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Spring is a time for renewal of energies, setting fresh 
goals and making new friends. As we have done for 
many years, BioPharm International is proud to organize 

the keynote sessions at the upcoming INTERPHEX exhibi-
tion in New York, which is being held May 24–26th. These 
presentations are a snapshot of where the focus of energies 
and resources have been placed in the year leading up to the 
event, and for the following year or two, thereafter. Session 
and panel discussion this time include topics of continuous 
and modular manufacturing advances, emerging therapy 
constriction points, fresh challenges emanating from emerg-
ing therapies, and an overall big picture last afternoon session 
and panel discussion. Each incarnation is an opportunity to 
highlight industry trends, obstacles, and cooperative pro-
grams. Represented this year are diverse companies, univer-
sities, and organizations such as the National Institute for 
Innovation in Manufacturing Biopharmaceuticals (NIIMBL), 
Rutgers University, CONTINUUS Pharmaceuticals, Inc., 
Entegris, Tessera Therapeutics, MilliporeSigma, the New 
York Genome Center, the University of Pennsylvania, and a 
brand-new entity, named AexeRNA.

There are one or two familiar faces but generally these 
are new voices and perspectives giving intriguingly tit led 
talks such as “New therapeutic Modalities and Moores Law 
in Biomanufacturing”, “Programming the Immune System 
to Supercharge Cancer Cell Therapies”, and “Considerations 
for a Unif ied Pandemic National Response”. It is this kind 
of gathering that forces one to confront how our industry 
traverses a broad sweep of technologies, skill sets, and thera-
peutic applications. The frenetic pace of the past couple of 
pandemic years has paradoxically invested fresh impetus and 
outreach, instead of wearing us down and leaving us effete. 
Lessons learned in the face of adversity can now be applied 
to mitigating some of the harm from whatever future emer-
gencies we will face. I expect some of the solutions we will 
rely on going forward will be presented at the INTERPHEX 
keynote sessions. Only by listening to others, and by joining 
forces, can we optimize our individual talents. In spring, we 
renew our pledge to make a difference, and grow together as 
an industry.

 

Mike Hennessy, Jr.
President and CEO

MJH Life Sciences™

Note from the CEO
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From the Editor

Dual Modality  
and New Analyses

I    n our March issue, I wrote about the unmet 
need for faster, more powerful and complete 
analytics on pharmaceutical development and 

manufacturing, which ended with a pledge 
to discuss new contributions from readers (1). 
We’ve had some feedback, and I would like to 
highlight a perspective that came out of an article on the insecticide 
Fipronil.  “Almost universally,  spectroscopist state Raman and IR 
[infrared] techniques are complimentary, except virtually everyone 
uses that statement to say they are equally valuable  (i.e., they con-
tain the same information). What if in fact the difference in the 
IR and Raman spectra itself is a unique fingerprint?” says Walter 
Schmidt, Research Chemist at USDA-ARS, in conversation about 
novel analystics.

Borrowing from two well-established workhorse techniques can 
lead to fruitful new analyses, in this case particularly for troublesome 
or difficult-to-resolve structural analogs and in enantiomers (when 
not present as racemates), which can crop up in the least opportune 
of situations and times. Work “to discern exactly which vibrational 
modes are symmetrical and which are asymmetrical (or anti-sym-
metrical) in a given set of vibrational spectroscopy data … This in 
turn [in principle] could be a highly specific fingerprint for a par-
ticular compound in an otherwise rather complex undifferentiated 
background spectral signal of ‘noise’,” contends Schmidt.  So the 
importance of a novel technique able to discriminate wavenumber 
markers for a compound (low in Raman, high in IR, and/or high 
in Raman, low in IR) in otherwise very difficult to unscramble 
mixtures of overlapping vibrational modes, could already be at hand. 

I’ll let Walter conclude in his own words, “I therefore see gradient 
temperature Raman spectroscopy [GTRS] as potentially highly 
valuable in investigating polymorphism in pharmaceuticals.  In 
GTRS, applying a weak temperature gradient of about 1 °C/minute, 
collecting any range of 100 temperature steps required only 100 
minutes. Data [are] collected not as a function of time, but when two 
thermocouples confirm the temperature has increased (e.g., 0.2 °C).  
No contest which is more efficient.  The data itself confirms the 
precise temperature in which a phase or gel transition is occurring 
and also collect data just before and just after that transition. The rest 
of the time nothing unusual is occurring during the experiment and 
the spectra verify that as well. The temperature gradient is too weak 
to impact the observed Raman vibrational modes unless phase or 
gel transitions are occurring.  Spectral vibrational mode assignments 
are indistinguishable from those which can be obtained from steady 
state Raman experiments taken at individual temperatures.”

I am glad to have sparked a conversation pushing forward a novel 
approach, hiding in plain sight—unseen until now.

REFERENCE
1. C. Spivey, “Characterizing the Unseen Drama of Analytics,” 

BioPharm Intl 35 (3) (2022). ◆

Chris Spivey is  
the editorial director of  
BioPharm International.
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A s the COVID-19 pandemic show signs 
of becoming less widespread and 
lethal, federal agencies and medical 

product manufacturers are assessing the poten-
tial impact on the development and distribution 
of drugs and diagnostics made available under 
FDA’s Emergency Use Authorization (EUA) pol-
icy. That program has allowed FDA to approve 
medical countermeasures based on more limited 
clinical and manufacturing data to facilitate ear-
lier patient access to treatments and preventives 
during the health emergency (1). 

Although the Biden administration recently 
extended the current COVID-19 Public Health 
Emergency (PHE) declaration past its mid-April 
2022 expiration date (2), government agencies 
and the biomedical industry anticipate an end to 
emergency status in the near future. That pros-
pect is prompting all parties to consider likely 
changes in R&D processes as well as in coverage 
and reimbursement for pandemic therapies, vac-
cines, diagnostics, and other medical products. 
FDA recently posted an information page on the 
topic, aptly titled “What happens to EUAs when 
a public health emergency ends?” (3). 

FDA’s process for approving drugs, 
vaccines, and diagnostics under 
a health emergency is governed by 
section 564 of the Food, Drug, and 
Cosmetic Act and differs from the 
rules affecting federal health coverage 
and reimbursement under the Public 
Health Service Act (4). FDA initially 
gained EUA authority in 2004 to facil-
itate access to drugs, biologics, and 
diagnostics needed for emergency use, 
as in the case of an anthrax attack, the 
emergence of a deadly virus such as 
Ebola or Zika, and other bioterrorism 

events. EUAs related to those conditions have not 
been terminated and remain in effect, largely for 
several in vitro diagnostics (IVDs) and added uses 
for some therapeutics. 

Specific authority for FDA to approve EUAs 
related to SARS-CoV-2 was issued by the sec-
retary of Health and Human Services (HHS) 
in February 2020 to facilitate the availabil-
ity and use of qualifying treatments lacking 
full market approval. This authority does not 
expire automatically as with other Public 
Health Service emergency policies; it has 
enabled FDA to speed critical anti-COVID vac-
cines to the nation, while also issuing hun-
dreds of EUAs for IVDs, ventilators, personal  
protective equipment, and other medical  
devices—most recently for a breath test  
COVID-19 diagnostic test. 

EUAs have been more controversial for the 
handful of antivirals and monoclonal antibod-
ies (mAbs) seeking that status. FDA has revoked 
emergency use for certain therapeutics later 
found less safe or effective than initially claimed, 
notably for hydroxychloroquine/chloroquine. 
More recently, the spread of the new Omicron 
BA.2 subvariant led to the revocation of the EUA 
for the mAb sotrovimab (Xevudy) produced by 
GlaxoSmithKline and Vir Biotechnology, based 
on its reduced effectiveness against the new 
strain (5). Similarly, in January 2022 FDA ended 
emergency use of Regeneron’s mAb REGEN-COV 
as a preventive and treatment for COVID-19 
due to lack of effectiveness against new vari-
ants. Regeneron meanwhile applied for full FDA 
approval of the therapy for preventing and treat-
ing COVID-19, but FDA recently extended its 
review of the application for three months (until 
July 13, 2022) to assess additional information to 
support a biologics license application (6).

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

What are the next steps for permanent authorization  
of COVID-19 vaccines, treatments, and diagnostics?

FDA and Industry Prepare for Transition 
from Emergency Use Authorizations
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These regulatory actions illustrate 
the importance of manufacturers 
anticipating and planning for the 
conduct of studies needed for the 
eventual conversion of EUA’s to full 
approvals. That process will tax FDA 
resources particularly for the vast 
number of EUAs for medical devices; 
FDA recently proposed a 180-day 
period for manufacturers to either 
discontinue EUA product distribu-
tion or seek permanent marketing 
authorization for diagnostics and 
other products (7). 

Vaccine makers have taken the 
lead in filing for full FDA approval 
of COVID-19 preventives, starting 
with Moderna and Pfizer shots for 
adults. Vaccines for younger age 
groups and booster shots continue 
to be provided under EUAs, although 
manufacturers have begun to seek 
permanent approval of added uses 
and indications. And while EUAs 
largely cover the full use of a medi-
cal product related to the pandemic, 
some already-approved therapies 
and medical products that gained 
expanded indications and uses under 
the emergency program will need to 
weigh whether to seek full approval 
of such added uses. 

LIMITING COVERAGE 
Although manufacturers may con-
tinue to produce and market drugs 
and vaccines under EUAs, an end 
to the broader HHS Public Health 
Emergency will alter emergency 
coverage and reimbursement for 
numerous medical services, test-
ing, and treatments. This will affect 
payment and access to therapies 
and vaccines through Medicaid and 
Medicare and state and local health 
programs and alter important flex-
ibilities that now apply to private 
insurance and health care provid-
ers such as hospitals and clinics. 
Of particular importance will be 
the impact on the broader emer-
gency use of telehealth programs, 
increased coverage for in-home 
care, the availability of free vacci-
nations and testing, and subsidies 
to access therapies at lower cost, as 
outlined in an issue brief from the 
Kaiser Family Foundation (8).

In addition, a separate HHS dec-
laration provides liability immunity 
for activities related to COVID-
19 countermeasure development 
and use. It protects pharmacists, 
physicians, nurses, and other pro-
viders who administer COVID-19 

vaccines, as well manufacturers and 
distributors involved in providing 
countermeasures to the nation. The 
end to that added immunity could 
affect access to treatments and  
diagnostics from biopharma com-
panies and have notable implica-
tions for further development of 
medical countermeasures.

REFERENCES
1. FDA, Coronavirus Disease 2019, FDA.

gov, accessed April 18, 2022. 
2. X. Becerra, Renewal of Determination 

that a Public Health Emergency Exists, 
aspr.hhs.gov, April 12, 2022.  

3. FDA, FAQs: What happens to EUAs when 
a public health emergency ends?, FDA.
gov, accessed April 18, 2022. 

4. FDA, Emergency Use Authorization, FDA.
gov, accessed April 25, 2022. 

5. FDA, FDA Updates Sotrovimab 
Emergency Use Authorization, FDA.gov,  
April 5, 2022. 

6. Regeneron, “US FDA Extends Review of 
Biologics License Application for Regen-
COV (Casirivimab and Imdevimab) for 
Treatment and Prophylaxis of COVID-19,” 
Press Release, April 14, 2022. 

7. FDA, Transition Plan for Medical Devices 
Issued Emergency Use Authorizations 
(EUAs) During the Coronavirus Disease 
2019 (COVID-19) Public Health 
Emergency, Draft Guidance for Industry 
(CDRH, December 2021). 

8. J. Cubanski et al., “What Happens When 
COVID-19 Emergency Declarations End? 
Implications for Coverage, Costs, and 
Access,” KFF.org, April 8, 2022.  ◆

FDA issued a new guidance on how to make  
clinical research more inclusive, building on ear-
lier, broader advisories on the topic. At the same 
time, Congress is looking to advance legislation pro-
moting clinical trial diversity in pre- and post-market  
studies. These initiatives fit the Biden administration’s 
broader goal of addressing racial and ethnic health 
care disparities through a range of public research and 
coverage programs.
This latest FDA draft guidance follows its advisory 

on Enhancing the Diversity of Clinical Trial Populations 
published in November 2020. That final guidance 
supported efforts to expand eligibility criteria and 
improve enrollment practices and trial designs so that 
clinical studies would better reflect the population 
most likely to use the drug if approved.

The specific aim here is to clarify how sponsors should 
submit a “Race and Ethnicity Diversity Plan” with 
applications proposing clinical research or continuing 
with trials to support the approval of drugs, biologics, 
and medical devices. The draft guidance encourages 
early submission of such plans to present strategies for 
enrolling and retaining diverse patient populations in 
trials. FDA advises sponsors to discuss such research 
proposals as early as possible during the investigational 
new drug stage, and certainly before launching pivotal 
Phase III studies (1).

Reference
1. FDA, “FDA Takes Important Steps to Increase Racial and Eth-

nic Diversity in Clinical Trials,” Press Release, April 13, 2022.

—Jill Wechsler

Clinical Trial Diversity Advances in Regulatory Agenda
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https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-sotrovimab-emergency-use-authorization
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/transition-plan-medical-devices-issued-emergency-use-authorizations-euas-during-coronavirus-disease
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/transition-plan-medical-devices-issued-emergency-use-authorizations-euas-during-coronavirus-disease
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/transition-plan-medical-devices-issued-emergency-use-authorizations-euas-during-coronavirus-disease
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/transition-plan-medical-devices-issued-emergency-use-authorizations-euas-during-coronavirus-disease
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/transition-plan-medical-devices-issued-emergency-use-authorizations-euas-during-coronavirus-disease
https://www.kff.org/coronavirus-covid-19/issue-brief/what-happens-when-covid-19-emergency-declarations-end-implications-for-coverage-costs-and-access/
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Emerging Therapies Face 
Development Hurdles

Complex hurdles complicate the development of emerging therapies.
FELIZA MIRASOL

W  hile traditional biologics continue to see strong 
market demand, the need for emerging therapies, 
such as regenerative medicines, has also given rise 

to a burgeoning pipeline. The biopharmaceutical industry has 
seen significant levels of investment going into clinical-stage 
projects for cell therapies, gene therapies, and other regenerative 
medicines over the past year (1) as efforts increase to tackle the 
development and manufacturing hurdles for these therapies.

Cell and gene therapies encompass a wide range of highly 
complex, manual and customized manufacturing processes, 
says Fatma Senkesen, executive director of Marketing and 
Commercial Development for the Cell & Gene Division of 
Lonza. From a manufacturing standpoint, the biopharma indus-
try commonly groups cell therapies into two categories—alloge-
neic and autologous—because the manufacturing process and 
challenges are so different between manufacturing a batch from 
one donor for multiple patients in allogeneic cell therapy versus 
manufacturing one batch per patient in autologous cell therapy. 
Meanwhile, for gene therapies, the industry also splits the man-
ufacturing processes into two main arms: ex-vivo gene therapies, 
which today are mostly autologous, and in-vivo gene therapies, 
which are mostly viral vector gene therapies, Senkesen notes. 

Cell and gene therapy products are typically presented as 
highly product-specific dosage form, and this brings complexity 
to the drug product manufacturing process, says Susanne Jörg, 
chief customer delivery officer, ten23 health, a Switzerland-
based contract development and manufacturing organization 
(CDMO) for sterile products. The complexity in the manufac-
turing process of the viral vector drug products can be attributed 
to the availability and variability of raw materials as well as 
incompatibility with typical aseptic manufacturing unit opera-
tions, such as sterile filtration and filling/dosing by pumps, which 
often require extensive manual manipulations in a cleanroom 
environment. Prior knowledge related to drug product formu-
lation, suitable primary packaging materials, and related aseptic 
manufacturing processes is still limited compared to traditional 
monoclonal antibody (mAb) products. 

CELL THERAPY BARRIERS
There are two main challenges that create bottlenecking points 
within cell therapy manufacturing, says Ger Brophy, executive 
vice-president, Biopharma Production, Avantor. The first is 
the scalability of cell culture processes to produce cell therapies, 
such as chimeric antigen receptor (CAR) T-cells or genetically 
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modified stem cells. According to 
Brophy, different cell types require dif-
ferent conditions for sustainable cell 
population expansion, thus, a large 
amount of manufacturing effort needs 
to be spent in process development 
and optimization before the volume 
requirements for clinical production can 
be achieved. The second is the avail-
ability of closed manufacturing systems 
vital to reducing contamination risks 
to cell therapies and maintaining safety. 
Recently, closed, automated manufac-
turing systems have become available 
to produce small volume autologous 
or personalized cell therapies, Brophy 
notes; however, these systems are unsuit-
able for large volumes of allogeneic cell 
therapies. One solution to this is to use 
more single-use fluid handling technol-
ogies in cell therapy production.

Viral vector production for cell engi-
neering is also known to be a primary 
area where bottlenecks occur in cell 
therapy manufacturing, says Seokjin 

Chang, director of Market Intelligence 
at Samsung Biologics. Viral vector 
manufacturing using adherent cul-
ture methods often have low produc-
tivity considering the time and effort 
expended during the process; conse-
quently, supply may not be able to meet 
the high viral vector demand coming 
from biotech companies, Chang states. 

The manufacturing process itself, 
specifically for autologous cell thera-
pies, is also time-consuming, requiring 
the extraction of cells from the patient, 
transportation to the facility, culturing 
of the engineered cells, and finally trans-
porting these cells back to the patient. 
To solve this problem and reduce the 
bottleneck associated with transport, 
many biotech companies are working to 
commercialize “off-the-shelf ” allogeneic 
cell therapy products, Chang notes. 

