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I 
n the past 16 months, the public gained some insight 
into the complexities of drug development. The rapid 
development and emergency approval of the Pfizer/

BioNTech and Moderna COVID-19 messenger RNA 
(mRNA) vaccines should not, however, give the impres-
sion that these tasks were easy. 

These innovations were built on years of research, with 
setbacks and successes. The development of new drug 
modalities, such as mRNA vaccines, push researchers to 
develop bespoke technologies, methods, and processes to 
meet scientific, safety, regulatory, characterization, and 
manufacturing requirements for innovative treatments. 

The cover story for this issue examines how research-
ers developing emerging biotherapies must address 
unique challenges associated with cell therapies, intra-
nasal vaccine delivery, and virus-like particles. The solu-
tions to these innovation hurdles will have implications 
for the success of future new biotherapeutic modalities 
and can set the stage for future life-saving treatments. 

Scaling up the manufacturing of mRNA vaccines 
has also proved challenging, including demand for lipid 
nanoparticles exceeding the available manufacturing 
capacity. Contract manufacturers, drug companies, and 
excipient suppliers have boosted production to f ill the 
gap, as discussed in a development feature in this issue.

MORE PRODUCTIVE PROCESSING
Technology innovations can offer promising alternatives 
to problematic bioprocessing functions; in this issue, 
experts discuss emerging technologies for all drug pro-
duction phases.

The upstream processing feature explores the advantages 
of cell-free expression systems and the potential benefits of 
less waste upstream and less bioburden downstream. 

Meanwhile, recent technological advancements that 
aim to increase the eff iciency and productivity of the 
separation and purification steps in downstream process-
ing are explored also.

As processes become more complex, digital technolo-
gies, in the form of sensors, process monitoring, and data 
analysis systems, are more widely adopted throughout 
the manufacturing cycle. Experts share implementation 
insights for new and legacy facilities in the manufac-
turing section. And in a peer-reviewed paper, experts 
describe how in a close cell-handling system, lower rela-
tive humidity and physiologic temperatures can reduce 
the need for disinfectants.   
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From the Editor

A “We are the World” 
Vaccination Effort?

I n the first six months of the global COVID-19 vacci-
nation campaign, nearly 2 billion vaccine doses have 
been administered, with nearly 841 million people 

partially vaccinated and 430 million fully vaccinated. 
However, these numbers represent only a fraction of the 
global population (1). 

Most completed vaccinations are concentrated in 
developed or wealthy nations that secured doses for their 
population in advance; in some cases, vaccine supply is 
outpacing demand. In other global regions where the 
need for vaccinations is critical, programs are hampered 
by limited supply and resources. 

With governments and global trade organizations sug-
gesting waivers to intellectual property protection, patent 
pooling, and technology transfers to help low- and mid-
dle-income countries produce vaccines, manufacturers 
are suggesting increased production and other steps to 
meet global demand (2).

The International Federation of Pharmaceutical 
Manufacturers & Associations (IFPMA), which rep-
resents leading bio/pharmaceutica l companies and 
bio/pharmaceutical associations, in May 2021 noted 
in a statement that “Manufacturers, governments, and 
non-governmental organizations must work together 
to take urgent steps to further address this inequity. 
Immediate action must focus on stepping up responsible 
dose sharing and maximizing production without com-
promising quality or safety” (3).

Proposed actions include encouraging nations with 
significant vaccine supplies to share a “meaningful pro-
portion” of doses with low-income countries; expand 
production partnerships and access to raw materials; urge 
governments to eliminated trade and regulatory barriers; 
provide support for vaccine deployment; and prioritize 
the development of new COVID-19 vaccines.

Manufacturers have pledged to provide more than 1 
billion vaccine doses at no- and low-profit rates to lower 
income countries (2). That’s a good first step on a long 
journey to vaccinating the world. 

REFERENCES
1. Our World in Data, “Coronavirus (COVID-19) 

Vaccinations,” www.ourworldindata.org, 
accessed June 1, 2021.

2. J. Wechsler, “Vaccine Makers Ramp Up 
Production, Donations to Protect IP,”  
www.BioPharmInternational.com, June 1, 2021.

3. IFPMA, “Five Steps to Urgently Advance 
COVID-19 Vaccine Equity,” Press 
Release, May 19, 2021. ◆
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T  he importance of a flexible, efficient 
infrastructure able to produce criti-
cal, high-quality drugs and medical 

products quickly and reliably has been height-
ened this past year by the soaring demand 
for medicines to combat COVID-19. Recent 
events have expanded interest in advanced 
drug manufacturing and continuous produc-
tion methods able to provide needed therapies 
and prevent shortages that could compromise 
public health. Heavy reliance on foreign sup-
pliers for necessary medical equipment and 
APIs similarly has increased concerns about 
supply interruptions as nations limit exports 
to protect the health of domestic pop-
ulations. The result is a resounding call for 
more flexible production systems and regula-
tory policies able to respond quickly to supply 
disruptions and heightened demand for new  
preventives and treatments. 

FDA officials have long pressed bio/pharma 
manufacturers to step up investment in 
advanced manufacturing technologies, as seen 
in multiple statements and proposals from Janet 
Woodcock during her many years as director 

of FDA’s Center for Drug Evaluation 
and Research (CDER). Former FDA 
Commissioner Scott Gottlieb urged 
added funding in 2018 to support 
continuous drug manufacturing and 
3D printing to ensure steady out-
put of finished drugs. And Former 
Commissioner Stephen Hahn high-
lighted in August 2020 how advanced 
drug manufacturing techniques 
could help address manufacturing 
and supply chain problems generated 
by the pandemic (1). There has been 
some progress, as seen in CDER’s 

report on drug product quality for 2020, which 
notes that FDA approved the first application 
utilizing a continuous biomanufacturing pro-
cess in 2020 and semi-continuous processes for 
two other products (2). 

The Biden administration has acknowledged 
the importance of reliable advanced drug and 
vaccine production to ensure access to treatments 
for COVID-19. A White House executive order 
early this year sought sufficient supplies of vials 
and needles, as well as APIs, to support expanded 
vaccine supply and distribution. And the admin-
istration included pharmaceutical and biotech 
products on a list of key industries important for 
enhancing supply chain resiliency (3). 

A related goal by federal officials has been to 
expand drug manufacturing in the United States 
to reduce reliance on foreign sources and global 
supply chains. An early executive order from the 
Biden White House supported “Buy American” 
policies by calling on federal agencies to contract 
for American-made products before purchas-
ing imported goods. The government also has 
funded retrofitting of US biopharma facilities 
to boost domestic production of COVID-19 vac-
cines. While some experts consider added tax 
incentives and financial support key for encour-

FDA officials have long 
pressed bio/pharma 

manufacturers to step up 
investment in advanced 

manufacturing technologies.

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

Expanded interest in advanced drug manufacturing and continuous production 
methods calls for more flexible production systems and regulatory policies.

Pandemic Highlights Need for  
Advanced Pharma Manufacturing
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aging more domestic biopharma production, other ana-
lysts note the value of geographic diversity in supply 
to reduce the risk of disruptions in any one place from 
hurricanes and other natural disasters.

REGULATORY ROADBLOCKS?
Many of these issues are examined in a report for CDER 
from the National Academies of Sciences, Engineering 
and Medicine (NASEM) on strategies to modernize phar-
maceutical manufacturing to ensure reliable access to 
high-quality drugs, particularly in response to disruptions 
caused by the pandemic (4). While the report identifies 
several important manufacturing innovations on the 
horizon, the expert panel recognizes that adopting new 
methods and systems is costly, especially for companies 
with already approved facilities. 

A notable finding of the report is that drug regulatory 
policies pose a barrier to innovation, in that manufac-
turers looking to adopt continuous or other advanced 
manufacturing methods first must gain FDA review of 
any new technology, a process that can delay approval of a 
new drug application. And implementing new technology 
for a marketed drug involves submitting a post-approval 
changes application, an equally perilous and time-con-
suming oversight process. Varying regulatory expectations 
and policies among international health authorities, more-
over, further complicate prospects for implementing new 
technologies for both new and established medicines. 

The NASEM experts note that CDER has taken steps 
to foster manufacturing innovation with its Emerging 
Technology Program and Emerging Technology Team 
(ETT) to assist firms in evaluating and documenting 
new production approaches. But to provide more sup-
port and expertise to advance modern manufacturing, 
the panel advises FDA to clarify further what data are 
required in regulatory filings to demonstrate the iden-
tity, safety, purity, and potency of a drug produced with 
innovative technology. More consistency in evaluating 
residual risk to product quality from modern manufac-
turing methods, and greater harmonization in regula-
tory requirements across regions, is crucial for effective 
risk-benefit evaluation of new manufacturing methods.  

REFERENCES
1. S. Hahn, “Investing in Advanced Manufacturing to Support Public 

Health Preparedness,” FDA Voices, FDA.gov, Aug. 3, 2020. 
2. FDA, Center for Drug Evaluation and Research, Office of 

Pharmaceutical Quality, 2020 Annual Report, page 6, (CDER, 
February 2021). 

3. The White House, “FACT SHEET: Securing America’s Critical 
Supply Chains,” Press Release, Feb. 24, 2021.  

4. NASEM, Innovations in Pharmaceutical Manufacturing on the 
Horizon: Technical Challenges, Regulatory Issues, and 
Recommendations (National Academies Press, Washington, DC, 
2021). ◆
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Next-Gen Therapies Drive 
Development Technologies

The emergence of new biotherapeutics is both the driver 
and result of innovative drug development technologies.

FELIZA MIRASOL

T he emergence of new biotherapeutics has prompted 
the advancement of innovative technologies that 
enable or support unique approaches to biothera-

peutic drug development, including vaccines. Some of these 
new technologies include intranasal formulation technology, 
new cell reprogramming technology, and virus-like particle 
technology, among others. The progress of drug develop-
ment technologies will also have implications for the future 
direction of new biotherapeutic modalities.

CHALLENGES
The challenges to creating new biotherapeutic modalities 
stems from technical, scientific, and clinical advances that 
are resulting in a wider range of these modalities. This 
wider range of biologic modalities has led to a frequent 
requirement for bespoke development and characterization 
on a product-by-product basis to ensure that all possible 
interests, concerns, and compliance requirements of the 
international regulatory authorities have been considered 
and addressed, points out Margaret Temple, business devel-
opment director of SGS.

“For example,” Temple explains, “Novel cell therapies have 
very limited or no downstream purification, which leads to a 
requirement to conduct very detailed safety testing and char-
acterization of the cell bank and clinical product.” 

“The development of COVID-19 vaccines in 2020 
required an enhanced focus on documentation and study 
timelines to ensure lot-by-lot data [were] available in a 
coordinated and timely manner, whilst ensuring full com-
pliance with the product release criteria,” she adds.

Joe Foster, chief operating officer of Mogrify, a UK-based 
cell therapy company, adds that all medicinal products have 
strict manufacturing and quality standards to follow to 
deliver safe and efficacious treatments to patients. In situa-
tions where the active pharmaceutical ingredient is biological, 
variation in the raw material and manufacturing process is 
difficult to eliminate entirely, which challenges the scalability 
of manufacturing biological modalities. 

“In cell therapy,” Foster notes, “the most clinically successful cell 
type, T cells, currently follows a highly standardized ad-hoc man-
ufacturing process where the quality of the final product is subject 
to the quality of the source cells initially isolated from the patient.” 
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“While ad-hoc protocols are associated 
with high costs and limited scalability, a 
challenge more broadly encountered in 
the translation of cells into safe and effi-
cacious cell therapies is the need to mod-
ify, expand, and maintain cells in ex-vivo 
conditions, evident in the scant number 
of cell types that have been delivered to 
the clinic,” Foster adds.

Challenges such as these are what 
have driven the innovation being seen 
in drug development and manufac-
turing technologies. For example, it is 
expected that the rapid development 
and regulatory authority approval of 
several COVID-19 vaccines will lead 
to a shorter timeframe to develop and 
approve new biologics, says Temple. 
This shortened timeframe will be aided 
by developments in the availability of 
more rapid testing and techniques, such 
as in-vitro toxicology and next-genera-
tion sequencing, she adds. 

Meanwhile, translating new technol-
ogies to commercial-scale production 
poses its own set of challenges. “Scaling 
up of cell culture is a continued chal-
lenge in the application of stem and 
primary cells as therapeutics when com-
pared to the scale up of, for example, 
stable cell lines such as [those derived 
from] CHO [Chinese hamster ovary] 
cells (1),” says Temple. 

“In scaling up new technologies, man-
ufacturers are expected to account for 
the requirements to generate sufficient 
clinical material and additional material 
for testing and stability study purposes,” 
Temple emphasizes.

Another potential challenge, Temple 
says, is clarifying the chemistry, manu-
facturing, and controls (CMC)-related 
studies that must be performed if a 
novel technology (e.g., novel equip-
ment, novel manufacturing process, and/
or novel biological substrates) is used, 
as there is little or no precedence to 
follow. However, on the positive side, 
innovations in the use of synthetic raw 
materials and disposable equipment 
are expected to enhance manufacturing 
process development, she says.

NEXT-GENERATION 
MODALITIES
Intranasal vaccines: 
the challenges
The furious pace with which COVID-
19 vaccines were developed has shone 
a spotlight on the need for more agile 
responses to health emergencies, includ-
ing the need for quicker and easier 
administration of vaccines. While not 
necessarily a new technological idea, 
intranasal vaccines is one potential answer 
to addressing the need for global admin-
istration. US-based Meissa Vaccines is 
working to develop an intranasal live-at-
tenuated vaccine (LAV) for COVID-19, 
with Phase I trials already underway (2). 
Meissa’s vaccine candidate can be manu-
factured cost-effectively with single-dose 
immunity to meet global demand, 
according to Marty Moore, founder and 
CEO of Meissa Vaccines. 

Meissa is overcoming traditional 
challenges in attenuating a live virus 
for use in an intranasal vaccine. “The 
attenuation of a virus to produce a vac-
cine must balance reducing its virulence 
while retaining its ability to stimulate an 
effective immune response, or immu-
nogenicity,” says Moore. The com-
pany started out to develop a pediatric 
vaccine for respiratory syncytial virus 
(RSV). “Natural RSV infection does 
not stimulate a robust immune response, 
and immunity following SARS-CoV-2 
infection wanes, so vaccine technologies, 
such as our AttenuBlock platform, that 

enhance immunogenicity are required,” 
Moore explains.

The traditional processes for making 
live attenuated vaccines involve serial 
passage, gene deletions, or other muta-
tion strategies, he notes. “These strategies, 
however, typically affect the viral replica-
tion machinery, which can compromise 
immunogenicity of the vaccine candidate.”

Intranasal vaccines: 
call to innovation
In Meissa’s case, the development of its 
intranasal live attenuated recombinant 
vaccine also carries important oppor-
tunities as an end game vaccine for 
COVID-19. Moore uses the example 
of the live oral polio vaccine, which 
was successful in its ability to block 
transmission. Compared to the inac-
tivated polio vaccine, the oral live 
attenuated (replicating) polio vaccine 
provided strong immunity and blocked 
transmission well. This example moti-
vated the company in its development 
of an intranasal vaccine candidate. 

“That’s our goal for our COVID-19 
recombinant live attenuated vaccine: 
provide strong immunity with a sin-
gle dose that’s intranasal with a high 
potential to effectively block transmis-
sion,” Moore states.

Meissa’s proprietary platform, known 
as AttenuBlock, uses synthetic biology 
to generate live attenuated RSV vac-
cine candidates designed to increase 
antigen expression and decrease or 
eliminate the expression genes that 
counteract the immune response. “The 
AttenuBlock platform incorporates 10 
years of research and development at 
Emory University, where researchers 
employed rational and precise codon 
deoptimization and other genetic strat-
egies to produce hundreds of targeted 
mutations into the RSV genome, pro-
viding exquisite control over viral pro-
tein expression,” Moore explains. 

“We used codon deoptimization to 
reduce the efficiency of translating 
viral mRNA [messenger RNA] into 
proteins. By carefully selecting and 
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replacing commonly used codons with 
nonpreferred codons in viral genes 
that inhibit the immune response, the 
translation of these viral mRNAs into 
proteins becomes inefficient. This 
approach results in heavy attenuation, 
optimized immunity, and genetic sta-
bility,” Moore further states.

For COVID-19, Moore points 
out that it is important to note that 
Meissa’s vaccine candidate is not a 
whole SARS-CoV-2. “Ours is designed 
as a live attenuated RSV backbone that 
expresses a fully functional SARS-
CoV-2 spike protein, in place of the 
RSV antigen. The reason we did that 
is because coronaviruses, as a family 
of viruses, have a high rate of recom-
bination, and viruses like RSV do not. 
We viewed that genetic instability of 
coronaviruses as a major hurdle to the 
development of a traditional live atten-
uated SARS-CoV-2,” he explains.

Live attenuated vaccines are typi-
cally manufactured on a cell line with 
relatively high productivity of doses/
liter of capacity, resulting in a sig-
nificantly lower footprint and cost of 
goods to manufacture. In addition, the 
dose of a live attenuated vaccine is typ-
ically much lower than all the other 
non-replicating vaccine types, includ-

ing genetic (RNA/DNA), viral vectors, 
protein subunit, inactivated, and virus-
like particles (VLPs). Thus, to meet 
global supply and demand, Meissa is 
implementing straightforward, eco-
nomical, and scalable vaccine manufac-
turing technologies, Moore says. 

