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From the Editor

Achieving herd 
immunity will 

require testing, 
data, a vaccine,  

and public support.

Rita Peters is  
the editorial director of  
BioPharm International.

Are We All In This Together?

T  hrough May 2020, more than 100,000 deaths in the United States were attributed to 
COVID-19; there were more than 350,000 deaths globally. Amid the swirl of news 
and developments in the past three months, a great deal of information—and misin-

formation—has circulated the disease and options to combat it.
The COVID-19 pandemic has introduced new concepts and terminology to the public 

and highlighted the need for refresher courses on good hygiene practices. Well-established 
public health practices, such as staying home if you were sick and washing your hands with 
soap and water for 20 seconds, had to be driven home through public education programs.  

The other practices, which may be perceived as infringing on personal choice, were met 
with more resistance and less compliance. Demonstrators have protested the closure of pub-
lic spaces and businesses. Some people do not understand—or are not adhering to—the con-
cept of social distancing. And, the recommendation to wear a facemask in public to control 
the spread of the virus has become a political f lashpoint.  

Public health officials and healthcare providers have had a difficult task communicating 
about and getting the public to adhere to practices to help control the spread of the virus. The 
more complex a topic is the more difficult it can be to gain public acceptance and adherence.

IF BIO/PHARMA MAKES A VACCINE …
Effective vaccines and therapies are seen as a pathway to return to life as it was before the 
pandemic. In the past three months, many “promising” therapies and vaccines were heralded 
in press announcements, often with limited supporting data. 

Operation Warp Speed—the name of the Trump Administration’s program to accelerate 
the development, manufacturing, and distribution of COVID-19 vaccines, therapeutics, and 
diagnostics—announced lofty goals of producing hundreds of millions of doses of vaccine by 
the end of 2020. 

WILL PATIENTS TAKE IT?
Many experts do not believe that an effective, approved vaccine that provides at least some 
protection will be available in less than one year. And, concern that the rush to get a vaccine 
to market will compromise safety may work against efforts to build herd immunity among 
the population.  

Herd or community immunity occurs when a sufficient percentage of the population is 
immune to a virus because enough people recovered from the illness or were vaccinated. 
Absent a vaccine, most nations went into lockdown. Sweden’s approach was to build herd 
immunity among its younger, less at-risk population, while leaving most businesses and 
public spaces open. As of late May, the nation’s immunity rate was expected to be well below 
projections, while the death rate per capita was higher than the US and significantly higher 
than surrounding countries (1).

Epidemiologists estimate that 70% or more of the population must be immune to the 
novel coronavirus to achieve herd immunity. The portion of the US population that has 
immunity is unknown due to inaccurate testing and reporting (2). 

The Centers for Disease Control reports that less than half of the adults in the US get an 
annual inf luenza vaccine (3), an indication that the entire population may not line up volun-
tarily to get vaccinated. Achieving herd immunity will require health officials to inform and 
educate a wary and confused public of the science-based merits of a vaccine, a more difficult 
task than getting people to wash their hands.

REFERENCES
1.  H.J. Mai, “Stockholm Won’t Reach Herd Immunity in May, Sweden’s Chief 

Epidemiologist Says,” NPR.org, May 25, 2020.
2.  G. D’Souza and D. Dowdy, “What is Herd Immunity and How Can We Achieve It With 

COVID-19?,” John Hopkins Bloomberg School of Public Health, April 19, 2020.
3.  CDC, Vaccination Coverage Among Adults in the United States, National Health 

Interview Survey, 2017, www.cdc.gov, accessed May 28, 2020.  ◆

https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-resources/NHIS-2017.html
https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-resources/NHIS-2017.html
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Regulatory Beat

FDA and the US Congress support  
innovation and access to cheaper medicines. 
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T he recent surge in demand for certain 
common medicines hyped as poten-
tial COVID-19 therapies led to serious 

drug shortages at hospitals and pharmacies, 
notably for the common malaria treatment 
hydroxychloroquine and antibiotics such as 
azithromycin. Widespread use of ventilators to 
relieve respiratory distress in very ill patients, 
moreover, depleted supplies of sedatives and 
painkillers administered with such equipment. 

These supply problems highlight the reli-
ance of the US healthcare system on generic 
drugs, many produced overseas or made with 
imported APIs. Manufacturers have rushed to 
fill the gaps, particularly to aid patients already 
relying on these medicines to treat serious 
medical conditions. FDA issued guidances on 
developing generic versions of chloroquine 
phosphate and hydroxychloroquine sulfate to 
help address the shortages (1). Even so, policy-
makers continue to lament the nation’s unre-
liable supply chain for vital medicines, many 
made in India, China, and other regions. 

These developments reflect the importance 
of regulatory and legislative policies in facili-

tating generic-drug development and 
market approval. FDA has expanded 
and reorganized its Office of Generic 
Drugs (OGD) in the Center for Drug 
Evaluation and Research (CDER) 
to streamline and accelerate the 
approval process for follow-on med-
icines, supported by generic-drug 
user fee revenues. A sign of success 
is FDA’s record-breaking approval 
of more than 1000 abbreviated new 
drug applications (ANDAs) in 2019 
(2). An important gain is OGD’s abil-

ity to process and approve more ANDAs in one 
review cycle by encouraging manufacturers 
to file more complete applications that avoid 
time-consuming discussions on application 
shortcomings. 

FDA also seeks to advance the development 
and approval of more complex generics, such 
as topicals and inhaled products, as outlined 
in the agency’s Drug Competition Action Plan 
of 2017 for facilitating access to less expensive 
alternatives to a broader range of innovator 
therapies (3). FDA has published lists of more 
than 500 drugs that lack competition and war-
rant extra agency assistance in determining 
what tests and data are needed to gain market 
approval. Multiple guidances on developing 
specific complex therapies support the program, 
including an advisory issued in March 2020 
outlining the process for a manufacturer to 
seek designation for a product as a Competitive 
Generic Therapy that warrants expedited devel-
opment and review (4).  

The development of complex generics also 
has support from FDA research that addresses 
technical and scientific issues related to testing 
innovative generic products. At an FDA public 
workshop in May 2020, agency scientists sought 
further industry input on research priorities 
and challenges related to developing complex 
generics, drug-device combination products, 
new bioequivalence testing methods, and new 
data analysis and modeling strategies to support 
these initiatives (5).

LEGISLATIVE SUPPORT
Congress also has furthered generic-drug devel-
opment in approving the long-debated CREATES 
Act in December 2019 as part of a must-pass  

Jill Wechsler is BioPharm 
International’s Washington editor, 

jillwechsler7@gmail.com.

Generic Drugs in Spotlight as 
Pandemic Creates Shortages
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Regulatory Beat

budget bill. The measure helps 
generic-drug makers access innova-
tor supplies needed for bioequiva-
lence testing and product approval, 
even when the brand is subject to a 
risk evaluation and mitigation strat-
egy (REMS). The legislation also 
provides flexibility in establishing 
shared REMS programs for innova-
tors and generics, another effort to 
avoid roadblocks to accessing less 
costly prescription drugs (6). 

To further identify and prevent 
looming drug shortages, more-
over, the legislators also included 
a provision in the CARES Act, the 
$2-trillion COVID emergency bill 
enacted in March that supports 
FDA efforts to monitor medical 
product supply chains and ensure 
access to both drugs and APIs 
imported from abroad. The bill 
expands FDA authority to require 
information on where problems 

might interrupt access to APIs, as 
well as drugs, and calls on firms to 
establish back-up plans for ensur-
ing supplies of critical products (7). 

Generic-drug development also 
may advance from global agree-
ment on standards for testing and 
regulating these medicines. A new 
project of the International Council 
for Harmonization (ICH) aims to 
establish bioequivalence standards 
for immediate-release solid oral dos-
age forms to support generic prod-
uct development and approval in 
multiple regions (8). Additional ICH 
guidelines for generics are expected, 
as the group explores opportunities 
for standards related to a number of 
complex generic medicines. 

These and other initiatives were 
discussed at an FDA Generic Drugs 
Forum, which attracted more than 
4000 registrants from 73 countries 
to the online program held April 

15–16, 2020. FDA staff provided 
practical advice to manufactur-
ers on minimizing deficiencies in 
applications and described oppor-
tunities for OGD assistance in 
developing complex generic prod-
ucts and on navigating the regula-
tory process (9). 

REFERENCES
 1. FDA, “Product-Specific Guidances for 

Chloroquine Phosphate and 
Hydroxychloroquine Sulfate,” www.fda.
gov, April 13, 2020.

 2. FDA, 2019 Office of Generic Drugs Annual 
Report, www.fda.gov, Feb. 19, 2020. 

 3. FDA, FDA Drug Competition Action Plan, 
www.fda.gov, April 8, 2020. 

 4. FDA, Competitive Generic Therapies, 
Guidance for Industry (CDER, March 
2020).

 5. FDA, FY 2020 Generic Drug Regulatory 
Science Initiatives Public Workshop, 
online, May 4, 2020.

 6. GovTrack, H.R. 965: CREATES Act of 
2019.

 7. 116th Congress, H.R.748–CARES Act.
 8. ICH, ICH Generic Drug Discussion Group 

(GDG) Work Plan (Jan. 31, 2020).  
 9. FDA/SBIA, Generic Drugs Forum, online 

(April 15–16, 2020). ◆

To continue the development and testing of new ge-
neric drugs during the COVID-19 pandemic, FDA 
issued a statement (1) providing flexibility to man-
ufacturers encountering difficulties in conducting 
bioequivalence studies to support new abbreviated 
new drug applications. 

Similar to the agency’s approach for sponsors 
conducting clinical trials during the current health 
emergency, FDA recognizes the potential for 
quarantines, site closures, travel limitations, and 
supply chain disruptions to require protocol revisions 
and changes in plans for information collection. 
The agency advises on the need to protect study 
participants overall and to consult with agency 
staff on issues related to interrupted studies or 
anticipated changes in research programs.

Reference

1.  FDA, Bioequivalence Studies for Submission in 
ANDAs during the COVID-19 Pandemic, April 28, 
2020.  

 —Jill Wechsler

Conducting bioequivalence studies during the 
current health emergency

FDA has released the following guidance docu-
ments during the COVID-19 pandemic to aid indus-
try response efforts:
• COVID-19 Public Health Emergency: General 

Considerations for Pre-IND Meeting Requests 
for COVID-19 Related Drugs and Biological 
Products, Guidance for Industry and 
Investigators, May 2020.

• COVID-19: Developing Drugs and Biological 
Products for Treatment or Prevention, Guidance 
for Industry, May 2020.

• FDA Guidance on Conduct of Clinical Trials 
of Medical Products during COVID-19 Public 
Health Emergency, Guidance for Industry, 
Investigators, and Institutional Review Boards, 
March 2020.

More COVID-19 guidance document information 
can be found on FDA.gov.

More on COVID-19 and regulations

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/product-specific-guidances-chloroquine-phosphate-and-hydroxychloroquine-sulfate
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/product-specific-guidances-chloroquine-phosphate-and-hydroxychloroquine-sulfate
https://www.fda.gov/drugs/generic-drugs/2019-office-generic-drugs-annual-report
https://www.fda.gov/drugs/generic-drugs/2019-office-generic-drugs-annual-report
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/fda-drug-competition-action-plan
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/fda-drug-competition-action-plan
https://www.fda.gov/media/136063/download
https://www.fda.gov/media/136063/download
http://a-meetings-conferences-and-workshops/fy-2020-generic-drug-regulatory-science-initiatives-public-workshop-05042020-05042020>6.	GovTrack, H.R. 965: CR
http://a-meetings-conferences-and-workshops/fy-2020-generic-drug-regulatory-science-initiatives-public-workshop-05042020-05042020>6.	GovTrack, H.R. 965: CR
https://www.govtrack.us/congress/bills/116/hr965
https://www.govtrack.us/congress/bills/116/hr965
https://www.congress.gov/bill/116th-congress/house-bill/748
https://database.ich.org/sites/default/files/GDG_WorkPlan_2020_0131.pdf
https://database.ich.org/sites/default/files/GDG_WorkPlan_2020_0131.pdf
http://www.fda.gov/drugs/coronavirus-covid-19-drugs/bioequivalence-studies-submission-andas-during-covid-19-pandemic
http://www.fda.gov/drugs/coronavirus-covid-19-drugs/bioequivalence-studies-submission-andas-during-covid-19-pandemic
https://www.fda.gov/media/137927/download
https://www.fda.gov/media/137927/download
https://www.fda.gov/media/137927/download
https://www.fda.gov/media/137927/download
https://www.fda.gov/media/137927/download
https://www.fda.gov/media/137926/download
https://www.fda.gov/media/137926/download
https://www.fda.gov/media/137926/download
https://www.fda.gov/media/136238/download
https://www.fda.gov/media/136238/download
https://www.fda.gov/media/136238/download
https://www.fda.gov/media/136238/download
https://www.fda.gov/media/136238/download
http://COVID-19-Related Guidance Documents for Industry, FDA Staff, and Other Stakeholders
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New Tools Facilitate Automated 
Process Control 

Automated sampling systems and integration of PAT are 
overcoming some of the roadblocks to increased automation 

of biopharmaceutical manufacturing processes.

