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From the Editor

Fighting Through This Slow Season of Change

W  e are now approaching the one-year mark of the year of living distantly, thanks 
to the public health measures necessitated by the COVID-19 pandemic. In the 
past 12 months, people have adapted to working from home, buying everything 

online, and functioning in a bubble. 
Like many others, I relate my pandemic experience to the 1993 film Groundhog Day. 

In the movie, weatherman Phil Connors—the main character—is trapped in time, reliving 
an unpleasant, monotonous day over and over and over and over again. In the role, actor 
Bill Murray plays out Phil’s depression, frustration, and anger until he finds a path from his 
self-adsorbed existence to one of compassion, collegiality, and personal redemption.

Before the pandemic, the bio/pharma industry had a reputation problem. While the rest of the 
world lived out pandemic-induced isolation and repetitive days, the bio/pharma industry made 
remarkable progress by innovating and collaborating with colleagues, partners, and competitors. 

Recent reports released by FDA show that despite restrictions posed by the pandemic, 2020 
was a very good year for drug development. The Center for Drug Evaluation and Research 
(CDER) approved 53 new therapies in 2020, the second highest number of annual approvals in 
the past 10 years, including 21 classified drugs as first in class and 31 approved to treat rare or 
orphan diseases. The approval rate was impressive; 92% of the drugs were approved without a 
complete response letter, up from the 85% average of the previous eight years. And 75% of the 
drugs were approved in the United States first, before other countries (1). To read more about 
FDA’s 2020 performance reports, read the Regulatory Beat column in this issue on pages 8–9.

FDA had some missteps in 2020, such as the approval, then revocation, of an Emergency 
Use Authorization (EUA) of chloroquine and hydroxychloroquine, which raised questions of 
undue political pressure on a scientific process. And progress has been slow on many pandem-
ic-related drugs in development. 

Still, the bio/pharma industry had some notable successes, specifically the emergency 
approval of two novel vaccines in record time—with other vaccine reviews pending—and 
the rapid approval of remdesivir to treat patients with COVID-19.

THE BEGINNING OF … THE NEXT PHASE
When EUAs were issued for the Pfizer-BioNTech and Moderna vaccines in late 2020, it 
was hailed as the beginning of the end of the pandemic. In reality, it was the beginning of 
the next phase.

Now, growing concern in public health and medical circles about emerging variants of the 
SARS-CoV-2 virus and their possible resistance to vaccines and treatments prompted renewed 
research and regulatory strategies. FDA recently issued a set of guidance documents to address 
the emergence of variants of SARS-CoV-2, including an update to the October 2020 guidance 
on EUA for vaccines to prevent COVID-19 and guidance on the impact of the variants on 
monoclonal antibody (mAb) products and other treatments. 

In the cover story for this issue, author Cynthia Challener takes an in-depth look at genetic 
vaccines, challenges associated with manufacturing and distribution, and the potential for 
rapid reformulation to tackle virus variants (pages 10–17).

As the pandemic enters its second year, the pressure is still on bio/pharma companies and 
FDA, as demand for vaccine production intensifies and any delays—from manufacturing 
issues or bad weather—contribute to growing public impatience. 

I finally see signs that we are emerging from this long winter. The snow that fell in my 
backyard before Groundhog Day 2021 is finally melting. Daffodils are pushing up from the 
ground. The pace of vaccinations is accelerating.

However, the virus, like the weather, can be tricky. We must maintain vigilance of social 
distancing and good manufacturing practices. Today will soon be tomorrow.

REFERENCE
1.  FDA, Advancing Health through Innovation: New Drug Approvals 2020, Report (CDER, 

January 2021). ◆

Bio/pharma  
works hard today  

to change  
the calendar  
to tomorrow.

Rita Peters is  
the editorial director of  
BioPharm International.
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D espite critical disruptions and added 
challenges posed by the coronavi-
rus pandemic in 2020, FDA annual 

reports on drug regulatory programs and pol-
icies confirm successful efforts for meeting 
review time frames and updating policies and 
programs. These reviews of FDA initiatives 
and activities recapitulate efforts to assess and 
approve new drugs, generic drugs, and bio-
logics, as well as strategies for advancing new 
initiatives. These efforts appear timely as FDA 
continues to renegotiate revisions and expan-
sion of user fees paid by manufacturers to sup-
port FDA oversight and review activities. 

Several reports from the Center for Drug 
Evaluation and Research (CDER) summarize 
efforts to ensure drug quality and to main-
tain a steady pace in new drug review and 
approvals despite limitations and pressures 
imposed by the pandemic. A report on new 
drug approvals in 2020 documents the 53 
novel drugs and biotech therapies approved 
in 2020, describing a range of innovative over-
sight strategies to evaluate product safety and 

efficacy (1). The report also notes 
approval of additional uses for cer-
tain existing therapies, evaluation 
of new biosimilars, and the impor-
tance of expedited review programs 
in facilitating patient access to criti-
cal medicines. 

More specific demographic infor-
mation on the clinical trials sup-
porting the review and approval of 
these novel drugs is provided in the 
2020 Drug Trials Snapshots Summary 
Report (2). That report presents data 
on demographic groups participating 

in these key studies and how such enrollment 
may inform product safety and efficacy. In 
addition, CDER activities for protecting public 
health during the pandemic are outlined in an 
annual drug safety report that describes efforts 
to ensure appropriate tracking and reporting 
of safety issues, some related to broader uses of 
the agency’s Sentinel System (3). 

Separately, an annual report from CDER’s 
Office of Product Quality (OPQ) highlights 
the use of alternative tools for on-site facility 
inspections to support the timely approval of 
new drugs, an effort that avoided the need for 
153 site visits (4). OPQ notes its role in advanc-
ing CDER’s emerging technology program and 
efforts to bolster continuous and semi-contin-
uous manufacturing and continued develop-
ment of its knowledge-aided assessment and 
structured applications (KASA) program for 
evaluating new drugs, starting with solid oral 
dosage forms. Another main goal is to move 
forward with a new framework for assessing 
and identifying mature quality management 
systems by manufacturers. 

OPQ also cites its efforts to support the 
approval of 942 generic drugs in 2020, includ-
ing more f irst generics, complex generic 
therapies, and biosimilars. This involves coor-
dination with CDER’s Office of Generic Drugs 
(OGD) in bringing new generics to market 
quickly and efficiently, especially to offset 

CBER approved several 
novel biologics and 

blood reagents.

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

Annual reports showcase FDA’s achievements and activities  
for 2020, while the agency provides a look at future endeavors.

FDA Documents Achievements  
and Plans for Future
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shortages in medicines critical 
to treating patients infected by 
COVID-19, as is outlined in the 
OGD annual report (5). The report 
discusses efforts to update the 
Orange Book, publish guidance 
documents on specific product 
development standards, advance 
the science on complex generics, 
and collaborate with foreign regu-
latory authorities to support wider 
global access to generic drugs. 
OGD is poised for a major reor-
ganization beginning this year, 
which aims to update operations 
to better handle a steady rise in  
abbreviated new drug applications. 

ADVANCING ONCOLOGY  
AND BIOLOGICS
The challenges in continuing 
to speed new oncology thera-
pies to patients are presented 
in an annual report from FDA’s 
Oncology Center for Excellence 
(OCE), which enumerates its 
achievements in overseeing the 
approval of multiple new indi-
cations and market approval of 
cancer treatments, including sev-
eral new formulations (6). OCE 
Director Richard Pazdur empha-
sizes the importance of address-
ing the needs of cancer patients 
during the pandemic with ini-
tiatives to permit more flexible 
clinical trials and remote commu-
nications. OCE also is continu-
ing its Project Orbis collaborative 
review of new cancer therapies 
with other regulatory authorities 
to speed access to cancer treat-
ments around the world. 

Similarly, the annual report 
f rom the Center for Biologics 
Evaluation and Research (CBER) 
outlines how it met milestones 
for reviewing new therapies and 
for ensuring product safety (7). 
CBER Director Peter Marks high-
lights the Center’s involvement 

in the development and evaluation 
of vaccines against COVID-19. In 
addit ion, CBER approved sev-
eral novel biologics and blood 
reagents,  prov ided adv ice to 
sponsors through virtual meet-
ings, and continued to support 
pilot programs to advance mod-
ern manufacturing and regener-
ative medicine. Separately, Marks 
issued CBER’s list of new guid-
ance documents slated for release 
in 2021 (8). This relatively short 
list of only 14 planned adviso-
r ies ref lects the considerable 
progress made in 2020 in issuing 
more than 20 guidance docu-
ments, including several related 
to development and emergency 
use of new COVID-19 vaccines 
and therapies. 

In January, CDER also pub-
lished a much longer list of more 
than 100 planned guidance doc-
uments for 2021, including 42 
new items (9). The largest cat-
egor ies involve cl inical stud-

ies, generic drugs, and agency 
procedures, and new categories 
were added for biosimilars, com-
pounding, pharmacology/toxi-
cology, and the animal rule. New 
guidance documents on the list 
involve the use of real-world 
data, developing antisense drug 
products,  and demonstrat ing 
efficacy in a single trial. 

FDA may ga in some added 
resou rces  for  it s  eva luat ion 
of new treatments to combat 
COVID-19 from a Congressional 
proposal to make an extra $500 
million available to the agency 
this year, on top of its budget 
for 2021. The funding boost rec-
ognizes the considerable added 
work that FDA has taken on to 
support the development and 
oversight of new vaccines, thera-
peutics, and medical products, as 
multiple applications for emer-
gency use authorizat ions and 
product approvals have over-
loaded the agency. 

REFERENCES
 1. FDA, Advancing Health Through 

Innovation: New Drug Therapy 
Approvals 2020, www.fda.gov, January 
2021. 

 2. FDA, 2020 Drug Trial Snapshots 
Summary Report (February 2021).  

 3. FDA, Drug Safety Priorities 2020 
(CDER, January 2021). 

 4. FDA, Office of Pharmaceutical Quality, 
2020 Annual Report: Assuring Quality 
Medicines are Available to the American 
Public (CDER, February 2021).  

 5. FDA, Office of Generic Drugs 2020 
Annual Report: Ensuring Access to Safe 
Effective, High-Quality, and More 
Affordable Generic Drugs (Feb. 11, 
2021). 

 6. FDA, OCE Annual Report (Feb. 4, 
2021).

 7. FDA, FY 2020 Report from the Director 
(CBER,  Feb. 4, 2021). 

 8. FDA, Guidance Agenda: Guidance 
Documents CBER is Planning to Publish 
During Calendar Year 2021 (CBER, 
accessed Feb. 19, 2021).  

 9. FDA, CDER Guidance Agenda, New & 
Revised Draft Guidance Documents 
Planned for Publication in Calendar 
Year 2021 (CDER, January 2021). ◆
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Genetic Vaccine Platforms 
Demonstrate Their Potential

In a pandemic, genetic vaccines offer several 
advantages over traditional approaches.

CYNTHIA A. CHALLENER

F or a vaccine to be effective, the components of the disease 
of interest that provide protection from disease (an anti-
gen) must be incorporated or present in the candidate 

and induce a strong and appropriate immune response in the 
vaccine. Viral vaccines specifically can be classified into ‘clas-
sic or traditional vaccines’ and include attenuated/killed virus. 
Recombinant vaccines include subunit, virus-like particle (VLP), 
conjugate, and viral-vectored vaccines. Genetic vaccines include 
messenger RNA (mRNA)/DNA. Alternatively, vaccines can 
be classified into live and non-live vaccines, which is important 
when considering safety profiles.

Traditional vaccines and viral subunit/proteins directly elicit 
an immune response without the need for cellular transcription 
and/or translation of genetic material. Genetic vaccines use 
part of the virus’ own genetic code (either mRNA or DNA) 
to instruct cells to make a viral antigen that will stimulate an 
immune response. Viral-vectored vaccines allow selection of a 
non-disease causing, and in some cases, a replication-deficient 
virus to be used to carry and deliver the antigen of interest to the 
vaccine and offer a mixture of advantages and disadvantages of 
live and non-live vaccines. 

CHALLENGES WITH TRADITIONAL VACCINES
Traditional vaccines have a long track record of safety and effi-
cacy. They have been shown, according to Charles Christy, head 
of commercial solutions for the Ibex Dedicate at Lonza, to 
effectively treat global diseases and eradicate disease burden, or 
even eliminate diseases (polio, smallpox). 

The immune response is triggered immediately with this type 
of vaccination; however, the body also has to fight the full viral 
or antigen load, which may facilitate adverse effects (e.g., feeling 
under the weather following the flu vaccine), notes Thomas 
Becker, site quality director for Recipharm.

The potential exists for adverse effects because live viral 
vaccines are attenuated by genetic mutation of the wild-type, 
disease-causing virus, either by passaging the virus through 
cells, eggs, or animals or purposeful deletion of sections of 
the viral genome, explains Kelly Lyn Warfield, vice presi-
dent of vaccines research and development within Emergent 
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BioSolutions’ Vaccines Business Unit. 
“For selection and use of live, attenuated 
viral vaccines, caution must be applied 
due to potential safety issues in immu-
nocompromised individuals (i.e., pri-
mary immunodeficiencies, patients on 
immunosuppressant treatment, HIV-
infected people, and sometimes the 
very young or old), since this type of 
vaccine has the potential to replicate 
in an uncontrolled manner, spread to 
other individuals due to shedding of 
the vaccine, or revert to a virulent (dis-
ease-causing) form,” she says. “Care 
must be taken, therefore, to select a can-
didate that has an appropriately bal-
anced replication profile to maintain 
an acceptable safety profile but that can 
also induce a potent immune response,” 
Warfield adds. 

To modulate the immune response 
and to increase the duration of the 
immunization, Becker says that the entire 
vaccination program may have to be 
applied in several doses, which can be 
inconvenient for patients. Live viral vac-
cines may also be challenged with stabil-
ity issues and require frozen temperatures 
to remain viable and potent. 

Similarly, a viral vector-based vaccine 
can cause an immune response to the 
viral vector itself in addition to the anti-
gen of interest for which it is delivering 
the nucleic acid, according to Gregory 
Bleck, vice president of research and 
development at Catalent Biologics. “This 
issue can make repeated dosing difficult, 
since with additional dosing, the patient’s 
immune system may clear the viral vector 
before it has an opportunity to insert the 
nucleic acid into a cell for antigen pro-
duction,” he observes.

There are a multitude of approaches 
for non-live viral vaccines that can be 
based on whole, killed organisms; puri-
fied or recombinant proteins; VLPs; or 
genetic vaccines, notes Warfield. “In 
contrast to live vaccines,” she comments, 

“non-live vaccines pose no risk to immu-
nocompromised individuals and can-
not spread or potentially cause disease.” 
Development of purified or recombinant 

proteins, VLPs, and genetic vaccines, 
however, requires knowledge of the pro-
tective antigens, including their iden-
tities and possibly structures, to ensure 
proper and robust immune responses, she 
adds. In addition, some protein-, VLP-, 
and killed virus-based non-live vac-
cines require addition of an adjuvant to 
improve their immunogenicity due to 
their non-replicating nature. 

SPOTLIGHT ON  
GENETIC VACCINES
Genetic vaccines are different because 
they contain only a small part of the 
virus’ genome and cause cells to pro-
duce the desired antigen(s). Typically, 
the RNA or DNA sequence that 
instructs the human cell to produce 
the viral antigen(s) intended to trigger 
an immune response is formulated in 
a lipid nanoparticle that can enter the 
human cell after vaccination, accord-
ing to Becker. He adds that because the 
human cell produces the antigen itself in 
order to produce the immune response, 
a smaller dose of vaccinating agent is 
required for genetic vaccines when com-
pared with traditional vaccines.

Some people consider viral-vector vac-
cines, in addition to those based on DNA 
and RNA, to also be genetic vaccines, 
because the genome fragment is embed-
ded within a virus that usually cannot 
multiply itself in the human body, but 
once inside the cell directs the cell to pro-
duce the viral antigen.

In the case of DNA-based vaccines—
either plasmid/naked DNA- or viral-vec-
tor-based—explains Bleck, the cell that 
takes up the DNA will transcribe the 
DNA into mRNA, and then the mRNA 
will be translated into the protein-of-in-
terest, which will be an antigen from the 
virus. In the case of mRNA vaccines, the 
transcription step is already completed, 
so the cells that take up the mRNA only 
need to transcribe the mRNA sequence 
into the protein-of-interest. Viral vec-
tor-based vaccines utilize the engineered 
virus to insert the nucleic acid encoding 
the viral antigen into the cell, where that 

molecule is then subsequently transcribed 
to mRNA and translated into the pro-
tein-of-interest.

DNA- and RNA-based genetic vac-
cines have been impeded by the ability 
to appropriately deliver the nucleic acids 
intact and to the correct site within the 
body or a particular cell type, according to 
Warfield, but this issue has more recently 
been overcome with the development of 
novel, improved delivery formulations 
such as more effective lipid nanoparticles.

Importantly, although they are con-
sidered genetic vaccines, the DNA of the 
human cell is not impacted by the vaccine, 
and Becker notes that antigen production 
only continues for a short duration before 
the RNA or viral vector are eliminated 
from the body. As a consequence, though, 
the immune reaction (and potential 
adverse effects) occurs in a more modu-
lated and delayed manner, Becker asserts. 

