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Time sure flies, 
except when 

you are waiting 
for something 

to happen. 

Rita Peters is  
the editorial director of  
BioPharm International.

It’s Time to Listen to Science

P   atience may be a virtue; however, in today’s “I want it now” society, it often is in short 
supply. Immediate gratification is expected, be it a pizza delivery, customer service 
response, drug or vaccine to fight a pandemic. For an impatient audience, a slow-

er-than-expected response can lead to complaints, criticism, and distrust.
Yes, I am using clichés; however, these adages help explain the distorted perception of time 

during the current pandemic, frustration with limits on personal freedom, and the need to 
temper expectations for when we “get back to normal.” 

Time in 2020 has been skewed. It seems like it was yesterday—and years ago—that con-
cern about the spread of the virus forced the closure of BioPharm International ’s physical 
offices, relocating the staff to home offices. In reality, the stay-at-home guidelines have been 
in place for five months. 

WAITING AND WORKING
Like others, I would enjoy getting out in public, share a meal with friends, or attend a ball-
game without worrying that the next person is six feet away and wearing a mask. Science 
tells me, however, that social distancing is the best defense against the virus now. I choose to 
believe science. 

An Albert Einstein quote offers an excellent description of this feeling of both f leeting and 
lagging time and suggests an effective way to handle anxiety and frustrations with the ongo-
ing global crisis. “Time is relative; its only worth depends upon what we do as it is passing.” 

Obviously, drug researchers are making the most of the short time that has passed since 
the virus was first discovered. The pace of research and race to get a COVID-19 vaccine 
has been accurately described as unprecedented, surpassing previous emergency vaccine 
programs. The time from viral genetic-sequence selection to first-in-human study was about 
two months; in comparison, in 2003 the Severe Acute Respiratory Syndrome (SARS) vaccine 
required 20 months to bring to clinic. 

Meanwhile, drug companies are also racing to test new or existing therapies to treat the 
effects of the virus. Development efforts that typically take years have been compressed into 
months. As knowledge about the virus and its impact on humans continues to grow, treat-
ments and public health practices are evolving and improving with time.

A SCIENCE-BASED SOLUTION
For some members of the general public who are not familiar with public health prac-
tices, the stay-at-home recommendations seem draconian. For those not familiar with the 
intricacies of drug development and manufacturing, new vaccines and treatments are not 
reaching patients fast enough. While the pandemic has brought out the best in bio/pharma 
science and technology, it has, unfortunately, brought out negative behavior in the form of 
miscommunication—and even conspiracy theories—about the virus, public health orders, 
and drug company motives to combat the pandemic. 

The result of this misinformation, whether intentional or accidental, is that potentially 
damaging information is presented as fact, with health implications for people who ignore 
public health advice or engage in harmful practices, as well as people in their communities.

Scientists from academia, government, and industry have shared knowledge and discov-
eries and published thousands of studies. This information sharing needs to extend to the 
public, in particular those that are accepting the theories not based on science. And, drug 
companies developing treatments and vaccines should share data; they should not raise unre-
alistic expectations.

Professionals engaged in science and technology can help explain why patience is not just 
a virtue but a necessity. It will take science some time to resolve the pandemic. What we do 
during that period will determine if it was time well spent. ◆

From the Editor
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T  he need for treatments to combat the 
spread of COVID-19 is promoting 
greater cooperation among drug reg-

ulatory authorities around the world. FDA offi-
cials are communicating more frequently with 
their counterparts in Europe, Canada, Japan, 
and other nations through established programs 
and agreements. In addition, the International 
Coalition of Medicines Regulatory Authorities 
(ICMRA) has expanded its program to facilitate 
regular discussions among some 30 governmen-
tal and international agencies. These efforts seek 
common approaches to clinical research and bio-
pharmaceutical production needed to wipe out 
the coronavirus pandemic globally.

The long-standing collaboration between 
FDA, the European Commission (EC), and the 
European Medicines Agency (EMA) has shifted 
to promote regulatory cooperation to combat 
COVID-19. A high-level FDA–EMA virtual meet-
ing in mid-June reviewed ongoing efforts to 
develop new therapeutics and vaccines, as well 
as the use of real-world data to inform regu-
latory decisions. A main focus was the chal-
lenges related to production and rapid scale-up 
of potential vaccines and therapeutics (1).

FDA and European Union efforts 
to address COVID issues also are 
advancing through the work of some 
30 FDA–EMA technical expert groups 
that regularly address topics such as 
vaccine development, pharmacovigi-
lance, blood products, and drug short-
ages. Now these panels are examining 
timely topics such as interpretation of 
data supporting emergency use autho-
rization of experimental treatments, 
expanded use of real-world data to bet-
ter understand the natural history of 

the coronavirus, and the performance of diagnos-
tics. These discussions often include regulatory 
authorities from Japan, Canada, Australia, and 
other established agencies.

In addition, FDA and EMA officials have 
extended the discussion of these and other top-
ics to a broader group of regulatory authorities 
through ICMRA. Since March 2020, experts 
representing 25 agencies in 17 countries have 
participated in regular virtual meetings to gain 
understanding and convergence of requirements 
on clinical trials and data standards for COVID-19 
vaccines and therapeutics, plus the use of real-
world evidence and observational studies to com-
plement evidence from clinical trials (2). ICMRA 
members have discussed what preclinical data 
are needed to support proceeding to first-in-hu-
man clinical trials and the importance of risk 
mitigation strategies to better protect research 
participants. These experts further discussed guid-
ing principles for COVID clinical trials, includ-
ing the use of master protocols, ethical questions 
related to human challenge trials, post-approval 
requirements for vaccines, and the need for regu-
latory flexibility during the pandemic at a meet-
ing on June 12, 2020, which was moderated by 
Janet Woodcock, director of the Center for Drug 

A main focus [is] the 
challenges related to 
production and rapid 
scale-up of potential 

vaccines and therapeutics.

Jill Wechsler is BioPharm 
International’s Washington editor, 

jillwechsler7@gmail.com.

Efforts by regulators seek common approaches to clinical research and 
production needed to wipe out the coronavirus pandemic globally.

Regulatory Collaborations  
Aim to Speed Access to Drugs
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Regulatory BeatRegulatory Beat

Evaluation and Research (CDER), but 
now on detail to the White House 
Operation Warp Speed initiative (3).

A main goal of such interactions 
is for regulators in different regions 
to understand and accept the study 
designs and clinical endpoints of 
early vaccine candidates, pointed 
out Peter Marks, director of the 
Center for Biologics Evaluation 
and Research (CBER), at the annual 
meeting of the Biotechnology 
Innovation Organization (BIO) in 
June. He emphasized that COVID 
vaccine development “is really a 
global issue,” and that it’s import-
ant for authorities around the 
world to gain an understanding 
about “what success will look like” 
in bringing safe and effective pre-
ventives to market. Because these 
vaccines may be widely used after 
only months—instead of years—of 
testing, Marks acknowledged that 
clinical trials will need to be suf-
ficiently large and widespread and 
early vaccine subjects will need 

to be closely monitored to evalu-
ate safety effectively. And multi-
ple vaccines may gain approval, 
as some populations may benefit 
from one preventive more than 
from another. A common under-
standing of the need to test any 
emerging vaccine on a sufficient 
number to establish a strong safety 
dataset will help avoid later debate 
among authorities over which 
assays to consider or the size of 
studies needed, Marks noted.

EQUITABLE ACCESS
Even with a high degree of interna-
tional collaboration on advancing 
vaccine development and produc-
tion, a certain degree of “vaccine 
nationalism” will affect the distri-
bution of any successful preventive. 
Research and regulatory authorities 
recognize that biopharma compa-
nies and government health agen-
cies will be under pressure to take 
care of their home populations 
first, but they also expect indus-

try to ramp up production and 
form partnerships with other orga-
nizations to fully supply broader 
regions of the world.

Huge investments by private 
firms and government agencies 
are being made to retrofit exist-
ing facilities and to secure supplies 
of key raw materials to be able to 
produce billions of dosages. At the 
same time, researchers seek strat-
egies for producing more stable 
products that can be stored longer 
and shipped more easily, as well 
as formulations that can provide 
needed protection with a smaller 
dose. To ensure early distribution 
of COVID vaccines in all regions, 
the World Health Organization, 
the Global A l l iance Vacc ine 
Initiative, and the Coalition for 
Epidem ic  P repa red ness  a nd 
Innovation have formed a vaccine 
purchasing group that seeks $18 
billion for a COVID-19 advanced 
market commitment.

The research community also 
is looking to provide strong safety 
data in order to overcome a vis-
ible degree of public skepticism 
about the value of being vacci-
nated. If 30% or 40% of the pop-
ulation will not take this vaccine, 
Marks lamented at BIO, it may 
not be possible to achieve desired 
herd immunity on a broad basis. 
The larger concern for Marks and 
others, though, is that success in 
combatting COVID won’t come 
fast enough to avoid an even more 
lethal second wave at the end of 
the year.

REFERENCES
 1. A. Abram, “Partnering with the 

European Union and Global Regulators 
on COVID-19,” FDA Voices Blog, FDA.
gov, June 25, 2020.

 2. ICMRA, COVID-19,  www.icrmr.info, July 
13, 2020. 

 3. ICMRA, “Global Regulators Work 
Towards Alignment on Policy 
Approaches and Regulatory Flexibility 
During COVID-19–Update #4,” June 12, 
2020. ◆

With more than 100 vaccine research programs looking to address the pandemic, 
FDA officials are moving to clarify standards and requirements for vetting and 
approving viable preventives. The agency issued a lengthy guidance outlining 
recommendations for documenting vaccine quality, safety, and efficacy in order 
for a product to move forward (1). A main point of discussion is the provision that a 
vaccine should be at least 50% more effective than placebo in preventing the disease, 
a standard that some criticized as much too low to tackle COVID-19 effectively. 
However, Peter Marks, director of the Center for Biologics Evaluation and Research 
(CBER), considers the 50% benchmark as hitting the “perfect spot,” he said in a 
webinar sponsored by the Alliance for a Stronger FDA on July 8, 2020. Efficacy lower 
than the 50% level yields a vaccine that may have very little effect, he explained, but 
if manufacturers had to achieve an 80% effect, there might not be a vaccine for 
months. “So,” he said, “50% seems the right place.” Marks expects that clinical trials 
for the first COVID vaccines will need to pursue a fairly traditional approval process, 
with Phase III studies enrolling 10,000–50,000 patients in each arm. 

Reference
1.  FDA, Development and Licensure of Vaccines to Prevent COVID-19, Guidance for 

Industry (CBER, June 2020). 
—Jill Wechsler

FDA MAPS EXPECTATIONS FOR COVID VACCINE PROPOSALS

https://www.fda.gov/news-events/fda-voices/partnering-european-union-and-global-regulators-covid-19
https://www.fda.gov/news-events/fda-voices/partnering-european-union-and-global-regulators-covid-19
 https://www.fda.gov/media/139638/download
 https://www.fda.gov/media/139638/download
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Chromatographic Science  
Clarifies Separation Challenges

New therapeutics modalities and the need  
for greater process efficiency are driving technology development.

CYNTHIA A. CHALLENER

C  hromatographic separation is a fundamental unit 
operation in the downstream processing of biologics 
due to its ability to separate desired biomolecules 

from a diverse array of impurities. As the range of therapeu-
tic modalities has expanded, the need for newer solutions 
has driven the development of new approaches to chromato-
graphic separations and new resin chemistries and column 
designs. Similarly, the desire for more efficient and cost- 
effective, large-scale chromatography systems is leading to 
advances in single-use solutions and systems for continuous, 
multi-column chromatography, as well as the development 
of real-time monitoring capabilities. Despite being a tradi-
tional technology, chromatography continues to evolve in 
order to meet the latest needs in biologics manufacturing. 

Although widely implemented, chromatographic science is 
generally complex and requires an in-depth understanding to 
maximize its benefits, according to Hemanth Kaligotla, man-
ager of application specialists for Sartorius North America’s 
Chromatography Task Force. In addition, he notes that extensive 
process development is needed to fine-tune the operational 
parameters (conductivity, pH, salt type, buffer system) and a 

correct packing procedure to ensure reproducibility at different 
scales. Furthermore, because chromatography can represent a 
significant portion of the cost of goods in downstream pro-
cessing (DSP) operations, proper optimization of capacity and 
selectivity is required.

For most biological drug products, one of the major chal-
lenges is the separation of product-related impurities, accord-
ing to Alejandro Becerra, senior field applications scientist at 
Thermo Fisher Scientific, including the separation of homo- 
and hetero-dimers in bispecifics, charge variants in mono-
clonal antibodies (mAbs), full and empty capsids in viral 
vectors, and supercoiled plasmid from linear and open circular 
isoforms and double stranded RNA from messenger RNA 
constructs. “These closely related species have very similar 
physicochemical characteristics, but ion exchange, hydropho-
bic interaction, or mixed-mode chromatography can still be 
used to address these challenges, although more optimization 
may be required,” he observes. 

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.

Cover Story: Downstream Processing
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DIFFERENT NEEDS FOR 
DIFFERENT BIOMOLECULES
Adding to the complexity is the fact that 
each specific chromatography process 
varies depending on the specific biomol-
ecule to be purified, how it is produced, 
and the relative amounts of the target 
product and the impurities, says Becerra. 

“For example, a mAb that is a secreted 
product and is present at a relatively high 
concentration poses different challenges 
compared to a viral vector such as an ade-
no-associated virus (AAV) that is intra-
cellularly produced requiring cell lysis and 
its concentration is orders of magnitude 
lower than that of a mAb,” he explains. 

Even where platform purification 
processes exist, it is necessary to iden-
tify whether the products fit on the 
platform and pursue purification devel-
opment accordingly, notes Jean Aucamp, 

team lead for R&D at Lonza Biologics 
in Slough, United Kingdom. Kaligotla 
agrees. “Each protein is unique, with 
different stability properties, isoelectric 
points, molecular weights, etc. Thus, for 
each new protein process, a number of 
screening exercises have to be performed 
to design the DSP train, which often 
involves the use of three to four orthogo-
nal chemistry steps to achieve the desired 
level of purity.” For newer platforms, adds 
Aucamp, it is also essential to build in 
robustness and broad coverage. “Diverse 
products require a modular development 
approach tailored to the product attri-
butes,” he concludes.

New molecules with varying upstream 
titers pose additional challenges to the 
development of efficient and cost-effec-
tive downstream purification, according 
to Mark Chavez, senior principal scientist 

with Fujifilm Diosynth Biotechnologies. 
“Yield is often more critical for low-titer 
processes, whereas volume and through-
put may be limiting for high-titer pro-
cesses,” he comments. One approach 
Chavez suggests is to establish an equip-
ment-based platform, such as three chro-
matography steps and one tangential flow 
filtration operations, which allows for 
purification technique flexibility while 
maintaining facility fit. 

NOVEL MODALITIES  
PRESENT CHALLENGES
While templated purification processes 
for standard mAbs are well established 
with many purpose-built tools available, 
Darren Verlenden, head of bioprocess-
ing at MilliporeSigma, points out that 
mAb-like molecules (bi-specific antibod-
ies, FC-fusion proteins, etc.) and novel 
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Process intensification is one of the main drivers for 
reducing manufacturing cost at commercial scale, ac-
cording to Jean Aucamp, team lead for R&D at Lonza 
Biologics. In chromatography, that generally means op-
erating continuously using multiple, smaller columns. 
The benefits can be significant. Continuous/multicolumn 

chromatography can greatly reduce the amount of 
resin required and can better utilize the buffers needed, 
according to Chioma Chimezie, manager, downstream 
process and manufacturing sciences at Immunomedics. 

“Since loading is near the column maximum and material 
is collected more frequently, a more efficient process flow 
is achieved, leading to less time in the manufacturing 
suite. Smaller columns with reduced bed heights can be 
linked in series to cycle product several times to process 
a comparable volume to current batch processes. The 
overall result is greatly increased resin utilization and 
process throughput, and these efficiency improvements 
can be further enhanced with the use of prepacked 
columns,” she explains.

Process intensification through continuous 
chromatography also eliminates hold steps, reduces 
the equipment footprint, and better accommodates 
flexible manufacturing, according to Hemanth Kaligotla, 
manager of application specialists for Sartorius North 
America. In addition, functionally closed single-use 
manifolds consisting of robust sensor components 
enable long-term processing in a bioburden-reduced 
environment at clinical or commercial scale. 
“While these systems are more complex, an increasing 

number of technical solutions are being commercialized 

that reduce the implementation challenge,” Aucamp 
says. For instance, the system design, operating 
scheme, and automation are much more complex for 
multi-column chromatography, and innovators and early 
adopters have had to develop expertise to implement 
this technology, according to Avril Vermunt, strategic 
technology partnerships leader at Cytiva. “In order to 
be more widely adopted, intuitive data visualization and 
automation are being developed and system design is 
also being considered to ensure it is fit-for-purpose for 
each application,” she notes.

Reliability is also crucial for complex multi-column 
chromatography systems that operate continuously 
for extended periods. “The ability to detect and 
prevent adverse events is essential for robust process 
control. [process analytical technology] PAT, artificial 
intelligence, and in-silico modeling are tools that can 
add to the needed process monitoring capability,” 
comments Mark Chavez, senior principal scientist with 
Fujifilm Diosynth Biotechnologies. 

Multi-column chromatography technologies have 
initially been targeting the Protein A capture step, 
primarily due to high costs of the resins, according 
to Darren Verlenden, head of bioprocessing at 
MilliporeSigma. Meanwhile, the development of 
all-flow-through processes for the CEX and AEX 
chromatography steps is an area of opportunity, 
according to Verlenden. “End users would benefit 
from the process efficiencies gained through higher 
productivities and lower costs while meeting their 
purification targets,” he asserts.

Move toward continuous chromatography



www.biopharminternational.com August 2020  BioPharm International 11

modalities (viral vectors, plasmid DNA, 
cell therapies) are relatively new to the 
market and many are lacking effective 
chromatographic tools and templates. 

“The physical and chemical differences 
of mAb-like molecules tend to nega-
tively affect the performance of existing 
chromatographic tools,” Verlenden notes. 
Novel modalities are typically much 
larger in size and have different binding 
sites compared with traditional mAbs. A 
large molecule, such as viruses (>100 nm), 
plasmid, or even a large protein complex, 
has a lower diffusion and mass transfer 
rate, according to Kaligotla. “For such 
products, we need to use chromatography 
solutions based on convective flow rather 
than diffusion flow, as a result, leading to 
the use of membrane chromatography for 
the purification of viral vectors and plas-
mid DNA,” he says.

“In addition to the different properties 
of novel therapies, the lack of templated 
purification processes presents a chal-
lenge to end users with respect to achiev-
ing their yield and purity targets within 
a reasonable timeframe with available 
resources,” Verlenden says. 

The rapid growth of the market for 
novel modalities is therefore putting a 
strain on many process development 
organizations to develop processes 
without the right tools. “Templates,” 
Verlenden asserts, “would help reduce the 
time and resources needed to develop a 
manufacturing process.” Becerra adds that 
for novel biomolecules, like viral vectors, 
the capture step is a real challenge, and 
the ability to have an affinity capture step 
that could be set up as a platform similar 
to Protein A with mAbs is needed.