JENNIFER MARKARIAN

A dvances in biopharmaceutical manufacturing, such 
as the shift to flexible, multi-product manufactur-
ing; continuous upstream and downstream process-

ing; and the potential for real-time release, are all enabled 
by automation and control technology. “The push for faster 
time to market is leading to more continuous and flexible 
manufacturing, which requires advanced automation and 
control for consistent quality,” explains Bob Lenich, director 
of global life sciences at Emerson. “And the strategy of real-
time release requires more comprehensive embedded analyt-
ical measurements and advanced controls to ensure quality.”

Although the tools for automation have been available 
for some time, the process analytical technology (PAT) to 
provide the data needed to use automated control for bio-
pharmaceutical processes has more recently come into use. 
Bioreactor manufacturers, such as Pall Life Sciences, Cytiva 
(formerly GE Healthcare), and Sartorius, are incorporating 
sensors, PAT, and automation into their manufacturing 
equipment (1). 

PAT AND SENSOR INTEGRATION
The increasing availability of PAT tools is promoting greater 
use of continuous in-line or at-line monitoring, which allows 
automated control strategies to be implemented, says Melisa 
Carpio, global technology consultant for cell culture technol-
ogies at Sartorius Stedim Biotech. 

Sartorius PAT tools include the new BioPAT Spectro, 
which uses Raman spectroscopy for process control and 
monitoring of single-use cell-culture bioreactors, including 
both the lab-scale Ambr automated micro- and mini-re-
actors and the company’s Biostat STR single-use produc-
tion-scale bioreactors. BioPAT Spectro is designed as an 
open platform and is currently compatible with Raman 
spectrometers from Kaiser Optical Systems and Tornado 
Spectral Systems. At the lab scale, data collected from 
Raman spectroscopy are contextualized with the collected 
process data and used as a quality-by-design (QbD) tool 
for building a model, using Sartorius’ Umetrics SIMCA 
multivariate data analysis (MVDA) software, says Svea 
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Cheeseman, product manager of PAT 
in cell-culture technologies at Sartorius. 

“Raman spectroscopy is not a direct 
measurement that comes pre-cali-
brated and gives you a pre-defined set 
of parameters. One needs to perform a 
model-building exercise for every ana-
lyte,” Cheeseman explains. “The resulting 
model that predicts the analyte concen-
tration from the Raman spectra can then 
be loaded into the Ambr system and used 
for process monitoring and control in 
high-throughput process development. 
The model can also be scaled to the 
Biostat STR production scale single-use 
bioreactors, due to identical optical 
designs of the Raman interfaces.” 

An important part of PAT is inte-
gration of the sensors into the process. 
The optimal design for a single-use bio-
reactor is an integrated, presterilized, 
single-use sensor, and these are available 
for dissolved oxygen, pH, capacitance, 
and conductivity, says Cheeseman. The 
BioPAT Spectro Raman sensor is inte-
grated as a single-use, 3D-printed port 
welded to the bioreactor bag containing 
a flow cell with two windows. A fiber 
optic probe is connected to the out-
side of the port at one end and to the 
Raman spectrometer at the other to 
collect Raman spectra. 

For sensors that aren’t available as 
single-use versions, sterile connectors 
are used to integrate conventional, 
multi-use sensors. A multi-use glucose 
sensor, for example, measures glucose 
concentration and can be used for feed 
control with a feedback control loop 
that activates a pump to add glucose 
when needed. 

Sartorius’ BioStat STR Generation 
3 single-use bioreactor and the com-
pany’s BioBrain automation platform 
were launched in March 2020 (2). A 
new foam sensor on this bioreactor 
is a single-use adhesive patch that is 
attached to the outside of the STR bag 
and is used to prevent potential batch 
losses due to filter clogging and pres-
sure build-up due to excess foaming. 

“There is both a high foam patch with 

alarming and interlock functionalities 
as well as a control foam patch with 
alarming and antifoam agent feed con-
trol,” says Cheeseman.

One of the challenges today is inte-
gration of single-use instruments into 
control systems, notes Artur Miguel 
Arsénio, head of project manage-
ment, PAT, automation and software 
at Sartorius Stedim Biotech. He says 
that vendors are working towards 
standardized “plug-and-play” com-
munication interfaces, recommended 
by organizations such as BioPhorum. 
Standardized, pretested “modular 
packages” will allow easier and more 
flexible deployment and changes, sug-
gests Arsénio. 

SAMPLING SYSTEMS
Automated bioreactor monitoring is 
one of the keys to collecting the data 
needed for process understanding and 
process control, but this is not a simple 
task. Tools have been developed, how-
ever, to automatically collect, transport, 
and analyze samples. Lonza’s Modular 
Automated Sampling Technology 
(MAST) system takes samples from 
bioreactors while maintaining steril-
ity and reliably moves the samples to 
analyzers for automated analysis. The 
fully automated system “allows real-
time monitoring and control that was 
never possible before,” says Clint Pepper, 
director of MAST products at Lonza. 
He explains that an event-based sam-
pling approach allows process con-
trol systems to “collect data at precise 
points in the manufacturing process 
such as inoculation, induction, or when 
a critical parameter unexpectedly goes 

out of range.” While some in the bio-
pharma may be skeptical of autosam-
plers, Pepper says the MAST system 
was designed to overcome issues of 
sterility failures and lack of reliability 
that limited earlier autosamplers. The 
system is currently in use in labora-
tory environments, where it enables 
dynamic experimental designs to speed 
the development process, Pepper says. 
However, it was “designed from the 
ground up to be used in the [good man-
ufacturing practice] GMP environment” 
and the company expects to launch 
a 21 Code of Federal Regulations Part 
11-compliant version of the software in 
2021. Lonza also plans to validate the 
system for specific quality control test-
ing applications. 

Fialab’s inline sequential injection anal-
ysis (SIA) instrumentation automates the 
ultra-high-performance liquid chroma-
tography (UHPLC) or mass spectrom-
etry (MS) pretreatment of samples for 
labor-intensive, complex analysis, such 
as peptide mapping or glycan profiling. 

“The SIA system does—in a very small 
box—what a scientist in a lab would 
do: the SIA draws in reagents/sample, 
mixes, and holds as needed to prepare 
the samples for LC analysis. The sample 
never leaves the capillary tubing,” explains 
Daniel Hasle, account manager for phar-
maceutical PAT at FIAlab.

Fialab’s sample preparation sys-
tem is part of an experimental setup at 
Rutgers University in the Department of 
Chemical and Biochemical Engineering 
in an FDA-funded project that is using 
a fully autonomous system developed by 
Rutgers for sampling and sample prepa-
ration for an on-line LC–MS system 
to monitor the monoclonal antibody 
(mAb) glycolization profile. “Current 
process performance understanding is 
hindered by lack of robust online tools 
and lengthy assays, which results in dif-
ficulty running processes in a real-time 
fashion, which leads to inconsistent 
product quality,” said the researchers in 
a poster presentation (3). Experiments 
showed that the on-line LC/MS system 
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provides the same sensitivity as tradi-
tional methods. In addition, the research-
ers used an in-situ Raman probe with 
a Kaiser Raman spectrometer for real-
time metabolite monitoring to develop 
a calibration model for real-time mea-
surement of glucose and lactate concen-
trations, and they are working on models 
for other metabolites. The model will be 
used to develop a feedback process con-
trol loop for the bioreactor (3).

AUTOMATION 
AND DIGITAL TWINS
Although biopharmaceutical manufac-
turing overall lags behind other types 
of manufacturing processes in its digi-
tal maturity, early adopters of Industry 
4.0 technologies are moving to auto-
mation and connectivity. 

“[Automation] is a priority area where 
our customers see opportunity to remove 
some of the bottlenecks they have today 
and get more out of their existing facili-
ties,” says Darren Verlenden, head of bio-
processing at MilliporeSigma.

Although automation solutions are 
available and accepted by regulatory bod-
ies, they are often adopted from other 
industries, resulting in a high level of 
customization, says Verlenden. He notes 
that modular, configurable solutions 
developed specifically for the bioprocess-
ing industry can help to reduce imple-
mentation time and cost. As an example, 
he points to MilliporeSigma’s launch 
at the end of April 2020 of the Bio4C 
Software Suite that combines the com-
pany’s existing processing technologies 
with software, automation, and analyt-

ics as a digital ecosystem that is part of 
the company’s BioContinuum Platform. 
Verlenden explains that, in regard to dig-
ital maturity, these systems help break 
down digital silos and move toward con-
nected plants with full process control. 

The next step of the digital matu-
rity model (4) is an adaptive plant with 
predictive process control. Achieving 
this level will require collaboration, 
says Verlenden. “Suppliers will need to 
develop the right technologies to achieve 
this vision in partnership with the indus-
try and implement them in a way that 
meets the regulatory requirements of bio-
processing,” he explains. 

Digital twins, which are process 
models used for simulating a process 
and predicting what will occur in dif-
ferent scenarios, are key to adaptive 
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Automating processes and allowing monitoring from 
remote locations outside the cleanroom benefits bio-
pharma manufacturing by keeping people—and their 
inherent contamination risk—out of aseptic processing 
areas. “Providing access to both the system and process 
information from a remote location while maintaining 
system security has been a key focus of many groups in 
recent years,” says Bob Lenich, director of global life sci-
ences at Emerson. “Incorporating data diodes that offer 
secure, one-way delivery of information without exposing 
the process to outside risk is a growing trend. Process en-
gineers can see what’s going on in real-time and do their 
job without physically being on the plant floor.”

Digital twins are another technology that allows virtual 
engineering. “We’ve seen an increase in the use of 
high-fidelity digital twins to help test planned changes 
or designs for automation and to train operators so that 
they don’t have to assemble somewhere in a facility,” 
notes Lenich.

Virtual connections, such as smart glasses, enhance the 
ability of operators inside a cleanroom to interact with 
teams, experts, and vendors outside of the cleanroom 
during critical moments, says Angelo Stracquatanio, CEO 
and cofounder of Apprentice. The company’s Tandem 
platform, for example, uses hands-free, cleanroom-
compliant, augmented reality (AR) smart glasses and 
accessories as tools that allow remote troubleshooting, 
facility tours, acceptance testing, and technical transfer 

activities, as well as immersive training in simulated AR 
environments. 

And as more commercial manufacturing is moving to 
24/7 production, remote technical support is becoming 
more commonly used to provide incident resolution 
for manufacturing information technology applications, 
adds Wendy Reddington, UK general manager for 
Zenith Technologies. A remote engineering team 
can either securely log into the site application to 
troubleshoot and resolve incidents directly, or those 
on location can be guided through the repair process 
by the remote team, she explains.