“As a result, to achieve complete immune 
protection and to increase its duration, 
a prime boost dosing regimen in two 
consecutive vaccinations with the same 
or a different vaccine may be applied, 
which is what we’re seeing in the mRNA 
COVID-19 vaccines,” he says.

Indeed, while genetic vaccines hold 
much promise, they have not yet been 
widely commercialized. This situation 
has started to change with FDA granting 
Emergency Use Authorizations to the 
mRNA vaccines from Pfizer-BioNTech 
and Moderna for COVID-19 in late 
2020 and approval for the viral-vector 
vaccine for Ebola from Janssen (Ad26.
ZEBOV) followed by a second dose of 
MVA-BN-Filo from Bavarian Nordic, 
also in 2020. 

ADVANTAGES FOR  
GENETIC VACCINES
What makes genetic vaccines so attrac-
tive is the potential to establish platform 
solutions that allow the rapid devel-
opment of a range of vaccines against 
emerging infectious diseases based on 
a scalable novel core technology plat-
form. “The process to develop and pro-
duce genetic vaccines is highly similar 
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from one to the next, so we have already 
a lot of information from other vac-
cine projects that have used the same 
platform. This saves valuable time and 
energy when starting the development of 
a vaccine against a new disease,” explains 
a company spokesperson from Janssen 
Infectious Diseases & Vaccines. 

The design and development of tra-
ditional vaccines is fairly complex. Most 
importantly, the best way to propagate 
the virus or its antigen needs to be newly 
developed in each and every case, Becker 
stresses. For killed or attenuated viruses, a 
mechanism must be explored and estab-
lished that kills or lowers the infectious 
potential of the virus, without destroy-
ing it, so that the ability to generate the 
immune response remains. If this is not 
achievable, the traditional vaccine route is 
blocked for these viruses. For conjugated 
or VLP vaccines, the appropriate carrier 
substance or partner molecules also need 
to be explored and then combined with 
the antigen in the formulation process.

“While historical knowledge can be 
applied in the attenuation or formulation 
process, each case requires developmen-
tal activities to some extent. The more 
similar the new virus is to existing organ-
isms, the easier it will be to use existing 
processes, reducing the amount of devel-
opment time required. This is particu-
larly true when creating vaccines for new 
mutations of known and treatable viruses 
such as flu,” Becker remarks.

“Traditional vaccines can take years to 
develop because they rely on the actual 
virus or viral proteins grown within eggs 
or cells,” Bleck agrees. “Viral proteins 
are developed and manufactured in 
cell-based expression systems, and they 
require time to generate a clonal cell line 
expressing the protein-of-interest and 
then optimize the manufacturing pro-
cess so that it can be reliably scaled-up 
to clinical and commercial scale.” 
Traditional vaccines based on cell culture 
are also manufactured using large stain-
less-steel equipment, which is slower to 
scale up and requires longer construction 
timelines, Christy adds.

In addition, traditional vaccines are 
usually ranked as requiring an elevated 
biosafety level, and manufacturing facil-
ities therefore need to comply with a 
higher level of biosafety requirements. 
“Such capacities may be limited world-
wide, especially in pandemic situations, 
and facilities that are usually used for the 
manufacturing of ‘normal’ drug prod-
ucts cannot be used. Moreover, the virus 
propagation or the production of the 
antigens are biochemical processes that 
need to be run under controlled con-
ditions and that may take a long time 
(weeks to months),” Becker observes. 

Genetic vaccines, on the other hand, 
can be designed more rapidly and 
deployed as soon as the genetic sequence 
has been identified. The DNA product 
can be quickly expressed and scaled-up 
to clinical or commercial scale, Bleck adds. 
In the case of mRNA vaccines, the DNA 
precursor can then be transcribed in an 
in-vitro process that does not require 
the same long development timelines; 
for viral vector-based vaccines, the base 
systems are already established and the 
gene that encodes the antigen of inter-
est only needs to be substituted into the 
vector backbones to start the process. 
Subsequent engineered viral production 
is performed using well-established man-
ufacturing techniques.

As an example, Christy notes that 
Moderna went from sequence selection 
to shipping the first manufactured batch 
of the clinical drug product in 42 days. 
In addition, Lonza was able to scale up, 
build, and commercialize the Moderna 

vaccine in its Visp, Switzerland facility in 
only eight months, compared to the two 
to three years (or more) usually required 
to build a new cell-culture facility. This 
speed was also made possible by Lonza’s 
pre-investment Ibex Dedicate in a man-
ufacturing complex and supporting infra-
structure that was pre-primed and ready 
for fit-out, according to Christy. 

“Part of the reason for this speed is 
that no cell bank or viral seed bank needs 
to be developed; this time-consuming 
task is often required for traditional vac-
cines,” says Christy. “Secondly,” he con-
tinues, “the dose for genetic vaccines is 
very low compared to traditional vaccines; 
an mRNA dose of 30–100 µg is being 
utilized. Such low doses require smaller 
facilities, which can be equipped with 
single-use (SU) technology, resulting in 
a faster scale-up and facility implemen-
tation.” Similarly, viral vaccines can be 
produced in small SU bioreactors, with 
1000-L vessels sufficient for producing 
millions of doses.

“Theoretically,” adds Richard W. 
Welch, vice president of development 
services for Emergent BioSolutions’ 
CDMO Business Unit, “once a process 
and testing have been developed for a 
genetic or platform-based vaccine, that 
same process and the majority of the 
release assays can be used for any vector 
or antigen. For more traditional vaccines, 
each process and set of release assays 
must be developed separately.”

More specifically, the level of develop-
ment effort required for platform-based 
vaccines is often substantially less than for 
more traditional vaccines from a chem-
istry, manufacturing, and controls per-
spective, Welch explains. “This decreased 
level of process and method development 
results in a substantial reduction in cost, 
and more importantly during a pandemic, 
the time from determination of identity 
and sequence of the target antigen or 
antigens sequence to clinical production 
and release of clinical trial material.”

Moreover, the biosafety level category 
for genetic vaccines usually is lower than 
for traditional vaccines. “The majority 
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of these vaccines may not even require 
biosafety measures during production at 
all, merely the same techniques as those 
used for other biopharmaceutical prod-
ucts,” notes Becker. As such, facilities that 
produce “normal” biopharmaceutical drug 
products can be used also for the manu-
facturing of these vaccines.

In addition, Welch observes that 
a genetic- or platform-based approach 
can also avoid other potential delays for 
clinical production. “If a site has already 
manufactured, tested, and released that 
type of genetic or platform vaccine, then 
the equipment is in place and qualified 
for any vaccine that platform can sup-
port. Materials and suppliers are already 
qualified, and materials specifications are 
already developed and set. Often, long 
lead-time items with long expiry dates 
can also be held in stock, decreasing the 
time necessary to order, release, and sup-
ply material to the manufacturing or QC 
[quality control] suites,” he says. 

However, Becker points out, genetic 
vaccines are a much younger class of 
drug product compared with traditional 
vaccine techniques. “The knowledge 
level for some of the required produc-
tion techniques, such as the formula-
tion of lipid nanoparticles, is still limited 
within the pharmaceutical industry. We 
can expect to accrue even more valuable 
knowledge over time to further enhance 
the effectiveness and efficiency of these 
vaccines,” he states.

EASY TO MODIFY  
FOR VIRUS MUTATIONS
Viruses naturally mutate, and the lon-
ger they are in circulation and the more 
transmission that occurs, the more oppor-
tunities they have to develop mutations 
that enable resistance to established anti-
gens. Depending on the mutations, the 
impact can range from minimal to sub-
stantial for traditional vaccines, according 
to Welch. Traditional flu vaccines offer 
an existing case where the seasonal vari-
ation has minimal to no impact on the 
production process. However, substan-
tial mutations or changes in strains with 

increased potential for infection can result 
in substantial changes. 

“If the mutation or shift in strains can-
not be produced using the existing pro-
cess, such as an avian flu not being able 
to be produced in eggs, then inactivated 
and attenuated vaccines could potentially 
require completely new starting strains 
or production platforms, which would 
essentially require anything from sub-
stantial to complete redevelopment and 
validation of the manufacturing process 
for the new strains,” he says. The same 
could hold true for protein-based or 
recombinant protein-based.

Because genetic vaccines trigger 
their immune response via a fragment 
of the virus genome, they will continue 
to provide an effective immunization 
route as long as the gene sequences 
in those particular fragments remain 
unchanged or display minimal muta-
tions, according to Becker.

If the mutation is more significant, 
genetic vaccines also have the advan-
tage of being extremely easy to modify. 
“That is the beauty of genetic vaccines; 
they represent a platform approach with 
a central technology (adenovirus, lipo-
some particle mRNA, or other) that can 
be readily modified by inserting a new 
genetic sequence for rapidly response to 
virus mutations or even novel viruses (e.g., 
other coronaviruses),” Christy asserts. 

The DNA template just needs to be 
modified to encode the new variants, 
and manufacturing of the updated vac-
cine can typically continue with very few, 
or no modifications to the process, Bleck 
notes. The existing body of knowledge 
about related virus strains facilitates the 
location and isolation of the relevant 
gene sequence, Becker says. Bleck adds, 
however, that the new vaccines still need 
to be evaluated in detailed clinical stud-
ies to confirm that the new mutated 
epitopes do not elicit unwanted immune 
responses in patients. 

STILL SCALING CHALLENGES 
Like with traditional vaccines, developers 
of genetic vaccines must ensure sufficient 

process and product understanding to 
meet FDA, European Medicines Agency 
(EMA), and other regulatory guidelines, 
and they face scalability issues moving 
from early clinical phase to late clinical 
phase and commercial. “One key differ-
ence for genetic vaccines,” asserts Welch, 

“is that if the technology is a true platform 
approach, these issues only have to be 
worked out once for multiple indications.”

Companies, however, still need to 
define how much volume should be 
manufactured in order to meet demand 
and ensure that they—or their manu-
facturing partners—have the capacity 
to scale-up operations to meet the nec-
essary peak volume. Genetic vaccines, 
while faster to develop than proteins, 
are still biologic products that require 
cell culture and sophisticated technol-
ogy for development and manufacturing 
at both clinical and commercial scale, 
according to Bleck.

In a pandemic, adds Christy, the 
key challenge is manufacturing at risk 
during ongoing clinical trials. Further, 
the production scale-up to deliver hun-
dreds of millions (if not billions) of 
doses places an enormous strain on the 
supply chain. Becker points out that 
currently there is only limited global 
capacity for biopharma production, 
some of which is required for existing 
drug and vaccine products. In addition, 
both traditional and genetic vaccines 
require filling under aseptic conditions, 
further reducing global capacity.

STABILITY AND  
DELIVERY HURDLES, TOO
Genetic vaccine approaches have 
been contemplated for nearly 30 years, 
but until recently, Warfield says, they 
had been challenged by the need for 
large doses to induce mild to moder-
ate immune responses, the instability 
of the nucleic acids (particularly with 
RNA candidates), and the inability to 
efficiently deliver the nucleic acids to 
targeted tissues or cells.

The recent success of the Pfizer-
BioNTech and Moderna mRNA vac-
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cines demonstrates that these issues have 
been overcome at least to some degree, 
but Warfield believes further improve-
ments will need to be made for continued 
and future success of this class of vaccines. 
She highlights a need for the reduction 
of costs for raw materials and manufac-
turing processes and improvements in 
stability to reduce the need for storage at 
low or extremely low temperatures, which 
can create supply-chain challenges. 

“The lower stability of genetic vac-
cines is definitely the major challenge 
when it comes to widespread adoption 
of this new technique,” Becker agrees. 
Formulation of the lipid nanoparticles 
required to protection of mRNA vac-
cines from degradation can be challeng-
ing, however; the correct ratio of lipids, 
proteins and nucleic acids is needed to 
form the nanoparticle, in addition to 
any additional excipients, adjuvants, etc., 
according to Bleck. 

In addition, genetic vaccines may only 
undergo a limited number of freeze-
thaw cycles, and thus the bulk vaccine 
should be filled into vials immediately 
after the formulation process is com-
pleted. In addition, he notes that the 
filling process should be followed imme-
diately by visual inspection and label and 
pack operations. “With this in mind, the 
size of a batch, which is processed in one 
run, may be limited in order to shorten 
the exposure of the vaccine to room tem-
perature,” he comments. 

Because genetic vaccines are so new, 
there is also a need for careful short- and 
long-term monitoring and understand-
ing of side effects to assist in the devel-
opment of next-generation candidates 
that are potentially safer with less untow-
ard effects, Warfield adds. “Achieving 
understanding and approval of the safety 
and efficacy profile of genetic vaccines 
by the general public, and especially 
amongst those with existing vaccine hes-
itancy, will be required for efficient and 
broad acceptance of genetic vaccines in 
the future for a larger set of pathogens 
outside the current COVID-19 pan-
demic,” she continues.

Overall, Christy observes that as with 
any new technology, genetic vaccines 
will progress through a maturation curve. 
Equipment and production processes 
must be optimized and standardized so 
processes can be made robust and scal-
able and global supply can be achieved 
at acceptable costs. He also stresses that 
the human capital factor must not be 
neglected. “The availability of trained, 
regulatory-compliant GMP manu-
facturing staff and quality control and 
quality assurance personnel is a critical 
success factor,” he says. Much investment 
in facilities will be needed as well, which 
during the COVID-19 pandemic been 
supported by numerous government and 
private partnerships.

ADDITIONAL GENETIC 
ANALYSIS REQUIREMENTS
A similar challenge common to all vac-
cines is the delivery of a safe and effi-
cacious dose to patients. “Full focus on 
SISPQ (safety, identity, strength, purity, 
and potency) is common to all medicines. 
However, for genetic vaccines, this means 
developing a whole new battery of ana-
lytical methods, especially around purity 
and potency,” Christy states. “Methods 
exist, but these generally are research-
based techniques (such as sequencing, 
infectivity, transfection assays), and they 
need to be fully developed to be robust, 
validatable, GMP-compliant, and able to 
be routinely implemented across multiple 
sites (globally for both drug substance 
and drug product),” he says.

Methods for genetic sequencing and 
product release, adds Bleck, require spe-
cialized expertise and equipment not 
required for traditional vaccines. In addi-
tion, he notes that for mRNA-based 
vaccines, their instability relative to most 
proteins will typically expand the scope of 
stability studies required. 

The shortened timelines for manufac-
turing of genetic vaccines, Becker com-
ments, also means that with currently 
accepted analytical methods, analysis 
results for intermediate production mate-
rials, such as formulated bulk product 

or product in filled but unlabeled vials, 
are not available at the time of process-
ing. “This situation results in an increased 
risk that non-conforming product may 
undergo further value-adding manufac-
turing steps before being identified and 
discarded,” he says.

POTENTIAL FOR 
FORMULATION  
IMPROVEMENT
Because genetic vaccines are still a rel-
atively new class of treatments, there is 
significant potential for further devel-
opment. Primary opportunities revolve 
around the selection of more appropri-
ate excipients, observes Welch. Work is 
ongoing to improve the target product 
profiles of genetic vaccines to improve 
their stability, Christy adds. “Formulation 
development with a range of stabilizers 
offers the potential to improve both the 
temperature stability and the shelf life of 
such vaccines,” he states.

In some cases, Welch believes that the 
use of existing or novel drying technolo-
gies will improve the stability of genetic 
vaccines. Becker agrees that transferring 
liquid formulations into lyophilized prod-
ucts can potentially improve thermal sta-
bility and reduce the need for cold-chain 
handling. Recipharm’s site in Wasserburg, 
Germany, for instance, successfully devel-
oped and implemented a lyophilization 
cycle that can freeze-dry a COVID-19 
mRNA vaccine. “Initial results indicate 
that the lyophilized product has a signifi-
cantly improved thermal stability profile 
in comparison to the liquid formulation,” 
Becker says. 

The need for formulation improve-
ment, however, creates its own chal-
lenges for vaccines being used to treat 
emerging infectious diseases, especially 
in the case of pandemics, where speed 
is of the essence, according to Welch. 

“Opportunities to increase stability that 
involve substantial revision of the final 
formulation may require additional and 
extensive clinical trials to establish effi-
cacy and safety along with revalidation of 
the drug product production process.”
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STILL A PLACE FOR 
TRADITIONAL VACCINES
While there are many advantages to 
genetic vaccines, there are also many rea-
sons why traditional vaccine approaches 
will continue to be used. “Traditional 
vaccines have been on the market much 
longer than genetic vaccines and, in 
most cases, can currently be made at 
a significantly lower cost,” says Bleck. 

“Over time,” he adds, “these technolo-
gies have evolved to adapt to changes in 
the viruses that they protect against. In 
addition, if necessary, multiple antigenic 
proteins in certain ratios and configu-
rations can be expressed to get the cor-
rect epitopes produced for a neutralizing 
immune response, which is currently 
difficult to achieve in genetic vaccine 
formats. Furthermore, getting adjuvants 
to work effectively with genetic vaccines 
can also be difficult.”

Traditional approaches might be 
preferential when preclinical animal 
studies indicate that an effective vac-
cine requires the presentation of an 
antigen or antigens in a complex struc-
ture that cannot be engineered or can 
only be effectively and reproducibly 
done using the entire infectious agent, 
a company spokesperson from Janssen 
Infectious Diseases & Vaccines says. 
In addition, when the protective anti-
gens are not known for an emerging 
pathogen, traditional approaches incor-
porating the entire pathogen (live or 
killed viral vaccines) may be required 
until a firm understanding of protec-
tive immune responses are established, 
Warfield notes. 