Challenges to chromatographic puri-
fication also differ depending on the 
maturity and stage of the biologic mole-
cule to be purified, according to Henrik 
Ihre, director of custom-designed media, 
Cytiva. “Processes for approved biolog-
ics are more centered around produc-
tivity, process economy, robustness, and 
security of supply of key raw materials 
and other essential products to support 
manufacturing. For novel drug targets, 

in earlier clinical phases, the key chal-
lenges may rather be centered around 
high-throughput purification and 
analysis based on generic platforms to 
reduce time to market and afford a pre-
dictable manufacturing process during 
scale up and validation,” he explains.

MINOR REVOLUTION  
IN RESIN TECHNOLOGIES
Over the past two decades, Ihre believes 
that a minor revolution in resin technolo-
gies has occurred. Capacity and through-
put optimization in the early 2000s were 
followed by the introduction of multi-
modal ligands designed for specific, large-
scale applications and advances in the 
chemical stability and productivity of 
Protein A resins for mAb purification. 

More recently, he notes that as new 
(antibody fragments, mAb conjugates, 
bi-specifics, etc.) and some older (pDNA, 
oligonucleotides, etc.) modalities started 
to emerge in clinical pipelines, steps have 
also been taken to develop new resins 
offering high throughput and high pro-
ductivity solutions for the next gener-
ations of biologics. Some are based on 
a novel high productivity base matrix 
combined with an already existing ligand 
and others on novel and engineered 
ligands addressing new customer needs 
for selectivity and stability. “In general,” 
he observes, “working closely with cus-
tomers in setting the critical quality attri-
butes has been a more successful strategy 
in recent years than the R&D-driven 
approach common a decade or so ago.”

As one specific example, Chioma 
Chimezie, manager, downstream pro-
cess and manufacturing sciences at 
Immunomedics, points to the introduc-
tion of Protein A resins that allow the use 
of low concentrations of sodium hydrox-
ide and have improved success rates in 
manufacturing facilities. “Cleaning and 
sanitization are usual risks with chro-
matography and especially with pro-
cesses containing Protein A, which is 
obtained from cultured or engineered 
Staphylococcus aureus or Escherichia coli. 
These risks have been substantially low-

ered with resins that can be cleaned with 
sodium hydroxide,” she says.

The availability of mixed mode resins 
that have robust ion exchange perfor-
mance while offering a wider operational 
window and increased resolution on the 
resin separation functionality have also 
been important for improving purifi-
cations at scale, according to Chimezie. 

“Having dual and unique functional 
groups (e.g., hydrophobic and ionic) 
in combination with high throughput 
design-of-experiment screening proce-
dures provides more opportunities to 
develop robust processing and design 
space,” agrees Chandrika Ediriwickrema, 
principal scientist/group leader with 
Fujifilm Diosynth Biotechnologies. 
Products making use of composite mate-
rials may also enable the combination of 
separation steps for streamlined purifica-
tion processes, Aucamp notes.

Another trend, according to Kaligotla, 
is to apply a tailored affinity for new 
processes. “The experience and famil-
iarity with Protein A in the antibody 
sector (and also [immobilized metal 
affinity chromatography purification] 
IMAC purification at laboratory scale) 
certainly drive the desire to have an effec-
tive and simple capture step that results 
in high purity,” he comments. These 
new affinity chromatography resins can 
be integrated into newer platforms to 
broaden coverage or upgrade existing 
platforms, adds Aucamp.

In the case of affinity capture for AAV, 
Becerra points to the development of 
a pan-affinity resin by Thermo Fisher 
Scientific that is able to bind all differ-
ent AAV serotypes, including engineered 
capsids, and has enabled end users to 
move towards platform processes. He 
notes that the same ligand technology 
has also been used for the development 
of resins specific for the affinity capture of 
antibody fragments.

Ion exchange resins have also become 
more fine-tuned, allowing more selec-
tive binding of either target molecules or 
impurities, according to Verlenden. One 
of MilliporeSigma’s recent developments 
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is a cation exchange resin designed to 
enable preferential binding of unwanted 
impurities such as protein aggregates, 
allowing for the target molecule to flow 
through the column. “This chromato-
graphic mode offers end users significant 
advantages compared to the typical ‘bind/
elute’ approach, including intensified pro-
cessing, reduced costs, and enhanced ease 
of use. End users experience significant 
reduction in resin and buffer volumes, 
driving smaller manufacturing footprints 
for subsequent downstream processes, 
including smaller columns, buffer tanks, 
virus filtration setups, and ultrafiltration 
equipment,” he asserts.

In addition to the resin chemistry, 
the pore size, bead size, and rigidity of 
chromatography resins are also criti-
cal and, in some cases have been opti-
mized to address challenges specific 
to large biomolecules like viral vectors 
and nucleic acids, Becerra observes. 

With respect to base bead chemis-
try, customers have a couple of choices, 
ranging from natural polymers with 
hydrophilic properties that show low 
nonspecific adsorption (e.g., agarose 
and cellulose) to synthetic polymers 
with different levels of hydrophobicity, 
according to Kaligotla. “These chem-
istries are used to generate particles 
of different sizes that are suitable for 
different targeted applications in pre-
parative biochromatography,” he says.

While many new resins have parti-
cle sizes in the 40–50-micron range, it 
is important to note, says Becerra, that 
the permeability of a packed bed also 
depends on the rigidity of the resin 
backbone. “As such, columns packed 
with materials like polystyrene divinyl-
benzene result in much lower pressure 
drops compared to highly cross-linked 
agarose or polymethacrylate chroma-
tography media of the same particle 
diameter,” he explains.

NEW FORMATS  
FOR NEW MODALITIES
In addition to advances in both base 
matrix and ligand technologies, novel 

formats and solutions such as fibro-based 
devices are entering the market and offer-
ing a more open pore structure where 
mass transfer is governed by convective 
flow, according to Avril Vermunt, stra-
tegic technology partnerships leader at 
Cytiva. “These structures allow high 
protein binding capacities at very short 
residence times by using rapid cycling 
chromatography, resulting in cycle times 
of minutes instead of the hours needed 
for resin-based chromatography,” she says.

These newer solutions are needed 
for new modalities such as viral vectors, 
conjugated mAbs, and plasmids, which 
as large molecules sometimes cannot 
diffuse into the porous structure of a 
typical chromatography bead designed 
for traditional proteins, resulting in 
slow kinetics and low binding capac-
ities, according to Ihre. “New formats 
such as fibers, instead of porous beads, 
may offer not only high throughput 
and short cycle times, but also a higher 
accessibility for binding throughout the 
porous structure and device allowing for 
improved productivity,” he comments.

Indeed, membrane chromatog-
raphy configurations are becoming 
more prevalent with more functional 
groups becoming available, according 
to Ediriwickrema. “Membrane chro-
matography operated in flow-through 
mode offers tremendous throughput 
with potential continuous integration 
with adjacent process steps,” she states. 

Membrane absorbers, monoliths, and 
fibers have their own challenges, how-
ever, according to Becerra, including the 
limited sizes available for scale up and 
process development. Therefore, a more 
rational design of pore size, bead size, 
and ligand density specifically suited 
for these targets is needed, he says. For 
capture chromatography, Becerra also 
points out that there is still a need for 
affinity resins specific to molecules like 
lentivirus with ligands that allow elu-
tion of these molecules under condi-
tions that keep the virus particle intact 
and functional. Similarly, most resins 
for other chromatography modes were 

developed for the purification of pro-
teins and not for larger molecules. 

Becerra also highlights newer tech-
nologies such as cassette devices with 
scaffolds that support chromatography 
beads and provide additional wall sup-
port, enabling the use of high flow rates 
with soft or semi-rigid resins. There has 
also been some resurgence of radial flow 
columns for novel modalities that gen-
erally have low product concentrations 
and thus require high volume loadings, 
he says. “This type of format effectively 
functions as a short axial bed, permit-
ting the use of higher flow rates with 
acceptable pressure drops,” he explains.

MITIGATING RISK AND 
INCREASING EFFICIENCY
Two key advances have been achieved 
in recent years with respect to column 
design—easier-to-pack systems and the 
availability of pre-packed options—and 
both help minimize operational risk, 
according to Chimezie. “Easier-to-pack 
columns ensure a more reliable and 
consistent distribution of resin, while 
both can, depending on the operation 
and diversity of products being purified, 
boost facility run times,” she asserts. 

Pre-packed columns are increasingly 
used at the pilot scale, where risk is 
shifted to the column supplier, adds 
Kaligotla. As they become more readily 
available and in larger sizes, they are 
also alleviating time and resources in 
the manufacturing suite, according to 
Ediriwickrema. 

Column designs that allow for auto-
mated operations, including column pack-
ing, are further reducing risk. “This type of 
technology has allowed more reproducible 
packing results and consequently reduced 
the time and labor spent in column-pack-
ing activities,” Becerra observes. “The 
introduction of automation has improved 
the repeatability of pack integrity results 
with minimal user intervention. The 
prescribed recipes from the supplier can 
further assist in packing various media 
and resin classes from multiple suppliers. 
As a result, column packing has moved 
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away from being an art and into a science, 
where the variables of column packing 
can be more easily fixed,” adds Kaligotla.

Closed processing is another import-
ant trend impacting chromatography 
operations, according to Verlenden. 

“The market is calling for specific tools 
that allow for bioprocessing in a com-
pletely closed manner, in which the pro-
cess components are segregated from 
the external environment and employ-
ees. A good example of this need is with 
larger molecules such as vaccines, where 
no final filtration is possible at the end 
of the process due to their inability to 
pass through a sterile filter. Therefore, 
the chromatography process must be 
sterile from the start. All of the com-
ponents of the column (hardware and 
resin) or membrane device need to be 
sterilizable with the ability to maintain 
performance after exposure to steriliza-
tion methods such as gamma irradiation 
for sterilization,” he explains. 

SMALLER COLUMNS NEEDED 
FOR TARGETED THERAPIES
The increased need for flexibility, 
greater prevalence of smaller lot sizes, 
and high diversity of different drug tar-
gets are driving the need for smaller 
pre-packed and single-use chromatog-
raphy columns. Shorter bed heights 
are also requested to enable shorter 
residence times, according to Jakob 
Liderfelt, global product manager for 
resin technologies at Cytiva. “Smaller 
diameter columns can easily facilitate 
short bed heights, while it is a challenge 
when the diameter is increased,” he says. 

In addition, for some biological prod-
ucts, the mass needed is much smaller 
compared to mAbs, but the capacity of 
the resins currently used in these appli-
cations is relatively high, according to 
Becerra. “There is a need for columns 
with diameters smaller than current 
offerings in pre-packed and manually 
packed formats with sanitary designs 
such that they can be used in CGMP 
[current good manufacturing practice] 
processes,” he remarks.

As the number of novel and more 
personalized therapies addressing sin-
gle individuals or smaller patient pop-
ulations reach the market, there will 
also be a need for smaller-scale opera-
tions and the development of efficient 
column formats, Liderfelt adds. “Such 
columns will require proper documen-
tation and design for GMP-regulated 
processes and in some cases also solu-
tions for sterile or aseptic processing,” 
he observes. 

PAT NEEDS MORE WORK
Advances in resin chemistries and col-
umn designs have occurred simultane-
ously with some developments in process 
control technologies. Systems are avail-
able today, for instance, that can mea-
sure higher product concentrations inline 
and eliminate handling intermediate 
sample offline preparation steps such as 
dilution, according to Aucamp. He also 
notes that automated sampling technol-
ogies for at-line analysis are also in use 
today. “[Process analytical technology] 
PAT advances allow for quick, informed 
process decisions at a higher quality level, 
while artificial intelligence maximizes the 
current information contained in tradi-
tional chromatography monitoring (pH, 
conductivity, UV, pressure) for better pro-
cess control,” adds Ediriwickrema.

Better use of inline process analytics 
across the sequence of chromatography 
steps would provide a significant advance 
in process controls, which in turn would 
enhance product quality, according to 
Chimezie. “We have been exploring bet-
ter integration of our sensors to deter-
mine timing for process transitions such 
as cleaning, sanitization, and equilibra-
tion, eliminating the excess buffer quan-
tities built into the process from the early 
development stage,” she comments. 

Going forward, real-time (<10 
sec) aggregate monitoring for cation 
exchange bind and elute (CEX-B/E) 
purifications for real-time/automated 
event control (pooling) has been iden-
tified as one of the top 10 attributes 
for automation in the May 2020 

BioPhorum Operations Group in-line 
monitoring/real-time release testing 
publication, according to Kaligotla (1). 

“Significant yield improvements could 
be made based on real-time aggregate 
breakthrough because current [ultra-
violet] UV-based collection has a high 
safety margin that cannot be measured 
in the elution,” Kaligotla says. A high 
safety margin results in high batch vari-
ation in the starting material, which 
leads to high output variation, he adds. 
Online charge profiles during CEX 
B/E and for the DNA and host cell 
protein content of anion exchange flow-
through processes were both identified 
as needed to improve the potential for 
real-time release and continuous pro-
cessing, he also notes.

Real-time process monitoring and 
control are also the final elements 
needed to achieve fully closed and inte-
grated processes, according to Verlenden. 

“The ideal monitoring technologies are 
rapid, inline, and provide information on 
multiple process parameters simultane-
ously. Moving and automating process 
control decisions to the manufacturing 
floor also makes continuous processing 
more viable, Chavez remarks.

Rapid on-line analytics for critical 
quality attributes are also needed for 
biosafety testing, Verlenden says. “Most 
of today’s analytics rely on taking mul-
tiple samples and using offline instru-
ments requiring process pauses and 
processing delays. While many of the 
current analytical methods may remain 
the same, we predict advances in auto-
mated sampling, speed of testing, and 
automation of data analysis,” he observes. 
Recent advances in molecular testing 
methods for rapid and sensitive viral 
detection are also bringing the industry 
closer to the goal of real-time release. 

IMPORTANCE OF  
SINGLE-USE SOLUTIONS
Smaller and more efficient biomanufac-
turing facilities prefer single-use technol-
ogy, according to Kaligotla. “Single-use 
technology provides increased manufac-
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turing and tech-transfer agility at lower 
capital and operating costs. Functionally 
closed single-use manifolds for chro-
matography skids, prepacked columns, 
sterile fluid, and filter transfer sets, and 
robust sensor components also enable 
long-term processing in a bioburden-re-
duced environment,” he says. 

Other areas of concern include 
the risk of leaks (flow path integrity 
over extended use), limited leachable 
and extractable data, managing par-
ticles, potential bioburden issues, and 
the need to rely on a large network 
of extended vendors. “The industry 
is responding to these challenges by 
developing new single-use films that 
offer greater strength and resistance 
to leaks; by introducing more sensi-
tive integrity testing; and by advancing 
standards, best practices, and transpar-
ency around supply-chain, sterility, par-
ticles, and leachables,” Verlenden asserts. 
Kaligotla believes that process inten-
sification, closed systems, novel robust 

films, PAT, data analytics, and automa-
tion will drive future implementation.

Cost is also an issue. “Single-use 
columns have many advantages and 
serve as a means to drive operational 
productivity by reducing or removing 
non-value-added time associated with 
column set-up and cleaning/steriliza-
tion/validation. However, given the 
cost of the resin, our analysis always 
comes down to maximizing the num-
ber of cycles versus the column cost,” 
observes Chimezie. “In multiproduct 
facilities, it is difficult to have suffi-
cient areas available to store and trend 
multiple columns if they are not being 
used to their maximum number of 
uses,” she adds.

Even so, Becerra indicates that chro-
matography systems with single-use 
flow paths are prevalent in multi-prod-
uct facilities and particularly for clinical 
programs to avoid cleaning validation. 
The size and the pump capacity of these 
systems also fits well with the produc-

tion of biologics that require small doses, 
he notes. Ediriwickrema finds that 
single-use technology is actually more 
cost-effective for initial implementation 
and smaller campaigns than stainless 
steel, and when pre-packed columns are 
also used, they can be treated as con-
sumables, eliminating activities such as 
packing and maintenance, as well as the 
need for storage space. 

Smaller systems and columns 
that are CGMP-suitable are needed 
for some molecules like viral vectors, 
though, according to Becerra. “In these 
applications, the use of reverse flow for 
elution or cleaning steps can be bene-
ficial and most of the disposable flow 
path chromatography systems do not 
offer that option,” he says.
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Two-Step Platform for mAb Purifi cation

Reduce Downstream Processing Costs

Highest DBC protein A resin Most effective AEX resin for 
endotoxin and impurities removal

• Combines protein A capturing and a 
 single polishing step on an AEX resin

• Increases production output by 58%, 
 reduces downstream costs by 45% 
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Formulating an  
ADC Development Solution

Many antibody-drug conjugate therapies are in the pipeline;  
only a handful have been approved. What are the bottlenecks?

CYNTHIA A. CHALLENER

T he concept of bioconjugation has been recognized 
for many decades, as has the specific idea of anti-
body-drug conjugates (ADCs). Technology for the 

production of ADCs did not advance sufficiently until the 
late 20th century. Even then, the first ADC approved by 
FDA—gemtuzumab ozogamicin (Mylotarg) from Pfizer in 
2000—was voluntarily withdrawn in mid-2010 due to its 
association with the serious liver condition called veno-oc-
clusive disease.

Gemtuzumab ozogamicin was ultimately re-approved in 
2017 at a lower recommended dose and schedule in a different 
patient population. There are now six additional FDA-approved 
ADCs on the market: brentuximab vedotin (Adcetris, Seattle 
Genetics/Takeda); (ado-) trastuzumab emtansine (Kadcyla, 
Genentech/Roche); inotuzumab ozogamicin (Besponsa, Pfizer); 
polatuzumab vedotin-piiq (Polivy, Genentech/Roche); Fam-
trastuzumab deruxtecan-nxki (Enhertu, Daiichi Sankyo and 
AstraZeneca); and Enfortumab vedotin (Padcev, Astellas 
Pharma/Seattle Genetics), the latter of which received approval 
in February 2020. And, there are approximately 80 ADC candi-
dates undergoing nearly 600 clinical trials (1).

Why have more not already been approved? The issue of 
toxicity has been a challenge, as has the complexity of ADCs 
and the consequent manufacturing challenges. 

CRAFTING THE RIGHT MOLECULE
Finding the right target, protein, linker, and payload all 
belong to the discovery phase. “This phase is very challeng-
ing, as the correct definition of the drug is key to move it 
into the clinic successfully. ADCs represent a product class 
that is also highly complex and difficult to predict,” com-
ments Iwan Bertholjotti, director of commercial develop-
ment for bioconjugates with Lonza. It is, in fact, one of the 
key questions in the development of ADCs since the rules 
are still being written, as data from clinical trials are used to 
guide ADC technology improvements, according to Steve 
Coats, global project leader at AstraZeneca.

Development

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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BioPharm: Can you describe the 
vaccine market and what is driving 
the market?

Schwinde: The global vaccine market is at 
a value of approximately $50 billion. About 
80% are human vaccines and 20% are 
veterinary vaccines. Of the human vaccines, 
90% can be considered as prophylactic 
and around 10% are therapeutic, 
such as treatments against cancer.  
It is remarkable that the market is dominated 
by five multinational companies. The Serum 
Institute of India should be highlighted 
as a leading company by vaccine doses  
per year.

The drivers are attributed to two factors: 
costs and yield. The cost per doses 
should be decreased, while the yield 
during production should be increased.  
Further, external pressure on pricing 
and funding are important, especially for 
developing countries.

BioPharm: What can we observe 
during this COVID-19 crisis?

Schwinde: First, it is remarkable that there 
are currently more than 125 COVID-19-
related projects in the pipeline, according 
to the World Health Organization (WHO). 
About 15 of these are in clinical trial 
Phase I or II, and the first candidates did 
just recently enter the clinical phase III. 
Another observation is that competitors 
in the vaccine market cooperate with 
each other and big players join forces 
with comparatively younger companies. 
Finally, in addition to traditional platform 
technologies, RNA and DNA platforms are 
up and coming.

