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As face masks start 
to come off,  

bio/pharma’s 
COVID-19 battle 

goes on.

Rita Peters is  
the editorial director of  
BioPharm International.

Moving Into the Next Phase

W ith some indicators showing vaccines are helping to ease the number of the 
COVID-19 infections in some regions, many people are asking when they will 
be able to resume previously routine activities. 

The US Centers for Disease Control and Prevention attempted to answer some questions 
about when it is safe to stop wearing a face mask for typical social situations in an April 27, 
2021 guidance for fully vaccinated people (1). The underlying message: if you are fully vacci-
nated, you can participate in more normal activities without wearing a mask compared with 
people who have not been vaccinated.

In the United States, the initial frenzy to secure a COVID-19 vaccine calmed as vac-
cine production ramped up to meet demand; as of late April 2021, almost 30% of the 
adult US population was fully vaccinated (2). The next concern is convincing the vaccine- 
hesitant that the risks of not getting vaccinated far outweigh potential side effects of the 
injection. One positive sign is that as more people are vaccinated, more people holding a 
“wait-and-see” approach are lining up to get vaccinated. However, a persistent group of 
approximately 20% said they would get the vaccine only if required or not at all (3).

Various statistical models suggest that the combined number of vaccinated adults and 
people with some immunity due to exposure to the virus may mean herd immunity is within 
reach for the US. There are warnings, also, that the nation can slip back and forth over this 
crucial threshold if a sufficient number of people are not vaccinated. 

With the virus raging in hotspots such as India and Brazil, however, a quick end to the 
pandemic is not in sight. Evolving variants threaten to set back advances made thus far. 
Some patients have lingering, and sometimes debilitating, effects from COVID-19. The 
task of healthcare professionals and pharmaceutical researchers to control the pandemic—
and deliver new treatments—is not yet done.

NEW AND REPURPOSED TREATMENTS
In the 15 months following the initial outbreak of the SARS-CoV-2 virus, bio/pharma-
ceutical companies launched more than 850 research programs for vaccines and treatments 
for COVID-19, including 218 vaccines, nearly 250 antivirals, and nearly 400 treatments; 
approximately 46% were in clinical-phase development. Approximately one-third of the 
antivirals and 90% of the treatments were redirected or repurposed therapies (4).

Meanwhile, the National Institutes of Health has announced a large Phase III clinical 
trial to evaluate existing prescription and over-the-counter medicines for people to self-ad-
minister at home to treat COVID-19 symptoms. The goal is to determine treatment options 
for patients with mild-to-moderate symptoms, who are not sick enough to be hospitalized, to 
take at home. Currently, there are no approved medicines that patients can take at home to 
address symptoms of the disease. The trial will study up to seven drugs already approved by 
FDA for other conditions (5). 

While the public may be eager to throw away the masks and get back to “normal” life, the 
reality is that COVID-19 will not magically go away any time soon. Treatments to manage 
the symptoms will be a big part of the bio/pharma picture for the foreseeable future. For bio/
pharma companies, the work goes on.

REFERENCES
1.  CDC, “When You’ve Been Fully Vaccinated,” www.cdc.gov, accessed April 27, 2021.
2.   CDC, “COVID-19 Vaccinations in the United States,” https://covid.cdc.gov, accessed April 

27, 2021.
3.   L. Hamel and M. Brodie, “KFF COVID-19 Vaccine Monitor: What We’ve Learned,” kff.org, 

April 16, 2021.
4.   BIO, COVID-19 Therapeutic Development Tracker, www.bio.org, accessed April 27, 2021.
5.   NIH, “Large Clinical Trial to Study Repurposed Drugs to Treat COVID-19 Symptoms,” 

Press Release, April 19, 2021. ◆
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F ollowing several months of negotia-
tions involving regulators, industry, 
and patient and consumer advocates, 

updated programs supporting the development 
and review of prescription medicines are being 
readied for approval by federal agencies and ulti-
mately by Congress. The fee programs so critical 
to FDA operations for regulating drugs and other 
medical products must be renewed every five 
years, this time in 2022, and a range of entities 
need to sign off on various changes and updates 
to the programs. The negotiators are finalizing 
“commitment letters” that spell out what indus-
try will pay and what policies and programs FDA 
will implement with those funds, to be refer-
enced in implementing legislation. 

Although it may seem that there’s plenty of 
time to finalize new user fee packages and to gain 
legislative approval before the current author-
ity expires in September 2022, there is pressure 
to move the proposals forward in the next few 
months to meet this deadline. The discussions 
involve separate user fee packages for drugs 
and biologics (Prescription Drug User Fee Act 
[PDUFA] VII), generic drugs (Generic Drug User 
Fee Amendments [GDUFA] III), and biosimilars 

(Biosimilar User Fee Act[BsUFA] III). 
The legislators usually look to autho-
rize the new fee packages as part of a 
broader bill enacting a host of projects 
and requirements for drug regulation, 
development, and marketing, possibly 
including an updated version of the 
21st Century Cures Act with provisions 
governing clinical research and data 
disclosure. 

FDA kicked off the fee negotiat-
ing process for renewing PDUFA VII 
at a public meeting in July 2020. 
Negotiations have involved subgroups 

for manufacturing and inspections, digital health 
and informatics, finance, regulatory decision 
tools, and pre- and post-market review (1). A main 
topic has been the need to increase fee revenues 
allotted to the Center for Biologics Evaluation 
and Research to provide additional support and 
resources to oversee a fast-expanding volume of 
applications for cell and gene therapies, including 
expedited development of regenerative medicine 
therapies. And industry continues to press FDA for 
progress in hiring and retention of a “world-class 
technical and scientific staff” (1). 

PDUFA agreements direct the Center for Drug 
Evaluation and Research to utilize fee revenues to 
streamline and manage multiple meetings with 
sponsors and to advance rare disease therapies and 
use of real-world evidence, model-informed drug 
development, and complex clinical trial designs. 
A new program may test broader use of “split real-
time” review of certain innovative drugs.  

The program also will continue support for 
innovative manufacturing technologies and 
efforts to address more clearly chemistry, man-
ufacturing, and controls issues during devel-
opment. There is agreement on enhancing 
oversight of postmarket drug safety and risk 
evaluation and mitigation strategies, and to uti-
lize more broadly analytics from FDA’s Sentinel 

An important goal is to 
further implement digital 
health technologies and 

bioinformation to streamline 
drug development and review. 

Jill Wechsler is  
BioPharm International’s 

Washington editor, 
 jillwechsler7@gmail.com.

Updates to user fee programs that fund FDA operations  
are being finalized by industry stakeholders for approval by Congress.

FDA and Industry Move to Renew  
New Drug User Fee Programs
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Initiative. An important goal is to 
further implement digital health 
technologies and bioinformation 
to streamline drug development 
and review. 

All these initiatives will con-
tinue to boost industry fees. Drug 
application fees are slated to reach 
$4 million over the five years of the 
program ending in 2027, up from 
nearly $3 million today. This increase 
reflects the steady rise in the portion 
of FDA operations funded by indus-
try user fees, which now account for 
about half of the agency’s budget 
for regulating drugs and biologics. 
While some observers complain that 
this arrangement gives industry too 
much influence over FDA decisions, 
Congress seems fairly content with 
the financial arrangement. And FDA 
officials maintain that increased reli-
ance on fee revenues does not sway 
approval decisions. 

FEES FOR GENERICS, 
BIOSIMILARS, OTCs
Negotiations also are winding 
up for reauthorization of GDUFA 
III, which was launched at a July 
2020 public meeting. After mak-
ing notable changes in fee cate-
gories and rates in 2017 revisions, 
current discussions have focused 
on plant inspection processes, drug 
master file use, application review 

goal dates, and enhancements to 
the inactive ingredient database (2). 
Main innovations aim to facilitate 
the review of complex generics, of 
the continued rise in supplements 
seeking post-approval changes, 
and for controlled correspondence. 
These and other changes aim to 
achieve more application approvals 
in the first review cycle, possibly 
by assessing facility status earlier in 
the review process.   

Similarly, FDA is considering 
revisions to BsUFA III to further 
streamline the approval process 
and facilitate patient access to less 
costly biotech therapies. That dis-
cussion began with a public meet-
ing in November 2020, where FDA 
officials presented their goals for 
updating the program, acknowl-
edging the need for additional 
guidance on interchangeable 
biosimilars (3). FDA seeks to bet-
ter manage meetings with spon-
sors, who want advisory sessions 
to begin earlier in product devel-
opment. Manufacturers empha-
sized the importance of building 
a capable staff to manage this pro-
gram, along with upgrading infor-
mation technology supporting 
BsUFA. Consumer advocates would 
like FDA to address how current 
reimbursement policies and misin-
formation stymies biosimilar mar-

keting, but that may lie outside the 
user fee agreement. 

And, separately, FDA is launch-
ing its new user fee program for 
over-the-counter (OTC) drugs, after 
agreeing to drop levies on manu-
facturers that jumped in to pro-
duce hand sanitizer to combat the 
spread of COVID-19. FDA included 
fees for such firms in its December 
2020 publication of policies gov-
erning the new Over-the-Counter 
Monograph Drug user fee program 
(OMUFA), which was authorized by 
Congress in March 2020 as part of 
broader pandemic legislation. But 
an outcry from firms such as liquor 
distillers forced FDA to drop the 
fees for companies that only pro-
duce hand sanitizer in response to 
the public health emergency. A new 
fee schedule was published March 
26, 2021 with revised fees for facil-
ities and for OTC products for the 
current year (4). 

REFERENCES
1. FDA, “PDUFA VII: Fiscal Years 2023–

2027,” www.FDA.gov, accessed April 8, 
2021.

2. FDA, “GDUFA III Reauthorization 
Negotiation Sessions,” www.FDA.gov, 
accessed April 8, 2021. 

3. FDA, “Public Meeting on the 
Reauthorization of the Biosimilar User 
Fee Act (BsUFA),” www.FDA.gov, 
accessed April 8, 2021. 

4. FDA, “FDA In Brief: FDA Republishing Fee 
Rates under the Over-the-Counter 
Monograph Drug User Fee Program,” 
www.FDA.gov, accessed April 8, 2021. ◆

On April 14, 2021, FDA issued guidance on conducting 
remote inspections, or, as the agency is calling them, “vol-
untary remote interactive evaluations (VRIEs)” at pharma-
ceutical and biologics facilities, using videoconferencing 
software, 360-degree video inspection, and other tools (1). 
The agency had been criticized for failing to take a stand 
on the use of remote inspection technologies in light of a 
growing backlog of plant inspections and delays in new 
drug approvals due to concerns about putting inspection 
staffers at risk of contracting COVID-19.
The guidance’s wording makes it clear that the 

agency views use of these technologies as a temporary 

measure, during the COVID-19 pandemic. However, it 
also suggests that FDA may use remote technologies 
in the post-COVID-19 world, as a way to supplement 
inspections, gain additional insights into issues found 
during a traditional inspection, or clarify questions or 
support a new drug application.

Reference
1.  FDA, Remote Interactive Evaluations of Drug Manufac-

turing and Bioresearch Monitoring Facilities During the 
COVID-19 Public Health Emergency, Guidance for Industry 
(FDA, April 2021). 

—The Editors of BioPharm International

FDA Weighs in on Remote Inspections

https://www.fda.gov/industry/prescription-drug-user-fee-amendments/pdufa-vii-fiscal-years-2023-2027
https://www.fda.gov/drugs/development-approval-process-drugs/gdufa-iii-reauthorization-negotiation-sessions
https://www.fda.gov/industry/biosimilar-user-fee-amendments/public-meeting-reauthorization-biosimilar-user-fee-act-bsufa-11192020-11192020
https://www.fda.gov/news-events/fda-brief/fda-brief-fda-republishing-fee-rates-under-over-counter-monograph-drug-user-fee-program
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Evolving Analytical Technology 
Unravels Protein Characteristics

Mass spectrometry and automation are growing in 
importance, but further improvements are still needed.

CYNTHIA A. CHALLENER

W  hile monoclonal antibodies (mAbs) still domi-
nate the biologics drug market, many novel ther-
apeutic modalities are in the biopharma pipeline, 

with some already commercialized. Many of these next-gen-
eration therapeutics present new requirements with respect 
to analytics. Accelerated approval designations create further 
challenges with respect to shortened development timelines.

Protein characterization is an evolving and critical application 
for the biopharma industry that enables the evaluation of crit-
ical quality attributes (CQAs) such as identity, potency, purity, 
and stability, according to Anis H. Khimani, senior strategy 
and product portfolio leader for life sciences at PerkinElmer. 

“Analytical technology platforms that can help biopharma com-
panies deliver on CQAs and create reproducible and robust 
methods of development and validation are important,” he states.

Proteins are large and complex molecules that require 
methods with high sensitivity, accuracy, and specificity, adds 
Patrick Tishmack, general manager of AMRI’s West Lafayette, 
Ind., facility. The characteristics of such large molecules chal-
lenge the capabilities of most analytical methods, which then 

push the limits of available technology. “Primary, secondary, 
and tertiary structure, as well as purity and potency, are critical 
performance characteristics to be determined for protein bio-
logics. Aggregation and immunogenicity are also critical issues 
to address. Protein impurities that are similar to the molecule 
of interest require techniques with sufficient selectivity to 
differentiate and separate them. Small-molecule impurities 
require techniques that maintain reliability over a wide molec-
ular weight range,” he says.

As a result, the biopharma industry is pushed to innovate 
and be at the cutting edge of analytical technology devel-
opment. Drug manufacturers, contract manufacturing and 
research organizations, instrument suppliers, and regulators 
must therefore work together to advance capabilities for pro-
tein analytics to ensure the rapid development of safe and 
effective biotherapeutics.

CYNTHIA A. CHALLENER, PhD, is a contributing editor to BioPharm 
International.
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RISING COMPLEXITY  
AND THE NEED FOR SPEED
Biologics continue to rise in use 
as therapeutics, especially in cases 
where small molecules have not fully 
addressed diseases, such as oncology. 
This rise has, according to Trevor Jones, 
head of marketing for analytical chem-
istry at MilliporeSigma, highlighted 
the need for easily integrated charac-
terization and quality control methods 
that can be seamlessly integrated and 
transferred among sites. 

“Speed and accuracy are the drivers,” 
Jones asserts. “Increasing the speed of 
assays to approach real-time release and 
increasing precision or repeatability of 
experiments provide greater data quality 
assurance. Structure-function relationship 
is always key to understanding perfor-
mance and setting specifications.” 

In addition to increasing the speed of 
workflows, Ulrik Lytt Rahbek, vice-presi-
dent of assay, analysis, and characterisation 
with Novo Nordisk, notes that automat-
ing sample workup and workflows and 
increasing the resolution and sensitivity of 
analytical techniques are additional drivers.

For mAbs, platform characterization 
methods have been established. More 
complex biologics such as multi-specific 
antibodies introduce significant complex-
ity, with the number of different charge 
variants—many of which can be unde-
sirable from a safety and efficacy stand-
point—increasing exponentially, according 
to Susan Darling, senior director for capil-
lary electrophoresis (CE) and biopharma 
product marketing with SCIEX. “Many 
of the assumptions made about mAbs 
don’t apply to multi-specifics, and defined 
analytical tests are needed that provide 
as much detail for as many parameters as 
possible,” she says. 

Other increasingly complex modali-
ties include fusion proteins, bioconjugates, 
recombinants, nanobodies, and oligomeric 
structures, as well as newer approaches 
such as lipid nanoparticles, mRNA, and 
exosomes. Outside of the traditional bio-
therapeutics, there are the gene therapies 
that use viral vectors comprising 70 pro-

teins and their encapsidated transgene 
that all require analytical characterization 
and development of their product qual-
ity attributes, according to Scott Berger, 
senior manager of biopharmaceutical 
markets with Waters Corporation.

“As these modalities enter the mar-
ket, the challenge to assess CQAs and 
characterize them becomes more diffi-
cult. The challenge is to develop meth-
ods that are suited to the assessment of 
very high concentration drug substances, 
highly-glycosylated species, complex 
formulations/excipients, and even alter-
native approaches to traditional host-
cell protein (HCP) coverage,” observes 
Todd Stone, senior manager of analyti-
cal development at Catalent.

Not only are new analytical meth-
ods required for the more diverse for-
mat of protein molecules, the chemistry, 
manufacturing, and controls (CMC) 
development cycle has decreased from 
approximately two years to less than six 
months, according to Gang Huang, senior 
vice-president of analytical sciences and 
clinical quality control for WuXi Biologics. 
To support CMC development within 
this compressed timeline, faster and 
higher throughput analytical methods are 
needed to meet such challenges. He adds 
that development of process analytical 
technologies (PAT) is essential to sup-
port continuous processing with real-time 
analysis solutions.

In addition, comments Berangere 
Tissot, director of biochem method 
establishment and biologics characteriza-
tion with Eurofins BioPharma Product 
Testing, material availability is becoming 
an issue. “Protein characterization takes 
place at all steps within the drug prod-
uct cycle and for many different reasons. 
Whether it is the first [investigational 
new drug] (IND)-enabling characteriza-
tion or a reference-standard qualification 
post-commercialization, characterization 
data are embedded in any regulatory sub-
mission but are generally the last items 
to get checked off the list. The amount 
of material left to perform these charac-
terization assays is therefore often limited, 

and the time allocated to get the results is 
inversely proportional to the depth of the 
results required,” she explains.

Novel, rapid methods are also needed 
in the research/discovery phase where 
thousands of highly complex molecules 
must be quickly analyzed for various 
properties and assessed for developability, 
according to Maria Wendt, head of US 
large-molecule research and global head 
of digital biologics platform at Sanofi. 

“More functionality is demanded from 
single molecules to afford multi-targeting 
products. Even so, protein characteriza-
tion assays for these complex molecules 
need a certain throughput while still 
providing important individual molecu-
lar information. Melanie Fischer, group 
leader for assays and analytics at Sanofi, 
adds that “a comprehensive analytical 
toolbox composed of high-throughput 
compatible assets complemented with 
lower throughput high quality assays is 
thus key to success to react to the growing 
zoo of multi-specific drugs.”