Furthermore, Becker points out that 
traditional approaches allow the combi-
nation of vaccination agents for differ-
ent diseases, which may not be possible 
for genetic vaccines for the foreseeable 
future, as they are less robust. “With this 
in mind,” he says, “traditional vaccines 
may be more appropriate not only to 
address a wider variety of mutations of 
one virus type in one vaccination, but 
for routine vaccination programs against 
different diseases.”

Finally, Warfield notes that killed 
virus, protein, and VLP vaccines poten-
tially have the advantage of more tem-
perate storage requirements compared 
to some live virus- and genetic-based 
vaccines, which can be particularly 
important in remote areas and devel-
oping countries that lack the necessary 
cold-chain infrastructure.

BUT GENETIC VACCINES ARE 
CREATING REAL EXCITEMENT
The arrival of the new class of genetic 
vaccines heralds an exciting time in vac-
cine development, asserts Becker. “This 
new technology offers a number of 
promising routes to help us not only 
enhance infectious disease prevention, 
but to progress the fight against other 
serious diseases, such as cancer,” he says. 
The fact these vaccines can be manufac-
tured in standard multi-product facilities, 
rather than on specialist sites, will also 
enhance efficiency for pharmaceutical 
companies and offers greater scope for 
maximizing vaccine production capacity 
in the event of future pandemics.

Process and product regulations for 
genetic vaccines and viral-vectored vac-
cines still have to mature, however, as the 
technologies thus far have only recently 
produced commercially viable products 
that have been approved by stringent reg-
ulatory agencies like FDA and EMA. 

“Our expectation is that both technology 
regulations and platform regulations will 
evolve over the next several years,” says 
a company spokesperson from Janssen 
Infectious Diseases & Vaccines.

As more genetic vaccines become 
available, Welch envisions a shift to their 
use not only for pandemics, but also for 
existing and emerging infectious diseases. 

“Such as shift could enable companies to 
decrease time and cost, at least for manu-
facturing development, from inception to 
market,” he notes.

New advances in mRNA vaccines 
and other novel vaccines may indeed 
mean that we are entering into a new 

“golden age” for vaccines, according 
to Christy, but with the caveat that 
important work remains to be done to 
ensure global access, adequate capacity, 
and ease of administration, as well as 
education to ensure widespread uptake. 
He also notes that effective vaccines 
have yet to be developed for many 
well-known viruses, and more than 
80 emerging viruses have been identi-
fied since 1980, with two novel viruses 
appearing every year. “Despite recent 
successes, much remains to be achieved 
to protect humanity,” he insists. 

In addition to novel genetic vac-
cine technologies, Christy is excited 
about mucosal vaccines that aim to 
boost local immune memory and 
effector responses at the point of entry 
of pathogens and mRNA vaccines 
in development as cancer vaccines, 
intra-tumoral immune-oncology ther-
apies, and localized regenerative ther-
apies. Other cancer and T-cell vaccine 
are in development to treat antibody 
evasive viruses, and existing vaccines 
are being re-developed to provide bet-
ter protection and coverage.

“Ongoing global pre-investment by 
governments, private foundations, and 
other groups will be needed to drive 
further advances in technology, man-
ufacturing capacity, and infrastructure 
that will enable effective response to 
epidemics/pandemics going forward,” 
Christy concludes. ◆

While much has 
been accomplished  
to develop genetic 
vaccines on a short 

timeline, more 
 work is needed  

to fine-tune  
analysis and  

formulation steps.
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Biosimilars Hit Their Stride
Despite the persistence of the patent thicket, and slow uptake by the 
medical community, biosimilars are positioned for growth in the US. 

AGNES SHANLEY

G eneric small-molecule pharmaceuticals transformed 
the industry when they were introduced to the 
United States in the 1980s, slashing costs and mak-

ing more drugs accessible to more patients. According to 
IQVIA, they saved the US healthcare system some $313 
billion in 2019, and have cut costs by $2.2 trillion since 2009 
(1). Decades later, as the cost of biologics became a larger 
factor in rising healthcare costs, biosimilars (similar but not 
chemically equivalent to their name-brand references) were 
introduced with similar cost-cutting intent. However, their 
acceptance in the US has been slow. FDA established a path-
way for biosimilars approval in 2010, with the Biologics Price 
Competition and Innovation Act (BPCIA), but it took five 
years for the agency to approve the first biosimilar. The next 
few years saw relatively few biosimilar approvals and intense 
battles over intellectual property, yet IQVIA found, biosimi-
lars still saved the US healthcare system $2.2 billion in 2019 
and $4.5 billion in four years (1). 

In 2019, a year in which policy experts and former FDA 
Commissioner Scott Gottlieb (a strong advocate for biosim-
ilars) openly debated whether or not to “throw in the towel” 
on the whole biosimilars concept, FDA wound up approving 
10 new biosimilars (Table I). Today, 29 biosimilars have been 
approved in the US, and IQVIA expects biosimilars to gain 

$80 billion in sales and generate $100 billion in healthcare 
cost savings through 2025 (2).

So far, most biosimilars development has focused on 
oncology; supportive therapies used with other treatments; 
and anti-inflammatories, but in 2020, under the BPCIA, 
FDA’s approval pathway changed for 90 reference prod-
ucts, including insulin. Although they aren’t technically 
called biosimilars, these transitional biologics, originally 
submitted as new drug approvals (NDAs) under the US 
Food, Drug, and Cosmetic Act 505 b(2), must now be sub-
mitted as biologics licensing applications (BLAs) under the 
BPCIA 351(k). A number of companies, including Mylan 
and Biocon, are actively developing therapies in this area. 

TRANSPARENCY AND FLEXIBILITY
Improving the outlook for biosimilars has been FDA’s 
Biosimilars Action Plan, rolled out in 2018 to improve the 
internal agency review process and encourage innovation. On 
the legislative side, H.R. 133, which became law at the end 
of 2020 (3), set requirements designed to prevent delays in 
biosimilar commercialization. Among other things, it calls for 
patent data transparency, requiring that patent information 
and expiration data be published in FDA’s Purple Book, which 
is now an open-access online database (4). In 2020, FDA also 

Development
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clarified distinctions between regular bio-
similars and interchangeable types (5), 
which require additional clinical testing 
but could be used to replace innovator 
drugs in patient prescriptions without 
informing the prescribing physician. So 
far, none of the biosimilars approved by 
FDA has gained interchangeable status, 
but developers can now submit applica-
tions for interchangeable status only, or 
two-part applications for both biosimilar 
and interchangeable status. 

Despite all the advances that have 
been made to help stimulate biosimi-
lar development, hurdles remain. Most 
significant is the large number of pat-

ents that innovators have filed to delay 
the introduction of biosimilars. Of 
the 29 biosimilars approved for use 
by FDA, only 19 can currently be sold. 
The impact of the name-brand “pat-
ent thicket” is particularly evident with 
adalimumab biosimilars, anti-inflam-
matory treatments similar to AbbVie’s 
Humira. In the European Union, eight 
such biosimilars are available. In the US, 
six have been approved, but none will 
be available until 2023 (6), as a result of 
agreements that each developer reached 
with AbbVie. 

In 2019, a third-party payor repre-
senting US labor union members and 

insurance firms launched a class action 
anti-trust suit against AbbVie, which 
had applied for more than 100 manu-
facturing and formulation patents for 
Humira years after it had been intro-
duced. The suit alleged that AbbVie 
and the biosimilars developers had 
blocked competition. In 2020, how-
ever, a judge dismissed the case, which 
could set a precedent for the future (7).

Clearly, the costs of entry to the 
biosimilars market are considerable. 
Amgen has invested more than $2 bil-
lion on 10 biosimilar candidates since 
2010 (8). However, biosimilars devel-
opment is starting to pay off for more 
companies. Pfizer, for example, which 
had three biosimilars approved in 2019, 
saw its fourth quarter 2020 biosimilars 
income increase by 80% from the pre-
vious year (9). Increased competition 
among biosimilars manufacturers, and 
pressures on innovators to reduce costs, 
may finally achieve the goals origi-
nally envisioned for biosimilars, as they 
move into their sixth year in the US. 
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Biosimilar/Reference Developer Year approved

Zarxio/Neupogen Sandoz 2015

Inflextu/Remicade Celltrion 2016

Erelzi/Enbrel Sandoz 2016

Amjevila/Humira Amgen 2016

Ronflexis/Remicade Samsung Bioepis 2017

Cyltego/Humira Boehringer-Ingelheim 2017

Mvasi/Avasta Amgen 2017

Ogivri/Herceptin Mylan 2017

Ixifi/Remicade Pfizer 2017

Retacrit/Epogen Hospira 2018

Fulphila/Neulasta Mylan 2018

Nivestym/Neupogen Pfizer 2018

Hymiroz/Humira Sandoz 2018

Udenyca/Neulasta Coherus Biosciences 2018

Truxima/Rituxan Celltrion 2018

Herzuma/Herceptin Celltrion 2018

Ontruzant/Herceptin Samsung Bioepis 2019

Trazimera/Herceptin Pfizer  2019

Eticovo/Enbrel Samsung Bioepis 2019

Kanjinti/Herceptin Amgen 2019

Zirabev/Avastin Pfizer 2019

Ruxience/Rituxan Pfizer 2019

Hadlima/Humira Samsung 2019

Ziextenzo/Neulasta Sandoz 2019

Abrilada/Humira Pfizer 2019

Avsola/Remicade Amgen 2019

Nyvepria/Neulasta Pfizer 2020

Hulio/Humira Mylan 2020

Riabni/Rituxan Amgen 2020
 
Source: FDA data

Table I. US approvals of biosimilars.
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Jumping Seed Train Intensification 
Hurdles to Maximize Yield

Overcoming time and cost constraints can help enable seed 
train intensification efforts to maximize product yield.

FELIZA MIRASOL

T he use of seed trains to increase product yield is com-
mon to cell culture processes; however, the process can 
be costly and time-consuming. Seed train intensifica-

tion technologies have been useful, however, in achieving the 
desired cell density for inoculation into a bioreactor while 
shortening the seed train duration, which can optimize bio-
logical product output.

“The seed train is the scaling of the culture from a small 
volume of cells in a cell bank vial to a larger volume of cells 
that are used to inoculate the N, or main production reactor 
at the required cell density,” explains Christine Gebski, senior 
vice-president, Filtration and Chromatography, Repligen. The 
seed train process aims to ensure cell viability and the attain-
ment of the desired or required final cell density.

“The purpose of the seed train is to reach a sufficient 
cell mass to inoculate the production bioreactor in order 
to start the protein production in an optimal way,” agrees 
Darren Verlenden, head of BioProcessing at MilliporeSigma. 
Verlenden notes that, from the working cell bank vial to 
the production bioreactor, the cell number has to increase 
approximately 6–8 logs. “This [increase] is typically achieved 

by running cells through many cultivation systems (e.g., spin 
tubes, shake flasks, rocking motion bioreactors, stirred tank 
bioreactors), which become larger with each passage.”

While each process is different, typical seed trains are time 
consuming and labor intensive and have relatively low val-
ue-add, Verlenden says. In addition, the risk of failure remains 
significant because of the open nature of the early stages of 
cell expansion when working cell bank vials are thawed and 
cells are manually transferred into spin tubes and shake flasks 
under a laminar-flow hood.

INTENSIFICATION STRATEGY
Incorporating seed train intensification can benefit the 
overall manufacturing strategy. As Verlenden explains it, 
seed train intensification aims to lower manufacturing costs, 
achieve higher process throughput, and increase flexibility. 

Gebski adds that increasing the cell density of the cell 
bank or the N-1 reactor enables a shorter timeframe 
to attain the higher cell densities needed in the “N” or 
main production bioreactor. “Reducing process time drives 
meaningful efficiency gains, with a larger number of pro-
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cesses being completed in a given 
amount of time. Attainment of a 
higher cell density directly correlates 
to an increase in productivity—the 
amount of biologic that can be pro-
duced in a set amount of time.”

Two main options are currently being 
assessed or are already implemented 
in the biopharmaceutical industry to 
intensify seed trains, says Verlenden. 
These options are based on perfusion: 
N-1 perfusion and high cell density 
cryopreservation (HCDC). Verlenden 
explains that perfusion operation 
is based on the introduction of fresh 
cell-culture media at a constant rate in 
the bioreactor, while the spent media 
is removed and cells are returned to 
the bioreactor vessel using a cell reten-
tion device. “This way the nutrients and 
waste-product content remain stable 
over time, which allows greater cell 
mass levels in the bioreactor,” he says.

Improved and simplified process 
controls and cell retention technologies 
have allowed greater adoption of per-
fusion, he notes. Verlenden also notes 
that drug manufacturers are assess-
ing the implementation of perfusion 
in the N-1 bioreactor to reach high 
cell densities. “N-1 perfusion can be 
used in two different ways. The first 
and the most impactful is to use N-1 
perfusion in order to seed the produc-
tion bioreactor with higher initial cell 
density, known as high seed fed-batch. 
The other way to use N-1 perfusion 
is to take advantage of the higher cell 
density to use a smaller bioreactor and 
seed the production bioreactor,” he says. 
In both cases, the advantage of using 
N-1 perfusion is to keep the produc-
tion bioreactor operation in fed-batch 
mode, which inherently eases the pro-
cess validation, especially post-approval 
changes, Verlenden says.

Meanwhile, to reduce the dura-
tion of the cell expansion period, drug 
manufacturers have developed high-
er-density cell banking approaches in 
larger vials (5 mL), resulting in some 
improvements but without alleviating 

the contamination risk due to manual 
transfers of cells, Verlenden states. “This 
concept has evolved with the use of 
single-use 2D [two-dimensional] bags 
of 100 mL–250 mL volumes with high 
cell densities (100–150 x106 cells/mL) 
generated by perfusion processes in 
HCDC settings. From a 250-mL seed-
ing single-use bag at 100 x106 cells/mL, 
you can directly spike a 20-L rocking 
motion bioreactor or a 50-L stirred-
tank bioreactor to start the cell expan-
sion—reducing the number of steps and 
accelerating speed,” he says. 

Verlenden also points out another 
benefit of using HCDC bags, which 
is to make the whole seed-train func-
tionally closed. “After thawing the bag, 
you can weld it to the bioreactor and 
transfer cells aseptically, allowing drug 
manufacturers to start the seed train in 
a less controlled area to save time on 
environmental testing,” he says.

Using perfusion in the seed train, 
whether in a N-1 perfusion scenario or 
HCDC for cell banking, is a first step 
into upstream intensification—from a 
process control and cell retention tech-
nology standpoint. Perfusion also pro-
vides opportunities for cost-of-goods 
improvements and inherently increases 
product safety, Verlenden adds.

BIOREACTOR ADAPTATIONS
With the use of seed train intensifi-
cation in the manufacturing process, 
bioreactor design has been adapted to 
keep pace and innovative technologies 
have helped with that adaptation.

There are obvious challenges to 
enable high cell densities from a bio-
reactor perspective, says Verlenden. 
Sparging and mixing capabilities, for 
instance, are essential to achieving the 
right balance between maximizing the 
oxygen transfer rate and minimizing 
the shear stress imposed on the cells 
in suspension. 

“Today, kLa [volumetric mass trans-
fer coefficient for oxygen] up to 50/h 
and power input per volume up to 
100 W/m3 at 2000-L scale are becom-

ing the norm in single-use bioreactors. 
Bioreactor vessels geometry improve-
ments, design optimization of impel-
lers, and the diversification of drilled 
hole spargers have been instrumen-
tal in achieving these specifications,” 
Verlenden says.

Meanwhile, he continues, from a 
single-use bioreactor perspective, the 
emergence of new films for 3D bags 
that are more resistant to mechanical 
constrains are alleviating the roadblock 
to running a single-use bioreactor in 
perfusion for extended duration. And 
from a seed train intensification per-
spective, perfusion is being made easier 
with new technology that is based on 
tangential flow filtration (TFF). This 
new TFF-based technology (Cellicon 
Solution, MilliporeSigma) is specially 
designed for seed train intensifica-
tion. “Coupled with modern bioreactor 
designs, this is currently making perfu-
sion more attractive, especially for N-1 
perfusion and HCDC cell bank manu-
facturing,” says Verlenden.

Proven and scalable cell retention 
devices (e.g., XCell ATF Technology, 
Repligen) have enabled N-1 cell culture 
intensification processes up to 3000 L 
to seed 15,000-L to 18,000-L reactors 
globally, adds Gebski. Along with biore-
actor design and control systems, these 
devices have enabled the higher cell 
densities attained with intensified seed 
train culture, she says. 

SYNERGY AND 
COMMERCIAL BENEFITS
Are there particular synergies to using 
seed train intensification together 
with single-use bioreactors and/
or single-use technologies, or is the 
end result (optimized yield) the same 
whether using single-use bioreactors 
or stainless-steel? Verlenden says that 
the single-use vs. stainless-steel factor 
depends on the manufacturing con-
text. “Some companies have made the 
choice to implement N-1 perfusion in 

Upstream Processing

Contin. on page 30



Using Aramus™ bag assemblies for high-density cell banking 
(HDCB) shortens the seed train by several weeks.

