representative samples, 
or prepare spiked 

samples.

Consider establishing a 
unique MTK for 

microbial transfer alone.  
The material demands 

will be much higher 
than other transfers.

Determine representative 
batches to use for each 

type of transfer and total 
# of kits/samples 

required.  Be aware that 
all labs will want to 

perform feasibility prior 
to official transfer 

activities.

Determine storage 
conditions for MTK.  

Should be more 
conservative than 

recommended storage 
conditions for product.

Track inventory, supply 
orders, and notify 
process owner for re-
evaluation and stock 
out

Package MTKs and place  
inventory into storage.

Analytical 
attribute

Number of
samples required
per execution of

the method

Number of 
samples

required for
method 

feasibility

Number of 
samples

required for 
method

transfer per site

Description NA NA NA

Assay/uniformity 
of dosage units

20 20 120

Impurities 5 5 30

Dissolution 6 6 36

Water 5 5 30

Microbial testing
120

(depends on tablet 
mass)

Not applicable 120

Total (minimum for transfer 
and feasibility)

~400

Table I.  Hypothetical method-transfer requirements.
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sharing of materials at the receiving lab 
(a possible source of cross-contamination). 

In another example, an impurities 
method-transfer kit might contain an 
impurity-enriched sample in addition to 
a typical sample that might contain very 
few, if any, impurities. Alternatively, an 
in-situ preparation could be provided to 
force the sample to degrade artificially 
(e.g., via exposure to acid, base, perox-
ide, heat, or light), or impurities could be 
provided to spike into the sample, if such 
a mix is not already part of a system suit-
ability mixture. For these cases, the proto-
col defines the method of preparation to 
drive MTK consistency. 

DETERMINING  
STORAGE CONDITIONS
Stability data generated in early clinical 
development are leveraged to define rep-
resentative sample MTK storage condi-
tions, to maintain product integrity and 
stability in cases where receiving labora-
tory results are comparable to originating 
laboratory results. Generally, to provide 
the greatest long-term stability, more 
conservative packaging and storage con-
ditions are applied to MTKs. For exam-
ple, to extend expected shelf life for drug 
product materials that must be stored at 
ambient temperatures, for MTKs, prod-
uct might be packaged in glass bottles, 
placed in a secondary laminated foil liner 
for additional light/moisture protection, 
and stored under refrigerated conditions. 

For drug products that are normally 
stored at refrigerated temperatures, fro-
zen or deep-frozen storage can also be 
considered to enhance product shelf life. 
For example, with protein pharmaceu-
ticals, it is important to avoid storage 
at the drug product formulation’s glass 
transition temperature (14–16).  It is also 
important to avoid thermal cycling, to 
minimize the formation of impurities 
during sample handling. 

Finally, it has been beneficial to pro-
vide acceptable short-term alternate stor-
age conditions on the MTK label based 
upon existing material stability knowl-
edge (e.g., acceptable storage of transfer 

kits for up to one month at ambient con-
ditions during transfer for drug products 
that are stable and normally stored at 
ambient conditions). Such label infor-
mation can ease the laboratory operation 
and address compliance considerations 
when handling such MTK samples.

KITS FOR LARGE MOLECULES 
Special considerations are required for 
materials that change during routine stor-
age (e.g., large molecules, peptides, and 
inherently unstable small molecules) 
when more conservative storage condi-
tions are not possible. The degradation 
rate itself, depending upon severity, could 
pose problems when comparing mean 
results for method transfer and could be 
so severe that the MTK approach may 
not add value without alternative compar-
ison options. In the case of a room-tem-
perature, relatively unstable small 
molecule that may be stored at more con-
servative conditions, the specification may 
allow for an end-of-shelf-life specification 
that permits substantial degradation while 
maintaining efficacy. 

