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F rom a drug price policy perspective, we might well describe 
the COVID-19 pandemic as an extended period of slack 
water, a prolonged moment unstressed in the tidal stream 

of price, where there appeared no movement in either direc-
tion. Beneath the surface, however, much was churning. Both 
Teva Pharmaceuticals and AbbVie withdrew membership from 
the Pharmaceutical Research and Manufacturers of America 
(PhRMA) trade association, which most observers connect to 
passage of the Inf lation Reduction Act (IRA).  This legislation 
slowly phases in Medicare’s capacity to negotiate the prices of 
certain medicines. AbbVie’s CEO, Richard Gonzalez, testified 
that the bill imposes “price controls.” rather than allowing nego-
tiations (1). It is certainly a debatable point. In his State of the 
Union speech, President Biden emphasized, in particular, efforts to 
lower the price of insulin to help senior citizens, and patients more 
broadly, by extending a $35-a-month cap. Biden noted that the 
IRA enacted in 2022 also capped annual out-of-pocket drug costs 
for Medicare patients at $2000 a year and predicted that the drug 
price negotiation provision in that legislation will further reduce 
Medicare outlays for medicines (2).

Somewhat foreshadowing the optics of all this, in an expan-
sion of the company’s “an Accord for a Healthier World” program 
(which is aimed at increasing access to innovative treatments in 
some of the world’s poorest countries), Pfizer said it will now 
offer a total of 500 products, its full portfolio of drugs, including 
off-patent medicines such as chemotherapies and oral cancer treat-
ments, on a not-for-profit basis to 45 low-income countries (3).

An equally important undercurrent potentially unobserved, 
might be Mark Cubans’ Cost Plus Drug Company (MCCPDC). 
Their consumer pricing model is elegantly simple: manufactur-
ing costs + 15% margin + $3 charge for pharmacy fulfillment. 
MCCPDC has their own Pharmacy Benefits Manager division 
that negotiates with the manufacturers of approximately 1000 
generic drugs. They have a mail-order pharmacy that fulfills pre-
scriptions for generic drugs and sells them direct-to-consumer. 
And they’ve built a manufacturing facility where MCCPDC can 
take pharmaceutical formulations for generic drugs and become 
their own suppliers. With vertical integration, this company offers 
drugs at a huge discount (4). That wave beginning to crash over 
PhRMA’s gunwales may well emanate from a startup mindset, 
rather than Big Pharma or government policy pundits.
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From the Editor

Outsourcing Still Vital

T he bio/pharma outsourcing industry continues to be 
integral in the development and manufacture of medi-
cines. Contract research organizations, contract develop-

ment and manufacturing organizations (CDMOs), and contract 
manufacturing organizations assist drug sponsor companies 
in bringing their products to market. These contractors offer 
the experience and resources some drug companies may lack to 
develop and manufacture drug products.

Outsourcing processes appear to be on the rise. When it comes 
to biopharmaceuticals specifically, BioPlan Associates states that 
more than half of biomanufacturers (65%) outsourced biopro-
cessing tasks in 2022, which is up 23% from 2006. The research 
company also predicts this trend will continue, citing that 79% 
of respondents to a 2022 survey have indicated they will be out-
sourcing some of their operations by 2027 (1). Analytical testing 
and toxicity testing were the most typical outsourced activities 
in 2022, according to BioPlan (2). “As the industry has become 
more complex, with increasingly advanced technologies, such 
as cell and gene therapies, in some cases, the need for the skills 
available from specialized CDMOs is indispensable,” said Shriya 
Bhatkhande, research associate with BioPlan Associates (2). 

According to Ashley Wentworth, senior director, Vault 
Quality at Veeva Systems, contract partnerships are also entering 
the quality control space, with some companies collaborating 
with contractors in quality management. “Others, too concerned 
about security and data access, shied away from this approach. 
This, however, will change,” Wentworth said (3). In addition, 
contractors bringing suppliers into quality management systems 
will make acceptance, sign off, and approval of products easier, 
according to Wentworth. “Over time, companies will develop dis-
tinct information-sharing strategies, training programs, and new 
processes tailored to each partner” (3).

These and other outsourcing trends, such 
as fill/finish for messenger RNA therapies and 
technology transfer, are discussed in our sister 
publication’s, Pharmaceutical Technology’s® Bio/
Pharma Outsourcing Innovation eBook, pub-
lished in February 2023. The eBook can be 
found on PharmTech.com. 
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T he remarkable success of utilizing mes-
senger (mRNA) technology to combat 
the severity and spread of COVID-19 is 

transforming the world of vaccine discovery and 
testing, stimulating a new generation of vital 
preventives for global diseases. Industry’s ability 
to deliver COVID-19 vaccinations in the United 
States and internationally is generating multiple 
initiatives to further compress the timeframe 
for vaccine development and production. New 
vaccines to combat cancer and to better prevent 
a range of infectious diseases are being tested, as 
are more efficient seasonal influenza shots that 
more closely match prevalent viral strains. 

These developments are fostering new partner-
ships among vaccine makers and initiating more 
clinical trials to develop mRNA therapeutics and 
preventives for a range of serious conditions, 
including melanoma, Zika, malaria, and shin-
gles. New shots to prevent pneumococcal disease 
are in development from several firms. Moderna 
made waves with data indicating 84% effective-
ness for a new preventive for RSV (respiratory 
syncytial virus) as well as progress in developing 
a vaccine to help combat melanoma (1). Takeda 

is gearing up to launch a new den-
gue vaccine that provides several years 
of protection in anticipation of FDA 
approval later this year (2). 

And despite plans to end the COVID-
19 public health emergency, additional 
preventives for that virus continue to 
emerge. Novavax gained FDA approval 
of its protein-based COVID-19 vac-
cine only in July 2022 and recently 
announced the sale of 1.5 million 
vaccine doses to the federal govern-
ment to cover the transition from 
government-supported shots to a com-

mercial market (3,4). But a vaccine to prevent 
HIV appears as elusive as ever, as Johnson & 
Johnson’s Janssen unit recently reported failure 
to show effectiveness in clinical trials, adding to 
the list of disappointing efforts to block contin-
ued spread of this lethal disease (5). 

ANNUAL SHOTS FOR COVID-19?
These developments speak to the need to review 
research and regulatory approaches for testing, 
assessing, and marketing potential vaccines. FDA’s 
Vaccines and Related Biological Products Advisory 
Committee (VRBPAC) agreed on the value of a 
common bivalent anti-COVID shot for all patients 
that targets both the original COVID-19 strain 
and the Omicron subvariants.  However, the 
expert panel was less certain about recommend-
ing annual vaccination against COVID-19 due to 
uncertainty about the continued effectiveness of 
the current shots and about what time during the 
year would be best for a national COVID-19 vacci-
nation campaign (6). 

Pfizer, Moderna, and Novavax reported to 
VRBPAC on efforts underway to produce refor-
mulated bivalent vaccines and supported the plan 
for a common formulation for all manufacturers 
to simplify vaccination recommendations and 
reduce patient questions about the effectiveness 
and safety of vaccines from different manufactur-
ers. The three firms also said that they are already 
studying combination shots for flu and COVID-19 
and emphasized the need for specifics from FDA 
on the process for updating vaccine strains and 
the timing, process, and methodology for produc-
ing a data package for new licensure. 

While the expert panel and officials from FDA 
and other health agencies acknowledged the 
value of utilizing mRNA platforms to produce 
anti-COVID vaccines so quickly and effectively 

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

Advances in vaccine development are creating partnerships  
and stimulating clinical trials to develop new mRNA applications.

Vaccine Development Builds  
on COVID-19 Breakthroughs
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at the start of the pandemic, some 
panel members called for further 
analysis of how well the new for-
mulations provide long-term pro-
tection, avoid safety issues, and 
emphasized the need to assess 
whether more traditional vaccine 
production methods may have 
broader benefits moving forward. 
They urged additional research on 
the possible need for different vac-
cination schedules for both young 
children and older adults with 
health impairments. 

In concluding the advisory 
committee meeting, Peter Marks, 
director of the Center for Biologics 
Evaluation and Research (CBER), 
reiterated the importance of a 
“data-driven approach” to achieve 
a vaccine regimen that is as simple 
as possible. But he also noted the 
value of monitoring vaccine safety 
and assessing product effectiveness 
in shifting to a next generation of 
COVID-19 vaccines able to provide 
“greater depth of protection.” 

COMBATTING MISINFORMATION
Despite these advances, criticism of 
FDA vaccination recommendations 
has escalated, generating vaccine 
hesitancy among broader popula-
tion groups. A survey by the Kaiser 
Family Foundation in December 
2022 found that one third of parents 
now oppose required vaccination of 
school-age children for measles and 
other infectious diseases (7). 

Politics has driven vaccine hesi-
tancy even more on the state level. 
Florida Governor Ron DeSantis 
made waves in December 2022 
by disparaging vaccines and even 
charging vaccine makers for fraud 
in promoting their preventives—a 
strong about-face from a political 
leader who strongly supported vac-
cines during the Trump adminis-
tration and sought millions to fund 
Florida’s vaccination campaign to 
combat COVID-19. 

To bolster public confidence in 
decisions by FDA alongside federal 
and state health agencies, former 
FDA leaders from both sides of the 
aisle have joined FDA Commissioner 
Robert Califf in pressing for health 
professionals, disease advocates, 
and the academic community to 
ramp up efforts to counter such 
anti-vaccine fears and misinforma-
tion, much of it presented in online 
communications. There’s even talk 
of permitting manufacturers to 
directly address false or misleading 
information on their vaccines and 
medical products, provided that FDA 
permit firms to present clinical data 
and real-world experience on public 
platforms. Vaccine experts hope that 
a shift away from differing COVID-
19 vaccine compositions and vary-
ing immunization schedules, along 
with clearer alignment between US 
and European vaccination recom-
mendations, will generate wider sup-
port for preventing infection from 
old and new infectious diseases.
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Policymakers and biopharma com-
panies acknowledge the impor-
tance of assessing drugs on a wide 
range of ethnic and racial popula-
tions to fully understand medical 
effects on patients. This has bol-
stered support for studies to enroll 
patients in proportion to the prev-
alence and burden of the disease 
in relevant subgroups, but achiev-
ing such equitable patient repre-
sentation in clinical trials has been  
difficult and uneven.

After years of FDA issuing guidance 
documents and launching programs 
to encourage sponsors to seek 
broader representation in clinical 
trials, policy makers have added 
a “stick” to the process: research 
sponsors now will be required 
to tackle this issue by submitting 

Diversity Action Plans (DAPs) to the 
agency when proposing and seeking 
approval of Phase III and pivotal 
studies. This provision was included 
in the Food & Drug Omnibus 
Reform Act (FDORA), approved by 
Congress in December 2022.

 Among a host of FDORA 
provisions, the legislation also 
requires DAPs that set specific 
enrollment goals for clinical trials 
of most drugs and certain medical 
devices under development. FDA 
has a year to issue guidance on 
the program, and there may be 
some waivers and exceptions, as for 
bioequivalence studies. But diversity 
plans will be required for most 
clinical development programs. 

—Jill Wechsler

Clinical Trial Diversity Continues to Face Challenges

https://www.fda.gov/media/164699/download
https://www.fda.gov/media/164699/download
https://www.fda.gov/media/164699/download
https://www.fda.gov/media/164699/download
https://www.fda.gov/media/164699/download
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Achieving High Yields in Upstream 
Processing of Plasmids

Process and plasmid design optimization, disposable equipment, 
and flexible platform processes all play important roles.