Andres Castillo, market entry strat-
egy manager CCT, Sartorius, confirms 
that a few key barriers in cell therapy 
manufacturing include laborious manual 

processes, variability within the process, 
complexity, and scalability. He explains 
that current workflows are highly man-
ual, which increases the likelihood of 
operator error and contamination as 
compared to closed automated systems. 
Highly manual processes also create 
dose-to-dose variability, another prob-
lem in the manufacturing process. “This 
makes it difficult to identify process 
improvements that can drive down costs 
and reduce time to market,” Castillo says. 

“Differences from donor to donor 
within the process also create variabil-
ity in the overall manufacturing process 
and production timelines. To overcome 
this variability, robust characterization 
of both the cell and the process is nec-
essary to streamline production. This 
requires investment in precise bioana-
lytical instruments and data manage-
ment tools to glean insights to establish  
process knowledge,” Castillo adds.  

As cell therapies hit commercial-
ization, the biggest bottleneck appears 
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In the midst of new emerging therapy projects under 
development, the progress of innovative manufactur-
ing technologies is also growing. One of the newest 
emerging platforms for biologics manufacturing is 
the plant made pharmaceutical platform (PMP). PMP 
has come on-stage recently with the approval of Can-
ada-based Medicago’s COVID-19 vaccine in Canada, 
COVIFENZ (plant-based virus-like particles, recombi-
nant, adjuvanted) (1).
The wave of acceptance that has arisen with other 

platforms, such as baculovirus and messenger RNA, 
adds to the dominant mammalian cell systems. Plant-
made pharmaceuticals will likely be added to the 
mix, according to Barry Holtz, chief scientific officer, 
Phylloceuticals. 

Current PMP platforms use traditional soil-based 
or hydroponic plant growth, both of which have 
difficult technical challenges. Soil-based systems, for 
example, are largely single-level systems that require 
large amounts of controlled space, are dependent on 
specialized substrates, have inefficient materials flow, 
and are not as efficient to automate as vertical farming 
approaches. Traditional hydroponic systems require 
multiple movements of high-volume, heavy platforms 
of plants to multiple environmental zones, says Holtz. 

Newer highly automated aeroponic plant growth 
systems can lower the cost  of plant-made therapeutic 
proteins even further, with single growth rooms systems 
and advance robotics. 
“Plant-based manufacturing has hit the mainstream,” 

says Holtz. “Phylloceuticals has developed the 
next-generation of plant-made manufacturing [that 
employs] machine learning and artificial intelligence 
to optimize product production—an entirely different 
bioenergetics to product production scenario than 
what has traditionally been a focus on maximizing plant 
biomass production.” 

In addition, Holtz notes that prior limitations to 
one product using traditional biomanufacturing are 
overcome in platforms such as PMP by the ability of 
the technology to simultaneously produce multiple 
products in one plant “bioreactor”.

Reference
1. Medicago, “Medicago and GSK Announce the 

Approval by Health Canada of COVIFENZ, an Ad-
juvanted Plant-Based COVID-19 Vaccine,” Press 
Release, Feb. 24, 2022.

—Feliza Mirasol

Emerging Plant-based Platform for Biomanufacturing



• Extensive product breadth and packaging flexibility
• cGMP-compliant with auditing and quality management controls
• Lot testing for bioburden, endotoxins and elemental impurities
• Change control, lot traceability and supply chain transparency to eliminate unpredictability
• Comprehensive regulatory and scientific documentation to ensure compliance

800.772.8786SCAN ME

SpectrumChemical.com/biocertified

Trust bioCERTIFIED™ Products for Bioprocessing.
100% Tested. 100% Transparent. 100% Trusted.

™

ANGUS and TRIS AMINO AC are registered trademarks of ANGUS Chemical Company.

Also Available
TRIS AMINO AC 

https://www.spectrumchemical.com/biocertified-products-free-sample
https://www.spectrumchemical.com/biocertified-products-free-sample


14     BioPharm International May 2022   www.biopharminternational.com

to be scale-out of manufacturing, says 
Brian Newsom, senior director of 
Business Development, Cell Therapy, at 
KBI Biopharma. Bottlenecking at the 
point of scale out can be attributed to 
the labor-intensive process of one-at-
a-time manufacturing combined with 
the limited pool of talent and limited 
ability to scale facilities cost-effectively, 
Newsom observes. 

As scaling out issues get solved, how-
ever, another constriction point will 
be in the supply chain, for example, a 
lack of blood-derived products such 
as human serum albumin and other 
factors used in the manufacture of 
many commercial cell therapies and 
those in development. “Synthetic deriv-
atives are often not comparable and, 
in cases where they are, can be more 
expensive and still have production 
limitations. Other supply chain issues, 
including vector availability, plastics 
(consumables) shortages, and shipping 
constraints for highly labile products, 
are all bottlenecks that are starting to 
impact the industry,” Newsom states. 

GENE THERAPY CONSTRAINTS
Bottlenecks throughout gene therapy 
manufacturing are common throughout 
almost every stage—from plasmid DNA 
(pDNA) sourcing to inserting DNA 
into viral vectors and purifying empty 
capsids—says Chang. “Overwhelmingly, 
the challenge in overcoming these 
obstacles seen throughout production 
seems to be because processes are not yet 
well-established and there are currently 
few highly-trained personnel in this area 
to conduct them,” he explains. 

From Brophy’s perspective, given 
the high expected growth rate of the 
gene therapy market, a major question 
is simply whether manufacturers and 
suppliers can keep up with demand. 

“This is most keenly felt by emerg-
ing companies who may lack the time 
and resources to build the expertise 
required for vital workflow stages, such 
as plasmid and viral vector produc-
tion, and downstream purification,” he 

states, adding that working with man-
ufacturers who have the knowledge 
and resources to expand production 
capacity and scale up processes offsets 
some of these concerns. 

Another significant constraint 
within gene therapy manufacturing 
is the low yield of the process caused 
by low efficiency of transfection, pro-
duction of empty capsids, separation 
of those empty capsids, and removal 
of impurities during downstream pro-
cessing, Brophy explains. These inef-
ficiencies result in a manufacturing 
process that has approximately 30% 
yield. Implementation of strategies to 
increase process efficiency and yield 
are key for gene therapy manufacturers. 

“This can include the choice of trans-
fection reagents and processes, selec-
tion of appropriate cell lysis reagents to 
increase release of viral vectors, explor-
ing reagents to reduce system viscosity 
to aid downstream processing, and the 
use of high-quality chromatography res-
ins to purify viral vectors and remove  
impurities,” Brophy elaborates.

“In gene therapy, viral vectors have 
proven their amazing ability to act as 
gene delivery vehicles in the clinic. To 
unlock the true transformative poten-
tial of viral vector-based gene therapies, 
however, a set of technological challenges 
relating to manufacturing and quality 
control must be overcome,” says Laetitia 
Malphettes, head of Gene Therapy 
Chemistry, Manufacturing & Controls—
Development Sciences, UCB Switzerland, 
a biopharmaceutical company focusing on 
neurology and immunology. 

Because of the complexity of viral 
vectors, analytical understanding and 
characterization of what constitutes 
quality and consistency of a gene  
therapy viral vector product is still at 
an embryonic stage, Malphettes states. 
The overall process production yields 
of functional capsids containing the 
desired genetic payload is also a major 
obstacle. “As a consequence, process 
and/or manufacturing site changes 
(or ‘tech transfers’) and scale changes, 
although often needed, are very diffi-
cult to implement during the clinical 
development lifecycle; and even more  
difficult if these changes occur after  
pivotal study supply,” she adds. 

ANALYTIC AND RAW 
MATERIAL CONSIDERATIONS
Other factors that have limiting effects 
on cell and gene therapy development 
and production include analytics and 
the sourcing of raw materials. The 
timeline and volume requirements for 
traditional growth-based microbial test-
ing is perhaps only partially addressed 
for both cell and gene therapy appli-
cations, observes Lindsay Fraser, head 
of Technical Services at Symbiosis, a 
Stirling, UK-based contract manufac-
turing organization. Molecular based 
technologies, such as polymerase chain 
reaction (PCR) and next-generation 
sequencing (NGS), as well as rapid 
growth-based detection systems, have 
had some traction f rom regulators 
to address this bottleneck related to  
analytics, Fraser says. 

“However, the compendial growth 
methods for sterility and mycoplasma 
remain the first consideration and is, 
therefore, a bottleneck in the same way 
as for mAbs,” Fraser adds. Furthermore, 
components such as viral vectors and 
nucleic acids, as well as process inter-
mediates, such as plasmids, tend not to 
have the same volume and stability con-
siderations as for cell-based therapies. 
Fraser anticipates, however, that alter-
native rapid microbial testing methods 
will be more generally accepted in this 
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market segment ahead of the classical 
biologics such as mAbs.

Many products in development 
still require bioassays, which can be 
time-consuming, laborious, and diffi-
cult to qualify, adds Newsom. “As these 
processes scale-out, these assays can 
be difficult to batch and scale, as can 
be the analytics for these assays,” he 
notes. In addition, advanced therapies 
generate reams of data, which are often 
produced via incompatible systems that 
can be difficult to matrix. Newsom 
explains that, as the industry grows, the 
amount of data assessed will require 
automated systems that can provide 
real-time analysis and objective results, 
and platform technologies will need to 
be adopted by the industry. 

Meanwhile, the performance and 
quality of raw materials is crucial, thus, 
inconsistencies found in raw materials 
or any unforeseen changes can lead to 
unexpected effects on the manufactur-
ing process and slow down development, 
points out Mark Kline, chief technology 
officer and co-founder of X-Therma 
Inc., a biotechnology company special-
izing in the preservation of regenerative 
medicines and organs. “When develop-
ing therapies using cells, whether they 
are from the patient or a donor, it is dif-
ficult to collect and culture enough cells 
at the right therapeutic potency while 
maintaining that therapeutic potency 
after banking,” he adds.

SCALEABILITY CHALLENGES
As previously mentioned, scaleability for 
both cell and gene therapies can be a 
major challenge. 

Kline explains that constriction in 
the manufacturing workflow presents 
significant logistical barriers to scal-
ing up for many regenerative medicine 
companies. For instance, in the case of  
autologous cell therapies, which require 
scale out rather than scale up, the man-
ufacturing process from the point of 
collection of the individual’s own cells 
or tissues can take an average of three 
weeks before the therapy can be given 

to the patient. “This is often the case 
with CAR-T cells, for example. Once 
created, patient cell performance in the 
manufacturing process can also vary, 
leading to batch failures and other com-
plications,” he states. 

Furthermore, autologous therapies 
represent hard-to-reach revenue scales, 
making their manufacture difficult, espe-
cially especially to streamline the man-
ufacturing process for efficiency while 
remaining profitable when each dose is 
custom-made, Kline adds. 

On the allogeneic cell therapy side, 
these therapies are poised to face dif-
ficulties in the manufacturing process 
seeing as how they are produced in 
large batches, very often from unre-
lated donor tissues, says Kline. Among 
the difficulties encountered is the 
development of cells that do not acti-
vate the immune system and cells that 
get neutralized before they can be 
effective, he notes.

Senkesen points to the labor-inten-
sive nature of traditional manufactur-
ing processes used in allogeneic cell 
therapy manufacturing, emphasizing 
how these processes often rely heavily 
on manual operations, which require 
long processing hours that burden a 
highly trained and qualified workforce. 
Furthermore, many of these processes 
are open and, hence, at risk from con-
tamination issues, even with stringent 
aseptic training and qualification. 

“As we scale up, reproducibility could 
be affected by the long process dura-
tion and a large number of person-

nel required to complete all activities. 
One of the main challenges we need 
to address, from a manufacturing per-
spective for allogeneic cell therapy, is 
the scaling of the process. Some rare 
diseases need high cell dosage, while 
larger indications reach more patients 
and require a large batch size to be able 
to supply the market in a cost-effective 
way,” Senkesen explains.

“For allogeneic CAR-T cells, in par-
ticular, we need to work in parallel on 
overcoming upstream scale-up chal-
lenges by defining optimal solutions to 
generate the volume of cells needed for 
multiple doses (at the desired quality), 
as well as on the downstream technol-
ogies, to be able to select and purify 
the target cells at the given scale. These 
tools do not exist today. Significant 
development will be needed in sync 
with the fast-evolving pace of the man-
ufacturing needs,” Senkesen states.

The scale of manufacturing for allo-
geneic immunotherapies is a significant 
challenge, says Newsom. He notes that, 
while the industry can manufacture a 
few to a few tens of doses from a single 
donor, it is not yet able to reach the 
scale of 100s or 1000s of doses from a 
single donor. “This creates a limitation 
in the availability of therapeutic doses 
and the cost of the therapies as well. 
While creating 10 doses from a single 
donor lowers the drug’s price, it does 
not lower it 10-fold, and the therapy 
will still have a price tag that is a con-
siderable stretch for healthcare eco-
nomics if implemented at a large scale. 
This may be an inherent biological issue 
we can only get around with the use 
of iPSCs [induced pluripotent stem 
cells] or other such sources of starting  
material,” Newsom cautions. 

Operational logistics are another 
challenge in the industry when it comes 
to scaling up manufacturing processes 
for cell therapies, Newsom points out. 
Producing large quantities of small 
batches creates a tremendous amount 
of quality control testing, puts an enor-
mous burden on quality assurance 
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operations, and is a challenge for timely 
shipping (of inbound material, drug 
product, and many labile raw materials), 
he explains. “Creating and maintaining 
operational excellence in these areas is 
difficult and costly and requires its own 
network of specialists,” says Newsom. 

In comparison, Senkesen says that 
autologous cell and gene therapies are 
ahead of other cell and gene thera-
pies in the race to commercialization 
because most of the approved cell and 
gene therapies that have seen in recent 
years are autologous. These therapies 
come with some of the most complex 
roadblocks that have ever been seen in 
drug manufacturing, Senkesen empha-
sizes. “Obviously, scalability and com-
mercial viability are incredibly difficult 
for autologous cell and gene therapies 
by nature because one GMP [good 
manufacturing practice] batch equals 
one patient. So the cost of producing 
the treatment for a single patient is 
exponentially higher than it is for tradi-
tional biologics,” she states. 

“Automation through closed, GMP-
in-a-box systems to manufacture sin-
gle-patient batches bear the promise to 
address some of those scalability issues, 
but are not yet adopted at larger scales,” 
Senkesen adds.

Viral vector manufacturing processes 
are also labor-intensive and require 
highly trained staff, notes Senkesen. 
These processes can be scaled with 
suspension-based platforms, but 3D 
platform processes are far from a one-
size-fits-all solution, she says. 

“These processes often struggle to 
meet requirements, particularly for AAV 
[adeno-associated virus] therapies pro-
duction and function, usually because 
the components used in these platforms 
are highly variable: the host cell line, 
capsids, or the transgene contained in 
the AAV can greatly impact productiv-
ity (overall titer), packaging efficiency 
(overall % of AAV containing the trans-
gene of interest), overall yield, and over-
all function of the product. As a result, 
a single platform process will usually 

require some degree of optimization 
and extensive experience to obtain final 
overall commercial viability of the plat-
form,” Senkesen states.

Thus, to ensure continuity f rom 
pre-clinical to clinical development 
and regulatory approvability, process 
performance, the scale-up or scale-out 
strategy and consistent quality must be 
addressed from the very beginning, says 
Malphettes. “This is achieved thanks 
to an integrated end-to-end chemis-
try manufacturing and controls strategy 
from research to patients,” she adds.

PIPELINE GROWTH
Oncology remains a prominent field 
toward which emerging therapies are 
targeted, but work is also being done 
to apply these therapies, particularly 
allogeneic cell therapy and ex-vivo 
gene therapy, in other disease areas. For 
instance, one area of development that 
appears to have high near-term poten-
tial is allogeneic natural killer (NK) 
cell therapy, according to Newsom. 
Genetic engineering and gene editing 
are not required with NK cell therapy, 
which simplifies the workflow, and NK 
cells have been shown to have a pro-
found clinical impact, he notes. The 
dominant applications are in oncology, 
but NK cells also have applications in 
infectious diseases. Long term, how-
ever, the clear winner on potential is 
iPSCs, Newsom says. 

“The ability to bank a cell type with 
seemingly unlimited proliferative poten-
tial and totipotency is a compelling prop-
osition as long as this potential can be 

harnessed and directed appropriately. As 
far as where iPSCs can have an impact, 
it appears the sky is the limit, in the long 
run. Near term, the emphasis seems to be 
on retinal diseases, neural diseases, and 
tissue engineering; developing iPSCs into 
immune cells for the treatment of cancer, 
infectious disease, and autoimmunity is 
on the forefront of research, but it is a bit 
early for application,” Newsom states.

Senkesen says that, due to their 
cost structure, allogeneic cell ther-
apies are intended to be significantly 
more economical and hence likely to 
raise strong interest from all parties. 
Today, allogeneic therapies are popu-
lar with cell restorative therapies, for 
example, diabetes, Parkinson’s disease, 
or stroke—where the cell is secreting 
trophic factors into the body and tar-
get sites that are immune-privileged, 
such as the eyes. Furthermore, Senkesen 
adds, a panoply of allogeneic cell ther-
apy sub-segments, such as allogeneic 
CAR-T and NK cell products, are com-
ing into the limelight because they have 
the potential to address some of the 
bottlenecks of autologous cell therapies, 
including cost-of-goods, scaling-up and 
the flexibility to ramp up or down based 
on demand. These come with their own 
challenges, however, such as gene edit-
ing methods to limit the rejection of 
the donor cells by the patient’s immune 
system, says Senkesen. 

Shanya Jiang, market entry strat-
egy manager CCT, Sartorius, says that 
relapsed blood cancers (e.g., B-cell leu-
kemia and lymphoma) are currently the 
major indications targeted by CAR-T 
cell therapy, but the next-generation 
CAR-T cell therapy candidates are 
also targeting solid tumors. There is 
additionally an ongoing study where 
researchers are using CAR-T cells to 
fight human immunodeficiency virus 
infection, she adds. 