Shorten the Seed Train

Reduce contamination risks inherent in conventional seed trains.  

Our Aramus bag assembly is a closed system 
that will increase transportability while 
reducing process steps and cost.

• Jump-start your bioreactor with 10 mL up to 
300 mL of concentrated cells

• High-density cell banks can ship anywhere in 
the world, at very low temperature, for rapid, 
localized production

Entegris®, and the Entegris Rings Design®, are trademarks of Entegris, Inc. as listed on entegris.com/trademarks.
©2020 Entegris, Inc.    |    All rights reserved.    |    9000-11296ENT-0820

Contact us to jump-start 
your bioreactors.

https://www.entegris.com


24     BioPharm International March 2021   www.biopharminternational.com

b
un

g
/S

to
ck

.A
d

o
b

e.
co

m

Near Infrared Spectroscopy as a 
Versatile PAT Tool for Continuous 

Downstream Bioprocessing
The need for real-time monitoring and control has 
spurred the development of new analytical tools.

GARIMA THAKUR AND ANURAG S. RATHORE

P rocess analytical technology (PAT) is an increasingly 
important aspect of biopharmaceutical manufactur-
ing processes. FDA in 2004 described a regulatory 

framework for PAT and has been urging the industry to vol-
untarily develop innovative tools and techniques for quality 
control and assurance in biopharmaceutical manufacturing 
unit operations (1). The quality-by-design (QbD) frame-
work encourages the use of PAT tools to “build quality into 
the process” rather than “testing quality into the product” (2). 
The importance of PAT tools is amplified in the case of con-
tinuous manufacturing processes, where individual batches 
are not well-defined and critical quality attributes (CQAs) of 
the therapeutic must be consistently maintained, monitored, 
and controlled over months of operation, rather than simply 
tested at the end of each unit operation or each batch (3–4). 
The need for real-time monitoring and control of CQAs and 
critical process parameters (CPPs) in continuous manufac-
turing has led to the adaptation of traditional end-of-batch 

quality testing techniques, such as analytical high-perfor-
mance liquid chromatography (HPLC) and ultraviolet-280 
(UV-280) spectroscopy, into in-line at-line modalities with 
periodic sampling from continuous unit operations (5–7). It 
has also spurred development of new analytical tools that 
provide information in near real-time and can be placed 
in-line in process flow streams.

In-line spectroscopic sensors using infrared, near-in-
frared, or Raman spectroscopy are one such new class of 
tools finding multiple PAT applications in bioprocess-
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ing (8). Spectroscopic PAT applica-
tions typically consist of in-line sensors 
combined with statistical or model-
ing methodology to monitor, control, 
and/or predict biotechnology processes. 
The key advantage of spectroscopy is 
the ability to gain information about 
the presence and quantity of multi-
ple analytes in the process mixture 
simultaneously in a few seconds or less, 
overcoming a major analytical bottle-
neck and facilitating real-time control 
decisions (9). Spectroscopic techniques 
are also non-degradative and provide a 
wealth of spectral information that can 
be used in tracking process trajectories 
and flagging deviations (10,11). Thus, 
spectroscopic probes and flow cells are 
well-suited to PAT applications, par-
ticularly in tandem with multivariate 
data analytics (MVDA) tools, which 
are critical for reducing the dimen-
sionality of large spectral datasets and 
extracting statistically significant quan-
titative information (12).

Table I summarizes the recent lit-
erature of the past five years on imple-
menting spectroscopy-based analytical 
tools in downstream bioprocessing 
(13–29). The use of spectroscopic 
immersion probes as PAT tools in 
upstream microbial and mamma-
lian bioreactors has been extensively 
reported in the recent literature for 
identification and quantification of 
proteins, by-products, and substrates 
(30–32). However, their use in down-
stream processing is a more recent 
development. Near infrared spectros-
copy (NIRS), in particular, has been 
demonstrated to have a wide variety 
of potential applications in different 
downstream unit operations, includ-
ing capture chromatography (24), pro-
tein PEGylation reactions (25), and 
tangential flow ultrafiltration (26). 
These three case studies demon-
strate the versatility of NIRS as a 
PAT tool and showcase the common 
underlying framework of the differ-
ent applications, namely the collec-
tion of real-time spectra followed by 

comparison with spectral calibration 
libraries using multivariate statistical 
techniques. NIRS is demonstrated to 
be a reliable tool for acquiring rapid 
quantitative information in a range of 
downstream bioprocesses, and a key 
enabler for real time control. 

NIRS AS A 
DOWNSTREAM PAT TOOL
Case study 1:  
NIRS for controlled loading
Protein A capture chromatography is 
typically the first downstream step in 
manufacturing of monoclonal antibod-
ies (mAbs). One of the key difficulties 
in continuous Protein A chromatogra-
phy is handling variability in the titer 
of the upstream material. The prod-
uct titer is expected to change over 
time in the case of upstream perfusion 
cell culture systems (33). Even in the 
case of fed-batch processes, batch-to-
batch variability necessitates flexibility 

in the downstream capture step (34). 
An increase or decrease in the pro-
tein concentration in the load stream 
affects the dynamic binding capac-
ity of the Protein A resin, leading to 
changes in process performance (35). 
Over-loading the Protein A column 
with high-titer feed can lead to the 
loss of expensive mAb product, while 
under-loading decreases the resin uti-
lization of the Protein A resin, one of 
the most expensive consumables that 
has been reported to contribute to up 
to 60% of the costs of the downstream 
processing train (36).

The NIRS-based PAT strategy 
shown in Figure 1 has been used 
to address this challenge of handling 
potential titer variability in contin-
uous capture chromatography while 
maintaining resin utilization and pre-
venting both under- and over-loading 
(24). NIRS flowthrough cells placed 
in the loading stream and the out-

Downstream Processing

Type of 
spectroscopy

PAT monitoring/control 
application Reference

Multi-wavelength 
ultraviolet 

spectroscopy

Chromatography pooling decisions for 
separation of protein size, charge, and 

type variants 

Brestrich et al., 2015 (13)
Hansen et al., 2017 (14)

Loading of capture chromatography Rudt et al., 2017 (15)

Column failure detection in  
capture chromatography Brestrich et al., 2016 (16)

Monitoring of ultrafiltration  
and diafiltration

Ghodbane et al., 2019 (17)
Rolinger et al., 2020 (18)

Fourier transform 
infrared spectroscopy 

(FTIRS)

Chromatography pooling decisions  
for separation of protein size, charge,  

and type variants 

Grobhans et al., 2018 (19)
Sanden et al., 2019 (20)
Sauer et al., 2019 (21)

Monitoring of protein refolding Walther et al., 2014 (22)

Mid-infrared 
spectroscopy (MIRS)

Chromatography pooling decisions  
for separation of protein size, charge,  

and type variants 
Walch et al., 2019 (23)

Near-infrared 
spectroscopy (NIRS)

Loading of capture chromatography Thakur et al., 2019 (24)

Monitoring and control of  
PEGylation reactions Hebbi et al., 2020 (25)

Control of ultrafiltration and diafiltration Thakur et al., 2020 (26)

Raman spectroscopy

Loading of capture chromatography Feidl et al., 2019 (27)

Chromatography pooling decisions for 
separation of protein size, charge, and 

type variants 
Goldrick et al., 2020 (28)

Titer estimation post perfusion processes 
for downstream process adjustment Yilmaz et al., 2019 (29)

Table I. Summary of spectroscopy-based downstream process analytical technology 
(PAT) applications in recent literature.
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let of the load column were used to 
collect spectra of the harvest and col-
umn flowthrough every three seconds. 
These spectra were passed to online 
MVDA models calibrated with ref-
erence spectra to determine the con-
centration of mAb in the harvest and 
flowthrough to within ± 0.05 mg/mL. 
The real-time concentration data were 
used to calculate both the total mg of 
mAb loaded on the column as well as 
the percentage breakthrough from the 
column, and these were used to make 
control decisions to start and pause 
the loading in a three-column periodic 
counter current Protein A process on 
a continuous chromatography system 
(Cadence BioSMB, Pall). The normal 
operating range of the control system 
allowed for concentration variations in 
the harvest between 3–8 g/L, achieving 
optimal resin utilization as well as pro-
cess scheduling within this range. 

The NIRS-based PAT control strat-
egy was tested by inducing a range 
of linear and non-linear deviations in 
the load titer in real time. The devia-
tions were designed to closely simulate 

those which would potentially occur 
during a perfusion process. The NIR 
flow cells provided the advantage of 
monitoring not only loading but also 
changes in the column binding capac-
ity in real time, which is useful for 
providing early warning of resin deg-
radation or column quality issues and 
facilitating optimal loading without 
relying on adsorption isotherm models, 
which may not be valid after multiple 
cleaning cycles. The system allowed 
resin utilization to be maximized, low-
ering consumable costs by ensuring 
that the total protein processed per mg 
of resin was consistently maintained. 
The NIRS flow cells enabled online 
measurement of concentration and 
facilitated real-time control decisions 
for increased efficiency, flexibility, and 
agility of the continuous chromatog-
raphy process in the face of unex-
pected deviations. 

Case study 2: 
NIRS for monitoring/control
Protein modification with biocompat-
ible polymers, such as polyethylene 

glycol (PEG), is often used to improve 
the pharmacological properties and 
stability of biotherapeutics (37). 
Manufacturing of PEGylated drugs 
requires a PEG conjugation reaction 
to be carried out on the purified drug 
substance at the end of the down-
stream train (38). Proper control of 
the PEGylation reaction is critical to 
maximize PEGylation efficiency while 
minimizing the presence of over-PE-
Gylated variants. Various critical pro-
cess parameters affect PEGylation 
quality, including pH, reaction time, 
and the concentration and order of 
addition of the reactants (39). In the 
present case study, the PEGylation 
reaction of recombinant human gran-
ulocyte colony stimulating factor 
(rh-GCSF) was considered. The chal-
lenge was to monitor the PEGylation 
process trajectory and reaction kinet-
ics to flag potential deviations in real 
time, as well as to control the reaction 
quenching to optimize the produc-
tion of the desired monoPEGylated 
variant before its further conversion 
into undesired diPEGylated and 
multiPEGylated forms.

A few different PAT tools have been 
explored in the literature for monitor-
ing and control of PEGylation. Some 
researchers used at-line size exclu-
sion chromatography to monitor the 
progress of the PEGylation reaction, 
though this was not suited for real-
time control due to the long method 
run times of >30 minutes for an overall 
reaction time of one to two hours (40). 
Other researchers used at-line matrix 
assisted laser desorption ionization–
time of flight (MALDI–TOF) mass 
spectrometry for tracking the kinetics 
of PEGylation, though the time scale 
of analysis was again too long at over 
one hour (41). The use of NIRS as 
a PAT tool in the present case study 
overcame the bottleneck of analysis 
time and was able to track the con-
version of rhGCSF into its monoPE-
Gylated and multiPEGylated forms 
on a time scale of a few seconds (25). 

Downstream Processing

Figure 1. Near infrared spectroscopy (NIRS) as a process analytical technology 
tool for control of loading in continuous Protein A chromatography by monitoring 
load titer and column breakthrough percentage in real time. MVDA is 
multivariate data analytics.
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The NIRS spectra were acquired every 
three seconds and compared against a 
calibrated MVDA regression model, 
built using control runs of the reaction 
with orthogonal HPLC-based quan-
tification of the PEGylated variants. 
The spectra acquired during the con-
trol runs were also used to develop a 
multivariate batch evolution model of 
the ideal reaction trajectory. A flow 
chart of the NIRS-based PAT tool is 
shown in Figure 2.

The PAT tool was demonstrated 
in various control and deviated reac-
tion runs in which online spectra were 
acquired by the NIRS immersion 
probe and used not only for quantifi-
cation of the PEGylated variant, but 
also for comparison against the ideal 
reaction trajectory. This allowed pro-
cess deviations to be identified and 
flagged in case a statistically significant 
difference was found between the tra-
jectories of the current process versus 
the ideal one. A range of deviations 
were found to be identifiable by the 
PAT tool, including incorrect concen-
tration of chemical additives, incorrect 
ratio of PEG to rhGCSF, incorrect 
order of addition of the reactants, 
and incorrect quenching time. The 
impact of each deviation on CQAs 
of the PEGylation reaction product 
was characterized, and each resulted in 
lower product purity and process yield. 
The NIRS probe was demonstrated to 
provide critical real-time information 
and form the basis of a robust PAT 
tool for monitoring and control of the 
PEGylation reaction of rhGCSF. The 
overall approach is generalizable to 
other downstream reaction steps, such 
as enzyme reactions or esterification.

Case study 3: NIRS for control 
of retentate concentration
Tangential flow ultrafiltration (UF) is 
a key unit operation in downstream 
processing of biotherapeutics, used for 
concentrating and buffer exchanging 
the in-process drug substance into 
the desired target concentration and 

formulation of the final drug prod-
uct (42). This is typically the last unit 
operation prior to fill/finish and pack-
aging. The concentration of the bio-
therapeutic in the final drug product 
is a CQA determined solely by this 
unit operation, necessitating robust 
control. In batch mode, concentration 
is achieved by recirculating the drug 
substance held in a large tank through 
the UF membrane until the desired 
volume reduction is achieved (43). 
However, batch-mode recirculation is 
not possible in the case of constantly 
incoming flow streams in continuous 
processing. The solution is to use sin-
gle-pass UF in which the membrane 
module has a larger area and a long 
flow path, facilitating volume reduc-
tion of the feed stream in a single pass 
without the need for recirculation (44).

There are several operational chal-
lenges that must be overcome, however, 
to ensure that the retentate stream 
emerges from the single-pass tangen-
tial flow filtration (SPTFF) module 
consistently at the fixed target con-
centration. Reversible and irreversible 
membrane fouling as well as devia-

tions in the concentration of the 
incoming flow stream from prior unit 
operations, such as polishing chro-
matography, lead to changes in the 
concentration factor achieved in a 
single pass (45,46). Therefore, a PAT 
strategy is needed to monitor the 
concentration of the incoming feed 
stream and control the flux across the 
membrane, to ensure that the reten-
tate concentration does not vary over 
the course of the process. Researchers 
demonstrated a strategy leveraging 
in-line NIRS flow cells in the feed 
and retentate streams of an SPTFF 
module to make flux-based control 
decisions and ensure consistency in 
the retentate concentration, as shown 
in the schematic in Figure 3 (26).

The NIRS flow cells were able to 
measure the concentration of mAb 
in the range of 0.5–200 g/L, a sig-
nificant improvement over UV-based 
quantification methods, using suitably 
calibrated spectral libraries. The con-
trol decisions were made on the basis 
of the real-time NIRS data as well as 
a pre-characterized design space for 
the limits of maximum flowrates and 

Downstream Processing

Figure 2. Near infrared spectroscopy (NIRS) as a process analytical technology 
tool in PEGylation reaction of recombinant human granulocyte colony stimulating 
factor (rhGCSF) by monitoring concentrations of mono- and di-PEGylated 
species over time and tracking deviations in the process trajectory.
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concentration factors achievable for 
a given feed concentration and flow 
rate within the pressure limits of the 
membrane module. The NIRS data 
were analyzed, and closed-loop con-
trol established with a permeate pump 
and retentate valve, allowing flux con-
trol on the time scale of <1 second. 
Control and scheduling decisions were 
made for integrating the SPTFF step 
with the rest of the continuous down-
stream train and for ensuring timely 
cleaning. The overall PAT strategy 
was demonstrated over two 12-hour 
case studies. The NIRS monitoring 
sensors enabled the development of a 
robust PAT control strategy to ensure 
that retentate concentration targets 
were consistently met over long con-
tinuous campaigns. 

SUMMARY
The need for rapid, non-degenerative, 
and robust analytical tools will con-
tinue to grow as the biotherapeutic 
industry embraces the PAT and QbD 

paradigms. Spectroscopic sensors are 
uniquely suited to fulfill this need as 
spectral information can be collected 
in a few seconds and analyzed in mil-
liseconds using multivariate techniques. 
The spectra can yield a wealth of infor-
mation about the in-process sample, 
including quantification of multiple 
analytes and the overall health of the 
process compared to an ideal trajec-
tory. Spectroscopic applications in 
upstream microbial and mammalian 
cell cultures have grown exponentially 
in the past 10 years, and this can be 
expected to happen in the case of 
downstream unit operations in the near 
future. The rapidly growing interest 
in continuous downstream processes 
in both academia and industry will 
amplify this effect due to the unique 
real-time PAT control challenges that 
arise when batch-mode product qual-
ity testing is no longer an option. To 
truly bring spectroscopic applications 
into a manufacturing setting, however, 
the industry needs to gain confidence 

in the use of multivariate calibration 
models, which can only be done by 
having robust guidelines and frame-
works for spectroscopic model calibra-
tion, validation, and periodic checking 
to account for shifts in spectroscopic 
sensor data over months or years. More 
fundamental studies are also needed to 
draw clear relationships between bio-
therapeutic CQAs and their effect on 
spectral features, as has been done in 
the case of generic pharmaceuticals. 
Finally, the ability of spectroscopic sen-
sors to collect time-stamped spectral 
process signatures at high frequency 
over months or years is also a potential 
advantage that can be leveraged to cre-
ate large-scale manufacturing datasets 
providing deep process history infor-
mation, which can be of use to regula-
tory bodies.
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Figure 3. Near infrared spectroscopy (NIRS) as a process analytical technology tool 
for control of retentate concentration in single pass tangential flow ultrafiltration in 
continuous formulation of monoclonal antibodies (mAbs). UF is ultrafiltration.
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stainless-steel bioreactors with volumes 
greater than 3000-L to seed 10-L to 
15,000-L stainless-steel bioreactors 
operating in typical fed-batch. This 
allows maximum productivity in fed-
batch at large scale for commercial 
molecules while taking advantage of 
seed train intensification,” he says.  