COMPLEXITY AND SPEED 
CREATE CHALLENGES TOO
The complexity of new modalities 
also makes their production, purifica-
tion, and characterization more diffi-
cult than traditional mAbs, according 
to Wendt. These products, according to 
John Rogers, director of chemistry and 
biochemistry, protein and cellular anal-
ysis, Thermo Fisher Scientific, require 
extensive characterization for structural 
and chemical modifications, assessment 
of host cell and other contaminants, and 
identification of reference standards and 
methods. “These efforts are often lim-
ited by an inability or incompatibility of 
existing systems to meet the characteri-
zation needs,” he observes. 

Conventional purity methods such as 
CE and high-performance liquid chro-
matography (HPLC), for instance, which 
are used to quantify product-related vari-
ants and impurities, have been powerful 
tools but suffer from relatively low reso-
lution and insufficient sensitivity for the 
detection of low-abundant protein prod-
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uct variants, particularly in the analysis of 
multi-specific antibodies containing new 
variants such as chain-mispairing and 
other closely related post-translational 
modifications (PTMs), notes Huang.

Existing methods may also not allow 
characterization of proteins within com-
plex mixtures, such as in the case of gene 
therapy products comprising both pro-
teins and oligonucleotides, according to 
Tissot. “For this new class of products, 
the data sets are more complicated and 
there are no platform methods, con-
trols, or reference materials in place yet. 
Therefore, characterization of these new 
products requires a different perspective 
on the existing toolkit, with more controls 
built into methods and more optimization 
required,” she remarks. 

Drug formulations, meanwhile, are a 
complex mix of APIs, excipients, buffers, 
and depending on the mode of delivery, 
adjuvants, lipid carriers, emulsifiers, and 
surfactants. “With each novel formula-
tion component, new analytical meth-
ods are needed to detect and evaluate 
their effects on the stability, immuno-
genicity, efficacy, and safety of the drug,” 
comments Bettina Kehoe analytical 
development scientist with Catalent. 

In addition, for many new analytical 
and characterization techniques, in fact, 
the maturity is often at prototype level, 
and additional development is required 
to implement new methods that have 
demonstrated robustness for higher 
throughput of sample analysis, according 
to Rahbek. “Technology is either moving 
too fast or too slow,” adds Tissot. “Some 
assays are still using old technology that 
needs to be improved, such as Edman 
sequencing, while complex instrumenta-
tion is being introduced that only provides 
meaningful information in an academic 
research environment,” she explains. 

Darling comments that the most com-
mon challenge customers are having in 
the development of new protein charac-
terization methods is ensuring sufficient 
reproducibility and robustness. This can 
often mean that exponentially more effort 
must be invested in achieving the reli-

ability necessary for the analysis of drugs 
that are injected into humans. “With the 
wide range of newer, highly complex and 
diverse modalities, that goal is becoming 
more critical to reach,” she says. 

Furthermore, new methods may not 
be adequately scalable and may require 
unique skills, instrumentation, and 
software, Rogers adds. Adopting new 
methods requires dedication of signif-
icant time to understanding any new 
application theoretically as well as spe-
cific issues around successful day-to-day 
operation, agrees Andrew Hanneman, a 
scientific advisor at Charles River. The 
appropriate setting (quality control, 
process development, characterization, 
etc.) for new methods may also not be 
initially obvious. As diverse biologics 
and formulations move from academic 
laboratories toward commercializa-
tion, there is also continuous need for 
updated analytical methods and instru-
mentation, according to Kehoe.

Specific issues outlined by Jones 
include reagents for sample preparation 
and sample isolation/purification and 
derivatization, which can cause poor 
reproducibility and development of ref-
erence standards can be difficult due 
to limited availability. Biologics with 
newer mechanisms of action will require 
novel approaches to cell-based assays. 
Antibody-drug conjugates and protein 
capsids in viral vectors present their own 
unique sets of requirements with respect 
to understanding how specific properties 
affect functionality.

Regardless of whether protein char-
acterization is needed for a conventional 
mAb or new therapeutical modality, 
choosing the appropriate set of orthog-
onal analytical techniques is crucial and 
challenging, because one or two methods 
are rarely sufficient to adequately charac-
terize a biologic, according to Tishmack. 

Consolidating assays carries risk 
too, though, says Tissot, because each 
individual technique for characteriz-
ing a protein—or a more complex bio-
logic—has inherent bias that could 
lead to a mis-estimation or misleading 

assignment of quality attributes when 
combined with other methods. “Some 
consolidation can happen, but the only 
way to overcome the need for speed is 
to develop better interpretation software, 
because interpretation is often the most 
complex and lengthy part of a charac-
terization study,” she asserts.

The need to conduct numerous 
orthogonal techniques to ensure full pro-
tein characterization is a challenge not 
only due to time and resource demand, 
but also from compliance and data 
management perspectives. “Addressing 
software challenges from a compliance 
perspective is critical to meet regula-
tory guidelines,” Khimani observes. He 
points to electronic records and signa-
tures, as well as strong security and audit 
trails, as hallmarks for 21 Code of Federal 
Regulations (CFR) Part 11 compliance. 
For characterization methods that may 
end up as quality control assays in the 
absence of equally specific or equally per-
forming quality control-friendly assays, 
Tissot notes that more may need to be 
done from a method-readiness stand-
point than is usually performed on puri-
fied proteins, particularly with respect to 
21 CFR Part 11 considerations. 

The large amounts of data generated 
by the array of analytical technologies 
used for protein characterization, while 
welcome, is also presenting another layer 
of challenges. “Many organizations are 
struggling with both the volume of data 
and the capacity to leverage it fully in 
service of their drug-development goals, 
Bill McDowell, group leader and head of 
analytics at Abzena, observes.

“We have found that while our clients 
ask for their data in raw form, some of 
them just do not have the infrastructure 
in place to use, manage, and store it prop-
erly. It may be that the industry needs to 
lend even more scrutiny to data handling 
and sharing practices with labs and ser-
vices providers while adopting a more 
common base of standards and tech-
nologies to suit the current and emerg-
ing needs of biopharma’s developers,” 
McDowell concludes.
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The possibility to automate and increase robustness 
of current manual workflows has led to expanded use 
of existing technologies, which has in turn led to mea-
surable advances in protein characterization capabili-
ties, according to Ulrik Lytt Rahbek, vice-president of 
assay, analysis, and characterisation with Novo Nordisk, 
pointing to the increased use of capillary electropho-
resis techniques and mass spectrometry (MS)-based 
analysis. Multi-attribute monitoring (MAM), Rahbek 
says, is of particular note because has the potential to 
replace traditional methods with one liquid chroma-
tography (LC)-MS based method.
The main overall trend, says Trevor Jones, head of 

marketing for analytical chemistry at MilliporeSigma, is 
the movement of LC-MS out of the laboratory setting 
and into the quality control lab because of its value 
in biotherapeutic characterization. “We can start to 
contemplate having fewer assays moved into quality 
control that are faster and more accurate,” he states. The 
ability to monitor product and process variation at the 
intact, subunit, or peptide levels with greater specificity and 
sensitivity while conducting fewer assays is an objective 
many labs are now investigating for both development 
and manufacturing/quality control applications, Scott 
Berger, senior manager of biopharmaceutical markets 
with Waters Corporation, agrees.
“It comes back to the value statement of what can 

you discover if you can see more,” observes Colette 
Quinn, marketing manager for biopharmaceuticals at 
Waters Corporation. “Not only is it the high resolution 
of new mass spectrometers but also the incorporation 
of ion mobility into quadrupole, time-of-flight mass 
spectrometers that is enabling scientists to deconvolute 
complex spectra and better identify peaks that were 
overlapping,” she explains.

Important recent advances in protein characterization 
include intact protein analysis with ultra-high mass 
range-mass spectrometry, and simpler and less costly 
instruments for functional assessment of binding activity 
and protein secondary structure as, says John Rogers, 
director of chemistry and biochemistry, protein and 
cellular analysis, Thermo Fisher Scientific.

Sensitive detection and quantitation of sub-visible 
viral particles and protein aggregates are improving in 
several areas as well, according to Andrew Hanneman, 
a scientific advisor at Charles River. In addition to 
instruments capable of measuring several aspects of 
protein structure within a single run and MAM solutions, 
specific examples include improved in-vitro bioassays, 
analytical methods runnable under good manufacturing 
practices using fully 21 Code of Federal Regulations 
Part 11-compliant instruments and software, native 
LC-MS of large intact proteins and glycoproteins by 
various high-performance (HPLC) methods including 

ion-exchange and size-exclusion chromatography, and 
alternate fragmentation approaches for MS/MS of 
modified peptides and branched structures, including 
electron capture dissociation/electron transfer 
dissociation-MS and multi-stage MS.

Ion mobility-mass spectrometry (IM-MS) and hydrogen-
deuterium exchange-mass spectrometry (HDX-MS) are 
two other MS-based techniques that should find many 
applications with protein biologics, according to Patrick 
Tishmack, general manager of AMRI’s West Lafayette, Ind., 
facility. He notes that IM-MS adds a unique dimension to 
MS because the shape of the molecule can differentiate 
multiple conformations, aggregation states, or small 
mass differences that cause heterogeneity of proteins. 
HDX-MS, meanwhile, is useful for studying protein-protein 
and protein-ligand interactions, conformational changes 
related to protein activity, and protein stability among 
other phenomena. “The detailed understanding of 
protein behavior that HDX-MS affords therefore has direct 
application in biologics drug discovery and development,” 
Tishmack observes.

In Sanofi’s research lab, there is real need to access high-
throughput methods that perform at a high level even for 
highly complex biologics. One recent advance noted by 
Maria Wendt, head of US large-molecule research and 
global head of digital biologics platform at Sanofi, is a 
method coupling size-exclusion chromatography with 
MS for the rapid characterization of tri-specific antibodies. 

“With this beautiful characterization capability for such 
complex molecules, Sanofi is placed in a much better 
position to deliver more complex drugs with a higher 
likelihood of success for addressing more challenging 
diseases,” she states.
“It has been difficult to date to couple really high-

resolution techniques with mass spectrometry, but 
real progress has been made, which is giving scientists 
the ability to achieve deep characterization quickly,” 
agrees Susan Darling, senior director for capillary 
electrophoresis and biopharma product marketing 
with SCIEX. She highlights capillary isoelectric 
focusing-MS as a method providing rapid separation 
and identification of charge variants with resolution 
high enough to identify isoforms on intact proteins. 
The possibility of identifying both charge and size 

variants at high resolution down to the PTM level for 
peptides is a game changer, according to Todd Stone, 
senior manager of analytical development at Catalent. 

“Efficiency gains from the elimination of bench-scale 
fractionation and sample preparation are enormous, 
while the increased depth of data provides a much 
more comprehensive view of potential molecule 
degradation pathways and subsequent adjustments 
to critical quality attribute (CQA) control strategies,” 
he says.

Mass spec-coupled methods have biggest impact
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add value beyond that and should be able to support customers in quality through the adoption of a digital 
quality system, which not only offers improved visibility on quality documents across the entire process, but 
also reduces compliance risk. 

Samsung Biologics has its own Enterprise Quality Unified Information System (EQUIS), which gives clients access 
to the project in real-time, no matter where they are, to request, review, and approve documents on-demand. 
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scale commercial manufacturing to small-scale CMO. The company currently holds 364,000L of 
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RESISTANCE TO CHANGE
Innovation and its adoption are linked 
to confidence in the measurement, 
asserts Colette Quinn, marketing man-
ager for biopharmaceuticals at Waters 
Corporation. One way to build that confi-
dence, she says, is to introduce new meth-
ods to various places within the workflow. 
There tends, Tissot agrees, to be less 
opposition to new characterization tech-
niques for new quality control methods. 

“Because characterization relies on scien-
tifically sound principles, it is up to the 
applicant (and its providers) to demon-
strate that the method used or that the 
technology used is suitable for use and 
scientifically sound,” she notes. 

Fortunately, regulators realize that pro-
tein characterization as quality control 
is an emerging field and, therefore, are 
flexible when it comes to the development 
of new tools and methods, according to 
Jones. “Drug manufacturers are often con-
servative in their approach to new meth-

ods because of the uncertainty it might 
cause in approval delays. We have found, 
however, that regulators are open to novel 
approaches so long as they are scientifi-
cally sound and meet validation and/or 
qualification criteria,” he comments. 

The key to successful adoption of 
new analytical methods by regulators, 
according to Huang, is demonstrat-
ing that they are not only scientifically 
sound and robust, but also capable of 
generating reliable results and useful 
for defining control strategies. New 
methods should, he adds, be devel-
oped to analyze certain CQAs that 
are not covered by the existing panel 
of methods or otherwise be superior 
with respect to performance (accu-
racy, sensitivity, reliability, etc.). Ideally, 
says Khimani, they should also offer a 
broader applicability from discovery 
through development, including down-
stream process monitoring and quality 
assurance/quality control.

For more novel approaches such as 
multi-attribute monitoring (MAM), also 
known as quantitative peptide mapping, 
the emerging technologies teams within 
regulatory bodies often act as bridges, 
enabling companies to collaborate with 
regulators to build confidence and best 
practices for employing those meth-
ods, according to Berger. This approach 
has, he says, allowed many companies 
using MAM approaches to work toward 
deploying them beyond development and 
into clinical lot release.

There is also, however, Darling adds, 
the need to build consensus within the 
industry as a whole before any new 
method is widely adopted. First the 
consensus must be established between 
scientific experts at various biopharma 
companies; wider consensus can then only 
be built through back-and-forth with dif-
ferent groups within the various regula-
tory authorities. “Achieving critical mass is 
a slow process. Most companies vet a new 
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Biophysical analysis developments important
Gang Huang, senior vice-president of analytical sciences 
and clinical quality control for WuXi Biologics, empha-
sizes the importance of the development of methods 
for in-vitro bioactivity analysis that better reflect the clin-
ical effect of biologics products in humans. “Through 
the study of 70+ specific cellular models of pathologies, 
WuXi Biologics has developed proprietary technologies 
enabling the best linking of in-vitro cellular response and 
ex-vivo biomarkers to in-vivo responses for biologics. 
These technologies allow effective reduction of com-
plicated clinical effects into simple, clear CQAs at the 
cellular or molecular levels, and are therefore becoming 
an integral quality tool for us,” he comments.

Considerable advances have also been made in 
biophysical instruments, according to Berangere 
Tissot, director of biochem method establishment and 
biologics characterization with Eurofins BioPharma 
Product Testing. “Manufacturers are striving to 
produce new models that are more versatile, more 
resolute, and more efficient from a sample-volume-
requirement standpoint,” he says. The latest analytical 
ultracentrifugation (AUC) instruments, for example, 
allow analysis using up to 20 discrete wavelengths. 

“This advancement has the potential to revolutionize 
the field of AUC by enabling more precise analysis of 
complex systems,” Tissot asserts.

Cryoelectron microscopy (CryoEM), adds Tishmack, is a 
powerful method for molecular structure determination 
that has certain advantages over crystallography, but 
the instrument has been very expensive and not readily 
available until recently. Today, however, a somewhat less 
powerful CryoEM instrument that is relatively affordable is 
available that, he says, should result in more applications 
of the technique for developing biologics particularly in 
the early stages where structure-activity relationships 
must be determined. 

Data analysis developments are noteworthy
Some of the biggest developments have occurred with 
data processing capabilities. “Although advanced MS 
techniques are attracting researchers’ attention, what is 
advancing the refinement of analytical techniques more 
recently is the introduction of increasingly smart informa-
tion and data analysis and sharing systems and automa-
tion solutions that speed up things like sample prep and 
analysis,” says Bill McDowell, group leader and head of 
analytics at Abzena.
“The refinement of both the specific techniques and 

their supporting technologies, as well as the refined and 
focused application of the methodologies themselves, 
has evolved to a point where the industry’s confidence 
in these studies is extremely high because the data adds 
such tremendous value,” says McDowell.

Mass spec-coupled methods have biggest impact (continued)
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technique or method for at least a year or 
two before moving it into quality control,” 
she says.

For regulators to accept new technol-
ogies for CMC-based characterization 
analysis, they need to see demonstration 
of equivalency or superiority of the new 
method for its intended purpose, Berger 
says. “Significant crossover studies may 
be required to demonstrate these out-
comes, as assays in characterization not 
only document normal product varia-
tion, but are often employed for stability, 
forced degradation, and process devel-
opment studies that give rise to a wider 
variety of product variants, often at low 
levels,” he comments. 

Contributing factors leading to slower 
adoption of new analysis and character-
ization techniques include the need to 
invest in new equipment and build up 
necessary competencies, and the time 
delay for projects compared to what is 
possible using conventional methods, 
most notably due to the need to demon-
strate comparability to current methods, 
according to Rahbek.

In addition, Darling points out that 
if an existing method is part of a regu-
latory filing for a global product, then 
both the old and new methods will 
need to be performed until all of the 
regulatory agencies approve the new 
method, which can take years. “Not sur-
prisingly, there have to be compelling 
reasons and significant benefits for a 
drug maker to switch to a new method 
for a commercial product,” she says.

The resistance to adopting new analyti-
cal techniques for development candidates 
is often tied to the need to adhere to strict 
program timelines, according to Robert 
Vaughan, associate principal scientist in 
Catalent’s analytical development group. 
He also notes that there is additional risk 
associated with adopting less-established 
technologies given the added cost and 
potential for unanticipated method-spe-
cific challenges that might be encountered 
during development.

“Furthermore,” Vaughan adds, “adop-
tion of any new method that requires spe-

cialized equipment would require training 
analysts in both process development and 
quality control, acquiring systems for 
both groups, integration into a regulato-
ry-compliant data management system 
and subsequent validation. Redundancy of 
equipment is also important to maintain-
ing timelines should one system go down, 
which can significantly increase the cost. 
When benchmarked against established 
platform methods that have a history of 
success within a regulatory environment 
(albeit lower resolution), the added time 
and cost can be a significant barrier.”