BioPharm: Are there specific effects 
resulting from these relatively new 
RNA and DNA techniques?

Schwinde: Yes, the volumes needed for 
producing DNA or RNA vaccines can 
be reduced tremendously compared 

to traditional microbial and cell cultivation production
processes, while providing sufficient vaccine doses for
the global demand. Despite the production volume, RNA
platforms can be run even in cell-free systems. This opens
new production possibilities.

BioPharm: The COVID-19 pandemic has shown us
that time plays a major role in getting a vaccine
developed. Assuming that human and animal cells
or microbial strains are involved, can you describe
the development process?

Schwinde: The speed to clinic or market plays a role in
vaccine development. But time aside, safety and flexibility
are also important factors. There is a good reason why it
takes quite a while for a new vaccine to be developed and
approved for the market. Everything starts with the selection
of a cell line or a strain. The selection of a strain and the
cultivation media are relevant initial factors that have many
starting points for optimization. Once a strain is selected,
all the process parameters like nutrient composition,
pH, feeding rates, temperature, and so on need to be
optimized. Parallel bioreactor systems that can monitor the
effect of different parameter changes are efficient tools to
optimize process conditions before a technology transfer
to scale up and subsequent downstream processes
follow. These processes are accompanied and improved
by continuous data analytics in the frame of the process
analytical technology (PAT) initiative. For example, cell
densities and metabolic conditions can be continuously
measured and controlled to achieve as much data as
possible. By this I mean that the characterization of the
process happens early in development, which supports
the regulatory environment. Design-of-experiment (DoE)
software tools play an important role in accelerating
process development.

BioPharm: What do you see as positive influencers
for the future?

Schwinde: Research and development will be accelerated
by the efficient usage of data, parallel control of processes,
and automation processes. Aside from reusable bioreactors
and fermenters, single-use technologies have almost an
equal market share. Additionally, modular manufacturing
suites allow flexibility to increase and decrease production
volume. The intensification of manufacturing processes
will lead to smaller volumes and comparable yields.
Last—but not least—powerful downstream techniques
are being continuously developed because all efforts to
optimize the upstream area should not get lost downstream.

BioPharm: What do you see as Eppendorf’s role
within this context?

Schwinde: Eppendorf bioprocess is the specialist in the
upstream area. Cell line and strain selection, as well as
cultivation media selection, are conducted with highly
parallel and small-scale cultivation platforms with operation
volumes from 50 mL to 3.7 L. Up to 24 vessels can be
controlled by one process computer, which enables the
user to characterize the maximum of process parameters
in one experimental setup. The small-scale technique
is followed by the controlled benchtop reactors, with
operation volumes from 500 mL to 40 L per vessel. And
by volume, this range is finalized by pilot and production
bioreactors and fermenters with operation volumes of up
to 1200 L. The majority of the vessel types are available as
reusable and single-use.

On the bench, Eppendorf provides the largest range
of single-use, stirred-tank, rigid-walled bioreactors and
fermenters. In the near future, controlled and stirred
cultivation bags for pilot and production purposes will
be supplied up to 250 L operation volumes, at least
initially. The software platforms of the process control are
flexible enough to be combined with third-party analytic
instruments like Raman technology, cell counters, or
mass spectrometers. The product range is completed
by Eppendorf freezers, centrifuges, and automation
devices. These devices, accompanied by the precise
liquid handling technique, enable efficiency in the lab to
complete benchtop activities.

Located in Juelich, Germany, the Eppendorf Bioprocess
Center Europe consists of a team of specialists focused
on bioprocessing.

RNA and DNA vaccines require less volume than 
traditional microbial and cell cultivation production.

M any companies are working to advance the development of a vaccine in the context 
of the current COVID-19 crisis. New bioprocess technologies, such as single-use 
equipment and process automation, open up possibilities for quality control and 

validation. This is especially important in GMP-regulated environments, such as in the 
development and manufacturing of new influence vaccines. When facing a pandemic 
outbreak, the need to smoothly develop new processes and quickly scale up to clinical 
production volumes is key to efficiently develop new vaccinations.

BioPharm International recently spoke with Dr. Jörge Schwinde, Key Segment Manager
for Vaccines and Monoclonal Antibodies at the Bioprocess Center of Eppendorf, about 
the typical developmental process of new vaccines and how the COVID-19 pandemic 
influences the global vaccine developmental landscape.
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Finding the right targets and crafting 
an effective molecule has proven to be 
much more difficult than many research-
ers had expected at the outset of ADC 
research, adds Justin Sweeley, senior tech-
nology manager, biologics at Novasep. 

“It was initially understood that finding 
a good target antigen for an ADC-
based compound would require a target 
with rapid internalization once it had 
reached the cell,” he notes. “The result,” 
he says, “was that in many cases targets 
that were ineffective for monoclonal anti-
body (mAb) therapies because of rapid 
internalization became perfect targets for 
ADC therapies.”

This picture became much more com-
plex upon the addition of payloads to 
these mAb candidates, however. This 
issue can be seen most clearly in the fact 
that the clinical trial landscape includes 

well over 50 different payload candidates, 
but only seven have successfully made it 
into commercial production, according 
to Sweeley.  “As a result, there has been 
a recent shift in the industry to recog-
nize that when trying to predict ADC 
effectiveness, researchers must take into 
account the target epitope, the physical 
attributes of the payload on the mAb 
once conjugated, and also the effect of 
the payload mechanism of action on the 
specific kind of cancer being targeted,” 
Sweeley observes.

AstraZeneca takes an empirical 
approach to target and payload selection, 
keeping the patient population top-of-
mind, using data from clinical trial results 
and non-clinical data to help validate tar-
get and payload selection. “With potency 
being driven by the strength of the war-
head, we optimize the therapeutic index 
of our molecules by selecting the most 
favorable drug-to-antibody ratio (DAR) 

in designing our ADCs,” Coats says. “We 
believe,” he adds, “that establishing target 
rationale and strategy early on are key to 
determining the right payload.”

SITE-SPECIFIC CONJUGATION
Site-specific conjugation is looked at 
as the second generation of ADC con-
jugation techniques. “The homogene-
ity of these molecules allows for much 
tighter control at both the manufactur-
ing and characterization levels,” Sweeley 
explains. Better definition for an ADC 
means that its therapeutic index can be 
further improved, adds Bertholjotti.

Addit ional l y, the  technolog y 
allowing for site-specific conjuga-
tion has evolved dramatically f rom 
the Thiomab concept piloted by 
Genentech to current techniques 
allowing site-specific conjugation with 
any native mAb, such as Synaffix’s 
glycogen modification techniques 

Development

Contin. from page 15 

A surge in applications to test and develop new cellular 
and gene therapies is overwhelming staff at FDA’s Center 
for Biologics Evaluation and Research (CBER) and prompt-
ing calls from manufacturers and research organizations to 
increase funding for these programs. At the public meet-
ing to kick off negotiations for renewing the Prescription 
Drug User Fee Act (PDUFA) before the current program 
expires in September 2022, patient advocates, research 
experts, and industry similarly called for more user fee 
revenues to support CBER programs to advance these 
innovative therapies.

User fee payments now fund more than 70% of the cost 
of FDA’s new drug review program, up from about 7% 
of its budget in 1993. Manufacturers pay more than $1 
billion a year, primarily through annual program fees. The 
Center for Drug Evaluation and Research (CDER) is slated 
to receive $680 million this year to support its new drug 
review program, while CBER gets $135 million.
The smaller amount for CBER reflects the relatively few 

biologics license applications (BLAs) it has reviewed under 
PDUFA-only three applications by the Office of Tissues 
and Advanced Therapies (OTAT) in 2019, compared 
to more than 100 new drug applications (NDAs) and 
BLAs vetted by CDER (PDUFA does not support CBER 
regulation of vaccines and blood products). But now CBER 
is overseeing more than 900 active investigational new 
drug applications (INDs) for cellular and gene therapies, 
with some 200 new submissions anticipated this year. In 

addition, OTAT manages FDA’s high-profile program 
for vetting regenerative medicines advanced therapies 
(RMATs) and awarding the RMAT designation to products 
meeting set standards.

Seeking agreement
The July 23, 2020 PDUFA public meeting kicks off a year-
long process for FDA and industry to negotiate program 
goals and fee structure for PDUFA VII well before the cur-
rent program expires. FDA also will regularly meet with 
representatives of consumer and patient organizations, 
research entities, and healthcare organizations to hear 
their concerns and priorities for changes in current PDUFA 
programs and new fee-supported initiatives. The aim is 
to present Congress with a user fee agreement by the 
middle of next year so that the legislators can write and 
approve authorizing legislation by early 2022 and avoid 
any lapse in FDA user fee collections.

A main goal for both CDER and CBER is to recruit and 
train additional staff to assess its wide array of innovative 
products, building on provisions in the current PDUFA 
program for filling more than 200 agency positions over 
five years and for retaining experts at the agency. FDA 
has found it very difficult to expand staff in a very tight 
job market and through the agency’s cumbersome hiring 
process. The initial hiring goals for CBER were one-fifth 
that for CDER, but few new recruits have come on board.

—Jill Wechsler

Stakeholders Seek Increased User Fee Support for Biologics
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or Ajinomoto’s AJI-cap technology, 
Sweeley remarks. Many of the ADCs 
in preclinical and clinical stages are 
based on site-specific conjugation 
technology of one form or another, 
Bertholjotti adds. 

On the other hand, Sweeley notes 
that even though more site-selective 
ADCs are expected in the future, ADCs 
with stochastic conjugation can still be 
successful. Coats agrees that site-se-
lective conjugation does not seem to 
demonstrate significant differences 
in terms of clinical activity and safety 
when compared to classic non-site-se-
lective conjugation. In fact, the seven 
commercially approved ADCs are not 
based on site-specific conjugation. 

It is possible, according to Sweeley, 
that the lack of a commercially avail-
able site-specific conjugated molecule 
is just a result of the head start that 
stochastic conjugation has had, but it is 
also possible that simplicity in manu-
facturing and homogeneity in analytic 
testing methods doesn’t directly result 
in better outcomes for patients.

LINKER CHEMISTRY MATTERS 
Finding an ADC that is better than 
standard therapy or that provides a 
solution to an unmet need defi-
nitely represents a challenge, just as 
with other drugs based on different 
approaches, according to Bertholjotti. 
The linker chemistry is an important 
component of ADC and has a signifi-
cant impact on performance.

“Linker chemistry plays a critical 
role in in-vivo stability, but initially 
was assumed to have a passive role 
with the exception of either being sta-
ble or labile in the acidic cytosolic cel-
lular environment,” observes Sweeley. 
More recently, however, he notes that 
there has been growing recognition 
that the linker plays an active role in 
conjugate hydrophobicity and there-
fore stability of the ADC as a whole.

The technology, according to Coats, 
has advanced and matured during the 
past 20 years to a point where linker 

technology is stable and molecules in 
development demonstrate low levels of 
deconjugation in patients. Both prote-
ase cleavable and non-cleavable linkers 
are in development and on the market.

Classic conjugation chemistry 
approaches include maleimide and 
N-hydroxysuccinamide-ester moieties 
(Seattle Genetics, Roche, and Pfizer). 
There are also various newer technologies 
for linkers, with some, Bertholjotti com-
ments, at the proof-of-concept stage and 
others already in preclinical evaluation. 

Sweeley cited the use of non-natu-
ral amino acid-based click-chemistry 
(Ambrx and Sutro). “To my knowl-
edge, these technologies have clearly 
simplified the conjugation process, 
but have not shown a clear improve-
ment in product effectiveness in the 
clinic,” he states.

UNDESIRED  
IMMUNE RESPONSES
ADCs are designed to be more selec-
tive than traditional chemotherapy 
agents. The mAb enables targeting of 
cancer (or other disease) cells where 
the payload is delivered with high 
selectivity, reducing the systemic tox-
icity in comparison with standard che-
motherapeutic drugs. 

Unfortunately, undesired immune 
responses have presented a prob-
lem that has been difficult to over-
come. These responses are largely due 
to the massive number of variables 
being examined and the relatively 
small number of clinical trials going 
on, according to Sweeley. “Many of 
the warheads being investigated for 
ADCs induce immunogenic cell death, 
which may enhance anti-tumor immu-
nity,” adds Coats. He also observes that 
there are recent examples demonstrat-
ing clinical activity with a combination 
of an ADC with PD-1 inhibition.

“In the process of taking any ADC 
through the approval process, it is nec-
essary to look at the mAb, the linker, 
and the payload chemistries individ-
ually, the ADC as a whole, and the 

payload and linker residues after 
the ADC has been internalized and 
digested within the cell. The end result 
is that for each ADC trial, research-
ers must monitor all of the normal 
undesired immune responses that occur 
during any oncology trial, but then try 
to attribute the cause of any that are 
observed to one of the five different 
potential sources,” Sweeley explains. 

“Factoring these additional consider-
ations into the normal variables of any 
trial, such as the specific cancer type, 
patient population, and level of pre-
treatments, etc., the picture becomes 
incredibly complex. Even after 20 years 
of clinical testing, the issue is still not 
fully understood,” he concludes.

LOWER-THAN-EXPECTED 
THERAPEUTIC WINDOW
The primary issue affecting ADC 
approvals today, according to Sweeley, 
is the lower-than-expected therapeutic 
window of these therapies. “If the ther-
apeutic window of ADCs were as large 
as people expected when ADCs first 
came to light, then many more approv-
als would already be on the market,” 
he asserts. This window has proven to 
be much more complicated than orig-
inally hoped, however, and therefore 
the clinical impact less significant than 
originally imagined.

Here again, the complexity of 
ADCs themselves is the main prob-
lem. For instance, Sweeley notes that 
if an innovator company wants to test 
a new conjugation method, they might 
choose a mAb and payload pair that 
have already shown success in the 
clinic. Similarly, a mAb company with 
a new antigen target is likely to use an 
established conjugation approach (e.g., 
that for Adcetris) to lower their risk. 
“The best molecule, however,” Sweeley 
explains, “might be a combination of 
multiple new technologies that are too 
risky to investigate for a small com-
pany with a limited budget.”

Development

Contin. on page 48



20     BioPharm International August 2020   www.biopharminternational.com

Va
si

ly
 M

er
ku

sh
ev

/S
to

ck
.A

d
o

b
e.

co
m

Using Process Modeling 
to Troubleshoot a Bioprocess
Process modeling offers an opportunity to troubleshoot 

for and anticipate difficult aspects of a bioprocess.

FELIZA MIRASOL

C hoosing a bioprocess model should be done early 
in the process design/development stage for a new 
biotherapeutic as it provides an opportunity to trou-

bleshoot difficult aspects of a bioprocess and determine the 
conditions under which process monitoring tools should be 
used and process controls applied.  

Artur Arsenio, head of Product Management PAT & 
Automation, Sartorius, and Doug Miller, managing direc-
tor, BDO Bioprocess Technology Group (BPTG), shared 
insights into bioprocess modeling and how to avoid poten-
tial pitfalls with BioPharm International. 

CHOOSING A MODEL
BioPharm: What criteria should be considered when choosing a 
bioprocess model?

Arsenio (Sartorius): Manufacturers should consider, 
first of all, how precise the model is. Can it accurately pre-
dict the variable of interest? What is the sensitivity-to-noise 
ratio? Another important consideration is robustness. When 
transferring the process from process development (PD) to 
commercial manufacturing, can the model be scaled to larger, 

potentially different, bioreactors? Finally, they should ask 
whether the model can be applied immediately, or whether 
it will require further calibration, and, if it does, how much 
experimentation and adaptation will be required.

Miller (BPTG): The process model or “scale-down” 
model used to develop and optimize a biotherapeutic 
manufacturing process should meet a number of criteria. 
First, the process model should have the same number, 
type, and duration of process steps as the actual process at 
production scale. In addition, product yields (e.g., volumet-
ric productivity or percent recovery) should be similar to 
product yields at actual production scale. It is also import-
ant to consider that the critical quality attributes (i.e., key 
structural and functional aspects) for product manufactured 
using the process model should be similar to those of prod-
uct manufactured at actual production scale, as determined 
by analytical characterization.

IN-HOUSE VS. OUTSOURCING
BioPharm: What would be the benefits and challenges of out-
sourcing/partnering process modeling vs. doing it in-house?

Upstream Processing
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Miller (BPTG): Outsourcing process 
modeling eliminates the need to build 
and fund internal staff, infrastructure, 
and lab space, which can reduce fixed 
costs. However, it also carries with it a 
host of challenges. When a company 
outsources process modeling, it has less 
control over data, experimental outcomes, 
and intellectual property. Additionally, it 
has less flexibility to make experimental 
changes ‘on the fly’ or to react to data. 
Essentially, one trades greater control 
and flexibility for more convenience and 
lower costs.

Keeping process modeling in-house 
allows for quicker turnaround time 
between experiments and more flexi-
bility to make experimental changes in 
response to data. It offers more control 
over intellectual property and provides 
the opportunity to ‘learn by doing’. Of 
course, the trade-off here is that there are 
costs to building the staff and infrastruc-
ture and securing laboratory space. 

Arsenio (Sartorius): The benefits 
of outsourcing include having access to 
a wider pool of suppliers and, potentially, 
accelerated innovation. Outsourcing 
offers the possibility of rapidly adopt-
ing the most advanced technologies. 
However, with outsourcing, core compe-
tencies remain external to the developer’s 
organization, leaving the manufacturer 
dependent on external expertise for 
model building, calibration, application, 
and maintenance.

MEETING INDUSTRY NEEDS
BioPharm: Are current process models 
adequately equipped to deal with increas-
ingly complex therapeutic molecules?
Arsenio (Sartorius): A current chal-
lenge, especially for the development and 
production of more complex therapeu-
tic molecules, concerns better process 
understanding, modeling, and control. 
Current bioprocess instruments are 
composed of a multitude of univar-
iate feedback loops to control critical 
process parameters (CPPs), such as 
pH. However, this approach neglects 
the interdependence and interaction 

among variables that affect the system 
and makes it difficult to reliably infer 
the controlled system’s overall robustness, 
stability, and sensitivity to disturbances. 
This triggers the adoption of control 
strategies that are strongly reliant on the 
system design, with small margins for 
system uncertainty and disturbances. 

This issue can be addressed by bet-
ter multivariate models and multivariate 
control strategies for CQAs, for instance, 
the continuous automation of the adjust-
ment of setpoints based on simulation 
outputs, which would close the loop 
of adaptive and automated model pre-
dictive control. Combined with state-
of-the-art automated process batch 
management and batch recipe-control 
functionalities that meet American 
National Standards Institute (ANSI)/
International Society of Automation) 
ISA-88 standards, as well as the use of 
electronic batch records and multivariate 
models, these control strategies might 
pave the way to real-time release testing 
based on batch fingerprinting.

Miller (BPTG): Cell and gene ther-
apy products are much more complex 
than mAbs or protein therapeutics, and 
the process models for manufacturing 
them can be more difficult to construct. 
For example, many process steps may 
be difficult to perform at a smaller scale 
while still being representative of actual 
production scales. New models are 
needed to facilitate process optimiza-
tion while reducing development costs 
and timelines. Improvements in process 
monitoring for cell and gene therapy 
manufacturing are also needed to enable 
learning how manufacturing process 
steps may affect the critical quality attri-
butes (CQAs) of the products.