During the travel and “social distancing” restrictions 
caused by the COVID-19 pandemic, online tools 
have been seeing more widespread use. “Analytics, 
accessible remotely and on mobile devices— 
especially for areas such as equipment performance 
monitoring—allows organizations to keep a close eye 
on their operations. We have seen this play a pivotal 
role recently in operations where there is limited access 
to a site or actual operations,” notes Lenich. 
“We started to see the demand for intelligent 

manufacturing platforms increase over the past year, 
but this recent pandemic has really accelerated the 
interest and understanding in its value. I think it 
pushed organizations to focus on long-term solution 
implementations that can survive global disruptions,” 
concludes Stracquatanio.

Remote monitoring
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plants. Sanofi received the International 
Society for Pharmaceutical Engineering 
(ISPE) Facility of the Year Award in 
the Facility of the Future category in 
2020 for its digitally enabled contin-
uous biomanufacturing facility in 
Framingham, MA, which opened in 
October 2019 (5). The facility has dig-
itally connected equipment, and sim-
ulations enable flexible production (6) 
because digital twins can be used to 
evaluate process changes. As another 
example, Cytiva has been using digital 
twins to predict and optimize cell-cul-
ture processes (7).

Process Systems Enterprise’s (PSE) 
digital twin software for biopharma-
ceutical processes is being used by early 
adopters for both digital design (e.g., 
increased R&D efficiency, tech transfer, 
scale-up, investigating batch to contin-
uous conversion) and digital operations 
(e.g., soft sensing, advanced process 
control, control system tuning), says 
Edd Close, principal consultant at PSE. 

Setting up a digital twin for a par-
ticular process involves training the 
model using bioprocess data, explains 
Klaus Mauch, CEO of Insil ico 
Biotechnology. In addition, “Machine 
learning is used to capture the dynam-
ics of the cell-culture process and also 
enables integration of factors that 
cannot be represented mechanistically, 
for instance because their impact is 
not entirely known,” explains Mauch. 
Insilico Biotechnology is collaborat-
ing with the Laboratory of Systems 
Theory and Automatic Control at the 
Institute for Automation Engineering 
of the Otto von Guericke University in 
Magdeburg, Germany on model pre-
dictive control of the production of 
mAbs in mammalian cell-culture pro-
cesses using digital twins. 

A challenge for widespread use of 
these new technologies is that digital 
technology changes at a much faster 
pace than the pace of adoption of new 
technology in biopharma manufactur-
ing, concludes Verlenden. Change is 
happening, however. “Around 90% of 

the customers we speak with realize 
that they will need to upgrade their 
process automation to control, analyze, 
and optimize next-gen processes in the 
next five years,” says Verlenden.
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Plasma-Based Antibody Therapies 
Battle Against COVID-19

Therapies for early and late treatment and passive immunization  
of COVID-19 are needed and can be developed 

using antibodies from recovered patients.

CYNTHIA A. CHALLENER

A ntibody therapies—such as those derived directly 
from plasma—or versions based on native antibod-
ies but produced using recombinant technology—

aim to provide individuals with a passive immunity to fight a 
particular disease. These therapies can be used in four ways: 
to prevent people at high risk, such as healthcare workers 
and at-risk patients, from ever becoming infected (pre-expo-
sure prophylaxis); to prevent those infected from developing 
severe symptoms (early treatment); to treat people who are 
already experiencing severe symptoms (late treatment); and 
for post-exposure prophylaxis.

“Whereas vaccines can take many weeks to produce pro-
tective antibodies, plasma-derived antibody therapies, like 
convalescent plasma (CP) or concentrated antibody prepara-
tions manufactured from CP (i.e., hyperimmune globulins), 
provide immediate passive humoral antibody protection. 
This feature allows plasma-derived antibody therapies to be 
used prophylactically in cases of exposure, which is vitally 
important to first responders and healthcare workers on the 

frontlines, or to treat infected persons who are at a high risk 
of a poor outcome,” explains David Bell, chief innovation 
officer for Grifols. “In addition, plasma-derived therapies are 
especially important to immunocompromised patients who 
cannot mount a strong immune response to a vaccine.”

Convalescent plasma, or plasma from recovered patients 
containing antibodies, can be used as an emergency mea-
sure when other treatments are not available. Antibodies 
isolated from pooled donated plasma have been produced 
by patient immune systems as a defense to a foreign anti-
gen and therefore possess specificity against that antigen. 
On the other hand, production of potent antibodies iden-
tified in recovered patient blood samples using recombi-
nant technology enables manufacturing scalability and 
continued supply. 

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

Upstream Processing
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CONVALESCENT  
PLASMA THERAPY
The present COVID-19 pandemic, as 
well as the Ebola epidemics in East 
and West Africa, highlight the des-
perate need for readily-accessible, safe 
antiviral therapies that can be pro-
duced in a short period of time amidst 
rapid viral spread, according to Bell. 

“During an outbreak of a novel coro-
navirus or other agent, CP is the only 
antibody source available for near-im-
mediate use,” he explains. 

Although not referred to as CP at 
the time, this approach—with anti-
bodies f rom animals—was used 
by Emil von Behring to cure sick 
patients with diphtheria, work for 
which he won the first Nobel Prize 
in Physiology and Medicine in 1901 
(1). CP was later used to dramati-
cally reduce the fatality rate during 
the influenza pandemic (Spanish flu) 
of 1918 and during the Korean War 
to treat United Nations troops in the 
field that were sick with Korean hem-
orrhagic fever, also known as han-
tavirus. More recently, CP has been 
used to treat severe acute respiratory 
syndrome (SARS), the 2009 influenza 
A (H1N1), avian influenza A (H5N1), 
several hemorrhagic fevers such as 
Ebola, and other viral infections (2).

Compared to other methods to 
produce antibodies (i.e., recombinant 
monoclonals), CP also has the advan-
tage of possessing a breadth of anti-
bodies to a viral antigen that vary with 
respect to their epitopes. “This poly-
clonal nature of CP antibodies allows 
them, without further manipulation 
or purification, to exhibit high overall 
affinity and sensitivity to an antigen,” 
notes Bell.

In addition, CP harbors antibodies 
to a plethora of microbial antagonists 
to which the CP donor has mounted 
a prior humoral immune response that 
can protect against concurrent infec-
tions, Bell adds. This property is espe-
cially important to CP recipients whose 
immune systems may be compromised. 

A silver lining of the COVID-19 
pandemic, Bell points out, is that many 
folks have mounted successful humoral 
responses to the disease, whether severe 
or asymptomatic, and developed antibod-
ies against SARS-CoV-2, the virus that 
causes COVID-19. Presently, there are 
multiple clinical trials underway across 
the globe to evaluate the potential of CP 
to prevent or mitigate the severity of ill-
ness in recipient COVID-19 patients, 
and results are beginning to be published. 
In a timely report from investigators 
in China, CP therapy was found to be 
well-tolerated and to potentially improve 
the clinical outcomes in severe cases by 
neutralizing viremia (3). 

In the United States, FDA is facili-
tating access to COVID-19 convales-
cent plasma for use in patients with 
serious or immediately life-threaten-
ing COVID-19 infections through 
emergency Investigational New Drug 
Applications, working in collaboration 
with the National Institutes of Health 
and the Centers for Disease Control 
and Prevention to develop master pro-
tocols for the collections and use of 
COVID-19 CP, and encouraging peo-
ple who have recovered from COVID-
19 infections to donate plasma (4,5). 
The first CP treatment approved by 
FDA took place at Houston Methodist 
Hospital in late March (6). Grifols is 
currently conducting a clinical trial in 
Spain with convalescent human plasma 
inactivated with methylene blue.

HYPERIMMUNE  
GLOBULIN TREATMENTS
Ultimately, any efficacy that CP exhib-
its in initial clinical trials will provide 
an impetus to use CP to manufacture 
highly-purified preparations of antibodies 
with high neutralizing activity and lon-
ger-term potential therapy (7), according 
to Bell. “So-called hyperimmune globu-
lin (H-IG) preparations, manufactured 
from convalescent or immunized donors’ 
plasma, comprise a widely tested, safe, 
and proven prophylactic and therapeutic 
intervention for certain infectious dis-
eases [e.g., measles, diphtheria, polio, hep-
atitis A and B, tetanus, rabies, and disease 
brought on by respiratory syncytial virus 
(8)],” Bell states.

CP donated from many individuals 
is transported to manufacturing facilities 
where it is pooled together. During the 
manufacturing process, the virus-specific 
antibodies from multiple donors are con-
centrated. The plasma then undergoes 
virus inactivation and removal processes 
and is finally purified into the H-IG 
therapy with a consistent amount of neu-
tralizing antibodies in each dose. 

“This approach ensures the quality and 
safety of the final product, as well as pro-
vides a more realistic shelf-life for global 
use. H-IG therapy means a higher con-
centration of antibodies can be admin-
istered with lower volumes. The high 
concentration of antibodies, which has a 
known neutralization titer, will have an 
established benefit-risk profile in multi-
ple populations of patients,” says Chris 
Morabito, head of R&D, plasma-derived 
therapies at Takeda.

A key benefit of a plasma-derived 
immune globulin therapy is that the 
production of the H-IG is based on 
already-approved manufacturing systems, 
according to Morabito. Plasma-derived 
intravenous immunoglobulin (IVIG) 
therapy also has an established safety pro-
file based on years of clinical evidence. 
“In addition,” Morabito notes, “a plas-
ma-derived polyclonal immune globulin 
therapy can bind multiple antigens on 
the virus, including the ones that have 
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been shown to be effective in clearing 
the infection from the recovered donor, 
whereas a monoclonal approach covers 
one single antigen.”

And while a direct plasma approach 
may be quicker to develop than an 
H-IG therapy, before the former 
method can be put into wide use, sci-
entists must work out safety issues, such 
as making sure the plasma taken from 
recovered patients is free of other viruses 
and toxins. The antibody levels also vary 
significantly from individual to individ-
ual, so the potential effectiveness of the 
convalescent plasma is dependent on 
the specific donor. Furthermore, larger 
volume dosing is likely to be required as 
the virus-specific antibodies in the CP 
would not be concentrated through a 
manufacturing process.

Plasma-derived hyperimmune glob-
ulin therapies have shown preliminary 
signs of effectiveness in the treatment 
of severe acute respiratory infections of 
viral etiology and may present a poten-
tial treatment option for individuals with 
COVID-19, as well to potentially pre-
vent infection in those at high risk of 
developing COVID-19 from exposure to 
SARS-CoV-2, such as healthcare work-
ers, according to Morabito notes.

Takeda is leveraging its experience 
in the development of plasma-based 
antibody therapies in the fight against 
COVID-19. The company successfully 
produced an H-IG to address the 2009 
H1N1 influenza pandemic and man-
ufactured two full-scale lots using its 
novel Gammagard Liquid (GGL) IG 
process from approximately 15,000 L of 
CP, resulting in approximately 50 Kg of 
hyperimmune globulin product. “GGL 
has a proven track record of safety and 
efficacy for 16 years and is available in 39 
countries (marketed as Kiovig outside of 
US and Canada),” Morabito comments. 

Recently, Takeda announced that 
in order to accelerate development of 
an H-IG treatment, it is partnering 
with other plasma therapy developers 
(CSL Behring, Biotest, Bio Products 
Laboratory, Octapharma, and LFB) 

in the United Kingdom, Switzerland, 
Germany, and France to develop a sin-
gle, nonbranded product. “We believe 
that by collaborating on plasma col-
lection, clinical trials, and manufactur-
ing, the CoVIg-19 Plasma Alliance can 
accelerate bringing a potential therapy 
to market and increase the potential 
supply,” states Morabito. 

CoVIg-19, a polyclonal H-IG, is an 
investigational treatment prepared from 
the pooled plasma of individuals who 
have fully recovered from COVID-19 
and whose blood contains high titers of 
antibodies that can fight SARS-CoV-2, 
the virus that causes COVID-19.  This 
plasma-derived therapy has the poten-
tial to treat COVID-19 patients and to 
possibly prevent infection in frontline 
healthcare workers. 

“The CoVIg-19 Plasma Alliance is 
collaborating closely with regulatory 
agencies, governments, and healthcare 
partners to advance this program. If suc-
cessful, it is anticipated that this potential 
therapy could be available within nine 
to 18 months from the time work was 
initiated in January 2020,” Morabito says. 