Meanwhile, with stem cell-derived 
cell therapies, neurodegenerative dis-
eases (e.g., Parkinson’s disease, multiple  
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An Evolving Approach  
to Drug Delivery

Advances in therapeutic modalities and an increase in 
molecular complexity have led to the need for an evolution 

in drug delivery approaches over the years.
FELICITY THOMAS

T raditionally, drug delivery approaches were primarily 
aimed at the oral administration of a therapeutic 
substance that was released immediately. However, 

as drug molecules have progressed and newer modalities 
have been investigated, the ‘conventional’ routes of drug 
delivery proved limiting for formulators as a result of the 
requirement for higher doses, the need for frequent admin-
istration, and the fact that the release of the therapeutic 
is not controlled. Therefore, novel drug delivery systems 
(NDDS) that can help overcome the limitations of more 
conventional approaches have been a key area of focus for 
bio/pharmaceutical companies (1).

This industry focus is reflected in the market trajectory 
for NDDS, which, according to research, is projected to 
grow at a compound annual growth rate of 20.8% between 
2021 and 2026, reaching an estimated value of $28.1 bil-
lion by the end of the forecast period (2). It is anticipated 
that this growth will be driven by multiple factors, such 
as the benefits offered by controlled-release drug delivery, 
the presence of in-vivo biological barriers that impact 

various properties of a drug substance, and the increased 
adoption of controlled-release drug delivery systems by 
specific patient populations because of non-adherence to 
treatment regimens.

AN EVOLUTION OF DELIVERY
Between 1950 and 1980, the fundamentals of understanding 
how drugs are released were underpinned (3). This period 
saw the first generation of development, with controlled-re-
lease mechanisms being approved by regulatory bodies, 
such as the approval of Spansule (Smith, Kline, & French 
Laboratories) in 1952—the first controlled-release drug 
delivery system (4).

In the first generation of drug delivery development, 
four main drug-release mechanisms were employed—
dissolution-control, diffusion-control, osmotic-pressure 
control, and ion-exchange control (3). Other mechanisms 
were investigated, but for most commercial products 
between the 1950s and 1980s, the release-mechanism 
was based on dissolution or diffusion-control, or a  
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mixture of the two (4). These delivery 
systems were mainly employed for 
oral or transdermal administration of 
therapeutic products.

Moving over to injectables, the 
first long-acting formulation was 
approved in 1989 by FDA, forming 
part of the second generation of 
drug delivery development (3). The 
poly(lactic-co-glycolic acid) (PLGA) 
microparticle formulation—an injectable 
depot formulation—was designed 
init ia l ly  to del iver  peptide and  
protein drugs for a month. This 
duration of drug release expanded 
to a period of six months with some 
ratio and molecular weight adjust-
ments  (4). As a result of the known 
safety of PLGA polymers, approvals 
of all other polymer-based long-act-
ing injectable formulations have been 
based on PLGA.

Another significant second-gen-
eration development is the process 
of attaching poly(ethylene glycol) 
(PEG) to  pro te in  molecu le s—
PEGylation  (4). Through this process, 
it is possible for protein molecules 
to stay in the systemic circulation 
for longer. However, a potential lim-
itation was realized in subsequent  

studies where antibodies were pro-
duced in the body against the PEG 
molecules, which led to accelerated 
blood clearance (5,6). Ultimately, 
greater understanding of PEGylation 
is required to ensure this process 
is used more effectively (4). 

Most recently, PEGylation, more 
specifically lipid nanoparticles con-
taining PEGylated lipid, has been 
imperative in the messenger RNA 
(mRNA) vaccines  used against 
COVID-19, a development that has 
renewed research into the field of lipid 
nanoparticles (4).

ENCAPSULATION AND  
A TROJAN HORSE
A notable progression, brought to the 
fore of global attention thanks to the 
COVID-19 pandemic as mentioned 
previously, has been the ability to 
deliver mRNA vaccines (7)—some-
thing that was not possible when 
the medical use of mRNA vaccines 
was first proposed, approximately 
30 years ago (8). 

To enable the safe delivery of the 
sensitive and unstable mRNA, it is 
first necessary to encapsulate the vac-
cine molecules in lipid nanoparticles 
so that they are shielded from destruc-
tive enzymes (9). Once the vaccine 
is appropriately protected, however, 
it is then necessary to ensure it can 
be delivered effectively and escape 
the endosome to have a therapeutic 
effect  (4). The ability for formulators 
to rapidly create a functional mRNA 
delivery system using lipid nanopar-
ticles, as was seen in the COVID-19 
pandemic, was only possible thanks to 
decades of prior research in the area.

Staying with the basic concept 
of encapsulation, scientists f rom 
Nanyang Technological University, 
Singapore, published a study into the 
utility of conjugated peptide coace-
rvates—protein-based microdrop-
let—as a drug delivery vehicle for the 
intracellular administration of a broad 
range of macromolecular therapeu-

tics  (10,11). Through the use of the 
protein-based microdroplets, which 
act as a ‘Trojan Horse’, the therapeu-
tics are able to sneak into the cells. 
Once inside the cells, the droplets 
dissolve, allowing the release of the 
drug-carrying biomolecules.

According to the Singapore-based 
researchers, the microdroplets are a 
promising platform for delivery of 
a variety of therapeutics, including 
proteins, peptides, and mRNAs (10). 
Additionally, the scientists report that 
it would be possible to recruit and 
deliver a single or a combination of 
macromolecular therapeutics using the 
microdroplets. 

A BRIEF LOOK AT  
COMMERCIAL ADVANCES
In June 2021, a global specialist HIV 
company that is majority owned by 
GlaxoSmithKline, ViiV Healthcare, 
announced its partnership with bio-
pharmaceutical company, Halozyme 
Therapeutics, for the development of 
“ultra long-acting” medicines to treat 
HIV (12). The collaboration agree-
ment granted ViiV Healthcare exclu-
sive access to Halozyme’s ENHANZE 
drug delivery technology—recom-
binant human hyaluronidase PH20 
enzyme (rHuPH20)—for four specific 
HIV medicine targets.

The technology works through 
the PH20 enzyme, which has the  
ability to break down hyaluronan 
(HA)—a substance found under the 
skin. Once HA is broken down, a 
greater  volume of f luid can be 
injected subcutaneously and dispersed, 
which has the potential to reduce 
treatment burden (12).

Another partnership, this time between 
Janssen Biotech, a Pharmaceutical 
Company of Johnson & Johnson, and 
Bioasis Technologies, has been formed 
to develop drugs that can traverse the  
blood-brain barrier  (BBB)  (13). Under 
the terms of the agreement, Janssen will 
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DNA watermarking is a relatively new technology that has 
been studied for several years with only recent applications. 
It involves embedding a unique synthetic DNA sequence 
into the genome of a living cell or organism, which allows 
us to embed tags in genes or the genome of an organism 
to identify and track their origin, ownership, or spread. 
Tagging has become ever important because de novo gene 
synthesis has become a commodity for several applications, 
as it provides easy, fast, and cost-effective access to genetic 
material. We can synthesize the relevant parts of the strain 
and provide it in a matter of days without the need of any 
viral, potentially dangerous material as a source template. 

BIOPHARM INTERNATIONAL: What specifically is enabled by gene synthesis, and how has it 
advanced science and technology? 
LISS: Previously, genetic engineering was the exchange of genes between organisms, which is 
possible as all species share the same genetic code. Gene synthesis enables the conversion of 
electronic sequence data into tangible biological molecules. Therefore, it is possible and often 
useful to modify the sequence in the computer before synthesizing it. You typically do this to 
improve the gene for its later application in the target host, such as maximizing expression or 
stabilizing the gene.

Today’s biological sequence databases contain a vast number of sequences researchers work with 
in silico. Gene synthesis makes these databases accessible for the lab. SARS-Cov-2 sequences are 
good examples. Sequencing of specimen worldwide produces lots of sequence data. If you want 
to study some of them in the lab, you rarely want the wildtype, the natural version, but rather a 
modified gene that better suits your experiments or leads to more effective vaccines.

Apart from modifying or replicating biological sequences, you can also produce non-biological 
artificial sequences to store non-biological information in the DNA sequence, as you can do with 
other digital storage media. The main difference is that in computer media, data is stored in 0 and 
1, while in DNA it is A, C, G, and T. But that’s the only real difference. An example of this is the first 
artificial genome of a bacterium synthesized by the Craig Venter Institute a few years ago. This 
synthetic mycoplasma genome gave rise to a living cell. The researchers inserted DNA regions into 
the genome where they stored their names, some quotes from literature, and a piece of HTML code 
for a simple website. These DNA parts do nothing else but store this artificial data. But you can also 
design and produce DNA sequences that have important biological functions and in addition store 
digital information.

Labeling Genes and GMOs 
with DNA Watermarks

Thomas Hofmeister
Scientist 
Thermo Fisher Scientific

Michael Liss
Scientist
Thermo Fisher Scientific

BIOPHARM INTERNATIONAL: You mean storing information in a 
living organism? What information could that be, and what are 
its uses?
LISS: The information stored in DNA can be anything you can store in a 
digital file. Typically, it is plain text, but also pictures or short movie clips 
have been stored in genomes already. 

If the information is stored in a way that the biological functions are not 
influenced, the capacity for extra data is somewhat limited—likely not 
enough for a movie clip—but it can be used to brand or label the gene or 
organism that carries the gene. This label might declare the ownership of a 
genetically modified organism (GMO), or it may be a manufacturing date 
or a lot number—data that you would use for other products as well.

BIOPHARM INTERNATIONAL: Once the branding information is 
stored in the DNA or genome, is it stable and safe, or can it mutate or 
be intentionally deleted?
LISS: In the mycoplasma example that was previously mentioned, the extra 
information was stored in an extra DNA region that is used for no other 
purposes. The translation, from the DNA sequence to text, then happens by 
an artificial translation table, very similar to translating binary zeroes/ones 
into Latin letters via ASCII tables. Since this region is biologically inactive, it 
can indeed be affected through mutations or deleted deliberately without 
impeding the function of the organism.

We developed a method that does justice to this fact and prevents such 
a modification as far as possible: watermarking. It uses steganographic 
principles to inseparably entangle the stored information with the genes of 
biological relevance.

BIOPHARM INTERNATIONAL: What is the principle behind this 
watermarking? Does it interfere with the biologic function it is 
embedded in?
HOFMEISTER: The idea of watermarking is similar to how we apply marks 
to everyday items. You can label a shirt with a tag in the neckline, where it 
serves no other function to the shirt besides labeling it. This tag can easily 
be removed without destroying the shirt’s function. You can also label a 
shirt by weaving the logo of the company visibly into the fabric. Removing 
this tag will ultimately destroy the shirt, as it is an integral part of it. Other 
examples of integral marks more deserving of the name watermark are, of 
course, banknotes.

In terms of DNA, it is essential that a modification or even deletion of the 
DNA watermark also causes a change in the relevant gene, which affects 
the biological function of the organism or DNA molecule. This is like cutting 
out the crocodile logo from a well-known brand, which leaves it worthless. 
Thus, we store the information within the open reading frame of the gene; 
this is the part which holds the actual biological function of the gene. 

On one hand, we have shown that this process does not interfere 
with protein expression or even viral replication of genes/genomes 
that were watermarked. On the other hand, removing the watermark 

would destroy the biological function. So, how does it work? On top 
of the protein coding information, we can put another meta-layer of 
information that contains the watermark text. We use the fact that 
several codons code for one and the same amino acid. The selective 
choice of codons then contains the additional information. You can 
compare this with writing text in small and capital letters, where each 
capital letter codes for binary 1 and a small letter for binary 0. The 
meaning of the text remains unchanged, but there is additional data 
embedded in it. Such techniques have been common for centuries.

What’s crucial for deciphering the embedded text in a gene is the 
knowledge of a certain key. This can be the preferred codon frequencies 
in the organism or other information that can be made available to the 
decipherer by different approaches. 

BIOPHARM INTERNATIONAL: How can a watermark be read or 
detected then?
HOFMEISTER: The information can be retrieved by first sequencing the 
relevant gene, which is standard today—this yields the underlying DNA 
sequence. Then one can apply the mentioned deciphering algorithm to 
the DNA sequence—in a nutshell, the key defines the mapping of codons 
in the open reading frame to zeroes and ones. This means that reading 
the open reading frame from left to right and interpreting codons as bits 
retrieves the stored binary information. This can then be interpreted as 
a text in the usual ways. In the case that no information was stored in 
the gene, then only “white noise” will show up; otherwise, the watermark 
will be visible.

BIOPHARM INTERNATIONAL: What are potential uses of 
watermarking DNA molecules or genes? 
LISS: In general, it allows us to label a DNA- or RNA-containing product 
with this method, which provides increased transparency and quality of 
our processes. Branding or ownership, for example, of mRNA vaccines, 
traceability of GMO crops, or vaccine virus warnings, dates, and patent 
information are all possible applications. Regulation might even enforce 
research projects that are using synthetic DNA sequences to include a 
watermark so that the origin of the sequence can be linked to the very 
project ID in which the sequence was used.

BIOPHARM INTERNATIONAL: What are the perceived risks in using 
this technology?
LISS: There is a lot of general debate around genetic engineering, 
which is a good thing, but sometimes urged by irrational fear. This 
topic will jump this paper, however. The watermark technology is an 
add-on to genetic engineering that, if made mandatory, would help 
provide transparency that is needed for more rational discussions. 
As an example, it would allow us to be more responsive in case the 
origin of a GMO crop is required to be known. Another example is the 
wild discussion happening about the origin of the SARS CoV2 virus. A 
watermark obligation would irrevocably prove or disprove a man-made 
origin. This creates certainty of action on all sides, both for the public 
and for the researchers who work in this area.

https://www.thermofisher.com/us/en/home.html
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DNA watermarking is a relatively new technology that has 
been studied for several years with only recent applications. 
It involves embedding a unique synthetic DNA sequence 
into the genome of a living cell or organism, which allows 
us to embed tags in genes or the genome of an organism 
to identify and track their origin, ownership, or spread. 
Tagging has become ever important because de novo gene 
synthesis has become a commodity for several applications, 
as it provides easy, fast, and cost-effective access to genetic 
material. We can synthesize the relevant parts of the strain 
and provide it in a matter of days without the need of any 
viral, potentially dangerous material as a source template. 

BIOPHARM INTERNATIONAL: What specifically is enabled by gene synthesis, and how has it 
advanced science and technology? 
LISS: Previously, genetic engineering was the exchange of genes between organisms, which is 
possible as all species share the same genetic code. Gene synthesis enables the conversion of 
electronic sequence data into tangible biological molecules. Therefore, it is possible and often 
useful to modify the sequence in the computer before synthesizing it. You typically do this to 
improve the gene for its later application in the target host, such as maximizing expression or 
stabilizing the gene.

Today’s biological sequence databases contain a vast number of sequences researchers work with 
in silico. Gene synthesis makes these databases accessible for the lab. SARS-Cov-2 sequences are 
good examples. Sequencing of specimen worldwide produces lots of sequence data. If you want 
to study some of them in the lab, you rarely want the wildtype, the natural version, but rather a 
modified gene that better suits your experiments or leads to more effective vaccines.

Apart from modifying or replicating biological sequences, you can also produce non-biological 
artificial sequences to store non-biological information in the DNA sequence, as you can do with 
other digital storage media. The main difference is that in computer media, data is stored in 0 and 
1, while in DNA it is A, C, G, and T. But that’s the only real difference. An example of this is the first 
artificial genome of a bacterium synthesized by the Craig Venter Institute a few years ago. This 
synthetic mycoplasma genome gave rise to a living cell. The researchers inserted DNA regions into 
the genome where they stored their names, some quotes from literature, and a piece of HTML code 
for a simple website. These DNA parts do nothing else but store this artificial data. But you can also 
design and produce DNA sequences that have important biological functions and in addition store 
digital information.
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Thomas Hofmeister
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Thermo Fisher Scientific

Michael Liss
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BIOPHARM INTERNATIONAL: You mean storing information in a 
living organism? What information could that be, and what are 
its uses?
LISS: The information stored in DNA can be anything you can store in a 
digital file. Typically, it is plain text, but also pictures or short movie clips 
have been stored in genomes already. 

If the information is stored in a way that the biological functions are not 
influenced, the capacity for extra data is somewhat limited—likely not 
enough for a movie clip—but it can be used to brand or label the gene or 
organism that carries the gene. This label might declare the ownership of a 
genetically modified organism (GMO), or it may be a manufacturing date 
or a lot number—data that you would use for other products as well.

BIOPHARM INTERNATIONAL: Once the branding information is 
stored in the DNA or genome, is it stable and safe, or can it mutate or 
be intentionally deleted?
LISS: In the mycoplasma example that was previously mentioned, the extra 
information was stored in an extra DNA region that is used for no other 
purposes. The translation, from the DNA sequence to text, then happens by 
an artificial translation table, very similar to translating binary zeroes/ones 
into Latin letters via ASCII tables. Since this region is biologically inactive, it 
can indeed be affected through mutations or deleted deliberately without 
impeding the function of the organism.

We developed a method that does justice to this fact and prevents such 
a modification as far as possible: watermarking. It uses steganographic 
principles to inseparably entangle the stored information with the genes of 
biological relevance.

BIOPHARM INTERNATIONAL: What is the principle behind this 
watermarking? Does it interfere with the biologic function it is 
embedded in?
HOFMEISTER: The idea of watermarking is similar to how we apply marks 
to everyday items. You can label a shirt with a tag in the neckline, where it 
serves no other function to the shirt besides labeling it. This tag can easily 
be removed without destroying the shirt’s function. You can also label a 
shirt by weaving the logo of the company visibly into the fabric. Removing 
this tag will ultimately destroy the shirt, as it is an integral part of it. Other 
examples of integral marks more deserving of the name watermark are, of 
course, banknotes.