BioPharm: What process model(s) 
have been successful so far in meeting 
the biopharma industry’s current needs?

Miller (BPTG): Process models for 
mAbs and recombinant proteins pro-
duced in mammalian or microbial cell 
lines have become very successful tools 
for enabling manufacturing process opti-
mization and/or troubleshooting. Scaling 

up production from small-scale models 
to actual production scale is generally 
straightforward. However, scale-down 
models for cell and gene therapy prod-
ucts are currently less reliable than for 
mAbs or protein therapeutics, and data 
from these models must be supported 
by actual production-scale data during 
process development.

Arsenio (Sartorius): The increas-
ing complexity of therapeutic molecules 
being developed in the biopharmaceuti-
cal pipeline requires innovative process 
analytical technology (PAT) approaches, 
namely the capability for inline or 
online CQA monitoring and control. 
Technology vendors are further evolv-
ing process controls and analytics by 
optimizing the full potential of Raman 
spectroscopy in bioreactor systems. 
For example, Sartorius has launched a 
new spectroscopy platform that offers 
enhanced process control of the compa-
ny’s ambr high throughput multiparallel 
bioreactor systems. Using this platform, 
a connected, online Raman spectroscopy 
sensor analyzes multiple parameters 
and further integrates sensor data with 
cell culture and process information to 
build robust models. Such models can be 
employed not only for monitoring but 
also to design feedback-control strategies 
(e.g., automated feed and bleed controls) 
for controlling several CPPs or CQAs, 
such as glucose, viable cell density, or 
titer, and reduce the risks associated with 
manual sampling and control.

To remain competitive, biopharma-
ceutical companies are also continually 
looking at strategies to reduce costs 
(e.g., increasing the flexibility of their 
biologics’ production and improving 
speed-to-market.) Leveraging PAT 
and associated software technologies, 
allows process parameters to be pre-
dicted, accurately, and automated pro-
cess control strategies to be applied 
so that both performance and prod-
uct quality may be improved. This 
approach also speeds up and simplifies 
process development and transferabil-
ity for commercial manufacturing. ◆

Upstream Processing
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Points to Consider for Continuous 
Downstream Bioprocessing

It is critical to evaluate specific considerations, from design to application, 
for the benefit of downstream bioprocessing and manufacturing. 

YANHUAI (RICHARD) DING AND MARGARET (PEGGY) MARINO

A s therapeutic monoclonal antibodies (mAbs) 
move through the drug development pipeline—
from R&D to clinical trials to market approval 

by regulatory authorities—chemistry, manufacturing, and 
control (CMC) plays a critical role. Nearly all commer-
cial mAb products are currently manufactured in batch 
mode with high cost, long manufacturing time, low process 
efficiency, and a large footprint of equipment and facility. 
Biopharmaceutical companies have therefore been seeking 
alternative strategies and/or novel technologies to address 
these issues. 

One strategy for protein drug manufacturing is the 
adoption of continuous bioprocessing (CBP), which has 
been successfully used for decades to produce amino acids, 
vitamins, and antibiotics. CBP has demonstrated multiple 
advantages, including high efficiency, high productivity, and 
high consistency. CBP also employs real-time monitoring, 
control, and automatic operating with a small footprint for 
hardware (e.g., column, skid, resin, tank) and facility. 

Implementing CBP has many challenges based on the 
following:

• Protein complexity (e.g., isoelectric point [pI], size, 
hydrophobicity, post-translational modification)

• Protein stabi l it y (e.g.,sensit ive to extreme pH, 
conductivity, heat, light, protease)

• Biosafety (e.g., virus from cell line, mycoplasma, animal-
derived components, bacteria, endotoxin)

• Product purity and quality (e.g., monomer percent, 
aggregates, fragments, charge profile, residual host cell 
proteins [rHCPs], and residual DNA [rDNA])

• CBP-dedicated technologies (e.g., inline analytical 
equipment and method, process-related hardware, 
software, and facility)

• Regulatory guidance
• Business risks (e.g., investment and return).

YANHUAI (RICHARD) DING*, PHD, rding@Anaptysbio.com, is 
director, Downstream Process Development and Manufacturing, 
and MARGARET (PEGGY) MARINO, PHD, is senior vice-president, 
Program Management; both at AnaptysBio.

*To whom correspondence should be addressed.
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In this study, the authors design and 
propose a continuous mAb manufac-
turing and purification process —from 
harvest to final formulation—based 
on the understanding of these chal-
lenges and including the specific 
upstream process (e.g., high titer and/
or large harvest volume). The purified 
drug substance (DS) from the CBP 
is expected to meet pre-determined 
safety, quality, identify, purity, and effi-
cacy (SQIPE) requirements.

PROGRESS IN UPSTREAM 
PROCESS PRODUCTIVITY
The upstream process is conducted by 
fed-batch or perfusion cell culture for 
mAb production. Significant progress 
has been made in both cell line devel-
opment (e.g., Chinese hamster ovary, 
PER.C6, or murine myeloma [NS0] 
cell line selection, clonality, clone sta-
bility, and cell banking) and upstream 
process development (e.g., media selec-
tion, feed strategy, viability, viable cell 
density, titer, product quality, stabil-
ity, and potency). High titer (e.g., > 
5 g/L) from fed-batch cell culture or 
large harvest volume from perfusion 
cell culture (e.g., two harvest media 
volume/bioreactor volume/day, 60 days 

per batch) has enhanced upstream 
productivity to satisfy market demand. 
Either the higher titer or larger har-
vest volume presents challenges for the 
downstream process development and 
manufacturing (1). 

POINTS TO 
CONSIDER FOR HARVEST 
Prior to downstream purification, the 
mAb is usually harvested by depth 
filtration (DF), particularly when a 
smaller fed-batch bioreactor (e.g., ≤ 
2000 L) is used to produce product for 
early clinical trials. Depth filters with 
different sizes and properties remove 
viable cells and dead cell debris by 
size-excusive sieving retention and/or 
charge adsorption (2). The DF filters 
are made from cellulose or polymer 
with filter aids, such as diatomaceous 
earth, charged resins, glass, silica, or 
activated carbon. High-grade DF fil-
ters with low extractable and/or low 
endotoxin are available as well. The 
DF filtrate quality (i.e., rHCP, rDNA, 
aggregates, fragments) and recovery 
are closely related to upstream cell line, 
titer, viable cell density (e.g., > 10x107 
cell/mL), cell viability (e.g., > 70%), 
filter property (e.g., size, or positively 

charged filter), and feed flux (e.g., < 
600 LMH), pressure (e.g., < 30 psi), 
load ratio (e.g., primary: < 100 L/m2, 
and secondary filter: < 200 L/m2).  

The current industrial practice for 
DF is a manual operation mode. To 
design a continuous DF process, the 
authors used a multi-round DF sys-
tem (3M) as an example. This system 
provides sufficient filter area for the 
process need. The system cannot be 
assembled and performed automat-
ically due to manual assembly with 
tubing. To upgrade the system for con-
tinuous harvest, a filter holder can be 
designed as illustrated in Figure 1. 
Each round of filter can be performed 
sequentially. After finishing the DF 
from each round, the holder can be 
disassembled and re-assembled robot-
ically with a new set of filters. It is 
expected that this type of hardware 
could be designed and applied for 
future continuous DF (e.g., automation 
of operation and filter replacement).  

For late-stage and commercial-pro-
duction scale, larger bioreactors (e.g., ≥ 
10,000 L) are often used. It is proposed 
to use continuous-flow centrifugation 
followed by DF for harvest. Key cen-
trifugation process parameters include 
feed flux, bowl speed, and discharge 
frequency. The load cell density, via-
bility, titer, and viscosity usually impact 
the parameter establishment. The cen-
trate quality can be monitored by real-
time turbidity using a turbidity meter 
(e.g., Beer Turbidity Meter InPro 
8600i, Mettler Toledo) and by particle 
size distribution using a laser diffrac-
tion testing instrument (e.g., Malvern 
Panalytical Mastersizer 2000, Particle 
Technology Labs).  

POINTS TO CONSIDER 
FOR DOWNSTREAM CBP
A fully integrated CBP for a mAb 
manufacturing process and purifica-
tion process based on the author’s cur-
rent knowledge, experience, and future 
expectations is shown in Figure 2. 

Downstream Processing

Figure 1. Multi-depth filter system designed for continuous harvest.

Feed

Filtrate

Adaptor design for a four-way-valve for multi-DF system

Top adaptor

Bottom adaptor



24     BioPharm International August 2020   www.biopharminternational.com

The CBP is designed based on a mAb 
biological property, process philoso-
phy, operational intensification, process 
consistency, robustness (e.g., load range, 
eluate concentration, pH, conductivity, 
volume), viral clearance, and bioburden 
control (e.g., retro- and parvo-virus, 
microbial control). The CBP design 
considers impurity removal, process 
monitoring, and control (e.g., upstream 
additives, rHCP, rDNA, aggregates, 
fragments, charge variance) based on 
analytical equipment and method 
availability. It also addresses equipment, 
hardware, and software availability 
(e.g., inline dilution, concentration, pH, 
and conductivity adjustment). 

Continuous mAb capture (e.g., 
BioSMB from Pall, PCC from Cytiva) 
has been successfully used from pro-
cess development labs to manufactur-
ing scale in large biopharma companies 
to avoid potential process bottlenecks. 
The continuous capture improves pro-
cess efficiency (e.g., multiple columns 
in continuous mode) and product 
quality (e.g., shorten holding time and 

minimizing product stability from har-
vested cell culture fluid) and reduces 
cost of goods (COGs), such as raw 
material (e.g., resin, column, buffer). It 
also reduces hardware footprint (e.g., 
number of bioreactor tanks and size) 
and facility size. As this technology 
and system matures, it is expected to 
be adopted by more medium-sized 
biotech companies and contract devel-
opment and manufacturing organiza-
tions (CDMOs). To adopt continuous 
capture, the starting point is from the 
Protein A resin screening step. There 
are a variety of resins available for 
screening (e.g., MabSelect Sure PCC 
from Cytiva, Toyopeal AF-rProtein A 
HC-650F from TOSOH, Poros ProA 
from ThemoFisher). The screening 
is typically focused on resin property 
(e.g., ligand matrix from highly cross-
linked agarose- or polymer-based 
resin), binding capacity (e.g., > 60 g/L), 
process efficiency (e.g., short residence 
time, less compression factor), prod-
uct purity (e.g., rHCP, rDNA, residual 
Protein A [rProA], aggregates, frag-

ments), resin performance (e.g., resin 
stability, binding capacity, elution 
peak broadness, elution volume, yield), 
bioburden, and endotoxin control. 

Once the resin is selected, capture 
step parameters will be assessed and 
established based on process design, 
equipment, and software. Process 
design based on product quality and 
recovery is key.  The software program 
should be created and tested based on 
column size, equilibration volume/time, 
load titer/density, washing residence 
time/volume, elution peak cut and elu-
ate volume, column post usage regen-
eration, sanitization, and reusing. For 
example, washing step optimization 
(e.g., pH, conductivity, detergent, or 
amino acids addition) not only results 
in impurity and/or virus removal but 
also facilitates multicolumn opera-
tional programming (Figure 2). 

Integration of capture and low pH 
viral inactivation (VI) into a single step 
is ideal for a CBP strategy. The elu-
ate pool pH could be designed and 
controlled by elution buffer strength, 

Downstream Processing

Figure 2. A fully integrated continuous bioprocessing (CBP) schematic for monoclonal antibody downstream process 
and manufacturing. rHCP is residual host protein. rDNA is residual DNA. rProA is residual protein A ligand. VI is viral 
inactivation. HCCF is harvested cell culture fluid. VIN is viral inactivation neutralization. FF is final filtration. BDS is bulk drug 
substance. UF/DF is ultrafiltratioin/diafiltration. VF is viral filtration. F/T is flow through.
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buffer pH, and eluted volume (3). An 
inline pH adjustment system can be 
used for pH fine-tuning if needed (4).

If the mAb is sensitive to low pH 
treatment, detergent treatment (e.g., 
1% v/v Polysorbate 20 + 0.03% tri-
n-butyl-phosphate) is an option as it 
inactivates enveloped virus effectively 
within five minutes (e.g., > 5 log reduc-
tion) (5).  Detergent treatment can be 
conducted in the harvest tank prior to 
capture load or in one of the washing 
steps by on-column VI strategy. The 

residual detergent can be removed by 
an additional wash step without deter-
gent added in the buffer before the 
elution step.

CHALLENGES 
AND SOLUTIONS
MAb aggregation after low pH hold 
should be closely monitored and con-
trolled. Lot-to-lot pH variation from 
the elution pool should be well-studied 
to understand the impact from the vari-
ation of elution buffer pH and column 

load density. Intermediate homogene-
ity can be achieved by using dispos-
able mixers (e.g., Allegro from Pall, or 
Mobius Power MIX from Millipore). 
Aseptic sampling can be conducted 
manually using aseptic sampling sys-
tems (e.g., Sartorius Take One or 
Millipore Nova Septum). Bioburden 
and endotoxin monitoring and control 
should start at raw material release and 
follow through to process operation.

To reduce microbial contamina-
tion, inline 0.2-µm filtration, before 

Downstream Processing

Building up adequate fill/finish capacity and ensuring 
the supply of materials for primary packaging contain-
ers are crucial requirements in the race to develop  
COVID-19 vaccines and therapeutics. Contract devel-
opment and manufacturing organizations (CDMOs) are 
essential components for handling the expected surge 
of capacity needed, and several have announced manu-
facturing agreements and capacity expansions.

Catalent now has manufacturing agreements with 
COVID-19 vaccine candidate developers, including 
Johnson & Johnson’s (J&J) Janssen (1), Moderna (2), 
and AstraZeneca (3) to provide fill/finish capabilities. 
Catalent is working with more than 40 customers on 
COVID-related antivirals, vaccines, diagnostics, and 
treatments for symptoms and effects of COVID-19 
(4). At the Catalent Biologics business unit’s facility 
in Bloomington, IN, the company reported that the 
scale-up in production would include the use of two 
new high-speed machines (1). The company is rapidly 
scaling segregated manufacturing capacity at the 
Bloomington facility to support dedicated production 
of J&J’s investigational vaccine candidate and plans to 
hire approximately 300 additional employees to meet 
manufacturing schedules by January 2021 (1).
The Bloomington facility is also being prepared to 

provide vial filling and packaging capacity for Moderna’s 
mRNA-based COVID-19 vaccine candidate (mRNA-
1273). Barrier isolator technology will be used for filling. 
Catalent expects to produce an initial 100 million doses 
of the vaccine candidate for the US market starting in the 
third quarter of 2020, and the companies are discussing 
fill/finish capacity for continued commericial production 
of hundreds of millions of additional doses (2).
The Catalent Biologics facility in Anagni, Italy, is 

being prepared for commercial-scale vial filling and 
packaging for AstraZeneca and the University of 
Oxford’s adenovirus vector based COVID-19 vaccine 
candidate, AZD1222. The facility will be able to supply 
hundreds of millions of doses of the vaccine candidate 

from August 2020, and potentially through to March 
2022, should the product be approved by regulatory 
agencies (3). 

One of the funding sources for COVID-19 countermeasures 
is the US government, which is building a network of 
manufacturing partnerships through programs such as 
Operation Warp Speed, a partnership among components 
of the Department of Defense (DoD) and the Department of 
Health and Human Services (HHS), including the Centers for 
Disease Control and Prevention (CDC), FDA, the National 
Institutes of Health (NIH), and the Biomedical Advanced 
Research and Development Authority (BARDA) (5). In 
addition to contracts with J&J, AstraZeneca, and Moderna, 
in June 2020 HHS contracted with Emergent BioSolutions 
for manufacturing capacity, including an $85.5-million 
investment for the rapid expansion of the company’s viral 
and non-viral CDMO fill/finish capacity for vaccine and 
therapeutic manufacturing (6).
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load and after elution, is essential.  
Current 0.2-µm filtration systems 
are manually assembled for single-set 
usage. A multiple 0.2-µm filter 
assembly (similar design principle 
from Figure 1) should be invented 
for CBP. Each individual filter sizing 
should be pre-determined based on 
load property (e.g., turbidity, concen-
tration, pH, conductivity) and filter 
property (e.g., polyethersulfone, poly-
vinylidene difluoride). 

In-line, real-time testing methods 
and technologies for HCP, DNA, capil-
lary gel electrophoresis, glycan, and cap-
illary isoelectric focusing (cIEF) assay 
are essential, but they are available. 

CONTINUOUS 
POLISHING STEP
It is highly recommended to use a 
two-column process for downstream 
CBP. If the second column load pH, 
conductivity, and/or concentration 
needs to be adjusted (4), one may 
make adjustments using the Cadence 
pH adjustment (Pall) or an in-line 
dilutor or in-line concentrator (e.g., 
from Pall or Merck Millipore). 

If the product purity and/or qual-
ity does not meet its SQIPE require-
ment after the second column, other 
resins, such as anion exchanger, cat-
ion exchanger, mixed-mode resin, or 
hydrophobic interaction resin, may be 
screened (3). A third column should 
be avoided in a CBP strategy.

Most recently, the authors have 
studied the cation exchange chroma-
tography (CEX) of flowthrough mode 
versus the traditional bind and elute 
mode. The preliminary data showed 
that the flowthrough mode had a 
much higher process efficiency (e.g., 
four times faster), lower cost (e.g., 90% 
of resin cost reduction), and higher 
impurity removal for high-molecu-
lar species (> 2x) and HCP (> 1.5x) 
than the bind and elute mode. The 
flowthrough mode is effective in 
removing high molecular species and/
or residual host cell proteins, which 
are difficult to be reduced to accept-

able level due to their evenly distribu-
tion in the elution peak from the bind 
and elute mode. The results demon-
strate that a continuous process can be 
possibly conducted in a flowthrough 
mode f rom both anion exchange 
(AEX) and CEX with the same load 
density, residence time, buffer pH, and 
conductivity. 

CONTINUOUS 
VIRAL FILTRATION
Viral filtration (VF) is a robust viral 
clearance step recognized by regulatory 
authorities that is routinely performed 
in batch mode. Current VF technology 
and systems pose a bottleneck for CBP. 
To implement continuous VF process-
ing, the authors recommend designing 
a novel multi-pack VF system (similar 
to the principle and design in Figure 
1). Each filter pack would be designed 
for a fixed amount of product based 
on its capacity, process efficiency, and 
recovery, which can be controlled 
based on filtration flux decay. The fil-
trate from each filter pack would be 
collected individually. After post-use 
integrity is tested, the individual fil-
trate would be pooled for formulation 
by ultrafiltratioin and diafiltration (UF/
DF). This practice can minimize the 
failure of the entire VF process because 
post-use integrity testing can pinpoint 
the possible individual filters where the 
failure occurred.

CONTINUOUS UF/DF
Current UF/DF is conducted in 
batch-mode for final drug substance 
concentration and buffer exchange for 
formulation. To adopt a continuous pro-
cess technology for UF/DF, single-pass 
tangential flow filtration (SPTFF) has 
been used for protein concentration (6).  
One such system (Cadence, Pall) has 
achieved a concentration factor range 
of 3–25× at 10–70 L/m2/h permeate 
flux within 25–65 psid feed pressure 
drop (7). This technology helps in-pro-
cess sample concentration prior to col-
umn or viral filter load. Multi-module 
SPTFF may allow mAbs to reach high 

concentration (i.e., 100 g/L), but a sin-
gle pass UF/DF system is not com-
mercially available. One study, however, 
demonstrated a three-stage single-pass 
diafiltration that resulted in > 99.75% 
buffer exchange (8).  That is encourag-
ing news for future continuous UF/DF 
process and manufacturing. 