Rogers agrees. “Many companies 
already have investments in proprietary 
and/or established methods that would 
require significant commitment and 
investment to replace. There also may be 
questions regarding the validation require-
ments, and often there is a fundamental 
resistance to change that must be over-
come as well,” he says.

Adding to the challenge is the fact that 
the benefits of new and improved meth-
ods may not initially be obvious prior to 
testing in one’s own laboratory, according 
to Hanneman. “In a fast-paced industry 
where experience is highly-valued, expe-
rienced developers may need to choose 
familiar approaches for expediency, pre-
senting a barrier to adoption,” he observes. 

INCENTIVES FOR ADOPTION 
OF NEW METHODS, TOO
It should be noted, though, that because 
the increasing number and diversity of 
new modalities is creating the need for 
new analytical methods, there is a growing 
level of incentive to adopt new techniques 
for these new biologics in particular. “All 
of these biotherapeutics would benefit 
from the use of orthogonal approaches 
that can help to reduce bias toward one 
method or one result,” Quinn asserts. 

“Scientists tend to gravitate towards 
solutions with which they are most 
comfortable, and although data might 
be collected along the way, inserting 
a number into a cell on a spreadsheet 
can be a lost opportunity,” says Quinn. 

“Instead, the goal should be to increase 

confidence and look for trends that 
could save time when future studies are 
conducted. In addition to asking what 
has changed, it is important to consider 
whether that change matters. To answer 
both questions truly requires an orthog-
onal approach,” she asserts.

In addition, Quinn notes that by link-
ing outcomes, the values from these sys-
tems can possibly become predictors of 
the next set of tests. As an example, she 
points to linking chemical outcomes like 
those determined via LC separation with 
native ion mobility or biophysical data 
such as differential scanning calorimetry 
and ultimately extending this information 
into interpretation of binding assays.

Berger adds that with the recent 
progress in International Council for 
Harmonisation guidelines Q12 and 
Q14 there is greater potential for more 
flexibility in analytical methods used for 
product analysis, which is aligning well 
with the growing interest in pursuing 
more formal analytical quality-by-de-
sign (AQbD) method development 
approaches. “The power of platform 
methods to accelerate COVID-19 mol-
ecule development and the benefits of 
systematically optimizing these meth-
ods is becoming very clear,” he says.

INNOVATORS  
LEAD THE CHARGE 
All stakeholders, such as biologics man-
ufacturers, regulators, technology provid-
ers, and contract research organization 
(CROs), need to consider the properties 
and stability of protein drugs. A concerted 
collaboration and partnership between 
biologics developers, technology/service 
providers, and regulatory agencies greatly 
facilitates bringing a safe and efficacious 
protein drug to market, says Khimani.

“Collaborations between industry, reg-
ulatory agencies, instrument companies, 
and standards organizations during the 
development of new methods [are] crit-
ical,” agrees Rogers. It is key to develop-
ing technologies and methods that are 
robust and fit-for-purpose, adds Berger. 

“Organized industry meetings bring these 
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groups together to explore technology, 
methodology, and its impact on regula-
tory science. Other more focused collab-
orative organizations such as the National 
Institute for Innovation in Manufacturing 
Biopharmaceuticals and the MAM 
Consortium dive deeper and look to 
establish consensus performance expec-
tations and best practices to bring new 
methods into routine use,” he explains.

The R&D/analytical development 
departments of biologics manufacturing 
companies are in the unique position to 
bridge established, legacy-testing methods 
with newer technologies emerging from 
academic research programs and innova-
tive instrument companies, Kehoe asserts. 
“Whether it is an improved reagent, a new 
assay, or a more efficient instrument, these 
departments can show equivalency to cur-
rent CQA assays, demonstrate improved 
test performance, or provide additional 
orthogonal testing options,” she says.

“Instrument companies may be 
looking for new applications for their 
existing technology that have not yet 
migrated to the protein biologics field, 
or they may partner with a biologics 
manufacturing company or CRO who 
tests biologics to develop something 
completely new to solve an existing 
problem,” Tishmack comments.

Instrument vendors, meanwhile, will 
often introduce brand new technologies 
to the entire community including regula-
tors, building a sense of urgency, according 
to Rahbek. In addition, Kehoe observes 
that as instrument companies continue 
to include installation qualification and 
operational qualification in their analysis 
programs, methods developed on these 
instruments can be transferred readily to 
quality control laboratories for the release 
of manufactured drug products. 

Most CROs, biosimilar developers, 
and contract manufacturers often have 
low inducement to develop new ana-
lytical and characterization methods 
because they are mostly required to fol-
low already established methods, accord-
ing to Rahbek. However, Jones notes 
that some CROs and contract develop-

ment and manufacturing organizations 
(CDMOs) do pursue the development 
of cutting-edge methods for protein 
characterization as a means of differ-
entiation and to attract pharmaceutical 
companies seeking outsourcing partners 
that specialize in specific assays.

CROs with biologics expertise will 
know the existing challenges and contin-
uously look for appropriate and efficient 
solutions, adds Tishmack. “Many times a 
CRO will advance a unique application 
of a common technology because of the 
wide variety of problems they encounter 
and solve for their clients,” he says. 

Overall, Huang observes, instru-
ment companies manufacture analytical 
instruments and periodically incorpo-
rate new technologies into these ana-
lytical tools for biologics manufacturers 
and CDMOs/CROs. Drug developers 
are willing to explore new technolo-
gies and turn them into new analytical 
methods. Regulators ensure these new 
analytical techniques can serve the 
intended purpose while ensuring 
patient safety is not compromised. If a 
regulatory agency finds a new method 
for biologics characterization accept-
able in a filing for one developer, this 
increases the likelihood of propagation 
of the method for use with other bio-
logics, Tishmack observes.

While the fact that large biopharma-
ceutical manufacturers set the tone for 
biophysical characterization helps get cut-
ting-edge techniques publicized, recog-
nized, and exposed to regulators, there is 
a downside, according to Tissot: smaller 
companies are sometimes left in a difficult 
position because not all can afford highly 
expensive, specialty instruments nor the 
time to develop an optimized method 
internally or at an external provider. In 
addition, she notes that when instrument 
vendors collaborate with large biophar-
maceutical manufacturers, they often tai-
lor their software to the needs of those 
companies. Once the software is released, 
smaller drug developers are sometimes 
forced to follow the process that the soft-
ware was optimized for.

Quinn argues, though, that most 
of the time the molecules drive inno-
vation in the analytical instrumentation 
sector. “Strong collaborations between 
manufacturers, CROs, and analyti-
cal instrumentation companies leads 
to hyper-personalization of equipment, 
chemistry, and methods and enables faster 
progression of the science,” she asserts. 

“What is exciting,” claims Fabio Rossi, 
scientific lead at Abzena, “is the increas-
ingly collaborative role the industry is 
taking collectively to shape and refine 
protein characterization methods 
and study protocols. Abzena is able to 
improve on its clients’ methods to achieve 
more efficient and effective outcomes. 
Instrument companies are also in a cycle 
of continuous improvement, and over 
the past five years or more we have seen 
a tremendous improvement in study cost 
efficiency, speed, and the efficacy of the 
data analytics,” he says.

A FEW UNIQUE CHALLENGES
Despite all of the advances in mass 
spectroscopy and other methods, there 
is still opportunity for further improve-
ment. For instance, there is a significant 
need for alternative approaches to HCP 
characterization and clearance during 
purification, according to Vaughan. 

“HCPs are a unique challenge given their 
complexity and diversity, and they pose a 
significant risk to any protein therapeutic 
given the potential of certain HCPs to 
impact product stability and immunoge-
nicity of patients,” he says. 

Enzyme-linked immunosorbent 
assay-based approaches used currently 
have high sensitivity against a single 
target, but there are thousands of HCPs 
present in the initial harvest, which 
have the potential to vary between lots. 
Mass spectrometry, Vaughan believes, is 
well-poised to fill this gap given its abil-
ity to both identify and directly quantify 
individual HCPs with both high sensi-
tivity and accuracy.

Quantification of polysorbates (PS20 
or PS80) in protein therapeutic formu-
lations is another area in which advances 
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in analytical techniques are still needed, according to Kehoe. 
“Regulators have recently started to increase the detail required 
of drug formulations, and the analytics for characterization of 
polysorbates is lagging behind,” she observes.

Glycosylation analysis remains a challenge as well. “Analysis 
of the N- and O-glycan profiles of any molecules but mAbs 
is an arduous task,” Tissot remarks. “Most of the methods are 
either highly quantitative or highly qualitative and there is no 
real happy medium where you can safely assign structures and 
report relative percentages in one go without major bias,” she 
explains. The ability to use LC-MS with electron capture 
dissociation/electron transfer dissociation (ECD/ETD) is an 
improvement, but most of the workflows and techniques remain 
in the academic realm to date.

The bi/multi-valent nature of multi-specifics bears the 
risk of self-association that can result in poor high-concen-
tration solution behavior, according to Fischer. She believes 
high-throughput predictive assays to assess colloidal stability 
of biotherapeutics early on are a key advantage in the discovery 
of multispecific drugs. Similarly, the analytics of mispairing, in 
particular when compound numbers are high—in discovery but 
also in cell line development—is a challenge. Here again, Fischer 
notes that compatible MS approaches are important for effective 
analyses of samples with increasing compound numbers.

Rogers also points to the need for tools and workflows for 
efficient protein variant screening and structure determination 
across a broad molecular weight range, amino acid misincorpo-
ration, characterization of intact proteins and protein complexes, 
characterization of low-abundance PTMs (natural or intro-
duced by the manufacturing process), and the characterization 
and quantitation of specific proteoforms. “Workflows utilizing 
CryoEM, [ultra-high mass range] (UHMR)-MS, and com-
plementary tools and software are of great interest to structural 
biology researchers in academia and industry because they offer 
great potential for improved screening, characterization, and 
understanding of protein structure and proteoforms,” he states.

The rapid emergence of viral and nanoparticle-based deliv-
ery has created the need for methods that address questions 
of composition (e.g., lipid profiling), as well as measures for 
proper assembly of these macrostructures (e.g., empty/partial/
full analysis for the biotherapeutic molecule), according to 
Berger. The acceleration of gene and cell therapies reinforces 
and extends these needs.

Waters is working with emerging technology companies such 
as MegaDalton Solutions to bring new technologies like charge 
detection-MS (CD-MS) into the commercial realm. The com-
pany is also, Berger notes, investing in new generations of HPLC 
and ultra-performance liquid chromatography/ultra-high per-
formance liquid chromatography chemistries and consumables 
for the next generation of size- and charge-based separations for 
application to new modalities because these methods will also 
play a key role in routine analysis. ◆
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Overcoming Vaccine  
Development Challenges

Vaccine development is inherently challenging; however,  
in light of the COVID-19 pandemic, innovations have been 
prioritized, leading to accelerated development processes.

FELICITY THOMAS

V accines are known to be hugely important in main-
taining global public health and minimizing the 
impact of infectious diseases worldwide. Despite 

their worth, vaccines are subject to intense scrutiny, and, due 
to the fact that they are intended for large patient popula-
tions—including healthy patients and infants—the assurance 
of their safety, prior to approval and administration, is of para-
mount importance. 

According to recent market research, the vaccines market is 
expected to grow at a compound annual rate of 14.7% for the 
forecast period of 2020–2026 (1), the growth of which has been 
accelerated by the recent COVID-19 pandemic. “Heightened by 
the recent COVID-19 outbreak, vaccine innovation has become 
a top priority worldwide,” confirms Elham Blouet, strategic port-
folio manager, Roquette—specialist in plant-based ingredients 
and provider of pharmaceutical excipients. 

“In recent years, a paradigm shift has been observed in the way 
vaccines are being developed,” says Smruti Phadnis, biopharma 
marketing manager at Agilent. “The focus on disease-causing 

pathogens has been well integrated with intensive studies on 
human immunity. This research has opened doors to allow 
advances against complex noncommunicable diseases as well as 
cancers. However, inherent challenges, such as antigen selection 
and genetic diversity, need to have a broader immune response 
that includes T-cell protection, and alternative routes of vaccine 
delivery still exist during vaccine development.”

DEVELOPMENT CHALLENGES
A constant challenge facing pharma companies developing vac-
cines is the wide range of potential pathogens that could cause 
serious illness, explains Kai Lipinski, chief scientific officer of 
Vibalogics. “Great strides have been made over the years to 
develop and commercialize effective vaccines for a wide range of 
infectious diseases,” he adds. “However, there are still particular 
illnesses that remain difficult to prevent or treat, such as HIV, 
malaria, norovirus, tuberculosis, and Zika virus.”

Particularly when trying to develop vaccines for difficult to 
treat illnesses, development obstacles can arise due to the inherent 
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properties of the responsible organism, 
Lipinski continues. “Organisms displaying 
high rates of antigenic shift, such as RNA 
viruses including influenza and even the 
recent coronavirus (COVID-19), pose 
one such challenge,” he notes. “Antigenic 
shift of organisms yields frequent new 
variants, which develop very quickly, sub-
sequently requiring surveillance, identifi-
cation, and recomposition of the modified 
vaccine antigen or strain, often with a 
seasonal cyclicality.”

As vaccines are derived from pathogens, 
there are myriad antigen or target types 
to identify and select for development, 
emphasizes Phadnis. “Each type has its 
own degree of safety and efficacy,” she says. 

“To add to the complexity, non-live vac-
cines need to be combined with adjuvants 
(carriers) to induce immune response and 
slow release. Target/antigen selection is 
complicated further by genetic diversity 
across strains, including post-infection 
evolution and geographic variability.”

A key challenge in vaccine devel-
opment for Anissa Boumlic, head of 
global vaccine and plasma segments, 
bioprocessing, within the life science 
business at Merck KGaA, is the fact 
that there is not a singular manufactur-
ing template available to be widely used. 

“Manufacturers need to adapt constantly 
to tackle new pathogens and, sometimes, 
under tight deadlines,” she says. “A num-
ber of processes need to be optimized to 
increase scalability, robustness, efficiency, 
and cost. Additionally, formulations of 
certain vaccines need to be improved 
to increase efficacy and stability while 
ensuring patient safety, and facilitation 
of distribution and access.”

Lipinski concurs that, in addition to 
the challenges associated with vaccine 
candidate discovery, companies need to 
develop vaccines that are stable, can be 
stored, and administered in a variety of 
climates to ensure widespread distribution 
and use. “For example, emerging 
countries often lack appropriate facilities 
for vaccine storage at sustained sub-
zero temperatures at or near the point 
of treatment, which can pose issues 

in launching vaccination programs 
that require cold-chain storage,” he 
says. “With this in mind, developers are 
challenged to devise vaccine formulations 
capable of being stored and transported 
at temperatures that don’t restrict their 
widespread use. Formulations must also 
allow for in-use stability, in the brief 
window between removal from storage 
and administration. They must be able 
to remain stable in tropical environments, 
where temperatures might exceed 30 °C.”

“Lyophilization or spray drying of vac-
cines can provide stability during trans-
port and introduce alternate vaccine 
administration routes,” continues Phadnis. 

“Packaging is also heavily impacted by liq-
uid vaccines. Durability of glass vials at 
very low temperatures and permeability of 
plastic vials has complicated the packag-
ing decisions as well.”

Since the beginning of the pandemic, 
the bio/pharma industry has been under 
pressure to produce stable formulations 
for effective vaccines in accelerated times-
cales, Blouet asserts. Moreover, the drive 
for a COVID-19 vaccine has occurred 
during a period of increased basic scien-
tific understanding, such as in genomics 
and structural biology, supporting a new 
wave of vaccine development and produc-
tion, she says.

“As well as bringing about much 
needed innovation in a historically con-
servative field, [COVID-19] has also 
raised questions about whether conven-
tional vaccines—developed by attenuating 
or inactivating the respective pathogen—
are enough in today’s landscape. Although 
mostly successful in the past, these estab-
lished methods may not always be suit-
able or even feasible in outbreak situations 
because they simply don’t allow for the 
fast response required,” Blouet reveals.

OVERCOMING BARRIERS
There are numerous tools that have been 
developed to help accelerate vaccine 
development, and novel technologies and 
platforms are emerging. “Manufacturing 
platforms, such as viral vectors, virus like 
particles, and messenger RNA, allow a 

reduction in process development time 
once established,” Boumlic remarks. 

“Systematic methodologies such as 
design of experiments (DoEs) and qual-
ity-by-design (QbD) have demonstrated 
the ability to increase process robustness 
and scalability.”

Processing has been simplified 
through the implementation and avail-
ability of single-use and filtration tech-
nologies, Boumlic continues. These tools 
have enabled an increase in speed of 
development and are easy to use. Boumlic 
also notes, however, that flexibility in 
scale, technologies to manufacture dif-
ferent modalities, more process simplifi-
cation, and modernization are areas that 
require improvement still.

According to Phadnis, in addition to 
single-use technologies, automation for 
high throughput and robust analytical 
assays are necessary for rapid turnover 
during development and manufacturing 
of vaccines. “Automation technologies 
can speed up vaccine research as well as 
the manufacturing process by efficiently 
reducing manual errors. Automation 
also gives the flexibility of scaling up or 
down depending on the external demand. 
Simultaneous high-throughput work-
flows supported by robotic automation 
can swiftly generate consistent data 
across samples and users,” she says. 

Using robust analytical assays for the 
characterization and validation of vac-
cine components, and to measure potency, 
are critical for inducing immunogenicity, 
Phadnis emphasizes. “Right from anti-
gen selection and functionality testing 
at laboratory level to its final manufac-
turing, an integrated workflow of several 
analytical methods is required to ensure 
efficacy and safety of the vaccine,” she 
notes. “Innovations in mass spectrom-
etry (MS) and capillary electrophoresis 
(CE) combined with in-line detection 
methods, such as high-performance liq-
uid chromatography (HPLC), provide 
high sensitivity, selectivity, and accuracy 
for multidimensional analysis of sam-
ples. This innovation aids robust mon-
itoring and control of key attributes of 
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vaccines during development and enables 
a quick and reliable decision-making pro-
cess during product development and  
manufacturing.”