In the case of a refrigerated complex 
biologic that may be stored at more 
conservative conditions, the specifica-
tion may allow for an end-of-shelf life 
specification that permits a change in 
the molecule’s heterogeneity while still 
maintaining its efficacy. In this scenario, 
the receiving laboratory may demon-
strate that its staff can accurately quan-
titate relevant analytical properties (e.g., 
assay and impurity for small-molecule 
drug products or charge heterogeneity 
for complex biologics) on a sample that 
has degraded near the specification limit 
in order to demonstrate capability. 

Assuming Arrhenius degradation 
kinetics, a good sample to use for such 
a transfer would be one that has com-
pleted six months of an accelerated stabil-
ity study at 40 °C/75% relative humidity, 
depending upon the degradation rate. 
This sample should closely resemble a 
sample near its expiration date. Having 

“impurity-rich” samples in an MTK can 
be extremely helpful.

METHOD TRANSFERS 
Once MTK materials have been estab-
lished in the appropriate quantities, and 
stored in a manner that ensures their sta-
bility, method transfer activities can begin. 
Minimal benefit will be realized from the 
first method transfer (see Figure 2a); 
however, subsequent transfers show that 
central storage and distribution of repre-
sentative materials is very efficient.

Collaborating with the team’s stat-
istician, the analytical chemist working 
on the method transfer generates proto-
cols that establish the experimental plan, 
along with the acceptance criteria. MTKs 
are then provided to both originating 
and receiving laboratories so that the 
receiving laboratory can begin feasibility 
studies while the originating laboratory 
executes the official transfer activities. 
The receiving laboratory can execute the 
official transfer after the feasibility stud-
ies have been completed and reviewed 
by the originating laboratory. After both 
laboratories complete the experiments, 
analyze and review the data, and write 
the final transfer report, the real MTK 
benefits will be seen in the second and 
later transfers (see Figure 2b). For 
each subsequent transfer that utilizes the 
same MTK, the method-transfer process 
becomes more streamlined. 

While storage conditions for the 
MTKs are intended to provide extended 
stability, the materials should be re-eval-
uated periodically to confirm continued 
stability and suitability for use. Initial 
re-evaluation dating may be defined 
based upon existing stability data. For 
example, three-year development data 
under long-term conditions in addi-
tion to accelerated stability and/or other 
stressed conditions might be used to jus-
tify at least an initial three-year re-eval-
uation period. Risk-based predictive 
stability models could also be considered 
to assess overall stability and propose ini-
tial re-evaluation dating requirements. 

At the end of the re-evaluation period, 
expanded product stability knowledge 
management can be utilized to justify 
accepting the originating data package 
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without change for an extended stability 
period. If an appropriate data set does 
not exist, the MTK material will be 
re-evaluated by the originating labora-
tory using stability-indicating methods. 
Re-evaluation tests are dependent on reg-
istered product analytical properties as 
well as properties that have potential to 
change over time. 

For small-molecule solid oral dosage 
forms, potency is consistently included 
in re-evaluation plans. Other tests 
depend on historical product trends and 
may include water, purity, dissolution, or 
other properties that have been demon-
strated to have potential to change on 
stability. For complex biologics such 
as monoclonal antibodies, biopotency; 
monomer purity by size-exclusion 
chromatography, charge heterogeneity, 
reduced and non-reduced purity by cap-
illary electrophoresis sodium dodecyl 

sulfate; and critical excipients are con-
sistently included in re-evaluation plans. 
Successful re-evaluation test results can 
result in a decision to extend the dating 
for MTK material. MTK material with 
an undesirable change can result in retir-
ing the material.

Documentation is necessary as part 
of re-evaluation planning. Documents 
should be saved in a format that is con-
trolled with revision history. In accor-
dance with ICH Q7 (17), as additional 
information is learned about the product, 
the re-evaluation strategy may be revised 
to extend or reduce dating and to add or 
remove characterization tests.

CASE STUDIES
In the authors’ experience, MTKs have 
allowed transfer time to be reduced 
from just over two months to approx-
imately one month (per method). 