In terms of DNA, it is essential that a modification or even deletion of the 
DNA watermark also causes a change in the relevant gene, which affects 
the biological function of the organism or DNA molecule. This is like cutting 
out the crocodile logo from a well-known brand, which leaves it worthless. 
Thus, we store the information within the open reading frame of the gene; 
this is the part which holds the actual biological function of the gene. 

On one hand, we have shown that this process does not interfere 
with protein expression or even viral replication of genes/genomes 
that were watermarked. On the other hand, removing the watermark 

would destroy the biological function. So, how does it work? On top 
of the protein coding information, we can put another meta-layer of 
information that contains the watermark text. We use the fact that 
several codons code for one and the same amino acid. The selective 
choice of codons then contains the additional information. You can 
compare this with writing text in small and capital letters, where each 
capital letter codes for binary 1 and a small letter for binary 0. The 
meaning of the text remains unchanged, but there is additional data 
embedded in it. Such techniques have been common for centuries.

What’s crucial for deciphering the embedded text in a gene is the 
knowledge of a certain key. This can be the preferred codon frequencies 
in the organism or other information that can be made available to the 
decipherer by different approaches. 

BIOPHARM INTERNATIONAL: How can a watermark be read or 
detected then?
HOFMEISTER: The information can be retrieved by first sequencing the 
relevant gene, which is standard today—this yields the underlying DNA 
sequence. Then one can apply the mentioned deciphering algorithm to 
the DNA sequence—in a nutshell, the key defines the mapping of codons 
in the open reading frame to zeroes and ones. This means that reading 
the open reading frame from left to right and interpreting codons as bits 
retrieves the stored binary information. This can then be interpreted as 
a text in the usual ways. In the case that no information was stored in 
the gene, then only “white noise” will show up; otherwise, the watermark 
will be visible.

BIOPHARM INTERNATIONAL: What are potential uses of 
watermarking DNA molecules or genes? 
LISS: In general, it allows us to label a DNA- or RNA-containing product 
with this method, which provides increased transparency and quality of 
our processes. Branding or ownership, for example, of mRNA vaccines, 
traceability of GMO crops, or vaccine virus warnings, dates, and patent 
information are all possible applications. Regulation might even enforce 
research projects that are using synthetic DNA sequences to include a 
watermark so that the origin of the sequence can be linked to the very 
project ID in which the sequence was used.

BIOPHARM INTERNATIONAL: What are the perceived risks in using 
this technology?
LISS: There is a lot of general debate around genetic engineering, 
which is a good thing, but sometimes urged by irrational fear. This 
topic will jump this paper, however. The watermark technology is an 
add-on to genetic engineering that, if made mandatory, would help 
provide transparency that is needed for more rational discussions. 
As an example, it would allow us to be more responsive in case the 
origin of a GMO crop is required to be known. Another example is the 
wild discussion happening about the origin of the SARS CoV2 virus. A 
watermark obligation would irrevocably prove or disprove a man-made 
origin. This creates certainty of action on all sides, both for the public 
and for the researchers who work in this area.
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Addressing the Training Gap for 
Single-Use Technologies

Workforce training is crucial for biopharmaceutical manufacturing.
MICHAEL MOEDLER AND HELENE PORA

D eployment of single-use technologies (SUT) has accel-
erated in recent years as manufacturers adopt SUT at 
commercial scale. The spike in demand has exacerbated 

an existing shortage of employees trained in the handling, instal-
lation, and use of disposable production systems. Knowledge 
transfer regarding how to use SUT must be achieved in a rapid 
and scalable manner to enable the workforce to operate good 
manufacturing practice (GMP)-compliant, aseptic, single-use 
(SU) bioprocesses successfully and reliably. 

A collaborative investigation of the specific training require-
ments around SUT and key aspects of adult learning led to the 
joint development of an integrated SUT training approach by 
Lonza Pharma and Biotech and Pall Corporation. The program 
relies on digital technologies, such as virtual classes, enhanced 
digital videos, and virtual reality, but also includes face-to-face 
courses and hands-on learning. The result is an effective, accel-
erated training program with reduced time spent in cleanrooms. 

A GROWING INDUSTRY
The biopharmaceutical sector has seen a flurry of activity 
driven by the COVID-19 pandemic. Growth rates continue 
to expand, as do capacity constraints. A critical factor of 

capacity is an experienced labor force. Even though the sec-
tor currently employs more than 200,000 operations person-
nel, lack of access to technical and production staff is one of 
the top constraints noted to be challenging the industry (1). 

The need for rapid deployment of novel therapies and 
vaccines against the SARS-CoV-2 virus has accelerated the 
deployment of SUT from clinical manufacturing to full 
commercial upstream/downstream with fill/finish produc-
tion. This move to SUT is occurring at a time when several 
drugs whose clinical batches were manufactured using SUT 
are receiving fast-track approvals and scaling almost imme-
diately to commercial production.

Given the highly regulated nature of the pharmaceutical 
industry, including requirements for training of manufactur-
ing staff according to current GMPs (CGMPs), effective and 
efficient training is essential. It imparts safety and quality as 
well. In fact, it has become crucial to the continued, successful 
expansion of the industry, with more than 40% of new hires 

Upstream Processing

MICHAEL MOEDLER, PHD, is the head of training at Lonza Biologics 
Operations Visp, and HELENE PORA, PHD, is the vice president ot 
technical communication and regulatory strategy at Pall Corporation.
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over the next five years expected to sup-
port bioprocessing operations (1). 

Achieving the appropriate level of 
training during a period defined by 
rapid expansion combined with acceler-
ated implementation of SUT solutions 
is creating challenges for many biologic 
drug and vaccine manufacturers. 

GMP-COMPLIANT  
TRAINING METHODS
According to CGMP regulations, 
training is compulsory and must 
be properly documented to achieve 
compliance. New employees must 
receive adequate training to become  
competent to fulfill all tasks associated 
with their jobs. Despite the impor-
tance of ensuring employees have the  
knowledge required to perform 
their jobs safely and effectively, gaps 
in employee and contractor training 
remain one of the frequent observa-
tions that drug manufacturers receive 
in GMP compliance inspections by 
regulatory authorities (2).

There are several causes for the exis-
tence of training gaps. A general chal-
lenge is the need to get to the clinic 
and the market as quickly as possi-
ble. Training is planned; however, with 
limited time, employee turnover, and 

workforce shortages, companies eas-
ily find themselves putting training 
off until there is “spare” time on the 
production line—a situation that is 
unlikely to occur any time soon. 

In some cases, training gaps can 
be linked to the recent arrival of new 
equipment or the implementation 
of new manufacturing processes 
and/or the introduction of products. 
Comprehensive employee training is 
essential under these circumstances to 
ensure the reliability of supply and to 
stay fully compliant.

SUT-SPECIFIC  
TRAINING CHALLENGES
SU systems are now widely used for 
all bioprocessing unit operations in 
the manufacture of biologic drug sub-
stances and drug products, including 
critical steps, f rom lab to commer-
cial scale. Despite the extensive effort 
made by SUT vendors to ensure the 
integrity of their SU systems and com-
ponents—as illustrated in Figure 1—
improper handling, once the SUTs 
are in the hands of the end-user, can 
easily cause damage, leading to leak-
age/breakage of sterile barriers of SUT 
equipment and causing contamination 
and loss of product (3).

Most established commercial bio-
processing facilities were initially 
designed around the use of stain-
less-steel equipment for all aspects 
of manufacturing and waste disposal. 
Operators are familiar with these 
conventional processes, which largely 
involve making non-sterile connections 
and sterilizing assemblies afterward.

In SU processes, operators must 
unpack, visually inspect, and install 
large biocontainers as well as make 
sterile connections right the first time, 
then disassemble and dispose of the 
used biocontainers. This sequence of 
operations (see Figure 2) is clearly 
more complex, with numerous man-
ual operations than what is required 
for processes performed in permanent 
stainless-steel equipment. In addition, 
SU materials become vulnerable once 
removed from the packaging; therefore, 
special precautions must be taken.

Operator training regarding the 
installation and use of SUTs is essen-
tial to ensure aseptic or sterile oper-
ation as well as to avoid damage that 
can lead to leaks, contamination, and 
(ultimately) batch failures. 

In a 2021 survey of biologics man-
ufacturers conducted by BioPlan 
Associates, SU biocontainer (bag) 

Upstream Processing

Figure 1. Integrity assurance throughout the single-use technology product lifecycle.

Part 1, figure 1
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breakage was found to remain a key 
concern and one of the top three rea-
sons preventing more widespread use 
of SUT (1). This concern is reasonable 
given that integrity failure of SU sys-
tems can have major consequences on 
safety, quality, delivery, and cost—neg-
atively affecting employees and patients. 

The same BioPlan Associates sur-
vey further found that operator error 
was considered one of the top causes 
of batch failures. Survey respondents 
said that approximately 4.3% of com-
mercial batches and 3.5% of clinical 
batches at their facility were lost annu-
ally to operator error (1). Overall, it 
has been reported that approximately 
50% of all deviations can be attributed 
to human error (4).

Any failures at a commercial scale 
are serious and costly. Leakage of a SU 
bag was reported by BioPhorum (a 
global collaboration of biopharmaceu-
tical industry leaders and subject matter 
experts) to cost from $50,000 to more 
than $20 million, depending on the type 
of bag and the material it contains (4).

The expenses associated with 
SU bag leakage can be numerous. 
Reprocessing is often not possible, 
and product marketing and sales can 
potentially be disrupted, which can 

be disastrous, both for patients and 
drug companies. Costly and time-con-
suming forensic studies may also be 
required to identify the cause(s) of the 
failure to ensure the safety of patients 
and proof for regulators. 

Notably, the BioPhorum also 
acknowledged that improved train-
ing  methods  wou ld  cons ide r -
ably decrease the occurrence of  
leakage (4). In a 2004 presentation, 
for example, Bayer reported details of 
damage that caused bag chamber fail-
ures at its Berkeley, Calif. manufac-
turing site, which used bag assemblies 
of 4 to 2000 L in combination with 
SU tubing, manifolds, and aseptic 
connections (5). Nearly three-quar-
ters of the 4% leak rate was found to 
be attributed to improper handling 
during insertion, hoisting, and filling 
of the bags and operator error during 
fluid transfer. Most leaks were due 
to chevrons that occurred during bag 
adjustment and installation. In addi-
tion to bin and bag design changes 
and supplier corrective actions, Bayer 
identified increased training to edu-
cate operators and increase their 
awareness of proper SU bag handling 
and use as effective means for sig-
nificantly decreasing the percentage 

of leaks. The training program was 
designed by a SU subject matter 
expert and included information on 
the site’s leak history and trends, the 
root cause analysis identifying key 
factors leading to bag leakage, how 
chevron damage occurs, and proper 
bag filling techniques. Once train-
ing was complete, the percentage fail-
ure rate was consistently reduced, as 
tracked over several months. Bayer 
concluded that effective training is 
crucial along with in-house technol-
ogy and knowledge, detailed equip-
ment design, and a good material 
management program for the opera-
tion of reliable SU systems (5). 

The design of efficient training  
in the handling and use of SUTs 
must be accomplished by applying  
the best learning and training meth-
odologies while understanding the  
constraints of SUTs. 

SUT BEST PRACTICES
Training alone will not solve all the 
challenges posed by the rapid adoption 
of SUTs in bioprocessing. History has 
shown that improving the design of 
SUTs and components and driving for 
more standardization both contribute 
substantially to reducing failure rates (6). 

Upstream Processing

Figure 2. Single-use systems lifecycle at the biomanufacturer.
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One of the first issues to address is 
the complexity of current SUT work-
flows and the need to design new 
workflows that better integrate with 
other bioprocess operations. Some 
areas that can be improved include the 
organization of systems storage areas; 
materials interlocks; inspection area 
designs; and mobile equipment. These 
workflows can then be incorporated 
into training programs.

Joint efforts by suppliers and end-us-
ers under the auspices of BioPhorum 
have led to the development of good 
concepts geared toward performing root 
cause analyses of SUT failures and new 
training tools (4). The development and 
deployment of effective training meth-
odologies, however, have not yet been 
achieved throughout the industry.

When thinking about effective and 
fast SUT training deployment in the 
biopharmaceutical industry today, sev-
eral important aspects must be taken 
into consideration:

• Most new employees have limited 
or no experience in practical 
biopharmaceutical manufacturing.

• Training must be more self-directed 
when there are travel restrictions.

• Training must be available in 
several languages.

• Accessibility of actual installed 
SU systems and cleanroom suites 
is limited.
º It is important only to place  

operators in real situations once  
the discovery phase and initial  
training on basics and fundamen-
tals are completed.

º Specially designed training rooms 
and practices will be required 
for this initial introduction to  
SUT handling.

• In addition to training on SUT 
handling, it is essential to ensure 
that operators also fully under-
stand the rules and procedures for 
maintaining aseptic conditions 
throughout a given bioprocess.
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have access to Bioasis’ proprietary xB3 
platform technology, which is based on 
a human transport protein that can be 
found in low levels in blood.

According to Bioasis, the platform 
has shown efficacy in its ability to 
shuttle molecules of varying sizes  
and types, such as monoc lonal  
antibodies, enzymes, small molecules, 
and gene therapies, across the BBB. 
Once the molecules have travelled 
into the brain, it is possible for them  
to reach the appropriate targets 
through a process called receptor- 
mediated transcytosis (14). 

Finally, BioNTech has linked up 
with Matinas BioPharma to evaluate 
novel delivery technology for mRNA-
based vaccines (15). The exclusive 
research collaboration will assess the 
combination of mRNA formats and 
Matinas’ proprietary lipid nanocrystal 
(LNC) platform technology.

The companies are hopeful that, 
through the col laborat ion and 
the promising capabilities of the  
LNC delivery platform, they will 
potentially have the opportunity to  
develop mRNA  vaccines that can be 
delivered orally.
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Automating Cell Harvesting  
for Cell Therapies

Some progress has been made, but improvements are 
needed when harvesting cells for cell therapies.

CYNTHIA A. CHALLENER

S uccessful cell harvesting requires high cell-recovery 
levels, minimal strains placed on the cells, high cell 
viability, and short process times with few disrup-

tions. These attributes must be met whether cell-culture is 
performed in flatware or bioreactors and whether a process 
is manual or automated. Of course, different platforms may 
have specific requirements for performing harvest-related 
activities that may differ from others, but fully automated 
platforms have the advantage of integrating the harvest 
step within the process, thereby bypassing the need for 
manual intervention. There are challenges to automating 
cell harvest, however, and in some cases more manual oper-
ations may be preferred. 

NEED FOR HIGH CELL TITERS
One of the biggest challenges to automating cell harvest is the 
high cell densities of cell cultures produced for cell-therapy 
applications. “Because of the need to supply sufficient cells for 
dose-escalation studies and the requirement for multiple therapy 
administrations per patient, high-cell-titer processes are desir-
able when manufacturing either autologous or allogeneic cellular 

therapies,” says Tamara Laskowski, head of clinical development 
for Lonza Personalized Medicine.

High cell densities can be challenging because of the presence 
of impurities such as cellular debris, DNA, and proteins that 
cause materials to become “sticky” and form clumps. Denser 
cell layers that settle are also difficult to fully re-suspend prior to 
harvest. “To mitigate these issues and minimize cell losses, some 
processes may require higher wash volumes at harvest, thereby 
requiring additional downstream steps to reach concentrations 
needed for final formulation,” Laskowski observes. 

SUSPENSION CELL-CULTURE PREFERRED
In general, suspension cells are preferred because there is no 
need to dissociate the cells from the substrate prior to har-
vest, as is the case with adherent cells. This advantage can be 
obscured, however, by the issues posed by high cell densities 
as described above, Laskowski notes, because additional steps 
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may be required to ensure the high 
recovery of viable cells. “Cell wash and 
filtration to remove impurities and cel-
lular debris may be options to mitigate 
these issues, but care must be taken to 
ensure that the approaches used do not 
compromise cell viability and overall 
recovery,” she says.

Adherent cells present their own dif-
ficulties. The need to use dissociation 
agents requires a subsequent wash step, 
leading to lengthier, multi-step harvest-
ing processes to ensure high recovery 
efficiency, according to Laskowski. “It is 
important to also consider that longer, 
multi-step harvest processes can be dis-
ruptive and may have an impact on cell 
viability, total cell recovery, and the overall 
quality of the cell product,” she notes.

Because cell harvesting protocols 
can involve various activities that result 
in longer process times, Laskowski 
emphasizes that monitoring cell count 
and viability is crucial, especially when 
also considering the potential nega-
tive effects of fluid shear stress on cell 
growth and behavior. She adds that 
real-time measurements of pH, dis-
solved oxygen, and temperature are 
important to ensure proper conditions 
are maintained during cell harvesting.

CONTINUOUS  
UPSTREAM PROCESSES  
CAN BE BENEFICIAL
Different processes may have specific 
requirements depending on the cell ther-
apy modality, and factors that impact 
suspension and adherent cell cultures 
may present challenges for automated 
harvesting. Continuous cell-culture pro-
cesses may in some cases facilitate auto-
mation of the cell-harvest step. 

“A continuous process may be an 
advantageous approach to mitigate con-
cerns related to the accumulation of cell 
debris and overall cell health, given that 
cyclical removal of spent media and 
supplementation with fresh medium 
restores nutrient availability and reduces 
exposure to lactate, thus supporting 
higher cell viability,” explains Laskowski.

AUTOLOGOUS 
MANUFACTURING  
A CHALLENGE
The need to produce personalized, or 
autologous, cell therapies is one of the 
general challenges facing cell-therapy 
manufacturers. “In the biopharmaceuti-
cal industry, manufacturers have become 
very good at scaling up processes from 
a small tank to larger tanks. That is 
driving the interest in allogeneic, or off-
the-shelf cell therapies,” states Geoff 
Hodge, CEO of SOTIO Biotech US, a 
developer of chimeric antigen receptor 
(CAR) T-cell therapies. 