For Blouet, the critical role of func-
tional excipients, specifically cyclodextrins, 
is gaining interest for those in vaccine 
development seeking to overcome formu-
lation challenges and produce a safe and 
efficacious vaccine quickly. “Cyclodextrins 
are a family of oligosaccharides produced 
from starch using enzymatic conversion,” 
she states. “2-hydroxypropyl-beta-cyclo-
dextrin (HPβCD), in particular, is reach-
ing into therapeutic biologic processes, 
final formulations, and delivery of vac-
cines, and is being used in some promis-
ing new areas where work is still at a very 
early stage.”

“To shorten formulation development 
timelines, accelerated temperature pre-
dictive modeling is key,” adds Lipinski. 

“However, this requires robust and 
well-designed analytical assays to assess a 
formulation’s performance.”

STABILITY ISSUES
Both physical and chemical stability of 
vaccines are ongoing formulation chal-
lenges, notes Blouet, particularly given 
the novel technologies being employed 
and demand for increased shelf-life for 
convenience and cost-efficiency. “Physical 
and chemical instabilities may lead not 
only to the loss of biological activity, but 
also potentially to the formation of prod-
ucts that detrimentally affect toxicity and 
immunogenicity,” she says. 

Using adenoviruses as an example, 
Blouet highlights that a “robust formula-
tion, with precise optimization of buffer 
type, pH, and specialized excipients, are 
critical to ensure stability over a wide 
range of conditions. But options for 
addressing stability challenges in adeno-
viral vector formulations are limited to 
those few excipients approved for paren-
teral use.” Here, she emphasizes the utility 
of HPβCD, which is already approved 
for existing commercial formulations.

“At the same time, a key challenge in 
recombinant subunit vaccines is their sta-

bilization for delivery,” Blouet continues. 
“These are typically protein-based and 
very few approved excipients are avail-
able to formulators working in this area.” 
Again, she emphasizes HPβCD as a 
potentially useful excipient to stabilize 
subunit vaccine proteins.

“Certain vaccines are less stable than 
others depending on their inherent prop-
erties,” specifies Boumlic. “For exam-
ple, viruses or mRNA can be degraded 
through the process and a number of 
approaches need to be considered to min-
imize product loss—gentle purification, 
specific reagents, degradation inhibitors, 
stabilizers, delivery vehicles, and so on.”

It is imperative that the stability of 
process intermediates, or the product 
matrix as it moves through the man-
ufacturing process, be understood and 
addressed, emphasizes Lipinski. “As 
downstream purification processes can 
span multiple days, a vaccine that is sen-
sitive to the process itself, or cannot be 
subjected to freezing due to freeze-thaw 
processes, will present complications or 
limitations,” he says. “Developers must 
link drug substance and drug product 
manufacture, often within one facility, or 
within the limitations of the stability of 
the fresh (unfrozen) product, which can 
pose issues with often desired manufac-
turing flexibility.”

Combinatorial platform excipient 
banks can be used to speed up formu-
lation development while overcoming 
stability issues, Lipinski states, which 
involves developing each vaccine in the 
same design space to optimize stability 
while reducing time-to-market. “Vaccine 
technology platforms (materials, pro-
cesses, formulations) can also be used to 
minimize the development time for new 
products, as this approach offers consid-
erable advantages where one universal 
formulation creates efficiencies that can 
be utilized across new products minimiz-
ing changes and allowing for a more pre-
dictive development paradigm,” he adds.

QbD and DoE-based principles, sup-
ported by orthogonal analytical meth-
ods, are significant when optimizing and 

streamlining the assessment of formu-
lation stability, Lipinski remarks. “As an 
example, using physicochemical analyt-
ical methods to assess formulation per-
formance as an indicator for infectious 
titer in the case of live-attenuated vac-
cine development can potentially reduce 
development timelines,” he says. “If suffi-
cient knowledge is not available in-house 
to perform formulation stability stud-
ies to a high standard and with mini-
mal delay, collaboration with experienced 
[outsourced service providers] is vital.”

The majority of commercially avail-
able vaccines are formulated as liquids, 
which, if kept in cold temperatures, can 
maintain their potency for about three 
years, asserts Phadnis. “However, freeze-
thaw cycles can lead to immediate loss of 
potency,” she stresses. “Alternate formu-
lations such as lyophilization and spray 
drying are being considered for alterna-
tive administrative routes as well as for 
ease of distribution and stability of the 
vaccines. However, dehydration needs 
antigen-protective excipients such as a 
combination of amino acids and glucose 
derivatives to replace the water molecules.”

ROUTE OF ADMINISTRATION
“The route of administration has a signif-
icant impact on the development path-
way of a vaccine,” Lipinski asserts. “Oral 
vaccines, such as those utilized for polio-
myelitis or rotavirus, offer a number of 
advantages when it comes to develop-
ment compared with parenteral products.” 
However, oral administration is not suit-
able for all vaccine candidates.

Administering vaccines nasally can 
also provide advantages over the more 
traditional parenteral approach, such as 
the avoidance of needles, ease of admin-
istration, and convenience for respira-
tory diseases, Lipinski continues. “One 
further delivery device being utilized is 
the micro-needle-based vaccine,” he says. 
“This [route] overcomes patients’ syringe 
needle anxieties while providing further 
benefits in its ease of use, and lack of cold 
chain distribution and storage need, due 
to its solid-state nature. This technology 
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can also be self-administered by patients. 
However, sufficient production capabil-
ities and capacities for such products are 
not available yet.”

The majority of vaccines are deliv-
ered intramuscularly with other routes 
including subcutaneous, intradermal, oral, 
or nasal, confirms Boumlic. The admin-
istration route of choice is determined 
by the type of vaccine being developed 
(i.e., whether the vaccine is adjuvanted or 
not) and whether the efficacy versus side 
effects can be balanced, she adds. 

“The route of administration will influ-
ence the process to meet the associated 
safety requirements or to trigger sufficient 
immune response. For instance, injected 
vaccines will need to be sterile, and this can 
impact process design and cost efficiency,” 
Boumlic says. “Certain vaccines will need 
to be injected in high quantities to be effi-
cacious and, therefore, this will impact the 
dimensions of the process (more volumes 
to handle, more scalability challenges). 
Messenger RNA vaccines need to be deliv-
ered in lipid nanoparticles to remain pro-
tected and be translated to antigens.”

The route of vaccine administra-
tion is dictated by the formulation and 
potency requirements, notes Phadnis. 

“Technologies that enable lyophilization, 
spray drying, and use of inert stabilizers 
in the form of lipids and nanoparticles are 
being developed for ease of administration 
and distribution of the vaccines,” she reveals. 

“A careful optimization of stabilizers as well 
as different formulation parameters during 
the first stage of vaccine product develop-
ment should be done along with antigen 
screening and validation.”

“A glaring constraint with injectable 
delivery systems for large-scale vaccine 
programs is a complete reliance on cold 
storage, which directly escalates oper-
ational costs and diminishes market 
reach,” emphasizes Blouet. “For exam-
ple, to ensure that each patient benefits 
from the injectable vaccine, meticulous 
logistical planning is required to success-
fully maintain the cold chain at every 
step, often involving collaborations with 
supply chain partners.”

A PARADIGM SHIFT
The COVID-19 pandemic has presented 
industry with significant and unprece-
dented challenges in terms of vaccine 
development; however, opportunities have 
also arisen. “Historically, vaccines took 
about 10 years of development to reach 
the market and were mostly restricted 
to affected areas,” states Phadnis. “With 
the COVID pandemic, we have seen a 
paradigm shift in shortening the vac-
cine development process to less than a 
year. mRNA vaccine technology to make 
highly potent and safe vaccines was a 
breakthrough during this pandemic. This 
technology was implemented for the very 
first time in commercial vaccines.”

Additionally, the fact that the pandemic 
has raised questions about whether or not 
conventional vaccines are sufficient in 
today’s landscape has challenged devel-
opers to push the boundaries of vaccine 
development, Blouet notes. “Rapid devel-
opment and accelerated large-scale vac-
cine manufacture are both critical factors 
in outbreak situations, key to combatting 
pandemics and protecting individuals 
worldwide by getting solutions to market 
faster,” she says. “To get vaccines to market 
quicker and overcome complex formula-
tion challenges, more developers than ever 
are moving away from traditional vaccine 
development models.”

For Boumlic, the pandemic has 
demonstrated the requirement of stan-
dardized vaccine manufacturing and has 
highlighted the need for expanded capac-
ity to ensure biopreparedness. “A clear 
trend is the development of platforms 
that can be easily adjusted for new targets. 
Using recent technologies, such as viral 
vectors and mRNA, single-use technolo-
gies and tapping into contract manufac-
turing organization capacity has also been 
beneficial to increase productivity and will 
shift vaccine development and manufac-
turing in the future,” she says.

“One key development that has proven 
useful during the pandemic and will 
change the way we operate in the future 
is the creation of vaccine platform tech-
nologies,” concurs Lipinski. “The advan-

tage of such a platform approach, in the 
example of adenoviral vector platforms, 
is that the different vaccine products are, 
with the exception of the disease-spe-
cific transgene, the same. This shortens 
the production timeline for a number of 
reasons, as the producer cell bank and 
expression technology are already in place 
and the vaccine design tools and manu-
facturing infrastructure are already estab-
lished. Moreover, formulation and stability 
data are available from products previ-
ously developed with the same platform 
technology.”

Furthermore, collaboration by all 
stakeholders has been highlighted as cru-
cial during the COVID-19 pandemic, 
Lipinski emphasizes. “Greater collabo-
ration should continue into the future. 
Not only will it support national govern-
ments in preparing for future outbreaks, 
but it will also allow knowledge-shar-
ing between businesses and academia to 
devise the technology and infrastruc-
ture needed to develop treatments more 
quickly,” he says.

“As mentioned before, the inherent 
challenges would remain as different 
pathogens emerge,” Phadnis concludes. 

“However, the rapid development of the 
COVID vaccines and their usefulness to 
control the pandemic has given us hope 
for a better future in vaccine development.”

DISCLAIMER FROM AGILENT
For research use only. Not for use in diag-
nostic procedures. Agilent products are 
NOT authorized for COVID-19 test-
ing, diagnosis, treatment, or mitigation. 
Agilent has not validated a product to 
detect the novel coronavirus.

REFERENCE
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Recombinant Supplements Offer Lower 
Risk of Cell Culture Contamination

Demand for recombinant microorganism-based cell culture 
supplements is rising on the back of lower contamination risk.

FELIZA MIRASOL

T he global market for recombinant cell culture sup-
plements is forecast to grow more than 6% from 
2021–2031 as demand rises, and specific demand for 

microorganism-based recombinant cell culture supplements 
is expected to grow at an even higher pace, driven by ris-
ing demand for animal-free cell culture supplements (1). 
Microorganism-based recombinant cell culture supplements 
offer the benefit of eliminating the risk of contamination 
from cell culture media and are animal-free derived material.

CHALLENGES IN TRADITIONAL 
MEDIA AND SUPPLEMENTS
Among the ongoing challenges in commercial-scale cell 
culture using traditional media and supplements has been 
a reliance on further supplementing traditional media with 
material such as human AB serum, human serum albumin, 
or platelet lysate, says Alexis Bossie, director of Media R&D, 
Lonza. Often, these undefined supplements are bound to 
various cytokines, hormones, and other growth factors neces-
sary for primary cell growth and function, but, unfortunately, 

lot-to-lot variation of these components often leads to 
differential responses from cells and can produce unwanted 
side effects, she states.

“Additionally,” Bossie continues, “as the number of cell 
and gene therapy clinical trials and commercial applications 
increases, the supply of these critical raw materials is becoming 
increasingly limited and can cause delays in patient treatments.”

Trissa Borgschulte, head of Bioprocessing Upstream 
R&D at MilliporeSigma, also points out that having enough 
capacity to supply critical, high-quality raw materials that 
are needed for traditional cell culture media and supple-
ments (e.g., animal sera) continues to be a major ongoing 
challenge. Specifically, COVID-19 has negatively impacted 
many critical supply chains. “There just aren’t enough mate-
rials to supply manufacturers with what they need for their 
bioprocesses,” she says.

Meanwhile, one of the longer-lasting challenges surround-
ing traditional cell culture media and supplements is related 
to patient safety and stems from the potential risk of adven-
titious agents potentially introduced into bioprocesses from 

Upstream Processing
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animal-derived raw materials. “To 
reduce this risk, there is a strong push 
to remove animal-derived components 
from modern bioprocesses whenever 
possible. As a result, today’s standard 
production processes for recombinant 
therapeutic proteins are chemically 
defined and non-animal origin (NAO),” 
Borgschulte says.

Sonjoy Mukerjee, PhD, principal 
application scientist, Cell Culture and 
Cell Therapy, Thermo Fisher Scientific, 
adds that scale-up, manufacturability, 
reproducibility, and achieving consis-
tent performance are also among the 
challenges encountered with using tra-
ditional cell culture media and supple-
ments. He explains that this variability 
in performance can result in sudden 
spikes in titer, variability in product 
quality, and difficulties with developing 
a consistent manufacturing process. 

“Additionally,” Mukerjee continues, 
“there is an increased need to prevent 
mycoplasma contaminations through the 
use of 0.2-micron or even 0.1-micron 
filtration steps at the end of the final for-
mulation. This poses a challenge because 
it adds additional steps to the process 
that could be avoided with the use of 
raw materials that are validated to more 
stringent bioburden specs.” Finally, vari-
ations in glycosylation profiles can limit 
the ability of quality control (QC) teams 
to release final batches because it is diffi-
cult to set these kinds of limits. 

“These challenges highlight the impor-
tance of manufacturing supplements and 
media specifically for biomanufacturing 
to provide better and more consistent 
performance,” Mukerjee says.

BENEFITS OF 
MICROORGANISM-BASED 
RECOMBINANT MATERIAL
Several recombinant proteins and pep-
tides are already used in many cell culture 
media, including, for example, transferrin 
and insulin, says Bossie, who explains 
that using defined components in place 
of the alternative form that is isolated 
from serum leads to less lot-to-lot vari-

ability and can produce more robust cel-
lular responses. “Elimination of human 
or animal sources for media components 
reduces the risk of virus or other contam-
inants and eases the regulatory burden on 
the final therapeutic product,” she says.

“As  ment ioned above, ” adds 
Borgschulte, “today’s standard biopro-
cesses for the production of recom-
binant therapeutic proteins are 
chemically defined, NAO, and, in some 
cases, protein-free. Optimized media 
formulations and robust bioprocesses 
have resulted in manufacturing tem-
plates that only require low-molecular 
weight, recombinant peptide growth 
factors for the cell to thrive.” By con-
trast, however, the rapidly growing field 
of novel gene and cell therapies still 
requires more sophisticated media for-
mulations owing to the diverse nature 
of cells (i.e., primary cells, embryonic 
and tissue-specific, regenerative stem 
cells, induced pluripotent stem cells) 
used therein, she points out. 

Thus, for these close-to-the-patient 
cell expansions and/or differentiation 
media, sophisticated supplementation 
will need to closely mimic the bodily 
environment f rom which they are 
taken, Borgschulte further explains. 
“Not surprisingly, high-quality bovine 
and clinical-grade human sera, or frac-
tionated components thereof, are still at 
the core of these protocols. Replacing 
sera with supplement cocktails con-
taining only NAO recombinant growth 

factors and transport proteins is an 
achievable goal,” she states

COMMERCIAL 
CONSIDERATIONS
Recombinant supplements are already 
used in commercial cell culture media. 
Recombinant insulin and transferrin 
are two examples of widely used recom-
binant supplements in many cell cul-
ture media, Bossie says. She also points 
out that cytokines and interleukins 
(e.g., IL-2, IL-7, IL-15) as well as other 
growth factors (e.g., Rho kinase inhib-
itor, TGF-β) are common recombinant 
proteins used in cell culture media.

While microorganism-based sub-
stitutes for undefined serum-derived 
components could alleviate some of 
the challenges associated with com-
mercial-scale cell culture, care must be 
taken, however, to also supply the addi-
tional growth factors that are non-spe-
cifically associated with the native 
forms of these components, Bossie 
cautions. For instance, trace elements, 
lipids, interleukins, and as-yet-uniden-
tified other proteins might also need 
to be added to the cell culture medium 
when recombinant supplements are 
used in place of the native form iso-
lated from human serum. 

“Determining the optimal concen-
trations of all of these ingredients can 
be a time-consuming discovery effort,” 
Bossie says. Moreover, the costs asso-
ciated with additional components 
can result in an extremely expensive 
medium, resulting in an additional cost 
burden to the therapeutic product.

Demand for recombinant ani-
mal-free components in cell culture 
media is growing especially on the back 
of concerns regarding contamination 
in raw materials. Borgschulte points to 
the threat to the supply of porcine tryp-
sin (African Swine Fever) and general 
animal-origin concerns, as well as the 
current need to accelerate COVID-19 
vaccine programs, for example, as driv-
ing factors for increased recombinant 
animal-free cell culture components. 

Upstream Processing

Specific demand 
for microorganism-
based recombinant 

cell culture 
supplements is 

expected to grow at 
a higher pace.
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Meanwhile, peptone hydrolysates, 
specifically manufactured for biomanu-
facturing, are being widely used in both 
pre-clinical and all phases of clinical 
trials as well as many marketed mole-
cules, emphasizes Mukerjee. “Successful 
applications include monoclonal anti-
bodies, microbial fermentation appli-
cations, and various vaccines for both 
human and animal health,” he says.

In the area of cell therapies, there is 
need for greater consistency as well as 
higher regulatory standards, which is also 
driving the increased use of recombinant 
growth factors wherever possible, says 
Bossie. “This trend should be expected 
to continue,” she continues, adding that 
“hurdles to greater utilization of recom-
binant proteins revolve around the need 
to more completely understand the met-
abolic demands of the cells to be able 
to provide all of the necessary ancillary 
factors bound to or associated with the 
serum-derived components.” 