CYNTHIA A. CHALLENER

D  emand for plasmids is rising dramatically as large num-
bers of messenger RNA (mRNA) vaccines and viral-
vector-based therapeutics advance through clinical trials 

toward approval and commercialization. The upstream manu-
facturing process is an important part of bringing plasmid DNA 
(pDNA) materials to market, as achieving the highest yields 
possible at large scale is essential to meeting future demand. 
Fermentation is anticipated to be the predominant method for 
large-scale production of high-quality pDNA products. 

UPSTREAM PLASMID PRODUCTION: 
FERMENTATION, HARVEST, AND LYSIS
For conventional biologics produced via fermentation, upstream 
operations have been associated with fermentation and har-
vesting. In the context of plasmid bioproduction, however, it is 
also common to include cell lysis and clarification as part of the 
upstream process, according to Nuria Gomez Santos, head of 
process and analytical development for pDNA with Catalent 
Cell & Gene Therapy. “The cut off is established based on the 
presence (upstream) and absence (downstream) of bacterial 
cells or cell debris in these process unit operations,” she explains. 

Catalent applies such a cut off using a 0.2-micrometer filtration 
step to further segregate upstream and downstream operations.

Some companies, says Karl Varadi, lead process develop-
ment manager for pDNA and mRNA at AGC Biologics, 
regard resuspension of harvested biomass, subsequent alka-
line lysis, clarification, and concentration/diafiltration as 
midstream processing (MSP), with capture, polishing, with  
other related purification, formulation, and fill/finish steps 
are part of downstream processing. Given the importance of 
lysis, neutralization, and clarification in pDNA production, 
John Bowen, senior director for Nucleic Acids and Plasmid 
Operations at The Center for Breakthrough Medicines, 
agrees that these steps should be thought of separately, as 
mid-stream unit operations.

For the purposes of this article, however, lysis and related 
activities will be included in the discussion of upstream  
processing for pDNA manufacturing.

Cover Story: Upstream Processing

CYNTHIA A. CHALLENER, PHD, is contributing editor to  
BioPharm International.
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R&D, GMP-LIKE, AND GMP 
PLASMIDS DO NOT IMPACT 
UPSTREAM OPERATIONS
The expectation that drug manufac-
turers take a risk-based approach to 
production has drawn attention to the 
manufacturing practices employed for 
key materials used in the production 
of drug products, even if they are not 
intended to be present in the final 
drug product. Such ancillary materials 
include plasmid DNA used as a tem-
plate for the production of mRNA and 
for the production of viral vectors used 
for delivery of genetic cargo.

In general, the industry is moving 
towards the use of the highest-qual-
ity materials for both clinical and 
commercial manufacturing of not 
only critical raw materials, but ancil-
lary materials as well. Most pDNA  
manufacturers consequently offer three 
different product grades for phase-ap-
propriate use: research, intermedi-
ate, and current good manufacturing  
practices (CGMP). 

“The different quality grades are aimed 
at different applications,” states Martin 
Schleef, CEO of PlasmidFactory. “For 
initially testing a new therapeutic gene 
candidate or gene delivery strategy, a 
research-grade plasmid would be suffi-
cient. Further refinement of the research 
process results in the intermediate and 
highest, GMP-grades for clinical and 
commercial applications,” he observes. 

Plasmids for use in mRNA and 
viral-vector manufacturing may be 
intermediate- or GMP-grade, depend-
ing on the preference of the drug 
manufacturer. Plasmids used in direct 
clinical applications, such as for DNA 
vaccines, must be of GMP-grade, 
according to Marco Schmeer, project 
manager at PlasmidFactory.

“The higher quality grades,” Schleef 
says, “generally are produced in dedi-
cated manufacturing spaces, undergo 
more extensive quality-control testing 
as part of an active quality manage-
ment system, and have greater docu-
mentation packages.”

The quality grade does not have 
significant impact on upstream and 
downstream process operations, how-
ever, according to Santos, as the same 
platform process is executed to gener-
ate R&D, GMP-like, and GMP-grade 
plasmids. Indeed, there should be no 
impact on process development if the 
upstream process is created with man-
ufacturing considerations in mind from 
the outset, Varadi agrees. “A well-de-
fined upstream process is ideally initi-
ated and designed via down-scaling of 
an existing GMP manufacturing infra-
structure, in order to compensate for 
technical differences. This approach 
allows for the generation of a robust 
and easily scalable process, which then 
just needs completion by GMP/GMP-
like documentation,” he comments. 

At Catalent, for instance, R&D-grade 
material is generated using a downscale 
model operated with the same parameter 
set points as in its cleanrooms, Santos 
notes. This representative R&D material 
has been used for process development 
purposes and pre-clinical studies. Both 
GMP-like and GMP-grade plasmids are 
produced using fully traced raw materi-
als and fully disposable qualified equip-
ment. Operations are identical as only the 
shared documentation and level of quality 
oversight varies between these grades.

FROM PROCESS 
OPTIMIZATION TO BACTERIAL 
STRAIN ENGINEERING
The increasing amount of pDNA 
required for therapeutic and vaccine appli-
cations has drawn plasmid design and fer-
mentation strategies into the spotlight. To 
help prepare for the expected significant 
market demand, the increasing amount 
of required pDNA for therapeutic and 
vaccine applications has drawn plasmid 
design and fermentation strategy into the 
spotlight, Varadi contends. 

Plasmids are typically produced recom-
binantly in E. coli strains through a high 
biomass fed-batch fermentation process. 
High titers can be achieved through mul-
tiple means by deregulating the repres-

sion on plasmid replication, according 
to Matthias Craig, senior manager for 
Product Development at Catalent Cell 
& Gene Therapy. “High yielding plasmid 
fermentation processes have been devel-
oped and fine-tuned over the past two 
decades,” he states.

Implementation of fed-batch protocols 
has led to improved pDNA yields and 
increased batch success rates and opti-
mized cost efficiency, Varadi agrees. He 
adds that understanding the molecular 
mechanisms that modulate the plasmid 
copy number and implementing them in 
next-generation plasmid backbones will 
help further boost yields for plasmids with 
more problematic genetic payloads.

“Fermentation has indeed become 
more sophisticated to achieve the 
desired goals in plasmid production 
such as plasmid yield per biomass,” 
Schleef observes. He cautions, though, 
that more complex issues like main-
taining plasmid structural stability still 
remain to be addressed.

Some of the biggest factors for 
upstream pDNA process development 
include media optimization, fed-batch 
strategy, and Escherichia coli (E. coli) strain 
selection, Bowen comments. Engineering 
of improved E. coli host strains has, 
according to Craig, to some extent 
become more of a focus recently than fer-
mentation process optimization. “These 
strains are characterized by higher fer-
mentation titers and/or lead to increased 
stability of nucleic acid sequences that are 
prone to deletion/recombination events, 
such as inverted terminal repeats (ITRs) 
and long polyA tails,” he explains.

Another important advance noted by 
Craig is the development of both batch 
and continuous cell lysis approaches 
that afford high recoveries and accom-
modate a wide range of production 
scales. The adoption of single-use 
equipment in upstream operations 
has, meanwhile, significantly reduced 
the probability of cross-contamination, 
which is very important in a multiprod-
uct facility producing a multitude of 
plasmids, Bowen observes.

Cover Story: Upstream Processing
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MANY UPSTREAM 
PROCESSING CHALLENGES
There are many challenges that man-
ufacturers must navigate when imple-
menting upstream processes for pDNA 
production. First and foremost, very 
high volumetric yields are achievable 
for pDNA, but such yields are much 
lower than those achievable for over-
expressed, non-toxic recombinant pro-
teins, says Ram Shankar, manager of 
R&D for PlasmidFactory. 

“That being said, simply overproduc-
tion of plasmid per cell would not go very 
far if plasmid stability and homogene-
ity cannot be guaranteed. Such aspects 
have to be considered when designing 
an upstream process for plasmid pro-
duction,” Shankar notes. “In this context,” 
he continues, “we have developed strate-
gies that keep productivity high without 
having to rely on antibiotics while con-
trolling for the maintenance of critical 
sequence structures in the product (e.g., 
ITR sequences for productive adeno-as-
sociated virus [AAV] manufacturing or 
polyA tracks for mRNA manufacturing).”

Another common issue, according 
to Varadi, is achieving high-yield man-
ufacturing of plasmids that contain 
difficult genetic payloads (gene-of-in-
terest size, base composition, toxicity, 
use of selection markers). Larger plas-
mids that impose a significant meta-
bolic stress on the host cell, meanwhile, 
can reduce culture fitness, leading to 
bad growth and low plasmid copy 
number. He adds, though, that narrow 
control of carbon and nitrogen source 
feeding and use of alternative non-an-
tibiotic selection markers can reduce 
metabolic burden on the host cell.

It is recommended, Craig empha-
sizes, that scientists and drug develop-
ers verify that their plasmid constructs 
are of very-high copy number nature. 

“This characteristic is associated with 
the presence of a single-point mutation 
in the plasmids’ origins of replication 
and further derepresses plasmid rep-
lication, leading to up to a five-fold 
increase in plasmid titers,” he explains.

Leaky promoters that lead to pre-ma-
ture protein expression during the growth 
phase can also be detrimental to upstream 
plasmid success, Varadi comments. He 
adds that some large pDNA losses can 
also occur during alkaline lysis. In fact, 
a well-defined alkaline lysis step is far 
more important in reducing plasmid loss 
than avoiding cyclic performance during 
downstream chromatography operations, 
he contends.  “The lysis step has several 
critical parameters that need to be well 
balanced, like buffer volumes, buffer con-
tact time time, and applied shear forces 
during mixing,“ Varadi explains.

EFFICIENCY AND 
PRODUCTIVITY OF UPSTREAM 
PLASMID PROCESSES
Plasmid DNA fermentation and cell 
lysis are complex processes that can be 
influenced by many different process 
parameters. Both plasmid titer and qual-
ity, including supercoiled plasmid con-
tent, can be directly affected, according 
to Santos. “Proper control of plasmid 
replication repression and induction is 
key to reach high volumetric and specific 
yields. In the fermentation process, this is 
achieved through utilization of appropri-
ate culture media, robust control of the 
bacteria growth rate, appropriate tempera-
ture set points, and the availability of oxy-
gen,” she says. For cell lysis, Santos stresses 
that it is crucial to recover as much mate-
rial from the E. coli biomass as possible 
without degrading the product. “A fine 
and well-balanced alkaline lysis approach 
is the preferred unit operation to meet 
this objective,” she observes.

There are several steps that can be 
taken to boost efficiency and produc-
tivity of pDNA fermentation and lysis 
processes. During cell-line development, 
reducing cell stress in general improves 
the quality and quantity of pDNA pro-
duced, according to Varadi. During 
fermentation, reduction of metabolic 
burden and the use of well-designed 
fed-batch profiles is highly beneficial, 
as lowering metabolic burdens leads to 
higher product yields.

Closer real-time monitoring of crit-
ical parameters during batches, such as 
online cell density measurements, and 
comparison of multiple production runs 
both play an important role in improving 
plasmid fermentation processes, according 
to Shankar. “Implementation of process 
analytical technology tools for various 
critical process (off-gassing) parameters 
in combination with at-line analysis of 
product parameters (plasmid content and 
homogeneity) helps to unravel hidden 
impacts of process variables,” he says.