Part of the point of allogenic treat-
ments, Hodge says, is the ability to scale 
up suspension cell-culture processes using 
equipment similar to that used to pro-
duce more conventional biologics such 
as recombinant proteins and monoclo-
nal antibodies. “If this type of process is 
successful, then the culture can be run 
through a centrifuge or tangential-flow 
filters and be washed,” he adds. 

For autologous therapies, one approach 
to scaling out is finding the best piece of 
equipment for each part of the process—
cell growth, harvest, washing, formula-
tion, etc.—and stringing them together, 
according to Hodge. If new technology 
comes along for any one step, it can be 
introduced, and when a piece of equip-
ment breaks it can be easily replaced.

While this approach affords great flex-
ibility, it involves a lot of manual manip-
ulations of the cells. “There is definitely 
a trade-off; these types of processes are 
very labor intensive, complex operations 
with a lot of risk,” Hodge says. He also 
points out that automation is difficult 
because there are so many different pieces 
of equipment that need to work together.

It is possible, notes Laskowski, that 
cell harvest can be performed separately, 
allowing cell cultures generated through 
manual processes to undergo automated 
downstream processing and concentra-
tion for final formulation. “There are 
technologies on the market that provide 
a closed platform for cell processing and 
cell harvest and can be added to specific 

stages within a given process. A potential 
downside is that this modular approach 
introduces the need for user intervention 
which may, in some cases, lengthen the 
overall process as well as pose a risk to 
product sterility,” she observes.

INTEGRATED SYSTEMS 
PROVIDE ADVANTAGES  
AND DISADVANTAGES
Another approach is to integrate the cell 
culture and harvest steps within a closed 
operation. Various systems on the mar-
ket provide platforms for cell processing, 
harvest, and product formulation. These 
technologies, according to Laskowski, 
differ in whether they are fully auto-
mated—with upstream and down-
stream processing capabilities—or are 
designed to serve as modular additions 
to existing pipelines. “There is a greater 
advantage to fully closed and automated 
systems, which significantly reduce the 
need for manual intervention, decrease 
variability, and minimize concerns with 
product sterility,” she contends. 

Examples of automated systems 
include Miltenyi Biotec’s CliniMACS 
Prodigy, which allows users to perform 
cell activation, transduction, and har-
vesting in a completely closed system, 
and Lonza’s Cocoon, a customizable, 
closed, end-to-end cell therapy manu-
facturing platform. Industry consortia 
such as Autostem are also developing 
technologies for the automation of 
cell-therapy manufacturing.

The all-in-one devices available today 
provide some advantages, according to 
Hodge, even though they are not quite 
at the “push-a-button-and-walk-away” 
stage that will ideally be reached one day. 

“They definitely take a lot of the labor out 
of the process—and with it some of the 
risk of making mistakes and contami-
nating baches,” he says. There is arguably 
a cost-of-goods savings, despite the fact 
that the custom-made single-use compo-
nents are very expensive.

There are disadvantages, too, Hodge 
continues. “The devices on the market 
today have limited working volumes 
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that are suitable for some indications, 
but for therapies developed to treat 
solid tumors, much larger numbers of 
cells are required, and producing those 
quantities can be challenging for these 
instruments,” he explains.

Complete dependency on a single ven-
dor for complex custom parts is another 
negative for the automated devices. “Being 
100% dependent on a single supplier with 
no possibility for substitution of compo-
nents is a difficult place to be with respect 
to security of supply, quality, and pricing,” 
Hodge says. Users are also dependent on 
the supplier to keep up with innovations 
in the field and have to wait for the ven-
dors to decide when they will integrate 
new technology into their systems.

The complexity of the all-in-one-de-
vices is a concern for Hodge’s colleague, 
Rachel Yao, who is associate direc-
tor of technical operations for SOTIO. 
“Training for new operators is quite exten-
sive, and it takes time for them to be able 
to perform cell washing and harvest in a 
robust manner using this type of equip-
ment, even though most of the actual 
operations are automated,” she says. 

That is because the learning curve for 
people just getting started is very steep, 
particularly with respect to the highly spe-
cialized single-use tubing kits or sets the 
different vendors provide. “There is still 
a lot of manipulation of the kits required 
and numerous setup steps to complete in 
order to ensure that the automated pro-
cess runs in a robust way,” Yao explains. 

If anything goes wrong with these 
complex all-in-one devices, Yao adds 
that it is a laborious process to recover. 
“Most of the initial training focuses on 
what operators need to do to make sure 
the process proceeds correctly. Unless 
there are operators that are really 
experienced with these instruments 
and have ideas about how to get the 
problem with the complex tubing sets 
resolved somehow, downtime can be 
significant and costly,” she observes.

Another issue for Hodge is the fact 
that more than 90% of the time involved 
in a cell-therapy manufacturing process 

can be taken up by the cell-culture step. 
All of the extra equipment in all-in-one 
devices is sitting idle during that time.

SOMETIMES MANUAL 
SOLUTIONS ARE STILL BEST
All of the various concerns with the all-
in-in devices means that many different 
approaches are employed for automa-
tion of cell harvesting by cell-ther-
apy developers, according to Yao. “For 
some simple processes, we elect to keep 
things more manual.” 

For the cell-culture step, for instance, 
using the all-in-one devices for lengthy 
expansion phases means the expensive 
and complex equipment is serving as 
a “glorified” incubator and taking up 
more space than necessary, according to 
Yao. “That can get extremely expensive 
when manufacturing multiple batches of 
material for clinical trials. It can be much 
more effective to do the cell culture man-
ually with separate biocontainers that are 
placed into a single incubator.” 

Such a process can be combined with 
harvest and wash steps that are auto-
mated. She does note, however, that the 
expense of automation devices must 
be supported by the end product, and 
here again in some cases it can be more 
cost-effective to do them manually. 

AREA OF CONTINUED 
DEVELOPMENT
Cell harvesting and subsequent product 
formulation and preservation are areas 
of continued development in the field, 

Laskowski stresses. “We and others are 
cognizant of the current market needs 
and are working on strategies to address 
these needs,” she says. “Considerations 
pertaining to improved cell recovery 
from high-density cell cultures, reduced 
processing time, product concentration, 
and final fill-and-finish may play a role 
in the design of next-generation tech-
nologies,” Laskowski adds. Moreover, 
she believes integration of analytics at 
the harvest step may enhance product 
characterization and potentially expe-
dite product release. 

For Yao, the key goals should be sim-
plification and increased flexibility of 
automation solutions for cell therapy 
manufacturing across the board and 
including cell harvest. “When I con-
sider the use of a particular instrument, 
device, or system, a major consideration 
in addition to cell recovery, count, and 
viability, is the robustness of the pro-
cess—how much can actually be hands 
off, how easy it is to ‘break’ a process, 
and how easy it is to recover if a prob-
lem occurs,” she explains. 

Thinking about the bigger picture, Yao 
suggests that device developers focus on 
finding ways to allow for the completion 
of multiple steps in a single vessel without 
having to remove the material from the 
vessel. “That is an idea the field hasn’t 
wholly embraced yet, but it would allevi-
ate some cost concerns.” 

Along those lines, for autologous ther-
apies, Hodge notes that, other than scal-
ing up or scaling out—running many 
batches in parallel—the industry should 
explore the idea of implementing auto-
mation solutions for cell harvest and 
washing (and other operations) of mul-
tiple batches at a time. “This approach 
has already been implemented in many 
industries and results in things moving 
in a high-throughput manner that would 
increase efficiency and reduce cost,” he 
concludes. In such a new area of manu-
facturing there are multiple opportunities 
to enhance and optimize current practises, 
which makes this a field to keep an eye 
on for future advances. ◆
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Perspectives on  
Process Analytical Technology 

This article summarizes industry views on PAT in bioprocess-related 
 applications and presents a vision for the biopharmaceutical 

industry to achieve Industry 4.0.
ANURAG S. RATHORE, NAVEEN G. JESUBALAN, AND GARIMA THAKUR

Q uality is paramount for pharmaceutical and biophar-
maceutical products. The process analytical technol-
ogy (PAT) and quality-by-design (QbD) paradigms 

from FDA imbibe this by encouraging manufacturers to ensure 
consistency in product quality by continuously monitoring 
process streams and unit operations (1,2). PAT is recognized 
as a critical fundamental shift in inspecting and approving pro-
cedures for the pharmaceutical production process continuous 
process verification. FDA’s Center for Drug Evaluation and 
Research (CDER) has acknowledged the need for FDA guide-
lines to make PAT implementation easier (3). 

Despite the regulatory push and the considerable interest 
shown by pharmaceutical manufacturers at the initial stages, the 
industry gradually lost interest as it became clear that the pur-
ported promise of real-time release testing (RTRT) is unlikely 
to be realized anytime soon. However, as more and more phar-
maceutical manufacturers look to implement continuous pro-
cessing, efforts toward creation and implementation of PAT 
have been rekindled. This is because, as in continuous processing, 
individual batches are not distinct, and critical quality attributes 

(CQAs) of the therapeutic product must be steadily maintained, 
monitored, and controlled over the time of operation, rather 
than merely at the end of each unit operations or batch (4).

Traditional end-of-batch quality testing methods, such as 
analytical high-performance liquid chromatography (HPLC) 
and ultraviolet-280 (UV-280) spectroscopy, are being increas-
ingly adapted into in-line modalities with periodic sampling 
from the various unit operations due to the need for real-time 
monitoring and control of CQAs and critical process parame-
ters (CPPs) during continuous manufacturing (5–7). This has 
also sparked the emergence of new analytical tools that can be 
integrated into process flow streams and deliver information 
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in near real-time. In general, spectro-
scopic probes and flow cells are thus 
well-suited to PAT applications, pri-
marily when used in conjunction with 
multivariate data analytics (MVDA) 
tools, which are imperative for reduc-
ing the dimensionality of large spectral 
datasets and extorting statistically sig-
nificant quantitative information (8).

The American Association of 
Pharmaceutical Scientists (AAPS) 
PAT community aims to bring together 
scientists from all over the world to 
share knowledge and perspectives on 
the current development of PAT in 
the pharmaceutical industry. This arti-
cle summarizes the views expressed by 
some of the PAT researchers that pre-
sented in webinars hosted by the AAPS 
PAT community (9,10). It also out-
lines various bioprocess-related appli-
cations and presents the commensurate 
future vision for the biopharmaceu-
tical industry to achieve Industry 4.0 
goals while meeting regulatory obliga-
tions. The article presents recent PAT 
approaches combining novel sensors, 
digital twin models and data science, 
which together offer unique solutions 
for pharmaceutical and biopharmaceu-
tical process control (Figure 1).

PROCESS MODELS  
ARE KEY ENABLERS OF PAT
Advanced process  
models and digital twins
A digital twin is a virtual clone of a 
process and a crucial element for dig-
italization and pharma 4.0. The over-
arching goal for digital twins is to 
integrate critical material attributes 
(CMA), CQAs, and CPPs into process 
understanding, as illustrated in Figure 
2. As per Prof. Christoph Herwig from 
the Vienna University of Technology, 
a digital twin model can have differ-
ent levels of complexity, ranging from 
first principles to advanced data-driven 
models (9). In general, mechanistic 
models will not be sufficiently cal-
ibrated to the system at hand to be 
used for control decisions, and thus 

the need for data-driven models exists. 
Taking the example of mammalian cell 
culture, developing a standard mech-
anistic model for mammalian cell cul-
ture is impossible because metabolic 
networks and reaction routes are not 
yet fully known. Thus, hybrid mod-
els are created by combining modeling 
approaches (11–13). 

Combining hybrid models with 
noise-smoothening filters of real-time 
process data can provide real-time mon-
itoring, control, and automated deci-
sion-making. In a work presented by 
Harini Narayanan, a PhD student at 

ETH Zurich (10), a hybrid model was 
used as a digital twin for a mammalian 
cell culture process, showing predictive 
monitoring accuracy improvements of 
35% compared to industrial benchmark 
tools based on standard partial least 
squares regression models (14). Overall, 
fundamental mathematical models 
with hybrid parameters obtained from 
experiments, combined with rapid  
sensors and analytics, can result in  
effective digital twins that can decrease 
development time and costs and facili-
tate real-time control (15). The ultimate 
aim is to develop PAT tools and mod-
els for all unit operations so that one 
set of process control decisions prop-
agates further corrective and mainte-
nance actions in the subsequent process, 
resulting in a unified process control 
strategy in line with the objectives of 
Industry 4.0 as well as in compliance 
with regulatory requirements.

Machine learning
Due to the growing interest in con-
tinuous biotherapeutics manufacturing, 
machine learning (ML) techniques for 
real-time prediction of product qual-
ity and process control are becoming 
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Figure 1. Illustration of the role played by process analytical technology (PAT), 
digital twins, and data analytics in implementation of a robust control strategy.

1 

Real-time 
monitoring is  
critical to get 

information within 
the required time 
frame to execute 
control actions. 

A
LL

 F
IG

U
R

E
S 

C
O

U
R

TE
SY

 O
F 

TH
E 

A
U

TH
O

R
S.



www.biopharminternational.com May 2022  BioPharm International 33

increasingly popular. Various different 
machine-learning algorithms for pre-
dicting crucial process parameters can 
be deployed in different unit opera-
tions. These approaches are particularly 
well-suited to downstream unit oper-
ations, including chromatography and 
filtration, as the process run times are 
often just a few hours long, which is 
very short compared to the upstream 
process, which runs for days or weeks. 
Due to these short process times, there 
is a need for information to be provided 
rapidly so that control decisions can 
be made within an effective time win-
dow. However, typical measurements for 
CQAs, such as glycosylation, aggregates, 
and charge variants, are done using 
HPLC and require method times of 
approximately one hour, as well as fre-
quent sampling.

Thus, there is an advantage in train-
ing machine-learning based models that 
can correlate real-time process infor-

mation commonly available from sen-
sors such as pH, UV, conductivity, and 
pressure, with the CQAs of the bio-
molecule, bypassing the need for sam-
pling and tedious analytics. In a case 
study presented by Nikita Saxena, PhD, 
a post-doctoral fellow at the Indian 
Institute of Technology Delhi (10), 
pH, UV, and conductivity sensors data 
were used to train tree-based regres-
sion models, including decision tree and 
random forest models. The results were 
promising, with less than 5% prediction 
errors for all predicted attributes in 40 
chromatography cycles in a continuous 
monoclonal antibody (mAb) produc-
tion train. The random forest model 
outperforms other methods for small 
process-scale datasets because they 
have minimal possibilities of overfitting, 
are computationally efficient, and do 
not require a graphics processing unit. 
Overall, these machine-learning tech-
niques are powerful enablers of PAT.

NEED FOR NOVEL SENSORS 
TO FACILITATE RAPID 
ANALYTICS
Real-time monitoring  
of N-glycosylation
Real-time monitoring is critical to get 
information within the required time 
frame to execute control actions. Thus, a 
key focus area of PAT is to develop tools 
for monitoring CQAs that impact the 
efficacy and safety of the drug product. 
As per Prof. Shishir Chundawat from 
Rutgers University (10), a key challenge 
is measuring post-translational modi-
fications of proteins such as N-linked 
glycosylation, which are important 
CQAs but difficult to measure in-line 
due to the minute differences between 
the different variants. A recent innova-
tion is the sequential-injection-based 
PAT system “N-GLYcanyzer” to  
monitor mAb glycosylation in the 
upstream process (16). The key break-
through is the development of an 
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Figure 2. Approach used to connect process analytical technology (PAT) and digital twins. 
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integrated mAb sample and deriva-
tion system that can perform anti-
body titer and glycoform analysis 
in fewer than two hours. The tech-
nique consisted of several steps: 
mAb capture , deg l ycosy l a t ion ,  
fluorescent glycan tagging, and glycan 
enrichment. These are performed on 
an integrated HPLC system for direct 
injection and analysis. To enhance gly-
can labeling efficiency under aque-
ous conditions, a variety of fluorescent 
tags and reductants can be used, such 
as porous graphitized carbon (PGC), 
to maximize glycan recovery and  
enrichment. The N-GLYcanyzer plat-
form was demonstrated for automated, 
near real-time glycosylation mon-
itoring in a trastuzumab biosimilar  
manufacturing process. 

Spectroscopic sensors for rapid 
and simultaneous quantification 
of multiple analytes  
Spectroscopic tools are already well-es-
tablished in the pharmaceutical space, 
as presented by Yi Tao, PhD student 
at Rutgers University (9), in a series 
of case studies showcasing the deploy-
ment of spectroscopic tools for mon-
itoring and control of API blending 
and tableting processes. In the biophar-
maceutical space, in-line spectroscopic 
sensors using infrared, near-infrared, 
or Raman spectroscopy have many 
applications (17). Spectroscopy allows 
information to be gained about multiple 
analytes simultaneously in a non-degra-
dative manner. Spectroscopic probes in 
tandem with chemometric algorithms 
are well-suited to PAT applications in 
bioprocessing. One example presented by 
Prof. Christoph Herwig of the Vienna 
University of Technology (9) show-
cased effective use of spectroscopy in 
the upstream bioreactor by combin-
ing near and mid-IR spectroscopy in 
a Penicillium chrysogenum fed-batch 
process (11). The spectroscopic data were 
fed into a calibrated chemometric model 
and successfully predicted nitrogen, 
product, and precursor concentrations. 