Once there is greater utilization of 
the recombinant proteins in place of 
serum-derived ingredients, however, the 
economies of scale in their manufacture 
and increased competition among manu-
facturers should serve to drive down costs 
of these materials, Bossie adds. Until then, 
the high cost of some recombinant pro-
teins might limit their adoption, she says

Furthermore, NAO alternatives 
reduce the risk of introducing adventi-
tious agents to the biomanufacturing pro-
cess, Borgschulte confirms. Additionally, 
recombinant cell culture supplements can 
offer more consistent purity and activity 
levels, she explains. “In the growing field 
of cell and gene therapy, high-quality ani-
mal derived supplements are still com-
monly used. However, replacing these 
supplements with NAO recombinant 
growth factors and transport proteins is 
the direction of the future,” she states. 

“Many companies in this space are 
looking for lot-to-lot consistency for 

the media and supplements that they 
use in their processes,” adds Mukerjee. 
These companies also want full trace-
ability of the components that make 
up the media and supplements. “These 
are a couple of the drivers towards 
microorganism-based recombinant 
cell culture supplements and media. 
It’s possible that these type of supple-
ments and media could replace tradi-
tional supplements and media, but it 
would come at a higher cost. The incre-
mental added benefits of these newer 
supplements might not outweigh this 
increased cost and given that there 
are many high-quality options on the 
market right now, it’s not likely that 
companies will be making the switch 
anytime soon,” he concludes.
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com, February 2021. ◆
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Moving Closer to End-to-End 
Continuous Bioprocessing

As downstream improvements continue, efforts are underway  
to integrate downstream processes into continuous operations. 

AGNES SHANLEY

T he past few years have brought significant cost and 
competitive pressures to biopharmaceutical manu-
facturers. Process intensification and integration have 

allowed manufacturers to address these challenges, improv-
ing yields and reducing timelines. 

Conditions are now set for change. “For monoclonal anti-
bodies, outputs continue to increase, kilograms per batch are 
getting lower, and we’re getting higher titers out of cell cul-
tures. In addition, there is a need for more flexible, adaptable 
manufacturing plants, particularly multiproduct plants, that 
can be run more flexibly,” says Darren Verlenden, head of 
bioprocessing at MilliporeSigma. 

More companies are moving beyond intensification and 
evaluating continuous processing, which would usher in 
a future of lower manufacturing costs, real-time product 
release, and predictive control. “Continuous bioprocess-
ing promises to transform biomanufacturing by reducing 
inter-campaign downtime, removing time- and labor-con-
suming steps, and reducing risk by chaining or combining 
serial steps in current processes,” says Phil Vanek, chief tech-
nology officer at Gamma Biosciences, which specializes in 

tools and technologies for advanced biotherapeutics develop-
ment and manufacturing. 

However, Vanek says, “in order for continuous biomanu-
facturing to work, we need to think about each manufacturing 
process in its entirety and seek areas where product can be har-
vested in real time without disrupting the ongoing process.” He 
visualizes highly productive expression systems under tight pro-
cess control, chained to efficient cell harvesting and subsequent 
downstream technologies, which can be developed into modular 
continuous biomanufacturing platforms, all within a highly 
efficient and compact footprint. An example of this, he says, is 
Univercells Technologies’ NevoLine biomanufacturing platform 
for intensified and automated viral production.

FOCUS ON PERFUSION
Currently, most companies are applying continuous pro-
cesses upstream, particularly to perfusion. Within 10 years, 
such efforts are expected to drive reactor productivities from 
0.05–1 g/L per day to 0.5–10 g/L per day (1). Technology 
providers, including Cytiva, Sartorius, and MilliporeSigma 
have all released new automated perfusion systems and 

Downstream Processing
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bioreactors. However, the continuous 
concept is also being developed down-
stream, enabled by new and improved 
alternatives to traditional chromatog-
raphy. WuXi Biologics is using con-
tinuous perfusion and downstream 
processing in its WuxiUp platform. 

ELIMINATING CLARIFICATION 
AND PRODUCT HOLD TIME
Transcenta Holdings is working to 
improving continuous processing both 
upstream and downstream functions. 
Based in China and United States, the 
company was formed in early 2019 
when two drug development com-
panies merged. MabSpace brought a 
focus on novel technology in discov-
ery and research, while Hangzhou Just 
Biotherapeutics contributed strengths 
in chemistry, manufacturing, and con-
trols development and bioprocessing 
platform. “The idea was to combine 
two companies with complementary 
cutting-edge technologies in R&D 
and biomanufacturing. The goal is to 
use innovative approaches to develop 
and deliver affordable innovative drugs 
to patients with unmet medical needs 
across the globe,” says Chris Hwang, 
chief technology officer of Transcenta, 
and a 25-year veteran of Genzyme and 
Sanofi. Although there is still much 
work ahead, continuous bioprocessing 
offers a number of advantages, he says. 

Transcenta’s manufacturing platform, 
Integrated Continuous Bioprocessing 
(ICB), uses continuous perfusion that 
can achieve very high productivities by 
maintaining cells at high densities in a 
productive state for the duration of each 
run to reduce downtime, he says. The 
company plans to rely on process integra-
tion with intensified and connected/con-
tinuous downstream to remove process 
bottlenecks where production takes place. 

By implementing ICB, Transcenta 
will also be able to eliminate harvest 
clarification and product hold steps, 
says Hwang. Those changes, combined 
with robust process control and auto-
mation, promise to result in significant 

reductions in footprint, labor, materials, 
consumables, and operator errors and 
overall cycle time.

Transcenta envisions a future based 
on small, closed, and highly automated 
single-use flexible facilities that use 
continuous processes and can be set up 
quickly and inexpensively, much like its 
facility T-BLOC in Hangzhou China. 
T-BLOC was built in January 2018, 
using G-CON’s prefabricated modular 
clean room technology, the first of its 
kind for protein production. Also, the 
facility will fully leverage single-use 
technologies, allowing it to support 
multi-product and scale-out as neces-
sary to support clinical and commercial 
production needs.

“Since we opened our T-BLOC facility, 
we have invested significant efforts in 
developing our own cell lines, chemically 
defined and low-cost cell culture media  
(< 1/10 of commercial media), and as well 
as our own continuous perfusion plat-
form. Since then, we have demonstrated 
a more than 10-fold increase in process 
output when compared to conventional 
fed-batch processes for multiple cell lines 
and molecules,” says Hwang. He esti-
mates that it would take 22 2000-L sin-
gle-use or four 12,500-L stainless-steel 
bioreactors in fed-batch mode to match 
the output of four 1000-L single-use bio-
reactors using the same cell line in their 
plug-and-play perfusion platform. 

To handle such a high cell-culture 
output efficiently without large-scale 
equipment, Transcenta is also devel-
oping continuous downstream bio-
processes in parallel. To accelerate 
implementation of ICB for good man-
ufacturing practice production in its 
T-BLOC facility, Transcenta estab-
lished a strategic technology collabora-
tion with MilliporeSigma in mid-2020, 
leveraging its BioContinuum platform, 
as well as its expertise in continuous 
processing (2). However, rather than 
go all in to end-to end continuous, the 
team decided to implement in a step-
wise manner, to minimize any risk to 
manufacturing operations.

FLOW-THROUGH POLISHING
The first phase of this multi-year part-
nership, the team will co-develop a first-
of-its-kind single-use flow-through 
polishing system, says Hwang, and the 
second phase will focus on expanding 
the boundary of continuous to the rest 
of the process, as well as digital tech-
nologies to optimize ICB. “To further 
minimize manufacturing risks, the tech-
nologies we are developing and imple-
menting need to strike a right balance 
of risks and benefits with strong prefer-
ence for simplicity as oppose to complex 
systems,” he added., “Significant prog-
ress has already been made and I expect 
our end-to-end continuous and auto-
mated ICB technology will be ready for 
operation in two years in our T-BLOC 
facility and ready to support clinical and 
commercial production,” Hwang says. 

Transcenta’s work reflects greater 
industry interest in continuous process-
ing across the board. Pilot-scale contin-
uous operations are showing progress, 
says Verlenden. A recent report projected 
demand for continuous bioprocessing to 
increase by nearly 23% per year through 
2027, reaching $198 million by 2027 (3). 
At this point, the only dampening fac-
tor appears to be concern about regula-
tory acceptance of continuous, Verlenden 
says, noting a recent company survey on 
BioPharma 4.0, in which respondents 
found regulatory concerns to be the larg-
est hurdle for companies to overcome. 

“This may prevent some companies from 
moving beyond pilot level,” he says.

At this point, savings are attracting 
more companies to continuous manu-
facturing approaches. “Continuous pro-
cessing has been shown to demonstrate 
cost-of-goods reductions for monoclo-
nal antibody purification, especially for 
orphan drugs,” says Dmitrii Sorokin, 
drug product development engineer at 
Exothera, a contract development and 
manufacturing organization affiliated 
with Univercells that specializes in viral 
vector manufacturing. “In these cases, the 
cost of Protein A resins is pushing devel-
opers and manufacturers to explore alter-

Downstream Processing
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natives to big expensive chromatography 
columns, and continuous multi-column 
chromatography (MCC) instruments 
offer an opportunity to decrease invest-
ment during development, clinical trial 
material manufacturing, and commercial-
ization of such products,” says Sorokin. 

For products that are difficult to pro-
duce using traditional technology—often 
due to stability issues or cytotoxic/cyto-
static effects on cell culture—a combina-
tion of upstream perfusion, continuous 
downstream processes using MCC, and 
in-line conditioning and tangential flow 
filtration (TFF), are being used in devel-
opment, says Vasily Medvedev, head of 
development at Exothera. “In viral pro-
cesses, more efforts are using continuous 
purification for sensitive viruses, to allow 
purification to take place more quickly, 
since target recovery remains one of the 
industry’s top challenges,” he adds.

DOWNSTREAM ADVANCES 
At the same time, advances continue 
to be made in downstream bioprocess-

ing technology itself. In January 2021, 
Sartorius Biotech acquired Novasep’s 
chromatography business, while, in 
April, the company opened a new cen-
ter of excellence for downstream bio-
processing in the United Kingdom.

Improvements are also being seen 
in traditional products such as Protein 
A resins. “Next generation medicines 
are complicated systems ranging from 
in-vitro transcribed RNA, purified 
extracellular vesicles, viral-based vectors, 
and vaccines, to genetically modified 
cells,” says Vanek. 

Although these therapies promise 
transformational health outcomes for 
patients underserved by conventional 
medicines, Vanek explains, their com-
plexity translates into manufacturing 
challenges that range from inefficient 
production steps to difficulties in pack-
aging and distribution, he says. 

AFFINITY IMPROVEMENTS
The introduction of affinity technol-
ogies, most notably Protein A in the 

monoclonal antibody workflow, has 
boosted productivity by simplifying the 
number of steps necessary to achieve 
functional purity. Affinity methods 
will continue to be applied to all forms 
of advanced therapies with the goal 
of improving recovery and quality of 
final product, as well as reducing cost 
through process simplification, Vanek 
says. In addition, he notes, identifying 
highly tunable ligands and conjugating 
them to appropriate chromatography 
substrates such as resins, magnetic ferro-
fluids, or electrospun non-woven mem-
branes promises to open up a whole new 
dimension of bioseparation possibilities.

Nanopareil electrospun nanofibers, 
one of Gamma Biosciences’ newer 
bioseparation product offerings, com-
bine extremely efficient chromatograph-
ical properties such as short residence 
time and high dynamic binding capac-
ity with large pore sizes that are better 
suited to advanced therapy modalities 
such as viral vector and exosomes. “This 
platform is being developed with tra-

Downstream Processing

Suppliers have expanded production capacities to meet 
the demand for bioprocessing equipment and supplies.

Sartorius opened a new manufacturing facility for 
downstream bioprocessing equipment in Havant, United 
Kingdom, in mid-April 2021. The 58,000-ft2 facility will 
be used for the design and manufacture of systems for 
the biopharmaceutical market, including chromatography 
columns and filtration systems (1). 

In addition to a 28,000-ft2 production area, the 
center accommodates a 4000-ft2 customer test lab to 
demonstrate the functionality of Sartorius equipment. 
More than 90 employees relocated to the new from the 
company’s former Portsmouth site. The company reports 
it will invest more than $481 million (€400 million) in 2021 
to expand manufacturing capacities around the world 
including expansion at the Havant site. 
“The new facility in Havant will be an important part of our 

global operations network as it will enable our business to 
grow to meet the requirements of the expanding industry,” 
said Thorsten Peuker, head of operations, BPS Systems, 
at Sartorius in a press release. “The new facility increases 
Sartorius’ capacity to deliver support in all areas of our 
business and provide the highest quality equipment and 
services to our customers.”

Avantor is increasing its global capacity for single-use 
technologies, expanding the manufacturing footprint 
by 30% and doubling its cleanroom space in the United 
States and Europe. The expansion will support customer 
demand for monoclonal antibodies, cell and gene 
therapies for oncology and other diseases, and vaccines, 
including those for COVID-19 (2).
“The industry’s response to the COVID-19 pandemic has 

relied heavily on the integration of single-use products 
into biopharma production processes,” said Ger Brophy, 
executive vice-president of biopharma production at 
Avantor, in a press release. “These additions to our global 
single-use manufacturing ecosystem are critical steps in 
enabling our customers to get therapies to patients quickly.”
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ditional chemistries as well as Astrea 
Bioseparation’s affinity ligands to 
address new applications,” Vanek says.

POLISHING APPLICATIONS
Nanofiber chromatography technology 
promises to improve cell and gene ther-
apy capture and polishing applications, 
offering high binding capacities, fast cycle 
times, and scalable formats, says Fletcher 
Malcom, head of product at Nanopareil. 
As a result, this technology can help 
reduce processing time, chromatography 
facility footprint, buffer requirements, and 
waste significantly, shortening time to 
market while cutting costs and ensuring 
environmental sustainability, he says.

In viral-vector manufacturing, down-
stream processing is adapting chro-
matography and TFF steps to aseptic 
processing for viral particles that are too 
small for sterilizing-grade filters, says 
Sorokin. Currently, more chromatogra-
phy materials are available as membrane 
capsules and monoliths, which can be 

gamma-irradiated and ready to use in 
closed processes. In addition, presterilized 
TFF hollow-fiber cartridges are available 
with aseptic connectors, he says. 

“This trend is unlocking aseptic 
downstream processing at a large scale, 
which is critical for several categories 
of viral vector products (e.g., oncolytic 
viruses),” says Medvedev. “Another 
trend we are following closely is the 
availability of new modalities for sep-
aration of viruses (e.g., steric exclusion 
chromatography), which offers value 
in cases where conventional affinity or 
ion exchange resins would result in low 
recovery,” he adds. 

MEMBRANES AND CAPSULES
“Many anion exchange diffusion-based 
media (e.g., resins based on Q-Sepharose) 
that are suitable for viral vector purifi-
cation are being replaced by single-use 
convective media (e.g., anion exchange 
membranes or Q-adsorber capsules),” says 
Sorokin, “but a lot of polishing steps are 

required for monoliths to remove aggre-
gates and residual DNA-VP complexes.”

More biopharma developers are 
also looking into the idea of combin-
ing unit operations, such as the mid-
stream approach used in Univercells 
Technologies’ NevoLine or coming up 
with innovative approaches for sensi-
tive targets such as Repligen’s tangen-
tial flow/depth filtration concept for 
lentivirus, says Medvedev.
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Scale-up challenges can be addressed using the 
AppliFlex ST single-use bioreactor.

As the cell and gene therapy field continues to grow, the need 
for control, consistency, and process flexibility keeps growing 
along with it. Nowhere do we see this more than with the 

challenges that emerge when shifting from traditional static and 
shaken cultivation conditions to stirred controlled environments. 
As labs attempt this scale-up journey, they are learning that finding 
systems and processes that can grow—and adapt—with them is a real 
plus. Tom van Arragon, product manager at Applikon Biotechnology, 
is well aware of these challenges, and of the solutions that companies 
like his are innovating to address them. So we sat down to discuss 
advances in cell and gene therapy expansion processes, and how 
Applikon’s AppliFlex ST single-use bioreactor enables those advances 
in process development across applications.

BIOPHARM: Can you tell us why people should be using bioreactors 
for cell expansion?
VAN ARRAGON: A bioreactor offers a closed, standardized 
environment to cultivate cells. Typically, if we look at cell-line 
development, you start with cell expansion in an uncontrolled system 
that is not fully defined. By contrast, the key advantage of a bioreactor 
is obtaining reproducible results as a result of the constant cultivation 
conditions it offers. With the data that can be obtained from the 
controlled environment, further automation can be introduced into 
the process. Specifically for the cell and gene therapy field, we see 
single-use equipment being adopted rapidly.

BIOPHARM: How is the AppliFlex ST single-use bioreactor uniquely 
suited to support cell and gene therapy applications?
VAN ARRAGON: These applications are supported with a unique 
manufacturing process that makes use of 3D printing technology for 
the bioreactor headplate and fittings. This allows us to manufacture 
a bioreactor customized to the user requirements for that given cell 
type and process.

For instance, we can quickly design impellers that stir cells gently. 
We know from experience that cells can undergo shear stress when 
passing near the impeller, and that’s a challenge that’s prevented 
many scientists from moving into bioreactors when they need to 
scale up. For example, we worked with a scientist who first used a 
traditional-design marine impeller. But their experiments showed 

Advancing Cell and Gene Therapy 
Expansion Processes that this mixing was too aggressive for their stem 

cells, which grew in aggregates. For the next 
bioreactor solution, we included an upsized impeller, 
which lowered the sheer stress applied to the cell, 
and that gave them the desired control better to 
achieve uniformity of aggregate size. With that 
success, the scientist was able to improve quality 
and have consistency in their process for scale-up.