One thing Varadi would like to 
see is the introduction by device sup-
pliers of more scale-down (e.g., lab-
scale) versions of their equipment. 

“Performing process development in an 
optimally scaled-down process makes 
the upstream process more reliable and 
robust when scaling up,” he contends.

SHIFT TO PLATFORM PLASMID 
FERMENTATION PROCESSES
The successful development of platform 
manufacturing processes for recombi-
nant proteins and monoclonal antibodies 
has created the desire to establish simi-
lar platform solutions for other biologic 
materials, including pDNA. 

“The aim is to find one process that 
would fit all, rather than optimizing 
each process for different plasmids. This 
would offer cost and timeline advantages, 
ultimately accelerating the delivery of 
treatments to patients,” Craig remarks. 
“Operating a robust plasmid production 
platform that facilitates the transition 
of programs from a pre-IND [inves-
tigational new drug application] stage 
towards the clinic and to market can lead 
to the delivery of the required product 
quantities with the expected purity pro-
files, thereby greatly accelerating develop-
ment timelines,” he adds.

That is not so easily done, however. 
“Development of platform processes are 
to a certain extent possible but there 
cannot be a magic bullet for every type 
of plasmid,” states Schmeer. “Individual 

Cover Story: Upstream Processing

Contin. on page 36



14     BioPharm International March 2023   www.biopharminternational.com

A
rt

ur
 W

no
ro

w
sk

i/
St

o
ck

.A
d

o
b

e.
co

m

High-titer Vector Producing Cells
Decreasing vein to vein time saves lives.

CHRIS SPIVEY

T herapeutic biologics are thriving, according to Zhou 
Jiang, director Cell Culture Services at Cytiva. “As 
we work to advance the next generation of therapeu-

tics, we must address these challenges to deliver the medi-
cines patients need. The increasing diversity introduces new  
challenges and mandates new solutions in upstream cell  
culture,” says Jiang.

Gary McAuslan, CEO aCGT Vector, outlines some central 
challenges, stating, “cell therapy manufacturing today is unso-
phisticated and in the main, extremely manual and people 
dependent, shocking from a microbiological contamination 
potential, and impossible to scale in a controlled manner from 
a mass uptake of precision medicines perspective. Batch fail-
ures, low viability, and time to patient exceeding the patient’s 
life expectancy are the stark realities of today’s pharmaceutical 
manufacturing response that attempts to bulk manufacture 
what are truly individual modern medicines at a scale of N=1.  
Kite-Gilead take fresh patient T-cells for Yescarta for good 
reason,” he says. McAuslan concludes, “The current default, 
for example, for the first CAR [chimeric antigen receptors]-T 
Kymriah from Novartis is to use frozen T-cells. Both of these 
therapies are manufactured and shipped back frozen, a num-
ber of weeks to an individual patient for administration inside 
a hospital center of excellence approved to do so. Being able to 
eliminate these complex logistics, and time especially (in the 

region of 27% of patients die waiting on their own CAR-T 
therapy), as a complementary manufacturing supply chain will 
increase access substantially.”

This need for speed comes in parallel, but case by case, when 
compared with the warp speed efforts during COVID-19 vac-
cine development and deployment programs. Jiang reflects 
on this phase, saying, “There is also the drive to produce the 
highest possible titers with the best product quality, which 
has led to efforts to produce more robust cell lines and media 
formulations suitable for a wide variety of cell lines and bio-
pharmaceutical molecules. Insights from the cell biology of 
CHO [Chinese hamster ovary] cells, and understanding of 
the relationships between specific metabolites and cell culture 
outputs such as titer and quality are highly valued and sought 
after for the realization of these goals.” This is why so much 
research, investment, and time has been focused on advanced 
therapy medicinal products (ATMPs) in the past few years.  

CLINICAL CHALLENGES
From a drug-development and clinical perspective, analytical 
characterization of material is important at every step, and 
making sure the critical quality attributes (CQA) stay within 
a threshold, within specifications and guidance, are chemistry, 
manufacturing, and controls (CMC) issues, which need to 
be tackled during the early manufacturing process develop-

Development
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ment. Vibha Jawa, head of Biotherapeutics 
Bioanalysis in Nonclinical Disposition 
and Bioanalysis (NDB) organization, at 
Bristol Myers Squibb, points to this saying, 
“further, we are always quantitating trans-
duction efficiency and target response ... 
titer quantitation helps us to visualize the 
transgene expressions in a much more reli-
able and specific manner whether we are 
looking to quantitate what that transgene 
expression is, or whether we are looking to 
characterize and optimize the amount of 
the vector we are going to administer. This 
is because a lot [of ] safety and toxicity 
challenges turn out to be proportional to 
the amount of the virus used, and the con-
tent of that virus from an empty versus full 
capsids perspective. The best case option 
for the patient is to have the highest does 
load presented via the least virus delivery 
method possible.” Sometimes poor results 
or failure here even precludes proceed-
ing with the originally intended ATMP 
plan. Sometimes caregivers revert to anti-
body drug conjugates or other well-under-
stood treatments, as the novel medicines 
are sometimes simply not the best choice 
option for that patient. 

The closer one gets to the situation 
in the clinic, the more these challenges 
stand out in stark relief. Jawa relates that 
groups have been struggling to get suffi-
cient well-characterized material for clin-
ical studies. “Even if you have plans to file 
an IND [investigational new drug appli-
cation], unless you have a good contract 
development and manufacturing organi-
zation (CDMO) ready with that kind of 
capacity waiting for you, you have to be 
able to synchronize with their timelines, 
because they are busy making someone 
else’s viral vector. So you have to put your-
self into that que,” she states, referencing 
the need to always be cognizant of many 
other people’s timelines. Jawa goes on to 
say, “because there are very few of them 
[CDMOs] that are good and reliable. 
And you really need material that is the 
least toxic in terms of residual or pro-
cess-derived contaminants, but is effective 
to get your transgene in, and is a good 
drug product within that viral vector.”

Another logistics and business chal-
lenge, according to Jawa, is which patient 
cohort one is working with. “It’s a highly 
competitive situation, especially if you 
are targeting diseases which affect large 
numbers of patients. For rare disease 
states, there is no such resource pressure, 
and the landscape is not as [potentially] 
crowded with competitors ahead of you 
making these vectors.”

SHARING KNOWLEDGE 
Near patient manufacturing small foot-
print systems combined with increased 
automation seem to be where much 
of the current progress has been made. 
Baley Reeves, interim director at the 
National Center for Therapeutics 
Manufacturing, points out that, espe-
cially for small footprint systems, “with 
scaled-down/scale-out operations, 
quality control and regulatory [issues] 
are more difficult hurdles to manage. 
Automation and inline analytics become 
even more critical pieces of the pro-
cess. This mainly impacts autologous 
cell therapies at the moment but could 
have future implications as personalized 
medicine takes off,” she suggests. 

Common issues to achieving high 
titer levels are manufacturing plasmids 
that contain difficult genetic payloads 
(e.g., gene-of-interest size, base compo-
sition, toxicity, use of selection markers). 
When pursuing large plasmid sizes to 
navigate those challenges, one is then 
often confronted by leaky promoters that 
lead to pre-mature protein expression 
upstream, losses during alkaline lysis 
or repeated sequences such as inverted 
terminal repeats (ITR) and polyA tails 
that are more prone to deletion and 
recombination events. Some successful 
ways to navigate these obstacles are to 
optimize and balance buffer volumes, 
be more precise in terms of buffer con-
tact times. By using more gentle mixing 
methods, one can reduce sheer impacts. 
And of course, it always helps to start 
with well-characterized pHelper and 
pREPCAP plasmids. Viral vector syn-
thesis network Helper plasmid (pHelper) 

activates expression of the rep/cap gene 
on the packaging plasmid (pPackag-
ing) and synthesis (k Cap_syn and k 
Rep_syn ) of viral protein (VP) and Rep 
protein (RepProtein). “Capsid proteins 
are assembled (k assembly) into empty 
capsids in the nucleus (EmptyCapNuc), 
and each capsid particle consists of 60 
protein subunits. With helper functions 
from the helper plasmid, the Rep pro-
tein replicates (k DNA_rep) viral DNA 
(vDNA) from the transgene vector  
plasmid (pVector)” (1).

A key to knowledge transfer may 
depend on reimbursement model mod-
ifications, and regulators embracing 
the idea of “equivalent centers,” lead-
ing to standardizing some equipment 
and protocols. aCGT Vector, for exam-
ple, has concentrated on “right-size 
pharma—standardized, automated, and 
closed-system technology and exper-
tise ... truly end-to-end services offering, 
that can increase access for innovators 
and patients alike. For example, Janssen 
with their CARTITUDE front-line 
defense for the most common blood 
cancer, multiple myeloma. Novartis also 
recently secured reimbursement by the 
National Health Service (NHS) in the 
United Kingdom for earlier treatment 
of their cancer treatment. In time as 
these precise targeted but individual 
treatments are demonstrated as a better 
use of healthcare budgets, the predic-
tions point to locally distributed centers 
complementing large centralized facili-
ties, where a patient can walk into their 
hospital, receive CAR-T treatment, and 
go home days later, with the hope of 
potentially surviving their own cancer.  
Excitingly, the rare disease landscape, 
where many of the 7000 untreatable 
diseases such as blood cancer, is chang-
ing and bringing hope to patients and 
their families,” says McAuslan.
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The Octet® Bio-Layer Interferometry platform for use with 
Octet® AAVX Biosensors is a rapid, label-free method for 
quicker and more efficient direct capture and quantitation 
of various AAV serotypes.

A deno-associated virus (AAV) is a widely used viral vector for the delivery of genetic material 
in gene therapy. Vector development and production at an industrial scale requires an 
efficient method for accurate quantification of viral capsids. Unfortunately, traditional 

techniques such as ELISA, HPLC, and ddPCR are time consuming and labor-intensive. 

Ivan Krylov, PhD, Sartorius, joined BioPharm International to discuss using the Octet® Bio-Layer 
Interferometry (BLI) platform for use with Octet® AAVX Biosensors as a rapid, label-free method for quicker 
and more efficient direct capture and quantitation of various AAV serotypes.

BIOPHARM INTERNATIONAL: Can you provide us with a brief overview of the current gene 
therapy market?
IVAN KRYLOV, PhD: Considerable advancement in gene editing and gene delivery technologies 
in recent years has led to a rapid development of viable therapeutics based on gene therapy 
strategies. To date, the FDA has approved nine gene therapy products for clinical use. In addition, 
there are currently more than 100 gene therapy drug candidates in clinical trials for a broad range 
of disorders, including cancers, hematological conditions, ocular diseases, neuromuscular disease, 
immunodeficiencies, and rare or inherited disorders. A significant percentage of these gene 
therapies are based on the use of the adeno-associated viral vector, one of the most promising 
vectors for gene delivery.

From a financial perspective, the global gene therapy market is valued at $2.9 billion US, with a 
projected compounded annual growth rate of approximately 20% for the next 8 years. 

Despite rapid growth of the gene therapy market, manufacturing of these therapeutics continues 
to be a challenge due to a complex production process. At Sartorius, our goal is to simplify and 
accelerate progress in life sciences and bioprocessing. One of the solutions we offer utilizes 
the Octet® BLI platform, which is designed to help with production of AAVs by simplifying the 
measurement of AAV capsid titer during bioprocessing.