In the downstream process, spectros-
copy has also gained many applications 
in monitoring and control of different 
unit operations, including chromatogra-
phy and filtration. An example presented 
by Garima Thakur, a PhD student at 
the Indian Institute of Technology (9), 
demonstrated a control strategy for sin-
gle pass tangential flow ultrafiltration 
using near infrared flow cells in the feed 
and retentate streams to make flux con-
trol decisions (18). The spectroscopic 
sensors were able to accurately measure 
the concentration of the target protein in 
a large range of 0.5–200 g/L on a time 
scale of seconds, enabling the membrane 
operating conditions to be adjusted in 
real time to maintain consistent drug 
product concentration.

AUTOMATION IS A  
KEY REQUIREMENT  
FOR DEPLOYING PAT
Real-time data analytics, modeling, PAT 
integration, and control techniques are 
indispensable in smart processes devel-
opment. To ensure consistent high 
yields, prevent deviations, and provide 
an assurance of quality, decision-mak-
ing needs to be highly automated with-
out the need for human monitoring or 
intervention. One key challenge is real-
time integration with third-party equip-
ment and centralized control consoles 
for monitoring, visibility, performance 
tracking, and prediction. As presented by 
Amos Dor, CTO & Head of Pharma at 
Applied Materials Automation Product 
Group of Applied Materials (10), an 
example of a tool for enabling process 

automation is Applied SmartFactory 
RX, an end-to-end solution provided by 
the company (19). The solution includes 
smart process development, smart 
inspection, smart process, smart sched-
uling, and smart maintenance. The solu-
tion has been shown to lead to increased 
yield by 9%, quality by 75%, productiv-
ity by 20%, and equipment uptime by 
150% in various pharmaceutical manu-
facturing processes. Other automation 
platforms can also be developed on a 
case-by-case basis by establishing read 
and write to the manufacturing equip-
ment from a central controller, such as 
a programmable logic controller (PLC) 
or distributed control system (DCS) 
(20). Overall, automation systems are 
essential for effectively deploying PAT, 
and should facilitate improved process 
understanding, reduced costs, increased 
outputs, and, ultimately, increased profits, 
as illustrated in Figure 3 (21).

CONCLUSION AND  
FUTURE PERSPECTIVE
The biopharmaceutical industry is likely 
to undergo significant digital transforma-
tion. With considerable improvements 
in computing power and data man-
agement solutions, novel and effective 
analytics approaches are being devel-
oped. Future manufacturing facilities will 
include standalone elements that provide 
greater flexibility and more robust con-
trol. The path to full implementation of 
Industry 4.0 will include improvements 
and technologies that eliminate many of 
the risks and challenges associated with 
automation, monitoring, and control. 
Innovation in modeling and simulation, 
sensor systems, data management, data 
analysis, computation, and engineering 
approaches are needed to support the 
deployment of PAT at manufacturing 
scale. Implementation of artificial intelli-
gence tools, such as machine learning, is 
also a vast untapped opportunity. Overall, 
the industry must move from the devel-
opment of individual solutions toward 
realizing integrated monitoring, optimi-
zation, and control tools on a plant-wide 
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scale. It is essential to gain the support 
of regulators and establish clear frame-
works and guidelines on topics such as 
automation validation, model validation, 
model maintenance, and model-based 
decision-making. The success of imple-
menting advanced data management, 
process modeling, real-time analytics, 
and automated controls will be critical in 
determining the future impact of PAT.
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Addressing Limitations  
of Sterility Testing

Understanding both the challenges and solutions of aseptic manufacturing.
PATRICK NIEUWENHUIZEN

M edicinal products such as parenteral, ophthalmic, 
and some inhalation preparations require steril-
ization (i.e., entirely free from undesired living 

organisms of all types). However, it has been recognized for 
decades that the sterility of a product batch cannot be assured 
by testing. As expressed in chapter 2.6.1 of the European 
Pharmacopoeia (Ph.Eur.), “a satisfactory result only indicates 
that no contaminating micro-organism has been found in the 
sample examined in the conditions of the test” (1).

This challenge is a result of several limitations of sterility test-
ing. The first one was recognized and highlighted by D. Bryce 
in an article published in 1956; the sample size was so restricted 
that it provided only a gross estimate of the state of “sterility” of 
the product lot (2). This limitation could be circumnavigated by 
testing the entire batch. However, this solution is highly imprac-
tical and economically not viable, as there would not be any 
product left to be released because the sterility test is a destruc-
tive assay. Even if it was possible to test the entire batch of a 
product, negative results would still not fully guarantee that the 
batch was sterile. The limitation lies in the ability of micro-or-
ganisms to grow under the provided circumstances, as exten-
sively discussed in an article from 1969 by Frances Bowman (3).

PRODUCT STERILIZATION
As per regulations, terminal sterilization of medicinal products 
in their final container is the preferred option where possible, 
as it gives the highest level of assurance that a product is free 
from viable micro-organisms. This can be achieved via steam 
and dry-heat or ionizing sterilization. When a fully validated 
terminal sterilization method is used, the manufacturer can 
avail of parametric release of a product when meeting the crite-
ria as outlined in Annex 17 of the EudraLex (4). The European 
Medicines Agency guideline, Guideline on the Sterilization of 
the Medicinal Product, Active Substance, Excipient, and Primary 
Container, provides a decision tree to assist with the selection of 
optimal sterilization (5).

Due to the stability and robustness of some small-molecule 
products, terminal sterilization of the final product is feasible. 
However, unlike their small-molecule counterparts, large mol-
ecules or biologics are not as physically robust. The sterilization 
process would irreversibly damage the molecular structure 
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and thereby its effectiveness. Sterility 
assurance of biologics comes with its 
own challenges, and manufacturers must 
move to aseptic processing to reduce the 
risk of microbial contamination or con-
tamination of microbial byproducts like 
endotoxins to a minimum.

ASEPTIC PROCESSING
Strictly speaking, aseptic processing 
is not deemed a sterilization process. 
Often, products are subject to a final 
sterile filtration step followed by an 
aseptic process step, such as filling and 
lyophilization. It is after this final sterile 
filtration that contamination can occur 
and cannot be further eliminated because 
there is no additional step to remove any 
microbial contamination once the prod-
uct is filled in its primary container.

Significant risks from microbiologi-
cal contamination are presented by var-
ious sources. These include materials, 
container closures, equipment, the facil-
ity itself, and personnel. The ability to 
manufacture a biological product that is 
free from microbial contamination con-
sistently highly depends on the design 
of the aseptic process and the contami-
nation control elements in place.

CONTAMINATION CONTROL
Each element of contamination control 
must be able to prevent contamination. 
However, it is the sum of all elements 
acting together that dictates the overall 
success. These contamination control 
elements should be captured in a con-
tamination control strategy. To iden-
tify the most vulnerable or critical parts 

within the aseptic processing chain, a 
contamination control risk assessment 
(CCRA) is a helpful tool. By applying 
quality risk management (QRM) tools, 
such as a failure mode and effect anal-
ysis, in combination with a process flow, 
the various risks across the phases of the 
aseptic process are made visible.

CROSS-FUNCTIONAL
As there are often multiple elements 
and different utilities involved with 
aseptic manufacturing, a cross-func-
tional team that collaborates to  
create the CCRA is recommended. 
In addition, the use of a multi-dis-
ciplinary team consisting of subject 
matter experts in their field of inter-
est prevents bias and encourages the 
challenging of perceptions of the  
participants. Altogether, it enables one 
to draw an overview of the various 
interdepending feeders of the process, 
such as equipment, utilities, and con-
sumables, each with their potential 
sources of contamination. Based on 
current controls present in the process, 
an assessment can be made to deter-
mine if the risk is sufficiently under 
control. Where needed, controls can 
be implemented to reduce the con-
tamination risk f rom happening or 
increase detectability if such contam-
ination occurs. Risk assessments and 
risk management are to be considered 
throughout the aseptic manufacturing 
and require in-depth knowledge of the 
processes, technologies used, and con-
cepts of contamination control.

DATA-DRIVEN
When conducting a risk assessment 
for existing processes, the use of his-
torical data and information gathered 
throughout the manufacturing life 
cycle allows for the identification of 
design flaws or shortcomings. The 
information exposes faults with equip-
ment vulnerabilities and/or practices 
that could pose a contamination risk. 
Based on the identified areas of con-
cern, proposals for control measures 

and process improvements can be 
made that enhance the overall control 
of contamination. The risk assessment 
also provides an opportunity to assess 
if the current aseptic process design 
still meets regulatory expectations and 
highlights the most critical or urgent 
issues to be addressed. Being involved 
in a comprehensive risk review process 
can often show how perceived controls 
and reality are not always aligned.

REMOVING  
MICRO-ORGANISMS
One important principle of contamina-
tion control is the removal of micro-or-
ganisms at the start of the process so 
as not to solely rely on the final sterile 
filtration step. This means primary con-
tainers and closures in which the prod-
uct is filled must be sterile. Parenteral 
products also require these compo-
nents to be free of pyrogen. This can 
be achieved in-house by using validated 
sterilization and depyrogenation pro-
cesses, or by purchasing pre-sterilized 
materials that are brought into the criti-
cal manufacturing environment.

Besides primary packaging mate-
rials, equipment, transfer lines, and 
other direct product contact mate-
rials must be clean and sterile. This 
can be achieved by using validated 
clean-in-place methods followed by 
sterilization-in-place processes with 
demonstrated hold times. Post steril-
ization, integrity testing or maintaining 
a positive pressure of the system can 
assist in assuring equipment remains 
sterile. Where possible, equipment is 
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pre-assembled prior to sterilization. 
This approach reduces the number of 
manipulations post-sterilization and 
the risk of introducing contamination 
once it is sterilized. Minimizing con-
tact by operators has been incentivized 
by regulators, as has been noticed in 
the draft revision of Annex 1 (6).

ROBUST DESIGN
An important aspect of a robust design 
is to build in redundancies as it pre-
vents reliance on a single control ele-
ment. The failure of an element does 
not necessarily lead to contamination. 
For example, if a clamp connection 
fails and the system is kept under pres-
sure, it still could prevent ingress. For 
that reason, vacuum systems or those 
kept at lower pressure are at increased 
risk. The preferred option is the use of 
closed processing systems and, where 
possible, to minimize connections. 
Good hygienic design of the system 
and a well-defined maintenance pro-
gram as part of the microbial control 
program are imperative.

Deployment of good engineering 
practices (GEP) is paramount. Using 
a combination of GEP, application of 
good manufacturing practices (GMP), 
GMP mandates and regulatory guid-
ance, technical standards, and indus-
try monographs are critical. Different 
sources of information are then  
augmented with training and education. 
Collaboration of the cross-functional 
team defines how to translate these into 
pragmatic and workable solutions for 
the design, qualification, and mainte-
nance of the manufacturing system and 
its utilities. It is an overall important 
principle that quality cannot be tested 
in products. No amount of qualifica-
tion can turn bad engineering into good 
engineering, and validation must never 
be used to check that basic engineer-
ing is effective. Following GEP with 
QRM embedded will most likely deliver 
a system that meets user and regulatory 
requirements while being cost-efficient, 
compliant, and well documented.

SINGLE-USE TECHNOLOGY 
An alternative to stainless-steel and 
hard-piped configurations making its 
way into aseptic processing and sterile 
manufacturing is single-use technol-
ogy (SUT). Pre-assembled process sys-
tems are delivered gamma irradiated. 
Applications can be in both upstream 
and downstream processing as well as in 
aseptic filling. The big advantage with 
SUT is the avoidance of investment in 
time-consuming and costly cleaning, 
sterilization validation studies, and their 
periodic revalidation. It also eliminates 
the need for cleaning and sterilizing 
systems between batches. 

Inappropriate cleaning processes 
and procedures are still one of the 
most common findings during GMP 
inspections. One must be aware of the 
limitations of SUT, and an assessment 
must be made to determine if the SUT 
can handle the pressure of the process, 
as it has its limitations compared to 
stainless steel. SUTs are typically made 
of flexible materials that can handle 
less pressure compared to stainless steel. 
Accounting for closure integrity and 
detection of leaks can be a challenge 
and—while the need for cleaning and 
sterilization validation is avoided with 
SUT—leachables and extractables  
studies are still required.

The design of a good functioning 
SUT set-up will involve time and a 
good relationship with the SUT vendor. 
Oversight is paramount to assure consis-
tency in quality and supply.

Even with the utilization of closed 
systems and the use of barrier tech-
nology becoming more common, the 
human factor will continue to play its 
role. The number one source of con-
tamination for products that cannot be 
terminally sterilized remains personnel. 
Hence, a robust training program out-
lining what to perform, how to perform 
it, and why to perform activities in a 
certain way is indispensable. Operator 
understanding is a key aspect when it 
comes to adherence to GMP and con-
sistently meeting quality standards.
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As per the article, “Addressing 
Limitations of Sterility Testing” by 
Patrick Nieuwenhuizen, director 
senior consultant for PharmaLex, 
the breakdown of two sterilization 
methods is as follows.

Terminal sterilization: 
• The preferred sterilization 

method of medicinal products 
in their final container. 

• Steam and dry-heat or ionizing 
sterilization are used.

• Terminal sterilization of the 
final product is possible, but 
not assured for large mole-
cules or biologics. 

Aseptic processing:
• Technically, aseptic processing 

is not a sterilization process. 
Drug products often undergo 
sterile filtration and aseptic 
processing, such as filling  
and lyophilization.

• Contamination can occur and 
cannot be further eliminated 
after this final sterile filtration.

• The facility, personnel, mate-
rials, container closures, and  
equipment are risk areas for  
microbiological contamination.

– Meg Rivers

Sterilization breakdown
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Understanding the tools to efficiently strategize and mitigate 
challenges in the complex drug development process

W ith the number of steps that go into the development and lifecycle of a drug, it is critical 
for the pharmaceutical industry to be proactive about challenges that may affect their 
workflow, and most importantly, patients. Eugene Polini explains the drug development 

lifecycle and offers solutions for companies to better serve patient populations. 

BIOPHARM: Why is the drug development lifecycle vital to delivering safe and  
effective drugs?
EUGENE POLINI: Pharmaceutical product lifecycle management is about maximizing the value of 
drug products to our customers. This includes new indications, improved formulations, new delivery 
systems or packaging, IT solutions, and more, to expand the utility and improve upon efficacy, 
safety, and patient experience. 

One must consider how to improve the effectiveness of a lifesaving drug in a vial, the drawbacks, 
and the drug delivery process. One must flip the plastic dust cover off the vial, clean the stopper 
surface with alcohol, prepare a disposable syringe, withdraw the medication, make sure 
the proper dose is contained in the syringe, clean the injection area on the patient, and then 
administer the injection. 

The patient population would have a better outcome if this drug could be delivered in less time, for 
instance, in an emergency where seconds count. This glass vial with the drug could be put into a 
prefilled syringe so that it could be safely delivered immediately to the patient without any delays 
common to the vial product. How we move from a vial to a prefilled syringe in a controlled fashion 
determines our success.

BIOPHARM: What is the typical process for drug development, and what are the  
current challenges?
POLINI: The drug development process is comprised of five steps. The first is discovery and 
development, where you look at thousands, perhaps millions, of chemical molecules to see if they 
have the potential to be a lifesaving drug. This could take five to 10 years and is a costly process.  

Following the identification of active compounds, a company would then perform preclinical 
research, looking at safety, dosage regimens, and bioavailability. Next would be clinical research, 
with double blind studies in both healthy and disease populations. That, followed by an FDA review, 
is FDA post-marketing safety monitoring, when any issue with the approved drug is noted and filed 
with the FDA. 

The most complex and difficult portion of this process, next to discovery and development, is the 
regulatory pathway. This requires a highly complex and specialized body of knowledge practiced by 
our colleagues that specialize in regulatory science. 

Overview of Drug Lifecycle Management 

Eugene Polini
Technical Key Account Manager 
Datwyler Sealing Solutions

BIOPHARM: What are the repercussions of poor lifecycle management? 
POLINI: The biggest repercussion to drug companies is the loss of sales to 
generics. There are obviously other issues, but that tends to be 80% on the 
Pareto chart. If a drug company cannot recoup the costs of research and 
development in the product’s patent lifetime, which is only about 20 years, 
they could end up losing money in the long run. 

The biggest repercussion to patients is the unavailability of certain 
lifesaving drug products in a form that is pertinent to their disease state or 
their urgency of treatment. Second, is an inability to capitalize on situations 
where innovative delivery solutions could help bolster sales and prevent 
the decline of revenue, and more importantly, provide a safer and more 
effective treatment to the patient. 

How treatment affects the patient must always be considered. 

BIOPHARM: How is the pharmaceutical industry responding to poor 
lifecycle management? 
POLINI: Many companies use an emerging market strategy to 
diversify their business models, to invest in regions where there are 
opportunities to meet the needs of people, as well as broaden their 
own operations. Mergers and acquisitions are becoming more common 
so companies can have more capital, production resources, and 
obviously a bigger client list. This allows them to develop more complex 
drugs and delivery systems. Innovation can produce drug delivery 
devices that antiquate former delivery systems, like we’re seeing with 
these on-body injection systems. 

Another strategy is specialization, where companies become the market 
leaders in things like large molecules, biologicals, recombinants, and even 
small molecule specialties. 

Finally, some companies have done altruistic projects. One of my clients, 
for example, sponsored a campaign to eliminate a terrible tropical disease 
called River Blindness. The cynic in us says they probably did that to 
assuage some of the public scrutiny on their huge profit margins. For good 
or bad, however, it improved their goodwill with the public. 

BIOPHARM: What considerations should manufacturers keep in mind 
to combat challenges? 
POLINI: It is recommended that clients get a full understanding of cutting-
edge packaging solutions and fully qualify them in advance for potential 
applications of new chemical entities. This will put them ahead of the curve 

when it comes to being proactive and responsive to the inevitable changes 
that challenge drug companies. Challenges will never cease to exist, so it is 
important to be prepared.