“Meissa’s vaccine candidates grow 
well in cell culture to support manu-
facturing. Furthermore, Meissa’s single, 
low-dose vaccine candidates allow for 
a smaller manufacturing footprint and 
fewer batches to support production,” 
Moore states.

Virus-like particles: 
the challenges
When the pandemic began, Icosavax, 
a US-based biotechnology company 
pursuing VLP technology applied 
its technology platform to develop a 
vaccine candidate against COVID-
19. The company’s vaccine program is  
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supported by a $10 million grant from 
the Bill & Melinda Gates Foundation 
and  $6 .5  mi l l ion  f rom Open 
Philanthropy, a US-based research and 
grantmaking foundation (3). 

“Although the application of VLP 
technology to the prevention of respi-
ratory pathogens is fairly new, VLPs 
have been around for a long time,” says 
Adam Simpson, CEO of Icosavax. “In 
fact, licensed VLP vaccines are extremely 
effective. For example, naturally occurring 
VLPs have delivered effective licensed 
vaccines, including against human papil-
lomavirus and hepatitis B.”

Simpson explains that VLP-based 
vaccines present key parts of the patho-
gen in a symmetrical and repetitive way, 
similar to how a virus would present 
itself. Meanwhile, the immune system 
has evolved to detect things that are pre-
sented thus as a danger signal and to react 
strongly to them. “However, reworking 
naturally occurring VLPs has been diffi-
cult to do for the display of proteins from 
certain pathogens, including those with 
complex heterologous antigens, such as 
RSV and SARS-CoV-2,” he states.

In Icosavax’s case, the company’s 
technology is designed to enable the 
use of VLP vaccine technology for 
a broader array of pathogen targets. 
Naturally occurring VLPs have his-
torically induced strong, broad, and 
durable immunogenicity and protec-
tion, Simpson asserts. “However, nat-
urally occurring VLP vaccines have 
limitations in displaying complex het-
erologous antigens. Our technology is 
designed to overcome this limitation 
to enable the incorporation of a broad 
array of complex heterologous antigens 
into VLP structures,” he says. 

Virus-like particles: 
call to innovation
The idea behind Icosavax’s technology 
is based, not on reliance on molecules 
that naturally form VLPs, but rather on 
starting from scratch and using the power 
of computational protein design to create 
fully self-assembling proteins, Simpson 

explains. “We do not have to rely on the 
limits of what we see in nature, and we 
can optimize the particles accordingly via 
our technology,” he says.

Icosavax’s computationally designed 
VLP technology is designed to solve the 
problem of constructing and manufac-
turing VLPs displaying complex antigens. 
“The technology generates computation-
ally designed proteins that separate the 
folding of individual protein subunits 
from the assembly of the final macromo-
lecular structure. The individual proteins 
are expressed and purified using tradi-
tional recombinant technologies and then 
self-assemble into VLPs when mixed,” 
Simpson illustrates. 

“We often describe our VLP tech-
nology as a soccer ball. The black parts 
are at the base of the antigens (e.g., the 
prefusion structure of the RSV F gly-
coprotein or the SARS-Co-V receptor 
binding domain) and the white parts are 
there as the second piece to help create 
an icosahedral particle in the middle of 
the vaccine. When mixed, the black and 
white parts self-assemble into the soccer 
ball, displaying the antigens in a repetitive 
fashion, much like a virus,” Simpson says.

However, the translation from lab-
scale to commercial-scale production can 
be challenging if the technology was not 
designed with large-scale manufacturing 
processes and purification methods in 
mind, Simpson cautions. In addition, he 
adds, new technologies often have sta-
bility challenges at temperatures above 
sub-zero, which can lead to commercial 
distribution challenges. 

“Our technology utilizes self-assembly 
of two protein components that can be 
manufactured using traditional recombi-
nant protein manufacturing techniques. 
The technology is designed to be highly 
scalable and distributable,” Simpson says. 
Icosavax can use off-the-shelf technolo-
gies available at many recombinant pro-
tein contract manufacturers, he assures. 
“Both key intermediate components for 
IVX-411 [the company’s VLP COVID-
19 vaccine candidate] have high manu-
facturing yield, and all data gathered to 

date support a competitive cost-of-goods. 
In addition, our final vaccine product is 
expected to be stable at 2–8 °C,” he adds.

Cell therapy development: 
the challenges
Mogrify, meanwhile, has developed a 
proprietary suite of platform technol-
ogies that utilize a systematic big-data 
approach to drive the speed, efficiency, 
and maintenance of cellular repro-
gramming. Its platform technologies 
have applications in generating the 
scalable source of functional cell types 
required to underpin the development 
of ex-vivo cell therapies and also the 
potential to pioneer a new class of 
in-vivo reprogramming therapies for 
indications of high unmet clinical need 
in immuno-oncology, ophthalmology, 
and other disease areas. 

The main hurdle for a new technol-
ogy such as this in its translation into 
viable biotherapies is proving clini-
cal benefit and safety in vivo, Foster 
says. “In cases of innovative treatment 
modalities, especially, there is limited 
experience and historic data to refer to,” 
he emphasizes. In terms of the devel-
opment of allogeneic cell therapies, 
for example, clinical efficacy has been 
proven through autologous cell thera-
pies, but the use of pluripotent cells as 
a starting material and the integration 
of genetic modification requires thor-
ough risk assessment for tumorigenic-
ity and genetic instability, he explains.

Cell therapy development: a call to 
innovation. “To deliver safer, more effica-
cious, and scalable cell therapy to patients, 
particularly in immunotherapy, develop-
ers are aiming to reduce toxicity-inducing 
factors, shift toward allogeneic cell ther-
apies, and expand the range of clinically 
viable cell types,” says Foster. 

He points out some current develop-
mental trends, such as the use of gene-ed-
iting tools to remove immunogenic 
components, incorporate safety switches, 
and reduce the expression of cytokines 
associated with severe adverse events. He 
explains that the expansion of therapeutic 
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cell types has seen progress in the increase 
of alternative cell types reaching clini-
cal trials, such as natural killer cells and 
macrophages. This progress is accom-
panied by continuous efforts into the  
characterization of rare subtypes 
with high levels of desired functional-
ity, such as gamma delta T cells, and the  
discovery of new cell types through sin-
gle-cell innovations.

“ Taking inspiration f rom [K. 
Takahashi et al.’s] discovery of the 
OKSM [OCT4, SOX2, KLF4 and 
MYC] pluripotency-inducing factors (4), 
the field has been working to generate a 
universal induced pluripotent stem cell 
(iPSC) source for the derivation of any 
cell type of interest,” Foster says. 

“Considerable effort has been invested 
into the development of off-the-shelf cell 
therapies derived from iPSCs; however, 
progress has been limited by the field’s 
ability to identify and recapitulate devel-
opmental pathways to freely differentiate 
target cell types from iPSCs whilst also 
acquiring and maintaining their required 
functional maturity for therapeutic pur-
poses,” Foster adds.

In the meantime, with the increasing 
availability of high-throughput bioinfor-
matics data, researchers have developed 
innovative computational approaches to 
systematically tackle the challenges posed 
by cellular reprogramming. 

Platform technologies, such as 
MOGRIFY, utilize transcriptomic and 
regulatory network data to predict the 
key regulatory factors and small mole-
cules that direct cellular reprogramming, 
Foster explains. Using the data in this way 
enables the transdifferentiation of any 
target cell type from any source cell type. 
Other complementary technologies, such 
as epiMOGRIFY, deploy epigenetics 
to predict optimal xenogen-free culture 
conditions for cell maintenance and to 
support cell reprogramming. 

“When combined, such techniques 
provide a unique opportunity to enhance 
existing stem-cell-forward reprogram-
ming methods or bypass development 
pathways altogether, allowing the direct 

reprogramming of the scalable source of 
functional cell types required to trans-
form the development of ex-vivo cell 
therapies, and furthermore, the explora-
tion of new classes of in-vivo reprogram-
ming therapies, which offer the potential 
to introduce cell reprogramming in situ,” 
Foster emphasizes.

UNMET NEEDS 
AND FUTURE DIRECTION
The future direction of drug develop-
ment technologies may largely follow 
the near-term results of biotherapies 
currently in development and how they 
are handled. For example, the long-term 
prospects for mRNA vaccines are con-
tingent on improving on the current 
cold temperature requirements for stor-
age and shipment. 

“If this is feasible, it would be expected 
that development of nucleic acid-based 
technologies progresses to develop prod-
ucts with other applications for health-
care, such as protein-based therapeutics. 
The international regulatory authorities 
have been supportive of advances in 
molecular biology, both with regard to 
product analysis and testing and with 
regard to product application, and this 
would be expected to continue,” Temple 
says. She further adds that it is not unrea-
sonable to suggest that more product 
and clinical data and data analysis may 
be required to answer the question of 
what direction RNA-based therapeutics 
may take in the future, and to compare 
the application of nucleic acid technol-
ogy with, for example, the application of 
cell-culture derived viral vaccines, which 
have been developed and approved for a 
significantly longer time. 

Intranasal, vaccines generate both 
mucosal (IgA) antibodies in the nasal 
cavity and antibodies that circulate in the 
blood (serum), providing an alternative to 
injected vaccines, which typically do not 
do a sufficient job in blocking transmis-
sion, points out Moore. 

“In contrast, injected vaccines typically 
induce circulating but not mucosal anti-
bodies. While circulating antibodies are 

important for preventing serious lung 
disease, mucosal antibodies are important 
for blocking infection and transmission of 
respiratory viruses,” he states.

“We believe that end-game vaccines for 
COVID-19 need to be able to do both: 
prevent disease and block transmission,” 
Moore adds.

The preclinical data for Meissa’s 
COVID-19 recombinant LAV candidate 
shows that the vaccine induces a SARS-
CoV-2-specific mucosal IgA response, 
causes the generation of serum-neutral-
izing antibodies, and provides efficacy 
against challenge, Moore emphasizes. 

“With the current injected vaccines, 
we are going to need boosters for both 
durability and protection against variants. 
A real mucosal transmission-blocking 
vaccine could put a tight lid on SARS-
CoV-2 and be an important end-game 
strategy to really put this to bed and get 
back to normal. That’s why we need 
intranasal vaccines,” Moore concludes.

Moore says that Meissa’s vaccine 
candidate has the potential to deliver 
a single-dose of 104–106 plaque-form-
ing units (PFU)/dose compared with 
multiple doses of 109–1011 PFU/dose 
of non-replicating vaccines or multiple 
milligrams for subunit vaccines. “The 
footprint for manufacturing live attenu-
ated vaccines is significantly smaller and 
does not necessitate single use technol-
ogies,” he also adds.

Meanwhile, an aging population also 
poses a challenge for traditional vaccine 
technology because the older a person 
gets, the more difficult it is to induce a 
robust immune response. “We believe 
that a technology that induces higher 
neutralizing antibody titers will have the 
best chance of optimal and lasting pro-
tection in older adults,” says Simpson

“Our vaccine candidates have shown 
a strong immune response in preclin-
ical models, and we believe that our 
candidates could become important for 
older adults, where immunosenescence 
plays a role in the effectiveness and 
durability of other vaccine technolo-
gies,” Simpson states. 
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“Furthermore,” he continues, “from a 
global health and access perspective, the 
high yield and stability of the assembled 
VLPs suggest that manufacture of VLP 
vaccines will be highly scalable, and our 
final vaccine product is not expected to 
require subzero storage.”

The advantage of Icosavax’ technol-
ogy is that it was designed to be highly 
scalable and distributable, according to 
Simpson. 

“That said, COVID-19-related 
efforts have resulted in near-term 
shortages in materials, and, with the 
number and scale of existing vaccine 
manufacturing efforts worldwide, there 
are limited openings and manufactur-
ing facilities. Right now, the biggest 
challenge we face is similar to many 
vaccines and therapeutic manufactur-
ers in the current environment: access 

to facilities and materials needed for 
manufacturing and fill and finish at a 
large scale,” Simpson says.

“Currently, there are a small number 
of cell types that have been successfully 
delivered as therapies to the clinic, due 
to the limited capacity in directing cell 
fate and cell conversion,” says Foster, 
speaking from a company translating 
cell reprogramming into viable cell and 
gene therapies. 

Mogrify is currently in the pre-
clinical proof-of-concept stages of 
development, so discussion of commer-
cial-scale aspects is early at this point; 
however, with the broad opportunities 
offered by the company’s proprietary 
technology platforms, its biggest chal-
lenge to date has been the identifica-
tion, consolidation, and prioritization 
of the disease areas of focus, says Foster. 

“We have chosen to focus on immu-
no-oncology and ophthalmology because 
they are both areas with clear regulatory 
pathways, and building on known ther-
apeutic potential, will allow us to deploy 
our novel science and progress our lead 
assets within a well-defined clinical road-
map,” Foster states.
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New biotherapies continue to advance in the regulatory 
arena as demonstrated by recent FDA decisions. In May, 
FDA issued Emergency Use Authorization (EUA) for a new 
monoclonal antibody (mAb) treatment for COVID-19 and 
published final industry guidance for the development of 
bispecific antibodies.

FDA issued the EUA for sotrovimab, GlaxoSmithKline’s 
investigational mAb, for treating mild-to-moderate 
COVID-19 in adults and pediatric patients with positive 
viral testing results and who are at high risk for progression 
to severe COVID-19 (1).
The EUA was issued based on interim analysis from 

a Phase I/II/III randomized, double-blind, placebo-
controlled clinical trial with a primary endpoint of COVID-
19 progression through day 29. Of the 583 participants 
studied, 291 received sotrovimab and 292 received 
a placebo within five days of the onset of COVID-19 
symptoms. The interim analysis showed that 21 patients 
who received the placebo were hospitalized or died, 
whereas only three of the patients treated with sotrovimab 
met the same results, demonstrating an 85% reduction 
in hospitalizations/deaths in the mAb-treated population.

Sotrovimab is not currently approved for patients 
who are hospitalized or require oxygen therapy due 
to COVID-19.

Meanwhile, in tandem with the progress of mAb therapies, 
bispecific antibody therapies are also picking up pace. To 
that end, FDA published a final guidance document on 
May 24, 2021, to provide recommendations for regulatory, 

quality, nonclinical, and clinical considerations for 
bispecific antibody development programs (2).
The guidance focuses on a range of regulatory and 

scientific considerations for these antibodies, but not on 
development of a particular bispecific antibody, an FDA 
official noted in the guidance document. The guidance 
acknowledges that many aspects of a bispecific antibody 
development program will be similar to mAb development 
programs, but the guidance does discuss unique aspects 
for chemistry, manufacturing, and controls (CMC), as 
well as nonclinical and clinical development programs 
particular for bispecific antibodies.
The industry and other stakeholders are encouraged 

to engage FDA to discuss individual bispecific antibody 
development program, according to the new guidance. 
The guidance may also apply to the development of other 
bispecific protein products and multispecific products, but 
does not discuss antibody cocktails, polyclonal antibody 
products, or combinations of monoclonal antibodies.
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Meeting the Demand  
for Lipid Excipients 
Contract manufacturers play a key role  

in the lipid supply chain for mRNA vaccines.
CYNTHIA A. CHALLENER

T  he messenger RNA (mRNA) COVID-19 vaccines 
from Pfizer/BioNTech and Moderna are the first such 
vaccines to receive any form of regulatory approval, in 

this case, emergency use authorizations. The key challenge for 
development has been stabilization and effective delivery of 
large and fragile mRNA strands into target cells. A number 
of strategies have been evaluated to overcome these issues, 
including polymer-based carriers, cationic nanoemulsions, 
and lipid nanoparticles (LNPs). 

The solution for the mRNA COVID-19 vaccines 
is encapsulation inside LNPs. “LNPs protect the mRNA 
from degradation and ensure that it is taken up into human 
cells where it is translated into the proteins that it encodes,” 
explains Paul Spencer, vice president of drug delivery and 
medical device solutions at Evonik Health Care.

DISTINCT LNPs 
While the Pfizer/BioNTech and Moderna vaccines are both 
based on mRNA, the two products are distinctly different 
from one another. They have different required dose levels, 
likely due to differences in the specific genetic sequences 

employed, and use different, proprietary LNPs for deliv-
ery. Moderna developed its own LNP technology, while 
Pfizer/BioNTech licensed an LNP technology developed by 
Acuitas Therapeutics. 

The LNP particles are less than 0.1 micron in size. Their 
lipid composition dictates their physicochemical properties, 
from size and shape to lipophilicity to long-term stability. 
Acuitas Therapeutics, for instance, has synthesized more than 
500 novel cationic lipids and investigated their performance 
in LNPs for the delivery of a variety of therapeutic payloads, 
including small interfering RNA, mRNA, and DNA. 