BIOPHARM INTERNATIONAL: Can you tell us why AAV capsid titer is important for 
bioprocessing in gene therapy development? What are some of the technologies used to 
quantitate AAV capsid titer? 
IVAN KRYLOV, PhD: Adeno-associated viral vector is widely used for the delivery of genetic 
material in gene therapy, and AAV capsid titer is a critical quality attribute that must be monitored 
throughout process development and production of AAVs. The development and production of 
AAVs at an industrial scale requires efficient methods for accurate quantification of viral capsids. 

Rapid AAV Titer for Bioprocessing in 
Gene Therapy Using Octet® BLI Platform

Ivan Krylov, PhD
Product Manager
Sartorius

Traditional techniques such as ELISA, HPLC, and ddPCR that are used for 
AAV capsid titer measurement are time-consuming and labor intensive. 
For example, AAV titer measurement using ELISA requires six steps and can 
take anywhere from three to four hours to complete. ddPCR can take up to 
six hours. In contrast, using the Octet® BLI platform similar results can be 
achieved in just one step and in as little as 15 minutes.

BIOPHARM INTERNATIONAL: Describe what the Octet® BLI platform 
is. How does it work? 
IVAN KRYLOV, PhD: Octet® BLI technology enables real-time, label-free 
analysis for the determination of kinetics and affinity of biomolecular 
interactions as well as antibody titer measurement and protein 
quantitation. The platform includes instruments, biosensors, reagents, 
assay kits, and software for the detection and analysis of biomolecular 
interactions. It is used throughout biotherapeutic discovery, development, 
manufacturing, and quality control to simplify and streamline the 
measurement of process and product attributes.

Bio-layer interferometry, or BLI, is an optical technology that utilizes 
fiber-optic–based biosensors that are coated with different chemistries 
for ligand immobilization. The system monitors bio-layer thickness shift 
over time. A binding response is measured as a function of increasing 
biomolecular density on the biosensor surface. Only molecules binding to 
or dissociating from the biosensor cause a detectable signal. 

Measurements that ordinarily require high sample volumes, complex 
setup, or excessive time and labor can be run efficiently and with minimal 
effort on the Octet® BLI platform. To learn more about this technology 
and to watch an introductory video, please visit our website at 
www.sartorius.com/octet-bli.

BIOPHARM INTERNATIONAL: Sartorius recently launched a new Octet®

AAVX Biosensor. Can you provide a brief overview of the product?
IVAN KRYLOV, PhD: Sure. The new Octet® AAVX Biosensors provide 
a rapid, label-free, and high-throughput method for AAV capsid titer 
measurement. Theses biosensors are pre-immobilized with Thermo 
Fisher Scientific’s CaptureSelect Biotin Anti-AAVX Conjugate, which binds 
with high affinity and specificity to various native and recombinant AAV 
serotypes, including AAV1 to AAV9 and AAVrh10. 

Due to its high specificity, the biosensor can be used to quantitate AAV 
capsids in both purified and crude cell culture samples with titers in the 
range of 8.5E8 – 1.0E13 vp/mL for most serotypes.

BIOPHARM INTERNATIONAL: Expand on the features of the new 
Octet® AAVX Biosensor. What benefits does it provide for AAV 
titer measurement compared to other current technologies on the 
market? If possible, can you share an example of how it is used?
IVAN KRYLOV, PhD: ELISA has traditionally been used to measure AAV 
viral capsid numbers, and is often considered the method of choice for AAV 
titer measurement. Octet® AAVX assays provide a viable solution to some 
of the limitations associated with ELISA, such as the thin data sets provided 
by end-point assays, as well as the considerable time and effort to perform 
tasks. The Octet® BLI system design allows for rapid assay setup and 
analysis. Another key benefit is that data analysis is displayed in real time, 
providing the ability to monitor and optimize every assay step.

I’ll highlight data provided by one of our biopharma customers as an 
example. They tested different AAV serotypes from samples at various 
steps in the AAV bioprocess workflow. AAV5 titers in the range of 6.73E9 
to 9.59E13 from various downstream process intermediates were tested. 
Samples with unknown titer were simply aliquoted into a 96-well sample 
plate followed by a one-step dip of the Octet® AAVX biosensors. Binding 
response data was analyzed against serotype-specific standard reference 
samples. A good correlation between the Octet® AAVX assay and ELISA 
was observed. In the study, concentrated and clarified lysate samples 
showed a higher percentage of CV varying between 4% and 20%, 
suggesting further sample preparation/dilution might be required.

Octet® BLI systems in combination with the Octet® AAVX Biosensors offer 
a rapid, label-free, and high-throughput method for quantification of 
AAV capsids, delivering results for 96 samples in as little as 15 minutes. In 
addition, the technology can be used to quantitate AAV capsids in both 
crude and purified samples.

BIOPHARM INTERNATIONAL: Are there other applications in the 
AAV and gene therapy space that that Sartorius is looking at, for 
which you think could be simplified using the Octet® BLI platform in 
the future?
IVAN KRYLOV, PhD: At Sartorius, we are committed to providing 
customers with solutions that simplify progress. This encompasses 
a continual improvement process involving voice of the customer to 
collect information on needs, wants, and market changes. We use this 
information to continue to enhance the capabilities of our existing 
portfolio, as well as for the development of new solutions. Gene therapy 
is a growing and evolving market, and I’m confident that our portfolio will 
evolve and keep pace with customer needs and market trends.

Learn more about Sartorius and the Octet® BLI platform at www.sartorius.com/octet-bli.

https://www.sartorius.com/en
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I’ll highlight data provided by one of our biopharma customers as an 
example. They tested different AAV serotypes from samples at various 
steps in the AAV bioprocess workflow. AAV5 titers in the range of 6.73E9 
to 9.59E13 from various downstream process intermediates were tested. 
Samples with unknown titer were simply aliquoted into a 96-well sample 
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response data was analyzed against serotype-specific standard reference 
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Tactics and Strategies for Designing  
an Ideal Lentiviral Vector Platform

There is growing pressure for robust and economically 
scalable viral-vector manufacturing technologies.

BOJIAO YIN, MERCEDES SEGURA GALLY, JIMMY XIN, AND JAMES FASANO

B iopharma drug developers are increasingly realiz-
ing the potential of cell and gene therapies (CGTs) 
using viral vectors as gene delivery vehicles. Rapid 

growth in cell-based immuno-oncology pipelines and early  
development efforts with in-vivo lentiviral vector (LVV)-
based therapies are fueling CGT growth. As a result,  
there is increasing pressure for robust, scalable, and cost-ef-
fective good manufacturing practice (GMP) viral vector 
manufacturing platforms.

In exploring the tactics and strategies needed to develop 
a robust manufacturing platform designed to address these 
growing needs, new manufacturing platforms are being 
developed. The developed platforms aim to overcome the 
numerous limitations associated with traditional serum-de-
pendent and adherent-based LVV production processes 
while offering scalability. The necessity of accelerating pro-
duction timelines and allowing ease of transition from 
product development (PD) to GMP manufacturing must be 
kept in mind throughout the process development stage to 
support production of high-quality LVVs in a cost-effective 
and time-efficient manner.

VIRAL VECTORS IN CGTs PROGRESS
In the past 20 years, innovations in molecular biology and 
genetic engineering techniques have greatly advanced CGTs. 
As drug developers have increasingly realized the potential 
of these revolutionary therapeutics, CGTs have become one 
of the fastest-growing areas of therapeutics in the biopharma 
industry. Once reserved for rare and orphan diseases, CGTs in 
the development pipeline now target a broad range of thera-
peutic areas, from various cancers and metabolic diseases to 
sensory issues (1). The success of these therapies is reflected 
in the size of the global CGT market, which is anticipated to 
reach $42.56 billion by 2030, growing at a compound annual 
growth rate of 39.42% in the 2022–2030 forecast period (2). 

The majority of approved CGTs rely on viral vectors to 
deliver genetic material to patient cells, helping to over-
come genetic abnormalities resulting in disease (1). LVVs 
possess characteristics that lend themselves well to this task, 
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offering the ability to integrate genes 
into the genome of the target cell for 
long-term expression. In fact, the most 
common technology used in the genet-
ically modified cell therapy pipeline 
currently—chimeric antigen recep-
tor (CAR) T therapy (2)—typically 
relies on LVVs or retroviral vectors to 
introduce CAR genes to patient T cells  
ex vivo. Once the T cells are reintro-
duced to the patient, the CAR enables 
specific and targeted destruction of 
cancer cells by the immune system. 

Innovative research has continued to 
expand the capabilities of LVVs, with 
the CGT development pipeline seeing 
the potential for in-vivo LVV therapies, 
which could offer a more cost-effective 
treatment option for a larger patient 
population. However, this application of 
LVVs requires significantly more effort 
to establish a process for delivering vec-
tors with high-yield, high-quality, and 
in larger amounts. 

Unique challenges 
There is great potential for LVV thera-
peutics to treat a wide array of diseases 
and to significantly improve the lives of 
patients. However, as LVV drug modal-
ities evolve, new and possibly unfamiliar 
challenges can arise. Developers and 
manufacturers taking on the challenge 
of LVV production must establish pro-
cesses that consider the rising demands 
for higher purity and stability. 

Purity
Administration of in-vivo viral vec-
tor CGTs via direct infusion is typ-
ically associated with product safety 
profile requirements that differ from 
ex-vivo therapies. Following ex-vivo 
LVV transduction, patients’ cells will 
undergo further processing and cryo-
preservation to prepare and store the 
cells prior to intravenous infusion. As 
a result, if impurities such as resid-
ual host cell DNA, host cell proteins 
(HCPs), and residual plasmids are 
present in the LVV product following 
fill/finish, they are less likely to have 

a detrimental impact on patient safety 
than if directly administered. 

Developers must therefore optimize 
downstream processes in LVV manu-
facturing with purity in mind, ensuring 
that residuals and impurities that could 
put patient safety at risk are absent 
from the final product. 

Stability
Compared to other viral vectors such as 
adeno-associated virus (AAV), LVVs 
are typically more fragile, being sensi-
tive to a variety of chemical and phys-
ical conditions, such as temperature, 
pH, conductivity, and centrifugal force. 
Outside of optimal conditions, LVV 
efficacy, stability, and yield can be heav-
ily impacted. Throughout LVV pro-
duction, vector loss often occurs during 
filtration or processes where there is a 
risk of high shear force. Freezer storage 
throughout production is not an option 
due to the sensitivity of LVV, meaning 
harvest-to-fill/finish must typically be 
accomplished without intermission. 

LV V  p r o d u c t i o n  p r o c e s s e s , 
whether for ex-vivo or in-vivo ther-
apies, therefore, need to be carefully 
developed to minimize yield loss and 
maintain stability. 

DEVELOPING A  
ROBUST LVV PLATFORM 
As LVV-based therapies become more 
complex, developers and manufactur-
ers must consider how production pro-
cesses will ensure safety and purity, as 
well as the need to maintain stability. To 
meet the anticipated rising demand for 
LVV therapies, these processes will also 
need to offer several other key features, 
including scalability, increased produc-
tivity, accelerated timelines, and more 
cost-effective manufacturing.