CONCLUSION
CBP enhances process efficiency, pro-
ductivity, consistency, and product quality. 
It can reduce overall manufacturing cost 
from raw materials, equipment, hardware, 
and facility footprint. Therefore, it would 
be advantageous to implement contin-
uous process strategies in downstream 
bioprocessing to avoid potential bottle-
necks caused by upstream high titer cul-
tures and/or harvest volume. 

The authors of this study pro-
posed a fully automated CBP applied 
for downstream process and manu-
facturing based on a novel process 
design, continuous pH and conduc-
tivity adjustment for intermediates, 
and real-time process and product 
quality monitoring and control (9). 
The authors anticipate that special-
ized computer software (e.g.,digital 
manufacturing, artificial intelligence, 
remote control) and hardware (e.g., 
ar tificial  intel l igence-control led 
probes, valves, tanks, skids) will be 
invented and successfully applied to 
future downstream CBP. 
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Aseptic Processing Practices:  
ReviewingThree Decades of Change 
Technologies in use and on the horizon could change aseptic processing 
in ways that seemed inconceivable years ago, but approaches to aseptic 

process validation still need to move beyond their 1970s roots.
JAMES AGALLOCO, JAMES AKERS, AND RUSSELL MADSEN

S ince 1988, when the Parenteral Drug Association first 
reviewed industry practices (1) and expectations, and 
2004, when the authors last took stock of changes in 

technology and practices (2), the aseptic processing land-
scape has changed dramatically, with advances in equipment 
design, altered perspectives, and regulatory updates. (3-9) 
This article reviews some of the extensive changes that have 
taken place in aseptic processing within the past 15 years, 
many of which surpass “revolutionary” and might be consid-
ered “extraordinary.”

Despite this progress, one problem that the authors noted 
in 2004 persists: the idea that contemporary microbiologi-
cal methods can recover all microorganisms with a limit of 
detection that approaches zero. As a result, contemporary 
approaches to aseptic process validation still reflect their 
1970’s genesis far more than they should. This is particularly 
evident with excessive lethality requirements for terminal 
sterilization, as well as environmental monitoring, media-
fill sampling, and continued over-reliance on visualization 
methods such as smoke studies. 

At a time when aseptic processing technology is automat-
ing processes and reducing or eliminating the potential for 
contamination, it is time to revise the industry’s approach to 
validation and its expectations for aseptic processing. This 
article highlights challenges that are emerging for 2020 and 
beyond, in light of improvements that have been made. 

RETHINKING STERILIZATION
Many in the industry continue to believe that most drugs and 
biologics cannot withstand a sterilization process in their final 
containers, so most of the parenterals and other products labeled 
sterile are manufactured using aseptic processing. New thinking 
about sterilization processes might change that, at least for some 
products. For the last 40 or so years, sterilization has focused 
primarily on concerns for microbial destruction, and sterilization 

James Agalloco, jagalloco@aol.com, is principal of Agalloco & 
Associates Inc.; James Akers, PhD, is principal of Akers Kennedy 
& Associates Inc.; Russell Madsen is director of The Williamsburg 
Group, LLC.
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validation had a singular focus on inacti-
vation of a highly resistant, high popula-
tion biological indicator. This resulted in 
the unintended consequence that termi-
nal sterilization processes became increas-
ingly, and even unreasonably, arduous. 

Overly aggressive, scientifically 
unnecessary approaches to sterilization 
resulted in excessively lethal processes 
that exposed products to extreme condi-
tions. Inevitably, these conditions affected 
products’ essential quality attributes, and 
increased the industry’s reliance on asep-
tic processing as opposed to terminal 
sterilization processes (9-12). 

STERILITY: AN ELUSIVE GOAL 
For more than 20 years, the industry and 
regulatory communities have come into 
increasing conflict with respect to aseptic 
processing. The dilemma arises directly 
from the seemingly logical, but scientif-
ically flawed notion that it is possible to 
prove that each and every lot of asep-
tically manufactured product contains 
only “sterile” material. Sterile is, if taken 
in its most absolute meaning, a word 
that offers no room for uncertainty in 
measurement or outcome. Sterile means 
free of any viable organisms. The ability 
to measure microbes in the environment 
is not pertinent to risk assessment when 
the process operates consistently below 
practical assay capabilities. Processes 
operating below the limit of microbial 
detection are desirable. Yet, when they 
reach that level, existing monitoring 
requirements actually increase risk by 
requiring operator interventions that can 
introduce contamination.

The introduction of advanced aseptic 
processing systems that exclude gowned 
personnel from the critical environment 
has fostered a new understanding, which 
defines a new reality grasped by some, 
but actively opposed by others. Sterility 
is attained by the proper implementation 
of practices that, when combined, pro-
vide the protection from contamination 
that sterile products require. Sterility by 
design (13-15) describes a state where 
confidence in the output is realized by 

specific intent across the many contribut-
ing systems. As a result, improvements in 
aseptic process performance have created 
a conundrum. Microbial test methods 
are no longer useful because contamina-
tion levels have fallen below the levels of 
detection. This should be recognized as a 
problem modern microbiological meth-
ods can’t readily resolve. Advanced asep-
tic processing systems have become so 
robust that in many closed, state-of-the-
art systems, contamination is no longer a 
concern, while, in others, contamination 
is so well controlled (when assessed by 
methods that were intended for use in 
traditional cleanrooms) that it is irrele-
vant. Nevertheless, present day regulatory 
beliefs and expectations continue, not 
only to fixate on sampling and testing 
using methods that have little utility, but 
to demand that their use increase. 

Perhaps the industry erred by labeling 
aseptically manufactured products “ster-
ile.” However, little if any harm has come 
from this approach. No current standard 
explicitly calls for zero contamination in 
media-fill process simulation tests or in 
environmental monitoring, yet regulatory 
documents expect zero or near zero con-
tamination levels (16,17). Zero may be 
valid as an aseptic processing target, but 
it is important to remember that no asep-
tic environment or aseptically produced 
product can be proven to be sterile. 

VALIDATION 
In no other segment of the phar-
maceutical industry is the control of 
manufacturing processes as critical as 
in the production of aseptically pro-
duced products. That recognition has 
led to the development of advanced 
production and quality assurance sys-
tems. Firms have continued to develop 
and implement more rigorous methods 
for the validation of aseptic processes, 
summarized in the following sections.

Component sterilization
Sterilization of components is a neg-
ligible risk factor in aseptic processing. 
Equipment suppliers, clean room sup-

pliers and the pharmaceutical industry 
itself have responded by systematically 
reducing the risk of contamination. 
Growing implementation of automa-
tion and advanced aseptic processing 
technologies will incrementally reduce 
risks associated with human contam-
ination (3,8,9) in aseptic processing, 
as shown in Table I. The primary 
source of contamination disappears in 
advanced aseptic technologies in which 
operators are no longer present! 

The methods used for component 
sterilization in the manufacture of 
glass and elastomeric-stopper container 
systems have not changed. However. 
increasingly, suppliers of these mate-
rials are supplying them in either a 
ready-to-sterilize or ready-to-use con-
dition. This trend is partially due to 
increased use of outsourcing, and the 
emergence of smaller firms that lack 
the infrastructure to prepare these 
materials on a limited basis. 

Moist-heat sterilization continues 
to be the most widely used steriliza-
tion method(18). For glassware, dry heat 
continues to be the method of choice 
for sterilization and depyrogenation. 
Regulatory expectations for depyrogena-
tion are a minimum three-log reduction 
of reference standard bacterial endotoxin. 
Changes in the US Pharmacopeia’s (USP’s) 
standards suggest that use of naturally 
occurring endotoxin is a more appro-
priate challenge given that there is no 
standardized resistance for dry heat 
endotoxin indicators (19, 20). 

Industry scientists are aware that glass 
containers are manufactured at high tem-
peratures that reduce the pyrogen burden 
on glass below the limit of detection. Also, 
present day water systems are so well 
controlled that the potential for pyrogen 
contamination of glass during washing 
steps is exceedingly low. 

Process filter validation
The basic principles involved in prod-
uct filtration have remained unchanged 
for more than 30 years (21). Firms are 
placing greater emphasis on assess-
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ment of pre-filtration bioburden and 
use these data to confirm the appropri-
ateness of their filtration processes on 
a lot-by-lot basis. The highly special-
ized nature of filter validation gener-
ally requires considerable participation 
by filter vendors, but it remains the 
responsibility of the user to ensure 
each filtration process is appropriate 
for its intended purpose.

Process simulation—media fills 
Regulatory interest in media fills has 
increased over the last decade with 
expectations that a firm’s media-
fill program adequately support its 
everyday aseptic processing practices. 
Intervention frequency and their align-
ment with operating procedures are key 
areas of concern (22–25). In operations 
where fill speeds of 200 or more units/
minute are attainable, the duration of 
a media fill in which the target popu-
lation was only 5000 would result in a 
media fill that might last roughly 30 
minutes, not including set-up. However, 
requiring media-fill tests that are a high 
percentage of the total number of units 
ordinarily filled in a batch is not nec-
essary to provide an assessment of pro-
cess capability. Media-fill populations 
of more than 10,000 units are rarely if 
ever required even for high throughput 
operations. With advanced technologies 
operating so effectively, this historically 
important test (26–28) has far less util-
ity than it formerly did (Table II). 

One reason given for longer duration 
fills is to evaluate the effect of operator 
fatigue. Abundant means exist to qualify 
personnel for aseptic operations with-
out the requirement for their partici-
pation in a media-fill test. Employees 
can be individually evaluated in terms 
of gowning proficiency and laboratory 
simulations can be used to evaluate their 
aseptic technique. 

Additionally, operators should be 
comprehensively trained on equip-
ment operations, relevant operating 
procedures and work instructions. The 
adoption of detailed intervention prac-

tices, closely followed by all operators, 
is preferable. A firm should develop a 
rationale for its container/closure sys-
tem selection based upon a careful anal-
ysis of risk, and establish a media-fill 
program that supports the operational 
variations of container, closure, and 
line speed. It is important to remem-
ber that a media fill test is a snapshot 
in time and is not predictive of future 
outcome or informative regarding pre-
viously manufactured product (29, 30). 
In the future, the industry must develop 
validation and process-control meth-
ods built around engineering principles 
relating to the statistical demonstra-
tion of process capability against process 
parameters rather than overly relying on 
microbiological evaluations and invasive 
sampling practices. 

ENVIRONMENTAL 
SYSTEMS AND CONTROLS
Environmental control and  
facility management programs
The basic elements of an aseptic pro-
cessing environmental control program 
(i.e., viable air, surface, and personnel 
monitoring as well as particle moni-
toring) have not changed meaningfully 
since their introduction. 

Cleanroom classification
The classification of each room or mod-
ule within an aseptic processing area 
must be appropriate for its intended 
use (16,17, 31,32). The highest level 
of control will be directed to critical 
zones in which aseptic manipulation 
of sterile materials and surfaces occurs. 
These areas are designed to com-
ply with Class 5 of the International 
Standard Organization’s (ISO’s) 14644 
(ISO Class 5 is functionally equiva-
lent to traditional US Federal Standard 
[FS] 209 E Class 100, and to European 
Union Grade A in terms of total partic-
ulate air quality). ISO-5 environments 
are customarily equipped with total 
coverage high-efficiency particulate air 
(HEPA) filtration, and unidirectional 
airflow is maintained to the extent that 
it is technically possible. Isolators that 
can maintain ISO-5 conditions without 
unidirectional air do not require full 
HEPA coverage (33). European and US 
aseptic processing area zoning differs in 
that the area immediately adjacent to 
the critical zone in the USA is typically 
Class 7 [FS 209 Class 10,000] while in 
Europe this area is Grade B, for which 
there is no precise analog in either 
ISO 14644 or the withdrawn FS 209E 
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1986 2001 2017

Personnel contaminants 1 1 1

Human error 2 2 2

Non-routine activity 3 4 3

Aseptic assembly 4 3 6

Mechanical failure 5 5 5

Improper sanitization 6 7 4

Material transfers 6 8 4

Surface contaminants 7 7 8

Airborne contaminants 7 6 6

Routine APA activity 7 7 7

Failure of 0.2 filter 8 8 -

Failure of HEPA 9 8 8

Improper sterilization 10 9 8

Container closure integrity N/A N/A 6

Other - 10 -

Table I. Rank-ordered sources of microbial contamination in aseptic processing. 
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classification schemes. These classifi-
cation schemes are essentially equiva-
lent. Firms may use different approaches, 
provided they have a rationale that is 
based upon good scientific and engi-
neering practices (34). 

Other parameters typically considered 
in the design of an aseptic processing area 
are direction of airflow, air balance, air 
changes/hour and air velocity. Numerous 
engineering guidelines exist that offer 
sound design recommendations for asep-
tic processing areas. Today’s regulatory 
environment tends to overemphasize the 
importance of both air velocity and uni-
formity of airflow. The 90-feet/minute 
or 0.45m/s air velocity expectation is a 
reasonable target value. However, it is 
unreasonable to conclude that these val-
ues are sacrosanct (35). 

High air-exchange rates that are 
necessary in manned cleanrooms are 
of much less value in isolators, where 
the sources of contamination are absent. 
Isolators operate quite well at air veloci-
ties of 0.2m/s or less. When air velocity 
was last included as a cleanroom design 
specification in FS 209C, the measure-
ment was taken approximately one foot 
from the face of the HEPA filter. There 
is no basis to require that any specific 
air velocity be attained at the work sur-
face. Because the work surface is located 
perpendicular to the direction of airflow 
and cannot be made aerodynamic, main-
tenance of strict unidirectional airflow at 
the work surface is not possible and can-
not be reasonably expected (36).

Visualization of airflow may provide 
for optimization of air movements (37). 
Visualization of air flow (commonly 
called “smoke studies”) is entirely sub-
jective, however, because it is based on 
human observations of the outcome 
rather than objective criteria. Regulators 
have overemphasized its importance, 
which should not take precedence over 
objective data.

Environmental monitoring
This is one area in which aseptic process-
ing may actually have regressed. Given 

vastly improved equipment design, the 
utility of environmental monitoring has 
diminished. Comprehensive environ-
mental monitoring programs continue 
to be required for classified environments, 
however, and they are becoming increas-
ing expansive, even though there is no 
evidence that today’s programs are any 
better than those of the past.

Sampling methods and approaches 
have remained largely unchanged 
since 1970; what has changed is the 
amount of monitoring performed and 
the actions expected by inspectors in 
the event of excursions. Environmental 
excursions (i.e., results that exceed 
action levels) occur at a much lower 
frequency than ever before.

In response to regulatory pressure, 
the industry is misusing environmental 
monitoring and increasingly ignoring the 
uncertainty and inaccuracy inherent in 
the practice. In too many instances, sam-
pling results are being considered like a 
product release microbiological quality 
assay. In the most extreme cases, samples 
taken of “critical surfaces,” environmental 
monitoring has evolved into a de facto 
product release sterility test. This is sci-
entifically inappropriate. Environmental 
monitoring excursions should not trigger 
the application of out-of-specification 
(OOS) test interpretation and resolution 
(38,39). The FDA’s OOS guidance was 
never intended for application to micro-
bial testing, and this position has often 
been reaffirmed by FDA personnel.

Environmental monitoring must 
consider the realities of microbiological 

growth and recovery. The measurement 
accuracy of active air samples, erro-
neously called “quantitative” air sam-
plers, is limited, and variability among 
commonly used active air samplers can 
exceed five-fold (37). Clearly then, set-
ting an action level of 3 colony form-
ing units (CFU) and an alert level of 1 
CFU is illogical. Additionally, microbi-
ological enumeration, particularly at low 
organism titers, is statistically unreliable. 
It is more appropriate, scientifically, to 
monitor trends by evaluating contam-
ination incidence rates rather than by 
emphasizing colony counts (40).

Environmental sampling plans 
should include representative sites in 
the ISO Class 5 critical zone as well 
as the surrounding environment in 
conventional manned cleanrooms.The 
more critical sites should be sampled 
daily. Non-critical surfaces such as walls 
and floors should be sampled weekly to 
ensure that the firm’s disinfection pro-
gram is performing adequately. Routine 
environmental sampling of personnel 
should be limited to glove testing at the 
conclusion of their stay in the aseptic 
environment. Sampling of personnel 
during operations is ill advised because 
it increases operator activity and risks 
increasing contamination on gowns 
and gloves. Post-production sampling 
of product contact surfaces (e.g., parts, 
hoppers, and filling needles) can be 
done, but results should not be consid-
ered indicative of sterility or asepsis, and 
certainly not the lack thereof. Sampling 
is a manual intervention and subject to 
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Criteria 1980 1986 1992 1996 2001 2017

0 25%

<0.05% 11.5% 13.2% 7.5% 12.5%

0.05–0.09% 7.7% 9.4% 22.6% 18.8%

1/5000* 73%

0.10% 25.0% 73.1% 67.9% 92.6% 68.8% 2%

0.11–0.20% 25.0% 3.8% 1.9%

0.21–0.30% 18.8% 3.8% 9.4%

>0.30% 31.2%
*- Follow criteria in FDA aseptic guidance

Table II. Media-fill survey comparison - acceptance criteria.
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adventitious contamination, indepen-
dent of the process activity. Studies at 
PDA’s Training and Research Institute 
(41) show that surface contamination is 
a poor predictor of media-fill outcome. 
The industry must focus on product 
safety, rather than an absolute, abstract 
expectation that a perfect sterile envi-
ronment must exist (42,43). 

ADVANCED TECHNOLOGIES 
Advanced aseptic processing includes 
technologies that reduce the risk of 
human-borne contamination through 
automation and/or environmental 
designs, such as isolators, closed restricted 
access barrier systems (RABS), blow-fill-
seal (BFS) or form-fill-seal (FFS) tech-
nologies, and various types of machine 
automation. In 1988, the first isola-
tor-based aseptic filling systems were 
just being implemented; today isolator 
systems represent the state of the art for 
commercial scale aseptic filling. BFS and 
FFS have been used for nearly 50 years 
and undergo continuing improvement. 

RABS, which were all the rage in 
2004, vary significantly in design and 
operation and have lost some of their 
appeal. The industry continues to be 
cautious in adopting isolators, despite 
overwhelmingly positive experience 
with the technology. This can be traced 
to archaic design and monitoring expec-
tations derived from manned clean-
rooms (42). Improvements in process 
equipment have reduced the depen-
dency on operators in many aseptic fill-
ing systems. Automatic check weighing, 
integrated clean and steam-in-place, 
in-line automated inspection equip-
ment, remote fill adjustment and other 
advances have dramatically improved 
filling equipment. Robots are being 
used for transfer of components, loading 
and unloading of lyophilizers and even, 
paradoxically, environmental monitor-
ing. The emergence of closed aseptic 
processing systems provides a variety 
of opportunities for enhanced product 
and worker protection. Existing aseptic 
technologies, and certainly those just 

coming into use, provide such superior 
results when judged by the long-stand-
ing monitoring means of sterility testing 
(i.e., environmental sampling and pro-
cess simulation) that the means for their 
evaluation must be reconsidered. In 
short, today’s advanced aseptic technol-
ogies have exceeded past expectations, 
but unless validation practices catch up, 
the industry risks making the perfect 
the enemy of the excellent. 
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V iral contamination is an 
inherent risk during the 
manufacture of therapeu-

tic products such as antibodies, 
vaccines, viral vectors, and plasma 
derivates. Whether introduced 
endogenously from raw materials 
or exogenously through manufac-
turing operations, unmitigated viral 
contaminations can lead to seri-
ous health implications and plant 
shutdowns. Therefore, international 
regulatory agencies require spon-
soring companies to validate the 
“viral clearance efficacy” of their 
individual downstream purification 
process steps before clinical trials or 
commercial approval.