Biophysical and structural data have been correlated by 
Acuitas to enable the rational design of LNP compositions 
with improved potency and therapeutic index, according 
to the company’s president and CEO Thomas Madden. 
Notably, the Acuitas technology has been clinically validated 
as well; it is used by Alnylam Pharmaceuticals for its RNAi 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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drug Onpattro, a treatment for an 
otherwise fatal genetic disease called 
transthyretin amyloidosis.

FOUR KEY LIPIDS
In addition to typical excipients 
including salts (e.g., potassium and 
sodium chlorides, monobasic and diba-
sic potassium phosphates, trometh-
amine hydrochloride, sodium acetate), 
weak acids (e.g., acetic acid) and bases 
(e.g., tromethamine), and sucrose, 
the Pfizer/BioNTech and Moderna 
mRNA vaccines also contain crucial 
lipid excipients—some common and 
some highly specialized—comprising 
their unique LNPs. 

Lipids are defined chemical build-
ing blocks, with common examples 
including cholesterol and many differ-
ent phospholipids. The LNPs used to 
protect the currently authorized mRNA 
vaccines for COVID-19 each consist of 
a total of four lipids that build a pro-
tective shell around the mRNA active 
ingredient, according to Spencer.

One of the lipids, says Madden, is 
an ionisable cationic, ionizable lipid 
with two functions: it allows loading 
of the mRNA inside the LNP and 
then release of the mRNA once the 
LNP is inside a cell. A polyethylene 
glycol (PEG) lipid and cholesterol are 
both used to stabilize the LNP during 
manufacture and storage, he adds. The 
phospholipid 1,2-distearoyl-sn-glyc-
ero-3-phosphocholine (DSPC) helps 
to form the LNP bilayer structure and 
facilitates formulation, notes Spencer. 

SPECIALIZED GMP 
MANUFACTURING  
IS REQUIRED
DSPC and phosphocholine are com-
mon, nonproprietary lipids, while the 
PEG and cationic, ionizable lipids are 
proprietary lipids. Both types, accord-
ing to Madden, require specialized 
manufacturing expertise, equipment, 
and facilities to produce under good 
manufacturing practice (GMP) con-
ditions at the high level of quality 

required for use in vaccines. Some of 
the lipids, adds Spencer, are produced 
using multiple reaction steps, which 
contributes added complexity.

“It has been challenging to rapidly 
upscale the production of the various 
lipids, according to GMP standards, to 
ensure they are suitable for pharma-
ceutical applications,” Spencer states. 

“There are a limited number of places 
in the world where these types of lipids 
at this grade can be made, and never 
before have we had to manufacture the 
quantities needed to support vaccines 
to combat a global pandemic.”

 
SUPPLY-CHAIN IMPACTS
“Until one year ago, lipids were only 
needed in gram quantities for very 
specialized drugs and for development 
projects,” observes Spencer.

The quantities of lipid excipients 
required to support the manufacture of 
more than 2 billion doses of the Pfizer/
BioNTech vaccine alone represented a 
huge increase from previous expecta-
tions, according to Madden. An early 
clinical batch of vaccine might require 
100 grams of lipid, while commercial 
manufacture of more than 2 billion 
doses would require approximately 2 
metric tonnes, he says.

The COVID-19 pandemic marks 
the breakthrough of this niche tech-
nology, Spencer asserts. “The world-
wide demand on a tonne scale could 
not have been foreseen a year ago 
and requires a short-term expan-
sion of manufacturing capacities,” 
he says. The increase in demand, in 
fact, has required a huge scale up 
by specialized contract manufactur-
ing organizations (CMOs) and the 
engagement of additional CMOs to 
meet production needs.

SPECIALIZED  
CONTRACT MANUFACTURERS 
PLAY KEY ROLES
Only specialized CMOs that are reg-
istered to manufacture components 
for clinical products are used to pro-
duce the lipid components in vaccines 
to ensure their quality and safety.  “As 
with any component that goes into a 
drug, the lipid excipients in vaccines 
must be manufactured by an organi-
zation that is inspected by, and regis-
tered with, regulatory agencies. This 
ensures that the manufacturer has the 
expertise, experience, trained personnel, 
facilities, and documentation systems to 
produce high-quality and safe products,” 
Madden says. 

Development

Excipients used in other types of 
vaccines (live weakened/attenuated 
virus, killed virus, viral vector, and 
protein-based) include preserva-
tives such as thimerosal to prevent 
contamination; adjuvants, which 
most commonly are aluminum salts, 
to boost the immune response; and 
stabilizers including sugars and gel-
atin. Trace amounts of cell-culture 
materials, inactivating ingredients 
used to kill viruses or inactivate 
toxins, and antibiotics may also be 
present. A list of the substances in 
US-approved vaccines other than 
the active ingredients can be found 
on the Centers for Disease Control 
and Prevention website (1).

One of the biggest challenges 
for many vaccines, not just mRNA 
products, is their instability and the 
need for low-temperature storage. 
Researchers at the University  
of Texas at Austin have developed 
a potential solution—a thin film 
technology that can preserve  
live viruses, bacteria, antibodies, 
and enzymes without refrigeration 
for months to in some cases a  
few years (2).
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Multiple CMOs are support-
ing the manufacture of the Pfizer/
BioNTech and Moderna vaccines in 
order to meet the global need. Pfizer 
started with a five-year lipid sup-
ply agreement with Croda (through 
its acquired Avanti Polar Lipids busi-
ness) and added AMRI, which was 
already providing development, 
scale-up, and manufacturing services 
for the vaccine, in February 2021 (1). 
BioNTech also has agreements with 
Evonik and Merck KGaA. Moderna’s 
main lipid supplier is CordenPharma.

EXPANDING LIPID 
PRODUCTION CAPACITY
Many of these contract manufacturers 
are expanding capacity for lipid produc-
tion to support the effort to roll out bil-
lions of COVID-19 vaccine doses. For 
instance, Evonik, which produces two of 
the four lipids for the Pfizer/BioNTech 
vaccine, is investing in the short-term 
expansion of its specialty lipids produc-

tion at its Hanau and Dossenheim sites 
in Germany. First quantities were deliv-
ered to BioNTech in April, months ear-
lier than planned, according to Spencer.

Merck KGaA also announced in 
February 2021 plans to boost produc-
tion of the lipids it supplies to BioNTech. 
The company committed to significantly 
accelerating the supply of lipids and 
increasing the quantity of lipids delivered 
near the end of 2021. This commitment 
comes after weeks of investment in the 
further development of production tech-
nologies and the implementation of new, 
highly complex process steps, according 
to a Merck KGaA press release (2).

Croda is also doubling and qua-
drupl ing  l ip id  product  c apac-
i t y  in  the  United S tates  and 
United Kingdom, respectively (3). 
According to CEO Steve Foots, the 
company has already been able to 
improve the purity of the lipids while 
scaling its manufacturing process, which 
has enabled Pfizer to raise the storage 

temperature for its mRNA vaccine 
above ultra-cold conditions.

M e a nw h i l e , C o rd e n P h a r m a , 
announced in April 2021 that the com-
pany expanded its lipid purification 
capacity at CordenPharma Colorado 
with the addition of more production 
lines. The company expected the invest-
ment to yield higher lipid shipments as 
soon as July 2021 (4).

REFERENCES
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2. Merck KGaA, “Merck KGaA, Darmstadt, 
Germany, and BioNTech Extend 
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Boost on Pfizer Vaccine Deal,” 
Reuters, March 2, 2021.
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Expands Lipid Excipients Purification,” 
Press Release, April 19, 2021.  ◆
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Moderna has announced several agreements to support 
production of the company’s COVID-19 vaccine. 

Lonza will add a new drug substance manufacturing 
line at its Geleen, Netherlands, site to support Moderna’s 
efforts to scale up production and develop variant 
boosters. The line, which is expected to be operational 
by the end of 2021, will provide an additional 300 million 
doses per year, at a 50-μg dose (1).
“Once more, we are pleased to leverage our network 

as we expand our collaboration with Moderna further to 
extend our mRNA [messenger RNA] manufacturing to 
Lonza Geleen,” said Jean-Christophe Hyvert, president, 
Biologics and Cell & Gene, Lonza, in the press release. 

“The extension reflects the continuing growth of our 
strategic collaboration with Moderna. We are proud to 
play our part in controlling the COVID-19 pandemic and 
look forward to bringing to bear our experience from 
Portsmouth, [NH] and Visp, [Switzerland] at our Geleen 
site in the Netherlands.”

Moderna also announced that Thermo Fisher Scientific 
will provide fill/finish sterile manufacturing services and 
supply packaging for Moderna’s COVID-19 vaccine at the 
contract manufacturer’s commercial manufacturing site in 
Greenville, NC. Production will begin in the third quarter 
of 2021, Moderna reported (2). 

Moderna also expanded a supply agreement Aldevron 
for plasmid DNA, which serves as the genetic template 
for generating the COVID-19 mRNA vaccine and other 
investigational programs in Moderna’s pipeline. Aldevron 
produces the DNA at its 70,000-ft2 good manufacturing 
practice (GMP) facility in Fargo, ND. Buildout and 
validation of an additional 189,000-ft2 expansion to the 
GMP facility on Aldevron’s campus has been completed.
“Aldevron has been a long-standing partner of Moderna. 

We appreciate their collaboration and their expertise in 
the biologics space,” said Juan Andres, chief technical 
operations and quality officer of Moderna, in a company 
press release. “We look forward to our ongoing work with 
this expanded partnership” (3).
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Cell-free Expression Systems 
Pose Cell Culture Alternative

Cell-free expression is promising in preclinical applications, 
but still presents challenges to scale up for commercial production.

FELIZA MIRASOL

A mong the challenges in upstream bioprocessing is the 
cellular waste generated as a by-product of cell culture. 
One approach that potentially offers the benefit of a 

“cleaner” biologic product in upstream processing is the use of 
cell-free expression systems. By producing less waste upstream, 
there is the potential benefit of having less burden downstream 
in the separation and purification steps. However, the practi-
cality of using cell-free expression systems in the commercial 
manufacture of biologics requires proper assessment.

TRADITIONAL CELL CULTURE STRUGGLES
Traditional cell culture systems continue to deal with chal-
lenges, a major one being waste disposal, confirms Tim Ding, 
senior scientist in the Antibody and Protein Production 
Division at Creative Biolabs, a US-based custom service 
provider of antibody production and engineering. In the 
prolonged process of biologic production, the dying cells will 
inevitably release cytosolic content to the culture medium, 
essentially “contaminating” the batch and introducing het-
erogeneity. The lysing event also risks ruining the production 
because of the protease that are released, which will also 

increase the workload for downstream separation and purifi-
cation, Ding says.

Traditional cell-culture based biomanufacturing is a mature 
technology; however, it is tied to a living cell, which necessi-
tates a great deal of complexity. That complexity ranges from 
the creation of a master cell bank all the way to manufacturing 
at scale, product recovery and purification, and, finally, prod-
uct formulation, according to a group commentary provided 
by James Swartz, James H. Clark professor in the School 
of Engineering and professor of Chemical Engineering and 
Bioengineering, Stanford University; Michael Jewett, Walter 
P. Murphy professor of Chemical and Biological Engineering 
and director of the Center of Synthetic Biology, Northwestern 
University; Matthew DeLisa, the William L. Lewis profes-
sor of Engineering and director of the Cornell Institute of 
Biotechnology, Cornell University; and Govind Rao, professor 
of Chemical, Biochemical, and Environmental Engineering 
and director of the Center for Advanced Sensor Technology, 
University of Maryland Baltimore County.

The professors explain that protein therapeutics (biologics) 
produced by cell culture face limitations, such as high product 

Upstream Processing
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variability created by glycoform (micro- 
and macro-) heterogeneity; difficulty 
in engineering glycosylation pathways 
because of cell viability constraints; the 
inability to completely decouple cell 
growth from protein synthesis; and 
inconsistency in batch-to-batch runs 
based on the inherent variability in living 
cellular factories. 

Limitations also include expensive 
centralized facilities, which are needed 
for good manufacturing practice (GMP); 
limited volumetric productivities due 
to the need to propagate cells in batch-
mode bioreactors; and a timeframe of 
at least 18 months to go from finalized 
DNA-customized cells to commer-
cial-scale volumes of product, according 
to the professors.  

CELL-FREE IN CELL CULTURE
“Cell-free systems offer an alternative 
approach that can address these lim-
itations in traditional cell-based cell 
culture,” says Jewett. “They shorten 
design–build–test–learn cycles and 
enable portable, on-demand biomanu-
facturing at the point-of-use.”

“Recent technical advances in cell-
f ree protein synthesis technologies 
have been shown to promote increased 
yields of therapeutically relevant pro-
teins/glycoproteins,” says Swartz. The 
professors point to studies of these 
technical advances that have shown the 
following results:
• Protein y ields exceed grams 

of protein per liter of reaction 
volume; batch react ions last 
multiple hours; and reaction scale 
has reached 100 L (1)

• Cost-effective energy metabolism 
has been realized (2)

• Industrial applications are being 
advanced (3)

• Protein screening workf lows have 
been accelerated (4)

• C ont r o l l a b l e  g l y c o s y l a t i on 
reactions have been integrated 
with cell-free expression (5)

• More than 50 therapeutic glycans 
have been synthesized (6)

• Engineered strains that produce 
homogenous human N- and 
O-glycans have been developed and 
used to source lysates for cell-free 
expression (7) 

• Medicines have been manufactured 
u s ing  on-dema nd ,  por t able 
platforms comprised of detoxified 
lysates that contain endotoxin levels 
well below those in FDA-approved 
products (8,9). 

“While transformative breakthroughs 
have set the stage to create a disruptive 
protein biosynthesis technology, gaps still 
exist,” Rao cautions. 

The primary advantage of a cell-free 
system is speed (hours versus days or 
weeks to express product), simplicity 
(non-living system, hence easier to deal 
with), single-product expression (typ-
ically, only one gene product is being 
expressed, unlike the entire genome 
in a living cell), and, finally, potential 
for distributed and just-in-time bio-
manufacturing by virtue of using lyo-
philized cell extracts, the professors 
state. The professors collectively believe 
that cell-free protein expression offers 
increased control and flexibility com-
pared to traditional cell-based biopro-
cessing. DeLisa also emphasizes that 

“cell-free biomanufacturing technology 
could enhance disaster responsiveness, 
enable timely response to emergent/
pandemic threats, facilitate diagnostic 
development, and enable distributed 
biomanufacturing globally.”

Ding adds that the fact that no extra 
energy is “wasted” to maintain cell pro-
liferation and survival in cell-free syn-
thesis is another advantage. “The energy 
and nutrients in the cell-free systems 
are used exclusively to make desired 
biologic products. Thus, this high-effi-
ciency expression could be theoretically 
achieved at very high yield per volume. 
On the other hand, minimal waste or 
contaminants are produced during the 
expression, which allows for a much 
easier purification process,” he states.

Cell-free expression comprises three 
major components, explains Ding:

• An energy source (i.e., an energy 
regenerating apparatus)

• Building blocks, such as nucleotides, 
amino acids etc. 

• Transcription/translation machinery. 
“Of course, you need to add a DNA/

RNA template to initiate the expres-
sion. But the overall system is much 
simpler than living cells. During a 
short period of time, the system can 
make protein biologics with high effi-
ciency with minimal by-products, and 
you don’t have to worry about proteo-
lytic of recombinant protein caused 
by proteases (since they are already 
‘dead’),” Ding confirms.

This paradigm-shifting concept of 
cell-free protein synthesis also circum-
vents cellular mechanisms that have 
evolved to facilitate species survival, 
bypasses limitations on molecular trans-
port across the cell wall, and enables 
consistent product quality by avoiding 
stochastic cell growth issues, the profes-
sors comment. In addition, Jewett notes 
that “the ability to readily store, dis-
tribute, and activate freeze-dried cell-
free systems by simply adding water or 
one of a catalog of freeze-dried plasmid 
DNA templates opens new opportuni-
ties for on-demand, agile, and modular 
biomanufacturing.”

SCALE UP POTENTIAL
Scale-up of cell-free expression tech-
nologies is already seeing implemen-
tation. Companies, such as Sutro 
Biopharma, a US-based clinical-stage 
drug discovery, development, and man-
ufacturing company, for instance, are 
already making microbial cell-f ree 
extracts and products at scale as well 
as having several products in clinical 
trials for which GMP compliance has 
been demonstrated, the professors state. 
Meanwhile, LenioBio, a Germany-
based biotechnology company special-
izing in protein expression solutions, is 
making plant cell extracts. Swiftscale 
Biologics, another US-based company, 

Upstream Processing
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Innovative Chromatography Resins 
Can Improve Purity and Quality

Recent innovations in chromatography resins offer 
promising advantage in downstream bioprocessing.

FELIZA MIRASOL

W ith ongoing efforts to increase monoclonal anti-
body (mAb) productivity in large-scale bioman-
ufacturing, biomanufacturers continuously seek 

advancements in downstream processing technologies, with 
downstream operations as a focal point because it frequently 
represents a process bottleneck. Recent advances in chroma-
tography resins can effectively impact the purification unit 
operation with positive consequences that reverberate both 
upstream to the bioreactor and downstream to filtration steps.