Rather than relying on traditional 
LVV production processes based on 
serum-dependent and adherent cul-
ture-based platforms, meeting grow-
ing demand will likely require CGT 
developers and manufacturers to look to 
alternative options. A platform process 

for scalable LVV manufacturing based 
on transient transfection of serum-free 
suspension growing cells can be an 
effective solution to the rising demand 
for viral vector therapies. 

Suspension cell culture
The use of mammalian cell lines such 
as human embryonic kidney 293 
(HEK293) cells adapted to grow as 
suspension cell cultures generally offer 
greater scalability compared to produc-
tion in adherent cell lines. The tradi-
tional 2D culture vessels used to grow 
adherent cell cultures during upstream 
processing (USP) in LVV manufactur-
ing require extensive manual handling 
and operation. Being labor-intensive, 
the use of these culture vessels for 
adherent HEK293 cell line growth 
increases product cost per dose while 
also making scaling more challenging. 
Increasing batch volume will typically 
require “scaling-out” in an adherent 
process, necessitating the accumulation 
of vessels that can require significant 
amounts of space and labor hours. 

On the other hand, suspension cell 
cultures are associated with minimal 
manual handling and more linear scal-
able processes within bioreactors. The 
ability to easily scale up USP with sus-
pension enables LVV manufacturers to 
simplify development towards a com-
mercial-ready process. 

Serum-free media
Traditionally, LVV production in cells 
requires serum-containing media—for 
example, media for LVV manufac-
turing using HEK293 cell lines will 
include fetal bovine albumin (FBS) 
to facilitate cell growth. Because this 
product is animal-derived, however, 
there are safety concerns around its 
use, with the potential for the intro-
duction of prion proteins and subse-
quent risk of encephalopathies if not 
irradiated. Batch-to-batch variation 
can also be an issue due to FBS’ ani-
mal origin, making its composition 
difficult to control. 
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Alternatively, LVV developers should consider designing 
production platforms using chemically defined, serum-free 
media to minimize these safety and variation risks. 

PLATFORM DEVELOPMENT TACTICS
As well as incorporating serum-free media and suspension cell 
cultures into USP during LVV manufacturing, drug devel-
opers will need to consider how all processes in the platform 
could be optimized with scalability, productivity, safety, purity, 
stability, and speed in mind. A successful LVV manufacturing 
platform will consider not only the needs of different potential 
LVV products and construct designs but also the flexibility 
to be easily adapted for use in various CGT applications, 
whether in vivo or ex vivo, encoding CAR or other constructs. 
All of these factors must be taken into account to build a 
robust, scalable, and GMP-compatible manufacturing plat-
form capable of supporting a variety of projects. 

Process optimization considerations
Optimizing critical steps in USP will encompass yield maxi-
mization at harvest. For downstream processing (DSP), pro-
cesses should be optimized for the removal of residuals and 
impurities to minimize vector loss. 

Selecting production parameters and optimizing for 
robustness and scalability will rely on the appropriate 
design-of-experiment (DoE) studies. For example, DoE 
studies could be used to determine various upstream and 
downstream factors of operations. Additionally, scale-down 
models can be used to project upstream and downstream 
scaling, allowing issues raised to be identified, investigated, 
and solved at an early stage. Steps requiring optimization 
can also be quickly pinpointed. 

It is key that both USP and DSP operations aim to 
preserve the critical quality attributes of the product. 
Ultimately, success will present as a product with high 
infectious titer (> 1E7 TU/mL), a low particle-to-infectious 
ratio (typically < 200 particles/TU), efficient transduction of 
target cells, and minimal HCP, host cell DNA, and plasmid 
DNA impurity content.

Further accelerating timelines
There is potential for many bottlenecks throughout 
LVV manufacturing that can cause delays and lengthen 
timelines. Product release and associated release testing 
for tech transfer are common causes of bottleneck sit-
uations. By having the supporting analytics to accom-
modate release testing requirements, as well as analysis 
needed throughout PD, the platform can be streamlined 
to prevent delays. Bottlenecks during tech transfer can 
be further minimized by ensuring that all equipment 
and consumables align with GMP standards, including  
single-use technologies. 

LOOKING TO THE FUTURE
As the capabilities of LVVs expand and increasingly 
challenging LVV-based therapeutics enter the develop-
ment pipeline, manufacturers will need to continue to 
consider how best to support a myriad of diverse proj-
ects. Achieving this will rely on the development of a 
robust LVV manufacturing platform, optimized with the 
purity, safety, and stability of these products in mind. For 
these LVV-based products to attain commercial success, 
the platform must also offer scalability and accelerated 
timelines, while being cost-effective. By working with 
experienced strategic partners that provide end-to-end 
solutions, drug sponsors can be assured the unique needs 
of their LVV project will be met.
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Automated Inspection of Pre-filled 
Syringes and Biologics During Fill/Finish

Shifts in pharmaceutical packaging have spurred tremendous 
growth in the pre-filled syringe fill/finish industry. 

TYLER HARRIS

T he pre-filled syringe industry is rapidly expanding, with 
a projected compound annual growth rate (CAGR) 
of 13.9% between 2021 and 2028 (1). Fill/finish is an 

intricate process requiring many steps in its procedure, from 
filling and stoppering to labeling and secondary packaging. 
Often, this intricate process is automated and includes various 
inspection methods. Commonly, container closure integrity 
(CCI) testing is left out of the automated process and is either 
conducted manually with outdated, probabilistic methods or 
not conducted at all, increasing risk of error. 

In any manufacturing process, there is risk. Equipment 
issues and human error are unavoidable at times. In pharma-
ceutical production, this error equates to potential safety issues 
for the patient. Quantitative and deterministic CCI test meth-
ods aim to find these errors before reaching the patient, and 
further mitigate risks to patient safety.

Breaches in sterility come with many different defect pro-
files. Commonly, crack defects appear near the neck or heel 
of vials from impact or excessive crimping. Prefilled syringe 
defects form where the needle is fused to the glass or cracks 
in the barrel. Sterility breaches occur in the stopper/plunger 

area when molded poorly, or debris, such as a fiber, is present. 
These defects may allow bacteria and microbial ingress into 
the product, voiding sterility and increasing patient risk.

Biologics are typically high risk, costly, and created in small 
batches. Along with being parenteral-based products, biologics’ 
sensitive nature requires CCI to avoid recalls, product loss, 
and life-threatening patient risk. 

Proper CCI testing of biologics must be non-destructive, 
quantitative, deterministic, scalable, and capable of detecting 
defects per manufacturer risk assessment. Adhering to these 
requirements leaves few CCI testing methods. Vacuum decay 
and MicroCurrent high voltage leak detection (HVLD) are 
not only the most popular CCI methods, but two of the most 
effective scalable technologies.

Best utilized when testing small-molecule products, vacuum 
decay has cemented itself as a go-to method for CCI. Vacuum 
decay as a CCI testing method is recognized by ASTM F2338, 
USP 1207, and is an FDA consensus standard (2). Utilizing 
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a vacuum source, a vacuum is applied 
to a test chamber. Vacuum is then held 
within the test chamber for a period of 
time during the equalization stage, and 
then moves into a test stage where the 
loss of vacuum is measured by a trans-
ducer. Vacuum decay is not only suit-
able for lyophilized products with large 
amounts of headspace, but beneficial 
for liquid leaks as well. The difference 
in headspace versus liquid leaks is the 
amount of vacuum required to conduct 
the test, as well as the physical attributes 
of the product inside the package system. 
Headspace leaks are typically tested at 
500mbar of vacuum. This allows mea-
surement of the gas inside the pack-
age without evacuating the entirety of 
the volume during the evacuation stage. 
Liquid leak detection is conducted at 
high vacuum, less than 5mbar, where the 
goal is to vaporize liquid and measure 
the change in gas pressure. 

Although suitable with a large quan-
tity of applications and product types, 
vacuum decay struggles to detect micro-
leaks in packages containing large-mol-
ecule solutions. The issues with vacuum 
decay are not left unsolved with HVLD 
standing at the forefront of CCI meth-
ods for large-molecule products. 

MicroCurrent HVLD utilizes a 
high voltage and detection probe to 
scan the glass or polymer parenteral 
for potential breaches in sterility. The 
parenteral acting as a capacitor is rap-
idly spun, allowing the liquid product 
to coat the inside walls of the paren-
teral. Defects in the parenteral cause 
a large spike in voltage as liquid is 
detected. Unlike traditional HVLD, 
MicroCurrent HVLD utilizes less than 
50% voltage and produces nearly no 
ozone. These innovations combined 
with extremely low current electric-
ity prevent the breakdown of bio-
logic products. Given that defects 
are detected through a liquid path, 
large-molecule and viscous products 
are able to be tested.

Both previously mentioned test 
methods can be used as benchtop 

technologies or can be fully automated 
into production lines. Although scal-
able, deterministic, quantitative, and 
non-destructive, they each have their 
limitations. MicroCurrent HVLD 
requires the parenteral to be cylindrical, 
glass or plastic, and have a minimum of 
a 30% liquid fill. Vacuum decay is typ-
ically only suitable for small-molecule 
products and may have longer testing 
times than HVLD. Both of these tech-
nologies are capable of testing a variety 
of products despite their limitations 
which accents their scalable nature. 

These scalable technologies can be 
semi- or fully-automated for statis-
tical analysis or 100% inspection of 
pre-filled syringes or other parenterals. 
When conducting CCI testing, scal-
ability is a necessity. In-depth analysis 
and laboratory-based testing should 
match inline testing. Using the same 
validation ensures automated sys-
tems are working in a robust, repeat-
able, and reliable manner. Scalability 
can be broken down into three main  
categories: laboratory, semi-auto-
mated/automated statistical sampling, 
and 100% inline testing. The differ-
ence between these three methods of 
scalability is the frequency of testing. 
High-testing f requency ultimately 
reduces risk of not only recall, but 
potential patient harm. 

The European Union’s Annex 1’s 
2022 revision aims to increase testing 
frequency for products with high defect 
rates (3). The revision specifies all fusion 
sealed, small-volume parenterals must 
be subjected to 100% CCI testing with 
a deterministic method. The regulatory 
agency notes that visual inspection is 
not an approved deterministic inspection 
method. This new guidance has driven 
the need for automated and semi-auto-
mated inspection during times of high 
labor costs and labor shortages. 

Automated systems host a multitude 
of benefits, but greatest of all is their 
ability to increase testing frequency 
and limit human interaction.  Limiting 
human interaction assists in mitigat-
ing human error. As the technology 
advances, risk decreases, providing 
a higher quality product and a safer 
pharmaceutical industry. The industry 
cannot exceed its current state without 
keeping the science of quality in mind.
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The Drug Solutions podcast, made 
by BioPharm International®’s sister 
publication, Pharmaceutical Tech-
nology®, allows our editors to chat 
with industry experts from across 
the pharmaceutical and biopharma-
ceutical supply chain.

In this episode, editor Jill Murphy 
speaks with Normand Blais, 
senior director of development 
and innovation in biologics at 
BIOVECTRA, and Jessica Madigan, 
director of business development 
in biologics at BIOVECTRA,  about 

multiple topics under the vaccine 
umbrella. Blais and Madigan discuss 
the importance of advancements 
in the pipeline after COVID-19, 
challenges in the industry, and 
CDMOs differentiating themselves 
as vaccine leaders.

For more podcast episodes, 
please visit PharmTech.com. 