BIOPHARM: How does the AppliFlex ST address 
scale-up?
VAN ARRAGON: We talked with many cell and gene 
therapy companies that culture cells in plates and 
flasks, and they do indeed face issues associated 
with going from a static system to stirred tank 
bioreactors, particularly with the scale-up. And this 
is a hot topic, considering the fact that there are 
different scale-up paths that can be chosen—for 
example, strategies based on mixing time, shear 
forces on the cells or controlling oxygen levels in the 
bioreactor. The AppliFlex ST addresses scale-up needs 
because it provides an environment where the process 
can be characterized—and with that information, the 
tech transfer for the scale-up can be done. Applikon’s 
long experience in the field of bioreactors makes 
it easy for the company to support this tech 
transfer. And the benefits of working in a single-use 
bioreactor for expansion are also well understood in 
the larger field of bioprocess and scale-up.

BIOPHARM: Can you discuss these benefits further?
VAN ARRAGON: If we talk about a key benefit for 
single-use bioreactors, it’s that they introduce a 
reduction of risk into the overall process. A major 
risk for any bioprocess is contamination. Essentially, 
by working in a closed environment, there’s reduced 
risk of operator error or contamination from vessel 
preparation, media transfer events, or harvest. 

We currently see that cell and gene therapy labs 
are already relying on single-use equipment for 
risk reduction in cross-contamination between cell 
lines—which is no surprise, as speed and simplicity 
are also offered by these products. The added value 
that we make to these benefits is that we can 
optimize for the specific cell type or process.

BIOPHARM: Does the AppliFlex ST offer any other 
unique benefits?
VAN ARRAGON: Yes, absolutely. The AppliFlex ST 
is a box-to-bench system. The philosophy behind 
box-to-bench is that you take the bioreactor from its 

packaging to the bench and are able to start right 
away. The recent addition of single-use sensors to 
the portfolio really embodies this: It enables users 
to start without the traditional sensor calibration 
routine, so they’re ready to get going right away.

Next to box-to-bench, we offer a completely custom 
bioreactor design. This means that the headplate, 
diptubes, impellers, and also the tubing kit can 
be customized as needed. Special connectors can 
be placed that might be required to make aseptic 
connections. We say that as long as our engineers 
can design it, we can provide it. Our “menu” is 
broad, and we can provide fast turn-around. 

A great example of such custom design is an 
application where we customized a key component. 
This was a process where Vero cells on microcarriers 
needed aggressive mixing to remain in suspension. 
This mixing strategy led to damage to the Vero cells 
and microcarriers. So for this instance, a special 
helical impeller design was created and supplied, 
and we found that the novel impeller design 
showed better results for this process.

BIOPHARM: Can you explain why media 
exchanges and perfusion is important in cell and 
gene therapy applications?
VAN ARRAGON: To support successful cell 
expansion, modern media are developed that 
contain specific components. As the cells grow, 
these components are consumed, but need to 
be replenished for further cell expansion. And to 
keep the media fresh and get rid of potential toxic 
metabolic products, we need to do media exchange 
or additions. So most cell-expansion processes 
require refreshment of media to keep cells growing, 
or if cell differentiation is required, they require a 
complete media exchange.

We see many processes requiring media exchange 
or perfusion. We have supplied several bioreactors 
that enable automated media exchange. You can 
think of special harvest ports in combination with 
level sensors for a settle-and-harvest strategy. This 
is a strategy where the agitation is stopped for a 
short period and the cells or cell aggregates sink 
to the bottom. A drainpipe placed atop the media 
level pumps off the supernatant. Following this, 
new media is pumped into the bioreactor, agitation 
is started, and cells are re-suspended—all while 
supporting a controlled environment.

https://www.applikon-biotechnology.com/en/
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and have consistency in their process for scale-up.
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different scale-up paths that can be chosen—for 
example, strategies based on mixing time, shear 
forces on the cells or controlling oxygen levels in the 
bioreactor. The AppliFlex ST addresses scale-up needs 
because it provides an environment where the process 
can be characterized—and with that information, the 
tech transfer for the scale-up can be done. Applikon’s 
long experience in the field of bioreactors makes 
it easy for the company to support this tech 
transfer. And the benefits of working in a single-use 
bioreactor for expansion are also well understood in 
the larger field of bioprocess and scale-up.

BIOPHARM: Can you discuss these benefits further?
VAN ARRAGON: If we talk about a key benefit for 
single-use bioreactors, it’s that they introduce a 
reduction of risk into the overall process. A major 
risk for any bioprocess is contamination. Essentially, 
by working in a closed environment, there’s reduced 
risk of operator error or contamination from vessel 
preparation, media transfer events, or harvest. 

We currently see that cell and gene therapy labs 
are already relying on single-use equipment for 
risk reduction in cross-contamination between cell 
lines—which is no surprise, as speed and simplicity 
are also offered by these products. The added value 
that we make to these benefits is that we can 
optimize for the specific cell type or process.

BIOPHARM: Does the AppliFlex ST offer any other 
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routine, so they’re ready to get going right away.
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bioreactor design. This means that the headplate, 
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be placed that might be required to make aseptic 
connections. We say that as long as our engineers 
can design it, we can provide it. Our “menu” is 
broad, and we can provide fast turn-around. 

A great example of such custom design is an 
application where we customized a key component. 
This was a process where Vero cells on microcarriers 
needed aggressive mixing to remain in suspension. 
This mixing strategy led to damage to the Vero cells 
and microcarriers. So for this instance, a special 
helical impeller design was created and supplied, 
and we found that the novel impeller design 
showed better results for this process.
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The Ins and Outs of Syringe Inspection
Consider a best practices approach to pharma’s 

most challenging-to-inspect container. 

ANDREA SARDELLA

S yringes are arguably the most difficult containers 
to inspect. Among other obstacles, syringes require 
unique handling protocols, and their far-ranging 

shapes and sizes require customized, multi-area inspection 
that present impediments both to per-item accuracy and 
overall production speeds. This article explores the various 
parameters that define syringe inspection and discusses best 
practices for inspecting syringes with different closure types, 
as well as syringes holding a variety of drugs, including vac-
cines and viscous drugs. 

HANDLING SYRINGES
While other containers such as vials, cartridges, and ampoules 
largely “stand still” and can therefore enter the inspection process 
independently, syringes typically are carried via conveyor and 
then turned upside-down. To inspect syringes accurately and 
efficiently, they usually must be rotated with the head pointed 
upward (i.e., inverted), so that any hidden particles in the funnel 
can sink down into the liquid for increased inspection detectabil-
ity. If the syringes are sterilized, the containers are typically in a 

“nest and tub” arrangement, which requires they be denested by a 
robotic unit communicating with the inspection machine. This 
intricate process requires gentle handling and should avoid glass-
to-glass contact to mitigate the likelihood of cracks or breakage. 

Once in the inspection carousel, the syringes are inverted 
for inspection. The syringes can be handled by holding them 
on the upper and lower part using mandrels with customized 
cups, or below the plunger by a two-finger adaptive gripper. 
The method of holding syringes by both upper and lower 
portions allows higher rotation speeds. Syringes with needle 
shields can be held in this manner, and rigid needle shield 
formats can be held if the shield has a smaller diameter than 
the syringe body. Unfortunately, this handling system is not 
compatible with all closure systems. Gripper systems typically 
operate at slower speeds, but are well suited for more delicate 
closure systems such as luer-lock cone. Grippers don’t touch 
the closure mechanism and therefore present a lower risk of 
affecting the closure integrity. 

INSPECTION PROCESS 
As noted, syringes’ inherent multi-component nature makes 
them complicated to inspect. One of the more challenging parts 
is the flange because they are typically not exactly flat. This factor 
frequently foments deceptive shadows and reflections, both of 

ANDREA SARDELLA, PHD is pharma inspection product development 
manager for Stevanato Group, andrea.sardella@stevanatogroup.com.
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which make it more difficult for inspec-
tion stations to determine whether the 
glass is scratched or otherwise damaged. 
The solution typically lies in employ-
ing appropriate optical and illumination 
setups to minimize false rejects, in con-
juction with more advanced image pro-
cessing functions.

Another multi-faceted component, 
the plunger, is an inspection pain point 
for similar reasons. In fact, plungers can 
be so tricky that it is often necessary to 
employ a dual control system to avoid 
a high level of false rejects. A dual-view 
optics approach allows for analysis 
of two spatially coherent views in one 
image, without the need for duplicate 
inspection stations. Angled views tasked 
with inspecting plunger tops are com-
bined with a frontal view monitoring the 
plunger top’s lateral section. In general, 
this strategy of combining two comple-
mentary views leads to improved inspec-
tion performance and lower false rejects. 
In Figure 1, the region of interest (out-
lined in green) is shown in a frontal view 
(right) and an angled top view (left). If 

an element is detected as an air bubble in 
one view but not the other, as shown in 
this figure, it does not need to be rejected.  

The comparably small diameters 
of syringes also present an inspec-
tion headache because of the limited 
space in which particles can move 
and therefore be noticed. To inspect 
an injectable drug, the particles in 
the formulation might be made to 
move—a process that requires the 
syringes to be rotated at speeds up to 
9000 RPM. Single rotation units on 
the carousel mandrels meet this need 
and ensure f lexibility in rotating a 
variety of drugs at speeds best suited 
to their individual inspection. 

Here, though, another issue emerges: 
while high-speed rotation is sufficient 
for liquid drugs, what if the container 
can’t be rotated at high speeds for sta-
bility reasons? For example, subjecting 
many biopharmaceutical drugs to such 
turbulence could impact their integrity. 
Furthermore, with highly viscous drugs, 
particles generally don’t move and there-
fore cannot be distinguished via this 

common tactic. In these scenarios, the 
answer often lies in three-dimensional 
inspection, which allows a module to 
infer whether a suspected contaminant is 
inside or outside the container by analyz-
ing its trajectory; specifically, the radius 
will be shorter if the foreign matter is 
inside and longer if it is outside. 

Another technique when inspect-
ing syringes is using line-scan cameras. 
A method especially effective when 
inspecting turbid liquids, line-scan cam-
eras continuously capture images line 
by line, then stitch together a compre-
hensive image from upwards of 10,000 
exposures. By rotating the container at 
high speeds, the particles move toward 
the container barrel. Line scans are fast 
and accurate, resulting in a nearly 100% 
rate of particle detection with very few 
false rejects (1). Such setups are ideal for 
inspecting cylindrical surfaces, especially 
when it comes to cosmetic lateral side 
inspection, as there are no distortions.

Proper lighting conditions are a pre-
requisite for identifying anomalies within 
liquid drugs since, due to a lack of con-
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Figure 1. Top plunger inspection through two complementary views, a frontal view on the right and a top view on 
the left. A: Region of interest for particle detection. B: Air bubble in y-coordinate position, transfer from frontal 
to top view. C: Elements detected as air bubbles. D (top): Frontal view shows air bubble in same y-coordinate 
position. D (bottom): Frontal view shows no air bubble or plunger bump in this y position.
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trast, their identification under natural 
lighting conditions is infeasible via the 
human eye or current automatic visual 
inspection technologies. Light intensity 
should be sufficient for illuminating the 
container while providing a moving con-
trast to identify the smallest particles. 
Reliable detection must combine the 
advantages of various lighting methods 
to detect the widest range of contami-
nants, as different contaminants react 
to light in different ways. Figure 2 illus-
trates using back and lateral lighting to 
detect both light-absorbing particles and 
light-reflecting particles.  

CHALLENGING FORMULAS
Some formulations are more challeng-
ing to inspect than others. For example, 
in water-like liquids or light suspensions, 
dynamic trajectory analysis increases 
detection probabilities, since particles 
behave in a statistically measurable way. 
When drugs present as heavier suspen-
sions, however, other strategies are needed. 

For example, a vaccine, presenting as 
a heavy suspension in a syringe, could 
not be mixed up completely. While 
particles that stick to the syringe’s 
inner wall are inspected, noise in the 
image related to the spin made it dif-
ficult to detect small particulates in 
the liquid portion. It was also diffi-
cult to differentiate clear particles (e.g., 
white fiber and glass). To solve for this,  
particle inspection was performed using 
continuous rotation. Each position in the 
carousel had an individual servo rotation 
unit with a specific rotation schedule. 
The position of some particles were cor-
related and found to be different relative 
to their location at the first station. From 
this position change, it was concluded 
that these were moving particles.

With gels or highly viscous prod-
ucts such as hyaluronic acid, inspection 
processes can’t rely on spinning the 
liquid to provide particle motion dif-
ferentiation. In this case, the container 
is kept in rotation to cover the full 360° 
facade and track all visible potential 
contaminants, as portrayed in the red 

trajectories in Figure 3. The potential 
contaminants’ apparent speed is used to 
determine if they are inside or outside 
the container. They move on “different 
radiuses” at the same angular rate cov-
ering different displacements.

With these drugs, a proper lighting 
scheme becomes particularly import-
ant because certain contaminants, 
such as white f ibers, are more eas-
ily visible against a dark background. 
Similarly, many cosmetic defects, such 
as thin scratches, are also easier to find 
against a dark backdrop.

Biopharmaceutical drugs, such as 
monoclonal antibodies, can be more 
difficult to inspect than other liquids 
because of their increased density, higher 
turbidity, and the greater need to pro-
tect product integrity, which limits the 
available inspection methods. The trend 
toward higher protein concentration and 
the resulting higher viscosities creates 
another challenge for inspection, because 

“spin and stop” inspection technology 
becomes ineffective for particle detection 
above viscosities of 4–5 centipoise. 

Turbidity also increases in paral-
lel with protein concentration, which 
makes discerning acceptable particles 

from unacceptable ones a real challenge. 
Process-related impurities are not nec-
essarily harmful if they fall within the 
compendial guidelines for size and count. 
But when inspected with current auto-
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Figure 2. Simultaneous back and 
lateral light inspection to detect 
absorbing particles (left) and 
reflecting particles or fibers (right).

Figure 3. Objects in blue circles have been identified as external, while 
those circled in red are contaminants inside the container—in this case, 
fiber. In the right-most container, inside contaminants are signified by their 
red trajectory, with outside dirt given grey trajectories.
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matic vision inspection systems, high 
rejection rates can occur due to the ele-
vated difficulty in sizing and counting 
particles with precision. For this reason, 
manual inspection of biotech products 
has been the norm. A more efficient 
approach would be an automated 
inspection system that can both iden-
tify, size, and count each particle within 
a container and use historical particle 
data in clinical lots to make a patient 
safety-based assessment to determine 
whether it warrants rejection.

Protein instability and the generation 
of agglomerates can be minimized by 
eliminating mechanical shock during 
handling. The main driver for pro-
tein aggregation is the cavitation effect 
induced in the liquid that increases the 
agitation at the air-liquid interface and 
increases the liquid’s local temperature 
and pressure. Inspection equipment 

must have smooth product handling 
while considering overall throughput. 

A secondary driver for protein insta-
bility is the shear force exerted in the 
liquid by high-speed spinning, notably 
when acceleration and deceleration cause 
the transition from laminar to turbu-
lent f low, destabilizing the meniscus 
and generating bubbles in the liquid. To 
reduce the applied shear force, it is advis-
able to incorporate a cross-correlation 
inspection system between particle sta-
tions, which allows for sequence com-
parisons that can determine whether or 
not a particle is inside or outside the 
syringe. With this method, the container 
is kept in rotation at a steady speed, and 
the liquid slowly accelerates to segre-
gate bubbles on the top and bottom in 
a controlled manner while particles are 
located at different heights and can be 
detected during inspection.

CONCLUSION
Syringe inspection continues to be 
among the most challenging facets of 
the post-production pharma quality con-
trol process. In a scenario where both 
containers and their ingredients must 
be thoroughly inspected, both syringes 
and the varying drugs they deliver pose 
unique pain points concerning handling, 
visual detection, and minimizing false 
rejects. A best-practices approach to 
syringe inspection means careful consid-
eration of both the type of syringe and 
the type of ingredient it houses, and the 
optimal use of lighting, rotation speed, 
and inspection technologies and methods. 
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For biologic drug products that require frozen storage—
even down to cryogenic temperatures for some cell and 
gene therapies—the primary packaging and closure 
materials and their effect on container closure integrity 
(CCI) risks should be considered in the system design. 
Evaluating CCI of the system is crucial because the sys-
tem needs to maintain integrity throughout the shelf life 
of the product, which could be two or three years, notes 
Jennifer Riter, senior director of Business and Technical 
Operations, Services, and Solutions at West Pharmaceu-
tical Services, which manufactures delivery systems for 
injectable drugs.

Evaluating CCI
Specifically for low temperatures, CCI testing should eval-
uate any ingress or egress of gases in the headspace of a 
container, which could affect product quality by putting 
the product at risk or affect product stability. “For exam-
ple, carbon dioxide ingress over time could result in prod-
uct loss or degradation,” explains Riter. 

CCI testing should be based on United States 
Pharmacopeia (USP) guidelines (1) and should employ 
quantitative, deterministic testing such as tracer gas 
analysis or high voltage leak detection, says Riter. She 
points out that older techniques, such as dye ingress, are 
to be used as a last resort, only if other methods are not 
applicable to the system. “The first step is to determine 
the maximum allowable leak limit (MALL) and identify the 
risks, such as microbial ingress, ingress of carbon dioxide 

or loss of headspace, which will be specific to each 
product and container system,” explains Riter. “The next 
step is to choose a test for how to examine the MALL and 
the associated risks. For example, laser-based headspace 
analysis can check for carbon dioxide ingress.” 

A best practice is to evaluate CCI on the complete 
container and closure system during development. 
Laboratories should perform tests under the cold-storage 
temperature conditions. Riter says that it is even possible 
to do testing of systems at cryogenic temperatures, which 
is important for packaging of cell and gene therapies.  

Evaluating materials and systems
Material properties are another aspect to consider when 
designing a container system for low-temperature storage 
conditions. “Causes for failure could be the material itself 
or the way the closure is processed or sealed,” says Riter. 

“It is important to look at how the materials fit together (a 
‘stack-up’ analysis) and to identify the appropriate com-
pression of the stopper with the vial, and the seal quality. 
Different material hardnesses or coatings can affect com-
pression and sealing.” 