BIOPHARM: What is Datwyler specifically doing to help 
manufacturers mitigate these challenges? 
POLINI: Datwyler is proud of its offerings as they enable clients to 
package their lifesaving drugs safely and effectively. Our specialized 
packaging of elastomeric closures and metal seals make it easier 
to introduce our products to innovative packaging environments, 
such as barrier isolators or restricted access barrier systems (RABS). 
Finally, our StarterPack™ product enables drug companies to secure 
small quantities of innovative packaging to use in developmental or 
laboratory exercises. 

BIOPHARM: Do you have anything else you’d like to add regarding 
drug lifecycle management?
POLINI: The best thing that pharmaceutical employees can do is work with 
and develop strong relationships with their primary packaging partners. 
They should choose a partner that is innovative, has a strong global 
industrial presence, and most importantly, is reactive to everyday needs, 
strategic questions, and tasks with a short turnaround time. 

One of the main complaints in the business today is, “I’m working with 
this packaging supplier, but I have a critical question that is greatly 
affecting my production schedule, and they’re not returning my calls.” 
That is a simple issue, but a very important facet of the relationship 
between pharma and pharmaceutical packaging suppliers. You must 
be responsive.

Datwyler is a leading specialist for system-critical elastomer components and a key player in the global healthcare market. Our state-of-the-art solutions for drug 
packaging and medical devices, build on over 100 years of experience. Within our healthcare offering, we provide a unique range of products and services, including 
the most advanced elastomer formulations, coatings, aluminum seals, and processing technologies. With our global production footprint, we make an important 
contribution to our customers' reliable supply chain. Partnering with the world’s top pharmaceutical and medical companies, we are a vital link and stand by our 
mission to improve patients’ lives.

https://datwyler.com
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Understanding the tools to efficiently strategize and mitigate 
challenges in the complex drug development process

W ith the number of steps that go into the development and lifecycle of a drug, it is critical 
for the pharmaceutical industry to be proactive about challenges that may affect their 
workflow, and most importantly, patients. Eugene Polini explains the drug development 

lifecycle and offers solutions for companies to better serve patient populations. 

BIOPHARM: Why is the drug development lifecycle vital to delivering safe and  
effective drugs?
EUGENE POLINI: Pharmaceutical product lifecycle management is about maximizing the value of 
drug products to our customers. This includes new indications, improved formulations, new delivery 
systems or packaging, IT solutions, and more, to expand the utility and improve upon efficacy, 
safety, and patient experience. 

One must consider how to improve the effectiveness of a lifesaving drug in a vial, the drawbacks, 
and the drug delivery process. One must flip the plastic dust cover off the vial, clean the stopper 
surface with alcohol, prepare a disposable syringe, withdraw the medication, make sure 
the proper dose is contained in the syringe, clean the injection area on the patient, and then 
administer the injection. 

The patient population would have a better outcome if this drug could be delivered in less time, for 
instance, in an emergency where seconds count. This glass vial with the drug could be put into a 
prefilled syringe so that it could be safely delivered immediately to the patient without any delays 
common to the vial product. How we move from a vial to a prefilled syringe in a controlled fashion 
determines our success.

BIOPHARM: What is the typical process for drug development, and what are the  
current challenges?
POLINI: The drug development process is comprised of five steps. The first is discovery and 
development, where you look at thousands, perhaps millions, of chemical molecules to see if they 
have the potential to be a lifesaving drug. This could take five to 10 years and is a costly process.  

Following the identification of active compounds, a company would then perform preclinical 
research, looking at safety, dosage regimens, and bioavailability. Next would be clinical research, 
with double blind studies in both healthy and disease populations. That, followed by an FDA review, 
is FDA post-marketing safety monitoring, when any issue with the approved drug is noted and filed 
with the FDA. 

The most complex and difficult portion of this process, next to discovery and development, is the 
regulatory pathway. This requires a highly complex and specialized body of knowledge practiced by 
our colleagues that specialize in regulatory science. 

Overview of Drug Lifecycle Management 

Eugene Polini
Technical Key Account Manager 
Datwyler Sealing Solutions

BIOPHARM: What are the repercussions of poor lifecycle management? 
POLINI: The biggest repercussion to drug companies is the loss of sales to 
generics. There are obviously other issues, but that tends to be 80% on the 
Pareto chart. If a drug company cannot recoup the costs of research and 
development in the product’s patent lifetime, which is only about 20 years, 
they could end up losing money in the long run. 

The biggest repercussion to patients is the unavailability of certain 
lifesaving drug products in a form that is pertinent to their disease state or 
their urgency of treatment. Second, is an inability to capitalize on situations 
where innovative delivery solutions could help bolster sales and prevent 
the decline of revenue, and more importantly, provide a safer and more 
effective treatment to the patient. 

How treatment affects the patient must always be considered. 

BIOPHARM: How is the pharmaceutical industry responding to poor 
lifecycle management? 
POLINI: Many companies use an emerging market strategy to 
diversify their business models, to invest in regions where there are 
opportunities to meet the needs of people, as well as broaden their 
own operations. Mergers and acquisitions are becoming more common 
so companies can have more capital, production resources, and 
obviously a bigger client list. This allows them to develop more complex 
drugs and delivery systems. Innovation can produce drug delivery 
devices that antiquate former delivery systems, like we’re seeing with 
these on-body injection systems. 

Another strategy is specialization, where companies become the market 
leaders in things like large molecules, biologicals, recombinants, and even 
small molecule specialties. 

Finally, some companies have done altruistic projects. One of my clients, 
for example, sponsored a campaign to eliminate a terrible tropical disease 
called River Blindness. The cynic in us says they probably did that to 
assuage some of the public scrutiny on their huge profit margins. For good 
or bad, however, it improved their goodwill with the public. 

BIOPHARM: What considerations should manufacturers keep in mind 
to combat challenges? 
POLINI: It is recommended that clients get a full understanding of cutting-
edge packaging solutions and fully qualify them in advance for potential 
applications of new chemical entities. This will put them ahead of the curve 

when it comes to being proactive and responsive to the inevitable changes 
that challenge drug companies. Challenges will never cease to exist, so it is 
important to be prepared.

BIOPHARM: What is Datwyler specifically doing to help 
manufacturers mitigate these challenges? 
POLINI: Datwyler is proud of its offerings as they enable clients to 
package their lifesaving drugs safely and effectively. Our specialized 
packaging of elastomeric closures and metal seals make it easier 
to introduce our products to innovative packaging environments, 
such as barrier isolators or restricted access barrier systems (RABS). 
Finally, our StarterPack™ product enables drug companies to secure 
small quantities of innovative packaging to use in developmental or 
laboratory exercises. 

BIOPHARM: Do you have anything else you’d like to add regarding 
drug lifecycle management?
POLINI: The best thing that pharmaceutical employees can do is work with 
and develop strong relationships with their primary packaging partners. 
They should choose a partner that is innovative, has a strong global 
industrial presence, and most importantly, is reactive to everyday needs, 
strategic questions, and tasks with a short turnaround time. 

One of the main complaints in the business today is, “I’m working with 
this packaging supplier, but I have a critical question that is greatly 
affecting my production schedule, and they’re not returning my calls.” 
That is a simple issue, but a very important facet of the relationship 
between pharma and pharmaceutical packaging suppliers. You must 
be responsive.

Datwyler is a leading specialist for system-critical elastomer components and a key player in the global healthcare market. Our state-of-the-art solutions for drug 
packaging and medical devices, build on over 100 years of experience. Within our healthcare offering, we provide a unique range of products and services, including 
the most advanced elastomer formulations, coatings, aluminum seals, and processing technologies. With our global production footprint, we make an important 
contribution to our customers' reliable supply chain. Partnering with the world’s top pharmaceutical and medical companies, we are a vital link and stand by our 
mission to improve patients’ lives.
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Data Integrity as Current Good 
Manufacturing Practice

FDA is incentivizing drug manufacturers through 
higher data integrity requirements.

CHRIS SPIVEY

I n April 2016, in the guidance document Pharmaceutical 
Quality/Manufacturing Standards (CGMP) Data Integrity and 
Compliance With CGMP, FDA began discussing its remit with 

a foreboding introduction stating that, “In recent years, FDA 
has increasingly observed CGMP [current good manufactur-
ing practice] violations involving data integrity during CGMP 
inspections. This is troubling because ensuring data integrity is 
an important component of industry’s responsibility to ensure the 
safety, efficacy, and quality of drugs, and of FDA’s ability to pro-
tect the public health. These data integrity-related CGMP viola-
tions have led to numerous regulatory actions, including warning 
letters, import alerts, and consent decrees” (1). The context and 
consequences of those warning letters was made clear in com-
mentary by Peter Zipfell, product marketing manager at Thermo 
Fisher Scientific, who spelled out that “... based on findings from 
a 2019 report on drug shortages, of 163 drug shortages in the US 
between 2013 and 2017, 62% of supply disruptions were associ-
ated with manufacturing or product quality problems” (2). 

In that FDA 2019 Drug Shortages Report (updated February 
2020), the second recommendation was to “create a rating sys-
tem to incentivize drug manufacturers to invest in achieving 

quality management system maturity … as the market does not 
recognize and reward mature quality management systems. This 
recommendation aims to rectify this failure by suggesting the 
development of a system to measure and rate the quality man-
agement maturity (QMM) of individual manufacturing facilities 
based on specific objective indicators” (3). This new framework 
appears near introduction as FDA issued a white paper last 
month (March 2022) on the QMM program and will be holding 
two workshops in May to gain further input from stakeholders. 

The drug shortages report goes on to say that, “A rating 
system could be used to inform purchasers, Group Purchasing 
Organizations (GPO) and even consumers about the state of, 
and commitment to, the quality management system maturity 
of the facility making the drugs they are buying. Pharmaceutical 
companies could, at their discretion, disclose the rating of the 
facilities where their drugs are manufactured. GPOs and purchas-
ers could require disclosure of the rating in their contracts with 
manufacturers. This effort would introduce transparency into the 
market, and provide firms committed to quality management 
maturity with a competitive advantage, potentially enabling them 
to obtain sustainable prices as well as grow market share” (3). So, 
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change is coming, and with it the require-
ment to tighten up on how data are col-
lected, collated, and shared.

PAT AND DATA INTEGRITY
Because past is prologue, BioPharm 
International asked Edita Botonjic-Sehic, 
director, Global Analytics, Pall Life 
Sciences if the original push by FDA to 
promote process analytical technology 
(PAT) adoption was helpful in setting 
expectations and in creating a new tools 
and services ecosystem. “Yes,” Botonjic-
Sehic says, “advanced technologies and 
computation modeling has contributed 
significantly to making this capabil-
ity come to life. By utilizing PAT into 
integrated bioprocessing, better process 
understanding is gained, production cycle 
time is reduced, improvement of yield 
is achieved, efficiency is improved, and 
cost reduction is achieved by the reduc-
tion of waste and energy consumption 
resulting from the real-time release of a 
batch with improved quality.” She goes 
on to explain, “Biotech processes consist 
of several unit operations, with each unit 
operation serving a defined purpose. The 
need for appropriate control of each step 
and continuous evaluation of its perfor-
mance is critical. To date, there are still 
gaps in the area of advanced analytics 
for the process; however, computational 
modeling has slowly started to contribute 
towards process characterization. The goal 
is to have both process technologies and 
advanced computing used in real-time for 
process control.” So along with the rest of 
the world, pharmaceutical manufacturing 
is becoming a digital undertaking. 

When asked if increasing compliance 
and validation requirements lead to more 
processes and documentation burden, 
Botonjic-Sehic responded that, “Data 
driven frameworks and transformation 
to digitalization will lead to a new future 
state. There are still many challenges in 
bringing technological innovation and 
advancement due to lack of adoption and 
change in processes … FDA has been 
very much involved with the industry 
to support the adoption of the advance-

ments in the process.  It may seem as 
if it is complex at this given moment; 
however, the ultimate goal is to make 
the process and filing seamless and put-
ting in the effort upfront is a necessity 
in order to make the future of manufac-
turing much easier.”

MEASURING COMPLEX 
PRODUCT QUALITY ATTRIBUTES
For the future of the industry, does bio-
logical complexity require a more diverse 
set of scientists and wider array of team 
members? Botonjic-Sehic consid-
ers a “lack of advanced process analyt-
ical technologies capable of measuring 
product quality attributes in real-time 
[as] a change today; however, Pall Life 
Sciences and many other companies 
have been investing in making these 
technologies available to customers that 
support biotherapeutics manufacturing. 
Computational techniques support-
ing predictive outputs of the process are 
also at the early stages; however, we have 
seen a much larger uptake of such inno-
vations being utilized in the bioprocess.  
Integration of process technologies and 
advanced analytics will support Industry 
4.0 and provide bioprocessing manufac-
turing with real-time process monitoring 
and control. As far as scientific experts—
many of the process analytical scientist 
and chemometricians (data scientist) 
come from small molecules manufactur-
ing industry and there is a growing need 
for these skills sets to move forward faster 
as we progress in providing advanced 
technologies for biomanufacturing pro-
cesses,” concludes Botonjic-Sehic.

This coincides nicely with comments 
from Dr. Natalia Vtyurina, senior quality 
assurance officer at HALIX B.V., who, in 
a blog post for the International Society 
for Pharmaceutical Engineering (ISPE) 
emphasized that in every highly regulated 
industry there are specific rules and regu-
lations that when embedded in guidelines,   
help shape both culture and data collec-
tion while streamlining future planning 
and optimization. Dr. Vtyurina points out 
that “a data integrity (DI) maturity pro-

gram uses standard rules and procedures 
that will take the organization through all 
aspects of DI. It will support your orga-
nization towards a safe environment and 
a strong culture by properly managing 
data, ensuring high-quality standards, and 
improving efficiency. On top of ensuring 
a high-quality product, your business’s 
core processes’ costs will be significantly 
reduced. A DI program will also help you 
to identify, remediate, and manage poten-
tial risks to DI” (4). 

To round out the discussion, BioPharm 
International asked Stefan Holzner, vice 
president R&D, Pall Life Sciences, if 
momentum toward modular manufac-
turing with continuous adjustments and 
improvements creates a premium for real- 
time feedback, and has the industry hit 
a rate limiting bottleneck or bottlenecks. 
Stefan’s position is that there is a need to 
get real-time data and make it action-
able. “This requires state-of-the-art sen-
sors to cover a wide array of parameters 
(including different types of metabolites 
etc.). The data needs to be transferred 
into insights to make them actionable. 
Multivariate data analysis could be a tool 
to achieve this. However, it does (seem) 
like we have reached a bottleneck as new 
sensors are required that enable better real 
time data as well as the proper ecosys-
tem to process this data in real time and 
allow insights to act accordingly,” Holzner 
says.  Some growing pains allows us some 
room to grow into, it seems. Data are now 
how business performance is officially 
measured and recorded. The sooner DI is 
controlled for, and firmly established, the 
earlier organizations will reap its rewards. 
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A Robust Quality Culture Benefits All
Establishing a quality culture from the top of an organization down to each 
and every employee ensures a safe and effective product and saves costs. 

SUSAN HAIGNEY

Q   uality culture is a patient-focused approach to quality 
that is proactive not reactive or procedural, according 
to Rick Friedman of FDA, in a conference presen-

tation (1). When an organization is focused on quality, it can 
detect problems earlier, experience fewer deviations and costly 
remediations, and protect its brand, according to Friedman 
(1). Creating a quality culture means an investment in quality 
including organizational structure, actions, quality standards, 
support for all levels of the company, and having quality be a part 
of business decisions (1). And the quality culture starts at the top. 

“Companies with good quality cultures usually have 
transparency and collaboration between departments,” says 
Susan J. Schniepp, distinguished fellow at Regulatory 
Compliance Associates. “This is critical when there are 
problems that impact manufacturing. Companies with a 
robust culture usually solve the problem faster, which helps 
them maintain high productivity rates,” she says. 

QUALITY CULTURE IS NOT  
JUST THE QUALITY DEPARTMENT
The quality department in a bio/pharmaceutical company plays 
a critical, but not exclusive, role when it comes to ensuring that 
biologics and drugs are safe and effective. The entire organization, 
however, must be involved in ensuring quality is built in.

“Let’s clear up one issue right away,” says Schniepp. “When 
we refer to quality culture, we are referring to the culture of 
the company and not the culture of the quality department. 
Having an established quality department does not mean 
a company has a culture of quality. In a robust culture, the 
attention to quality is a responsibility of all employees, not just 
those who work in the quality department. In a robust quality 
culture, the quality department is a partner with operations, 
it’s a policing function,” she stresses.

“Quality culture is an all-pervading attitude and sense of 
purpose in which quality is foremost in everybody’s activities. A 
quality department is a part of the organization that monitors 
quality (e.g., by end-product testing). However, quality cannot be 
tested into the product, it is inherent, and has to be built in—by 
design,” agrees Chris Moreton, PhD, vice president of pharma-
ceutical sciences at Finnbrit Consulting.

According to Friedman, “senior management has a critical 
ongoing oversight role to ensure suitability of operational design, 
control, and maintenance.” Friedman points to behaviors that 
can lead to the development of quality culture that include 
shared accountability, teamwork, listening, continual improve-
ment, coaching, and integrity (1). 

Moreton agrees. “In my opinion, a quality culture means 
that everyone from the CEO down to the most junior staff 

Quality/Regulations



www.biopharminternational.com May 2022  BioPharm International 45

put quality (and patient safety) at the 
top of their agendas. Quality requires 
‘top-down’ and ‘bottom up’ approaches. 
If senior management are not commit-
ted/interested, then the junior staff will 
find it difficult to implement and main-
tain quality activities. Similarly, if the 
junior staff are not properly trained and 
committed to and interested in qual-
ity, then quality will not be properly 
implemented. I have seen organizations 
where the commitment to quality was 
lacking, and there was, in effect, a lack 
of a quality culture,” says Moreton.