ONGOING DOWNSTREAM CHALLENGES
Constraints still remain in downstream processing of mAbs, 
which continue to be the most successful segment of biologi-
cal molecules in the market in terms of required volumes, says 
Henrik Ihre, director of Global Strategic Technologies at Cytiva. 
Ihre also notes that there continues to be strong demand for new 
mAbs to address new therapeutic areas and rising requests from 
customers of contract development and manufacturing orga-
nizations (CDMOs) for process intensification, which can 
improve process economy and shorten time-to-market.

A generic capture step for mAbs and Fc fusion proteins has 
been robustly established by classical Protein A affinity resins, 
says Oliver Schub, director of Business Development at Navigo 
Proteins, a scaffold protein engineering and custom affinity 
resin development company. In contrast, all therapeutics pro-
teins/non-Fc biologics are left without a generic affinity capture 
step. Development of an individual, multi-step chromatography 
downstream processing (DSP) for every recombinant protein 
anew increases overall development costs and timelines, and 
hence prolongs time-to-market, Schub notes. “The problem is 
that, with every DSP step, product yields decrease, while biopro-
cessing time and equipment occupancy goes up, along with DSP 
manufacturing risks,” Schub says.  

He also emphasizes that the challenge is amplified by non-
mAb recombinant proteins, which often express at lower lev-
els. Additionally, without an initial affinity step, larger process 
volumes need to be managed over longer times. He concluded 
that conventional multi-step DSP development bears the 
increased risk of commercial viability, where yield, impurity 
levels (such as host cell proteins or product-related impurities) 

Downstream Processing
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or overall costs simply do not need meet 
manufacturing requirements.

SIMPLIFYING PURIFICATION
Protein-specific affinity resins effec-
tively reduce the number of iterations 
and the development time of purifica-
tion processes, Schub states. “Coupling 
a protein-specific affinity ligand to a 
suitable chromatography bead creates 
the corresponding affinity resin. The 
underlying affinity ligand molecule 
plays a critical role in the performance 
required for clinical and commercial 
GMP [good manufacturing practice] 
manufacturing,” he adds.

Schub notes that extending the per-
formance of conventional Protein A 
ligands/resins to bind to non-Fc mole-
cules, thereby creating novel affinity res-
ins, combines the best of both worlds. 

“The result would be a generic, efficient 
mAb-like DSP with the same equip-
ment/facility, yet for recombinant pro-
teins,” he says. He explains that this can 
be achieved by simply replacing a con-
ventional Protein A column with one 
that has the specificity for the respective 
recombinant protein. The resulting gen-
eral DSP performance characteristics 
would remain largely unchanged. 

To achieve this goal, Navigo created a 
unique technology (Precision Capturing) 
designed to generate target protein-spe-
cific affinity ligands. The engineered 
ligand is based on an artificial Protein A 
scaffold. “Navigo created large and diverse 
libraries of artificial Protein A molecules 
and, from those [libraries], selects the 
ligands that bind the target of interest. We 
then couple the selected ligand to chro-
matography beads and deliver small-scale 
samples to the client to confirm custom 
affinity resin performance in-house,” says 
Schub. “Subsequent resin scale-up is then 
taken on by a preferred Navigo manufac-
turing partner, such as Repligen, who pro-
vides large-scale custom affinity resins for 
clinical/commercial GMP purification.”

A recent project focused on SARS-
CoV-2 demonstrated the ability to deliver 
a resin with high affinity, high speci-

ficity, and caustic stability on an expe-
dited timeline. In partnership, Navigo 
and Repligen completed ligand discov-
ery, ligand selection, small-scale produc-
tion, and scaled-up manufacturing in 10 
months. In February of 2021, Repligen 
launched a new resin (NGL COVID-
19 Spike Protein Affinity Resin) for the 
purification of COVID-19 vaccines. This 
resin provides vaccine manufacturers the 
ability to quickly implement a high-purity 
capture step while decreasing processing 
time and significantly improving overall 
yield, notes Vikas Gupta, vice-president of 
Downstream Bioprocessing at Repligen.

Affinity-based chromatography 
enables high purity product, says Ihre. 
From the early steps of downstream 
processing, affinity chromatography is 
already working to push through high 
purity product, which puts less stress on 
subsequent purification steps, he says. 
However, the technique comes with its 
own challenges. On the one hand, affinity 
chromatography allows for the develop-
ment of downstream purification plat-
forms; on the other hand, protein-based 
affinity resins are often more expensive 
and more sensitive to standard cleaning 
protocols, Ihre cautions. 

“In general, I would say that if the target 
molecule is either difficult to purify and/or 
is seen as a high-value target, then affinity 
chromatography is an appealing alter-
native from a cost and time-to-market 
perspective, especially if there are similar 
molecules from the manufacturer that 
could be purified with the same affinity 
resin,” Ihre states.

WHY THE RESINS?
Much focus in the improvement of 
downstream separation and purifica-
tion is centered on the innovation of 
resins and/or resin technology. “Resins 
based on porous beads have indeed 
been the foundation for which manu-
facturers have been able to develop and 
bring new bio-molecules to the market, 
and resins will keep on being a corner-
stone in this industry for decades to 
come,” says Ihre. 

Meanwhile, manufacturers working on 
new targets, where existing beads may 
not be ideal from a bead and pore-size 
perspective, will require novel resins with 
performances that are further refined 
around key parameters, such as resolu-
tion, selectivity, pressure/flow properties, 
and capacity to ensure competitive down-
stream solutions into the future, Ihre says. 

“Such improvements, combined with new 
tools, such as in-silico modeling of down-
stream processes and high-throughput 
screening of optimal process conditions 
at small scale, will enable a faster route to 
more efficient downstream protocols in 
the future,” he states.

The strong attention around custom 
affinity chromatography resins for non-Fc 
biologics is based on the fact that the 
biopharmaceutical industry would like to 
further rely on its experience with using 
Protein A-like resins, their performance 
and track-record, as well as their regula-
tory acceptance and the industry’s famil-
iarity with the equipment needed to use 
them, says Schub. 

Meanwhile, an innovation such as a 
fiber-based protein A chromatography 
resin offers advantages over traditional 
resins. “Until recently, chromatography 
based on different porous bead formats 
has been the best available tool to design 
new resins, but there have always been 
limitations with the traditional bead for-
mat as well,” explains Ihre. “For instance, 
when it comes to the purification of truly 
large molecules, such as large proteins, 
viral vectors, or plasmids, these molecules 
may not be able to enter the pores of the 
beads, resulting in overall low binding 
capacities,” he points out. However, a new 
Fibro format (1) (from Cytiva) has shown 
to be an effective complement for such 
large target molecules, owing to the more 
open and accessible pore structure com-
bined with the ability for rapid cycling 
and low backpressures, Ihre emphasizes. 

REFERENCE
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Setting Up Bioprocessing Systems 
for Digital Transformation

Digitalization of bioprocessing operations, equipment, and facilities can 
improve workflow and output, but maintaining data integrity is a concern.

FELIZA MIRASOL

T he advancement of digitalization technologies is 
transforming manufacturing processes and operations 
in the biopharmaceutical industry. Bioprocessing is 

no exception, as the industry continuously seeks to improve 
large-scale commercial production of traditional biologics, in 
addition to seeking innovative ways to meet the bioprocess-
ing needs of new biotherapeutics.

EVALUATING DATA INTEGRITY
With the transformation to digital technologies in biopro-
cessing operations, one major concern that companies have 
to address is maintaining the integrity, as well as quality, of 
their data. 

Bob Lenich, director of global life sciences at Emerson, 
says that manufacturers are well aware they will be audited, 
and thus recognize the need to have strict compliance in 
place. The challenge here is that the Industrial Internet of 
Things (IIoT) has added more information from an ever-
wider array of sources. “Plants need strategies and technol-
ogy to maintain ‘chain-of-identity and meta data’ for data as 
it moves across various systems,” Lenich says.

He notes that new IIoT devices add a vast array of connectors 
to traditional process and manufacturing data flow: lab measure-
ments, asset health measurements, building automation mea-
surements, and more. Thus, staying compliant means ensuring 
that the connectors between systems capture all that is needed 
and that they do not manipulate data. “Many organizations are 
looking to data lakes to help meet ALCOA+ [attributable, leg-
ible, contemporaneous, original, accurate, complete, consistent, 
enduring, and available] principles for data integrity. Advanced 
data lakes use connectors specifically designed to ensure that, as 
context is added to data, metadata are generated to paint a clear 
picture of what was added and when,” Lenich states.

SINGLE-USE SYSTEMS RISKS
The same principles and need for data integrity apply to sin-
gle-use systems but at a higher volume, says Lenich. He empha-
sizes that, in addition to maintaining data integrity as critical 
information passes across systems, organizations also need to 
track all the single-use consumables to ensure the right com-
ponents were used under the right conditions at the right time 
throughout the entire production process.

Manufacturing
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Issues with data integrity in single-use 
systems arise from the fact that, with 
every batch, a new single-use compo-
nent is used, according to commentary 
provided by CPI’s Harvey Branton, tech-
nology lead, Biologics; John Liddell, chief 
technologist, Biologics; Lukas Kuerten, 
senior scientist, Data Analytics; and Sean 
Ruane, scientist, Downstream. There is 
also the issue with data tracking, so that 
the components used are assigned to the 
batch they are involved with, for trace-
ability and any subsequent process inves-
tigations, Dr. Liddell states. 

Additionally, because all connections 
are configured again for each batch—
with new components—there is a need to 
check and confirm that the correct con-
nections within and between equipment 
have been made, he adds. This typically 
involves an operator manually checking 
and confirming, which, on a complex unit 
operation, requires time and cross check-
ing. Data on consumables used should 
normally be documented in batch records, 
which can be either paper or electron-
ically based. Paper records, while flexi-
ble, are difficult for extracting data and 
trend information (such as when different 
media or consumable lots are used and in 
which batch). 

Given the large-scale switch-over to 
single-use components in biopharma-
ceutical manufacturing, there is an urgent 
need to have greater control over manu-
facturing operations with single-use com-
ponents, Dr. Liddell asserts.

Another key concern around data 
integrity when using single-use systems, 
especially for downstream processes, is 
having incomplete information from 
the processes, says Tobias Hahn, CEO 
and chief technology officer, GoSilico. 

“Vendors typically characterize the 
components of single-use systems by 
means of few general aspects, seeing 
their products as homogeneous and 
identical. But, in fact, lot-to-lot vari-
abilities show, that these products are 
not identical,” Hahn states. 

Hahn points out that, for instance, 
pre-packed single-use chromatography 

columns of the same type may differ in 
terms of column packing and resin lot 
capacity. “In practical application, these 
differences may have a big impact on the 
process performance of the individual 
single-use system and lead, for example, 
to higher product loss or low impurity 
removal on the other side,” he says. 

There must be an acknowledgement 
that process performance is impacted by 
material and system properties, he adds. 
In addition, profound understanding is 
required to predict the magnitude of the 
impact. “For this purpose, reliable and 
accurate digital twins based on mechanis-
tic models can be used, but vendors must 
provide more specific and system-depen-
dent characteristics in advance.”

DATA VULNERABILITIES 
IN mAb BIOPROCESSING
For traditional biologics such as mono-
clonal antibodies (mAbs), it is import-
ant to assess what particular steps in 
the manufacturing process may be vul-
nerable to data integrity loss during 
the process of digital transformation.

As John Liddell, chief technologist, 
Biologics, at CPI indicates, mAb pro-
cesses can generate significant amounts 
of data because, in upstream processing, 
cell culture processes typically run for 
14 days, and this generates significant 
online data (e.g., pH, dissolved oxy-
gen, etc.) and offline data attached to 
the runs. Meanwhile in downstream 
processing, chromatography and tan-
gential flow filtration (TFF) systems 
also gather different, but significant 
amounts, of data, which can be used 
to monitor and control processes. 
As these data become a key part of 
the process control strategy, there is 
increasing focus on control system reli-
ability through the risk of batch failure 
if the monitoring and control systems 
fail during batch processing, Liddell 
cautions. 

Currently the values are often 
manually recorded in the batch man-
ufacturing record, rather than being 
recorded in electronic records. This, 

however, means that the full benefit 
of the recorded data is not necessarily 
realized, and new algorithms—which 
could be used to demonstrate real-time 
batch performance against previous 
runs—are not used, according to Sean 
Ruane, scientist, Downstream, CPI.

Meanwhile, for therapeutic applica-
tions, processes need to be run to current 
good manufacturing practice (CGMP) 
standards, and tend to be designed 
to not have many decision points, to 
aid with compliance. Harvey Branton, 
technology lead, Biologics, CPI, uses 
the following as a “for example” sce-
nario: step elutions tend to be used from 
chromatography columns so that the 
product purity is based on a fixed buffer 
conductivity, rather than using a gradi-
ent elution where other factors, such as 
ultraviolet rising could be used to trigger 
fraction collection. This approach makes 
processes robust and straightforward to 
run but could result in reducing the true 
process potential.

Hahn agrees that data integrity is 
more at risk with higher data variabil-
ity. “This is the case, for example, at 
the interfaces between upstream and 
downstream. An unidentified, or even 
unidentifiable, variability in the out-
come of an upstream process may lead 
to a major loss in data integrity for all 
subsequent downstream considerations,” 
he states. “Digital process models can 
be utilized, however, to perform in-sil-
ico plausibility tests. Unplausible results 
in downstream reports can easily be 
validated and verified using digital rep-
resentatives with no further experimen-
tal effort. Such models can further be 
used for analyzing root causes, such as 
upstream variability or lot-to-lot mate-
rial deviations,” he explains. 

Lenich says that with the increased 
complexity inherent in mAb manufac-
turing, there is a new focus on process 
analytical technology (PAT) to ensure 
that not only are measurements cor-
rect, complete, and accurate, but also to 
ensure that the foundations underlying 
those measurements are solid. “Because 
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many key measurements are now gen-
erated via models, organizations need 
to be able to show that the model is 
also working correctly and that the 
environment the model is trained for 
hasn’t changed,” he states.

Additionally, data integrity has been 
about the accuracy of a measurement 
and making sure nothing modified that 
measurement. “Today, quality teams 
must also verify that nobody changed 
the configuration of the system, which 
might impact the measurement. It is no 
longer enough to demonstrate that the 
temperature value was correct; now we 
must also prove that nobody changed 
the alarm limits on temperature levels 
or other variables that might impact 
the safety and efficacy of the final 
product,” Lenich asserts.

FITTING IN AI
The use of artificial intelligence (AI) has 
been another aspect in the discussions 
surrounding the transformation of a 
manufacturing facility to a digital plat-
form. But how would this work? Hahn 
answers that question by explaining that 
AI, multivariate, and mechanistic models 
serve to better interpret complex, multidi-
mensional data, which therefore enables 
improved process understanding. “By 
generating digital twins based on such 
approaches, the convoluted behavior of 
material, system, molecule, and method 
may be simulated, with the time con-
suming, expensive, and labor-intensive 
experimentation performed in silico,” he 
states. Thus, deviations can be better 
investigated, and processes may be devel-
oped to be more efficient and robust, with 
intensified process development, when 
transformed into the digital space.

“AI in its classical sense is based on a 
statistical ‘black-box’ approach: statistical 
approaches such as big data or machine 
learning utilize statistics to predict cor-
relations, trends, and patterns. All of 
these models learn from experience pro-
vided in the form of data. The more the 
experience, the better the model will be. 
Depending on the specific application, 

data may however be sparse. In particular, 
in downstream processing, data are typ-
ically rare, which hinders the application 
of such approaches,” Hahn says. “Such 
models are further bound to their cali-
bration range and can only predict results 
within the data space they are calibrated 
from. In particular, they do not allow any 
major change in the process set-up.”

In contrast, mechanistic models deter-
mine the fundamental phenomena by 
applying natural laws to comprehend 
emergent behavior. “For systems with 
established profound mechanistic under-
standing, such as chromatography and 
the Donnan effect during UF/DF [ultra-
filtration/diafiltration], a mechanistic 
approach is the most efficient with data 
and enables extrapolation to unseen pro-
cess conditions,” Hahn adds.

Properly implemented AI is tiered, 
with each layer building into the next, 
notes Lenich. The first level of AI is 
a foundation of models that ensure all 
assets, such as sensors and machinery ele-
ments, are working correctly. “When the 
organization has confirmed that assets 
are working as expected, it can begin to 
implement more advanced modeling 
focused on the unit operation level. This 
layer focuses more on specific pieces of 
equipment or operating areas to ensure 
that they are performing as expected,” he 
says. “Once the organization confirms 
that units are consistently performing 
as expected, more advanced real-time 
modeling and simulation predicts how 
production will behave in the future.” 

Lenich explains that high-fidel-
ity models compare what a facility is 
designed for versus what it is actually 
doing. High-fidelity models also iden-
tify the constraints that cause bottlenecks 
in throughput. “Any and all of these 
approaches are in use today. Predicting 
equipment failures, intensifying bio-
reactor titer, and improving facility 
throughput capacity are all examples of 
companies looking at all or parts of a 
biopharmaceutical manufacturing process 
and improving them with artificial intel-
ligence models. The key point is to have a 

particular problem you want to solve. The 
best results are achieved when all of these 
approaches are planned and coordinated,” 
Lenich says.