VIRAL CLEARANCE 
TESTING
Viral clearance validation is assessed 
through small-scale “spiking stud-
ies,” where model mammalian viruses 
(e.g., minute virus of mice [MVM]) 
are introduced into in-process mate-
rial that is then processed through 
a purification technique (e.g., chro-
matography, nanofiltration, and low 
pH). Viral quantity pre/post-process-
ing is determined through an infec-
tivity (e.g., TCID50) or qPCR assay 
and the log reduction value (LRV) 
is calculated. These studies require 
specialized Biological Safety Level 
(BSL) laboratories and experienced 
personnel, resulting in costs that can 
soar well over US$100,000. These 
hurdles deter many companies from 
analyzing viral clearance during the 

years of small-scale process develop-
ment that lead to validation. Instead, 
such companies spend considerable 
resources optimizing their manu-
facturing processes before gaining 
knowledge of viral clearance efficacy. 
Unfortunately, that increases the 
risk of validation failure, forcing bio-
manufacturers to invest additional 
time and money redeveloping some 
process steps—which can, in turn, 
postpone regulatory approval.

NEW TIME-SAVING 
APPROACHES
In 2020, Cygnus Technologies 
introduced the MockV™ MVM 
Kit, a BSL-1 compatible viral 
clearance prediction tool that 
includes a non-infectious mock 
virus particle (MVP) that mimics 
the physicochemical properties of 

live MVM. The Kit also contains 
all the necessary quantification 
components to determine MVP-
LRV, thus enabling downstream 
purification scientists to easily and 
economically conduct viral clear-
ance assessments in the comfort of 
their own laboratory. 

Through a collaboration with 
the FDA, the physicochemical 
properties of this MVM-MVP 
were first studied and compared 
with live MVM. The results from 
this study demonstrated compa-
rable size, surface charge, and sur-
face hydrophobicity properties 
among MVM-MVP and MVM 
(Figure 1, Table I) (1). To quan-
tify MVM-MVP in solution, an 
Immuno-qPCR assay was opti-
mized (Figure 2). This assay 
enables MVM-MVP quantifica-
tion over a 4.0 log10 dynamic range 
in less than 5 hours. Data demon-
strating the LRV’s comparability 
with MVM achieved through the 
use of the Kit have been generated 
for a variety of downstream appli-
cations including; nanofiltration 
(2), anion exchange chromatog-
raphy (3-4), hydrophobic interac-
tion chromatography (5), and AAV 

Predicting Viral 
Clearance at Your 
Benchtop
David Cetlin

Figure 1. Live MVM versus MVM-MVP.

Analysis Live MVM MVM-MVP PP7 Bacteriophage
Hydrodynamic Radii (MALS) 18.4 ± 0.2 nm 17.2 ± 0.1 nm 16.9 ± 0.4 nm

Diameter (TEM) 24.6 ± 3.6 nm 25.6 ± 3.0 nm 31.6 ± 1.6* nm
Surface Change (pl) 5.99 5.81 4.74
Hydrophobicity** 0.28 0.35 0.61

* Reference value from Lute et al. PDA J Pharm Sci Technol (2008)
** Relative hydrophobic affinity to phenyl (1.0 = insulin)

Table I. Comparing live MVM, MVM-MVP, and PP7 Bacteriophage.
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affinity chromatography. The Kit 
has also been utilized to provide 
viral clearance output for Design 
of Experiments (Figure 3) and 
High Throughput Screening 
(HTS) applications.

During a high-throughput 
screening (HTS) collabora-
tion with the National Institute 
of Health’s (NIH) Vaccine 
Research Center (NIAID-
VRC), the viral clearance per-
formance of several AEX and 
CEX resins (f rom multiple 
vendors) were screened with 
MVM-MVP across a range of 
pH/conductivity conditions. 
Robocolumns were equilibrated 
with buffer containing 10 mM 
NaCl (pH 6.5, 7.5, 8.5 for AEX; 
pH 5.5, 6.5 for CEX). pH-
adjusted loads (vaccine) were 
spiked to 1E11 MVM-MVP/
mL and added to each column. 
The plate was mixed and cen-
trifuged while unbound flow-
through was collected. A series 
of increasing NaCl concentra-
tions was added to the columns 
and after each addition, the 
plate was mixed, centrifuged and 
samples were collected. All sam-
ples collected were analyzed for 
MVM-MVP and LRVs were 
determined (Figure 4). The 
information gathered from these 
experiments enabled the NIH to 
select several resins for further 
process development activities. 
Obviously, the Tecan used for 
these experiments could not be 
transported to a viral clearance 
facility for live viral clearance 
experiments, nor could live virus 
be shipped for use by the NIH 
in-house. Thus, the MockVTM 
MVM Kit provided a unique 
and economic opportunity to 
gain viral clearance prediction in 
a HTS manner. 
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Figure 3. Viral clearance output for Design of Experiments.

Figure 2. Immuno-qPCR assay.

Figure 4. AEX and CEX resin screen results.
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The Impact of SARS-CoV-2 on 
Biomanufacturing Operations

This article presents the results of a survey conducted to gain insight on 
the impact of the COVID-19 pandemic on biomanufacturing operations. 

PAUL W. BARONE, FLORA J. KEUMURIAN, MICHAEL E. WIEBE, JACQUELINE WOLFRUM,  
JAMES C. LEUNG, ANTHONY J. SINSKEY, AND STACY L. SPRINGS 

T he spread of COVID-19, which is caused by SARS-
CoV-2, an enveloped, single-stranded RNA virus, 
was declared a global pandemic on March 11, 2020, 

and the virus has infected millions of individuals and 
led to hundreds of thousands of deaths. One of the main 
approaches used to mitigate the spread of the virus has 
been to institute stay-at-home orders and close all non-es-
sential businesses. These closures do not include phar-
maceutical and biopharmaceutical companies, which are 
conducting essential work to rapidly develop and manufac-
ture new treatments and vaccines to fight the pandemic as 
well as continuing to provide a steady supply of life-saving 
medicines to patients. 

While the biopharmaceutical industry undoubtedly faces 
pressure to rapidly develop new treatments and vaccines to 
fight COVID-19, it also must ensure the safety and supply 
of all current commercial and clinical biotherapeutics and 
vaccines. Strategies to prevent process and product contam-
ination by SARS-CoV-2 and to ensure continuity of man-
ufacturing during the pandemic are, therefore, important. 

The Massachusetts Institute of Technology (MIT) Center 
for Biomedical Innovation (CBI), and its two biopharma-
ceutical industry consortia, the Consortium on Adventitious 
Agent Contamination in Biomanufacturing (CAACB) 
and the Biomanufacturing Consortium (BioMAN), 
hosted a webinar on The Impact of SARS-CoV-2 on 
Biomanufacturing Operations on April 22, 2020. The webi-
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nar featured a series of expert perspec-
tives, both from invited speakers with 
regulatory expertise and individuals 
f rom BioMAN and CAACB mem-
ber companies with viral safety and 
manufacturing expertise, to provide 
company-specific views of how the 
COVID-19 pandemic was impacting 
biopharmaceutical manufacturing. 

Prior to the webinar, a 23-question 
survey was sent to member companies 
to gain an industry-wide snapshot of 
the impact of the COVID-19 pan-
demic on biomanufacturing operations. 
The results of this pre-webinar survey, 
which was completed by 15 member 
companies, were also presented and 
provided a high-level view of how bio-
manufacturers were approaching the 
global pandemic. This article presents 
the key points discussed at the webinar, 
as well as any key conclusions based 
on the limited information available at 
the time, to provide the recombinant 
protein, vaccine, and cell and gene 
therapy manufacturing community 
with these insights. 

PREVENTION OF 
PROCESS AND PRODUCT 
CONTAMINATION  
BY SARS-COV-2
Preventing biopharmaceutical process 
or product contamination with an 
emerging virus, in this case SARS-
CoV-2, hinges on first assessing 
the risk that the virus poses to 
a manufacturing process. All 15 
companies who responded to the pre-
webinar survey indicated that they 
had done this risk assessment. The key 
questions that must be addressed in a 
risk assessment are as follows: 
• What are the potential sources 

of SARS-CoV-2, and are those 
sources a potential route of entry 
into the manufacturing process? 

• Can SARS-CoV-2 replicate in the 
manufacturing production cell line? 

• Is it possible to detect the presence 
of SARS-CoV-2 with existing virus 
detection assays? 

• Can the pur i f icat ion process 
remove or inactivate SARS-CoV-2? 
Potential direct sources of SARS-

CoV-2 were identified as operators, 
cell banks, and raw materials. As a 
rough measure of the perceived impor-
tance of these three potential sources 
for SARS-CoV-2, 100% of compa-
nies who responded to the pre-we-
binar survey had assessed the risk of 
infected employees introducing the 
virus into their manufacturing pro-
cesses and 60% had assessed the risk 
of contaminated raw materials as 
the source. Personnel are a potential 
source of the virus as viral shedding 
from asymptomatic individuals has 
been documented in the literature (1). 
Existing manufacturing controls and, 
in the case of recombinant protein pro-
duction, the minimal number of open 
manipulations were thought to make 
the likelihood of direct transmission 
from personnel unlikely. Similarly, raw 
materials used for recombinant pro-
tein production were thought to be 
an unlikely source of potential SARS-
CoV-2 contamination because they are 

not of human origin, they may be pro-
duced in a manufacturing process that 
is harsh enough to inactivate viruses, 
may inactivate virus themselves, or may 
be treated at the production site to 
reduce the risk of virus contamination. 

In comparison, as reported in the 
pre-webinar survey, no company had 
tested cell banks for the presence 
of SARS-CoV-2 specifically. The 
introduction of SARS-CoV-2 from 
cell banks is highly unlikely because 
intense screening procedures can 
determine general contaminants to a 
high degree of sensitivity as well as the 
fact that SARS-CoV-2 is a recently 
emerging virus, and most cell banks 
currently in use had been established 
prior to its first appearance. However, 
cell banks made during the current 
pandemic may be of increased risk. 

A potential indirect route of entry 
is f rom the manufacturing environ-
ment via personnel, and 60% of survey 
respondents stated they had evaluated 
the environment as a potential route 
of viral entry. To date, two publica-
tions have investigated the persistence 
of the virus on surfaces. Both studies 
demonstrated the virus could persist 
in the environment for extended peri-
ods of time, with estimates of SARS-
CoV-2 survival ranging between three 
and seven days on stainless steel and 
plastic (2,3). It is important to note 
that one report evaluated the surface 
stability of both SARS-CoV-1 and 
SARS-CoV-2. Despite their presumed 
similarity, both viruses exhibited dif-
ferent stabilities on some of the sur-
faces tested (3). Given the potential 
for the virus to survive in the envi-
ronment, one publication reported 
the capability of a variety of common 
disinfectants to inactivate SARS-
CoV-2. The report found that, after a 
five-minute incubation with all disin-
fectants tested in solution, except for 
hand soap, no virus was detectable (2). 

The second question is whether 
SARS-CoV-2 can propagate in 
production cell lines. Forty percent 
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of the companies who responded to 
the pre-webinar survey had evalu-
ated, largely based on literature, the 
ability of their production cell lines 
to support the replication of SARS-
CoV-2. Evidence presented during the 
webinar and reported in the litera-
ture indicate that Vero cells can sup-
port the replication of SARS-CoV-2, 
with observable cytopathic effect in 
a TCID50 assay (3). Conversely, evi-
dence presented during the meeting 
and reported in the literature indicate 
that Chinese hamster ovary (CHO) 
cells cannot support the replication 
of coronaviruses, except for bovine 
coronavirus cultured in the presence of 
serum (4). Additionally, a recent pub-
lication pre-print has presented data 
demonstrating that CHO, HEK293, 
and HT1080 cell lines do not support 
SARS-CoV-2 replication, whereas, 
Vero cells do (5).

Next, is it possible to detect the 
presence of SARS-CoV-2 should it 
enter the biomanufacturing process? 
The in-vitro virus assay is considered 
the gold standard broad spectrum 
detection assay, and Vero cells are one 
of the indicator cell lines commonly 
used in this assay. As noted earlier, 
Vero cells have been reported in the 
literature to measure the TCID50 of 
SARS-CoV-2 (3). A few companies 
had directly evaluated the ability 
of the in-vitro virus assay to detect 
SARS-CoV-2. One company noted 
in the pre-webinar survey that they 
had confirmed Vero’s ability to detect 
SARS-CoV-2 at a contract testing 
laboratory, and, during the webinar, 
one company noted that the standard 
panel of cell lines was capable of 
detecting SARS-CoV-2. Since the 
webinar, at least one publication 
pre-print has reported the ability of 
in-vitro virus assays with Vero cells as 
one of the indicator cell lines to detect 
SARS-CoV-2 (5). A few companies 
were also developing molecular 
assays to detect SARS-CoV-2, but 
as of April 2020, no company was 

per forming rout ine lot  test ing 
specifically for this virus. 

Finally, should the virus enter the 
manufacturing process undetected, 
can the purification process remove 
or inactivate SARS-CoV-2? Of the 
15 companies who responded to the 
pre-webinar survey, 60% indicated 
they had performed a risk assess-
ment of their downstream purifica-
tion unit operations to inactivate or 
remove coronaviruses. This evalu-
ation of downstream clearance to 
remove or inactivate SARS-CoV-2 
was based on data from other model 
enveloped viruses, with similar bio-
physical characteristics as SARS-
CoV-2, used for virus c learance 
studies as per International Council 
for Harmonization (ICH) Q5A (not a 
coronavirus model) (6). While no data 
were presented for SARS-CoV-2, val-
idated and orthogonal viral clearance 
unit operations for other enveloped 
viruses are also expected to be effective 
for SARS-CoV-2, as seen in studies 
with previous strains of coronavirus. It 
was also pointed out that viral filtra-
tion is validated for its ability to clear 
minute virus of mice (MVM), a 20-nm 
parvovirus, and would therefore be 
expected to provide robust clearance of 
larger enveloped viruses such SARS-
CoV-2, which has been reported to be 
60 to 140 nm in size (7).

An important key question, how-
ever, is how broadly data from model 

viruses can be applied to other viruses, 
such as SARS-CoV-2. One assump-
tion is that SARS-CoV-2 will behave 
similarly to SARS-CoV-1. However, 
as noted earlier, there are reported dif-
ferences between SARS-CoV-2 and 
other enveloped viruses, including 
SARS-CoV-1. Of particular relevance 
is a published report that indicates 
SARS-CoV-2 is stable for 60 minutes 
at pH between 3 and 10 (2). These 
data highlight the potential risk in 
extrapolating data from one virus to 
another. Additionally, data from the 
non-coronaviruses listed in ICH Q5A 
that are typically used to validate 
downstream processes are also proba-
bly less relevant for comparison.

SARS-COV-2 IMPACT ON 
ADVANCED THERAPY 
MEDICINAL PRODUCTS
Based on the discussion above, a case 
can be made that the risk of con-
tamination with SARS-CoV-2 to 
traditional biotech products, espe-
cially those produced in CHO cell 
culture, is likely to be low. However, 
for many advanced therapy medic-
inal products (ATMPs), the risk is 
likely to be higher. First, cells may 
come direct ly  f rom patients  or 
donors, who may be infected, and 
some manufacturing processes use 
raw materials that are of biologi-
cal, and sometimes human, origin 
(8). Second, the increased number 
of open manipulations in the man-
ufacture of ATMPs increases the 
opportunity for an operator to intro-
duce virus into the process. Third, 
for processes that use human cells, 
the potential risk of replication from 
human viruses is higher (9). Virus 
permissiveness, however, is cell-type 
dependent. One published report 
indicates that SARS-CoV-2 is capa-
ble of infecting T-lymphocytes (10) 
while another indicates that replica-
tion of SARS-CoV-2 in HEK293T 
cells was not observed without first 
transfecting the cells to express the 
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ACE2 receptor (11). This lack of replication in the 
human cell lines HEK293 and HT1080 was also con-
firmed in the literature (5). Fourth, as some ATMP 
products have a short shelf life, the speed of testing 
may be a challenge, in addition to the considerations 
above. Finally, some ATMPs, especially cell-based ther-
apies, have little to no downstream clearance capable of 
removing an undetected and unwanted contaminant (9). 
One presenter assigned the highest risk to allogeneic cell 
therapies, a lower risk to autologous cell therapies, and 
the lowest risk to acellular and gene therapy products. 
Because of the challenges for ATMPs, it was recom-
mended by one of the speakers with regulatory expertise 
that additional testing (e.g., of operators, drug product 
prior to release, or high-risk materials) and rigorous 
application of current good manufacturing practices 
(CGMPs) be applied to ensure product safety.

CONTINUITY OF MANUFACTURING 
DURING THE COVID-19 PANDEMIC
Continuity of biopharmaceutical manufacturing is essen-
tial to providing life-saving medications to patients who 
need them, even in the face of a global pandemic. As 
confirmed by all the presenters during the webinar and 
from all but one respondent to the pre-webinar survey, 
biomanufacturing operations have not been stopped 
or paused during the COVID-19 pandemic. However, 
ensuring continued operation will rely on raw material 
availability, maintaining the health and availability of 
personnel, and ensuring no disruptions in product distri-
bution or services provided by outside companies. 

The lack of even one raw material can impact bio-
pharmaceutical manufacturing as affirmed by one com-
pany’s report of pausing manufacturing due to the fact 
that not all raw materials were available. Broad impacts 
from the global pandemic have led to diversions in the 
upstream supply chain. Some suppliers are being asked 
to manufacture disposable parts for ventilators, instead 
of disposable bags used in biomanufacturing. Commodity 
precursor materials, such as folic acid from Asia, carbon 
dioxide in the state of Washington, and glass for vials 
and syringes, may be diverted for use in other indus-
tries or no longer manufactured at the same scale as 
broad swaths of the economy are shut down. Some crit-
ical questions that companies need to think about are 
whether their medium/long-term supply of critical raw 
materials can cover the duration of the pandemic and 
what is the market duration of their current supply.

It was repeated throughout the webinar that the health 
of personnel is crucial to the continuity of manufacturing. 
All companies reported utilizing social distancing and 
efforts to reduce the number of employees, such as only 

allowing “essential personnel” on-site. For employees who 
are required to come on site, companies are mitigating 
risks to employee health through contact tracing and 
through enhanced use of personal protective equipment 
(PPE). One company has given each employee three 
reusable face masks to be used in office areas. Because 
there is a shortage of PPE worldwide, this company does 
not allow surgical masks to be used in non-manufac-
turing operations. Another company stated their policy 
that personnel are not allowed to enter a manufacturing 
facility if they are ill, while another company supports 
voluntary temperature checks and splitting operational 
teams. Despite these measures, it is also imperative that 
companies have a plan for their manufacturing opera-
tions in a scenario where a significant fraction of person-
nel become sick or are quarantined (12). 