Reference
1. USP, USP <1207> “Sterile Product Packaging-In-

tegrity Evaluation” (Rockville, MD, 2017).
            

                                                —Jennifer Markarian
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A top-down approach can identify GxP-relevant 
processes and ensures the integrity of data exchange.

Correct data is fundamental in a GxP quality system, and a 
modern lab instrument can ensure data integrity compliance. 
BioPharm International recently spoke with Sebastian Weber, 

product manager for lab weighing at Sartorius, about how to achieve 
data integrity, minimize risk and the potential for FDA violations, and 
how digital workflows can be supported by technology like the Cubis 
II lab balance. 

BIOPHARM: Why is data integrity important for a 
biopharmaceutical company?
WEBER: Biotechnology companies are investing in digital solutions 
such as electronic lab notebooks (ELNs), laboratory information 
management system (LIMS), and connected instruments to support 
their activities and work paperless. Maintaining data integrity of 
electronic lab data is important for several reasons. All decisions in 
the lab, such as batch release, are based on data. We must be sure 
that the data is correct to make the right decisions. Otherwise, this 
can have a negative effect because we risk patients’ health and 
the success of a therapy when a drug does not have quality and 
efficiency. It can also lead to financial consequences from FDA’s 
enforcement actions, such as facility shutdown, product recalls, 
delayed drug approvals, and loss of customers as the result of a 
damaged reputation. 

BIOPHARM: Based on FDA warning letters, what are the most 
frequent violations made by pharma companies?
WEBER: Most warning letters are related to role and access 
management, data recording, and data transfer. A common example 
is a company not implementing controls to ensure that only 
authorized users have access to an instrument. Anyone can use the 
instrument without traceability. An example is role management 
where everyone works as an administrator on an instrument or in a 
software program. A lab analyst could change configuration settings 
or delete data, which can lead to manipulation. Another common 
problem is that the critical GxP-relevant data is not properly backed 
up, or there is an incomplete transcription of the GxP-relevant data 
from the instrument into LIMS or ELN software. Finally, when it comes 
to the audit trail, typical violations are when the lab instrument did 
not have an audit trail, or the audit trail was incomplete, disabled, or 
not reviewed.

Data Integrity and Digital Workflow  
Guidance for the Contemporary  
Pharma Lab

BIOPHARM: How can an organization minimize 
risk and ensure data integrity?
WEBER: Data integrity starts with a quality culture 
within the organization. Some organizations focus 
only on particular software or a specific instrument, 
but this brings the risk of forgetting other important 
systems or causing integrity problems with data 
exchanged between different systems. Therefore, 
I recommend a top-down approach to identify 
GxP-relevant processes and then dive deeper 
into subprocesses and individual activities with 
standalone systems and instruments. Make sure 
that the instrument has all the features to meet 
the requirements of FDA 21 CFR Part 11 or EU 
Annex 11 for trusted electronic records. Instruments 
should include audit trail, user management, 
electronic signature, and safe data transfer options 
for integration into other software systems. 
Furthermore, automate work processes as much as 
possible to avoid manual errors.

BIOPHARM: Are there modern lab instruments 
that provide all the necessary technical features to 
automate processes and still avoid data integrity 
and compliance issues? Can you give an example 
of such an instrument?
WEBER: A good example is the Cubis II balance. This 
state-of-the-art instrument enhances connectivity, 
data integrity, and compliance data handling. 
The Cubis II balance series was designed to follow 
ALCOA+ principles—the key concept of a good 
documentation practice—and contains all the 
features to support regulation compliance.

BIOPHARM: How does the Cubis II lab balance 
support for pharma compliance?
WEBER: The Cubis II balance contains all the 
technical controls to support compliance without the 
need for additional hardware or PC-based software. 
All functions are integrated in the balance software 
and can be easily accessed with the 7-in. balance 
touch screen. Features include a comprehensive 
audit trail with functions for filtering and exporting 
for convenient reviewing. User and role management 
can be integrated into your company domain for easy 
management and to support electronic to support 

electronic signatures. Additionally, there are network 
and time synchronization functions. For secure and 
compliant data transfer, the Cubis II balance can be 
integrated into lab software via a variety of different 
standard IT interfaces without the need for additional 
middleware. This simplifies qualification and reduces 
operating costs. One of the connectivity options 
featured in the Cubis II is web services, a state-of-
the-art technology for bidirectional integration into 
a LIMS or ELN system that complies with the highest 
standards of data integrity and IT security.

BIOPHARM: How do software applications with 
guided workflows help achieve trustworthy, 
compliant results? Are there other balances on the 
market today that offer full pharma compliance 
and digital workflow support without requiring 
additional software?
WEBER: Automated guided workflows eliminate 
many steps that can lead to mistakes. The user 
is guided step-by-step through the workflow as 
the process is specified in the standard operating 
procedure (SOP). The workflow application 
ensures that specific parameters, such as limits 
or tolerances, are followed. This not only improves 
the quality of the data, but it also brings more 
efficiency to the entire lab process and can reduce 
and can reduce lab costs per sample. Cubis II brings 
workflows onto the balance as small applications 
called QApps. Having the QApp on the balance 
means there is no need for additional PC-based 
software. This allows the user to concentrate on 
the weighing process and save space in the lab. 
The Cubis II balance also has more than 50 QApps 
that can be parameterized according to your 
SOP and cover all typical weighing applications. 
QApp solutions can also be customized to fit your 
workflow and integrate seamlessly with existing lab 
software systems. 

At this point in time, it is hard to find another 
balance on the market that offers the 
comprehensive compliance functionality, flexible 
workflows, and future-proof connectivity options of 
the Cubis II.

https://www.sartorius.com/en
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documentation practice—and contains all the 
features to support regulation compliance.
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technical controls to support compliance without the 
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audit trail with functions for filtering and exporting 
for convenient reviewing. User and role management 
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management and to support electronic to support 

electronic signatures. Additionally, there are network 
and time synchronization functions. For secure and 
compliant data transfer, the Cubis II balance can be 
integrated into lab software via a variety of different 
standard IT interfaces without the need for additional 
middleware. This simplifies qualification and reduces 
operating costs. One of the connectivity options 
featured in the Cubis II is web services, a state-of-
the-art technology for bidirectional integration into 
a LIMS or ELN system that complies with the highest 
standards of data integrity and IT security.

BIOPHARM: How do software applications with 
guided workflows help achieve trustworthy, 
compliant results? Are there other balances on the 
market today that offer full pharma compliance 
and digital workflow support without requiring 
additional software?
WEBER: Automated guided workflows eliminate 
many steps that can lead to mistakes. The user 
is guided step-by-step through the workflow as 
the process is specified in the standard operating 
procedure (SOP). The workflow application 
ensures that specific parameters, such as limits 
or tolerances, are followed. This not only improves 
the quality of the data, but it also brings more 
efficiency to the entire lab process and can reduce 
and can reduce lab costs per sample. Cubis II brings 
workflows onto the balance as small applications 
called QApps. Having the QApp on the balance 
means there is no need for additional PC-based 
software. This allows the user to concentrate on 
the weighing process and save space in the lab. 
The Cubis II balance also has more than 50 QApps 
that can be parameterized according to your 
SOP and cover all typical weighing applications. 
QApp solutions can also be customized to fit your 
workflow and integrate seamlessly with existing lab 
software systems. 

At this point in time, it is hard to find another 
balance on the market that offers the 
comprehensive compliance functionality, flexible 
workflows, and future-proof connectivity options of 
the Cubis II.
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Getting to the Root of the Matter
Bio/pharma can learn ways to prevent recurring events  
and ineffective CAPA from the nuclear power sector.

NUALA CALNAN AND ROB DE LA ESPRIELLA 

I n government-regulated industries—which include, not only 
bio/pharmaceutical operations, but aeronautics, automotive, 
and nuclear power—root-cause analysis (RCA) is integral to 

effective risk management and mandated by Federal laws. When 
regulatory failures occur, companies must identify the deep-
est-seated causes of the non-conformances, commensurate with 
the significance of those events. If the causes are not properly 
identified, any corrective actions that are taken will not prevent 
problems from recurring in the future. 

One key to developing an effective approach to corrective and 
preventive actions (CAPAs) and RCA is having mature quality 
management systems in place that help reduce the total cost of 
quality. This requires the right mindset to support effective RCA 
so that the causes of problems can be identified and addressed. 
For bio/pharmaceutical facilities, expectations are outlined in 
the International Council on Harmonisation’s (ICH) Q10 (1), 
which specifies the use of methods found in ICH Q9 (2). 

Although it is less expensive to do something right the first 
time, the authors continue to see rework, rejects, recurring devia-
tions, and recalls within the bio/pharma sector, which lags other 
regulated industries in evaluating and targeting improvements 
in the total cost of quality by getting to the root of issues. The 
bio/pharmaceutical industry’s approach to RCA has also been 

fraught with misunderstandings (3). Best practices from the 
nuclear power industry demonstrate how bio/pharmaceutical 
manufacturers can leverage lessons learned and apply them to 
operations to create a stronger, more transparent quality culture.

RELYING ON ADMINISTRATIVE CONTROLS
One consistent problem in bio/pharmaceutical circles has been 
an over-reliance on administrative controls to address compli-
ance and quality failures. This was clearly seen in the industry’s 
response to nitrosamine contamination, including the presence 
of N-nitrosodimethylamine and N-nitrosodiethylamine, prob-
able human carcinogens, in small-molecule APIs and finished 
drugs, as well as biopharmaceuticals. A recent report on lessons 
learned from the contaminations (4) showed that corrective 
actions proposed by the industry were, in large part, administra-
tive in nature. Although there is no disputing that these actions 
would have some measurable positive effect, an overabundance 

NUALA CALNAN, PhD, is founder of the Quality Risk Management 
Institute, CEO of BioPharm Excel Ltd., and research fellow at 
Technological University Dublin.  

ROB DE LA ESPRIELLA, rob.dle@DLE-services.com, is president of 
DLE Technical Services. 
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of these administrative controls do not 
address root cause, and instead rely on 
the following:
• Reminding personnel of their respon-

sibilities
• Encouraging better performance
• Clarifying existing control
• Ensuring that there is clarity
• Considering new requirements
• Considering additional  

recommendations
• Considering amendments to  

existing guidance
• Reviewing existing guidance
• Revising existing guidance
• Developing new guidance
• Drafting a new document
• Improving existing strategies
• Providing more training
• Enhancing oversight
• Exchanging more information. 

As shown by the Hierarchy of 
Hazard Controls (Figure 1), adminis-
trative controls are among the least 
effective means to address identi-
fied hazards. Bio/pharmaceutical 
CAPAs can use this hierarchy to screen  
corrective actions so that, wherever 
possible, hazards are eliminated, replaced, 
or isolated. Other strategies include the 
following:
• An integrated causal analysis to 

achieve a deeper understanding of 
human-centric problems

• Integrating causal analysis into risk 
management systems

• Developing more advanced method-
ologies for generating and pursuing 
lines of inquiry when performing 
RCAs. 

• Improving the bio/pharmaceutical 
industry’s basic definition of RCA. 

A company’s quality management 
maturity (QMM)—first described in 
2019 by the FDA’s Drug Shortage Task 
Force (5)—is  central to the International 
Society of Pharmaceutical Engineers’ 
(ISPE’s) January 2021 Advancing 
Pharmaceutical Quality guide (6), and 
should be considered.

Companies with low QMM take a 
reactive rather than a scientific, probing 

approach to compliance or quality failure 
events, risks, or hazardous situations. At 
the senior management level, this cul-
ture results in what author and researcher 
Brené Brown calls “armored leadership,” 
in which business leaders and sub-
ject-matter experts are more concerned 
with being right than getting it right 
(7). Even scientists, who have dedicated 
their careers to discovering the truth, can 
become zealous defenders of the status 
quo, as Wharton organizational psy-
chologist Adam Grant has found in his 
research (8). Where QMM is high, lead-
ers and subject-matter experts (SMEs) 
take the lead in getting to the root cause 
of adverse events based on available 
knowledge, intelligence and analysis. 

RCA AND THE  
NUCLEAR POWER INDUSTRY
All regulated industries struggle to meet 
regulations that call for effective RCA 
and CAPA programs. Driven by cata-
strophic failures—including the Three-
Mile Island core meltdown (1979), 
Chernobyl disaster (1986), and the 
Fukushima Daishi reactor core damage 
(2011)—the commercial nuclear power 
industry leaped ahead of other industries 

in approaching this challenge. Its survival 
depended on it. 

These and other incidents have driven 
dramatic improvements in programs, 
processes, and procedures. Reflecting the 
industry’s progress is its nuclear power 
plant capacity factors (CF). A CF is 
the ratio of actual energy produced by 
a power plant in a given period to the 
hypothetical maximum possible (i.e., 
energy produced from continuous oper-
ation at full rated power). 

As causal analysis, CAPA, and other 
programs have improved, so too have 
nuclear plant CFs (8). In 1980, following 
the Three Mile Island incident, the US 
nuclear CF national average was 55%. By 
2019, it had risen to 93.5%, reflecting the 
real benefits that can be gained by contin-
uous improvement.  

BEYOND HUMAN FACTORS 
Human-centric problems involve a 
complex combination of human factors 
(i.e., human performance issues includ-
ing at-risk behaviors); equipment/tool/
material interface issues because humans 
design, fabricate, manufacture, transport, 
install, operate, and maintain equipment, 
tools, and materials; and latent cultural/

Quality/Regulatory

Figure 1. The hierarchy of hazard controls can help managers screen 
responses to negative events, to help advance continuous improvement.
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organizational and programmatic weak-
nesses. These factors combine to form a 
complex, three-dimensional socio-tech-
nical set of causes that create unintended 
consequences. 

In the 1980s, the Institute of Nuclear 
Power Operations (INPO) found that 
up to 80% of events were caused by 
human-centric factors (Figure 2), and the 
majority (approximately 70%) of those 
human-centric factors were caused by 
deeper-seated organizational and pro-
grammatic weaknesses. The nuclear 
industry has been learning how to solve 
these kinds of problems ever since (9). 

Traditional root-cause methodolo-
gies invoke different tools for analyzing 
human factors, equipment issues, pro-
grammatic weaknesses, and in some cases, 
default to a process of elimination rather 
than cause-and-effect analysis. When 
using a process of elimination, investi-
gators start out by identifying a finite set 
of possible causes and then test/evaluate 
each one until they rule out what they 
can and identify the most probable causes. 

One method that is finding use in 
the nuclear power industry is Hyper-
Integrated Causal Analysis (HCA), 
which works by gathering, organizing, 
and analyzing available evidence and 
data on a single chart. This approach 
integrates traditional methods—human 
factors analysis, barrier analysis, task 
analysis, change analysis, comparative 

timeline analysis, event and causal fac-
tors charting, and the fishbone—into 
one approach that generates focused, evi-
dence-based lines of inquiry (LOI). 

Pharma and bio/pharma compa-
nies could also benefit by applying two 
approaches that are widely used in the 
nuclear power industry: probabilistic 
risk assessment (PRA), which is used to 
evaluate and mitigate the consequences 
of potential nuclear accidents, and the 
Bowtie model (Figure 3), which is used to 
analyze and communicate how high-risk 
scenarios develop (10,11). In both PRA 
and the Bowtie approach, a finite list of 
potential risks is created and steps are 
taken to ensure that defenses are in place 
to prevent the risks from causing events. 
In addition, actions and other mitigation 
strategies are developed to mitigate the 
consequences if an event were to occur. 

In bio/pharma operations, RCA is 
traditionally used after a consequential 
event has taken place. In the nuclear 
industry, however, causal analysis is often 
used proactively, to analyze lower-level 
events by tying causal analysis programs 
to the risk prevention side of the Bowtie 
model. Using key performance indica-
tors and trending and analysis programs, 
negative trends of low level events can be 
identified and analyzed, and their deep-
est-seated causes can be identified and 
eliminated before they allow the next 
hazardous event to occur. 

REDEFINING BIOPHARMA RCA 
Traditional definitions of the term 
“root cause” have been in place for over 
50 years in regulated industries, but 
decades of work in the nuclear industry 
hasshown that RCA efforts often stop 
prematurely, based on an inadequate 
definition of the concept.  

Using the traditional definition of 
a “root causes,” organizations often 
declare victory too soon, and correc-
tive actions often fail to keep prob-
lems f rom recurring because the 
deepest-seated causes are still active. 
Traditional root causes are best charac-
terized as the “event root causes,” and 
the true,  deepest-seated causes for any 
serious compliance or quality event lie 
much further down cause-and-effect 
pathways. The deepest-seated causes 
will not only  account for the event 
or issue being investigated, but also 
for many other events that have taken 
place in the past, and will continue to 
cause events in the future  until they 
are identified and addressed.

One way to get to the deepest-seated 
causes is by taking focused, evi-
dence-based lines of inquiry. Companies 
in the nuclear power industry take a 
rigorous approach that generates lines 
of inquiry from multiple perspectives, 
including the following concepts:
• Analysis of defenses (i.e., evaluating 

applicable regulatory requirements 
and implementing procedures to 
determine the effectiveness of existing 
controls)

• Simultaneous completion of compar-
ative timeline analysis and task and 
change analyses 

• Insights generated from the analysis 
of additional data, including testing, 
sampling, and other methods used to 
evaluate the evidence

• Additional reviews that come from a 
clear understanding of the anatomy 
of an event, including human factors; 
other applicable programs, processes, 
and procedures; other equipment, 
tools, or materials that were not pre-
viously evaluated; the evaluation of 

Quality/Regulatory

Figure 2. As the nuclear power sector learned, most human-centric factors 
are due to organizational weaknesses, rather than individual error. 
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error-likely situations that may have 
set up the organization for failure; 
and the impact of management and 
oversight involvement. 