Meanwhile, Lukas Kuerten, senior sci-
entist, Data Analytics, CPI, sees multiple 
areas where AI would fit in achieving 
a “digital transformation” of a biophar-
maceutical manufacturing process. This 
would extend from quite early in the pro-
cess, from the identification of molecules 
to move forward into development (bet-
ter defining the molecule’s developabil-
ity) to process and clinical development 
(ensuring data are captured and evalu-
ated) and, finally, to the manufacturing of 
commercial batches. 

Kuerten adds that there are mul-
tiple areas in which AI can contrib-
ute to making process development 
of biopharmaceuticals more efficient. 
Biopharmaceutical development involves 
multiple experiments in upstream and 
downstream, with online and offline 
analytics being collected from multiple 
types of instruments—from pH meters 
through to high-performance liquid 
chromatography systems and mass spec-
trometry. “Today, all these data sets typi-
cally exist in multiple spreadsheets, which 
are not robust, require manual integration, 
have weak links to the original data, and 
are difficult to update,” he states.

In both upstream and downstream 
manufacturing, the operating paradigm 
for many years has been batch-based pro-
cessing, with final product analysis being 
carried out offline, at the completion of 
a batch. As processes move toward con-
tinuous manufacturing, the full benefits 
of continuous processing can only be 
achieved through reducing, and even-
tually eliminating, offline final product 
batch release. This is an area where AI, in 
conjunction with online and rapid offline 
PAT techniques and digital twinning, will 
allow real-time process, Kuerten explains. 

LEGACY TRANSFORMATION
In terms of a legacy manufacturing 
facility, how would a digital system 
be fitted to bring such a facility up to 
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speed? Lenich indicates that existing 
manufacturing plants can make a sig-
nificant headway toward digital trans-
formation by simply taking advantage 
of wireless networks. This would easily 
allow the plant to bring in new IIoT 
data without significant rework of the 
physical infrastructure that would oth-
erwise be required to allow wires and 
connections to go out to where they 
are needed. 

“However, the challenge comes 
when organizations want to connect 
to existing legacy systems,” Lenich 
cautions. “These systems often don’t 
have the correct interfaces to be easily 
incorporated into a digital strategy. 
New technologies, such as digital con-
trollers and data lakes, can help bridge 
the gap between digital systems and 
legacy equipment.”

Lenich explains that new digi-
tal controllers can be connected to 
existing standalone equipment and 
programmable logic controllers and 
would offer the flexibility to provide 
customized integration to those legacy 
systems. “These controllers are then 
able to connect to the new digital 
infrastructure and pass on this legacy 
data. Users can then determine how 
important it is to ‘integrate everything’ 
or only do key items,” he says.

The new module  t ype pack-
age (MTP) approach f rom the 
User Association of Automation 
Technology in Process Industries pro-
vides another way for new equipment 
to interface more easily to existing 
plant systems, Lenich adds. “MTP 
creates standardized content and use 
and communication protocols for 
equipment integration. MTP tells 
the existing plant automation systems 
what the new equipment can do and 
how to communicate to it, signifi-
cantly decreasing the time it takes to 
bring in new equipment to an existing 
facility. Leveraging MTP standards 
is the next step on the path to a ball-
room of plug-and-play equipment in a 
plant,” he says.

The update of a legacy facility may 
face major challenges if the existing 
equipment does not feature connec-
tivity for digital integration, which 
may make costly retrofitting neces-
sary. “However,” Branton points out, 

“that existing technology could be 
overlayed with new digital capabilities. 
For example, standard control loops 
based on proportional, integral and 
derivative (PID) control provide good 
set-point control where the demand 
on the system is stable but, where 
the load is changing significantly, the 
PID terms must be adjusted accord-
ingly. New control algorithms can be 
developed, which feed off the process 
data generated but sit above the exist-
ing controller and automatically adjust 
the PID terms based on performance. 
This enables the updating of control 
systems to take advantage of more 
advanced control strategies without 
replacing the existing hardware.”

Meanwhile, a digital twin of a chro-
matography process can immediately 
be fitted into a legacy facility with-
out any further effort, constraints, or 
requirements, Hahn says. “The input 
required by such a digital twin is the 
data and sensors on hand: UV and 
conductivity detectors are the minimal 
requirement; pH sensors can be con-
sidered in addition. No additional sen-
sors are needed, as every other process 
parameter can then be calculated using 
the model itself. Real-time process 
control and process analytical tech-
niques based on digital twins of course 
require the availability of data in real 
time, however,” Hahn adds.

MAINTENANCE AND UPKEEP
Digitalization can also offer the bene-
fit of improved operations and facility 
maintenance. 

Currently, maintenance is logged elec-
tronically, but in the future, predictive 
maintenance will be implemented, which 
involves the system being able to predict 
failure of parts, Branton notes. As a next 
step, the system could be enabled to auto-

matically take remedial action such as 
ordering new spare parts from a digitized 
warehouse. Branton also points out that 
real run data, and a prediction of future 
use, can be fed into the digital twin and 
this can be used to predict maintenance 
requirements.

“Mechanistic chromatography models 
can be utilized to adapt an existing pro-
cess model to an aged resin, for instance,” 
says Hahn. “Processes can then be con-
tinued even under changed or impaired 
conditions, which delays the need for 
maintenance and keeps productivity high. 
Also, models can be used to assess the 
anticipated remaining life-time of a col-
umn and predict how many more cycles 
it will be capable of performing.”

“Maintenance is no longer a case of 
monitoring a single piece of equipment, 
providing supplier recommended peri-
odic preventative maintenance, and 
fixing it when it begins to show prob-
lems,” adds Lenich. Today, organiza-
tions are not only looking at how well 
equipment works, but how well mul-
tiple devices and operational units are 
working together. “This more focused 
approach to maintenance requires 
multivariate analysis that goes beyond 
what maintenance technicians can eas-
ily perform manually,” Lenich states. 

Lenich also says that plants are turning 
to new wireless IIoT measurements to 
provide new information on equipment 
performance, such as vibration monitor-
ing. Plant operators are applying AI and 
machine learning to analyze and pre-
dict equipment as well as plant health 
and performance using data from tra-
ditional sources and these new sources. 

“This multivariate data can be compared 
against equipment performance models 
to see how well equipment and manu-
facturing processes performed in the past 
and to predict how they will perform 
in the future in real-time. When per-
formance starts to trend away from the 
norm, these same systems can provide 
actionable advice to help bring processes 
back in line before quality or safety are 
impacted,” Lenich concludes. ◆
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Innovations Meet Growing Demand 
 for Prefilled Syringes 

Container and equipment innovations expand applications.
HALLIE FORCINIO

P  refilled syringes continue to evolve to enhance oper-
ation, support increased automation of the fill/finish 
line, and boost productivity and output. Syringe 

innovations also increase patient and caregiver safety and 
efficiency and reduce waste of product and packaging mate-
rials. “Since it is already packaged ready for the injection, 
the prefilled syringe saves time and avoids unneeded han-
dling prior to the actual application, minimizing the risk of 
the injection errors, dilution errors, or non-sterility issues 
[that are a risk in] multi-dose containers,” explains Wenzel 
Novak, global senior director of business development at 
Gerresheimer Medical Systems. 

Novak estimates that prefilled syringes currently account for 
10–15% of the parenteral market and anticipates rising demand. 
A market study by Emergen Research predicts sales of prefilled 
syringes will expand at a compound annual growth rate of 8.9% 
between 2019 and 2027 to nearly double in value to $9.11 bil-
lion in 2027 (1). Driving forces include vaccine production as 
well as the adoption of self-administered biologics for chronic 
conditions such as diabetes and auto-immune diseases (1). 

“If you look at the top 40 injectable products, all are being 
used with prefilled syringes,” reports Dr. Nicolas Brandes, 

director of product management, Polymer Prefilled Syringes 
and Vial Containment at West Pharmaceutical Services. 

Prefilled syringes can be made of glass or plastic such 
as cyclic olefin polymer/cyclic olefin copolymer (COP/
COC) or polypropylene (PP). Glass dominates in most 
markets. Novak predicts, however, that the share of co-injec-
tion-molded COP/COC prefilled syringes will grow from 
2% to more than 5% during the next decade. 

“We have seen more approvals for products in plastics 
especially during the past five years,” reports Brandes. He 
notes plastic syringes often are chosen for specific applica-
tions such as contrast imaging agents, hyaluronic acid, and 
Botox as well as for products that are sensitive to silicone oil. 
Plastic syringes also function well in auto-injectors. 

According to Novak, about 60% of prefilled syringes 
are staked-in needle syringes, but there are considerable 
regional variations. The most common prefilled syringes 
are 1-mL long and 1-mL short. The most prevalent appli-
cations include anti-coagulant (glass 1-mL long), vaccines 

HALLIE FORCINIO is packaging editor for BioPharm International, 
editorhal@sbcglobal.net.
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(glass 1-mL short), and isotonic solu-
tions where PP is the material of choice. 
“With the existing COVID-19 chal-
lenge, a significant increase in vaccines 
is expected worldwide,” says Novak. 
This growth will stem from COVID-
19 vaccines as well as heightened inter-
est in established vaccines (e.g., flu).

Prefillable syringes are delivered 
as bulk goods or ready-to-fill (RTF). 
Gerresheimer’s bulk syringes are pro-
vided as unsterilized glass bodies in flat 
(Rondo) trays or customized packaging 
designs (e.g., bags). Its Gx RTF syringes 
are presented as washed, sterilized RTF 
components to pharmaceutical and con-
tract manufacturing operations and are 
available in glass or plastic. Fill volumes 
range from 0.5 to 5.0 mL, with the most 
common volumes falling between 0.5 
mL and 3.0 mL.  

PREFILLED 
SYRINGE INNOVATIONS
Innovations from suppliers accentuate 
the ease-of-use attributes of prefilled 
syringes and focus on adding sizes (par-
ticularly for larger volumes), reducing 
waste, and patient and caregiver comfort 
and safety. 

Gerresheimer has expanded its range 
of prefillable polymer syringes for sensi-
tive biologics, biosimilars, and biobetters 
to include a Gx RTF ClearJect COP 
needle syringe, 1.0-mL luer lock. 

At West Pharmaceutical Services, 
line extensions include insert needle 
syringes (the plastic version of a staked 
needle glass syringe) and more needle 
sizes and product volume options. “In 
the past three to five years, we have 
seen more approvals in the larger 2.5-
mL format,” reports Brandes. The larger 
volume reduces the number of syringes 
needed per dose and improves efficiency 
and comfort. There’s a trend toward 
finer needles too. “Smaller, thinner nee-
dles mean less pain,” he explains.

User-friendliness is the goal behind 
a collaboration between Gerresheimer 
and Stevanato Group whereby 
Stevanato supplies its ITC twist-off 

closure system for Gerresheimer’s Gx 
RTF luer lock syringes. The integrated 
seal cap consists of an elastomeric 
component, which is available in dif-
ferent formulations, and a rigid, trans-
lucent polymer cap. Advantages include 
greater stability and shelf-life protection 
versus traditional luer cone systems (2).

Prefilled syringes offer sustainability 
benefits by eliminating multi-dose vials 
and related production and handling as 
well as product waste associated with left-
over product. Still, says Brandes, “there’s 
a lot of room for improvement. Current 
systems create a lot of waste.” But efforts 
are being made to reduce scrap rates and 
to recycle tubs that hold nested contain-
ers during the fill/finish process.  

To meet the priority of product 
safety, suppliers seek designs to prevent 
needlestick injuries and to protect prod-
uct quality by minimizing particulates 
and eliminating product interaction with 
tungsten or silicone residues. For tung-
sten-sensitive products, Gerresheimer 
Biological Solutions offers a metal-free 
manufactured syringe. With this pat-
ented technology, the pin used for conical 
shaping is made of a ceramic rather than 
tungsten or another metal. 

Silicone oil is commonly used to 
facilitate syringe performance but 
can cause aggregation and particu-
late problems for sensitive biologics. 

“There’s a push by ophthalmologists 

and regulatory bodies to move away 
f rom siliconized formats,” reports 
Brandes. “Some patients have reactions 
to silicone, and over time with repeated 
injections, the material can accumulate 
[in the eye],” he explains. 

One silicone-free option combines 
ImproJect plungers from W.L. Gore 
& Associates with syriQ BioPure sili-
cone-free syringes from SCHOTT. The 
system opens the door for many sensi-
tive products to move into the prefilled 
syringe format. Until the advent of a 
silicone-free design, “Pharmaceutical 
manufacturers seeking to avoid sili-
cone-induced aggregation and sub-vis-
ible particles have had to choose vials 
even when they wanted to offer other 
delivery options,” said Christiane 
Gumera, product specialist at W.L. 
Gore & Associates. Careful attention 
to syringe geometry and dimensions of 
the syriQ BioPure syringes helps ensure 
a consistent gliding force and injec-
tion duration over the shelf-life of the 
product and maintains container/clo-
sure integrity without the use of silicone. 
Ultra-low tungsten residuals and min-
imal cannula adhesive residuals further 
reduce the extractible profile and the risk 
of container/drug interactions (3). 

To prevent potentially hazardous 
accidental needlesticks and comply 
with regulations in various parts of the 
globe, some syringes like Gerresheimer’s 
InnoSafe product incorporate a pre-ap-
plied, passive safety device. With the 
pre-applied device, there’s no need for 
post-filling assembly equipment or for 
healthcare professionals to install a guard 
before an injection is given. Advantages 
include improved compatibility with 
auto-injectors and a completely hid-
den needle that gives patients with 
needle-phobia a better experience. The 
design also prevents accidental reuse and 
runs on existing fill/finish lines without 
any additional equipment or process steps. 

Finally, COVID-19 has spurred the 
development of prefilled syringes, par-
ticularly with regard to low-temperature 
storage. Brandes predicts, “Right now all 
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COVID-19 vaccines are in vials, but in 
the next two to four years we will see a 
novel type of syringe that handles -80 ºC.” 

FILL/FINISH INNOVATIONS
Innovations on the fill/finish line 
focus on automation and flexibility for 
higher output, greater efficiency, and 
faster return on investment. As batch 
sizes shrink, demand for flexibility rises. 
Brandes explains, “Flexibility makes it 
possible to fill a batch of 10,000 units in 
vials and then switch to a different pack-
aging format and drug on the same line. 
There’s no need to invest in separate lines 
for vials, cartridges, and syringes.”  

Driving forces behind automation 
include consistency, regulatory needs, 
and labor requirements. “Automation 
greatly increases consistency and 
decreases the possibility for human 
error, and also can provide opportuni-
ties for enhanced inspection capabil-
ities—including those that consider 
visual attributes, weight, and fill volume,” 
says Deborah Smook, vice-president of 
Marketing & Business Development 
at TurboFil Packaging Machines. She 
notes, “FDA preferences are another 
consideration. FDA prefers less—ideally 
no—touching of syringe components for 
aseptic filling/processing. Finally, auto-
mation decreases labor requirements, 
diminishes the difficulties of working in 
a cleanroom with full personal protec-
tive equipment, and reduces the likeli-
hood of repetitive motion injuries.”

A $50-million expansion at Baxter 
Biopharma Solutions in Bloomington, 
Ind., will boost efficiency and enhance 
product quality with the installation 
of a high-speed automated syringe 
fill line capable of handling up to 600 
units/min and other improvements (4). 
A fully automated debagging system 
for RTF syringes has been installed 
on the newest fill line, and an auto-
mated inspection machine has replaced 
an older system. “[Secondary] pack-
aging lines also feature new packaging 
options that are plastic-free, as well as 
tamper-evident,” reports Wendy Saffell-

Clemmer, lead scientist and senior 
director, Baxter. In addition, she says, 

“Both one-dimensional and two-di-
mensional online barcode printing is 
available. Lastly, information technol-
ogy systems supporting serialization can 
communicate with the customer’s sys-
tem to ensure that the serial numbers 
applied are unique and traceable across 
the network of product manufacturing 
sites the customer may be using.”   

The new systems were carefully eval-
uated with particular attention to prior 
experience with the instrument manu-
facturer, anticipated customer require-
ments, and the available footprint for 
installation. “New automation tech-
nologies were selected to enhance effi-
ciency as well as product quality,” says 
Saffell-Clemmer. “For example,” she 
reports, “the newly installed inspection 
machine has the latest vision systems, 
which can reduce the false detection 
rate as well as offer a solution to detect 
particles in heavy suspension products 
such as vaccines.” 

Civica Rx is building a greenfield, 
120,000-ft2 aseptic fill/finish operation in 
Petersburg, Va., as part of a manufactur-
ing partnership with Phlow Corporation, 
AMPAC Fine Chemicals, and Virginia 
Commonwealth University’s Medicines 
for All Institute. The plant in Petersburg 
will start up with one syringe- and one 
vial-filling line with space available for 
another vial or syringe line. The syringe 
line is rated at up to 50 million units/yr. 
Isolator-equipped automated fillers with 
automatic vision inspection are designed 
to minimize manual intervention and 
maximize quality, compliance, and assur-

ance levels. Automation “allows the 
product to be washed and filled at tight 
tolerances with no human touch,” reports 
Stan Benson, vice-president and general 
manager, Civica Petersburg. 