Although it was not specifically addressed by the pre-
senters during the webinar, it is important to think of the 
pandemic’s impact on clinical trials as well as the devel-
opment and manufacturing of new clinical products. One 
respondent to the pre-webinar survey indicated that the 
manufacture of products had been prioritized over other 
activities, potentially impacting other non-product-related 
activities. In addition to this, the COVID-19 pandemic 
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can lead to other unanticipated delays, 
such as difficulties recruiting clinical 
trial participants, especially as hos-
pital visits for non-COVID-related 
maladies have dropped precipitously 
during the pandemic.

There has been a shift to address 
the needs of COVID-19, with several 
companies now prioritizing the devel-
opment and manufacture of antiviral 
drugs and vaccines. It is highly likely 
that this shift to meet the immediate 
needs of COVID-19 will also lead to 
a number of follow-on impacts, such 
as delays and priorities of staff, for 
existing product development pro-
grams within companies. 

CONCLUSION
The key insight that was repeated 
during the webinar is that SARS-
CoV-2 and the COVID-19 pandemic 
pose a number of risks to the biophar-
maceutical manufacturing industry. 
The virus itself is a potential prod-
uct and process contaminant; however, 
the contamination risk is process and 
product specific. Current evidence 
indicates that the risk is likely to be 
low in the case of recombinant pro-
teins manufactured in processes that 
meet the following requirements: 
• Proteins are produced in cell lines 

that do not replicate SARS-CoV-2, 
such as CHO cells.

• The processes use validated robust 
downstream viral clearance.

• Viral safety testing that utilizes 
Vero cells as indicator cell lines is 
routinely conducted.
However, the risk is significantly 

higher for products that do not meet 
these requirements. For example, autol-
ogous T-cell immunotherapies have a 
large number of open operations that 
increase the possibility of introducing 
the virus from operators, utilize cells 
that have been demonstrated to be 
permissive to SARS-CoV-2, and lack 
downstream viral clearance.

In addition to the risk the virus 
poses to process and products, con-

sequences f rom the COVID-19 
pandemic itself may have impacts 
on biopharmaceutical manufactur-
ing operations as a whole includ-
ing impact to personnel, such as 
modifications in staffing levels 
and implementation of procedures 
to ensure manufacturing person-
nel health and safety. Disruptions to 
the raw material supply chain have 
also occurred. It was reported that 
upstream raw materials may no lon-
ger be available or are being diverted 
for the manufacture of other import-
ant supplies to combat the pandemic. 
Finally, there have been disruptions in 
clinical trials and new drug research 
and development. 

It has only been a few months since 
COVID-19 was declared a pandemic 
by the World Health Organization 
(WHO), and it is feasible that some 
level of restrictions will continue for 
the foreseeable future. What, then, are 
companies doing to prepare for the 
next pandemic? Just over half of those 
who answered the pre-webinar sur-

vey have surveillance programs for 
emerging viruses. The first signals are 
subtle; one company’s pathogen safety 
group, which meets weekly, noticed 
on January 5, 2020 that Chinese reg-
ulatory authorities had notified WHO 
of a strange disease. However, a key 
challenge for all biopharmaceutical 
companies during a pandemic is rap-
idly finding relevant information to 
help assess the risk of an emerging 
virus to their processes and products. 
Experience from the COVID-19 pan-
demic has demonstrated that much 
of this work is often repeated across 
organizations. There is an opportunity 
for industry collaboration, through 
organizations such as CBI and the 
CAACB, to enable faster access to 
information, including potentially col-
lecting and aggregating relevant data 
to help manufacturers assess the risk 
to their processes. 
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Predicting Extractables and Leachables 
from Container Stoppers

Data from migration kinetics studies can be used to develop 
models that predict levels of leachables and extractables 

at different temperatures and time points. 
BENTON CARTLEDGE, JASON CARMICHAEL, NATHAN HAAG, ERIC HANSEN, TRAVIS LATO, AND XIAOCHUN YU

P harmaceutical products are exposed to numerous poly-
meric materials throughout manufacturing processes and 
during packaging, when they come into contact with con-

tainer and closure systems. They can also interact with polymers 
when the drug is administered.

Compounds that migrate from these different materials into 
drug products, and can directly reach patients taking the drug, 
are known as leachables (1). Because leachables may affect drug 
product safety, efficacy and purity, regulatory authorities require 
that potential leachables be evaluated appropriately for any new 
drug application (2).  

A controlled extraction study is recommended (1) early in 
the pharmaceutical development process to provide  a thorough 
understanding of potential leachables from appropriate drug 
product container/closure system components, manufacturing 
process components, and/or product administration components. 
These studies are typically performed by using vigorous tech-
niques (e.g., reflux or Soxhlet extraction), to extract polymeric 
components with multiple solvents of various polarity, pH, and 
other variables. The goal is to achieve asymptotic extraction (3). 

The controlled extraction study provides the worst-case 
possible leachables and amounts, but it cannot fully predict the 
presence of specific leachables and their amounts. A simulation 
or forced migration study is commonly used to predict more 
realistic leachables profile and amounts (3,4). 

In these studies, the container/closure system is filled with a 
simulation solvent or the drug product solution, and the solu-
tions are exposed to the polymeric container/closure compo-
nents so that conditions are similar to what the actual products 
will experience. Container and closure components are then 
subjected to accelerated aging conditions, such as higher tem-
peratures, to accelerate the migration of extractables into the 
simulation solvents or drug product solutions. 

A fundamental question for any simulation or forced migra-
tion study is what the optimum temperature and duration 
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should be in order to predict the amount 
of leachables that would be released by 
the end of the product’s shelf life, or at 
other specific points (e.g., 24 months at  
5 ºC or 25 ºC).  

The authors designed a forced migra-
tion study to address that question and 
determine how the amount of leachables 
would change with intended temperature 
changes (e.g., from refrigerated to ambi-
ent storage, i.e., 5 ºC to 25 ºC or vice 
versa) at the multiple time points (e.g., 0, 
1, 3, 6, 12, 18, or 24 months) required for 
drug product stability studies and at the 
end of the drug’s shelf life. 

The research also explored whether 
the level of leachables could be predicted, 
using data that had been generated at 
previous time points.

The resulting extractables/leachables 
study was designed to establish empir-
ical mathematical models for the pro-
jection of extractable and leachables 
amounts f rom a container/closure 
system in pharmaceutical products. A 
model solvent (i.e., 50:50 isopropa-
nol:water) and a bromobutyl rubber 
stopper commonly used for biophar-
maceutical products packaging, were 
used in this study. Butylated hydroxy-
toluene (BHT), a common antioxidant 
in polymer materials and a well-char-
acterized extractable from container/

closure components, was used as the 
model analyte. Results from this study 
were used to:

• Determine a relationship between 
extractable concentration and 
extraction time

• Determine a relationship between 
extractable concentration and 
extraction temperature

• Determine a relationship between 
extraction temperature and 
extraction time.

High-performance liquid chromatog-
raphy (HPLC) was utilized to analyze 
for the concentration of extracted BHT 
at various timepoints and temperatures. 
Extracted BHT amounts, extraction time, 
and extraction temperature were eval-
uated and compared against each other. 
The data were used to develop three 
empirical equations to predict extract-
ables and leachables amounts at different 
time points or at different temperatures 
and to predict the extraction time and 
temperature required to achieve the same 
extractables and leachables amounts. 

The empirical equations also were 
compared to the American Society for 
Testing and Material’s ASTM F1980-16 
standard model (5), and results were con-
sistent with that model when certain Q10 
values (i.e., the rate of change resulting 
from a 10 °C increase in temperature) 

were applied. This article will describe the 
methods used, and summarize findings 
and their implications.

MATERIALS AND METHODS
Three bromobutyl rubber stoppers 
were immersed in 20 mL of 50:50 iso-
propanol:water (H2O) in glass jars with 
polytetrafluoroethylene (PTFE)-lined 
caps for a total time of six months, with 
time points interspersed throughout. 

The samples were then statically 
stored in chambers at various tempera-
tures (i.e., 5 ºC, 25 ºC, 40 ºC, 50 ºC, and 
60 ºC), and were pulled at specific time 
intervals (i.e., 1, 2, 4, 6, 8, 10, 15, 20, 30, 
60, 90, and 180 days). Duplicate prepara-
tions were made for each condition. Once 
pulled from storage conditions, all solu-
tions were transferred to 25-mL volu-
metric flasks and brought to volume with 
50:50 isopropanol: H2O. Prepared solu-
tions were stored at 5 ºC until analysis. 

At each time point, the resulting 
extraction solution was analyzed directly 
via HPLC using a photodiode array 
detector (Agilent 1100). HPLC param-
eters are shown in Table I. A BHT 
standard (Sigma-Aldrich) prepared at a 
concentration of 10 µg/mL in 50:50 iso-
propanol:H2O was used for quantitation. 

RESULTS AND DISCUSSION
Correlation of extractable amounts ver-
sus extraction time. Figure 1 shows all 
extracted BHT amounts plotted against 
extraction time. As expected, extracted 
amounts of BHT increased with 
increasing time. They also increased 
with temperature, with more BHT 
extracted at higher temperatures when 
compared to lower temperatures across 
the same time intervals.

It was observed that at high tempera-
ture, including 50 ºC and 60 ºC, there 
was excessive degradation of BHT after 
90 days. Because accurate extractable 
BHT amounts could not be obtained at 
the six-month time point and thereafter, 
those data are not included in Figure 1. 

Data trending analysis shows that 
extracted BHT amounts and extraction 

Analytics

Column XDB-C8, 75 x 4.6 mm, 3.5 µm from Agilent Technology

Column temperature 60 ºC

Mobile phase A Water

Mobile phase B Acetonitrile

Flow rate 1.0 mL/min

Detection UV @ 220 nm

Injection volume 5 µL

Gradient

Time Mobile phase A Mobile phase B

0 75 25

12 10 90

17 10 90

17.5 75 25

21 75 25

Table I. High-performance liquid chromatography operating parameters. 
UV is ultraviolet. 
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time follow a logarithmic correlation. The 
correlation equations at different tempera-
tures are listed in Figure 1. Using these 
data, Equation 1 was developed: 

C=a×ln(t)+b  
[Eq. 1]

where C = extractables or leach-
ables concentration or amounts, a 
and b = constants that can be derived 
from existing time points data, and t = 
extraction time.

Based on the equation, theoreti-
cally, given two or more timepoints of 

extractables or leachables data, extract-
ables and leachables amounts for all 
other time points can be predicted. 

Cor re l a t i on  o f  e x t r a c t ab l e s 
(amounts versus extraction tempera-
ture). Figure 2 shows the amount 
of BHT extracted at each interval 
against each extraction temperature, 
where each plotted line corresponds 
to a time interval (in days). As the 
figure shows, the extracted BHT 
amounts increased exponentially 
with extraction temperature. Table 
II summarizes the correlation of 
the extracted BHT amounts vs. the 
extraction temperatures at each point. 

Using the equation generated from 
each extraction time point, a generic 
equation (Equation 2) was devel-
oped that can be used to predict an 
extractables/leachables concentration 
or amount at a given temperature at 
a specific time interval from the con-
centration or amount at another tem-
perature:

C
2/C

1 =1.045 (T2
- T

1
)  

[Eq. 2]

Analytics

Table II. Correlation of extract butylated hydroxytoluene amounts vs. 
extraction temperature.

Time Equation Equivalent equation

1 day C = 4.1336 x e0.0507T C = 4.1336 x 1.052T

2 days C = 8.0736 x e0.0407T C = 8.0736 x 1.042T

4 days C = 7.5252 x e0.0515T C = 7.5252 x 1.053T

6 wdays C = 10.715 x e0.0455T C = 10.715 x 1.047T

8 days C = 13.193 x e0.0433T C = 13.193 x 1.044T

10 days C = 14.442 x e0.0433T C = 14.442 x 1.044T

15 days C = 15.535 x e0.0452T C = 15.535 x 1.046T

20 days C = 18.380 x e0.0422T C = 18.380 x 1.043T

30 days C = 30.756 x e0.0364T C = 30.756 x 1.037T

General equation
C = a x ebT

 a and b are constants, and e 
is Euler number

C = a x dT
d value variations are very 
small, and on average d = 

1.045, therefore: C = a x 1.045T

Extractables amount projection 
at the same timepoint:

C2/C1 = eb(T2 – T1)

b = 0.0443
C2/C1 = 1.045(T2  – T1)

Figure 1. Butylated hydroxytoluene (BHT) amounts at all temperatures and time points from day 1 to day 180.
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where T1= reference temperature, T2= 
temperature for prediction, C2 = pre-
dicted concentration or amount, and 
C1= reference concentration or amount.

CORRELATION OF 
EXTRACTION TIME VS. 
TEMPERATURE
Further analysis of the data, as shown 
in Figure 2, led to the develop-
ment of a model for predicting the 
extraction temperature and duration 
of a study at a constant extractable 
amount of BHT. The extraction tem-
perature data were generated by draw-
ing a constant BHT amount line, such 
as 20 µg/stopper, 30 µg/stopper, 45 
µg/stopper, 90 µg/stopper, etc., across 
each time interval curve from Figure 
2. Example extraction temperature 
data are summarized in Table III. 
The extraction time data were plotted 
against the extraction temperature at 
each extracted BHT amount, and the 
result is shown in Figure 3. 

Figure 3 highlights the amount 
of time required to achieve a desired 
extractables amount at a given tem-
perature. As expected, the amount 
of time required to achieve a spe-
cific extracted BHT concentration 
decreases with increasing extraction 
temperature. The correlation of 
extraction time vs. extraction tem-
perature to achieve specific extracted 
BHT amounts is shown in Table IV. 

Using the equat ions 
from each dataset, a generic 
third model was developed 
that can be used to predict 
the duration of the study 
required to achieve a cer-
tain amount of an extract-
able (Equation 3) at a 
given temperature:

t2/ t1 =1.110(T1- T2)

[Eq. 3]

Where T1= reference 
temperature; T2= tempera-
ture for prediction; t2 = 

Analytics

Figure 2. Extracted butylated hydroxytoluene (BHT) amounts against extraction 
temperature for each time interval (from bottom to top: 1, 2, 4,6, 8, 10, 15, 30, 60, 
and 90 days).

Time 
(days)

Temperature 
(ºC)

(20 µg/stopper)

Temperature 
(ºC)

(30 µg/stopper)

Temperature 
(ºC)

(45 µg/stopper)

Temperature 
(ºC)

(90 µg/stopper)

1 31.8 37.4 45.8 NA

2 20.2 32.2 42.2 60.0

4 15.0 26.6 33.8 47.4

6 11.4 21.4 30.0 46.2

8 8.2 16.6 26.2 43.8

10 7.0 15.0 24.2 40.0

15 5.8 9.0 21.8 38.6

20 4.5 10.0 18.6 35.0

30 NA 6.0 15.0 31.8

60 NA NA 7.0 25.0

90 NA NA 6.6 23.8

Table III. Extraction time and temperature required to achieve certain extracted 
butylated hydroxytoluene amounts.

Figure 3. The amount of time required to achieve a specified extractables amount at a 
given temperature.



44     BioPharm International August 2020   www.biopharminternational.com

predicted duration, and t1= reference 
time interval.

DISCUSSION
The ASTM F1980-165 standard was 
developed as a guide for the acceler-
ated aging of sterile barrier systems for 
medical devices testing. It had previ-
ously been proposed as a way to calcu-
late and justify accelerated migration 
testing for extractables and leachables 
studies (6,7). The technique is based 
on an accelerated aging factor (AAF), 
which is mathematically expressed in 
Equation 4:

AAF= Q_10
[Taa-Tref/10] 

[Eq. 4]

where Q10 = aging factor, Taa = accel-
erated temperature of contact, and Tref = 
reference temperature of typical use.

The AAF term is used to calculate 
the accelerated aging time (taa) as 
expressed in Equation 5:

taa=tref/AAF=tref/Q
10

[Taa-Tref )/10]

[Eq. 5]

where tref is the reference time.
When Q10 = 2.85, Equation 5 

converts to the following expression, 
which is the same as Equation 3: 

taa=tref/1.110(Taa-Tref ) 

[Eq. 3]

This suggests that ASTM F1980-16 
is an appropriate model for calculating 
the accelerated aging time when a suit-
able Q10 value is used. The Q10 value 
was determined to be 2.85 in this study.

The AAF term also may be used to 
calculate the extractables concentration 
or amount at accelerated temperature 
(Caa), as expressed in Equation 6:

caa=C
ref×AAF=C

ref×Q10
[Taa-Tref/10 ] 

[Eq. 6]

where Cref is the extractables con-
centration or amount at reference tem-
perature.

When Q10 = 1.55, Equation 6 
converts to the following expression, 
which is the same as Equation 2. 

C
aa=C

ref×1.045(Taa-Tref )

[Eq. 2]

This suggests the ASTM F1980-16 
is an appropriate model for calculating 
and predicting extractables and leach-
ables amounts at one temperature from 
extractables and leachables amounts at 
another temperature, when a suitable 
Q10 value is used. The Q10 value was 
determined to be 1.55 in this study. 

CONCLUSION
Three empirical kinetic models were 
developed to predict the concentration 
of an extractable and leachable at a 

given temperature or time, as well as to 
predict the duration and temperature 
of a study given a target concentration. 
Future work will focus on comparing 
the models developed here to models 
generated for different types of materi-
als and extraction solvents. 

These efforts will help determine 
whether these generic models are appro-
priate for use with different types of poly-
mer materials and target extractables and 
leachables. Additional studies also will 
indicate whether these models can be 
applied with differing extraction solvents 
and drug product matrixes. 
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At amounts, µg/stopper Equation Equivalent equation

20 t = 525.77 x e-0.102T t = 525.77 x 1.107(-T)

30 t = 1150.3 x e-0.101T t = 1150.3 x 1.106(-T)

45 t = 3619.0 x e-0.108T t = 3619.0 x 1.114(-T)

90 t = 21422. x e-0.107T t = 21422. x 1.113(-T)

General equation
t = a x e-bT 

a and b are constants, and  
e is Euler number

t = m x n(-T) 

on average n = 1.110

Duration projection for achieving the same 
extractables amounts:

t2/t1 = eb(T1- T2) 

on average,  
b = 0.1045

t2/t1 = 1.110(T
1
 – T

2
)

Table IV. Correlation of extraction time and extraction temperature.
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Regulating Raw Materials Testing
Efforts are already underway to harmonize standards and 

regulatory approaches for testing of raw and ancillary 
materials, but continuous improvement is required.

FELICITY THOMAS

T  he global cell and gene therapy market is predicted 
to grow significantly by 2024, according to mar-
ket research (1). Drivers for this growth include an 

increasing prevalence of chronic diseases, expansion in avail-
able clinical evidence proving efficacy and safety the thera-
pies, new product launches, regulatory favor, and enhanced 
manufacturing expertise (1).

The manufacture of cell and gene therapies and advanced 
therapeutic medicinal products (ATMPs), however, is partic-
ularly sensitive and requires a comprehensive understanding 
of the materials used in the manufacturing processes to 
ensure a safe and quality finished product. “The quality, 
safety, and efficacy of cell therapies and ATMPs are critically 
influenced by the raw and ancillary materials used in the 
manufacturing process,” explains Bernd Leistler, vice-presi-
dent production, CellGenix. “Successful cell therapy manu-
facturing is therefore dependent on the use of high quality 
raw and ancillary materials.”

ESSENTIAL COMPONENTS
“The terms ‘raw material’ and ‘ancillary material’ have been used 
interchangeably in different geographies, but they refer to dif-

ferent classes of starting materials—including cells, recombinant 
proteins, and growth media, among others—used in the devel-
opment and manufacture of advanced therapies,” says Claudia 
Zylberberg, CEO of Akron Biotechnology. 