Grifols is another company lever-
aging experience in the development 
of H-IG therapies for the fight against 
SARS-CoV-2. Specifically, Grifols has 
developed a platform to produce hyper-
immune globulin from disease-state CP 
in an isolated, dedicated manufacturing 
facility, which has been used to success-
fully produce a purified, concentrated 
intravenous immune globulin preparation 
enriched with antibodies to Ebola virus.

The company is currently collabo-
rating with FDA, the US Biomedical 
Advanced Research Development 
Authority (BARDA), and other fed-
eral health agencies for collection of CP 
using its network of FDA-approved 
plasma donor centers. Grifols is manu-
facturing hyperimmune globulins in its 
purpose-built Clayton, NC facility and 
conducting preclinical and clinical trials. 
The company also is participating in dis-
cussions for the potential development of 
a clinical trial in IVIG, according to Bell.

Emergent BioSolutions, which has 
extensive experience with the devel-
opment and licensure of six FDA-
approved hyperimmune products, also 
initiated the development of two hyper-
immune treatments for COVID-19. 
COVID-Human Immune Globulin 
(COVID-HIG), manufactured from 
human plasma with antibodies to 
SARS-CoV-2, is being developed as a 
potential treatment for COVID-19 in 
severe hospitalized patients and high-
risk patients; COVID-EIG, manufac-
tured from plasma of immunized horses 
with antibodies to SARS-CoV-2, is 
a potential treatment for hospitalized 
patients with severe symptoms. The 
company’s goal is begin a clinical trial as 
early as the summer of 2020.

Emergent is collaborating with the 
US government to expedite the develop-
ment of COVID-HIG, receiving fund-
ing from BARDA and participating in 
a study with the National Institute of 
Allergy and Infectious Diseases (NAID), 
part of the National Institutes of Health 
(NIH), to assess potential treatments for 
COVID-19.

“We are expanding our partnership 
with the US government working 
closely with BARDA, NIH/NIAID, 
FDA, and other key agencies to stay 
aligned on our development goals and 
near-term response plan,” said Laura 
Saward, senior vice-president and ther-
apeutics business unit head at Emergent 
BioSolutions. “COVID-HIG will lever-
age the platform that was established in 
partnership with BARDA through their 
investment in our treatments for anthrax 
and smallpox vaccine complications, and 
it provides a sustainable capability for 
responding to emerging infectious dis-
eases such as COVID-19.”

The technology Emergent is employ-
ing for the COVID-19 therapies has 
been used by the company to develop 
other FDA-approved plasma-based 
treatments for different diseases. “As 
we develop these new drugs, we will 
be able to leverage many of the same 
elements around the safety and [phar-

Upstream Processing
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macokinetic] PK profiles, as well as the 
validated manufacturing controls and 
assays,” says Saward.

RECOMBINANT APPROACH
Recombinant antibody therapies based 
on antibodies generated in recovered 
patients can be either polyclonal or 
monoclonal. Due to their recombi-
nant nature, a single donor can be used 
to generate millions of doses, accord-
ing to David Johnson, CEO and 
co-founder of GigaGen, a biotechnol-
ogy company developing a recombi-
nant polyclonal antibody therapy. 

“Administering therapeutic anti-
bodies that target and neutralize the 
virus can provide protection much 
faster than vaccines and is a safer, more 
effective, less variable, and scalable 
treatment approach than convalescent 
serum,” adds Carl Hansen, cofounder 
and CEO of AbCellera, a biotechnol-
ogy company developing a monoclonal 
antibody therapy.

In addition, the specific antibodies 
against COVID-19 are not selected 
for in serum- or plasma-derived ther-
apies. “In the collected serum, there 
are antibodies against all types of dis-
eases, and those diseases might have 
been ones that the patients were 
exposed to months ago and not neces-
sarily coronavirus,” Johnson observes. 
He goes on to add that there is also 

greater batch-to-batch consistency 
with recombinant therapies. 

One challenge for some recombi-
nant therapies is the need to select 
clones with a cost-effective produc-
tion yield. It is also necessary for all 
recombinant therapies to develop 
robust upstream and downstream pro-
cesses yielding products that fulfill the 
required specifications for human use 
from the point of view of purity, iden-
tity, and potency, according to Bell.

GigaGen is developing the recom-
binant polyclonal therapy rCIG 
(recombinant anti-coronavirus 19 
hyperimmune gammaglobulin), which 
according to Johnson, combines the 
advantages of a polyclonal approach 
and a recombinant approach. 

“Polyclonal antibody therapies have 
the advantage of ‘polyclonality’; they 
contain many different antibodies. 
Unlike monoclonal antibody (mAb) 
therapies, which focus on a single anti-
body and thus only target the virus at 
one specific location, polyclonal anti-
body therapies have a broader scope,” 
Johnson states. He adds that because 
they provide patients with a diverse and 
comprehensive library of antibodies, the 
chances of efficacy are increased. 

“That comprehensive set of anti-
bodies coats the virus at various loca-
tions, making it difficult for the virus 
to attach to the human cell, and ulti-

mately stopping disease progression,” 
Johnson explains. The company has 
shown that recombinant polyclonals 
can have much higher potency than 
other therapeutic options, which may 
result in better clinical outcomes.

“The primary indication of our poly-
clonal antibody therapy is for people 
actively suffering from COVID-19. 
We want to help infected patients 
survive the worst part of the disease,” 
Johnson comments. In many cases, 
he adds, if a patient gets through 
the worst, they will retain immu-
nity through their own immune sys-
tem, so they wouldn’t need more of 
GigaGen’s drug. If the patient is gen-
erally immune incompetent, however, 
they would need follow-on doses as a 
prophylactic against re-infection. 

GigaGen is using its proprietary 
Surge single-cell technology to cap-
ture and recreate complete libraries of 
antibodies from COVID-19 convales-
cent patients. Blood is collected from 
COVID-19 convalescent patients 
and their B-cell repertoires (antibody 
producing cells) are used to replicate 
their natural diversity of antibodies at 
high concentrations. Specifically, anti-
body-coding DNA is captured from 
millions of B cells and used to engineer 
a library of antibodies into cell lines 
that produce the drug.

“Our plan is to use antibodies from 
the best 5–10 donors/responders. Not 
all patients respond the same way. Our 
technology enables us to select the best 
donors and replicate their antibody 
repertoires in the laboratory to gen-
erate a drug that can treat millions of 
patients,” Johnson asserts. 

The biggest challenge for GigaGen 
going forward at this point is securing 
sufficient funding to scale production. 
The tens of thousands of clones making 
different antibodies will need to be pro-
duced at larger scale. Toxicology studies 
in monkeys also need to be performed 
before GigaGen can move into clinical 
trials. “We expect to do tech transfer to 
a manufacturing facility sometime this 

Upstream Processing

 A coalition of medical and re-
search institutions, blood centers, 
life science companies, technol-
ogy companies, philanthropic 
organizations, and COVID-19 
survivor groups launched a cam-
paign—The Fight Is In Us—to 
encourage recovered COVID-19 
patients in the United States to 
donate their blood plasma. The 
campaign seeks to recruit COVID-
19 survivors within two months of 
recovery. The coalition is seeking 
donors for the direct transfusion of 

blood plasma to patients though 
the Expanded Access Program for 
convalescent plasma and to pro-
duce hyperimmune globulin (H-Ig), 
for use in clinical trials. 

Coalition members include the 
National COVID-19 Convalescent 
Plasma Expanded Access Program; 
the CoVIg-19 Plasma Alliance; 
and survivor groups. Donors are 
solited via the organization’s 
website, thefightisinus.org.

—The editors  
of BioPharm International

Plasma from patients



20     BioPharm International June 2020   www.biopharminternational.com

summer [2020] for GMP [good man-
ufacturing practice] production, with 
plans to start first clinical doses at the 
beginning of 2021, dependent on our 
conversations with FDA,” says Johnson. 
He notes that it would be helpful to 
receive clearer information from FDA 
regarding current policies related to 
expedited review and expedited paths 
to the clinic.

AbCellera has elected to develop a 
mAb-based therapy for COVID-19. 
The problem, says Hansen, is that the 
human body makes billions of unique 
antibodies, each unique type secreted 
by a single antibody-producing immune 
B cell. The challenge is to find the few 
cells among billions that make the very 
best antibodies for fighting SARS-
CoV-2. “We’ve adapted our platform 
for exactly this scenario. Through our 
participation in the Defense Advanced 
Research Projects  Agency ’s  P3 
[Pandemic Prevention Platform] pro-
gram, we’ve successfully tested our plat-
form against MERS coronavirus and 
pandemic flu,” he remarks.

AbCellera’s drug discovery platform 
combines high-throughput microflu-
idics, big data, artificial intelligence, 
machine learning, and genomics to 
search and analyze the immune system 
to find the best antibodies against a 
disease or virus. “We can screen millions 
of immune cells (B-cells) in days—not 
weeks or months—to quickly find the 
best antibodies for fighting diseases,” 
Hansen states. 

A microfluidic device approximately 
the size of a credit card possesses arrays 
of more than 200,000 nanoliter-vol-
ume reaction chambers where individ-
ual B-cells are isolated, each secreting 
a unique antibody. The antibodies in 
each chamber are tested to determine 
their ability to bind the spike protein 
on SARS-CoV-2 and identified using 
machine vision. Celium, AbCellera’s 
proprietary antibody visualization soft-
ware, is applied to narrow the thousands 
of antibodies that can bind the target 
down to the best antibody candidates.

“Because we don’t need to create 
cell lines or clones and we can search 

the natural immune system so thor-
oughly, we can quickly and cost-ef-
fectively find thousands of diverse 
antibody drug candidates. The speed, 
depth, and integration of our technol-
ogy has redefined how antibody drugs 
are discovered,” Hansen asserts. Indeed, 
the company was able to go from a 
recovered patient sample to a group of 
24 lead drug candidates in just three 
weeks, a process Hansen indicates 
could normally take a decade. 

Being able to deeply and rap-
idly search the diversity of the nat-
ural immune system also affords 
AbCellera the best chance of finding 
the most potent, neutralizing antibody 
candidates. For very potent antibod-
ies, the amount of antibody needed 
for dose is reduced, which is one of 
the most effective ways to alleviate 
some of the manufacturing challenges, 
according to Hansen. “Antibodies 
f rom natural immune systems also 
require less engineering to become a 
drug, which reduces safety risk and 
time to clinical trials,” he adds.

Upstream Processing

For development of antibody-based therapies for COVID-
19 disease, the main challenge that must be overcome is 
the current limited knowledge and understanding about 
the virus infectivity process itself and the disease caused 
by it, according to David Bell, chief innovation officer 
for Grifols. “There are still many uncertainties that com-
plicate identifying and validating the right therapeutic 
target that could also be dependent on the timing of 
the infection process, so, there could be a target for the 
initial steps of the infection process and a therapeutic 
target for posterior phases where the main objective is 
to treat the clinical symptoms,” he says. 

Understanding the biology of the disease, Bell believes, 
will lead to identifying what proteins or processes are the 
optimal to be targeted with a therapy. Then, the challenge 
will be to develop a targeted mAb product that has the 
needed potency and selectivity in order to have an 
adequate efficacy and safety profile.

As importantly, David Johnson, CEO and co-founder 
of GigaGen stresses that multiple health systems need 
prophylactics (i.e., active vaccines, passive vaccines) and 
therapeutics. “Vaccines are very cheap and often help 
90% or so of the population. Passive vaccines help people 

with immune deficiencies, for example people who don’t 
respond to the active vaccine, or people at high risk 
(nurses in emergency rooms). Therapeutics help people 
who get sick despite the availability of both active and 
passive vaccines. It is important that a variety of treatment 
options be developed so that we have multiple avenues to 
target this virus,” he explains.