In-process control and weighing of 
each syringe before and after filling 
ensure precise fill volumes. Automatic 
micro-adjustments maintain fill accu-
racy throughout the batch. Vacuum-
assist stoppering minimizes oxygen 
levels within the headspace (i.e., the 
distance between the product and the 
plunger). The low oxygen levels and 
small headspace enhance product sta-
bility and protect product potency. 

All product contact surfaces—from 
the compounding vessel to the fill-
ing needles—are single-use and arrive 
gamma-sterilized and ready to use. 

“Single-use systems eliminate the need 
for clean-in-place and sterilization 
processes that consume testing and 
energy [resources],” explains Benson. 
Each syringe will undergo automated 
visual inspection to confirm container 
and closure integrity and fill volume 
and check for container flaws and par-
ticulates. High-voltage leak testing will 
help check for glass deterioration.  

On the equipment side, TurboFil 
Packaging Machines offers several 
syringe filling options including rotary 
indexing monoblocks, walking beam 
fillers, and robot-assisted parts assem-
bly. “Syringe formats are more varied 
than vials and require a more flexible 
approach to overcome the challenging 
filling issues surrounding product vis-
cosity, air evacuation, leakage, and of 
course, accuracy,” explains Smook. 

Employing a versatile yet precise setup 
that accurately fills syringes via a ceramic 
piston, peristaltic pump, or direct draw 
from a reservoir bag, TurboFil’s SimpliFil 
syringe filling and assembly system han-
dles small to medium batches. Its walking 
beam indexing configuration provides 
intuitive operation and simplified, rec-
ipe-based changeover. For heightened 
precision, TipFil technology allows 
syringes of all types to be filled through 

Manufacturing

Regulatory needs, 
labor requirements, 

and the need for 
consistency are 

driving automation.
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the tip—a step-saving innovation that 
eliminates the need to insert plungers 
post-filling. 

Offering full control of filling param-
eters in single or dual operation, the 
benchtop TipFil syringe filler accurately 
and consistently fills up to 12 units/min. 
A servo-driven piston mechanism draws 
the needle back via the plunger, with the 
distance the plunger is moved dictat-
ing the amount of drug filled. Among 
other benefits, this method eliminates 
the need to clean an extraneous metering 

device. A key attribute of the system 
is its versatility. The unit can perform 
through-the-tip filling for liquids or vis-
cous products for typical infeed scenarios 
including hoppers and reservoirs. An 
optional attachment makes it possible 
to fill bottles or vials. Suckback control 
heightens fill accuracy, and all product 
contact parts are fully disposable.  
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Manufacturing

is building the infrastructure to help cre-
ative drug developers advance previously 
impractical drug programs using cell-free 
biomanufacturing, the professors explain.

Cell-free expression poses significant 
potential, Ding says. “For preclinical, 
we’ve already seen quite a lot of antibody 
production and high-throughput expres-
sion screening done in lab scale. But for 
clinical, the scale-up production is still 
under development. As early as 2011, J.F. 
Zawada et al. have successfully scaled up 
Escherichia coli (E. coli) cell-free expression 
of cytokines to 100 L (10),” Ding says. 

Some additional challenges remain, 
however, such as “increasing cell-free 
protein expression yield by specifically 
increasing adenosine triphosphate (ATP) 
availability, increasing protein translation 
rates, increasing supporting metabolism by 
strain engineering, optimizing bioreactor 
design, among others,” highlights Swartz. 

Furthermore, according to Ding, the 
cell-free system has trouble in post-trans-
lational modification (PTM), present-
ing another challenge. “While the E. coli 
platform does not provide PTM at all, in 
fact, even in a wheat germ system or other 
eukaryotic systems, the PTM is still a con-
cern for protein heterogeneity. Something 
might affect GMP regulation and their 
application for clinical/therapeutic pur-
poses,” he cautions.

While historically it is true that 
the E. coli platform does not pro-

vide PTMs, Jewett and DeLisa have 
recently began addressing this con-
straint. Specifically, they have devel-
oped high-throughput experimentation 
platforms to design protein glycosyla-
tion sites and modularly construct 
glycosylation pathways. “In the last 
five years,” DeLisa comments, “these 
E. coli-based cell-free platforms have 
facilitated the synthesis of more than 
50 therapeutically relevant glycans, 
including demonstrating portable, inex-
pensive, and rapid  biomanufacturing 
of protective glycoconjugate vaccines 
without a cold chain (11).” 

With GMP manufacturing already 
established with the work done by 
Sutro Biopharma, scale up of cell-free 
expression technologies is moving in the 
right direction. Additional factors may 
need to be considered to take cell-free 
approaches to the next level of efficiency 
and to advance the economics of the 
technology as well as to advance dis-
tributed production, the professors say. 
“New technologies are therefore needed, 
in addition to potential changes to reg-
ulations, to adapt to the real-time release 
paradigm that cell-free biomanufactur-
ing enables,” Rao adds. He compares 
the evolution of cell-free technologies to 
other disruptive innovations, such as per-
sonal computers and smartphones, and 
says, “It takes more time for a paradigm 
shift to become widely accepted in the 
highly regulated biopharma industry.”

New technologies still needed, 
according to the professors, include 

automated, closed-loop, artificial intel-
ligence- and machine-learning-driven 
prototyping methods to accelerate 
optimization of protein expression, 
folding, and therapeutic activity. New 
technologies for rapid, in-line assess-
ments of product concentration, potency, 
and purity are also needed. Meanwhile, 
new analytical, quality assurance, and 
regulatory approaches are needed 
to implement lot testing and control 
of DNA and cell-free extract quality, 
such that product quality is ensured but 
lengthy cell-banking procedures are 
removed, the professors state.

While new technologies are being 
developed, Jewett adds that he “antic-
ipates that cell-free systems will pro-
mote better access to medicines 
through decentralized production. The 
future is bright.”
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ABSTRACT
Chemical disinfectants pose risks to live cells. In a closed cell handling system, 
temperature and relative humidity (RH) were examined as a means to control 
microbes. Compared with biological safety cabinet conditions, lower RH and 
physiologic temperatures increased log reductions on polypropylene and 
steel surfaces. Environmental control can reduce the need for disinfectants. 

YAN HE, SHANNON DAROU, STASSA P.D. HENN, ROSE WALTER, TONY CUNDELL,  
RANDY YERDEN, ALICIA D. HENN

L ive human cells are a new type 
of drug product with more 
demanding env i ronmenta l 
requirements than chemical 

drugs. Next-generation isolators (NGIs) 
provide not only Grade A conditions for 
processing, but also physiologic temper-
atures and gas levels optimal for live cell 
products. Like any closed system, there is 
an increased risk to cells posed by disin-
fectants. With industry calls to reduce dis-
infectant usage in manufacturing facilities 
in order to reduce adverse effects to staff 
(1), and recognition that disinfectants pose 
risks to the human cell product itself, a 
new approach to maintaining aseptic con-
ditions was investigated.

NGIs, such as the Xvivo System 
(BioSpherix), are fundamentally differ-
ent from a traditional isolator or restricted 
access barrier systems. Instead of filtered 
room air, they use dry, compressed gases 
(nitrogen [N2], oxygen [O2], and carbon 
dioxide [CO2]). Chamber gas composition, 
relative humidity (RH), and temperature 
are strictly controlled. Only the introduction 
of liquids, such as culture medium, into the 
chamber increases the RH above the levels 
found in dry, compressed gases. If RH rises 

above set limit controls, dry gases are auto-
matically infused, and RH is typically 15% 
or less between cell handling processes. 

Microbes have known susceptibilities 
to temperature and RH (2). This study 
assessed the ability of controlled atmos-
pheric conditions in an NGI to reduce 
the bioburden without disinfectants. The 
expectation was that the lower RH and 
higher temperature within the NGI, as 
compared to a room air high eff iciency 
particulate air (HEPA)-filtered biological 
safety cabinet (BSC), would contribute to 
higher log reductions in recoverable viable 
microorganisms.

MATERIALS AND METHODS
Organisms and media 
Bioballs (Biomeriéux) were used. Colony 
forming units (CFU) were assessed 
using culture plates with tryptic soy agar 
(Sigma). A. brasiliensis plates were cul-
tured at 25 °C for 36–48 h while the other 
microorganisms were cultured at 35 °C for 
20–24 h before counting. Surface environ-
mental monitoring (EM) was observed 
with contact plates with trypticase soy agar 
(BBL, BD). Contact plates were incubated 
at 35 °C for at least 20–24 h. 

Temperature and Relative 
Humidity Control to Reduce 
Bioburden in a Closed Cell 
Processing and Production 

System without Disinfectants
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Disc inoculation
Discs (10 mm diameter) were made 
of the same materials as used to 
manu fac t u re  NGI:  poly propy l-
ene (made in-house) or stainless 
steel (Beadthoven Jewelry, Guong 
Dong, China).  The d iscs were 
t r iple-c leaned /d is in fec ted w ith 

TexQ (Texwipe) then SporKlenz 
(Steris), fol lowed by 70% ethanol 
for 30–60 min each soak, with a  
triple sterile water rinse between  
each. Each Biobal l inoculum in 
Bioba l l  R ehyd rat ion  S olut ion 
was di luted in Dulbecco’s phos-
phate-bu f fe red  sa l ine  (DPBS)  

(Sigma) w ith 0 .05% Tween-80 
(Sigma). 1 x 105 CFU were applied  
to each coupon as a single 20-μL 
droplet. 

Surface microbial release assay
To assess how well the different surfaces 
rinse free of microbes, methods were 
adopted from Pappas et al. (3). Discs 
were inoculated with 1 x 105 CFU of 
B. subtilis and incubated at 37  °C/15% 
RH. Discs at time zero were collected 
immediately and processed as the 
baseline. Two hours later dried discs 
were collected, immersed in 1 mL 
DPBS-T twice for 10 seconds each time. 
Percentage of released bacteria was cal-
culated using the equation: released bac-
teria (%) = 100 x [1-log (Yi)/log (Y0)], 
where Y0 = microbes at time 0, and Yi = 
microbes at time i.

Microbial reduction assays
Prior to these studies, the NGI pro-
cessing chamber (PC) surfaces were 
disinfected with SporKlenz, and gases 
were replaced with fresh triple-filtered 
dry compressed gases (20% O2, 0.1% 
CO2, balance N2) to eliminate disin-
fectant fumes. Discs were inoculated in 
place on the PC floor, as if a drop of the 
inoculum had contaminated the work 
surface; exposed to PC conditions, and 
retrieved at intervals. After vortexing in 
1 mL DPBS-T five times for 10 seconds 
each time, microbial suspensions were 
diluted further before being spread on 
agar plates. Log reductions were calcu-
lated using the equation: Ri= log (Y0) 
– log (Yi). Ri is the log reduction for each 
time point, where Y0 = microbes at time 
zero, and Yi = microbes at time i. 

All statistical analyses were per-
formed using GraphPad Prism (Version 
8.4.2, GraphPad Software). Data are 
expressed as the mean + standard error 
of mean (SEM). If a set of means were 
compared, Sidak was used for multiple 
comparisons. When comparing each 
mean to a control, Dunnett was chosen 
for multiple comparisons. Significance 
was assessed at the p < 0.05 level.

Peer-Review Research

Figure 1. Study design. (a) Representative image of a next-generation isolator 
(NGI). (b) Configuration of an NGI (top view) (c-e) Representative NGI conditions 
(37 °C with 5%, 15%, or 25% RH). (f) Representative room air biological safety 
cabinet (BSC) conditions (21 °C/40% RH). (g) Representative particle levels 
(0.5 microns and larger) during exposures.
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RESULTS
Physical atmospheric conditions 
were continuously controlled in a 
closed cell processing system
NGIs, configured as in Figure  1(a) 
and (b), were used to control environ-
mental conditions. A laminar f low 
hood protected the entry and exit doors 
with HEPA filtered air. Airlock-like 
buffer chambers exchanged entering 
room air with dry, tanked gases. The 
atmosphere in the PCs, composed of 
dry compressed gases, was continu-
ously HEPA filtered. RH was intro-
duced as 150 mm Petri dishes of sterile 
distilled water. Fresh dry gases auto-
matically infused if RH exceeded set 
limits. The f loor temperature of each 
processing chamber matched chamber 
atmosphere temperature.

As NGI surfaces are stainless steel and 
polypropylene, discs made from the same 
materials were inoculated (Figure 1[c]) 
and harvested in duplicate or triplicate 
at intervals to test for remaining viable 
CFU. Chamber conditions were held 
constant at set RH and temperature 
(Figure 1[c–f]). Continuous particle 
monitoring during exposures showed 
0.5 micron or greater particle levels 
well below the ISO 5 limit of 3520/m3 
(Figure 1[g]). The environment in the 
PCs was set to mimic either room air 
BSC conditions or NGI conditions with 
different RH levels.

Polypropylene and stainless-steel 
surfaces release dried-on microbes 
equally well
As some differences have been previously 
reported (3), the ability of polypropyl-
ene and stainless-steel surfaces to release 
dried-on B. subtilis spores was tested first. 
No significant differences were found in 
the ability of B. subtilis spores to release 
from polypropylene and stainless steel, 
even after seven days dried onto the sur-
face (Figure 2). 

NGI conditions produce larger 
microbial reductions than  
room air BSC conditions in a 
microbe-dependent manner
The working hypothesis was that there 
would be differences between micro-
bial persistence in the closed NGI and 
room air BSC conditions. Five differ-
ent representative microbes with varying 
sensitivities to desiccation were used: P. 
aeruginosa (Gram-negative bacterium), C. 
albicans (yeast), S. aureus (Gram-positive 
coccus), A. brasiliensis (mold), and B. sub-
tilis (Gram-positive, spore-forming bac-
terium). Discs (polypropylene or stainless 
steel) were inoculated with a known 
number of microbes in each chamber 
and maintained in either NGI PC con-
ditions (37 °C/15% RH), or a processing 
chamber set to room air BSC conditions 
(21 °C/40% RH), both with continu-
ous HEPA filtration. Data from three 

or more independent experiments were 
combined. Statistically significant CFU 
log reductions were found for four of 
five microorganisms (Figure 3). These 
reductions were only from the physical 
atmospheric conditions, not from any 
chemical disinfection.

On both materials, P. aeruginosa 
experienced significant log reductions 
within 1 h under both conditions, with 
greater log reductions under NGI con-
ditions (Figure 3[a]). No significant 
time-dependent (within-group) reduc-
tion was found with C. albicans under 
BSC conditions with either material, 
while reductions compared with time 
zero were highly significant under NGI 
conditions after 0.5 h (Figure 3[b]). S. 
aureus had no significant time-depend-
ent log reductions under BSC conditions 
on either material. In contrast, signifi-
cant time-dependent log reductions were 
observed under NGI conditions with 
both materials. Although trends showed 
greater log reductions in NGI conditions, 
this was significant only at 8 h on poly-
propylene (Figure 3[c]). A. brasiliensis 
exhibited significant time-dependent 
reductions in both conditions, but NGI 
conditions showed greater log reductions 
compared to BSC conditions (polypro-
pylene at 4 h and 8 h) (Figure 3[d]). 
Consistent with known resistance to 
desiccation, little log reduction was seen 
with B. subtilis spores under any condi-
tions (Figure 3[e]). 

Reduced RH increases  
microbial reduction
To examine the effect of NGI PC 
RH on microbial resistance, discs 
were inoculated with S. aureus in four 
different conditions: room air BSC 
(21 °C/40% RH) as a control and NGI 
temperature (37 °C) at three different 
RH levels in a typically low range: 
5, 15, and 25% RH. With decreas-
ing RH, there was a trend toward 
greater log reductions on both mate-
rials. At 37 °C/5% RH, polypropyl-
ene discs showed significantly greater 
log reductions compared with BSC 
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Figure 2. Polypropylene discs have the same rinsability as stainless steel.
No significant differences were found in the release of dried-on B. subtilis 
spores from polypropylene or stainless steel exposed to next generation isolator 
conditions (37 °C/15% RH) for up to seven days.
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Figure 3. Typical next-generation isolator (NGI) conditions reduce microbial viability more than room air biological safety 
cabinet (BSC) conditions.
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Differences between discs exposed to room air BSC conditions 
and typical NGI conditions with five microbes: P. aeruginosa (a), 
C. albicans (b), S. aureus (c), A. brasiliensis (d), and B. subtilis (e) 
were tested. Asterisks (*) denote significant within-group 
differences (compared to 0) determined by two-way analysis of 
variance (ANOVA) followed by Dunnett’s multiple comparisons 
test, while pound (#) indicates significant between-group 
differences determined by two-way ANOVA followed by Sidak’s 
multiple comparisons test. (* or #, p<0.05; ** or ##, p<0.01; *** or 
###, p<0.001; ****, p<0.0001)

Figure 4. Lower relative humidity (RH) facilitates microbial reduction.
Polypropylene or stainless-steel discs were inoculated with S. aureus in four closed PCs under different conditions: 21 °C with 
40% RH, or 37 °C with 5%, 15%, or 25% RH. Data were expressed as mean of log reduction + standard error of mean (SEM) from 
four independent experiments. Asterisks (*) denote significant between-group differences between 37 °C/5% RH group and 
21 °C/40% RH group determined by two-way analysis of variance followed by Sidak’s multiple comparisons test. (*, p<0.05).
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conditions at 2 h and 4 h of expo-
sure (Figure  4). This suggests that 
lower RH contributes to the microbial 
reductions seen in the NGI.