Gebski also says that the seed train 
intensification process and outcome 
is the same whether stainless-steel 
reactors or single-use reactors are 
used. “Seed train intensification, 
and the benefits provided, continue 
to be demonstrated and clinically or 
commercially implemented in many 
mid-scale and large-scale cell culture 
processes,” she says. 

In addition, she makes the distinc-
tion that single-use components and 
technologies are implemented for their 
shorter implementation time, reduced 
equipment cleaning requirements, and 
ease-of-use. “Single-use has not paved 
the way for seed train intensification 
approaches, but rather single-use and 
intensified seed train approaches drive 
efficiency gains into the manufac-

turing process, regardless of bioreac-
tor type,” she states. The addition of 
closed, single use alternating tangen-
tial flow devices has simplified and 
expedited this adoption even further 
aligning with the trend towards single 
use facilities.

Meanwhile, as perfusion in the pro-
duction stage with continuous harvest 
of proteins becomes more adopted in 
the industry, the concept of scaling pro-
cesses out—as opposed to scaling pro-
cesses up—will unleash its full power, 
Verlenden states. “This will be only pos-
sible with extensive use of single-use 
bioreactors and components in order to 
maximize process flexibility,” he adds.

The use of single-use technologies 
is a key enabler of process intensifica-
tion overall, Verlenden also says, cit-
ing the Biophorum Operations Group’s 
technology roadmap issued in 2017 (1). 
He notes that the enabling benefit of 
single-use technologies is even more 
true in the seed train, where typical 
early stages are manual and open. 
The use of single-use technologies, 
such as HCDC bags, make the entire 
upstream process functionally closed, 
which ultimately reduces the burden 
and costs associated with environmen-

tal testing required for room classifica-
tion, he explains.

“The adoption of intensified seed 
train at larger scale—late-stage clin-
ical and commercial manufactur-
ing—remains slower than initially 
anticipated by the industry, and this 
is not necessarily because of a lack or 
inefficiency of single-use technolo-
gies,” Verlenden goes on to clarify. He 
explains that the long-standing percep-
tion within the industry is that media 
cost for implementation of perfusion 
in the seed train outweighs the benefits 
of increased throughput and process 
flexibility. “While a greater quantity 
of media is needed to run a N-1 bio-
reactor in perfusion, recent cost model 
data clearly show that the media price 
and cost have a [negligible] impact on 
the upstream manufacturing costs per 
grams of protein produced. A better 
understanding and use of process eco-
nomics modelling would likely alle-
viate this industry perception in the 
future,” he concludes.
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Quantitative remote monitoring for cell culture

No experiment can succeed without a foundation in quality cell 
culture. But don’t just take our word for it: The National Center 
for Advancement of Translational Sciences (NCATS), part of 

National Institutes of Health (NIH) official assay guidance manual 
emphasizes the importance of consistent cell culture quality to 
reliable assay results.

The challenge, though, is that routinely recording passages and 
confluency—both of which can influence cell physiology and 
phenotype—are often slow-moving and difficult manual tasks. And in 
busy labs, time and effort are money.

But while the cost of quality cell culture can be steep, the cost of 
a failed or inaccurate assay is even steeper. So if automating these 
routine processes maintains consistency and increases throughput 
while also reducing costs—well, who wouldn’t want to get onboard?

BioPharm International sat down with Brendan Brinkman, a member of 
the global life science strategy team in Olympus, to discuss these issues 
and more, including the importance of cell culture quality control for cell-
based assays, and how to make these tasks less time-consuming by using 
innovative new automated remote-monitoring and quantification tools.

BIOPHARM: Cell-based assays are a mainstay of pharma screening 
processes. Why is cell culture quality so important? What can  
go wrong?

BRINKMAN: Fundamentally, it’s about the reliability of assay results. 
There’s a whole host of things that can change if you allow cell culture 
to go past a certain level of confluency. Gene and protein production 
can be altered, cell phenotype can change, and depending on the 
type of culture, you can have differentiation to different cell types, 
especially when working with stem cells.

This is why so many assay manuals highlight the need to passage 
cells at a consistent level of confluency. In addition to confluency, 
though, there's also passage number: Some cell types really can only 
be passaged a few times before they change their properties. Even 
for immortalized cell lines, people are coming to realize that perhaps 
genetic-sequence testing to confirm cell type might be required.

In addition to that, contamination by mycoplasma can also alter cell 
phenotype and change the assay results. This sometimes also affects 
growth rate; if people aren't checking for mycoplasma regularly, 
they may notice something is wrong only through growth rate or 
phenotypic changes.

Get Your Time Back BIOPHARM: What is the standard cell culture 
process and what are the current issues in  
the process?

BRINKMAN: Typically, cell culture—and I have 
done a lot of it over the years, myself—can be a 
tremendously time-consuming and manual task 
requiring lab personnel to check cultures every day, 
removing a cell flask from the incubator, counting 
the cells, and checking for quality.

Once there’s some visual assessment of confluency, 
the culture is passaged, usually by a combination 
of trypsinization or cell scraping. Then you typically 
spin the cells down in a centrifuge, make some 
dilution and count the cells using a hemocytometer 
or other cell-counting device—finally creating a 
proper dilution to split into new flasks or for use in 
microplates for assays.

The cost of cell culture can be significant, but the 
cost of a failed or inaccurate assay can be even 
higher, especially if you’re using precious samples of 
some new drug that you’re trying to test.

BIOPHARM: What’s Olympus’ latest solution for 
cell culture?

BRINKMAN: Our latest solution is called the Provi 
CM20, a visual recording device that goes right into 
the incubator to continuously monitor cell cultures, 
taking pictures of them and quantifying them using 
machine learning—all without having either to take 
flasks out of the incubator or in some cases even 
leaving the house.

The four imaging heads can be powered by one 
system for four independent recording platforms. 
And one of the nice things about the design is that 
it allows you to stack flasks on top of each other—so 
the bottom flask could be your control flask, but 
there’s no imaging arm that hangs over the top, 
which means you’re not constrained. So it’s fairly 
safe and considerate in terms of saving space inside 
the incubator.

BIOPHARM: How does the solution address the 
issues in cell culture?

BRINKMAN: The Provi CM20 does several things. 
One, it provides a visual record of the cell culture in 
multiple positions. It has a small motorized head 
inside that moves to different areas of the flask or 
culture vessel, and it gives an unbiased recording of 
the visual field.

Two, the device quantifies the confluency and cell 
counts. It also has the ability to count colonies, 
which can be of particular interest to researchers in 
the stem-cell field.

Three, Provi CM20 streamlines the recordkeeping 
and growth-curve recording associated with the 
cell culture, so that you can easily compare culture 
quality and growth rates between successive 
cultures or cultures in different wells, for instance.

And most importantly, the device does this in a 
standard way, which takes some of the variability 
that can arise from subjective judgments of cell 
culture out of the equation.

Finally, by enabling all this remotely, Provi CM20 
saves time in the lab space and reduces exposure 
of cultures to non-physiological conditions that can 
arise while checking them—so you don’t have to 
move the cultures in and out of the incubator just to 
check them.

BIOPHARM: What trends do you see going forward 
in cell culture?

BRINKMAN: I think anything that improves the 
workflow and reliability of cultures will be important.

2D cell culture and cell-line growth is only 
increasing, and it's going to be an important part 
of the industry both in pharma and in academia 
for the foreseeable future. And the assay guidance 
manual from NCATS in NIH (which can be found 
from the National Center for Biotechnology 
Information bookshelf) has really made it clear 
that consistent quality in cell cultures is critical for 
reliable assay results.

So to the extent that we can automate these 
processes as much as possible to maintain that 
consistency and increase scientific throughput 
while reducing costs, those trends will clearly be 
actions that will be important to take going forward.

https://www.olympus-global.com
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especially when working with stem cells.

This is why so many assay manuals highlight the need to passage 
cells at a consistent level of confluency. In addition to confluency, 
though, there's also passage number: Some cell types really can only 
be passaged a few times before they change their properties. Even 
for immortalized cell lines, people are coming to realize that perhaps 
genetic-sequence testing to confirm cell type might be required.

In addition to that, contamination by mycoplasma can also alter cell 
phenotype and change the assay results. This sometimes also affects 
growth rate; if people aren't checking for mycoplasma regularly, 
they may notice something is wrong only through growth rate or 
phenotypic changes.

Get Your Time Back BIOPHARM: What is the standard cell culture 
process and what are the current issues in  
the process?

BRINKMAN: Typically, cell culture—and I have 
done a lot of it over the years, myself—can be a 
tremendously time-consuming and manual task 
requiring lab personnel to check cultures every day, 
removing a cell flask from the incubator, counting 
the cells, and checking for quality.

Once there’s some visual assessment of confluency, 
the culture is passaged, usually by a combination 
of trypsinization or cell scraping. Then you typically 
spin the cells down in a centrifuge, make some 
dilution and count the cells using a hemocytometer 
or other cell-counting device—finally creating a 
proper dilution to split into new flasks or for use in 
microplates for assays.

The cost of cell culture can be significant, but the 
cost of a failed or inaccurate assay can be even 
higher, especially if you’re using precious samples of 
some new drug that you’re trying to test.

BIOPHARM: What’s Olympus’ latest solution for 
cell culture?

BRINKMAN: Our latest solution is called the Provi 
CM20, a visual recording device that goes right into 
the incubator to continuously monitor cell cultures, 
taking pictures of them and quantifying them using 
machine learning—all without having either to take 
flasks out of the incubator or in some cases even 
leaving the house.

The four imaging heads can be powered by one 
system for four independent recording platforms. 
And one of the nice things about the design is that 
it allows you to stack flasks on top of each other—so 
the bottom flask could be your control flask, but 
there’s no imaging arm that hangs over the top, 
which means you’re not constrained. So it’s fairly 
safe and considerate in terms of saving space inside 
the incubator.

BIOPHARM: How does the solution address the 
issues in cell culture?

BRINKMAN: The Provi CM20 does several things. 
One, it provides a visual record of the cell culture in 
multiple positions. It has a small motorized head 
inside that moves to different areas of the flask or 
culture vessel, and it gives an unbiased recording of 
the visual field.

Two, the device quantifies the confluency and cell 
counts. It also has the ability to count colonies, 
which can be of particular interest to researchers in 
the stem-cell field.

Three, Provi CM20 streamlines the recordkeeping 
and growth-curve recording associated with the 
cell culture, so that you can easily compare culture 
quality and growth rates between successive 
cultures or cultures in different wells, for instance.

And most importantly, the device does this in a 
standard way, which takes some of the variability 
that can arise from subjective judgments of cell 
culture out of the equation.

Finally, by enabling all this remotely, Provi CM20 
saves time in the lab space and reduces exposure 
of cultures to non-physiological conditions that can 
arise while checking them—so you don’t have to 
move the cultures in and out of the incubator just to 
check them.

BIOPHARM: What trends do you see going forward 
in cell culture?

BRINKMAN: I think anything that improves the 
workflow and reliability of cultures will be important.

2D cell culture and cell-line growth is only 
increasing, and it's going to be an important part 
of the industry both in pharma and in academia 
for the foreseeable future. And the assay guidance 
manual from NCATS in NIH (which can be found 
from the National Center for Biotechnology 
Information bookshelf) has really made it clear 
that consistent quality in cell cultures is critical for 
reliable assay results.

So to the extent that we can automate these 
processes as much as possible to maintain that 
consistency and increase scientific throughput 
while reducing costs, those trends will clearly be 
actions that will be important to take going forward.
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Finding Success in AAV Manufacturing
Homology Medicines discusses how the clinical-stage biopharmaceutical 

company met its need for supply of adeno-associated virus vectors.

JENNIFER MARKARIAN

G ene therapy is a young and growing industry, 
and suppliers have been working to meet the 
demand for flexible manufacturing capacity to 

produce the viral vectors needed for clinical trials and 
commercialization of gene therapies. “Innovations in 
manufacturing are a key driver of the success of these 
products,” says Tim Kelly, chief technical officer of 
Homology Medicines. The clinical-stage biopharmaceu-
tical company is addressing rare genetic diseases using 
its proprietary technology platform, which is based on 
a novel set of adeno-associated virus (AAV ) vectors 
derived from human hematopoietic stem cells for either 
nuclease-free gene editing (inserting a corrected gene 
into a person’s DNA) or gene therapy (transferring cor-
rected genes to specific cells in a person’s body). In 2018, 
the company built its own good manufacturing practice 
(GMP) manufacturing facility for internal production 
of its AAV vectors, beginning with 500-L bioreactors 
and scaling up to 2000-L bioreactors in 2019. BioPharm 
International spoke with Kelly about the challenges of 
AAV manufacturing and the benefits they have found in 
having a flexible facility using single-use technology. 

AAV MANUFACTURING
BioPharm: What do you see as the top challenges with 
AAV manufacturing today?

Kelly (Homology): Unlike the manufacturing of small 
or large molecules, AAV manufacturing presents a different 
and novel set of challenges. Some of these challenges led 
us at Homology to our early decision to develop our own 
in-house manufacturing and process development capabil-
ities. These challenges include the practical availability of 
capacity; physical and technical expertise; and the breadth 
of technical difficulties associated with developing novel 
technologies and the learning curve required. Yes, there are 
growing contract development and manufacturing orga-
nizations (CDMOs) that can assist, but we believe that 
owning, controlling, and executing all of the development 
and manufacturing processes allows us to accelerate and 
better control that steep learning curve. We do continue to 
work with external partners, but having our own internal 
capabilities provides us the opportunity to be in full control 
of our own destiny. 

Another challenge facing the industry is the limited expe-
rience and expertise with gene therapy manufacturing plat-

Manufacturing
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Event Overview
The analysis of aggregates of therapeutic proteins is crucial 
to ensure efficacy and patient safety. Typically, the analysis is 
performed in the finished formulation to ensure that aggregates are 
not present. An important question is, however, what happens to 
therapeutic proteins, with regard to oligomerization and aggregation, 
after they have been administrated intravenously. 

This webinar features a demonstration of the separation of whole 
blood, plasma, and serum using asymmetric-flow field-flow 
fractionation (AF4) with a minimum of sample pre-treatment. The 
analysis of therapeutic antibodies in blood plasma using AF4 with 
fluorescence and surface plasmon resonance (SPR) detection is 
demonstrated in pre-clinical research with further potential for use 
in clinical trials, following implementation of appropriate quality 
systems. The results show the suitability and strength of AF4 for 
blood protein analysis and opens new important routes for the 
analysis and characterization of therapeutic proteins in blood.

Key Learning Objectives
•  How AF4 separates biological fluids to obtain fractions enriched 

in therapeutic proteins and their aggregates
• Recent advances in AF4 instrumentation
•  How protein size distributions in serum and plasma are studied 

using AF4-enriched fractions with fluorescence detection or SPR, 
close to native conditions and with minimal sample preparation
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•  Protein chemists with an interest in characterizing protein  
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forms and techniques. Organizations 
cannot rely solely on systems and work-
flows of the past but need to hire a team 
of experienced technical operations 
experts who are willing to contribute 
to building a new set of expertise. At 
Homology, we intentionally challenged 
the ‘old way’ of thinking and developed 
a model that fits our needs across our 
development and preclinical pipeline 
of gene therapy and nuclease-free gene 
editing programs. We are fortunate to 
have on our team some of those who 
were responsible for the first FDA-
approved single-use bioreactor, and they 
bring that know-how to our in-house 
process development and manufactur-
ing operations. This unique advantage 
enables us to leverage these experiences 
and insights across our dual platform 
and continues to inform the develop-
ment of new treatments.

I am hopeful that as more focus is 
directed toward efforts on potential 
one-time treatments, key learnings 
will continue to drive gene therapy 
manufacturing advances. In fact, it 
should be expected that the AAV 
manufacturing learning curve will be 
faster than previous learning curves 
in the biotech industry.  

BioPharm: What is the role of 
analytical methods in AAV process 
development and manufacturing? 
Can you share any best practices you 
have developed?

Kelly (Homology):  Since we 
focus on rare genetic diseases, there is 
potential for a quick transition from 
the early development phase to a reg-
istrational trial followed by approval 
and commercialization. Because of 
this need for speed, Homology 
invested early on in robust analyt-
ical development capabilities and a 
platform model that produces reliable 
data, which allows us to quickly iden-
tify opportunities for improvement 
while gaining vital process character-
ization knowledge. In fact, our early 
analytical methods inform develop-
ment at every step along the way, and 

they are crucial to driving learning 
and understanding our AAV vectors.