Bell adds that there is even precedent for concomitant 
administration of hyperimmune globulin (H-IG) and 
vaccine in order to ensure protection while vaccine-
generated antibodies increase in titer. Others have 
proposed the combined use of convalescent plasma 
and H-IG in a complementary fashion to treat patients 
infected with SARS-CoV-2, the virus that causes COVID-19, 
both presently and in subsequent infectious waves (1). In 
the absence of a vaccine, though, as is the case with the 
current COVID-19 pandemic, Bell stresses that plasma-
derived antibody therapies can bridge the early stages of 
an outbreak until the time one is available.

Reference
1. J. D. Roback and J. Guarner, JAMA 323(16):1561-
1562 (2020).
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Upstream Processing

To manufacture at the speed and scale needed for the 
COVID-19 pandemic, AbCellera has partnered with Eli 
Lilly, which has global capabilities for rapid development, 
manufacturing, and distribution of therapeutic antibodies. 
Lilly has already started GMP manufacturing of an anti-
body drug candidate that has demonstrated potent neutral-
ization of SARS-CoV-2 and expects to begin clinical trials 
in July 2020.

Vir Biotechnology is also producing potent neutraliz-
ing human mAbs against SARS-CoV-2. The company’s 
leading candidates VIR-7831 and VIR-7832 have demon-
strated high affinity for the SARS-CoV-2 spike protein 
and are highly potent in neutralizing SARS-CoV-2 in live 
virus-cellular assays. They were isolated from SARS-CoV-1 
recovered patients using its proprietary platform technology, 
which identifies rare antibodies from survivors that have the 
potential to treat and prevent rapidly evolving and/or previ-
ously untreatable pathogens via direct pathogen neutraliza-
tion and immune system stimulation

Vir has signed agreements with both GlaxoSmithKline 
(GSK) (9) and Generation Bio (10) to accelerate develop-
ment of solutions for coronaviruses, including SARS-CoV-2. 
The collaboration with GSK will use Vir’s proprietary mAb 
platform technology to accelerate existing and identify new 
anti-viral antibodies that could be used as therapeutic or pre-
ventative options against COVID-19 and GSK’s expertise 
in functional genomics, as well as both companies’ clustered 
regularly interspaced short palindromic repeats (CRISPR) 
screening and artificial intelligence capabilities (9). The col-
laboration with Generation Bio is intended to extend the 
impact and reach of Vir’s mAbs against SARS-CoV-2 using 
Generation Bio’s proprietary ceDNA non-viral gene therapy 
platform and scalable manufacturing process (10). 

Vir has also signed a $363-million agreement with 
Samsung Biologics for the large-scale manufacturing of 
its two COVID-19 mAb candidates (11). Production is 
expected to begin as early as October 2020. This deal follows 
agreements Vir signed in February with WuXi Biologics and 
mid-March with Biogen to scale up cell-line development, 
process development, and clinical manufacturing for its 
mAbs. Vir is hoping to move VIR-7831 and VIR-7832 into 
Phase II clinical testing within the next three to five months.

USING MICE TO MAKE  
HUMAN ANTIBODIES
Rather than start only with antibodies isolated from plasma 
obtained from recovered COVID-19 patients, Regeneron is 
using a two-pronged approach that also includes generation 
of hundreds of neutralizing antibodies against SARS-CoV-2 
obtained from humanized mouse models exposed to the 
virus (12).

The company previously used its proprietary VelociSuite 
technologies, including VelocImmune mice that have been 
genetically-modified to have a human immune system, to 
rapidly develop a promising mAb triplet therapy for Ebola, 
moving into clinical trials just four months after the August 
2018 outbreak. REGN-EB3 is currently under review by 
FDA (13). Regeneron is developing a two-mAb candidate 
therapy (REGN3048-3051) against MERS-CoV using the 
same technology. 

Isolation of the hundreds of virus-neutralizing, fully 
human antibodies from the mice took just one month (12). 
Regeneron has also isolated antibodies from humans who 
have recovered from COVID-19 to maximize the pool of 
potentially potent antibodies. Both sets of antibodies have 
been screened, and Regeneron has selected a small number 
to move into cell line production. 

Each of the mAbs ultimately selected for a combination 
treatment will elicit a robust response but target slightly 
different parts of the virus to provide protection against 
multiple viral variants. Regeneron is using its VelociMab 
technology to prepare manufacturing-ready cell lines as lead 
antibodies are selected, so that clinical-scale production can 

Contin. on page 35

https://www.sterislifesciences.com/products/surface-disinfectants/pharmaceutical-disinfectants/spor-klenz-ready-to-use-disinfectant-wipes?utm_medium=print&utm_source=BioPharm&utm_campaign=sporklenzwipes%20June


22     BioPharm International June 2020   www.biopharminternational.com

ke
nt

o
h/

St
o

ck
.A

d
o

b
e.

co
m

Challenges, Tools, and Strategies 
for Data Integrity Protection

Tools such as manufacturing execution systems, artificial intelligence, and 
software innovations are useful for enhancing data integrity protection.

FELIZA MIRASOL

W ith violations in data integrity that FDA has found 
during facility inspections in recent years (1), bio-
pharma companies are tasked with implementing 

meaningful and effective strategies to manage data integrity risks. 
Various tools are being explored for their ability to enhance data 
integrity protection.

FDA’s Data Integrity and Compliance with Drug CGMP, 
Questions and Answers, Guidance for Industry (1), finalized in 
December 2018, clarifies the role that data integrity plays in 
current good manufacturing practices (CGMP). In the guidance, 
FDA states that “meaningful and effective strategies” will have to 
take into consideration the design, operation, and monitoring of 
systems and controls. These strategies must be based on the risk 
to the patient, to the process, and to the product. The agency also 
emphasizes that it is essential for the company’s management to 
be involved in and have influence on these strategies to prevent 
and correct conditions that can lead to data integrity problems (1).

To gain insight into some of the challenges, tools, and strat-
egies important to consider for establishing data integrity pro-
tection, BioPharm International spoke to Heather Longden, 
Pharmaceutical Regulatory Intelligence at Waters Corporation.

CHALLENGE AND RISK
BioPharm: What are the most difficult challenges in man-
aging data integrity?

Longden: The first challenge is embracing the concept 
that data integrity is not just about the electronic data. Where 
problems tend to occur most often is when operators interact 
with equipment and the software that may be monitoring or 
controlling it. Another challenge for manufacturers is when elec-
tronic systems are recording manufacturing data in real time and 
decisions have to be made about how much of that data is really 
critical to support product quality and batch records.

BioPharm: At what point(s), or steps, in the biomanu-
facturing process (for a monoclonal antibody [mAb], a cell 
therapy, or a gene therapy) are breaches of data integrity 
most at risk (i.e., where’s the weak spot)?

Longden: For any process, data integrity can be compro-
mised either at the interface between two electronic systems 
where data are exported or imported, or where someone 
is involved in either recording or acting on the data. This 
is where extra care and solid processes with oversight and 
review are important.

Downstream Processing
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When algorithms are used to auto-
mate a process (e.g., cell feeding by 
feedback) or inform a user to manually 
take an action from processed results, 
then it’s critical that they be validated 
and maintained with the same data 
integrity measures as any other records.

TOOLS TO MINIMIZE RISK
BioPharm: How can tools, such as 
manufacturing execution systems, arti-
ficial intelligence, and/or software 
innovations/updates, mitigate risks to 
data integrity?

Longden: Obviously, data integ-
rity issues can exist in any process, 
even paper-based processes. For exam-
ple, forgetting to document a change 
to a record according to good docu-
mentation practice (GDocP) is a data 
integrity issue. With electronic sys-
tems, the mundane record keeping is 
done automatically, recording data in 
an attributable and contemporaneous 
way that accounts for who changed a 
record (based on the logged-in user), 
what they changed, the before and after 
values of the change along with secure 
time stamps of the changes. Reliable 
time stamps and user authentication are 
essential to ensure the traceability of the 
manufacturing process.  

Problems can occur when biophar-
maceutical manufacturers install new 
and innovative sensors or other devices, 
and associated software but forget to 
subject them to the traditional over-
sight for compliance of the electronic 
records they may create. For example, 
many automated tools do not even 
have basic operator log-in capabilities, 
which makes the creation of compli-
ant audit trails impossible. In addition, 
with so much manufacturing data being 
recorded in real time, it is incumbent 
upon manufacturers to make sure that 
all data supporting batch records are 
properly secured and archived. 

Calculations performed electroni-
cally should always be validated. Once 
they have been validated, there is no 
need for a reviewer to double check 

each calculation. To avoid problems 
later, it is important that software 
applications for manufacturing uses are 
properly validated. 

Validation of AI or machine learning 
programs presents some interesting and 
novel challenges, so while these might 
be extremely promising, deploying them 
to support GMP processes demands 
serious validation considerations.

BioPharm: What other analytical 
tools are effective at mitigating this risk?

Longden: As important as analytical 
tools are, just as important is a culture 
of excellence. The International Society 
of Pharmaceutical Engineers (ISPE) 
GAMP community of practice issued 
a maturity model for data integrity (2), 
which may be useful in setting up a 
data integrity governance program and 
which encourages operators to record 
data accurately and contemporaneously 
as well as how to deal with errors and 
mistakes without the threat of retaliation. 

When operators, and, specifically, lab 
staff, work remotely, additional tools, 
such as the ability to securely log into 
enterprise software applications from 
home, may be critical to preserve data 
integrity.

STRATEGIC APPROACH
BioPharm: What best practices, if any, 
do you have in place or recommend 
to biomanufacturers for ensuring their 
manufacturing data are secure and well 
documented?

Longden: Before implementing the 
right controls to preserve the integrity of 
data related to the manufacturing and 
the quality of biopharmaceutical prod-
ucts, it is essential to fully document all 
relevant data that supports product qual-
ity and understand how and where (in 
which software or devices) data are cre-
ated and shared. Once the flow of data 
is diagrammed, it is easier to identify the 
gaps or potential gaps where data could 
be lost or changed. 

Manufacturers should also take inspi-
ration from the data integrity practices 
and processes deployed by laboratories 

which tend to be more experienced in 
electronic data compliance. 

BioPharm: What is a data-integ-
rity-by-design approach and how can 
it be coordinated/integrated with an 
overall quality-by-design strategy for a 
biomanufacturing process (either mAb, 
cell therapy, or gene therapy)?

Longden: Data integrity by design 
involves mapping out the manufactur-
ing process from the initial seed train 
through to the commercial-scale bio-
reactors and on through to the diafil-
tration and concentration steps, and 
finally onto any terminal sterile filtra-
tion before aseptic filling. 

Mapping the data flows through-
out the process allows the com-
pany to identify the regulated data. 
Biopharmaceutical manufacturing 
companies should select computer-
ized systems for maximum automation 
and interfacing so that regulated data 
are collected automatically and trans-
ferred by validated interfaces into the 
manufacturing execution systems for 
the batch report and disposition. It’s 
important to know which metadata are 
transferred and what is reapplied.

Of course, these computerized sys-
tems should be evaluated for compli-
ance to the relevant electronic record 
and signature regulations before pur-
chase and deployment.

Other questions to consider include: 
• Where are audit trails reviewed and 

how can you include that step in 
your data review process? 

• Is the sy stem so thorough ly 
automated that exception reporting 
can be relied on to drive the data 
review process? 

• Or are there still manual processes 
requiring a risk-based second-
person review of all of the data?

REFERENCES
1. FDA, Data Integrity and Compliance 
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ABSTRACT
Continued process verification is one of the required stages of process 
validation, which necessitates a documented process and product 
monitoring program. During routine process and product monitoring, 
one commercial process (process A) demonstrated higher process 
variation compared to other commercial products manufactured at the 
same site. Advanced data analytics, including statistical modeling and 
machine learning technique, was applied to further understand the 
process variation in cooperation with a consultant company (McKinsey/
Quantum Black). A cross-functional team composed of data engineers, 
data scientists, bioprocess experts, and translator/project manager was 
formed and worked together for approximately six months. The analysis 
consolidated disparate data sources, including information from raw 
material, equipment, process information, environment, human, etc. Data 
engineering technique, modeling methodology, and model insights are 
shared. The importance of building advanced data analytics capabilities 
to enable more efficient and reliable bioprocesses is discussed.