Drug Solutions Podcast: The Future of Vaccine Development
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The Marriage of RNA  
and Mass Spectrometry

Considerable efforts have been made over the years to resolve the 
key issues of stability and delivery of RNA-based therapeutics.

MARK ROGERS

F or several years after Crick (1) first described the 
genetic role of RNA, this molecular entity was per-
ceived simply as an “inert” carrier between DNA and 

protein. Today, however, this view has almost entirely changed, 
and RNA-based molecules have been implicated in a broad 
range of functions including the activation/deactivation of 
genes, the excision of genetic material, and the transport of 
intercellular components. Indeed, it is expected that in the 
coming years, further discoveries will uncover even greater 
biochemical significance to this molecular type.

Given the ubiquity and variety of roles associated with 
RNA, it was inevitable that it would become a focus for inves-
tigators involved in the development of therapeutics. As early 
as 1978, Zamecnik (2) described the therapeutic use of an 
RNA-based oligonucleotide to inhibit replication of the Rous 
sarcoma virus, and, today, there are approximately 16 FDA-
approved RNA therapies, 28 in clinical development, and 
many more expected in the near future (3).

Currently, RNA-based medicines can be segregated by their 
functionality and structure and include species, such as messen-
ger RNA (mRNA), antisense oligonucleotides (ASO), small 

interfering RNA (siRNA), and microRNA (miRNA). Other 
types of RNA include aptamers which are single-stranded 
and form higher-order structures, and more recently described, 
circular RNA (circRNA or oRNA), which appears to have 
multiple functions prior to and following the transcription 
process (4). Additionally, mature clustered, regularly interspaced, 
short palindromic repeats RNA (crRNA) and trans-activating 
CRISPR RNA (tracrRNA) constitute components of the 
recently developed CRISPR technology.

CHALLENGES TO DEVELOPMENT
While not unique, the use of RNA in therapeutic applications 
is generally incumbered by two key issues: stability and deliv-
ery. Over many years, considerable efforts have been directed at 
attempts to resolve both these issues, leading to some creative 
solutions which, in turn, has necessitated the application of 
a broad range of analytics. However, one technique, namely 
mass spectrometry (MS), is particularly notable for: its ability to  

Analytics

MARK ROGERS is global scientific director at SGS.
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provide analysis of all RNA types, regard-
less of size and modification; the fact that 
it can be used for qualitative as well as 
quantitate investigations; the technology’s 
ability to be applied in both research and 
quality control (QC); and its applicability 
in the area of delivery systems. 

Since the late 1970s, when both ther-
apeutic biopolymers and analytical MS 
began a decades-long connection, there 
have been some considerable advance-
ments in both therapeutic development 
and analytics. Most early biopolymer 
MS was applied to peptides and proteins, 
and, today, this technique has become 
arguably the single most important ana-
lytical tool in this field. Indeed, several 
laboratories within SGS, for example, 
were founded by one of the early inno-
vators, H.R. Morris, whose contribu-
tions included the first combination 
of high-field magnet technology with 
soft ionization (5) and some of the first 
protein-mapping studies (6). These lab-
oratories and others continue to encour-
age the adoption of such technological 
innovations, which have resulted in the 
application of advanced analytical ser-
vices in support of the most challenging 
biopolymer studies. 

ADAPTING ADVANCES IN MS 
Many of the advances made in pro-
tein MS have been adapted to make 
the technique appliable to the study of  
oligonucleotides, where attributes 
such as sequence, modification, and  
quantitation are critical.  

Initiated by McLuckey et al.’s report 
in 1992 (7), there has been increased 
attention given to the application of 
MS-based technologies in the analysis of 
RNA, including top-down methods that 
provide data from intact RNA species. 
In 2012, Taucher and Breuker (8) were 
amongst the first to report sequence cov-
erage of full-length transfer RNA (tRNA) 
using Fourier transform ion cycloctron 
resonance (FT-ICR), combining data 
from electron detachment dissociation 
(EDD) and collision-activated dissocia-
tion (CAD) experiments. However, while 

such MS-based studies continue to be 
explored, they remain constrained by sev-
eral somewhat related factors, such as the 
large molecular size, the inability to distin-
guish different species with the same mass, 
the high degree of purity required, and the 
limited availability of software to support 
top-down RNA analysis.

Perhaps to a lesser extent, these lim-
itations also apply to top-down pro-
tein studies, although in this field these 
constraints have largely been overcome 
by mapping techniques. This approach 
involves controlled and specific diges-
tion of the protein to yield a peptide 
mixture that can then be analyzed by 
a variety of MS-related methodologies, 
the most familiar being liquid chroma-
tography–mass spectrometry (LC–MS). 
It was inevitable that such an approach 
would evolve in the RNA field, and 
this has now been successfully applied 
to species such as the mRNA coding 
for the SARS-Cov-2 spike protein (9). 
Such methods rely on digestion (par-
tial and complete) with RNAses such 
as T1, RNAse A, and MazF prior to 
analysis of the products by LC–MS/
MS. This is a very effective strategy 
because it can be automated with the 
use of immobilized enzymes (9), pro-
vides sequence confirmation as well as 
the ability to conduct de novo inves-
tigations, is able to identify and locate 
post-transcriptional and process modi-
fications, can be used qualitatively and 
quantitatively, and may be applied to 
bioanalytical applications. 

In contrast to polymerase chain reac-
tion (PCR) methodologies, MS has the 
ability to detect and locate the more than 
150 post-transcriptional RNA modifi-
cations that have been described to date. 
Importantly, MS is also able to identify 
the presence of unexpected nucleotide 
alterations. For many years, mass spectros-
copists have taken advantage of the meth-
od’s ability to detect stable isotopic forms 
of elements such as hydrogen, nitrogen, 
carbon, oxygen, and sulfur. Nucleic acid 
isotope labeling combined with MS 
(NAIL–MS) has been used in a variety 

of applications to study the dynamics of 
RNA modification (10). 

Some reports have addressed the use 
of MS for the investigation of dimer for-
mation and higher-order structures, but 
here great care should be taken in data 
interpretation and extrapolation given 
the tendency for non-covalent molecular 
association within the mass spectrometer 
and the fundamental differences between 
the solution-phase environment and the 
environment within the mass spectromet-
ric process. Ion-mobility MS has been 
used to investigate the gas-phase struc-
tures of nucleic acids such as duplexes, 
triplexes, and quadruplexes to try to 
determine if these structures are indeed 
similar to the structures in solution (11). 
Today, the use of MS for the analysis of 
RNA-based therapeutics has become 
widespread due largely to the technique’s 
agnostic ability to manage a wide diversity 
of molecular structures. From the devel-
opment of Macugen (pegaptanib sodium) 
in the early 2000s, laboratories such as 
SGS and others have been highly active in 
analytical support for nucleic acid-based 
therapeutics, including today’s complex, 
multi-faceted structures. 

Issues of stability, delivery, and 
binding have resulted in the develop-
ment of RNA therapeutics that often 
involve significant modification(s) to 
the basic oligoribonucleic acid structure.  
Figure 1 provides several examples 
of these modified RNA structures. 
Changes to the phosphodiester link-
age have included replacement of the 
free oxygen with sulfur (producing the 
more stable phosphorothioate linkage) 
and substitution with amide and bor-
onophosphate linkages (12). Similarly, 
multiple, diverse structural alterations 
to both sugar and base moieties have 
been described, including methyla-
tion, methoxyethylation, fluorination, 
and cyclization of the 2’ sugar hydroxyl, 
resulting in so called “locked nucleic acid” 
(LNA) (10). Often, several of these mod-
ifications may be incorporated within 
the same therapeutic. In addition, link-
ing of these RNA-based therapeutics 
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with a wide range of conjugates has 
been exploited as a means to signifi-
cantly enhance and direct their delivery 
and greatly improve their effectiveness. 
A notable example of such modifica-
tion is the conjugation of siRNAs with 
N-acetylgalactosamine providing specific 
binding to asialolycoprotien receptors in 
hepatocytes. This structural concept has 
led to the successful development of 
the drug, givosiran, which treats hepatic 
porphyria by silencing the expression 
of aminolevulinate synthase 1 mRNA 
in the liver (13). Many other conju-
gates have been described such as lipids, 

peptides, antibodies (complete or frag-
ments), vitamins, and a range of other 
molecular classes (14). 

Currently, the most widely used 
hyphenated analytical technique is LC–
MS. Multiple separation methodologies 
have been reported including ion-pair 
reversed-phase chromatography, hydro-
philic interaction liquid chromatogra-
phy, ion-exchange chromatography, and 
size exclusion chromatography. A report 
by Santos and Brodbelt (15) provides a 
comprehensive review of these and other 
related techniques as applied to nucleic 
acids. Two-dimensional LC has also been 

described as a means to overcome incom-
patibility between mobile-phase com-
position and MS detection (16), while 
3D-LC–MS—incorporating in-line 
digestion and hydrophilic interaction 
liquid chromatography (HILIC) separa-
tions—has been used for the sequencing 
of CRISPR-guide RNAs (17).

The majority of mass spectrometric 
applications involving nucleic acids have 
utilized either laser desorption (matrix or 
surface assisted) or electrospray ionization 
(ESI) techniques. Both are considered 
“soft,” thereby reducing in-source frag-
mentation of these large biomolecules 
and providing a relatively high ion current 
for the intact molecular species. Almost 
all analyzer types have been employed, 
including magnetic sector, time of flight, 
quadrupole, ion trap, and combinations of 
each. Today, a technology that has gained 
considerable acceptance both for quanti-
tative and qualitative investigations is the 
so-called Orbitrap that was introduced 
commercially in 2005 and is shown in 
Figure 2. Combining ion trap and/or 
quadrupole mass filters, orbitrap-based 
mass spectrometers provide high sensitiv-
ity with high resolution, the latter feature 
rising in importance as the complexity 
and heterogeneity of materials under 
examination become more acute. The 
implementation of multiple fragmen-
tation functions (e.g., collision-induced 
dissociation, higher energy collisional 
dissociation, electron-transfer dissocia-
tion, ultraviolet photodissociation) on the 
orbitrap-based mass spectrometers also 
enables researchers to tackle a wide range 
of challenging applications. 

CONCLUSION
The use of MS in the study of oligo-
nucleotides has become almost as sig-
nificant as applications in the peptide/
protein area despite the historical impact 
of techniques such as PCR. It is highly 
likely that novel RNA structures are 
yet to be discovered, leading to greater 
understanding of the function and 
role of this molecular type and poten-
tially the development of more effective  
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Figure 1. Examples of modified RNA structures.
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therapeutic agents. As with protein chem-
istry, higher-order structure governs the 
function of many RNA species. It is likely 
that MS will play an important role in 
defining these large RNA structures that 
currently remain unresolved (18). Mass 
spectrometric techniques are just begin-
ning to provide insights in some critical 
therapeutic areas where, for example, the 
quantitative identification of RNA modi-
fications (genetic and epigenic) appears to 
provide a source of potential biomarkers 
and treatment monitoring in areas such 
as oncology (19). MS has also become 
important in the development and under-
standing of therapeutic products them-
selves as illustrated by the work of Packer 
et al. (20), who used LC–MS/MS to 
study mRNA modifications as a result of 
reaction with certain lipids used in lipid 
nanoparticle-vector vaccines.