Rather than conducting individual 
interviews, facilitated causal analysis 
sessions are held with small represen-
tative samples or focus groups of SMEs 
from affected teams or organizations, 
who are asked to provide their exper-
tise. Instead of taking interview notes, 
their answers are captured directly on 
a cause-and-effect chart. In addition, 
SMEs are guided through cause-and-
effect analysis as they answer each 
question, harnessing their expertise in 
getting to the root causes. Using this 
approach, an investigation can harness 
the expertise of hundreds of SMEs in a 
very short period of time. In one recent 
HCA investigation, which looked into 
recurring procurement program failures 
at a US nuclear laboratory, 14 facilitated 
causal analysis sessions were held with 
more than 120 subject-matter experts in 
just one week (12). 

This advanced approach to conduct-
ing interviews is more transparent, it 

eliminates bias, it prevents those being 
interviewed from feeling like they are 
being interrogated, it elicits much more 
cooperation from all parties, and it rein-
forces to all participants that the investi-
gators are not seeking someone to blame 
but are seeking to learn. 

Bio/pharmaceutical companies can 
adopt the nuclear industry’s best prac-
tices for RCA and CAPA. In return, they 
stand to gain the following:
• A better understanding of the funda-

mentals of causal analysis, continuous 
improvement, and risk prevention

• A better understanding of how to 
analyze complex, human-centric 
problems using more modern, lean, 
agile, flexible, accurate, and effective 
RCA methodologies that identify 
causes with speed and accuracy 

• More effective CAPAs that focus on 
the elimination, replacement, or isola-
tion of hazards, and prevent the recur-
rence of similar problems or events 
because they address deepest-seated 
causes of failure 

• A transformation of the organi-
zational culture, from compliance, 

towards a culture of continuous 
improvement, proactive problem solv-
ing, and learning. 
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Figure 3. The Bowtie method can clarify the evolution of problems that pose high-risk problems to operations. 
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Packaging Considerations for  
Clinical Trial Materials

Packaging materials, kit design, and cold-chain handling 
should be optimized for each study.  

JENNIFER MARKARIAN

C ontract packaging organizations for clinical trial 
materials are increasingly handling biologic drugs, 
which are typically delivered by injection and have 

more stringent packaging requirements than other drug forms. 
In addition to the shift to biologics, the trend to direct-to-pa-
tient shipping affects how materials are packaged and makes 
tracking even more important. Careful consideration of pri-
mary packaging materials, kit design, and distribution is cru-
cial for optimizing packages that balance user requirements, 
protection of drug product quality, and efficiency. 

“The shift to parenteral delivery impacts both primary 
and secondary packaging systems for clinical trials,” says 
Claudia Berrón, senior vice-president of Clinical Services 
at Avantor. Parenteral drugs are shipped as liquid doses 
that require cold-chain distribution or as lyophilized dosage 
forms, which require packaging for optimal reconstitution at 
point of care, explains Berrón. She explains that primary par-
enteral packaging (e.g., prefilled syringes, autoinjector pens, 
or vials) should be protected by the secondary packaging to 
prevent breakage during shipping. Packaging should also 
incorporate patient-friendly and child-resistant features.  

KIT DESIGN
When designing a kit, it is crucial to understand how it will 
be used by investigators, says Fiona Geiger, vice-president of 
client services at Yourway. “The more complete understand-
ing that the kitting provider has about what materials will be 
necessary and in what order they will be used, the better the 
solution. Communication with sponsors and ideally the sites 
themselves can make a huge difference.” 

“Items must be stored within the kit in a way that min-
imizes the risk of breakage or contamination,” adds Pieter 
Vercruysse, commercial director at Tjoapack. “They must 
also be designed in such a way that the entire product [such 
as a syringe or autoinjector] can be combined quickly and 
effectively with minimal manual input.”

Other factors to consider include package dimensions 
and cold-chain requirements. “Kits ultimately have to be 
packaged in shipping containers, and these have f ixed, 
standard dimensions. So, when you are preparing kits that 
will need to end up in a 12-in. x 12-in. shipper, you have 
to make sure that you are sourcing ancillary supplies (e.g., 
syringes) with an eye on these dimensions and repackag-
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ing materials to f it into these con-
straints, or costs can skyrocket,” notes 
Geiger. She adds, “Many drug prod-
ucts require temperature-controlled 
shipping and storage, but ancillary 
materials do not.” If a kit’s ancillar-
ies increase the size of a unit, it may 
be better to ship a separate ancillary 
kit that doesn’t need to be kept cold. 
When shipping direct to a patient’s 
home, convenience might be more 
important, however.

Decentralized clinical trials occur 
in a participant’s home rather than 
at a central clinical site. “Direct-to-
patient (DTP) and direct-from-patient 
(DFP) services have really transformed 
what materials are needed for a study. 
We’ve seen more demand for more 
patient-centric kits,” says Geiger. “In 
trials at clinical sites, ancillary items 
are stocked, and drug product materi-
als can be kept in storage for a patient 
for multiple visits, but for visits at the 
home, you need to package not just 
the drug product but also the means 
to administer it, as well as ancillary 
materials or medical equipment. In 
addition, return packages need to hold 
patient samples and other items such 
as used wearable tracking devices or 
completed questionnaires. DTP/DFP 
is new, and the packaging is specific for 
each unique study.”

“The trend of moving the center of 
clinical trials to patient homes drives 
requirements for primary packag-
ing in the form of patient-friendly 
administration systems,” adds Berrón. 

“For secondary packaging, this shift 
increases cl inical k it complexity: 
inserts and dividers in top-loaded car-
tons provide a more logical presenta-
tion for the end-users. Personalized 
therapies, such as CAR-T and gene 
therapy, will only push this trend fur-
ther, increasing the requirement for 
user-friendly clinical kits.” 

SMART PACKAGING 
“The push in 2020 for hybrid and 
remote clinical trials provided fertile 

ground for home-based technologies,” 
says Berrón. She suggests that use of 
patient-monitoring technologies, such 
as barcodes that can be scanned by 
patients with a smart phone, will con-
tinue to increase. 

In addition to barcodes used with 
smart phones, “smart” packaging uses 
digital technologies such as labels 
with radio frequency identif ication 
or near-field communication (NFC) 
tags, to track the package and how the 
patient uses it. 

“Patient non-adherence is a preva-
lent concern in clinical trials and one 
reason why clinical trial costs are on 
the rise. Companies are turning to 
digital solutions to overcome chal-
lenges and ensure patient adherence,” 
notes Deepak Thassu, vice-president, 
R&D and regulatory submission at 
LGM. “Smart packages provide a 
means of capturing unbiased informa-
tion on a patient’s dosing history. The 
data can be analyzed to help clinical 
trial teams better understand patient 
adherence and exposure to the drug. 
This dosing information can also be 
used in counseling patients to stay 
compliant with the protocol.”

“NFC technology integrated with 
secondary packaging can wirelessly 
communicate with a patient’s NFC-
enabled smar tphone to prov ide 
updates for the patient on when and 
how much of their medication to take,” 
adds Vercruysse. 

In addition to monitoring patient 
adherence, smart packaging technol-
ogies help track the storage condi-
tions of a package to ensure product 
safety and stability. “NFC technol-
ogy can also transmit information 
about the package such as ‘ factory 
sealed’ or ‘opened,’ and can contain 
unique identifiers for authentication 
and tracking,” says Vercruysse. Time-
temperature indicators in labels can 
provide clear evidence if a tempera-
ture-sensitive medication has been 
stored in conditions outside the set 
parameters of the trial. Other chemi-
cal or biosensors can be used to deter-
mine the chemical and biological 
integrity of the product and to alert 
doctors and patients if the drug is 
unsafe to administer, says Vercruysse.

COLD-CHAIN  
AND PACKAGE INTEGRITY
For biologic drugs, cold-chain stor-
age and transportation are typi-
cally crucial parts of the packaging 
design. Although indicators could 
warn a patient of potential damage 
to a product, the aim is to maintain 
the cold chain with a package that 
arrives undamaged. Technologies for 
real-time tracking can monitor con-
ditions such as temperature, humidity, 
and location and can alert distribu-
tors to take action before a package’s 
conditions are compromised (1). In 
addition, packaging should be care-
fully designed for cold temperatures. 
For example, it is important to con-
sider how the materials and adhe-
sives used in packaging as well as 
any tamper-evident seals will behave 
in cold temperatures, reports Almac 
Clinical Services (2). 

“The packaging materia ls must 
be able to maintain their structural 
integrity at low temperatures, pro-
tecting the product within from 
damage,” adds Vercruysse. “Labeling 
must also be able to withstand low 
temperatures and moisture to ensure 
the information they convey remains 

Outsourcing

For cold-chain  
packaging, consider 

the effects of  
low temperatures 

on container  
system, seal, and  
label materials.



Presenters

Moderator

Lindsay Morrison, PhD 
Principal Scientist 

Waters Corporation 

Laura Bush 
Editorial Director 

LCGC

ON-DEMAND WEBCAST
Aired: Thursday, March 25, 2021

Event Overview
Hydrogen–deuterium exchange (HDX) is increasingly employed 
in the study of larger proteins and protein complexes and in 
screening applications. These more challenging experiments 
drive a need for improved performance in the capacity of the 
liquid chromatography–mass spectrometry (LC–MS) system. 
Cyclic ion-mobility mass spectrometry (IMS), which provides 
higher ion mobility and mass resolution, offers improved peak 
capacity to address these challenges. In this webcast, the 
performance of cyclic IMS for hydrogen deuterium exchange is 
demonstrated relative to other types of high-resolution mass 
spectrometry, for sample-limited applications and for higher 
throughput data collection.

Key Learning Objectives
•  See how HDX-MS helps address challenges with screening 

protein complexes 
•  Find out how to improve sequence coverage with limited 

sample volumes 
•  Learn how multiple ion mobility passes provide higher 

throughput experiments to truncate chromatographic 
gradients 

Who Should Watch
•  Biopharm discovery and development, BMR discovery, CXO, 

structural biology, higher-order structure 
•  Job Roles: Academic, lab director, R&D, bench scientists; 

lab managers, directors, Vice Presidents in charge of 
protein characterization, structural biologist 

• Biopharma organizations, CXO, and research institutes 
• Analytical scientists supporting biologics development

Hydrogen–Deuterium 
Exchange Coupled with 
Cyclic Ion Mobility for 
Higher Quality Analyses

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

Sponsored by Presented by

For questions email 
kbarry@mjhlifesciences.com

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=3031841&sessionid=1&key=BBC498A6BE0EEF42292CA0FC9C7AE408&regTag=&V2=false&sourcepage=register


48     BioPharm International May 2021   www.biopharminternational.com

legible. Innovation is happening all 
the time to enhance the properties 
of packaging materials and inks to 
achieve these goals.” 

The growing pipeline of biolog-
ics drugs has increased the need for 
cold chain capabilities. “We see this 
trend continuing, not only because 
of vaccines, but also because of more 
large-molecule and personalized med-
icines coming to market,” says Brian 
Keesee, vice-president and general 
manager of global clinical operations 
and supply at PCI Pharma Services.

OTHER PACKAGING TRENDS
Another trend is late-stage customization. 
“Keeping late-stage customization strate-
gies in mind when designing patient kits 
and labeling helps ensure the end process 
is successful,” says Keesee.

Late-stage customization strategies 
are supported by just-in-time manufac-
turing concepts applied to packaging, 
which allow materials to be packaged 
and labeled just before shipping (3).  

Labeling is a crucial part of pack-
aging clinical trial materials. “Labels 
for clinical trial packaging require the 
same degree of batch-to-batch con-
sistency demanded from drug raw 
materials,” says Berrón. “Label con-
sistency needs to be maintained across 
all batches, which could be printed 
over time and across multiple facilities. 
Lack of consistency, even in secondary 
packaging, carries the risk of bias that 
could inadvertently affect the trial.”  

FDA requires serialization of label-
ing for clinical trial materials, adds 
Thassu. “The most important consid-
eration for serialization is protecting 
dose anonymity in a blinded or dou-
ble-blinded clinical trial. To be truly 
blinded, a single label lot would be 
printed with serialization, then indi-
vidual labels would be randomly 
assigned from that lot to ‘reference (R)’ 
or ‘test (T)’ [material]. Only the labeler 
would hold the unbl inding key 
between a serialized label and R/T 
treatment.” LGM Pharma uses an 

automated vision system to ensure con-
formance of the label to specification. 

Thassu notes that automated 
inspection has been valuable for label-
ing and for other parts of packaging. 

“Technical advances in camera vision 
and verif ication systems over the 
past decade have allowed companies 
to replace manual inspection with an 
automated equivalent to ensure the 
uniform presentation of packaging 
and labeling, at a faster pace,” says 
Thassu. He says automation can cre-
ate efficiencies in clinical trial man-
agement that can reduce the overall 
length of clinical trials. 

In addition to automating inspec-
tion, there are some opportunities for 
automation in the packaging process. 
Clinical kitting remains a generally 
manual process, although automation 
is used where its benefits can be justi-
fied, says Berrón. Automation requires 
some level of standardization, but 
clinical kitting has a wide variety of 
kits and requires flexibility in volumes, 
which can vary widely at different clin-
ical trial phases, she explains. Benefits 
of automation include increased pro-
ductivity and consistency and elimi-
nating ergonomic concerns for workers 
performing highly repetitive kitting 
activities. “In 2020, the use of auto-
mation certainly picked up another 
driver when high assembly absenteeism 
impacted productivity,” notes Berrón. 

“Efficiency driven by automation pro-
vides many benefits, but ultimately it 
is dependent on the size of the study 
and standardization of clinical trial kits 
across multiple studies, [which] limits 
feeder reconfiguration and retooling 
[on automated lines].” 

SOURCING 
Another key consideration for pack-
aging of clinical trial materials is the 
availability of packaging supplies. Due 
to the pandemic, the supply chain 
has been tight across most materials 
needed for clinical trials, particularly 
for ancillary items such as swabs, nee-
dles, and even gloves, notes Geiger. 
Existing relationships with suppli-
ers are crucial to being able to source 
materials when allocations are limited, 
she points out. 

Vercruysse notes that biopharmaceu-
tical manufacturers can consider alter-
native materials to the traditional glass 
vials and syringes. Polymers such as 
polypropylene and cyclic olefin poly-
mer are options. “Careful consideration 
should be given to the selection of 
these materials, but also the sourcing to 
ensure high quality,” he notes. 

“Speed and agility became even 
more evident during the pandemic 
as we needed to package treatments 
and vaccines quickly and get them out 
the door. This meant being creative 
when sourcing materials as supply 
route and general availability of sup-
plies was challenged with global shut-
downs and reduced travel and logistics 
routes,” says Keesee.

Material supply partners should 
have the f lexibility to quickly meet 
changing demand, says Keesee. He 
also sees a trend toward global, inte-
grated logistics and materials suppliers 

“Partners that can manage logistics, 
storage, materials, temperature moni-
tors, and integrated proactive commu-
nication globally provide tremendous 
value to the supply chain ecosystem,” 
concludes Keesee.
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Ask the Expert

acceptable to provide the relevant 
links. A system description could 
therefore be structured like this:

• System description. In a few 
sentences describe the name, 
origin, and intended use of the 
system (e.g., by installed system 
module [in your case documen-
tation, change, and deviation 
management])

• System history. Describe the 
key milestones in the lifecycle 
of this automated system.

• Technical information and sys-
tem validation. In a few sen-

tences describe what system 
version is installed where and 
when it was last validated.

• References. Here you provide 
the links to all the relevant 
documentation.

 Following this advice, you should 
be able to prepare your system 
description, and I hope you will also 
find it a useful exercise as it will help 
you find all relevant information 
faster in future. 

REFERENCE
 1. European Commission, EudraLex Vol 4, 

Annex 11 “Computerised Systems” 

(EC, 2011).  ◆
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Ask the Expert

System documentation should include a system description, 
history, validation information, and references, according 
to Siegfried Schmitt, Vice President, Technical at Parexel.

Q: Some 10 years ago, we implemented 
an electronic quality management 

system. Over the years, we have added some 
modules (e.g., for change control and devia-
tion management). The system documenta-
tion was amended as changes happened. In 
a recent audit, we were given an observation: 
“Your system description does not meet regula-
tory expectations.” We are still unsure what is 
expected from us as we presented the system 
description given to us by the vendor, plus the 
validation documentation.

A: The regulatory authorities understand 
the importance of computerized sys-

tems in a modern pharmaceutical environment. 
They also understand the complexity of such 
systems and that these systems are likely to 
change over time. For that reason, companies 
must maintain an inventory of their automated 
systems, detail whether these systems are GxP-
relevant, and if so, if these are validated. This is 
the very basis expected by the regulators. 

To understand the intended use of each sys-
tem, a system description is also required. Your 
auditors found your system description defi-
cient. You mention that you provided the system 
description written by the system manufacturer. 
This, I believe, is the key issue of concern.

Annex 11 of the European Union’s regula-
tions state in paragraph 4.3: “An up-to-date 
listing of all relevant systems and their [good 
manufacturing practice] GMP functionality 
(inventory) should be available.

“For critical systems an up-to-date system 
description detailing the physical and logical 
arrangements, data flows and interfaces with 
other systems or processes, any hardware and 
software pre-requisites, and security measures 
should be available” (1).

Every company using the system will have 
different physical and logical arrangements, 
for example: 

• You may have 50 users, whereas another 
company may have 5000 users.

• You may not have implemented any inter-
faces to other systems, whereas other users 
may have linked their system to other soft-
ware packages.

• You may use the system for GxP relevant 
documentation, whereas another company 
may only use it for non-GxP purposes.

Therefore, each company’s system descrip-
tion will be unique. The manufacturer can only 
provide a generic description, which can of 
course be the basis for your individual one. 

You also mention that you do have additional 
pieces of information about the system, which 
can be found in the validation documents. 
That may be so, but these pieces of information 
are not consolidated, interlinked, or otherwise 
logically connected to fulfill the requirements 
of the regulations, which call for an up-to-date 
system description for critical systems. Your sys-
tem is obviously critical as you use it for GxP-
critical processes.

It doesn’t mean that you should copy/paste all 
the information that can be found in your valida-
tion documentation or elsewhere, into a docu-
ment called “system description”. It is perfectly 
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Computerized System Descriptions– 
How Hard Can It Be?
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