Higher physiologic temperature 
in a closed system enhanced 
microbial reduction
RH, by def inition, is temperature 
dependent. Follow-up experiments 
examined the effect of temperature 
on microbial resistance in the process-
ing chamber. S. aureus was inoculated 
on both polypropylene and stain-
less-steel discs in processing chambers 
with an RH of 15% and a tempera-
ture of 21 °C, 31 °C, or 37 °C. CFU 
were recovered at time zero and 4 h. 
Discs exposed to 37 °C had greater 
CFU reductions on both materials 
(Figure 5) than at room temperature. 
These data suggest that in addition 
to the lower RH, the higher physio-
logic temperature in an NGI enhances 
microbial reduction, reducing risks to 
cells and tissues.  

DISCUSSION
Reported here are microorganism-de-
pendent log reductions of CFU due 
to atmospheric conditions in closed-

cel l processing chambers in the 
absence of disinfectants. Consistent 
with their phenotypes, chal lenge 
species more sensitive to desicca-
tion (e.g., P. aeruginosa) were found 
to be more susceptible to the warmer, 
drier NGI atmosphere. Many clin-
ical-driven studies have reported 
extended microbial survival times 
on inanimate surfaces in the health-
care environment (4,5). However, 
these studies were performed in the 
higher RH and lower temperature 
of uncontrolled room air conditions. 
Likewise, the temperature/humidity 
effects on virus survival were done in  
room air (6).

P. aeruginosa  and C . albicans 
showed signif icant ly greater log 
reductions within one hour in the 
closed NGI compared to the con-
ditions of a BSC. This conclusion 
supports the use of compressed, dry 
gases in closed cell processing cham-
bers to help control microbial risks 
for cell and tissue production. The 
advantage of the dry NGI environ-
ment goes beyond the inherent bar-
rier protections of closed systems in 
reducing the introduction of microor-
ganisms from personnel. 

It was not unexpected to see lit-
t le reduction of B. subtilis under 
study conditions. Although desic-
cation resistant microbes, such as 
spore-forming bacteria, are a small 
proportion of ambient bioburden, 
sporicidal disinfectants still play a 
strategic role in a balanced disin-
fection regimen for cell production. 
Wiping down items prior to import 
with a sporicide can also reduce the 
incidence of viable spores inside the 
system without increasing fume risks 
to the cell products inside.

Temperature and humidity are 
major limiting factors of microbial 
growth (7). Below certain RH limits, 
microorganisms can survive but not 
proliferate. Bacteria will not grow 
at RH lower than 85% (8) nor will 
mold at RH lower than 76% (9). In 
a closed system that uses dry com-
pressed gases, RH in the cell pro-
cessing chamber can be controlled to 
well below these levels. Also, lower 
RH reduces the transfer of bacteria 
from fomite surfaces to gloved hands 
(10). Low RH in a closed system may 
reduce contamination risk by not only 
killing microbes and keeping them 
from reproducing, but also aff ixing 
them to chamber surfaces where rou-
tine wipe-downs can remove them. 
The use of dry gases in cell handling 
chambers, where contamination risks 
to cultures are highest, does not pre-
clude the use of higher RH levels 
in attached incubation chambers, 
where cell culture vessels are closed, 
to reduce evaporation of cell culture 
media over the long term.

Temperature has been known for 
over 70 years to inf luence the via-
bility of microbes in aerosols (11). 
In our studies, higher temperatures 
reduced recovery of viable S. aureus 
from processing chamber surfaces. 
Fortuitously, physiologic temperature 
(37 °C), which is optimal for human 
cells, signif icantly enhanced micro-
bial kill in conjunction with low RH. 
Continuous control at 37  °C also 
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Figure 5. Controlled temperature facilitates microbial reduction in 
BioSpherix next-generation isolator (NGI).
Polypropylene or stainless steel discs were inoculated with S. aureus in processing 
chambers having constant 15% RH with varying temperature. Discs were collected at 0 
and 4 hours. Data were expressed as mean of log reduction + standard error of mean 
(SEM) from three independent experiments. Asterisks (*) denote significant within-group 
differences determined by two-way analysis of variance followed by Sidak’s multiple 
comparisons test. (*, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001).
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eliminates suboptimal temperature 
effects on growth of the cell and tis-
sue cultures, which can be stressed by 
even brief temperature changes (12). 
So the same environmental condi-
tions that disadvantage microorgan-
isms also are advantageous to cell and 
tissue products. 

Stainless steel has been one of the 
most popular bioprocessing materi-
als in the industry; however, it has 
been losing ground to the plastics in 
single-use technologies for decades 
(13). Unlike other reports in the liter-
ature (3), these studies here found that 
polypropylene performed as well as 
stainless steel in terms of both rinsa-
bility and microbial resistance. Higher 
log reductions of S. aureus were shown 
at higher physiologic temperature on 
polypropylene compared to on stain-
less steel. Polypropylene, which is also 
corrosion resistant, lighter, and less 
expensive than steel, deserves further 
investigation for bioprocessing cham-
bers, particularly in the walls and ceil-
ing, which have lower abrasion risks.

If disinfectants in a closed cell 
processing system can pose a risk to 
live cell and tissue products (14–16), 
reducing the microbial risk via other 
means reduces the need for disinfect-
ants. The ability to mitigate microbial 
risk through physical attributes of the 
cell handling environment may also 
reduce the need for antibiotics within 
the cell cultures as well, which have 
been linked to mitochondrial toxicity 

(17,18), and changes in metabolism (19), 
growth (20), and differentiation (21).

Atmospheric conditions (gas com-
position, temperature, and RH) are 
consistently circulated throughout 
and maintained in a closed system. 
Atmospheric conditions also do not 
rely upon the consistent performance 
of a technician to disinfect the pro-
cessing chamber. Conditions inside the 
chamber can be monitored remotely, 
recorded automatically, and do not 
depend upon disinfectant expiration 
dating and coverage, and contact 
time for effectiveness. The controlled 
atmospheric attributes in a closed cell 
processing chamber offer real advan-
tages for reducing microbial risk over 
the traditional room air BSC condi-
tions for cell production processes.

CONCLUSION
To support emerging cell therapy 
products, both bioburden control and 
optimal cell growth conditions need 
to be considered. The combination 
of a consistent, higher physiological 
temperature and low RH within a 
closed NGI processing chamber offers 
improved control of vegetative micro-
organisms using control of the physi-
cal atmospheric parameters.  
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Development Strategies for 
Cell and Gene Therapy Methods

The increased number of regulatory filings for cell and gene therapies 
requires reevaluation of bioassay methods because of their complexity.

CATHERINE LILOIA, BENJAMIN ZIEHR, DERRICK MCVICKER, YAT YEE WONG,  

ESTEBAN CARRILLO, AND ALEXANDER RODRIGUEZ 

A s cell-based methods continue to evolve in support 
of gene therapies to assess product potency through 
gene or protein expression, the increased complex-

ity and variation of assay readouts can bring questions on 
best-practice approaches for method development and anal-
ysis. According to FDA, the number of investigational new 
drug (IND) filings for cell and gene therapies (CGT) has 
undergone rapid growth in the past several years. There were 
approximately 50 related filings per year from 1995 to 2015, 
but that number increased to more than 300 filings between 
2016 and 2020, indicating an industrywide trend toward 
the development and implementation of CGT products. In 
fact, FDA has approved multiple types of viral therapies for 
commercial use since 2015, including herpes simplex virus, 
adeno-associated virus (AAV), lentivirus, and retrovirus (1). 

As the biotech industry moves further into gene thera-
pies, we have to acknowledge the changes in production and 
clinical processes. Gene therapy development time is cut in 
half with potency and titer method development, further 
overlapping with process development. Autologous and 

allogenic cell therapies have different production processes 
resulting in varied cell-based testing panels that continue to 
evolve as we learn from the data. Considering that process 
changes commonly correlate with shifts in potency and titer 
methods, continuous data collection and review of trending 
data to confirm impact of process changes on these results 
are important to maintain acceptable method performance.

ASSAY TYPES
Mechanism of action of viral-mediated gene therapies is 
measured by multiple approaches, with a fundamental aspect 
being viral infectivity, which is core to its ability to deliver 
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a therapy. Several assay types may be 
used to measure infectivity, such as 
plaque assays, focus-forming assays, 
and tissue culture infectious dose 
50 (TCID50). For these assays to be 
used in a good manufacturing prac-
tice (GMP) environment, they must 
be objective in their measurements and 
statistically robust.

The TCID50 method meets these 
considerations and is frequently per-
formed in a 96-well-plate format, 
which lends itself to higher throughput. 
It measures viral infectivity by using 
a dilution scheme to back calculate 
the starting titer based on the dilu-
tion where the virus infects cells at 
a statistical frequency of 50%, often 
using approaches such as quantitative 
polymerase chain reaction (qPCR) or 
droplet digital polymerase chain reac-
tion (ddPCR) to detect viral nucleic 
acids. Given the variety of TCID50 
approaches, multiple choices must be 
made in assay development to create 
an assay that best suits the virus being 
titered and the end use.

First, a cell line must be chosen that 
is permissive for viral replication, and 
unique cell lines must be engineered 
in the case of replication-incompetent 
viruses. For example, titering a replica-
tion-incompetent AAV requires a cell 
line that expresses the Rep and Cap 
genes of AAV to induce productive 
infection. Second, a dilution scheme 
that suits the state of the drug prod-
uct must be designed. The broader 
the dilution range, the greater the 
titer range of the assay, though this 
is at the cost of accuracy. The use of 
10-fold dilutions in TCID50 is com-
mon and can produce assays with wide 
ranges, even up to 10% to 1000% of an 
expected value. However, due to the 
wide jumps between levels, the statis-
tical data is limited and produces less 
accurate results. The TCID50 method 
works across dilution schemes with 
narrow dilution steps generating more 
accurate results. For drug products 
undergoing manufacturing optimiza-

tion, the range should be kept wide 
while late-phase products could benefit 
from narrow dilution steps and more 
accurate results. 

Perhaps the most common debate 
when developing TCID50 meth-
ods is what readout should be used. 
Any approach that can differen-
tiate infected wells from uninfected 
wells could be chosen, pending sev-
eral considerations. First, the detec-
tion technique must be able to 
identify wells with de novo viral rep-
lication. Defective viral particles may 
infect cells and even express protein. 
Therefore, the approach should rely 
on the generation of progeny virus. 
Second, the signal being measured 
should be as close to viral replication 
as possible. Relying on secondary 
effects of viral replication such as cell 
death may be misleading. Third, the 
measurement should be objective. 
Many traditional TCID50 approaches 
rely on microscopy and human iden-
tification of viral foci. This type of 
approach may produce different results 
depending on which analyst reads the 
assay, leading to uncertainty in the data. 

Finally, the detection method need 
not be overly sensitive and care should 
be taken to avoid an overly restric-
tive system suitability to prevent false 
positives. Ideal methods of detection 
give repeatable thresholding for deter-
mining if a well was infected without 
detecting the inoculum or nonpro-
ductive infections. Exact genome copy 
number across replicates has no impact 
since the statistical modeling used to 
calculate the TCID50 value only relies 
on whether the well was positive or 
negative for infectious virus. 

ASSAY REQUIREMENTS FOR 
CELL AND GENE THERAPIES
CGT products are intended to elicit a 
cellular response that is directly respon-
sible for the therapeutic effect. This 
response is often in the form of protein 
expression or modification in the target 
cells and tissues. While an understanding 

of how the virus behaves is an important 
part of the process, how that behavior 
translates into the therapeutic effect is 
key to determining drug efficacy, dosing, 
and, ultimately, patient response. 

Potency assays are a direct means 
of measuring the targeted result of the 
viral infection. Although potency assays 
have been used in drug development for 
decades, application in CGT products 
is a more recent development. CGT 
products present specific challenges due 
to complex mechanisms of action and 
manufacturing processes. Often CGT 
products have higher variability due to 
cell lines, donors, and errors in replicating 
virus. These products also may have lim-
ited stability and potential interference 
from multiple expressed genes. 

FDA has issued recommendations 
for the development of potency assays 
to support the drug manufacturing pro-
cess for cell and gene therapies. Because 
the potency assays are specific for each 
product, it is the responsibility of the drug 
developer or contract research organiza-
tion (CRO) to ensure the assays are a true 
representation of the drug’s mechanism 
of action and that the best statistical and 
laboratory practices are followed.

Potency assays measure the strength 
or therapeutic activity of a product and 
are part of product conformance testing, 
comparability studies, and stability test-
ing. Together, these tests measure prod-
uct quality and manufacturing controls 
throughout all phases of the clinical study 
and determine if any manufacturing 
changes have a detrimental effect. While 
assays that are designed to characterize 
the virus are typically focused on nucleic 
acid analysis, such as qPCR, sequencing, 
or ddPCR, potency testing focuses on 
the outcomes of the viral transductions 
or infections. This often takes the form of 
gene expression by protein modification, 
activity, or production. For example, the 
virus may modify immune cells in such 
a way that they are now expressing novel 
receptors that can recognize cancer cells, 
resulting in customized immune response 
to a particular disorder. Potency assays 
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designed to measure the outcomes of such 
modifications are recommended to be 
cell-based in later stages to better demon-
strate biological activity. 

Common potency readouts include 
the enzyme linked immunosorbent 
assay (ELISA) platform where anti-
bodies recognizing specific proteins or 
protein modifications can be used to 
detect an analyte in cell lysates, fixed 
intact cells, or fixed permeabilized cells. 
ELISAs produce valuable quantifiable 
information about the production of 
a specific analyte but do not measure 
protein’s functionality and so are often 
combined with functional cell-based 
assays to tackle quantity and function. 

Western blot is considered less pow-
erful than ELISA due to its qualita-
tive limitations but can still be used to 
determine protein production from cell 
lysates after viral transduction or infec-
tion. Semi-quantitative measurements 
can be made if a known amount of pro-
tein is loaded and its intensity derived 
using software to detect pixels. However, 
as with ELISA, protein functionality 
cannot be established from this test. 

Ligand and receptor binding assays 
are used to evaluate the drug’s mech-
anism of action and interaction with 
cell receptors. CGT products evoke 
a response in signal transduction and 
undergo optimization comparable to 
antibodies with aspects regarding the 
reference standard preparation and lay-
out, cell surface receptor, cell line, and 
specificity. Ligand and receptor assays 
and their subsequent readout can lead 
to a quantifiable, functional output. 
Receptors can elicit a response without 
binding and, alternatively, signal trans-
duction may not occur upon binding, 
thus, rigorous examination at these lev-
els is imperative. 

Enzyme activity assays provide func-
tional readouts after cell infection or 
transduction and highlight the intended 
biological activity from CGT products 
aimed at replacing misfolded enzymes 
or an overall replenishment of these 
proteins. Dose-response relationship 

needs to be demonstrated between the 
enzymatic capabilities of a CGT vector 
and its readout. 

TESTING FOR POTENCY
The potency test is required by FDA 
before releasing any lot of product from 
the manufacturer. Although mandated, 
FDA allows for considerable flexibility in 
determining the measurements for each 
product. However, all potency assays must 
meet minimum current good manufac-
turing practice (CGMP) regulations, such 
as indicating biological activity specific to 
the product, providing quantitative data, 
meeting pre-defined acceptance criteria, 
and including appropriate reference mate-
rials and controls. 

FDA also includes requirements, such 
as establishing the accuracy, sensitivity, 
specificity, and reproducibility through 
method validations. Because of the 
complexity of CGT products, FDA rec-
ommends an incremental approach to 
implementing potency assays and rec-
ognizes that potency measurements may 
evolve as the product is developed. 

The biological properties of CGT 
products must be well understood as 
part of the approval process. FDA rec-
ommends that a wide array of attributes 
be examined in addition to the routine 
tests for lot release. These attributes 
may be used to help develop robust 
potency assays that demonstrate a spe-
cific mechanism of action and which 
components of the product are contrib-
uting to any observed effect. 

FDA also has recommendations 
on how refence material and controls 
should be used. A product-specific 
in-house reference material should be 
used when possible, such as well-char-
acterized clinical lots. When applicable, 
commercially available material may be 
used, such as adenovirus type 5 retro-
virus vectors and AAV type 2 vectors. 
All standards used for potency testing 
must be assigned data-driven expira-
tions with appropriate retest dates. 

In the past decade, the focus of phar-
maceutical development has shifted 

from monoclonal antibody (mAb) ther-
apy to gene therapy. While potency 
assays for cell and gene therapies have 
additional challenges compared to tra-
ditional products such as mAbs, there 
are many lessons to be learned from pre-
vious experiences. Due to the similarity 
in traditional potency assays between 
mAb therapy and gene therapy, the 
United States Pharmacopeia (USP) bioassay 
chapters, specifically <1032> Design and 
Development of Biological Assays, provide 
guidance that remains valuable in method 
development for evaluating gene therapy 
pharmaceuticals (2). 