There is little doubt that the past 
decade has seen significant advances in 
the understanding of ribonucleic acid 
functionality leading to the develop-
ment of some novel and highly effec-
tive therapeutics. The growing need for 
sophisticated analytics to support both 
the investigative and routine analytical 
requirements of these complex thera-
peutics is, in large part, being met by 
the progression of mass spectrometric 
technologies. It is certain that MS will 
continue to maintain this close “mar-
riage” with RNA becuase many aspects 
of this nucleic acid’s biochemistry are 
yet to be uncovered.
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Figure 2. SGS uses liquid chromatography tandem mass spectrometry 
(LCMSMS) Orbitrap technology to solve complex analytical problems.
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The Logistics of Outsourcing Biologics
The trends shaping the growth of the biologics 

outsourcing industry demand attention.
GRANT PLAYTER

B io/pharmaceutical companies operate in an industry 
known for its rigorous, exacting standards; compa-
nies place significant, implicit trust in any outside 

party they involve in their supply chain. Consequently, one 
could be forgiven for thinking that outsourcing materials 
for biologics production, which by design are much more 
complex than their small-molecule counterparts, would be 
infrequent because of concerns regarding quality control.

However, biologics outsourcing is a major industry that 
is, in concert with the rising demand for biologics through-
out the industry, poised for rapid growth. A market report  
from IQ4I Research & Consultancy forecasted that this 
niche is expected to grow at a double-digit compound 
annual growth rate from 2022 to 2030. Additionally, the 
authors anticipated the industry reaching a $106.7 billion 
valuation by 2030 (1). 

Outside of the growing demand for biologics, one can 
point to various reasons for this rise. For one, building a 
new biopharmaceutical manufacturing facility takes, on 
average, 5–10 years before it is operational, and can cost up 
to $2 billion (2). For small-to-mid-sized organizations, this 
cost is already an untenable expense, especially for products 
that are still in early-to-mid development phases. That 
said, even companies who have their own manufacturing 

facilities tend to dabble in outsourcing, as it allows them 
to leverage a contract manufacturing and development  
organization’s (CDMO’s) existing knowledge and expe-
rience with biologics production—for many companies, 
this is uncharted waters. In this vein, outsourcing can  
ultimately smooth out production irregularities and 
reduce time-to-market.

This begs the question: what is the state of this emer-
gent industry? BioPharm International® spoke with Kasper 
Møller, chief technical officer at AGC Biologics, a CDMO 
specializing in protein-based biologics and advanced thera-
pies, to outline the keys to a successful outsourcing platform, 
explore ongoing trends in biologics outsourcing, and much 
more on the topic.

THE IMPORTANCE OF FLEXIBILITY
When speaking with Møller, the core mantra that he 
repeatedly stressed was that biologics CDMOs need to be 
flexible. Because outsourcing companies are working with 
various companies on wildly different biologics requiring 
often disparate approaches—for instance, the needs of 
mammalian-derived therapeutics are different than those 
of microbial-derived proteins—versatility must be built into 
the framework of one’s solutions.

Outsourcing
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How can organizations determine when to outsource 
vs. insource? What factors can (or should) be consid-
ered? The right outsourcing strategy has the poten-
tial to limit unnecessary costs, maintain output and  
turnaround times, and enable continued flexibility.

In part two of this outsourcing series, Meg Rivers and 
Jeff Henderson, key account manager of Vetter, discuss 
various topics concerning the current and future state of 
the outsourcing industry, including:

• What the biopharma industry currently tends to 
outsource

• Outsourcing strategies the biopharma industry 
should be utilizing

• Internal tasks the biopharma industry should 
consider outsourcing more in development and 
manufacturing

• What the biopharma industry should reconsider 
outsourcing and instead perform in-house

• What organizations are choosing not to outsource 
and why.

About the Drug Solutions Podcast
BioPharm International®’s sister publication Pharmaceutical 
Technology® presents the Drug Solutions podcast, where 
the editors chat with industry experts who share their in-
sights into your biggest questions—from the technologies, 
to strategies, to regulations related to the development 
and manufacture of drug products. 

For more podcast episodes, visit PharmTech.com!

Drug Solutions Podcast: Outsourcing vs. Insourcing in Biopharma  (Part 2)

“Flexibility is key to adding value to 
each project and within each modality, 
facility, and manufacturing line,” said 
Møller. “Longer-term planning for proj-
ects can help address [this problem], but 
potentially more important is the use 
of flexible technology systems. With 
single-use technology and materials, it 
is possible to change the configuration 
of a manufacturing line, exchange or  
add unit operations, and cover various 
scales of operation.”

In Møller’s case, AGC Biologics devel-
oped “the 6-Pack single-use manufactur-
ing concept,” which helps vary batch sizes 
within the same manufacturing line. This 
is achieved through combining harvests 
of parallel 2000-L single-use bioreactors, 
allowing the company to run anywhere 
from 2000-L–12,000-L batches at a 
time. Varied batch sizes allow customers 
to scale at their own pace, providing more 
time to evaluate product demand. 

Møller also noted that this flexibil-
ity should also extend manufacturing 
agreements. For instance, in cases where 
high capacity is needed but the timing is 
uncertain, customizing a deal to provide a 
fully dedicated line, a partially dedicated 
line, or a line based off of a “rolling fore-
cast” where products can be exchanged 

and manufacturing slots moved via a 
forecasting mechanism (Møller likened 
the last one to commercial manufactur-
ing), can be helpful for fulfilling customer 
expectations while maintaining peak 
operational efficiency.

HOW DEMANDS  
SHAPE BUSINESSES
While biologics come in many forms—
vaccines, recombinant proteins, gene ther-
apies, etc.—Møller emphatically stated 
that he believes protein therapeutics will 
continue to be the top dog for years to 
come. Monoclonal antibodies (mAbs) in 
particular, he stressed, are something that 
AGC is focused on supporting, which 
the company facilitated by expand-
ing its existing facilities in Copenhagen, 
Denmark in 2021 (3). According to 
Møller, this investment doubled their 
mammalian single-use system capacity 
at the site, adding a new manufacturing 
line with eight 2000-L single-use bio-
reactors for mammalian protein proj-
ects, a new 500-L perfusion bioreactor, 
and two downstream purification lines. 
Similarly, the company acquired a com-
mercial-grade large-scale 20,000-L mam-
malian protein manufacturing facility in 
Boulder, Colo., in 2020 (4).

However, while mAbs are the king 
of the hill, they are not without com-
petition. A key area of growth that  
Møller identified was cell and gene ther-
apies, particularly in North America. 
In 2022 alone, FDA approved five 
novel cell and gene therapies, includ-
ing Zyntelgo (betibeglogene auto-
temcel), Hemgenix (etranacogene 
dezaparvovec), Skysona (lisocabtagene 
maraleucel), Adstiladrin (nadofaragene 
firadenovec), and Carvykti (ciltacabtagene  
autoleucel); these 2022 approvals com-
prise roughly one-fifth of the total  
number of FDA-approved cell and gene 
therapies to date (5). 

Møller’s observations are mirrored 
by many others in the industry: in 
BioPharm’s annual survey of bio/pharma 
workers, approximately half of them felt 
the biggest opportunity in the entire 
industry lay in cell and gene therapies 
(6). As companies race to compete in 
this rapidly growing niche, biolog-
ics-oriented CDMOs such as AGC 
will move to accommodate them. In 
the case of AGC, one such decision the 
company made was the acquisition of a 

Outsourcing
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V iral contamination is an 
inherent risk during the 
manufacture of biophar-

maceutical products. Whether 
introduced from raw materials or 
during manufacturing operations, 
unmitigated viral contamination 
has led to serious health impli-
cations and plant shutdowns. 
Moreover, Type C Retrovirus 
Like Particles (RVLP) are endog-
enously produced during CHO 
cell expression1.  As such, regula-
tory agencies require proof that 
downstream process steps can 
effectively remove or inactive 
retrovirus.  Historically, this has 
been demonstrated through the 
use of a model mammalian virus, 
Xenotropic Murine Leukemia 
Virus (XMuLV).  This is accom-
plished by conducting live viral 
clearance “spiking” studies which 
require specialized contract 
research organizations (CRO’s) 
and trained personnel resulting in 
high costs and complex logistics.  
These hurdles deter companies 
from analyzing viral clearance 
during the years of small-scale 
process development. Instead, 
companies spend considerable 
resources optimizing manufac-
turing processes before gaining 
any knowledge of their viral 
clearance efficacy.  Unfortunately, 
this increases the risk of valida-
tion failure, forcing companies to 
invest additional time and money 
redeveloping process steps, which 
in turn, could postpone regula-
tory approvals and delay patients’ 
timely access to therapies.  

In September of 2022, the 
FDA (as part of the ICH) 
approved a draft revision to Q5A 
which provides guidance to the 
biotechnology industry on viral 
safety and evaluation2.  This 
document stated that “For CHO 
cell-derived products, CHO-
derived endogenous virus parti-
cles [RVLP] can also be used for 
viral clearance experiments.” In 
response, Cygnus Technologies 

has developed a novel MockV® 
RLVP approach to enable the 
utility of RVLP for downstream 
spiking applications. Packaged 
as a complete, ready-to-use 
solution, these CHO-derived, 
non-infectious RVLP provide a 
BSL-1 compatible spiking agent 
for viral clearance testing.  The 
MockV RVLP approach over-
comes the barriers imposed by 
live XMuLV studies as RVLP 
can be safely handled on the 
benchtop to predict the out-
comes of CRO-led spiking stud-
ies (Table I).  This technology 
allows the incorporation of viral 
clearance into QbD, DOE and 
HTS approaches. 

Predicting Retroviral Particle 
Clearance with MockV® 
Retrovirus-like Particles 

David Cetlin,
is Senior Director, 
MockV Products, at 
Cygnus Technologies 
& can be contacted at 
david.cetlin@cygnus 
technologies.com.

Alla Zilberman,  
is Vice President, 
Technical Marketing at 
Cygnus Technologies 
& can be contacted at 
alla@cygnus 
technologies.com
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Thought Leadership
from Marketers/
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Figure 1. TEM Image of RVLP Particles

pH Test point Particle Zeta Potential (mV)

8.6
RVLP

XMuLV

-19.91

-16.25Separation Technique RVLP LRV XMuLV LRV

Protein A Chromatography 1.70 2.25

Cation Exchange Chromatography 3.57 3.94

Anion Exchange Chromatography 
(centerpoint condition) ≥ 4.35 ND

Anion Exchange Chromatography 
(high salt condition) 1.31 ND

Virus Filtration ≥ 4.41 ≥ 5.30

Mixed Mode Chromatography ≥ 4.42 ≥ 6.65
 
Summary includes data from several different RVLP Kit beta testers.  RVLP data compared to  
historical CRO-derived XMuLV data.

Table I. RVLP vs. XMuLV Comparison Summary1
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Why delay until late phase 
clinical manufacturing before 
testing if your downstream purifi-
cation process steps provide suffi-
cient viral clearance? Instead, you 
can now gain actionable insights 
early in process development. 
Instead of relying solely on a 
CRO-provided model retrovirus 
(XMuLV), process development 

groups can now independently 
spike and assess the removal of 
the original retrovirus particle of 
regulatory concern1.

RVLP PARTICLES 
Non-infectious RVLP were 
produced during CHO cell cul-
tivation and purified via mul-
tiple modes of chromatography 

before being concentrated to a 
final stock solution of 1 x 1010 
particles/mL (Figure 1).