Start early and utilize platform 
methodologies are the two best pieces 
of advice I can give as it relates to ana-
lytical development. Anticipate that 
regulators will continuously increase 
requirements and expectations, and 
definitely plan to qualify methods as 
early as possible. Additionally, being 
able to apply these methods across all 
your programs and platforms will help 
expedite the development timelines for 
early phase programs.

We have developed 43 assays that 
we use across products for yield, purity, 
and more broadly, characterization. 
Our analytical development team 
uses these methods to test our con-
structs and check for any differences. 
Analytical development capability and 
implementation is vital to drive quality, 
consistency, and learning.  

IN-HOUSE VS. OUTSOURCED 
MANUFACTURING
BioPharm: Can you explain some of 
the pros/cons you considered in mak-
ing the decision to do AAV manufac-
turing in-house? 

Kelly (Homology): When consid-
ering the decision to build AAV manu-
facturing in-house, we were fully aware 

of the expense associated with build-
ing internal process development and 
manufacturing, and the potential chal-
lenges of convincing the Board and 
others that investing early on is the 
best strategy. When contemplating this 
decision, we looked at the gene therapy 
industry as a whole, and the reality 
was that the industry was booming. 
While the technology is still quite 
emerging, there are over 200 clinical 
trials with AAV-based therapies. What 
did this mean for us? It became clear 
that we wanted to ensure control over 
timelines and drive the mastering of 
this new technology without having 
to worry about capacity and compet-
ing interests. We searched for a space 
where we could operate under the 
same roof as our research and pro-
cess development labs. We chose to 
locate our corporate headquarters in 
Bedford, MA, where there was greater 
access to space. We built our 25,000-ft2 
internal GMP manufacturing facility 
in 12 months from design to operation 
alongside our corporate headquarters. 
This was indeed a large investment, 
especially when we were still a pre-
clinical company, but it has proven to 
be a key strategic asset of Homology, 
especially during the pandemic, which 
has significantly impacted companies 
that are reliant on external sources that 
are experiencing major capacity con-
straints. At this point, it is difficult 
to imagine a world where we are not 
operating our own vector production 
capabilities and forging our own path 
forward in our internal facility that we 
have built to support all of our gene 
therapy and gene editing programs. 

Furthermore, it is clear that a great 
source of value for our company is the 
ability to learn, master, and leverage 
our internal vector capabilities. These 
capabilities allow us to develop, learn 
from, and optimize methods and pro-
cesses supporting an integrated system 
that works best for our technology. For 
example, starting in 2019, we executed 
a 2000-L bioreactor scale with our 

Manufacturing
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HEK293 serum-free suspension plat-
form. This project would have taken 
many more years to accomplish if not 
done internally.

BioPharm: What were the keys 
to success in building and starting up 
your GMP facility?

Kelly (Homology): The most 
important key to success is building a 
strong and experienced team who are 
hungry to rapidly learn and who are 
in complete alignment with our ‘One 
Homology Team’ ethos. When building 
and running our GMP facility, we bene-
fited from incorporating learnings from 
the industry and our own internal expe-
riences to develop ‘Homology best prac-
tices.’ By establishing these, we were able 
to avoid adopting bad habits in manu-
facturing genetic medicines. Another key 
to success includes having our own data 
readily available, as data-driven decisions 
are crucial and often time-sensitive. We 
also saw the immediate value of invest-
ing in our team. We understand that 
manufacturing is just as essential as our 
research and development efforts, and our 
technical operations team has grown in 
line with the importance we place on the 
function. We built a core team of employ-
ees who are innovative thinkers and team 
players and who have the proven techni-
cal and operational experience. 

An important thing to consider 
when beginning to manufacture AAVs 
is to determine the most appropriate 
process. After evaluating a variety of 
systems, we saw several advantages of 
using a HEK293 cell transfection sys-
tem, which demonstrates proven perfor-
mance and is a faster and more simple 
and consistent system. In a head-to-head 
study, our data showed that with our 
vectors, the HEK293 system resulted in 
superior in-vitro infectivity and in-vivo 
efficacy compared to a baculovirus pro-
cess (1). With this system, we have exe-
cuted a 2000-L bioreactor scale using 
Homology’s commercial manufacturing 
platform process and showed clear and 
linear scalability of our HEK293 plat-
form. Although not aligned with general 

industry assumptions claiming that this 
type of manufacturing system may not be 
as robust or easily scaled, our data-driven 
analysis proved that this was the most 
beneficial system for our gene therapy 
and gene editing programs.

BioPharm: What benefits do you 
see in having CDMO partners in addi-
tion to your in-house manufacturing? 
What do you see as the key require-
ments for an outsourcing partner?

Kelly (Homology): As we planned 
ahead, having a dual source was advanta-
geous. We knew it was important to have 
strong partnerships with CDMOs to 
complement our internal efforts and stay 
adaptable as Homology grows. Selecting 
a CDMO that fits the company’s evolv-
ing needs and can align culturally is par-
amount to the continued success of the 
collaboration. Our selection process is 
a lengthy one of looking at the timely 
supply to meet the needs of our programs 
and assessing their strengths with the 
intention of building a long-term rela-
tionship. Over time, the trust and mutual 
respect between the companies becomes 
increasingly valuable as we advance our 
programs, including the world’s first phe-
nylketonuria gene therapy clinical trial, 
pheNIX, and prepare for potential com-
mercialization.

FLEXIBLE FACILITY
BioPharm: What have you seen as the 
benefits of using single-use systems and a 
flexible facility design?

Kelly (Homology): I can’t empha-
size enough the benefit of our single-use 
bioreactor system that serves both our 
gene therapy and gene editing programs, 
truly allowing us to accelerate timelines 
in a highly efficient manner. Our sin-
gle-use containers and systems, which are 
clean, sterile, and fully closed off from the 
environment, result in a fast and flexible 
manufacturing process, as we do not need 
to have downtime for cleaning or other 
things that would be required with a dif-
ferent system. 

BioPharm: What are the key tech-
nologies that have allowed you to create a 
flexible facility? 

Kelly (Homology): We designed 
a facility that is right-sized for 
Homology as we are today, with the 
ability to expand in the future as 
needed. Our single-use technology 
allows for rapid turnaround times, and 
we have semi-automated systems to 
balance robustness and flexibility. For 
us, speed and ability to rapidly inte-
grate learnings were at the forefront of 
our internal capacity expansion strategy.  

Overall, we have established a high 
quality, reproducible, commercial-scale 
manufacturing platform. We have 
developed a comprehensive ‘plug-and-
play’ system, whereby we can switch out 
capsids and transgenes as needed across 
our gene therapy and gene editing pro-
grams. This platform now includes the 
execution of more than 450 unique 
constructs and is now approaching 600 
unique suspension lots. Not having to 
reinvent the wheel for each new product 
allows for greater efficiencies and may 
benefit patients over time by reducing 
product development and potential 
commercialization timelines.  
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Biotech innovations using flow cytometry

For close to a century, flow cytometry has been a bedrock 
analytical technique for measuring everything from protein 
expression to a cell’s health status. In fact, it’s hard to imagine a 

biotech laboratory functioning productively without it.

In today’s biotech field, moving quickly and getting things right the first 
time is imperative to successful research and discovery (R&D). That’s 
where even trusty flow cytometry can run up against some big asks, 
including the need to reduce errors, ensure reproducible results, and 
maximize throughput so as to minimize hands-on time with confidence.

Fortunately, moving quickly and getting things right the first time are 
also the driving forces behind emerging innovations in flow-cytometry 
instrumentation. We sat down with Jolene Bradford, flow cytometry 
senior product manager at Thermo Fisher Scientific to discuss how 
these novel instrument solutions are suited to meet today’s biotech 
needs to make lab life that much easier—and more productive.

BIOPHARM: How is flow cytometry being used in the biotech  
field today?

BRADFORD: Flow cytometry is a powerful tool that can be used in many 
cell analysis applications, from immunophenotyping to other cell-based 
assays such as proliferation, differentiation, cell death, and viability.

Key advantages of flow cytometry are the ability to analyze single cells—
measuring many targets on individual cells at the same time—and the 
ability to collect information from millions of cells relatively quickly.

In biotech today, enhancing process productivity with advanced high-
throughput solutions is essential.

BIOPHARM: What are other important considerations when using 
flow cytometry in biotech today?

BRADFORD: Cells are the heart of biotechnology, and the ability to 
examine thousands of single cells reveals cellular heterogeneity and 
the ability to examine biology in greater detail.

In biotech, it’s all about production, productivity, and efficiency—
that is, maintaining uptime and having the ability to scale, all while 
maintaining high-quality data and ensuring regulatory compliance.

It’s also about keeping costs down while minimizing risk. So the ability 
to move forward quickly with confidence is important.

One major headache for traditional flow cytometry users has been 
clogging of the instrument, which causes downtime as well as issues 

Getting it Right the First Time with reliability. Another challenge is having platform 
flexibility, and knowing how best to automate the 
flow cytometry workflow.

BIOPHARM: How is Thermo Fisher Scientific 
working to address these priorities?

BRADFORD: The InvitrogenTM AttuneTM NxT flow 
cytometer is an innovative instrument that’s 
efficient, flexible, and transformative.

The differentiating feature of the Attune NxT 
cytometer is the use of acoustic sound waves to 
align cells directly with the laser. This gives a high 
degree of precision and consistency and enables the 
use of higher acquisition rates. Decreased runtime 
means more data per day, and acoustic focusing 
provides faster time to results. 

The Attune NxT also has a clog-resistant design 
to boost success. The sample is delivered by a 
positive-displacement syringe pump. Along with 
the acoustics and fluidics design, this gives the 
instrument stability and clog resistance so you can 
run difficult samples and even walk away without 
fear of clogging. The result is reliability and uptime.

Flexible options are available with multiple 
instrument configurations that are upgradable 
so that users can futureproof their investment. 
The Attune NxT can also add automation with the 
CytKickTM Max Autosampler for 96-well or 384-
well plate processing. The autosampler device has 
effective sample mixing that’s gentle to cells, while 
also having robust rinsing between sample wells to 
reduce carryover. And for those needing regulatory-
compliant electronic records and signatures, 
Thermo Fisher offers 21 Code of Federal Regulations 
Part 11-compliant software.

Finally there are options to add full robotic 
integration with the Orbitor RS2 microplate mover 
and Cytomat 2 automated incubator, which include 
the Momentum workflow software. Customers can 
partner with Thermo Fisher to optimize systems to 
their specifications, workload, and objectives.

BIOPHARM: What are the main benefits of using 
automation in flow cytometry?

BRADFORD: Automation enables faster runtimes, 
so data is available more quickly. That means that 
data analysis can be performed by a scientist who 
isn’t burdened with hands-on running of samples. 
In fact, reducing the time in which a user has to 

perform manual tasks is often cited as the most 
beneficial outcome of automation.

While there’s been a common misconception 
that to justify automation there must be a certain 
throughput need, what we now realize is that even 
in low-throughput environments—running only a 
few plates per day—there’s still value in allowing 
scientists to focus on other more meaningful 
tasks, like analyzing data. So even some level of 
automation helps.

Ultimately, we see better data quality. This comes 
from uniform sample handling, with greater 
reproducibility and reduction in errors—and that 
means the ability to deliver robust results quickly in 
less time. With this comes the ability to make those 
critical data-driven decisions quickly.

Finally, automation allows for flexibility to scale for 
different stages in the pipeline, from early R&D all 
the way through to commercialization.

BIOPHARM: What partnership opportunities does 
Thermo Fisher offer?

BRADFORD: We’re committed to helping every lab 
achieve success to ensure its system integration is 
optimized for accuracy, productivity, and performance. 
We have experts who will collaborate with you, and 
who understand your needs and can help guide you 
to a solution that fits. Our priority is finding exactly the 
right solution to suit each customer.

In addition to robotics and instruments, Thermo 
Fisher offers the unique advantage of providing 
automation-friendly reagents and consumables for 
an even more unified solution.

BIOPHARM: How do you envision flow cytometry 
being used in the future?

BRADFORD: We’ll continue to see innovation 
in instrumentation to detect more targets and 
perhaps offer new ways of looking at cells. And I see 
innovation in the development of newer reagents to 
accompany these instrument advances.

I also see having the ability to provide benefits 
beyond the products—such as technical and 
educational support from experts to help customers 
accelerate their innovation and productivity.

https://www.thermofisher.com/us/en/home.html
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While there’s been a common misconception 
that to justify automation there must be a certain 
throughput need, what we now realize is that even 
in low-throughput environments—running only a 
few plates per day—there’s still value in allowing 
scientists to focus on other more meaningful 
tasks, like analyzing data. So even some level of 
automation helps.

Ultimately, we see better data quality. This comes 
from uniform sample handling, with greater 
reproducibility and reduction in errors—and that 
means the ability to deliver robust results quickly in 
less time. With this comes the ability to make those 
critical data-driven decisions quickly.

Finally, automation allows for flexibility to scale for 
different stages in the pipeline, from early R&D all 
the way through to commercialization.

BIOPHARM: What partnership opportunities does 
Thermo Fisher offer?

BRADFORD: We’re committed to helping every lab 
achieve success to ensure its system integration is 
optimized for accuracy, productivity, and performance. 
We have experts who will collaborate with you, and 
who understand your needs and can help guide you 
to a solution that fits. Our priority is finding exactly the 
right solution to suit each customer.

In addition to robotics and instruments, Thermo 
Fisher offers the unique advantage of providing 
automation-friendly reagents and consumables for 
an even more unified solution.

BIOPHARM: How do you envision flow cytometry 
being used in the future?

BRADFORD: We’ll continue to see innovation 
in instrumentation to detect more targets and 
perhaps offer new ways of looking at cells. And I see 
innovation in the development of newer reagents to 
accompany these instrument advances.

I also see having the ability to provide benefits 
beyond the products—such as technical and 
educational support from experts to help customers 
accelerate their innovation and productivity.
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Increases in Manufacturing Capacity 
Target Vial and Syringe Shortages
While manufacturing increases have been implemented for vials and 

syringes, meeting future market needs remains unpredictable.

FELIZA MIRASOL

W ith some COVID-19 vaccines being released 
under Emergency Use Authorization by regula-
tory bodies, the challenge now is having enough 

doses to serve the market. Among the supply challenges the 
industry must contend with is a perception that components 
such as syringes and vials in which the vaccines will be pack-
aged are in short supply. However, the situation is not so dire, 
and manufacturers of these components have begun steps to 
increase manufacturing capacity.

Lawrence Ganti, president and chief business officer of SiO2 
Materials Science, notes that there continues to be some issue 
with supply, although the situation has changed. “Some of the 
vial and syringe manufacturers have re-prioritized their sup-
ply to support the vaccines that have come to market,” he says. 
However, the next wave of vaccines is being told as having long 
lead times, upwards of six months, and it will not only be a sup-
ply issue. “Some of these new vaccines have challenges with their 
formulation, which make traditional glass less than ideal,” he says.

A company official for Becton, Dickinson and Company 
(BD), a global medical technology company, says that, while 
some product categories are in tight supply, there is not cur-

rently a shortage of needles and syringes as an overall category, 
and no shortage of syringes that are appropriate for vaccinations. 

“BD has received orders for more than 1 billion injection devices, 
which include the needles and syringes, across the world to 
support global COVID-19 vaccination planning efforts,” the 
official notes. These orders reflect commitments from coun-
tries, including the United States, Australia, Belgium, Canada, 
Germany, the Netherlands, Saudi Arabia, Spain, and the United 
Kingdom, among several others, as well as non-governmental 
organizations that are supporting vaccine deployment for devel-
oping countries, the official states.

The BD official explains that shipments for these orders 
are already underway, and more than 400 million injection 
devices have been delivered around the world to date, with 
the remaining orders to be delivered between now and the 
end of 2021 to support vaccine administration. “We also 
continue to plan supply capabilities to ensure maximum 
volumes can be dedicated to COVID-19 efforts while 
minimizing disruption for routine health care and normal 
vaccination efforts, such as childhood immunizations and flu 
vaccines,” the official says.
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Fabian Stöcker, vice-president global 
strategy and innovation at SCHOTT 
Pharmaceutical Systems, has a steadfast 
view. “The fact that the vast majority 
of COVID-19 vaccine projects rely on 
borosilicate glass shows that the material 
is the best suited option for numerous 
formulations. We understand that the 
thought of vaccine distribution being 
hampered by the availability of glass 
vials appears alarming, but once you gain 
a deeper understanding of the supply 
chain, you will find that the process is 
well tuned-in,” he states, explaining that 
a packaging supplier is part of the devel-
opment of a vaccine from the beginning. 
Hence, the supplier would know months 
ahead what container and quantity will 
be needed for which drug product, giving 
enough room to prioritize production. 

“With regard to COVID-19, the 
pharma companies told us about their 
project timelines in early 2020, and we 
have been (and will be) delivering the 
required quantities when they need them. 
This ranges from a few (hundred) thou-
sand vials for the clinical trials, to indus-
try-scale supply in the range of millions 
later on,” Stöcker says. 

He emphasizes that SCHOTT sees 
the sourcing of COVID-19 vaccine com-
ponents as a joint task in the industry. 
The fact that all major glass and packag-
ing providers had made significant invest-
ments to expand capacity before the 
pandemic and considering the timeline of 
vaccine development, SCHOTT is opti-
mistic that adequate supply with glass 
vials can be achieved, Stöcker says. “In 
other words, if the industry pulls together, 
we are optimistic that the goals can be 
met,” he notes. 