Similar bias and variation sources 
exist across CGT methods, and so 
should be similarly considered during 
optimization. New assay designs bring 
different ways to assess robustness and 
inherent variation, which may make it 
harder to see shifts in potency or infec-
tious titer. Infectivity methods still have 
room to establish best practices for strik-
ing the appropriate balance between 
range and sensitivity. Since process 
and method development now overlap 
more than they had previously, closer 
attention also must be paid to which is 
driving method performance changes in 
order to optimize the method 

Proper design of experiment should 
be performed when developing method 
qualifications and validations. Cell lines 
and the type of potency assays should 
be selected to demonstrate mechanism 
of action and biological activity. Assays 
should be linear, precise, and accurate, 
but assay criteria should be established 
based on sound statistical analysis while 
remaining phase appropriate for the 
study with more stringent criteria for 
later phase products.
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Developing a Method for  
Success through Partnerships
Outsourcing method development offers multiple benefits 

to companies, including access to experience and expertise, 
streamlined costs, and development time efficiencies.

FELICITY THOMAS

T  he market for outsourced pharmaceutical and bio-
technology services is expected to experience healthy 
growth and is forecast to reach $91.4 billion by 

2028  (1). Factors influencing this market swell include ris-
ing pressure on drug prices, increasing drug development 
costs, higher rates of failure, regulatory hurdles, and deficient 
internal capabilities of sponsor companies, all leading to an 
increased demand for outsourced solutions (1).

Method development is an evident area where pharma com-
panies can gain an economic benefit from outsourced services, 
particularly when there are limited to no capabilities for these 
services in-house. As an integral facet of drug development, 
optimization and selection of the most appropriate methods 
can help save on costs and reduce development times.

“The importance of method development cannot be under-
stated,” says Emma Leishman, manager, Advanced Analytics, 
Avomeen. “Methods are the backbone of being able to answer 
scientific questions. Advancements in technology, as well as 
tighter regulatory needs, are driving methods that are more tar-
geted, efficient, and sensitive. Spending time on method devel-

opment upfront will build a solid foundation for validation and 
subsequent sample testing.”

FACTORS FOR CONSIDERATION
“Method development and evolution of a drug product 
are continuous processes that progress in parallel with one 
another,” explains Alex Wheeler, senior technician at Wickham 
Laboratories. “It can be assumed that as the life cycle of a drug 
product progresses, overall knowledge of the drug product 
increases as should the robustness of the analytical tests that are 
being performed.” 

Any analytical tests that are due to be performed must 
relate to the type of drug being developed and are required to 
comply to any regulatory requirements, continues Wheeler. 

“During method development, full transparency of the proce-
dure performed is imperative so that when the information is 
presented to the relevant market authority, it is clear, accurate, 
and concisely conveys what has been done,” he says. “Investing 
in robust analytical tests to be established during the method 
development process will help to ensure that costs are kept 
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down during the further stages of the 
drug development program.”

Factors for consideration in method 
development are dependent upon the 
molecules being developed, agrees 
Vincent Thibon, technical development 
lead, RSSL. “For developing methods for 
small molecules, the analytical method 
should be developed by looking into the 
factors such as pH, ionic strength, mobile 
phase composition, sample preparation, 
column technology, type of detection, 
[liquid chromatography–mass spectrom-
etry] LC–MS compatibility, robustness, 
speed of [quality control] QC, length of 
time required for stability indication, cost 
effectiveness, and whether the method 
is easy to run,” he states. “For develop-
ing methods for large, protein-based  
molecules, the method should be devel-
oped by looking into factors such as sam-
ple preparation, sensitivity of technique, 
time to achieve results, complexity of 
method, and so on.”

A structured method develop-
ment procedure is vital to ensure the 
intended methods are fit for the phase 
of drug product development, they 
provide the data required for product 
development support, and they can 
be validated to the correct product 
phase following industry guidelines, 
such as those from the International 
Council for Harmonisation (ICH), for 
the release of the product to clinic or 
market, asserts Amanda Curson, head 
of Analytical Development, Tredegar, 
PCI Pharma Services. “The method 
should be well developed at the start 
with the view of having a long lifecy-
cle without major changes,” she says. 

“Redevelopment later can be time con-
suming and have an impact on regula-
tory submissions.”

For Jerry Mizell, senior director, 
Analytical Services, Metrics Contract 
Services, developing a ‘QC ready’ 
method is the most critical aspect in the 
method development process. “Having a 
method QC ready implies that it is very 
robust, [and the] rigorous challenging of 
the method will also establish a stability 

indication to ensure the quality of API 
or drug product over time,” he comments. 

“Throughout development, meth-
odologies are challenged with stressed 
and design-of-experiment samples to 
demonstrate performance. Design space 
creation is also used to determine the 
range of chromatographic performance 
and cover multiple formulation compo-
sitions for the product,” Mizell contin-
ues. “This approach sets a project up for 
success if there are future changes to the 
drug product as the developed method 
will be suitable for use.”

OUTSOURCED OFFERINGS 
AND BENEFITS
“Outsourcing method development can 
give a drug developer access to a more 
experienced or advanced skill base with 
minimal delay than it is able to access 
internally,” highlights Anders Mörtberg, 
analytical chemist at Recipharm. “As a 
dedicated specialist in method devel-
opment, the outsourcing partner can 
provide dedicated expertise to deliver a 
much higher quality service than a devel-
oper may be able to achieve alone.”

It is fundamental that an outsourc-
ing partner has solid insight into reg-
ulatory guidelines and expectations, in 
addition to being able to provide access 
to industry-standard separation equip-
ment, Mörtberg notes. “Access to struc-
ture elucidation techniques for impurity 
identification is also advisable in an out-
sourced partner, as this is often neces-
sary in method development,” he states. 

“Resources to provide computer-aided 
method development is desirable, as this 
can help the partner provide guidance on 
reducing labor and laboratory costs for 
method development.”

The three ‘E’s’—equipment, expe-
rience, and expertise—are import-
ant aspects for consideration when 
seeking an outsourcing partner for 
method development services, con-
firms Leishman. “Equipment should be 
up-to-date and able to meet dynamic 
regulatory needs. A wide range of equip-
ment is a plus, since the most suitable 

instrumentation can be applied, and 
many methods can be developed at the 
same time,” she says. “Experience of the 
company and their scientists is a strong 
indicator of future success. Ideally, the 
company has experience with similar 
analytes and matrixes. Aside from the 
scientific experience, having regulatory 
experience with method development 
and validation minimizes risk.”

Choosing an outsourcing partner 
with a broad range of expertise, which 
is somewhat dependent on experience, 
and scientists on staff who are subject 
matter experts is advisable, Leishman 
continues. “Method development 
sometimes requires a creative approach, 
[therefore] adequate expertise can 
ensure that even the most challenging 
methods are successfully developed in a 
timely manner,” she emphasizes.

A desirable outsourcing partner 
should be able to offer a range of mod-
ern, but widely available equipment 
and should have an experienced tech-
nical team with vast method devel-
opment experience and knowledge, 
concurs Rebecca Coutts, general man-
ager, Tredegar, PCI Pharma Services. “A 
company can benefit by working with 
an outsourced services team that has 
in-depth knowledge and experience 
with a range of dosage forms, particu-
larly with dosage forms that can some-
times prove to be more troublesome for 
method development, such as ointments, 
creams, suspensions, or very low-dose 
potent products,” she says. “Using an 
outsourcing lab that has previous expe-
rience on method development, vali-
dation, and quality assurance specialist 
support will ensure the client is guided 
through the process required to ensure 
the method is ready for use to release 
clinical product, and for stability testing.”

For Mizell, development experi-
ence represents the most critical capa-
bility of a potential outsourcing partner. 

“Development chemists are not created 
overnight as it is a learning process that 
takes time—and there’s no substitute 
for that,” he asserts. “Knowledge is built 
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upon with every successful development 
project, especially where technical chal-
lenges must be overcome.”

In terms of instrumentation capa-
bilities, Mizell agrees that an out-
sourcing partner with multiple means 
of detections in-house, such as diode 
array, ultraviolet–visible, charged aerosol 
detection, and LC–MS, are beneficial. 

“Environmental chambers are also great 
to have for stressed studies,” he adds.

“Some outsourcing partners can also 
provide training programs to assist in 
clients’ learning of regulatory require-
ments, which would be particularly 
useful to smaller start-up companies,” 
confirms Thibon. 

Oftentimes, contract research orga-
nizations (CROs) are employed for 
method development due to the wealth 
of knowledge they can offer in specific 
aspects of analytical tests relevant to the 
drug development and approval process, 
comments Wheeler. “An established 
CRO will operate facilities that are pur-
pose built for analytical testing, main-
tained to a high standard, often utilize 
the most cutting-edge technologies, and 
already have validated and compliant 
in-house procedures,” he says.

SINGLE VERSUS  
MULTIPLE PROVIDER
Whether a single provider or multiple 
providers of outsourced services are used 
is dependent on the project and its spe-
cific requirements, specifies Curson. “For 
example, it may be possible for most 
of the method development to be car-
ried out by one provider; however, there 
may be individual specialized analysis 
required, such as X-Ray powder diffrac-
tion, particle size analysis or Franz cell 
analysis, which is more unique and may 
require a specialized provider to perform 
method development for one aspect of 
the analysis,” she explains.

It is beneficial to choose a main pro-
vider of services—one that can perform 
the majority of the method develop-
ment and validation and outsource any 
specialized aspects of the analysis to a 

partner laboratory when required—adds 
Curson. “The main provider would 
have overall responsibility for the proj-
ect requirements with one or two out-
sourced specialized aspects undertaken 
by a lab with more specific specialized 
technical experience or available equip-
ment required for the individual analy-
sis,” she says.

According to Thibon, a clear advan-
tage of using a single provider is the 
fact that all communication between 
the client and provider can be stream-
lined, which can mean that a good 
relationship can be built. “If using mul-
tiple providers, then the key thing is 
that all providers communicate clearly 
and on time and are willing to col-
laborate to achieve the goal,” he notes. 

“Regulations ensure that methods are 
consistent across providers, but using 
a single provider for all method devel-
opment requirements could introduce 
efficiencies and reduce costs overall.”

“Using multiple providers will add 
complexity and may result in reduced 
efficiency due to coordination losses,” 
stresses Mörtberg, who highly rec-
ommends opting for a single supplier 
that is capable of providing all required 
resources for a project, wherever possible. 

A single point of contact is undoubt-
edly advantageous, as it can allow for 
easier access to the specific project 
manager at the CRO, timelines are 
generally clearer and more consistent, 
and all the information is presented 
in the same style, concurs Wheeler. 

“However, there are some risks as well 
such as the potential for a greater 
impact on the stages/phases of testing 
if an issue should arise,” he says.

“By using multiple providers, it could 
be possible for multiple aspects and 
stages of testing to be performed con-
currently if working with strict timelines, 
but this would generally require more 
internal coordination on the part of the 
client in such cases,” states Wheeler. 

“A different approach is to use one 
provider to coordinate a multi-site study, 
therefore coordinating all testing, track-

ing of timelines, and compilation of 
results,” continues Louise Rigden, tech-
nical documentation officer at Wickham 
Laboratories. “This [approach] means 
the client still only deals with one point 
of contact for any information required 
and results can be reported in a consis-
tent fashion.”

If a single provider has all the nec-
essary equipment and expertise, then 
that approach can be ideal for a client, 
comments Leishman. There are time 
and cost efficiencies that can be gained 
through the use of a single provider, 
such as employing one sample prepa-
ration technique for multiple methods 
or employing a singular outsourcing lab 
to do an entire stability program, and 
in some instances, volume discounts for 
work can be applied, she adds. 

“By reducing the number of outsourc-
ing partners, a stronger relationship can 
be established with the single provider,” 
Leishman says. “However, a niche appli-
cation or a method that needs a state-of-
the-art instrument may benefit from a 
specialist provider.”

Mizell believes that selecting a single 
contract development and manufactur-
ing organization (CDMO) that can pro-
vide all the required development needs 
provides a multitude of benefits. Not 
only does it ensure effective communi-
cation between the client and provider 
but can also lead to reduced meeting fre-
quency and eliminates the need to ship 
API and/or drug product from site to 
site for different development activities, 
he asserts.

“When working with a single CDMO 
that a sponsor has established a working 
partnership with, they can have greater 
confidence that the development being 
performed will meet all project require-
ments and timelines,” Mizell summarizes.
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• Failure to submit environmen-
tal assessment

• Failure to provide accurate and 
complete English translations 
for parts of application not in 
English

• The drug product that is 
the subject of the submis-
sion is already covered by 
an approved appl icat ion 
on file and the applicant of 
the submission either has an 
approved application for the 
same drug product or is merely 
a distributor and/or re-pack-
ager of the already approved 
drug product.

• The application is submitted 
as a 505(b)(2) application for 
a drug that is a duplicate of 
a listed drug and eligible for 
approval under section 505(j).

Q: How does following the 
Internat iona l  Counc i l 

for Harmonisation of Technical 
Requirements for Pharmaceuticals 
for Human Use (ICH) help me with 
my global filing requirements?

A: ICH (www.ICH.org) was 
founded in 1990 with the 

mission of bringing together regu-
latory authorities from around the 
world to see if they could reach 
agreements on what the best indus-
try practices are for pharmaceutical 
products. They have created inter-
nationally recognized guidelines for 
quality, safety, and efficacy require-
ments and other topics categorized 
as multidisciplinary. The found-
ing members of ICH included the 
European Commission, FDA, and 
the Japanese Ministry of Health, 
Labour and Welfare/Pharmaceuticals 
and Medical Devices Agency. The 
list of guidelines produced by ICH 
is impressive and covers the critical 

elements a company should include 
when considering applications to 
manufacture and produce a new 
drug. Following the recommenda-
tions of ICH can only improve your 
chances of having a smooth filing 
and approval process globally.
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Susan J. Schniepp, distinguished fellow at Regulatory 
Compliance Associates, answers some commonly 
asked questions about regulatory filings.

Q: What’s the difference between an IND, 
NDA, ANDA, and a BLA?

A: Companies need to get approval 
from FDA to market a new drug in 

the United States by submitting either a New 
Drug Application (NDA) or a Biologics License 
Application (BLA). An Investigational New Drug 
Application (IND) allows a new drug that is being 
researched for potential medicinal use as part of a 
clinical trial to be shipped across state lines with-
out marketing approval. The information con-
tained in an IND application will become part of 
the NDA when the clinical trials are complete and 
the drug is ready to be reviewed and approved for 
use in the general population. The Abbreviated 
New Drug Application (ANDA) is used when a 
pharmaceutical product’s patent has expired and 
another company wants to enter into the market 
with a generic version of the drug product. The 
BLA is used when seeking approval for products 
such as vaccines, blood and blood components, 
allergenics, somatic cells, gene therapy, tissues, 
and recombinant therapeutic proteins. 

Regardless of the regulatory filing category, the 
company must prove that the drug product is safe 
and effective for the proposed use, the benefits of 
taking the drug outweigh the risks (side effects) 
associated with the drug, the product labeling 
contains the necessary information about the 
drug (dosage strength, storage conditions, lot 
number, expiry date, etc.), and the manufacturing 
methods used produce products with the proper 
identity, strength, quality, and purity (1–4).

Q: What’s a regulatory filing in Europe 
called?

A: The regulatory filing in the European 
Union (EU) is called a Marketing 

Authorization. The European Medicines Agency 
(EMA) is responsible for approving regulatory fil-
ings before medicines can be marketed in the EU. 
EMA has three procedures for gaining approval: 

the centralized procedure, the decentralized pro-
cedure, and the mutual-recognition procedure. In 
the centralized procedure, pharmaceutical com-
panies submit their regulatory filing to EMA. 
The use of the centralized procedure is required 
for most innovative medicines, including those 
indicated for rare diseases. Because many of the 
pharmaceuticals authorized for use in the EU 
did not receive a marketing authorization at the 
time of application, they are out of scope for 
the centralized procedure, so companies gain 
approval to market their products through the 
decentralized procedure or the mutual recogni-
tion procedure. Regardless of the regulatory filing 
process used, the company must prove that the 
drug product is safe and effective for the proposed 
use, the benefits of taking the drug outweigh the 
risks (side effects) associated with the drug, the 
product labeling contains the necessary infor-
mation about the drug (dosage strength, storage 
conditions, lot number, expiry date, etc.), and the 
manufacturing methods used produce products 
with the proper identity, strength, quality, and 
purity (5).

Q: What is a refusal-to-file notification?

A: Companies can occasionally provide 
insufficient data supporting their NDA 

or BLA filing. When this happens, FDA will 
issue a refusal-to-file letter with the company 
(6). There are many reasons FDA may issue a 
refusal-to-file letter. These include, but are not 
limited to:

• Inadequate chemistry, manufacturing, and 
controls (CMC) data resulting from formu-
lation issues

• Incomplete stability data
• Procedural (i.e., missing or incorrect use of 

the official FDA forms, electronic submis-
sion rules not followed, patent certification 
is inadequate, etc.)
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The Facts About Filing Drug Applications
Susan J. Schniepp  

is distinguished fellow at  
Regulatory Compliance Associates.
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