JUN LUO, SID KUNDU, YIMING PENG, AND JESSE BERGEVIN

W            ith accelerating develop-
ment timelines, accumula-
tion of process knowledge 
during the continued pro-

cess verification (CPV) stage of process 
validation is becoming increasingly impor-
tant. While many bioprocess companies 
have a CPV program that involves univar-
iate trending of quality attributes and pro-
cess performance indicators, advanced data 
analytics (ADA) is a tool that can com-
plement traditional univariate monitoring 
programs to bolster knowledge, improve 
capability, and optimize bioprocess per-
formance. As noted in the FDA guidance 
on process validation (1), during routine 
commercial manufacturing, a process is 
likely to encounter sources of variation that 

were not previously detected or to which 
the process was not previously exposed 
during process design. If process perfor-
mance or capability is trending unfavorably, 
the ability to adaptively respond and adjust 
controls is contingent on the availability 
of documented causal relationships (i.e., 
models) between controllable inputs (e.g., 
raw material attributes and process param-
eters) and important process/product out-
puts (e.g., key performance indicators and 
critical quality attributes). 

Thorough characterization of process 
and product attributes using statisti-
cal design of experiments (DoE) during 
the process design (PD) stage is a proven 
means to establish process/product knowl-
edge. However, accelerated development 
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timelines are putting pressure and 
limitations on the extent of charac-
terization during the PD stage, and, 
therefore, increasing the importance 
of a lifecycle approach to accumulate 
process/product knowledge during the 
post-approval (i.e., CPV) stage of pro-
cess validation.  

Within the data science commu-
nity, the use of statistical modeling 
to reach conclusions from data can 
be divided into two separate “cul-
tures” (2). One assumes that the data 
are generated by a given stochastic 
data model. The other uses algo-
rithmic models and treats the data 
mechanism as unknown. Because 
data collected during the CPV stage 
may involve complex systems with 
unknown physical, chemical, or bio-
logical mechanisms, signals from 
stochastic data models may be weak 
and diff icult to interpret. In this 
case, where data are recorded in a 
structured way that results in large 
datasets, algorithmic models using 
ADA may elucidate previously unde-
tected relationships between inputs 
and outputs. ADA using algorithmic 

models, therefore, holds promise as 
an additional tool to augment tradi-
tional DoE as a means to gain action-
able insights and knowledge to better 
understand, predict, and control 
sources of variation in a bioprocess (3).

While ADA can be used for real-
time bioprocess monitoring and early 
fault detection of batches deviating 
from normal operating conditions, a 
case study was conducted focused on 
a retrospective analysis where ADA 
was used to gain additional insights 
(knowledge) for an intractable cell cul-
ture performance problem.

CASE STUDY AND 
SELECTION CRITERIA
The goal of the case study was to 
build a model to explain variation and 
identify actionable insights for a fed-
batch Chinese hamster ovary (CHO)-
based bioprocess process (Figure 1).

Many factors were considered for 
the case study selection process. A 
few key factors are sample size, vari-
ability of process output, impact on 
business, variability of data source, 
data accessibility, and process knowl-

edge, among others. For example, to 
develop a meaningful ADA model, 
it was suggested to have a manufac-
turing history of at least 100 runs. In 
addition, if the variation of interest is 
observed throughout the process his-
tory, it may be a more suitable use case. 
This is because cell culture processes 
typically run in campaign mode; the 
campaign-to-campaign (raw material 
variability) or thaw-to-thaw variabil-
ity is a common variation observed 
in bioprocess. In addition, where and 
how data were generated, captured, 
and stored will determine the data 
availability, data quality, and amount 
of effort for data engineering.  

In this specific case, the selected 
process  (Process  A) generated 
more than 300 runs over the man-
ufacturing history. As shown in 
Figure 2, overall titer variance is up 
to 20%. Observed within-campaign 
titer difference is up to 40%, and 
between-campaign mean titer differ-
ence is up to 30%. The total number 
of runs available and relatively high 
historical variability made the pro-
cess a good candidate for the analy-
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Figure 1. Process flow chart from seed train to large-scale cell culture process, including raw material and medium prep. 
HTST is high temperature short time. SME is subject matter expert.
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sis. In addition, most site data sources 
existed in digital format except for 
subset-of-raw-material-release test 
resu lts and paper-based-execut-
ed-batch record. The data availabil-
ity will shorten the data preparation 
phase and enables more rapid prob-
lem solving. Based on the above-men-
tioned factors, combined with positive 
business value associated with under-
standing or reducing the performance 
variation, Process A was selected for 
the case study. 

TEAM STRUCTURE, MULTI-
DISCIPLINARY APPROACH, 
AND TIMELINE
To speed up the establishment of 
internal ADA capability, the study 
was set up in cooperat ion with 
McKinsey/Quantum Black (MK/QB) 
consultant firm. With the help from 
MK/QB, a multi-disciplinary team 
composed of external experts and 
internal colleagues was formed. The 

team members and their correspond-
ing responsibilities were as follows:

• Project leader/translator: to track 
progress and provide guidance/
steering to team and to coordinate 
and facilitate interactions across 
disciplines

• Technical subject matter experts 
(SMEs): to share expertise and 
help with problem solving and 
to help define root causes/drivers 
based on insights from analytics

• Data engineer (DE): to work with 
source system owners to make data 
available and to cleanse and link 
data in preparation for analysis

• Data scientist (DS): to define the 
analytic approach and execution 
of analysis and to interpret model 
results

• Information technology (IT)/tech-
nical liaison: to provide informa-
tion on technical architecture. 

The overall timeline for the high 
intensity collaboration is shown in 

Figure 3. The project was separated 
into four phases: preparation, build-
ing first model, model iteration, and 
translating to actionable insights. 

Del iverables f rom preparat ion 
phase were to align on scope and 
definition, to develop detailed execu-
tion plan, to set up technical execu-
tion environment, to extract relevant 
data in preparation for ingestion into 
a cloud-based pipeline, and to align 
on scope of people/capabilities and 
roles. For model development and 
iteration phases, the deliverables 
owned by DE and DS are shown in 
Figure 3. Throughout the project, 
both DE and DS worked together 
with process SME to define hypoth-
eses and prioritize variables/features 
(model inputs), and prioritize the 
work based on the hypothesis and 
data availability. At the same time, 
the MK/QB team provided training, 
documentation, and consultation on 
scaling the approach more broadly.
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Figure 2. Normalized historical performance of Process A by campaign and thaw line.

Figure 3. High level approach/timeline for advanced data analytics pilot.
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DATA SOURCE 
IDENTIFICATION, HYPOTHESIS 
GENERATION, AND EDA

A holistic review of manufacturing 
process was conducted, and 11 data 
sources were identif ied that store 
manufacturing information. The 
data in 11 data sources were stored or 
extracted in different formats, such 
as Oracle database, time series data 
historian, scanned paper copy, and 
Microsoft Excel f ile. Based on the 
hypothesis and data availability, data 
ingestion was prioritized. 

A key hypothesis for culture per-
formance variation was associated 
with raw material variation. Therefore, 
incorporating raw material test results 
into the ADA model was required. 
However, because raw material release 
test information was paper based, dig-
itizing raw material data became a top 
priority early in the project.

Once the raw data were available, 
data were cleaned, rearranged in 
smaller tables, and data from differ-
ent tables were joined as a pipeline. 
Then data were ready for explor-
atory data analysis (EDA) and fea-
ture engineering. Once the feature 
was created, all features were joined 
to a master data table, and a model 
could be built based on the master 
data. Prior to running the model, 
Variance Inf lation Factor (VIF) was 
used for feature selection; this is to 
deal with multi-collinearity between 
features and achieve more stable 
explanations of models. A VIF of 50 
was used as a threshold for feature 
selection, which means the feature 
will be removed from model input if 
it can be explained 95% by other fea-
tures. Based on the EDA or initial 
model outcome, additional data might 
be added to the pipeline, or additional 
features could be created for model 
update. The overall pipeline was built 
on Kedro (4) (a development workflow 
tool that allows creation of portable 
data pipelines) using Python. 

For mammalian cell culture, pH 
setpoint and pH control are known 
factors to impact cell growth and 
productivity (5, 6). Therefore, it is 
expected to build features based on 
pH information. Features created 
from pH information described below 
shows an example of data ingestion 
process. The online pH (PI data his-
torian) for one inoculum train stage 
is the raw data from the manufactur-
ing process. In addition to the cultur-
ing phase, the pH information before 
(medium only) and during inoculation 
(transfer cells from previous culture to 
medium), and transfer out (inocula-
tion for next stage) could be extracted 
as different phases from data. In addi-
tion, during the culturing phase, the 
pH experienced a shift, which is due 
to interaction between cell growth 
and pH control deadband. Therefore, 
pH during culture could be further 
partitioned into before, during, and 
after shift. During culture transfer 
out, pH control was turned off, and 
the probe would be exposed to air at 
a certain level (tank-specif ic infor-
mation). Linking other time series 
data (e.g., tank volume or weight) 
and equipment information are, thus, 
required to get transfer out infor-
mation. With this detailed process 
knowledge, the features were built 
for pH in one inoculum train culture 
stage as shown in Table I. As part 
of feature generation, EDA to review 
pH effect is performed to verify the 
correction of data ingestion and link-
age and to understand if there is any 
univariate effect.

IDENTIFY MODEL OUTPUT 
AND MODEL SELECTION
Two factors to decide before mod-
eling are to identify the model out-
put (target variable) and identify unit 
of analysis. As discussed above, the 
main purpose is to reduce the titer 
variability of the production culture 
to make the production culture titer 
a default candidate for model out-

put. However, reviewing the produc-
tion culture has shown that there are 
known factors that will affect titer 
(e.g., production culture duration). To 
remove the known culture duration 
effect, instead of titer, a growth indi-
cator (integrated viable packed-cell 
volume at fixed culture duration of x 
hours: ivPCVx) was used as a model 
output. This is because there is a lin-
ear relationship observed between 
titer and ivPCV at harvest and data 
availability (i.e., time course date of 
PCV measurement is available, but 
no time course date for titer). Other 
normalization based on process char-
acterization could be used to remove 
the known factor from modeling. In 
this specif ic example, the unit of 
analysis is each run when inoculum 
train culture starts. As shown in 
Figure 1, there are many seed train 
cultures connected to each inoculum 
train culture. Therefore, a method to 
aggregate seed train information to 
run level is needed to build the model. 

Once the team identified which is 
the target variable and the desired out-
come of the model (e.g., is the intent 
of the model diagnostics analytics or 
predictive analytics?), a model was rec-
ommended by the DS. Because the 
manufacturing process could benefit 
from both (target variable and desired 
outcome) to identify factors for growth/
titer improvement and to predict the 
titer of culture for downstream pro-
cessing, a random forest model with 
explainable artificial intelligence (AI) 
was used in this study. The random 
forest model was selected based on its 
strong prediction accuracy. It is good 
at capturing complex non-linear rela-
tionships in the data, while being fairly 
robust to noise. To better interpret the 
complex and predictive models, an 
explainable AI (e.g., Shapley addi-
tive explanation [SHAP]) was used to 
generate insights (7). When running 
the model, a fivefold cross-validation 
was used. This is to reduce overfitting 
of the available dataset and make the 
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model outcome more robust to the 
broader dataset. The overall process 
runs on Amazon cloud platform. The 
results were summarized in a global 
feature importance plot for each model 
iteration, with top 20 features, and their 
impact on scale and direction based on 
the SHAP value. To further under-
stand the feature effect and model per-
formance, the training and test sets R2, 
partial dependence plot, scatter plot, 
and trend stability were also reviewed. 

MODEL INSIGHTS
As with many data analyses, the 
first model often identifies what was 
already known to process SMEs. 
Therefore, model iterations are must-
to-have for ADA process. The review 
of hypothesis and model output is 
ongoing through the model iteration 

phase. This will help to create new 
hypotheses as well as fine tune and 
prioritize them. In turn, it will pro-
vide direction of ongoing DE work 
(e.g., which data source to link, what 
kind of feature to create). 