Fran DeGrazio, chief scientific officer 
of West Pharmaceuticals, also takes an 
optimistic tone, saying that the industry 
is responding positively by increasing 
capacity in vial and syringe—and related 
components—manufacturing. “Specific 
to West Pharmaceutical Services, we are 
fortunate to have an assortment of man-
ufacturing capability across the globe for 
both elastomers and seals manufacturing. 

We had plans for further capacity expan-
sion, but the onset of the COVID-19 
situation accelerated those plans,” she 
states. West has also focused on acceler-
ating the startup and utilization of new 
equipment and capacity to address the 
increased COVID-19 demand, she adds.

A LOOK AT INCREASES
Recent investments in manufactur-
ing capacity include Corning, BD, 
and SiO2. In June 2020, Corning 
was awarded $204 million by the 
Biomedical Advanced Research and 
Development Authority (BARDA), 
part of the Office of the Assistant 
Secretary for Preparedness and Response 
at the US Department of Health and 
Human Services, through its partner-
ship with the Department of Defense’s 
Joint Program Executive Office for 
Chemical, Biological, Radiological and 
Nuclear Defense and Army Contracting 
Command. Under the contract, Corning 
was tasked with expanding its domestic 
manufacturing capacity for its glass vials 
for COVID-19 vaccines (1).

In July 2020, SiO2 completed the 
scale up of their manufacturing capacity 
to 400 million doses and are on track to 
hit 1.2 billion capacity before the end 
of 2020 (2) after receiving a $143-mil-
lion contract from the US government 
in June (3). BD, meanwhile, announced 
a $1.2-billion investment in December 
2020 over the course of four years to 
expand and upgrade manufacturing 
capacity and technology for pre-fillable 
syringes and advanced drug delivery sys-
tems. The project will span across the 
company’s six global manufacturing loca-
tions and includes the addition of a new 
manufacturing facility in Europe (4). 

“Since the start of the COVID-19 
pandemic, BD has been working around 
the clock discussing needs with govern-
ments across the world and running nee-
dle and syringe production lines 24/7,” 
the BD official says. The company has 
also been working to support immediate 
efforts for COVID-19 vaccinations and 
is also working on a long-term strategy 

to ensure global readiness for future pan-
demic vaccination efforts. 

“We are partnering with the US gov-
ernment on a $70-million capital project 
to further expand our operations and 
manufacturing capacity in Nebraska. 
This is expected to be online this sum-
mer, and, once completed, the federal 
government will have priority access 
to hundreds of millions of injection 
devices to support vaccination efforts for 
COVID-19 and future pandemics,” the 
BD official states.

To a certain extent, recent capacity 
upgrades will be sufficient, but the sup-
ply situation is dependent on how the 
real market evolves, cautions Ganti. “How 
many doses and how often? How many 
vaccines actually make it to market? We 
tend to forget that there has been so 
much prioritization towards COVID vac-
cines, that even with the added supply of 
vials and syringes, we need to also remem-
ber that there are other medications that 
require the same vials and syringes. Thus, 
you likely won’t hear much about vial 
shortages for the vaccines, but we will 
start to hear about vial shortages for other 
medications,” he forewarns.

SCHOTT, meanwhile, had set up 
an investment program in 2019, which 
enables the company to ramp up pro-
duction in its global production network 
quickly, says Stöcker. Stöcker notes that 
the company’s $1-billion investment 
program in its pharmaceutical business 
is in full swing despite the pandemic. 

“Many new lines are already up and run-
ning, and, by the end of 2021, we will 
have already implemented 50% of these 
projects,” he states. 

“Another thing to remember is that 
with COVID-19, time is a luxury the 
world doesn’t have,” Stöcker continues. 
“It makes sense for pharma companies 
and authorities to rely on existing infra-
structure that can be ramped up quickly, 
and to use tried-and-true packaging 
materials such as borosilicate glass vials 
for two reasons. Firstly, pharma compa-
nies know how the glass behaves with 
regard to specific drug compositions and 
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buffer solutions. Secondly, they have 
been processing it on their filling lines 
for a long time, meaning that no adjust-
ments or re-validation by the authorities 
would be necessary to fill a COVID-19 
vaccine,” he adds. 

SUPPLY CHAIN VULNERABILITY
Ganti notes that the entire supply chain 
is constrained. Although raw materials 
for glass, for instance, are certainly being 
enhanced, it takes time to bring on glass 
tubing capacity. Rubber supplies as 
well are starting to feel a constrain, he 
says. “The biggest realization is for the 
smaller guys and second and third wave 
of vaccines. The big glass manufactur-
ers are asking for large upfront pay-
ments and/or lead times upwards of six 
months. That might be fine for a large 
corporation, but it is rather difficult for 
the smaller innovative companies who 
are trying to bring their vaccine or ther-
apy to market,” he states.

Early planning and preparation are 
critical, the BD official emphasizes. 
Planning ahead provides the best oppor-
tunity for the global industry to manu-
facture the number of devices required 
to be ready for mass vaccination pro-
grams, the official explains. As an exam-
ple, BD was already starting to ramp 
up production as early as April 2020, 
primarily for devices to support flu vac-
cination—because flu vaccine demand 
typically increases drastically during or 
after a pandemic. “From that point, BD 
partnered with governments to learn 
what specific needs they have and help 
educate them to place orders as early as 
possible,” the official notes.

SCHOTT, meanwhile, is in a more 
secure position, because the company 
itself produces the pharmaceutical glass 
tubing for vaccine packaging and is also 
able to adjust the capacities for glass 
production in advance. “This also ben-
efits packaging manufacturers who do 
not have their own glass production 
facilities,” Stöcker says.

“Of course, there are many aspects 
that need to come together to meet pro-

duction requirements,” adds DeGrazio. 
“When you consider the full supply chain, 
the storage of many of these vaccines 
occurs at ultra-low or frozen tempera-
tures. A most significant challenge for 
these is distribution and storage under 
the defined conditions to assure vaccine 
efficacy. There must be enough capacity 
from a transportation standpoint and for 
storing the vaccines under the appropri-
ate conditions at the site where they will 
be given,” she states.

FUTURE NEEDS
As the rollout of different COVID-19 
vaccines progresses gradually, the future 
sourcing situation for vials and syringes 
remains uncertain and a bit complex. 

The different pharma companies’ vac-
cination programs show great variations, 
Stöcker points out. He explains that 
some companies want to package a sin-
gle dose in a small vial, while others want 
to package five doses or more in a larger 
vial. “Consequently, the mere number 
of glass tonnage or vials doesn’t give 
too much of an indication of the supply 
situation. That is why we have decided 
to talk about vaccine doses rather than 
packaging units,” he says. 

“If you add up the volume of the 
COVID-19 vaccine projects we are 
involved in, we are supplying vials for 
around 2 billion doses of the COVID-19 
vaccine. These include projects that you 
hear about in the media. The delivery 
will take place in several project phases; 
this ranges from a few (hundred) thou-
sand vials for the clinical trials, to indus-
try-scale supply in the range of millions 
later on,” Stöcker adds.

Ganti says that trying to antici-
pate the number of vials and syringes 
needed in the future is a fuzzy prediction. 
Predicting numbers is a balance game, 
first taking into consideration the needs 
of pharma companies looking to have 
multi-dose vials initially and then even-
tually moving on to more convenient 
options. “There is also the challenge 
of making the actual drug product and 
ensuring distribution to the end patient. 

We will still require billions of vials and 
syringes to meet the global demand for 
the vaccines. Do we have enough? For 
some, yes. Can we do more? Absolutely,” 
he says.

BD’s understanding of the sourc-
ing situation, based on the company’s 
engagement with different governments, 
is that countries are preparing for a 
two-shot injection of a COVID vaccine. 
“There is clearly a lot of variability in the 
timing of vaccine availability and uptake 
that impact the planning process. While 
we can’t comment on the exact number 
of vials and syringes required, we are in 
continued discussions with governments 
and non-governmental organizations to 
support short and long-term needs that 
will enable the delivery of vaccinations 
around the world,” the BD official states.

“As a major supplier to the industry, 
I can tell you that we are working very 
closely with all our customers to under-
stand their demands,” adds DeGrazio. 

“As for dosing per vial and how many 
vial systems or syringe systems are 
needed, this is something that each 
pharmaceutical company must under-
stand based on their specific vaccine and 
their fill/finish capacity. Based on their 
needs, they would work with their sup-
pliers to assure that the proper materials 
are available for use,” she states.
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How to drive efficiency in your lab.
As the biopharmaceutical industry shifts focus from blockbuster drugs 
to therapeutics targeting specific patient populations, the market for 
biologics is evolving along with it. Batch sizes are decreasing even as 
global footprints are expanding, creating a need for even more efficient 
and lower cost manufacturing processes. Here, Richard Mirro, business 
manager at the Bioprocess Center of Eppendorf AG, explores how 
smart bioprocessing can help labs adapt to today’s demands, driving 
efficiency while making the development and production of next-
generation molecules not only more economical, but also more reliable.

BIOPHARM INTERNATIONAL: How can we improve laboratory 
productivity as we head into the future?

MIRRO: Improving the efficiency of laboratories requires the 
implementation of smarter products. Within that concept lies the 
intelligent integration of devices and peripherals like software and 
consumables—all of which enable ease of use and optimization across 
the entire bioprocess workflow. The idea is similar to how consumer 
products talk seamlessly with each other. For example, most printers 
can be plugged in and used almost immediately, regardless of the 
type of computer they’re connected to. This integration is made 
possible through standardization, which allows various types of 
equipment to communicate on a common platform.

A similar effort is being made in today’s bioprocessing industry, where 
many companies are using standard communication protocols to 
establish a consistent language regardless of the nuances of the 
individual programmers in those companies.

Ultimately, the result is that instruments across a laboratory workflow, 
like freezers, incubators and even bioreactors, can communicate 
and operate seamlessly. And as a benefit, observations within those 
devices can be made across the entire digital workflow, providing 
information about instrument usage, performance and more. With 
this, endless optimizations are possible to improve overall utilization.

BIOPHARM INTERNATIONAL: How will “smart labs” of the future 
affect how we work with data?

MIRRO: Bioprocessing generates reams of data, and the ability to 
use this data through digitalization could be tremendously valuable. 
And it could be done in a few ways. Artificial intelligence, or a form 
of adaptive control mechanisms, could be implemented where 
products help to fine-tune their own processes, based on past 
performance or current run data. Through adaptive learning, products 

Ready for the Future:  
Trends in Modern Bioprocessing

can recommend set points for optimization, or 
accumulate internal data and predict failure based 
on wear and tear within an instrument. This creates 
opportunities to proactively recommend service 
before an issue occurs. Further classic run data, 
like pH, dissolved oxygen and agitation, can also be 
observed collectively to establish what could be a 
more meaningful picture of instrument usage.

Of course, any data collected must be maintained in 
a secure database to safeguard against accidental 
deletion or manipulation. Regulators must be 
assured that the data is safe, stable, and hasn’t been 
altered so as to provide a true representation of 
what occurred within a bioreactor.

BIOPHARM INTERNATIONAL: Will digitalizing our 
labs require that we invest more—and maybe 
more often—in new equipment?

MIRRO: Not necessarily. Meeting today’s industry 
needs—and tomorrow’s—requires future-proof 
solutions that evolve as the market needs change.

For example, what if a manufacturer invents a 
novel sensor type that has unique electronics and 
connectivity requirements? Rather than having to 
redesign the entire system-electronics platform, 
it would be ideal just to adapt the connection 
points so that the sensor can be connected to the 
controller and digitally integrated.

The SciVario twin bioreactor control system, 
which is part of all future Eppendorf small- and 
bench-scale devices, was designed with just that 
adaptability in mind.

BIOPHARM INTERNATIONAL: How can the SciVario 
twin further support future demands?

MIRRO: The SciVario twin is built off Eppendorf’s 
VisioNize architecture, which is a controller platform 
that creates a consistent user experience across 
all products by sharing a common information 
model. The SciVario twin also includes configurable 
bay-drawers — so rather than having to buy new 
products as your process needs change, additional 
drawers can be purchased and added to existing 
systems to ensure adaptability.

With this flexibility, the controller can be adjusted 
for future needs. The goal is that once a product is 
purchased, any new features that become available 
can be added on, making it unnecessary to buy an 
entirely new instrument for at least five to 10 years.

BIOPHARM INTERNATIONAL: What other trends  
could affect the lab of the future?

MIRRO: Another trend is the implementation of 
single-use technology, which offers benefits such as 
rapid turnaround between runs, reduced cleaning, 
increased flexibility and generally faster deployment.

Eppendorf’s BioBLU product line is a single-use 
platform focused on elements of scalability. The 
BioBLU looks like a glass bioreactor and mimics 
the results of one, but offers the benefits of single-
use technology. As the industry continues to 
adopt single-use technology, Eppendorf plans to 
release additional products, as well, all suited to fit 
the market’s evolving needs. The next generation 
of BioFlo products will extend up to 2,000 liters, 
facilitating scale-up not only in size, but also in 
terms of intelligent software guidance.

Transferring knowledge from bench to production 
scale can be time-consuming and challenging. 
Many engineering factors need to be considered to 
perform a successful scale-up process. The newly 
developed software integrated into the BioFlo 
product includes features such as scale-up assist 
and auto-calibration; these new features improve 
usability, save time and mitigate the risk of errors by 
introducing machine repeatability.

So, put simply, once you choose the preferred 
scale-up strategy and bioreactor size—between 100 
milliliters and 2,000 liters—the software calculates 
the appropriate parameters and the process can 
be started almost immediately. Also, the software is 
based on the well-known BioFlo 320 platform, which 
helps ensure a consistent user experience across all 
BioFlo control systems and allows the BioFlo 320 to 
retroactively benefit from new software solutions.

BIOPHARM INTERNATIONAL: How can labs ensure 
they meet both today’s and future requirements?

MIRRO: I have three simple tips:

1. Consult with peers about the equipment 
you’re evaluating and their experience with it.

2. Develop relationships with subject-matter 
experts like field-service engineers to ensure 
you’re getting the right product for the future.

3. Stay connected with these experts to ensure 
that you’re at the forefront of today’s newest 
technologies and know what’s available,  
and when.

The ultimate goal is to increase productivity 
and efficiency. To be at the forefront of the 
biopharmaceutical landscape, flexible and future-proof 
systems can help you to stay ahead of competitors.



DEDICATED DIALOGUE DEDICATED DIALOGUESPONSORED CONTENT SPONSORED CONTENT

Richard Mirro
Business Manager at the 
Bioprocess Center
Eppendorf AG
bioprocess-info@eppendorf.com

Sponsored by

How to drive efficiency in your lab.
As the biopharmaceutical industry shifts focus from blockbuster drugs 
to therapeutics targeting specific patient populations, the market for 
biologics is evolving along with it. Batch sizes are decreasing even as 
global footprints are expanding, creating a need for even more efficient 
and lower cost manufacturing processes. Here, Richard Mirro, business 
manager at the Bioprocess Center of Eppendorf AG, explores how 
smart bioprocessing can help labs adapt to today’s demands, driving 
efficiency while making the development and production of next-
generation molecules not only more economical, but also more reliable.

BIOPHARM INTERNATIONAL: How can we improve laboratory 
productivity as we head into the future?

MIRRO: Improving the efficiency of laboratories requires the 
implementation of smarter products. Within that concept lies the 
intelligent integration of devices and peripherals like software and 
consumables—all of which enable ease of use and optimization across 
the entire bioprocess workflow. The idea is similar to how consumer 
products talk seamlessly with each other. For example, most printers 
can be plugged in and used almost immediately, regardless of the 
type of computer they’re connected to. This integration is made 
possible through standardization, which allows various types of 
equipment to communicate on a common platform.

A similar effort is being made in today’s bioprocessing industry, where 
many companies are using standard communication protocols to 
establish a consistent language regardless of the nuances of the 
individual programmers in those companies.

Ultimately, the result is that instruments across a laboratory workflow, 
like freezers, incubators and even bioreactors, can communicate 
and operate seamlessly. And as a benefit, observations within those 
devices can be made across the entire digital workflow, providing 
information about instrument usage, performance and more. With 
this, endless optimizations are possible to improve overall utilization.

BIOPHARM INTERNATIONAL: How will “smart labs” of the future 
affect how we work with data?

MIRRO: Bioprocessing generates reams of data, and the ability to 
use this data through digitalization could be tremendously valuable. 
And it could be done in a few ways. Artificial intelligence, or a form 
of adaptive control mechanisms, could be implemented where 
products help to fine-tune their own processes, based on past 
performance or current run data. Through adaptive learning, products 

Ready for the Future:  
Trends in Modern Bioprocessing

can recommend set points for optimization, or 
accumulate internal data and predict failure based 
on wear and tear within an instrument. This creates 
opportunities to proactively recommend service 
before an issue occurs. Further classic run data, 
like pH, dissolved oxygen and agitation, can also be 
observed collectively to establish what could be a 
more meaningful picture of instrument usage.

Of course, any data collected must be maintained in 
a secure database to safeguard against accidental 
deletion or manipulation. Regulators must be 
assured that the data is safe, stable, and hasn’t been 
altered so as to provide a true representation of 
what occurred within a bioreactor.