According to the International Council for Harmonization 
of Technical Requirements for Pharmaceuticals for Human Use 
(ICH) Q7 guidance, raw materials are starting materials, reagents, 
and solvents that are used in either the production of an interme-
diate or an API (2). Whereas, ancillary materials are defined by 
the United States Pharmacopeia (USP) as reagents and materials 
used in the manufacturing process of ATMPs that are not pres-
ent in the final product (3).

“The process of manufacturing an advanced therapy is 
a complex train of unit operations, many of which are just 
now beginning to be bundled into closed systems,” continues 
Zylberberg. “Regardless of how far down the path of system 
closure and automation we go, starting material integrity and 
consistency will remain critical, as one cannot sterilize the 
final drug product. Ensuring batch-to-batch consistency and 
sterility of raw and ancillary materials is paramount for ensur-
ing the production of a safe, efficacious, and cost-effective 
advanced therapy.”

Operations
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As a result of the critical nature of raw 
and ancillary materials in ATMP manu-
facturing, a secure supply chain is imper-
ative, notes Leistler. “A delay in delivery 
or change in product quality could lead to 
delays in production, not only increasing 
costs but also putting precious patient 
samples in jeopardy,” he says. “Because 
the global demand for high-quality good 
manufacturing practice (GMP) raw and 
ancillary materials is rapidly growing, as 
more promising cell therapies approach 
market authorization and commercializa-
tion, a reliance on well-prepared suppliers 
and negotiation on supply agreements 
for critical raw and ancillary materials are 
recommended.”

REGULATORY CHALLENGES
Regulatory guidance documents for raw 
and ancillary materials are, essentially, rec-
ommendations rather than guidelines and 
are not aimed at the manufacturers of 
the raw and ancillary materials but the 
manufacturer of the advanced drug prod-
uct. “All current regulations and guidance 
documents assign ultimate responsibility 
for quality and suitability of the raw and 
ancillary materials to the user (cell and 
gene therapy [CGT] manufacturer),” adds 

Leistler. “Therefore, the CGT manufac-
turers need to work in close cooperation 
with their supplier to get support.”

As a result of the onus for quality and 
suitability of raw and ancillary materi-
als being placed on the therapy manu-
facturer, most decide to perform identity 
and purity testing as control tests, asserts 
Leistler. “Potency testing for raw and 
ancillary materials is more difficult, espe-
cially as there is a large variability and 
poor comparability of the available bio-
logical assays,” he says.

“Standardization of raw and ancillary 
materials testing is required, and reference 
materials may be needed in some cases,” 
confirms Zylberberg. “Both elements, 
standardization and reference materials, 
will bring much needed regulatory har-
monization and expected consistency.”

Additionally, geographical discrepan-
cies can make regulatory considerations 
more complex. “Each region has its 
own regulatory agencies that view cell 
and gene products and ATMPs under 
different lenses,” states Zylberberg. “The 
harmonization that we have seen in the 
biopharmaceutical world through ICH 
has yet to emerge for the advanced ther-
apy industry.” 

Nevertheless, Zylberberg remarks that 
efforts to harmonize standards, especially 
those around raw and ancillary materials, 
are gaining momentum. “These efforts 
are being pursued through pharmaco-
peia (principally US, European Union, 
and Japan) as well as International 
Organization for Standardization (ISO), 
which uses a consensus-based approach, 
and other supranational entities,” she 
says. “The Standards Coordinating Body 
(SCB) for Regenerative Medicine (4) has 
been coordinating these efforts within 
different standard-setting organizations 
globally to ensure that different aspects 
of the industry and the manufacture of 
these ATMPs can be covered appro-
priately.” Some of the latest work being 
performed by SCB includes the coordi-
nation of working group discussions on 
the potential standardization of chain of 
custody/chain of identity identifiers and 
efforts into the standardization of tissue 
engineering terms (4).

In concurrence, Leistler emphasizes 
that various initiatives are being witnessed 
regarding the harmonization of regulatory 
guidelines for raw and ancillary materials. 

“ISO issued the first global guidance for 
raw and ancillary materials suppliers and 

Operations

The success of an advanced therapy development pro-
gram can be impacted by the raw and ancillary materials 
supply chains. A relationship between materials suppli-
ers and developers is, therefore, of great import. As such, 
BioPharm International asked Claudia Zylberberg, CEO of 
Akron Biotechnology, and Bernd Leistler, vice-president 
production, CellGenix, to provide some practical tips for a 
successful partnership.

Close relationship
“The relationship between ancillary materials suppli-
ers and advanced therapy developers should be more 
intimate than an arms-length relationship,” explained 
Zylberberg. “There needs to be a close partnership be-
tween the two in order to create opportunities for im-
provement on both sides.”

Open dialogue
“It is important to build a trustful partnership with your sup-
plier and share forecasting information to prevent supply 
issues,” said Leistler. 

“The need for data and documentation on the ancillary 
materials employed in a developer’s manufacturing 
process is increasing, which requires greater openness 
and dialogue between parties,” added Zylberberg. “It is 
important to maintain an open dialogue, ensuring that 
issues are addressed early on, and both parties work 
together to meet common goals.”

Security of supply
“Security of supply is a critical issue for advanced therapy 
developers. It is imperative to ensure that your ancillary 
materials provider can scale alongside you and provide 
the regulatory support you need,” emphasized Zylber-
berg. “This is a two-way street, as developers must pro-
vide accurate forecasts and clear directives regarding 
testing and documentation requirements to ensure timely 
delivery and support.”
“In this regard, it is advisable to set up supply and 

quality agreements for critical raw and ancillary materials,” 
confirmed Leistler.

—Felicity Thomas

Practical tips for a successful partnership for raw and ancillary materials
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users—ISO Technical Standard 20399 (5)—which has currently 
been processed into an ISO standard to improve global reach and 
acceptance,” he confirms.

Another initiative has involved the Alliance for Regenerative 
Medicine (ARM), which approached the European Directorate 
for the Quality of Medicines (EDQM) about the possibility of 
setting up a certification scheme for raw materials according to 
European Pharmacopoeia (Ph. Eur. 5.2.12) (6), adds Leistler. “This 
initiative is of critical importance because compliance to this gen-
eral chapter is already demanded by regulators,” he says. “Hence, a 
certification scheme would ease the regulatory burden for CGT 
manufacturers.”

Furthermore, the European Medicines Agency (EMA) is 
evaluating the possibility of introducing a master file system, con-
tinues Leistler. “Drug master files (DMF) for raw materials are 
currently only available in the US and Japan,” he notes.  

COST OF REGULATORY DISCREPANCIES
The global pharmacopeias have different structures and proce-
dures, which can lead to compendial variances regarding testing 
requirements for critical raw materials, asserts Leistler. “This can 
be prohibitive on the path towards global compliance and global 
availability of a new CGT,” he says. “Therefore, raw materials and 
ancillary materials should be chosen for which all global regu-
latory expectations have been considered in their set of quality 
parameters and release specifications.”

Further explaining the discrepancies facing advanced therapy 
manufacturers, Zylberberg raised the example of ancillary mate-
rials derived from human plasma, which are subject to different 
regulatory testing requirements depending on the geographic 
region in which they are being used. “The need to adjust testing 
to match requirements set by several different competent author-
ities raises costs and increases complexity for manufacturers,” she 
states. “Employing GMP-compliant ancillary materials saves 
advanced therapy developers time and money because batch-to-
batch consistency allows for greater planning and simplifies man-
ufacturing. Nonclinical-grade material may lack batch-to-batch 
consistency and the safety profile necessary once a developer 
enters the clinic, raising costs and increasing risk.”

Additionally, if the choice of appropriate raw and ancillary 
materials is made at a late stage of clinical development, costs can 
be significantly impacted, confirms Leistler. “This cost increase is 
primarily driven by the need to perform time-consuming clinical 
comparability studies to prove the raw material changes do not 
alter the final cell therapy product. This [step] is mandatory at a 
late stage in clinical development,” he stresses.

CONTINUOUS IMPROVEMENTS
As the market demands increase for advanced therapies, raw 
and ancillary materials must also be areas of continuous 
improvement, where further compliance and increased reg-
ulatory requirements will come into force as a result of the 

fact that ATMPs cannot be sterilized, asserts Zylberberg. 
“The cost associated with raw and ancillary materials and the 
improvements suppliers may make could easily be absorbed 
by creating more transparent relationships between sponsors 
and suppliers,” she says.

“Each group of raw materials has its own challenges and 
hurdles and it is important to understand and address those 
as the industry matures,” concludes Zylberberg. “The regu-
latory agencies creating a framework around them will help 
the manufacturing of ancillary materials to always be ahead 
of the curve.”  
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COMPLEX SUPPLY CHAIN
The supply chain for ADCs is highly 
complex as well. ADCs are unique in that 
their manufacture is an amalgamation of 
classical small-molecule production and 
traditional mAb manufacturing with the 
added complexity of highly potent drug 
manufacturing. “All three characteristics 
are complex on their own, and combin-
ing them brings the complexity to a level 
where it is no surprise that the vast major-
ity of ADCs are manufactured by out-
sourcing partners,” Sweeley says.

For the most part, he notes that innova-
tor companies treat the manufacturing of 
an ADC as three separate processes:
• mAb manufacturing using traditional 

mAb techniques 
• Payload synthesis using traditional 

highly potent synthesis techniques 
• ADC conjugation using specialty 

contract manufacturing organizations 
capable of both working with both 
biologics and highly potent payloads.

“Taken individually, all three of these 
steps are actually defined quite well and 
have been orchestrated successfully for a 
long time. But because ADC manufactur-
ing requires all three to happen together, 
any delays or issues in one process will 
necessarily affect the other two. The reality, 
therefore, is that ADC supply-chain man-
agement is one of the most complex pro-
cesses in the pharmaceutical industry and 
must be managed by an experienced team 
who can mitigate risks whenever possible,” 
observes Sweeley.

Bertholjotti agrees. The supply chain for 
ADCs is complex and requires specialized 
companies to manage different steps in a 
safe way and with the necessary quality. 
“If the supply chain is not properly man-
aged, delays and supply issues may arise. 
Therefore, compromises related to the 
supply chain can result in critical impacts 
on timelines and costs to bring a drug to 
market,” he asserts.

SUPPORT FROM FDA
FDA has shown willingness to work 
closely with sponsors to ensure that ADCs 

that truly benefit patients are brought 
to market expeditiously, says Coats. For 
example, he comments that AstraZeneca’s 
ADC Enhertu (developed in collaboration 
with Daiichi Sankyo) demonstrated signif-
icant benefit in a high unmet-need cancer 
population. FDA approved Enhertu four 
months prior to the FDA goal date for the 
treatment of adult patients with unresect-
able or metastatic HER2-positive breast 
cancer who have received two or more 
prior anti-HER2 based regimens in the 
metastatic setting. Enhertu is manufac-
tured using site-selective conjugation and 
contains a cleavable linker technology that 
releases a warhead with bystander activ-
ity. It has also shown encouraging clinical 
activity in other HER2-driven cancers.

PRUDENCE AND INTEGRATION 
ARE WARRANTED
Over the past decade, awareness of these 
issues has increased dramatically, leading 
to the development of more optimized 
molecules. Even so, Sweeley emphasizes 
that the complexity of the space means 
that it is still prudent to go slowly and only 
tackle one challenge at a time. “Progress is 
therefore slow, but continually happening. 
Each success creates a new platform for 
companies to reach out a little bit farther. 
And as the industry matures, the rate of 
success will increase, just as it has in every 
other area of pharmaceuticals,” he asserts.

Novasep has strong expertise in highly 
potent compound synthesis and for the 
past three years has brought this exper-
tise into the realm of ADC conjugation, 
Sweeley notes. “Our focus has always been 
on producing the highest quality materials 
by developing the simplest possible proce-
dures and coupling them with world-class 
analytics. The end result of these efforts is 
a simplification of the payload synthesis 
and conjugation steps along the supply 
chain, enabling rapid development of the 
two most complicated parts of the manu-
facturing of ADCs,” he states. 

Since 2006, Lonza has been establish-
ing a center of excellence for the develop-
ment and manufacture of ADCs. Today 
the company offers an integrated solution, 
which helps to reduce the challenges pre-
sented by such a complex supply chain, 

according to Bertholjotti. “Integrated 
offerings such as that offered by Lonza 
represent a competitive advantage. They 
afford ADC developers with better pre-
dictability of timelines and costs, along 
with substantially reduced complexity and 
supply risk,” he says. 

AstraZeneca is developing novel ADCs 
and building a library of payloads using 
its antibody engineering expertise for site-
specific conjugation and next-generation 
ADCs. “ADCs form one of AstraZeneca’s 
key oncology scientific platforms, along 
with immuno-oncology, DNA damage 
response, and tumor drivers and resistance 
mechanisms. Within these platforms, 
multiple technology and scientific options 
offer great potential to yield effective med-
icines for cancer patients,” Coats says.

GROWTH EXPECTED  
DESPITE THE CHALLENGES
As more ADCs are approved commer-
cially, Sweeley believes a roadmap will 
be established for other companies to 
follow, leading to more success in the 
near future. “In the last 12 months alone, 
the number of approved ADCs on the 
market has more than doubled, and I 
would expect that this track record will 
be followed by a sizable increase in the 
amount of research being put into the 
molecule discovery and preclinical trial 
stage,” he observes. “With the healthy 
increase in candidates being brought 
into the preclinical stage, it is only a 
matter of time until some of those can-
didates make it through the rigorous 
demands of clinical testing and reach 
the market in the not-so-distant future,” 
Sweeley concludes.

The increased number of ADC candi-
dates in the pipeline in combination with 
ever improving knowledge and the further 
development of new conjugation tech-
nologies will result in an increased rate 
of approvals, agrees Bertholjotti. Lonza 
expects that the number of ADC mol-
ecules will in fact rise at a 10% compound 
annual growth rate until 2029. 

REFERENCE
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ing. Another approach would be 
to deliver the training as a webinar 
using a multiple person meeting 
app. You can prepare and distrib-
ute the information you will cover 
in the training, schedule a meeting 
time, deliver the training, and take 
questions from the employees dur-
ing the webinar. If you have mul-
tiple manufacturing shifts, you can 
schedule a training session during 
each shift to make it easier for sec-
ond- and third-shift employees to 
receive the training. 

Another approach is to research 
virtual training and conference 
options offered by external organiza-
tions. Many trade organizations have 
converted their conferences and 
training topics to virtual offerings 
covering a wide variety of topics. 
Many of these organizations offer 
the option of listening in real time 
or to taped recordings. Some of these 
venues are free, and some require 
a registration fee. The sessions are 
usually 90 minutes in length, and 
many offer an opportunity to ask 
the speakers questions through a 
chatroom feature. If you are unable 
to listen to the webinar live, you 
may have the option to purchase a 
recording of it and listen to it at your 
convenience. The recorded option 
offered with these webinars can be 
valuable for training employees who 
work on the second and third shifts. 
The companies offering these webi-
nars advertise them well in advance 
of the event and often send out mul-
tiple reminders. The advertising for 
the webinars highlights who will 
be speaking, their qualifications, 
what they will cover in the train-
ing, and what you will learn as a 
participant. In addition, they will 
also make recommendations on who 
should attend so you can determine 
if this is appropriate training for your 
employees. In some cases, the webi-

nar may offer continuing education 
credits for attending. This informa-
tion should be printed out and used 
to demonstrate the appropriateness 
of the training.

Finally, you might consider 
using some employees who are 
not working remotely to lead some 
small-group internal training dur-
ing their shift, employing a train-
the-trainer concept. This satellite 
training can be led by a qualified, 
trusted, and trained employee rep-
resentative that has the knowledge 
and expertise determined by their 
experience and job performance 
as determined by you. As with all 

other training, these discussions 
should be documented in your 
training system as well as the ratio-
nale for the selection of the desig-
nated trainer.

The bottom line is even though 
people are working remotely, and 
in-person training may not be fea-
sible, there are still opportunities 
to ensure employees receive the 
required training to meet your 
company’s training expectations. 
You should sign up to receive 
emails from companies and orga-
nizations that offer online train-
ing, review them to determine if 
they are applicable to your opera-
tions, determine who should attend 
from your company, and make sure 
you document their attendance for 
their training record.

REFERENCES
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(Government Printing Office, Washington, 
DC) 145.
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Regulatory Compliance 
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When in-person training may not be feasible,  
there are still opportunities to ensure employees   
receive the required training.

Q: I am in charge of training activities for 
my company. Company policy requires 

all employees receive annual good manufac-
turing practice (GMP) training. Since many 
employees are working from home during the 
pandemic, I am struggling with how to deliver 
effective training, and I want to rewrite the 
policy to eliminate this requirement. Is annual 
GMP training a regulatory requirement, and 
can I eliminate this requirement and still be 
compliant with the regulations?

A: It is important to maintain training 
for employees even during highly chal-

lenging circumstances. In the United States, the 
regulatory expectation for training is defined 
in 21 Code of Federal Regulations (CFR) 211.25, 
which states, “Each person engaged in the man-
ufacture, processing, packing, or holding of a 
drug product shall have education, training, 
and experience, or any combination thereof, to 
enable that person to perform the assigned func-
tions. Training shall be in the particular opera-
tions that the employee performs and in current 
good manufacturing practice [CGMP] (including 
the current good manufacturing practice regu-
lations in this chapter and written procedures 
required by these regulations) as they relate to 
the employee’s functions. Training in current 
good manufacturing practice shall be conducted 
by qualified individuals on a continuing basis 
and with sufficient frequency to assure that 
employees remain familiar with CGMP require-
ments applicable to them” (1). 

In Europe, EudraLex Guidelines for Good 
Manufacturing Practice for Medicinal Products for 
Human and Veterinary Use has similar require-
ments specified in Volume 4, Part 1, Chapter 
2, which states, “The manufacturer should pro-
vide training for all the personnel whose duties 
take them into production and storage areas or 
into control laboratories (including the tech-
nical, maintenance, and cleaning personnel), 
and for other personnel whose activities could 
affect the quality of the product.” The guide-

line also states, “Besides the basic training on 
the theory and practice of the quality manage-
ment system and Good Manufacturing Practice, 
newly recruited personnel should receive train-
ing appropriate to the duties assigned to them. 
Continuing training should also be given, and 
its practical effectiveness should be periodically 
assessed” (2). The regulatory expectation is that 
companies continue to provide “a high level 
of assurance that manufacturers comply with 
CGMP and that products meet specifications,” 
even during exceptional times (3). 

To ensure that training requirements are 
adhered to and your compliance posture is not 
jeopardized, I recommend you start by triag-
ing your employees. Those employees in criti-
cal roles should be your first priority to receive 
the necessary training in a timely manner. 
Employees in less critical roles could receive 
the training at a later time or maybe receive a 
truncated version of the training. Remember to 
document your decision in a well thought out 
and justified rationale. 

The next hurdle to overcome is to determine 
the most effective way to deliver the training 
without wasting critical resources. This can 
be accomplished in a variety of ways. On-line 
training programs have been used to train 
remote employees for years. These programs 
have the capability of allowing the instructor to 
tape the information and embed questions into 
the presentation that must be answered before 
that trainee can continue. This is a great way 
to train people and measure the effectiveness 
of that training. It also allows the employee to 
complete the training as their schedule allows. 
If you decide to utilize this approach, you need 
to be sure to set a date for completion of the 
training and monitor the results of responses 
so you can follow up on employees that may 
need some additional explanation or under-
standing of the concepts included in the train-
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