Additionally, when using MTKs, the 
benefits of avoiding the need to con-
tinually identify suitable transfer sam-
ples, generate meaningful acceptance 
criteria, and complete thorough pro-
tocol reviews cannot be overstated. 
Furthermore, MTKs stored in a central 
location with staff who have in-depth 
knowledge of import/export compli-
ance requirements can be shipped effi-
ciently to speed transfer initiation. 

For the first small-molecule MTK, 
tablet kits were shipped to seven loca-
tions in Europe, Asia, North America, 
and South America. Specialty microbial 
MTKs were supplied twice for microbial 
method verifications. 

Because a single batch of material was 
supplied to last for an extended time 
period, method performance compari-
sons could easily be made across different 
times, high-pressure liquid chromatog-
raphy (HPLC) columns, mobile-phase 
batches, media, instrument types, capil-
laries, cartridges, and labs to determine 
assay consistency or variability for each 
method or property. In addition, results 
from certifications across sites may aid in 
proactively preventing bias or reducing 
method variability. 

The originating site data set was 
powered with additional testing (n=8 
setups in duplicate versus n=6 setups 
in duplicate for all receiving labs) to 
better capture anticipated method vari-
ability for method-transfer assessments. 
Originating laboratory data, along with 
method validation accuracy and preci-
sion data, were used to establish accep-
tance criteria for the transfers. 

Results showed no statistically signif-
icant difference between the originating 
laboratory and each of seven receiving 
sites over a three-year period. These data 
demonstrate that both the overall average 
results and the setup variability for each 
laboratory were in alignment with the 
originating laboratory data package, and 
each receiving laboratory was success-
fully certified through analysis of the same 
MTK materials over a three-year period 
(see Figure 3). 

Analytics

Figure 2. a) First method-transfer workflow, and b) Method transfer after
the first method transfer completed (note that no originating laboratory
activities are included). MTK stands for method-transfer kit.
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 In a second small-molecule MTK 
example, assay results demonstrated 
no statistically significant difference 
between the originating lab and each 
of four receiving sites (Figure 4). 
While Site 3 met all acceptance criteria, 
the laboratory had higher variability 
and a lower average than observed at 
all other sites. This did not happen 
with the first example, suggesting that 
it might be a good idea to review site 
implementation experiences a bit more 
closely to identify sources of variability, 
such as those from sample prepara-
tion, and to monitor post-transfer data 
more closely. 

CONCLUSION
A systematic approach was outlined to 
select, store, and distribute representative 
material and to generate robust meth-
od-transfer protocols to improve method 
transfers and make the site-certification 
process more efficient. In addition, MTK 
transfer data were provided that proac-
tively demonstrated the scientific advan-
tage of understanding whether a receiving 
laboratory may have a systematic bias or 
increased variability in its results.
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systems (as a potential microphysiological 
organism), and the “omics” approach (e.g., 
genomics, proteomics) (33). Responsibility 
is inherently built in the other three Rs. 
In times to come, scientists may have to 
be ready to address difficult ethical issues 
in case of animal and human studies and 
weigh which demands a greater reduction 
as opposed to the other.

SUMMARY
In this article, the authors have outlined 
steps in the development of affordable 
biosimilars by utilizing pre-clinical stud-
ies and reducing clinical trials, without 
impact to safety and efficacy.  In the 
case of biosimilars, regulatory authorities 
require analytical similarity data before 
deciding on equivalence in clinical stud-
ies. Despite an enormous investment in 
clinical analysis, the results often fail to 
differentiate a biosimilar from the ref-
erence product in terms of efficacy or 
immunogenicity. Thus, from a socio-eco-
nomic perspective, conducting preclinical 
in-vivo studies has the potential to make 
drugs suitable for the lower-cost econo-
mies. In recent years, with an exponential 
increase in technological and computa-
tional advances, the ability to understand, 
design, and develop biosimilars can be 
highly simplified.  With use of “omics” 
tools, big-data analytics, bio-mathemat-
ical modeling, and in-silico and in-vitro 
tools, there can be a transformation in the 
preclinical development of biosimilars.
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