CREATING A  
QUALITY CULTURE
Creating a quality culture starts with 
the head of the organization, accord-
ing to Moreton. “The CEO has to be 
committed in both words and deeds. 
[The CEO] has to hire people who 
will help shoulder the burden while 
maintaining the business. This then 
goes on down through to the most 
junior staff. People also have to be 
prepared to enforce the rules. (There 
is a line beyond which an individual 
must not step, because once they have 
stepped over it, they will be asked to 
do so again and again—to thine own 
self be true!),” he says.

Communication is key, says Schniepp. 
“Robust quality cultures have open com-
munication and welcome feedback from 
all employees regardless of position 
within the company. When a company 
has a poor culture, the communication 
is top down, and employee opinion and 
input [are] not valued.”

MEASURING QUALITY
How does one take stock in the robust-
ness of quality culture in a bio/pharma-
ceutical company? “There are studies 
and data that suggest you can measure 
the quality culture of an organization 
by looking at the maturity level of the 
attributes in their quality management 
system,” says Schniepp. “The premise 
is if you can measure a company’s attri-
butes (CAPA [corrective action and 

preventive action] system, communi-
cations), you can measure the quality 
culture of an organization.”

Regulatory agencies may take the 
organization’s history into consider-
ation when assessing the effective-
ness of a company’s quality practices, 
especially during an inspection. “How 
many FDA 483 observations have 
there been, and how efficiently did 
they respond and rectify the issues? 
The inspector will also take note of 
how people are working, etc. during an 
inspection. In some ways, it all comes 
down to the inspection process and the 
inspector,” says Moreton. “[Regulators] 
want quality (and patient safety) to be 
taken seriously, and not simply paid 
lip-service to. They will look to see 
who makes the decisions affecting 
quality. The general state of the facility 
and the attitude of staff (both senior 
and junior) during on-site inspections. 
They will also look at how complaints 
are handled and recall-readiness—how 
the organization would cope in the 
event of a recall,” says Moreton.

“Regulators have linked the lack of 
a quality culture with data integrity 
issues. Guidance documents released 
from the Pharmaceutical Inspection 
Co-operation Scheme, the UK’s 
Medicines and Healthcare products 
Regulatory Agency, the World Health 
Organization, and FDA all stress the 
link between a robust quality culture 
and reliable and consistent data. One 
thing they all stress is an open culture 
that embraces employee feedback and 
values employee contributions. They also 
stress that senior management must be 

involved and must fully participate in 
establishing a culture of quality,” says 
Schniepp (2–8).

POOR QUALITY  
LEADS TO PROBLEMS
Is the investment in creating a compa-
ny-wide culture of quality worth the 
time and effort? It seems the alterna-
tive is worse; the repercussions of not 
having a robust quality culture include 
higher costs and increased scrutiny 
by regulators (1). “Ultimately, [the 
impact] is likely to be financial because 
there will be FDA 483 observations to 
remedy, possibly product recalls, and 
ultimately the possibility of a consent 
decree. These all take time and money. 
(If people think quality is expensive, try 
a long FDA 483 list, a product recall, 
or a consent decree). The company’s 
stock price will also likely take a hit,” 
stresses Moreton. 

“Companies that lack a good qual-
ity culture usually have high deviation/
investigation rates, which impact their 
ability to provide safe and effective 
medicine to patients. It also costs them 
more money to perform the investiga-
tions making them less efficient,” agrees 
Schniepp. And, in the end, the safety of 
the patient is what matters most. 
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Using a Modeling Approach 
to Preclinical Studies

Applying modeling methods in preclinical studies can be a powerful 
tool for generating data and shortening development timelines.

FELIZA MIRASOL

M odeling approaches have been gaining in pop-
ularity in the biopharma industry with compa-
nies seeking ways to maintain drug development 

costs. Preclinical studies are one area where modeling  
techniques are applied, but what is the feasibility of going 
to purely modeling techniques for preclinical studies? Will 
the industry opt to combine a modeling approach with  
traditional animal studies?

ANIMAL STUDY PROS AND CONS
Animal studies have been the go-to approach in the biophar-
maceutical industry for testing new biotherapeutics in the 
preclinical phase. According to Lorna Ewart, PhD, chief sci-
entific officer at Emulate, a US-based provider of next-gen-
eration in-vitro models, the advantage of using animals in 
preclinical drug development is that they provide a dynamic 
environment to assess drug response across multiple organ 
systems. Scientists can, therefore, study the relationship 
between pharmacodynamics (PD) and pharmacokinetics 
(PK) required to understand efficacy and safety. Many mod-
ern biologic drugs, however, are designed against humanized 

targets, Ewart notes which may reduce the usefulness of the 
animal model as the pharmacology won’t be assessed. 

“As genetic and physiological differences exist across species, 
animal models are not likely to give an accurate picture of a 
drug’s pharmacological and pharmacokinetic properties,” Ewart 
states. In addition, animal models of disease are regularly cited as 
being poor surrogates of the human condition and thus generate 
pharmacological data that may not accurately translate to human 
outcomes, Ewart explains—pointing out that Alzheimer’s mod-
els are a good example of inaccurately translated human out-
comes from animal studies.

Sheng Guo, vice-president, data science and bioinformatics, 
at Crown Bioscience, a contract research organization and a 
JSR Life Sciences company, says that by providing an effective 
human substitute, murine animal models offer distinct advan-
tages in preclinical drug development. The similarity in human 
and animal model in-vivo microenvironments allows for PK/PD 
studies to produce results closely representative of those expected 
in humans. Murine models also offer comparability between 
treated and untreated subjects and are often repeatable, which 
Guo says is important during preclinical drug development. 
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“However, these studies can be costly 
and can present many challenges when 
trying to screen large cohorts, especially 
for multi-factor screening. Ensuring stud-
ies modeled in vivo are completed within 
often tight timelines can also be diffi-
cult, as some animal models may need 
to be revived, which can take up to three 
months,” Guo explains. 

Moreover, the differing growth rates of 
tumors mean that some may take many 
weeks to reach the size needed for these 
preclinical studies. 

“These potential cons need to be care-
fully considered and balanced against the 
pros when deciding whether to com-
mence with a study to be modeled in 
vivo,” Guo states.

THE MODELING APPROACH
Using a modeling approach in preclinical 
studies can be beneficial where traditional 
animal studies may be challenging. 

Such models will often be based on 
historical data from in-vivo models that 
have been accumulated over many years, 
emphasizes Guo. These models, therefore, 
have the potential to save money and 
time, as the in-vivo studies have already 
been conducted, Guo points out. 

“The use of carefully curated large 
data sets is essential when using an 
in-silico model approach to gain the 
greatest insight into preclinical studies. 
Implementing well-established mathe-
matical modeling methods that are read-
ily applicable can further shorten time 
frames when conducting these in-silico 
studies,” Guo says.

Meanwhile, Ewart states that a 
modeling approach using organ-on-
a-chip technology enables scientists 
to overcome the major limitation of 
the animal model because the organ-
on-a-chip model can be created using 
human cells. As a result, human-rele-
vant pharmacology can be explored. 

“Because the organ-on-a-chip mod-
els are also dynamic, the relationship 
between pharmacology and pharmacoki-
netics can be explored over time. In addi-
tion, the organ-on-a-chip technology has 

shown that cells remain functional and 
viable for longer periods of time, enabling 
researchers to study longitudinal drug 
responses,” Ewart says. 

As models such as this become more 
mature, the endpoints that scientists can 
measure are becoming more relevant to 
those endpoints performed in the clinic, 
thus enhancing the translational value of 
the model, Ewart adds.

MODELING STRATEGIES
Particular modeling strategies would 
make more sense for use in the preclinical 
stage of biologic drug development. For 
instance, models built using human cells 
would be preferable, according to Ewart.

For biologic drugs in the preclinical 
stage of development, strategies should 
combine empirical data analysis, statisti-
cal modeling, and computational simula-
tions in the design and analysis of murine 
clinical trials to produce studies that are 
more rational and powerful than in-vivo 
or in-silico models alone, adds Guo. 
According to Guo, these modeling strat-
egies should use a comprehensive and 
diverse data collection that could include: 

• Data from high-quality and 
suitable in-vivo studies using 
similar and related biologic drugs 

• Data from in-vitro studies using 
validated and well-characterized 
cell lines

• Data from translatable 3D 
organoid in-vitro models

• Efficacy data
• Toxicity data
• Genomics data
• Fluorescence-activated cell  

sorting data.
“Ideally, modeling strategies should 

be based on methods with prior suc-
cessful applications where there is an 
established framework and guidelines 
on the design, analysis, and application 
of the resulting murine clinical trial. 
By applying these modeling strategies 
carefully, insight can be gained into the 
mechanism of action of biologic drugs, 
and their efficacy can be predicted,” 
states Guo.

MODELING VS. 
ANIMAL STUDIES
It is unlikely that modeling will com-
pletely substitute in-vivo studies, says 
Guo. However, modeling is a powerful 
approach that can be used to comple-
ment preclinical murine models to help 
them achieve their full potential. 

“Modeling can be used to improve 
murine model selection, experimental 
design, data analysis, result interpreta-
tion, and biomarker discovery. As a result, 
more effective clinical studies that are 
frequently biomarker-guided in nature 
can be achieved,” Guo states. 

Using modeling methods has made 
it possible to establish empirical quan-
titative relationships between mouse 
number and measurement accuracy 
for categorical and continuous efficacy 
endpoints, Guo adds.

“Studying a drug’s efficacy is not cur-
rently subject to regulatory guidelines, 
and it is feasible that models could be 
used exclusively,” states Ewart. “However, 
assessment of a drug’s safety is a regula-
tory requirement with strict guidelines 
in place. The regulatory community still 
advocates for animal data to make a risk 
assessment and is less likely to support 
drug progression on modeling alone.”

Ewart also points out that, until 
more models are subject to rigorous 
evaluation processes and amass data 
across a broad range of therapeutic 
modalities, the scenario that will yield 
better preclinical results is one that 
incorporates data sets from both ani-
mal studies and modeling methods.

Guo concludes that modeling, if 
applied correctly, can be a useful 
approach to understanding biologic 
drugs at the preclinical stage; how-
ever, the combination of modeling and 
murine studies together can be much 
more powerful.

“As well as the improvements in 
experimental design and analysis of 
data, this approach can offer faster bio-
logic drug development, allowing crit-
ical drugs to be brought to patients in 
shorter time frames,” Guo says. ◆
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Rapid Mass Photometer
Designed to be easy to use 
with only basic training, the 
SamuxMP mass photometeris 
utilized inadeno-associated 
virus (AAV) analytics. The 
instrument has a mass range 
tailored for AAV analysis and 
provides accurate results 
in less than five minutes from sample loading to final result. 
Combined with low-operational costs and a small footprint, 
the SamuxMP enables routine quantification of empty/full AAV 
capsid ratios, even in smaller labs, to set a new standard in 
AAV characterization.

The SamuxMP is designed to overcome the drawbacks of 
the current analytical methods by enabling users to rapidly 
and cost-effectively determine empty/full capsid ratios 
for AAVs of any serotype at the bench using low sample 
volumes and concentrations with minimal sample preparation. 
This is intended to enhance productivity and speed up 
workflows through more frequent analyses in-house, making 
R&D and process development of gene therapies and AAV-
based therapeutics significantly more efficient.
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1000 vacuum filtration units 
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units while also allowing for 
enhanced physical stability for 
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The modifications to the product’s design include 
increased membrane surface area to facilitate optimal 
filtration, an 0.45 μm polyethersulfone membrane in place of 
the 0.45 μm cellulose acetate membrane to increase flow rate 
while keeping the same low-protein binding properties, and 
an optimized center of gravity to increase stability of the units.

The new units can be directly used on the Sartolab 
Multistation for parallel filtration. Additionally, the new vacuum 
filtration units are available in three different pore sizes to meet 
the needs of most applications: 0.1 μm, 0.22 μm, and 0.45 μm.
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sclerosis, amyotrophic lateral sclerosis, 
spinal cord injury), Type I diabetes, 
heart failure, and end-stage liver  
disease requiring liver transplantation 
are the diseases currently being tested 
for in-the-clinic applications; thus 
stem cell-derived cell therapies have 
the potential to reach larger patient 
populations, Jiang states. 

On the gene therapy front, rAAV has 
come to the forefront in recent years 
for treating rare diseases, and there is a 
strong showing of these candidates in 
the clinical pipeline, Lara Nascimento, 
market entry strategy manager CCT, 
Sartorius,  emphasizes. Two such 
gene therapies are approved by FDA: 
Luxturna (voretigene neparvovec-rzyl) 
for treating Leber’s congenital amau-
rosis and Zolgensma (onasemnogene 
abeparvovec-xioi) for treating spinal 
muscular atrophy. “The success of rAAV 
for use in rare disease gene therapies has 

sparked pre-clinical and clinical stud-
ies in its wider use, notably to treat a 
range of cancers which is boosting the 
need for rAAV manufacturing globally,” 
Nascimento points out.

“For gene therapies, the most 
immediate impact is likely to be felt 
in rare, monogenic disorders. These 
disorders are often pediatric conditions 
with high clinical impact and a lack 
of disease-modifying or curative  
therapies,” says Brophy. One disorder 
where patients could benefit from gene 
therapies soon is Duchenne muscular 
dystrophy, an incurable musc le 
degeneration disorder that primarily 
affects young boys. Pivotal clinical 
trial data from several gene therapy  
pipelines are expected by the end of 
2022, according to Brophy. 

Brophy further states that gene  
therapies may also have clinical impact 
in more common blood disorders, 
such as hemophilia A and B, beta  
thalassemia, and sickle cell anemia, 
with one such company expected to 

seek approval for their hemophilia B 
gene therapy in 2022.

Beyond all these challenges dis-
cussed, the fact that cell and gene thera-
pies are highly complex, emerging fields 
dictates a requirement for experienced 
talent that is currently scarce and highly 
coveted because the field is still so 
young, concludes Senkesen. Significant 
competition exists not only among 
CDMOs but also among drug develop-
ers striving to attract professionals with 
the skillset and experience needed to 
develop and manufacture these highly 
complex therapies. Underlying much of 
the effort that industry is putting into 
developing these emerging therapies 
is the imperative that companies must 
not only hire and train specialized tal-
ent, but also keep talented personnel 
engaged by exposing them to a variety 
of projects and modalities. 
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Ask the Expert

product meeting its predetermined specifications and qual-
ity attributes.”

FDA definition of process validation (6): “The collec-
tion and evaluation of data, from the process design stage 
through commercial production, which establishes sci-
entific evidence that a process is capable of consistently 
delivering quality products.”

Although the definition of process validation  
differs somewhat between the EU and US, the require-
ments for commercial batch size for process validation 
do not. The details can be found in the two documents 
referenced above.
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Process validation for a drug product must be done with commercial 
scale batches, says Siegfried Schmitt, vice president, Technical at Parexel.

Q: We are planning to market a new drug 
(film coated tablets of the biotech 

product in nine different blister pack sizes) in 
the United States and the European Union. In 
support of the application, we must perform 
process validation and we will need to have sta-
bility data. To minimize the number of batches, 
we intend to manufacture three commercial-
size batches of the tablets, then split each batch 
into three to create nine sub batches (one batch 
for each blister pack size). We will then take 
samples from each blister pack size to test stabil-
ity. Is this a compliant approach?

A: You correctly state that you need to per-
form process validation and collect stabil-

ity data for the various pack sizes. The question to 
answer is whether your batch sizes are in compli-
ance with the regulations. Though the batch size 
for the tablets is at commercial scale, the batch size 
for each of the nine packaging runs is only a third 
of commercial scale.

The globally accepted standard for stability test-
ing is International Council for Harmonisation 
(ICH) Q1A(R2) Stability Testing of New Drug 
Substances and Products (1). Herein, the minimum 
batch size requirement is, “The batches should be 
manufactured to a minimum of pilot scale.” 

FDA confirms this requirement (2), stating 
that these batches can be “either pilot scale or a 
small scale batch.” 

The European Medicines Agency (EMA) refers 
to the ICH guidance on their “quality: stability” 
website (3) and mentions “pilot scale” as the 
minimum batch size in their variation guidance 
listed on this website.

The Parenteral Drug Association’s (PDA) 
Technical Report 60-2 Process Validation: A Lifecycle 
Approach–1 Oral Solid Dosage/Semisolid Dosage Forms 
Annex (4), which reflects industry best practices, 
refers to batches for stability testing at 10–15% of 
commercial batch volume.

Your batch size of a third (i.e., 33%) of com-
mercial batch size, with the aim to demonstrate 
the appropriate quality of the drug product 

on stability, is thus compliant with regulatory 
expectations and the laws.

At this scale, however, these batches cannot be 
used for process validation for a drug product to 
be approved for marketing in either the US or the 
EU. Process validation for a drug product, even a 
generic-drug product, has to be done with com-
mercial scale (packaging) batches. 

The reason is that process validation has to cover 
all the unit operations involved in the packaging 
process at the commercial scale. If the same batch 
is split at the packaging stage into sub-batches for 
different pack sizes, then validation of the packag-
ing step will be incomplete. For example, sampling 
during blister packaging needs to be done at differ-
ent time points (including beginning, middle, and 
end) of packaging of a commercial size batch. Full-
scale manufacturing may take so long that shift 
changes may be required, or new rolls of foil may 
be required. These interventions may not happen 
during the manufacture at the reduced batch size. 
Process validation is defined as follows:

EMA definition of process validation (5): “The 
documented evidence that the process, oper-
ated within established parameters, can perform  
effectively and reproducibly to product a medicinal  
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Which Batch Size for  
Validation and Stability Studies?

Siegfried Schmitt 
is vice president,  

Technical at PAREXEL.

Although the definition of 
process validation differs 

somewhat between the EU 
and US, the requirements 

for commercial batch size for 
process validation do not.
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