BIOPHARM INTERNATIONAL: Will digitalizing our 
labs require that we invest more—and maybe 
more often—in new equipment?

MIRRO: Not necessarily. Meeting today’s industry 
needs—and tomorrow’s—requires future-proof 
solutions that evolve as the market needs change.

For example, what if a manufacturer invents a 
novel sensor type that has unique electronics and 
connectivity requirements? Rather than having to 
redesign the entire system-electronics platform, 
it would be ideal just to adapt the connection 
points so that the sensor can be connected to the 
controller and digitally integrated.

The SciVario twin bioreactor control system, 
which is part of all future Eppendorf small- and 
bench-scale devices, was designed with just that 
adaptability in mind.

BIOPHARM INTERNATIONAL: How can the SciVario 
twin further support future demands?

MIRRO: The SciVario twin is built off Eppendorf’s 
VisioNize architecture, which is a controller platform 
that creates a consistent user experience across 
all products by sharing a common information 
model. The SciVario twin also includes configurable 
bay-drawers — so rather than having to buy new 
products as your process needs change, additional 
drawers can be purchased and added to existing 
systems to ensure adaptability.

With this flexibility, the controller can be adjusted 
for future needs. The goal is that once a product is 
purchased, any new features that become available 
can be added on, making it unnecessary to buy an 
entirely new instrument for at least five to 10 years.

BIOPHARM INTERNATIONAL: What other trends  
could affect the lab of the future?

MIRRO: Another trend is the implementation of 
single-use technology, which offers benefits such as 
rapid turnaround between runs, reduced cleaning, 
increased flexibility and generally faster deployment.

Eppendorf’s BioBLU product line is a single-use 
platform focused on elements of scalability. The 
BioBLU looks like a glass bioreactor and mimics 
the results of one, but offers the benefits of single-
use technology. As the industry continues to 
adopt single-use technology, Eppendorf plans to 
release additional products, as well, all suited to fit 
the market’s evolving needs. The next generation 
of BioFlo products will extend up to 2,000 liters, 
facilitating scale-up not only in size, but also in 
terms of intelligent software guidance.

Transferring knowledge from bench to production 
scale can be time-consuming and challenging. 
Many engineering factors need to be considered to 
perform a successful scale-up process. The newly 
developed software integrated into the BioFlo 
product includes features such as scale-up assist 
and auto-calibration; these new features improve 
usability, save time and mitigate the risk of errors by 
introducing machine repeatability.

So, put simply, once you choose the preferred 
scale-up strategy and bioreactor size—between 100 
milliliters and 2,000 liters—the software calculates 
the appropriate parameters and the process can 
be started almost immediately. Also, the software is 
based on the well-known BioFlo 320 platform, which 
helps ensure a consistent user experience across all 
BioFlo control systems and allows the BioFlo 320 to 
retroactively benefit from new software solutions.

BIOPHARM INTERNATIONAL: How can labs ensure 
they meet both today’s and future requirements?

MIRRO: I have three simple tips:

1. Consult with peers about the equipment 
you’re evaluating and their experience with it.

2. Develop relationships with subject-matter 
experts like field-service engineers to ensure 
you’re getting the right product for the future.

3. Stay connected with these experts to ensure 
that you’re at the forefront of today’s newest 
technologies and know what’s available,  
and when.

The ultimate goal is to increase productivity 
and efficiency. To be at the forefront of the 
biopharmaceutical landscape, flexible and future-proof 
systems can help you to stay ahead of competitors.
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Toxicology Studies Ensure Safety 
Throughout Drug Development 
Accelerated drug development timelines must accommodate  

all crucial elements of nonclinical safety studies.  
SHANNON PARISOTTO

W hile the process for developing human therapeu-
tics is long, complex, and requires considerable 
resources, in urgent situations such as COVID-19, 

the pace of development can move much faster. Steps that 
ordinarily take years were completed in months. Whether for 
a cardiac drug or a COVID-19 drug, the development pro-
cess must show that the drug has an effect on the disease it is 
being used to treat and is safe for human use.

Safety testing must be a priority during the discovery, 
nonclinical phase, and clinical phases of drug development 
(Figure 1). While some nonclinical safety, or toxicology, test-
ing is performed during the discovery phase, the majority of 
the toxicology testing occurs during the nonclinical phase and 
concurrently with the clinical phase. The goal of the toxicol-
ogy testing is to determine, using animal models, if a potential 
new drug is safe to use in humans and to identify compounds 
that could potentially cause more harm than good. 

PREPARING FOR THE IND
The endpoint of the nonclinical phase for US drug candi-
dates—the investigational new drug (IND) submission—

features a summary of the toxicology work performed to 
support the administration of the potential new drug to 
humans in a Phase I clinical trial.

During the nonclinical phase, the following four types of 
studies generate data for the IND application:
• Short-term acute toxicology studies are conducted to 

determine what doses should be tested in longer-term 
animal-model studies.

• Repeat dose toxicology studies, which use the doses 
identif ied in the acute studies, are designed to 
administer doses to animal models daily for up to 30 
days. These studies are typically run at doses many 
multiples above what a human would receive, with the 
goal of characterizing any adverse effects or toxicities 
that the potential new drug may cause. Key endpoints 
for these studies include determining how much drug 
the animals are exposed to, what effect the drug may 

SHANNON PARISOTTO, MBA, is the corporate senior vice 

president of Charles River Laboratories.
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cause on their appearance (such 
as changes in their coat, eating 
habits, body weight, etc.), what 
effect the drug may have on 
their blood chemistry (such as 
serum chemistry, hematology, 
and coagulation changes), and 
what effect the drug may have on 
their organs (also known as the 
histopathology evaluation). 

• Safety pharmacology studies are 
designed to see if the new drug has 
any effects on the cardiovascular 
system, the respiratory system, and 
the nervous system.

• Genetic toxicology studies are 
designed to assess whether the new 
drug can damage the animal and/or 
human DNA. 

Once the studies are conducted, the 
data are assessed to estimate a safe start-
ing dose for the Phase I clinical trials. 
Once a positive risk assessment deter-
mines an appropriate dose for Phase I 
clinical trials and any adverse effects are 
identified in animal toxicology studies, 
the drug development company files an 
IND application. If FDA reviewers agree 

with the assessment of the potential new 
drug, the Phase I clinical trials in humans 
can be initiated. An unfavorable toxicity 
profile at the nonclinical stage of drug 
development is a common reason why a 
compound fails and does not progress in 
the drug development process. 

STUDIES SUPPORT  
CLINICAL TRIALS
As drug candidates progress through 
clinical trial phases, sponsors must con-
tinue toxicology testing and data collec-
tion for a new drug application (NDA), 
mindful of the requirements of different 
global regulatory authorities where sub-
missions may be planned. 

While the potential new drug is 
administered to people during the 
clinical phases of development, the 
safety testing of the compound in non-
clinical animal models must continue 
for the same duration as the clinical 
study. For example, if the duration of 
treatment of patients in a clinical trial 
is months, nonclinical safety stud-
ies, typically three to nine months in 
duration, will be conducted to cover 

the time patients will be treated. The 
typical nonclinical toxicology studies 
conducted during the clinical phase of 
development include the following:
• Sub-chronic and chronic toxicology 

studies are similar to the repeat 
dose tox icology studies used 
to support the IND. However, 
they are run at longer durations 
(typically three, six, nine, or 12 
months) and are used to assess the 
long-term effects of the drug on 
animal models.

• Reproductive toxicology studies 
are designed and conducted to 
determine if the potential new 
drug has any effects on male 
and female reproductive organs, 
male and female fertility, or on 
a developing fetus. Additionally, 
these studies are conducted before 
the drug can be given to women 
that can bear children.

• Carcinogenicity studies are typically 
conducted in rats and mice where 
the potential new drug is given to 
the animals for the majority of their 
life span. The studies are typically 

Analytics

Figure 1. Safety assessment (toxicology) support of drug development. NDA is new drug application. 
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two years in duration and are used 
to determine if a lifetime exposure 
to the potential new drug can cause 
cancer or tumors. 

Extensive data reviews are con-
ducted to determine the drug candi-
date’s efficacy and safety, and if the 
data point to a favorable risk-benefit 
assessment, the company will submit 
an NDA to FDA or similar application 
to other regulatory authorities for mar-
ket approval.

NONCLINICAL  
STUDY DESIGNS
While nonclinical animal toxicology 
studies follow accepted designs, the fol-
lowing crucial points must be considered:
• What animal species to use? The 

toxicology studies are typically 
required to be conducted in two 
species: one rodent and one large 
animal species. The specific species 
selected depends on several factors 
including which species are most 
sensitive to the effects of the 
potential new drug and which best 
mimics the metabolism of humans.

• Ho w s ho u ld  t he  d r u g  b e 
administered? Often the avenue 
selected to administer the potential 
new drug to animals mimics the 
avenue that will likely be used 
in humans. This may include 
oral, intravenous, intramuscular, 
or  inte r musc u l a r  route s  of 
administration. 

• What special endpoints (biomarkers) 
should be included? While there are 
expected endpoints that are included 
in almost every study (clinical 
observations, blood chemistry, 
histopathology, measuring food 
consumption, and body weights), 
the type of compound the potential 
new drug—chemical, antibody, 
protein, vaccine, RNA, etc.—can 
dictate what other endpoints will 
be measured. These can include 
assays to measure immunogenicity, 
cytokines, enzyme activity, special 
cell types, and immune function. 

The majority of nonclinical toxicology 
studies must be conducted according to 
good laboratory practices (GLPs) and 
include a robust quality management 
and documentation system that ensures 
the validity, integrity, and reliability of 
the nonclinical safety data submitted for 
regulatory evaluation and approval. 

ACCELERATING 
DEVELOPMENT TIMELINES 
Rapid advancement of the availability 
of drugs that treat serious diseases and 
unmet medical needs are in everyone’s 
interest, especially when the drugs are 
the first available treatment or if the 
drug has advantages over existing treat-
ments. FDA’s approaches to speed devel-
opment—priority review, breakthrough 
therapy, accelerated approval, and fast 
track—have proven successful in bring-
ing treatments, especially for unmet and 
orphan designations, to market quickly.

The COVID-19 pandemic has 
offered the public a glimpse of how 
drug and vaccine development can 
be accelerated during a public health 
emergency. The scientific response to 
COVID-19 has been unprecedented, 
from both clinical and nonclinical con-
tributors. The global research commu-
nity—which includes government labs, 
academic researchers, contract research 
organizations (CROs), and biotech and 
pharmaceutical companies—is racing to 
find solutions, and regulatory agencies 
are helping to accelerate these vaccines 
and treatments. 

In 2020, FDA launched the 
Coronavirus Treatment Acceleration 
Program (CTAP) (1), an emergency 
program designed to speed up the reg-
ulatory processes for SARS-CoV-2 
research without compromising safety. 
A notable change in CTAP is that it 
now consolidates the typical pre-IND 
meeting request and package develop-
ment process into a single step to save 
time. The pre-IND meeting request 
will be expedited and prioritized based 
upon the completeness of the submis-
sion and scientific merit. 

For drug developers, outsourcing 
the nonclinical toxicology work to a 
CRO can have a positive impact on 
the pace of research during the pan-
demic. Online scheduling of studies, 
accelerated reporting, remote study 
monitoring, and live streaming of key 
events allow studies to progress faster 
than before. This versatility has been 
extremely helpful to pharma compa-
nies as they race to find therapies and 
treatments in record time.

SAFETY TESTING  
REMAINS A  
TOP PRIORITY 
Nonclinical toxicology is an import-
ant component in the drug develop-
ment process and ensures that safe 
drugs are made available to people. A 
sound nonclinical toxicology program 
should address all regulatory author-
ity concerns and ensure that time and 
resources are properly used.

Rapid research and development 
efforts in 2020 demonstrated that bio/
pharma companies must be positioned 
to move swiftly through the drug devel-
opment process with unwavering com-
mitment and oversight to ensure the 
compounds slated for the clinic are safe. 
The combined efforts of pharmaceutical 
companies, governments, and CROs 
were instrumental in reducing the 
development timeline from a decade 
or more to one year for some R&D 
programs. Time will tell what impact 
the current pandemic has on the overall 
approval for all therapeutics for all dis-
eases outside of a global pandemic, but 
regardless of what these changes bring, 
safety will always be a priority. 

AUTHOR’S NOTE
Charles River scientists Steven Bulera, 
PhD, DABT, Rebecca Walker Comba,  
PhD, and Sam Chuang, PhD contrib-
uted to this article.

REFERENCE
1. FDA, “Coronavirus Treatment 

Acceleration Program (CTAP),”  
www.fda.gov, accessed Jan. 12, 2021. ◆
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Ask the Expert

In fact, the best way to under-
stand who performs what activ-
ity in a supply chain is to follow 
it step by step. Request supporting 
documented evidence for each step. 
This way you will be able to fully 
understand who is involved, which 
procedures govern these activities, 
and how these are documented. 

The prev ious example may 
not necessarily apply to your 
situation, but the principles are 
the same for any other supply 
chain scenario. Yes, the applica-
ble GDP regulations differ from 
one jurisdiction to another and 
from one country to the next. 
One goal, however, is common 
to all, namely the protection of 
the patient from products that are 
adulterated, be it from inappro-

priate storage or transport condi-
tions, or from falsified products 
entering the supply chain. Your 
audits need to evaluate if your 
service providers have everything 
necessary in place to assure that 
goal. Their licences will support 
that assertion but it will be your 
audit that proves it. 

REFERENCES
 1. 21 Code of Federal Regulations 210, 

211.
 2. European Commission, Guidelines of 

5 November 2013 on Good 
Distribution Practice of Medicinal 
Products for Human Use (Text with 
EEA relevance) (2013/C 343/01)

 3. European Commission, Guidelines of 
19 March 2015 on Principles of Good 
Distribution Practice of Active 
Substances for Medicinal Products for 
Human Use (Text with EEA 
relevance) (2015/C 95/01).

 4. European Commission, EudraLex 
Volume 4, Good Manufacturing 
Practice Guidelines, https://ec.europa.
eu/health/documents/eudralex/
vol-4_en

 5. CFDA, Good Supply Practice for 
Pharmaceutical Products (China 
Food and Drug Administration 
Decree No. 13) Issued on July 1, 2015.

 6. CFDA, Announcement on the 
Revision of 5 Appendixes to Drug 
Good Supply Practice (GSP) Dec. 29, 
2016. ◆
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Ask the Expert

Q: We have updated our vendor audit 
program for 2021, and the l i st 

includes several companies that perform 
transport and warehousing services for us. 
This is a new area for us, and given the contin-
ued travel restrictions, we are not certain how 
best to audit these companies. Can you give us 
some direction?

A: Good distribution practices (GDPs) 
are required by regulators in most 

regions. The United States is different from 
all other agencies as there are no separate 
GDP regulations in place. FDA covers viola-
tions of storage and distribution under good 
manufacturing practice (GMP) violations (1). 
The European Union has codified GDP in 
two directives (i.e., community law, which 
has been transposed into member states law) 
(2–4). In China, GDP is the law, they call it 
Good Supply Practice (5–6).

Service providers for the storage and trans-
port of goods will have to comply with dif-
ferent regulations, based on their location 
and the specific type of services they provide. 
Generally, these companies will have to com-
ply with GDPs. This means that it is essential 
to have a clear and unambiguous understand-
ing and documentation of the precise nature 
of the services. 

Let us look at an example for illustration: 
company A (headquartered in Germany) per-
forms the road transport of drug substance 
and drug product from your warehouse in 
Switzerland to company A’s warehouse in 
Germany, where the goods are relabeled, 
picked, and packed for distribution to whole-
salers in the European Union. Based on these 
activities, which include wholesaler activities, 
such as importation, storage, and transport, 
company A must hold a respective licence from 
the German authorities.

If you cannot audit on site, you have the 
possibility to perform a virtual audit via video-

conference instead. Irrespective of the mode of 
audit, preparation is essential. This includes a 
detailed audit agenda, which in this case may 
look something like this:

• Opening Meeting
• Facility and Site Overview 
• Virtual Facility Walkthrough 
• Documentation Review

o Quality system and management review
o  Personnel qualification and training 

program
o Self-inspection management
o Deviation management 
o Change control
o Customer management 
o  Subcontractor management including 

quality agreements
o  Inventory management control system 
o Recall management
o Complaints management
o Returns management
o  Shipping route validation, including 

security and risk management
o  Cold chain and ambient tempera-

ture shipping management processes, 
including vehicle qualification.

The three items in bold letters are those 
you may wish to focus on part icularly, 
because the vast majority of service provid-
ers subcontract all transport. Subcontractors 
merely performing transport may not even 
have to comply with the GDP regulations by 
law. They may not even have a quality sys-
tem, yet they are transporting your goods. 
You really want to make sure that company 
A, with which you have your contract, has a 
good system of subcontractor oversight. Such 
oversight may have to include training of the 
transport company’s staff in aspects of secu-
rity and documentation (particularly with 
regards to temperature records). 

Auditing distribution suppliers provides understanding 
and documentation of the services performed.  
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Auditing for Good 
Distribution Practices Siegfried Schmitt 

is vice president, 
Technical at PAREXEL.
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