RVLP AND XMULV 
CHARACTERISTIC 
COMPARISON 
RVLP diameter and net-surface 
charge were assessed along-
side XMuLV (produced by 
Texcell, N.A.) via Dynamic 
Light Scattering (DLS) and Zeta 
Potential. The DLS results dem-
onstrated that RVLP, are mono-
disperse and exhibit an average 
diameter of 193 nm while XMuLV 

Figure 2. DLS Size Comparison.

Eff. Diam.
(nm)

Sample ID Polydispersity Sample ID Eff. Diam.
(nm) Polydispersity

Mean:

RVLP- 1
RVLP- 2
RVLP- 3

194
193
193
193

0.10
0.09
0.09
0.09

XMuLV - 1
XMuLV - 2
XMuLV - 3
Mean:

243
242
242
242

0.12
0.10
0.11
0.11

RVLP XMuLV

pH Test point Particle Zeta Potential (mV)

8.6
RVLP -19.91

XMuLV -16.25

Table II. Net Surface Charge
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are also monodisperse but exhibit a 
slightly larger diameter.

Zeta Potential results indicated 
that the surface charge of each par-
ticle were slightly acidic.

RVLP RT-QPCR 
To analyze the concentration 
of noninfectious RVLP in 
samples, an RT-qPCR method 
modified from De Wit, 20003 
was employed.  In short, sam-
ples were added to a 96 deep-
well plate and were treated 
with Endonuclease to degrade 
CHO-endogenous RVLP DNA 
sequences.  RNA was then 
extracted from RVLP and pre-
cipitated with a set of proprietary 
buffers (Cygnus Technologies, 
LLC).  The plate was then stored 
at -20 °C for 30 minutes and 
RNA was pelleted via centrifuga-
tion at 3,000 x g for 20 minutes 
at 4 °C.  After washing and final 
pelleting, the RNA was resus-
pended in a proprietary buffer. 
10 μL of sample was transferred 
from each well of the 96 deep-
well plate to a qPCR plate con-
taining TaqMan primers/probe 
directed against the pol region 
of the CHO-RVLP genome. 
To determine the quantity of 
particles in unknown samples, 
threshold cycle (Ct) values were 

interpolated into a standard 
curve generated by including a 
dilution series of a known sRNA 
standard. From those concentra-
tion values, RVLP LRVs for each 
experiment were calculated.

Cygnus  int roduced the 
MockVTM RVLP Kit (Cygnus 
Technologies Cat # M230) to 
realize the advantages of an 
RVLP approach and to enable 
biopharmaceutical manufacturers 
the ability to gain viral clearance 
insights early in process develop-
ment.  The MockVTM RVLP 
Kit includes a vial of RVLP 
stock solution, a 96-well plate 
for sample analysis, RNA extrac-
tion and qPCR reagents, and a 
well-controlled RNA standard 
for accurate and reliable RVLP 
quantification. By following the 
kit’s easy-to-use protocol, scien-
tists can detect as little as 1 x 103 
RVLP/mL, enabling LRV of ~ 
5.0 to be determined.  Each kit 
contains 2.0 mL of RVLP Stock 
Solution at a concentration of 1 
x 1010 RVLP/mL sufficient for 
spiking up to 200 mL of load 
material to 1% (v/v) and con-
ducting analysis on 23 samples 
in triplicate in less than one day.  
A real-time qPCR instrument 
is required along with standard 
laboratory equipment.  Minimal 

experience with RNA extraction 
or qPCR protocols is required. 
Compatible purification steps 
include Protein A chromatog-
raphy, virus filtration, anion and 
cation exchange chromatogra-
phy, mixed-mode, hydrophic-
interaction and size- exclusion 
chromatography. MockV RVLP 
Kit achieves LRV accuracy to 
within ± 0.5 for these modes of 
separation as compared to tradi-
tional viral clearance studies with 
XMuLV model virus.

Now, using Cygnus’s BSL-1 
compatible viral clearance kits, 
you can easily and economically 
quantify viral clearance for down-
stream process steps right in your 
own lab and on your timeline. 

To learn more about  
Cygnus MockV RVLP and 
MockV MVM Kits,  
visit www.cygnustechnolo-
gies.com/MockV

Abbreviations: 
QbD = Quality by Design 
DOE = Design of Experiment 
HTS=High-throughput 
Screening 
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Figure 3. Example sRNA standard curve.
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of an established Italian cell and gene 
company, MolMed, in 2020 (7). 

TIPS FOR CDMO PARTNERS
While the exact needs of any company 
are typically unique in some form or 
fashion, Møller noted that are two core 
themes he finds himself telling his 
potential partners. “Two of the biggest 
considerations AGC Biologics focuses 
on with drug developers of any size is 
reducing cost and process robustness,” 
he said. “As an outsourcing partner, 
these are key areas that we advise our 
customers to watch closely.”

While few skimp on the actual 
development of the treatment, accord-
ing to Moller, companies often neglect 

the design of robust manufacturing 
processes and analytical methods in 
the early stages of development in an 
effort to reduce costs and hasten time-
to-market. However, this short-term 
outlook can present problems down 
the line.

Regardless of a treatment’s effective-
ness, if there isn’t a scalable manufac-
turing process associated with it, there 
will almost certainly be delays when the 
time comes for commercialization. By 
taking the time to consider the design 
of manufacturing processes early on, 
companies can ultimately save them-
selves time and money.
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plasmid size and sequence can have a 
huge impact on upstream process  
efficiency, which is often not fully appre-
ciated,” he adds.

Output variability f rom platform 
processes, Santos agrees, is mostly 
associated with the specificities of the 
plasmid sequences themselves. “Large 
constructs tend to be lower yield-
ing, and plasmids carrying repeated 
sequences such as ITRs and polyA 
tails have been documented to be more 
prone to deletion and recombination 
events,” she notes.

The solution, according to Bowen, 
is to develop a “flexible” platform by 
investigating a variety of plasmid types 
(size, complexity, etc.) and E. coli 
strains during process development 
to determine their impact on plasmid 
yield and quality. This will allow for 
flexibility when manufacturing subse-
quent plasmids.

Adding optimization flexibility to a 
robust platform process facilitates the 
delivery of plasmid quantities, including 
meeting quality specifications for chal-

lenging plasmids, Craig agrees. He also 
points out that timelines can be further 
accelerated by using off-the-shelf plas-
mids. “Having a well-characterized set of 
plasmids in advance, such as pHelper and 
pREPCAP plasmids, will save valuable 
time on subsequent applications, partic-
ularly when used in combination with a 
platform process,” he states.

For Varadi, developing a platform pro-
cess for upstream plasmid manufacturing 
is not only possible, but mandatory. “A 
well-designed platform embraces many 
plasmid types and enlarges the spectrum 
of potential customers while reducing 
manufacturing costs,” he comments. One 
key to success, Varadi adds, is size opti-
mization of plasmids by reducing “junk” 
DNA stretches within the backbone and 
the gene-of-interest cassette. He also 
notes that a combination of host-cell and 
plasmid-backbone mutations (already 
characterized in the literature) is beneficial 
for copy-number increases that should be 
evaluated for industrial purposes.

TURNING THE TIDE FOR 
FUTURE UPSTREAM 
REQUIREMENTS
There is no doubt that the demand for 
plasmid DNA will continue to increase 

in the coming years. All therapy types 
that require pDNA as a raw material 
are expanding massively and require an 
industry in the background producing 
them, Varadi contends. 

“Over the next few years, high-ca-
pacity manufacturing will not be the 
only prerequisite for pDNA manu-
facturers; they will also need to have 
the ability to produce a multitude of 
different constructs in smaller quanti-
ties,” Varadi observes. “High-capacity 
manufacturing will be necessary 
to meet demand, but that cannot be 
achieved only through upstream pro-
cess optimization. Wide implemen-
tation of single-use technology and 
simplified scalability solutions as a link 
from non-GMP process development  
laboratories to GMP suites will be  
necessary,” he insists.

Scale and quality will indeed 
be the two key aspects that must be 
addressed for future pDNA manufac-
turing, according to Shankar. He agrees 
that “GMP production of plasmids 
through the adoption of single-use  
technologies for upstream process-
ing will turn the tide of manufac-
turing for novel advanced therapy  
medicinal products.” ◆
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Ask the Expert

Good distribution practices ensure appropriate physical storage, distribution, and 
supply chain security, says Siegfried Schmitt, vice president, Technical, at Parexel.

Q: We are a manufacturer of pharmaceutical 
drug substances and drug products. We 

understand that good manufacturing practices 
(GMP) apply, but we have now been informed that 
the good distribution practices (GDP) apply too. 
Can you explain why?

A:  It is correct that GDP applies to your oper-
ations as GDP covers the transport and 

storage (in transit) of raw materials, intermedi-
ates, excipients, drug substances (DS), and drug 
products (DP). Even if you are not the responsi-
ble party for shipping your DS and DP (perhaps 
because you are a contract manufacturer), you 
will most certainly receive raw materials, inter-
mediates, or excipients from your suppliers. It 
is your responsibility to assure these have been 
shipped and stored in accordance with the spec-
ifications, such as temperature and humidity. 

You may ask: when were the GDP regulations 
put in place, given that the GMP regulations were 
published decades ago? They were already part of 
the GMP regulations under the title of holding 
and distribution of DS and DP. However, the regu-
lators realized securing the supply chain required 
more specific regulatory guidance and oversight 
(e.g., US Food and Drug Administration’s Safety 
and Innovation Act [FDASIA] of 2012) (1). 

The aims of GDP go beyond assurance of 
appropriate physical storage and distribution; 
they also cover supply chain security (i.e., the 
prevention of theft or the introduction of falsi-
fied [counterfeit] medicines). For that reason, 
you need to be familiar with and adhere to 
the requirements of the relevant regulations 
applicable to you. In Europe, this is Directive 
2011/62/EC, the “Falsified Medicines Directive” 
published in 2011 (2). In 2016, Commission 
Delegated Regulation (EU) 2016/161 was pub-
lished, laying down detailed rules for DP safety 
features, particularly serialization (3).

As a purchaser of goods that impact the qual-
ity of the DS or DP, or as the party respon-
sible for shipping DS or DP, you need to assure  

compliance with the GDP regulations. That 
means that you need to have technical/qual-
ity agreements in place with your suppliers 
and that you need to have appropriate over-
sight, including supplier audits. Such oversight 
can include the review of dataloggers from the 
shipment, checks that seals on the vehicles 
are undamaged, to name some of the routine 
activities. Much more detail on goods receipt 
verification can be found in Good Distribution 
Practice: A Handbook for Healthcare Manufacturers 
and Suppliers (4). To determine what type of 
audit will be required, you need to assess the  
criticality of the shipment (i.e., the material 
shipped [e.g., its value]), the shipping route (e.g., 
wide temperature variations), the transport 
company (e.g., specialized in pharmaceutical 
shipments or not), and the logistics provider. 
The resulting audit requirements can range 
from performing a search of publicly available  
information to an on-site audit. 

The GDP regulations are often so embedded in 
the regulatory framework of a jurisdiction that 
the term GMDP for Good Manufacturing and 
Distribution Practices has become commonplace, 
as in the European Union’s GMDP database (5). 
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Securing the Supply Chain  
with Good Distribution Practices Siegfried Schmitt 

is vice president, 
Technical, PAREXEL.
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Send it to shaigney@mjhlifesciences.com, 
and it may appear in a future column.
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