Table II shows a few examples of 
insights generated from this model 
exercise. This exercise provided an 
opportunity to verify or falsify previ-
ous hypotheses and create new insights 
(features not previously analyzed) both 
on process and operational perspective.

CONCLUSION
A multi-disciplinary team of bio-
process experts, data engineers, data 
scientists, and IT specialists, in collab-
oration with skilled consultants, were 
able to employ advanced data analyt-
ics techniques to identify contribut-

ing sources of variation and actionable 
insights for a complex and unsolved 
culture performance problem.

By utilizing a structured but agile 
approach, the team was able to 
extract, cleanse, ingest, and process 
800 GB of data from 11 disparate 
data sources into a cloud environment 
to evaluate more than 100 indepen-
dent hypotheses. More than 500 plots 
to support exploratory data analysis 
were generated and reviewed and a 
complex model used to iteratively 
evaluate hypotheses leading to new 

“actionable insights” and proposed 
interventions. Several of the new 
insights had not been previously dis-
covered or documented during pro-
cess design or from multiple years of 
univariate monitoring of commercial 
manufacturing campaigns. 
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Steps pH example Chart example

Raw data pH in one inoculum train stage

Intermediate data
Associate pH with equipment data and 
tank weight to identify different phases 
of pH

Primary layer

Based on pH and weight trend, 
separate pH trend in one culture stage 
into six different phases  

1. medium batch
2. inoculation*

3. pH at the top of deadband
4. pH transition from top to bottom 

of dead band
5. pH at the bottom of deadband
6. transfer out* 

*might go back to raw data based on 
initial data extraction frequency

Feature

For each pH phase, explore pH: min, max, 
average, 25, 50, 75 percentile of pH. 
For each pH phase, explore duration, 
ratio of each duration to overall duration.
For culturing phase, explore any pH 
excursion: spike, change due to online/
offline adjustment, etc. (might go 
back to raw data based on initial data 
extraction frequency).

Table I. Data ingestion process for online pH in inoculum train.
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While Process A has not yet been 
optimized, the complex model was 
used to develop planned interventions 
(changes) in seed train culture passage 
timing, sampling practices, and media 
kit storage time that are expected to 
reduce variation in culture performance.

The efficacy of interventions to reduce 
culture performance variation will be 
evaluated through formal process mon-
itoring of future manufacturing cam-
paigns.  Furthermore, the potential for 
future optimization of culture perfor-
mance is bolstered by the addition of the 
complex model as an additional tool to 
complement the formal CPV program.

For complex investigations seeking 
root causes for process performance 
or product quality variation, in some 
cases, questions can go unasked and 
unanswered because of the complexity 
and scope of data required to evaluate 
a specific hypothesis. A key benefit 
of developing ADA capability is to 
accelerate the iterative cycle of ask-
ing and answering structured ques-
tions and quantifying the likelihood 

of potential causal factors contributing 
to the variation of the chosen target 
(response) variable. Even when evalu-
ation of a hypothesis does not result in 
a “smoking gun”, the documentation 
of “non effects” provides evidence to 
rule out factors, sharpens the focus, 
adds to the body of process/product 
knowledge, and deepens the quality 
and thoroughness of the investiga-
tion. Establishing data pipelines and 

improved ADA skills holds promise 
for increasing hypothesis evaluation 
productivity, thereby bolstering insti-
tutional knowledge and problem solv-
ing speed.
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Outcome Hypothesis 
description Learning Potential action

Process insight

Confirm 
Seed train status 
impact production 
culture (5).

Evidence 
by process 
understanding, 
confirmed through 
model. 

Select better seed 
train culture to 
source large-scale 
run. 

Falsified
Effect of sampling 
volume impact pH 
measurement.

Hypothesis based 
on impact of pH 
and observed 
variation on 
operation. Ruled 
out as part of 
modeling.

Since model verified 
the variation, 
recommend best 
practice for sampling 
volume. 

New
Effect of sampling 
time close to shift 
change time.

Aggregate data 
in different ways 
through modeling. 

Build the knowledge 
into future resource 
planning, allocation.

New
Effect of kitted 
medium storage 
time. 

Aggregate data 
in different way 
through modeling. 

Avoid longer storage 
time through 
planning.

Operational insight

Confirm
Measurement 
variation of offline 
analyzer.

Evidence by a 
small data set, 
confirmed through 
model. 

Establish a 
monitoring program. 

Table II. Example of model insights.
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Good Manufacturing Practices: 
Challenges with Compliance

The complexity of biologics and the use of new technologies 
present challenges for complying with CGMPs.

LAUREN LAVELLE

B ioPharm International spoke to Lauren Smith, senior 
director of quality, Catalent; Judy Cohen, vice-
president of Quality and Regulatory at Lubrizol 

Life Science’s CDMO Division; and Dino Muzzin, senior 
vice-president of manufacturing operations at Emergent 
BioSolutions, regarding the challenges contract development 
and manufacturing organizations (CDMOs) face when 
adhering to current good manufacturing practices (CGMPs). 

OBSTACLES TO COMPLIANCE
BioPharm: What challenges do you see in complying 
with FDA’s CGMP regulations for biopharmaceutical 
manufacturing?

Smith (Catalent): In general, it is not difficult to 
comply with the FDA’s GMP regulations, but there are 
some nuances that can present a challenge. For example, it 
is straightforward to complete gap assessments and ensure 
procedures align with the various laws, guidances, and 
technical publications that make up current CGMPs. 

However, the source documents outlining CGMPs 
are often written at a high level to allow flexibility in 

implementation to ensure that the expectations are effective 
for a broad range of products. While generally easy to 
understand, the interpretation of the guidelines, especially 
when there is room for flexibility, can create the potential for 
challenges. 

Having an effective feedback loop from multiple sources, 
such as regulatory inspections and customer audits, makes it 
easier for companies to continuously improve their CGMP 
practices. I have also found that focusing on the patient and 
product quality outcome are the best guides for appropriate 
paths forward. 

Cohen (Lubrizol): There are various regulations and 
guidelines around the world regarding the manufacture 
of biologics, which include information about control of 
feedlots and cell lines. These address much of the obvious 
concerns such as potency, safety, and containment. There 
is less guidance, however, on how to formulate and develop 
a more complex biological drug product as you reach the 
finished dosage manufacturing stage. 

The amount of complex formulation work involved 
in biologic products is highly challenging. There is an 

Quality/Regulations
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underlying assumption in regulations 
that most biologics are destined for 
simple filtration and sterile fill, with 
little attention given to non-traditional, 
more complex dosage forms.

Biologics are complicated to 
work with because they come from 
living materials, which have inherent 
variability. Therefore, the biggest 
challenge from a GMP perspective is 
maintaining consistent product quality, 
as this is dependent on the incoming 
raw material as well as manufacturing 
processes. When you add in further 
complexity, such as a non-traditional 
dosage form, [consistency] becomes 
increasingly difficult.

Muzzin (Emergent): Complying 
with FDA’s GMP regulations for 
biologics isn’t a challenge per se. The 
industry has a good understanding of 
the importance and need for operating 
in accordance with CGMPs. The 
challenges lie in how a sponsor’s 
approach may be interpreted by FDA 
in meeting the GMP regulations for 
some biologic products and/or in 
specific scenarios where advanced 
manufacturing (i.e., new medical 
product manufacturing technologies 
that can improve drug quality, address 
shortages of medicines, or speed time-
to-market) considerations are at play. 
This situation is demonstrated best in 
biologics with emerging technologies 
where novel and innovative approaches 
are utilized and is evidenced by a new 
guidance being published on topics 
such as continuous manufacturing 
and creation of the CDER’s [Center 
for Drug Evaluation and Research] 
Emerging Technology Program 
and CBER’s [Center for Biologics 
Evaluation and Research] Advanced 
Technologies Program.  

In addition, for the first time 
in the history of drug development, 
with the introduction of regenerative 
medicines and cell therapies, sponsors 
are  of ten able  to demonstrate 
efficacy very early on in the product’s 
lifecycle. This early demonstration 

can lead to an expedited timeline 
for commercial filings but leave a 
truncated manufacturing development 
timeline and/or limited manufacturing 
experience compared to the traditional 
or legacy drug development process 
where a phased approach to GMP-
m a n u f a c t u r i n g  d e v e l o p m e n t 
through Phase I to III of a product 
historically existed. This [expedited 
timeline] drives the need for early 
and continuous engagement with the 
agency to ensure transparency and 
shared understanding of risk-based, 
scientifically sound approaches being 
leveraged to ensure quality. Sponsors 
must be able to demonstrate a robust 
understanding of their product and 
process early on in development.

BioPharm: What are the struggles 
you have encountered when trying to 
comply?

C o h e n  ( L u b r i z o l ) :  T h e 
greatest struggle is achieving adequate 
characterization of the biologic material. 
The actual manufacturing process is 
the bedrock of what we do, but to do it 
correctly, you must properly characterize 
your product to ensure consistency, safety, 
and potency. 

W ith a  s ingle  ent i t y  l ike  a 
small molecule, characterization is 
straightforward, and we can utilize 
methods such as impurity profiling 
to give an accurate quality overview. 
However, complicated biologic 
mixtures are not single entities, so 
they are much more difficult to fully 
characterize. Even the initial step of 
developing the right methods to prove 
that you have a consistent product is 
challenging.

Muzz in  (Emergent ) :  One 
industry challenge is the need to 
continuously strike a balance between 
providing continual supply of products 
to the market with the approved 
facility and/or equipment while also 
looking for opportunities to maintain 
GMP compliance, operate in a state 
of control, and improve aging facilities. 
Improvements and transition to new 

technologies take time and often 
require prior approval f rom global 
health authorities, which can present 
supply-chain challenges and may 
have implications on drug availability. 
One example is the transition from 
conventional fillers to newer isolator 
technology.

Smith (Catalent): The biggest 
struggle we, as a manufacturing partner, 
have encountered is ensuring there 
is a consistent approach that works 
for all sponsor companies, while still 
complying with CGMPs. Problems 
can arise when different sponsor 
companies have different requirements 
for their quality systems, or if their 
requirements differ from Catalent’s 
requirements. 

In manufacturing, it is important 
to use consistent, repeatable processes. 
Catalent is generally able to avoid the 
conflict between different sponsors’ 
specific requirements and its internal 
procedures by having systems clearly 
state the minimum requirements 
to meet CGMP, which then allow 
‘add-on’ requirements to meet specific 
sponsor requests. 

BEST PRACTICES  
FOR COMPLIANCE
BioPharm:  Are there any ‘best 
practice’ advice or tips you can 
recommend for new organizations (e.g., 
at a start-up), specifically on how to 
practice and comply with GMPs?

Muzzin (Emergent) :  It  is 
important to stay abreast of the 
latest guidance from FDA and other 
regulatory agencies. To ensure a robust 
understanding of your product and 
process, engage early, with specific 
questions and information, with 
the agency. If the technology being 
leveraged is new or novel, be ready to 
display a deep understanding of the 
technology and its appropriateness for 
use with your product or process to the 
agency.

Smith (Catalent): The most 
effective quality system is one that 

Quality/Regulations
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can be executed repeatedly and 
consistently, right the first time, every 
time, which is made possible when 
all aspects of the quality system are 
simple. 

By having this simplicity within the 
quality system, it enables a company to 
pursue excellence, allowing it to ensure 
the highest quality products. To do 
so, the manufacturing company needs 
to have a thorough understanding of 
each product manufactured at its site. 
When a company can design processes 
that consistently meet all product 
quality attributes, then this not only 
meets the base expectations provided 

in the GMP regulations, it is actively 
pursuing excellence to ensure quality 
products. 

Lastly, I would recommend that 
when processes and procedures are 
designed, it is with technology in 
mind, doing anything that can be 
implemented practically to protect 
products and data, because it is 
very difficult to make changes after 
products are already approved. 

Cohen (Lubrizol): First, you 
should real ly get to know the 
regulatory requirements and become 
well versed in them, especially if you 
want to be globally compliant. Do a 

thorough review, not only of the 
requirements set out by FDA and 
other regulatory bodies, but also 
the World Health Organization’s 
comprehensive set of annexes related 
to biological products. 

Second, ensure that you have a 
strong analytical team working with 
you, whether that ’s internally or 
through a partnership with a CDMO. 
The equipment and methods for 
biologics analytical work are very 
different to that of small molecules, 
and it ’s important to have access to 
the instrumentation and analytical 
techniques required.

Quality/Regulations

Quality by design (QbD) is used in many areas of pro-
cess development in the bio/pharmaceutical industry. 
It particularly helps in areas where a variety of factors 
can affect product quality attributes or performance, 
according to Ben Kester, manager and senior scientist, 
process development at Catalent. It can also be ben-
eficial in chromatography steps, “because a well-de-
signed experiment provides a model of quality and 
performance, and the desired balance can be selected. 
In a robust model, the performance can be predictive 
of the quality of some, or all, of a product’s quality at-
tributes,” says Kester.
To gain some insight on which analytical tools are best 

when using QbD in the development of downstream 
processes, BioPharm International spoke with Kester 
and Claudia Berdugo-Davis, director, process 
development, both with Catalent Biologics. 

Analytical tools in downstream processing
BioPharm: What types of analytical instruments are 
used in the design of downstream processes?

Kester (Catalent): Any product quality attribute that 
can be modified in the downstream process should 
be assessed by analytical instrumentation. Product 
size variants are measured with high pressure liquid 
chromatography, capillary electrophoresis, and/
or ultracentrifugation methods and the associated 
instrumentation. For enzyme-linked immunosorbent 
assays (ELISA), a high-throughput sample preparation 
and testing strategy and equipment are preferred. 

BioPharm: Which specific tools are used in method 
development? How are these tools used?

Berdugo-Davis (Catalent): Quality-by-design 
development tools may include risk assessment to 
identify critical quality attributes (CQAs) and critical 

process parameters (CPPs) in downstream processing 
that may impact CQAs. Multiple assays can be used 
to measure a single quality attribute, and different 
methods can be selected at key points during the 
development process. A risk-based approach for 
development supports a robust control strategy, 
which will be fundamental throughout the lifecycle of 
the product. 

BioPharm: Which specific tools are used in in-situ and/
or on-line analysis? How are these tools used?

Kester (Catalent): The current paradigm for in-situ 
and/or online analysis for chromatography is monitoring 
of absorbance (usually at 280 nm), pH, and conductivity. 
Those monitors combined with the liquid flow data related 
to flow rate, pressure drop, and cumulative volume are 
used to determine fractionation of the column effluent. 
Similarly, the same tools are available to monitor tangential 
flow filtration, although direct measurement of high 
concentration products requires specialized absorbance 
monitoring. In both cases, QbD data give a greater 
degree of confidence in using the performance indicators 
to achieve the desired final product quality. 

BioPharm: Are there new analytical tools on the 
horizon for QbD, specifically in downstream processing?

Berdugo-Davis (Catalent): New analytical tools 
are being evaluated to support the development of 
new technologies in downstream processing. As an 
example, industrial developments toward continuous 
bioprocessing are implementing the concept of process 
analytical technology (PAT) for effective monitoring of 
CQAs. The current focus of PAT is performing real-
time analytics, which will enable adjustment of critical 
process parameters to maintain process in control. 

—Susan Haigney

Using QbD in Method Development of Downstream Processes



www.biopharminternational.com June 2020  BioPharm International 35

Quality/Regulations

Finally, know the source of the 
material that is entering your facility, and 
ensure that the correct manufacturing 
procedures have been followed to avoid 
the risk of contamination. Biologic 
materials are typically manufactured 
from cell lines that have the potential 
for forming viruses, and it’s important 
to understand the viral clearance process 
that they’ve gone through prior to 
entering your facility.

GAPS IN GMPs

BioPharm: Where are the gaps in 
GMPs where guidance is still needed?

Cohen (Lubrizol): Further guidance 
is still needed on quality control and 
analytical methods. There is a brief 
reference to these topics in current 
guidelines stating that the methods 
should be validated and documented, 
but there is not much in the actual 
GMP [regulations], perhaps because 
these methods are more challenging 
than a typical high-performance liquid 

chromatography. In addition, there 
is not a lot of guidance on how to 
handle mixtures of materials and what 
constitutes an appropriate method 
validation, especially for complex 
dosage forms which may contain other 
inactive ingredients.  

As a company, when it comes to 
biologics, we are currently reviewing all 
the latest regulatory guidances that might 
be applicable to us, not only from FDA 
but also from other regulatory agencies 
around the world. This will result in a 
high-level policy that will become part 
of our core processes at Lubrizol Life 
Science Health. 

Smith (Catalent): The GMPs 
describe minimal guidance by design 
to ensure that they are enduring and 
applicable to many products. I wouldn’t say 
there are specific gaps from my perspective; 
however, I would like to see a path to 
introduce new technologies more quickly. 
Specifically, the ability to use comparability 
data to implement new technologies 

with limited regulatory burden would be 
helpful to ultimately improve the quality of 
products. While there are some provisions 
incorporated into the regulations, in 
practice, any meaningful change requires 
prior approval and can therefore take years 
to implement.

Muzzin (Emergent): Opportunities 
exist in harmonizing, sharing, and 
training of regulators, innovators, and 
manufacturers on how to interpret and 
operate under CGMPs. Compliance 
and quality should be differentiated. 
Compliance should be black or white. One 
facility cannot be more or less compliant 
than another; you either meet the 
requirements or you don’t. Quality, however, 
is about value provided to the customer 
and can be graded on a scale. With the 
right quality culture and common 
compliance playbook, regulators, innovators, 
and manufacturers can minimize 
subjectivity and close gaps on defining 
what it truly takes to ‘operate in a state 
of control’ per CGMPs. ◆

begin immediately (12). In mid-April, 
the company moved the most potent 
antibodies into pre-clinical and clini-
cal-scale cell production lines (13).

The cocktail could potentially be 
used as a prophylactic for at-risk peo-
ple or as a treatment for people who 
are already infected, according to 
Regeneron (12). “Our three decades 
of investment in our VelociSuite anti-
body technologies, which accelerate 
and improve the traditional drug dis-
covery process, have hopefully prepared 
us for this critical time and to meet this 
important challenge,” said George D. 
Yancopoulos, co-founder, president, and 
chief scientific officer of Regeneron, in 
a press release (12).

Regeneron is on track to begin 
human clinical trials in June 2020 
and plans to scale production to have 
hundreds of thousands of lower pro-

phylactic doses or tens of thousands 
of treatment doses per month by the 
end of August 2020 (14). Regeneron is 
also working with BARDA and other 
organizations to further increase manu-
facturing capacity (12).
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Finding New Efficiencies in Clinical 
Trial Logistics

The COVID-19 pandemic has led to increased demand for direct-
to-patient shipments, challenging cold-chain specialists to become 

more agile and to strengthen their global distribution networks.

AGNES SHANLEY

T he past few years have brought great change to clinical 
trial logistics, particularly the move to direct-to-patient 
trial models. Increased development of personalized med-

icines, including gene and cell therapies, has required closer 
coordination and collaboration between distribution partners to 
ensure strict delivery timelines and end-to-end temperature con-
trols. Cold-chain transportation specialists have adapted to these 
changes, investing in new technologies and programs (Sidebar, 
p. 38).  But in 2020, the COVID-19 pandemic has presented 
new and unprecedented challenges. Given the strictures of social 
distancing, demand for direct-to-patient (DTP) shipments 
increased sharply, at a time when travel bans were in effect around 
the world, and commercial airlines had stopped a number of 
commercial shipping routes.  

This article highlights some of the approaches that cold-
chain specialists are taking to the limits posed by the pandemic.  
Sharing their insights with BioPharm International  are Sharon 
Courtney, logistics services manager for Almac Clinical Services; 

Alex Guite, vice-president of services and alliances for World 
Courier; Eric Valentine, vice-president of clinical supply services 
at Catalent, and Ariette Van Strien, president of Marken. 

PANDEMIC CHALLENGES
BioPharm:  What are the greatest challenges that the COVID-
19 pandemic has posed for your programs?

Van Strien (Marken): Internally, our first real challenge 
when the pandemic began was understanding what we would 
need, globally, in order for our team members to work remotely at 
all of our sites. We knew that some (e.g., site staffers, drivers, and 
warehouse workers) would need to continue to be on-site. We 
procured laptops and ensured that they were encrypted and made 
available, quickly. We also optimized scheduling and shifts for 
safety and efficiency. 

Because domestic and international flights and air shipping 
lanes were interrupted or stopped, we needed to choose alterna-
tives. In some cases, we rented our own charters; in other cases, 

Operations
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we coordinated with UPS, our parent 
company, for alternative flight options for 
Marken shipments through their network.

In addition, the immediate greater 
demand for DTP services required us to 
address important questions regarding our 
supply of temperature-controlled plas-
tic shippers and GPS trackers, as well as 
staff training. We rolled out DTP training, 
which was already in place in approxi-
mately 57 countries in 2019, to over 80 
countries, qualifying local transportation 
and supply-chain partners.

We standardized processes to reduce 
the customization required for each 

shipment and customer. For instance, 
we selected one type of temperature 
monitoring technology, and one stan-
dard approach for handling any tem-
perature excursions. 

We also focused on key locations 
throughout the world. For example, in 
Asia, we chose Singapore as a central 
point from which to ship products.  
The greatest challenge was ensuring 
constant communication with investi-
gator sites. Sites often call in the morn-
ing requesting service and normally, 
we’d complete shipments by afternoon, 
but, when commercial airlines were 

down, we couldn’t always arrange things 
in just a few hours.

Guite (World Courier):  Shipping 
products across international borders has 
created some logistical hurdles, particu-
larly because certain countries have lim-
ited passage to prevent further spread of 
the virus. In some cases, these challenges 
have tripled the time it takes to manage 
a shipment, but we’ve been able to iden-
tify alternative routes to ensure that we’re 
meeting country-specific regulations and 
preventing delays and temperature excur-
sions. Even as commercial flight avail-
ability has been reduced, we’ve been able 

Operations

In 2019, cold-chain service providers continued in-
vestments in platforms and services designed for 
gene and cell therapy clinical studies. Marken ac-
quired a logistics firm in Japan, and expanded logis-
tics operations in Philadelphia with a new GMP-com-
pliant plant and liquid nitrogen storage facilities, 
says president Ariette Van Strien. The company also 
launched a new European Communication Center of 
Excellence based in Edinburgh to provide communi-
cation, monitoring and management to thousands of 
investigator sites daily, she says, and opened a new 
cold-chain refrigeration-equipped facility in Dublin, 
Ireland. In India, Marken’s Direct-to-Patient (DTP) 
distribution services are now actively delivering to 
and from patients in 94 cities, something that had 
not been permitted in India prior to the outbreak 
of COVID-19. However, given the critical need to 
keep patients in their clinical trials, the government 
has now permitted the service to proceed. Marken 
also introduced Smart Box packaging for tempera-
ture-critical shipments, says Van Strien. 

World Courier introduced a complete cryogenic 
supply chain, which of fers fully automated 
technology and temperature-controlled transport 
from the manufacturer’s location to a storage facility 
and then to each point of care in dry shippers. 
Through a recent integration with the third-party 
logistics company ICS, World Courier can charge 
dry shipments across its network of more than 140 
offices and depots, says Alex Guite, vice-president 
of services and alliances for World Courier. 

Before the pandemic, Catalent had introduced 
solutions designed to enable greater flexibility and 
responsiveness to change, including demand-led 
and direct-to-patient supply programs, says Amy 
Lombardi, group product manager for Catalent’s 
clinical supply services. The company has been 

expanding its cold chain capacity for some time, 
especially in the Asia Pacific region, she says. “In the 
face of the COVID-19 pandemic, these services have 
proved to be important tools that allow customers 
to adapt their ongoing studies and keep medication 
flowing to patients, even when they cannot or will 
not leave their homes to visit a clinical site,” says 
Lombardi.

Almac made some important changes in 2019, 
in response to a spike in demand for end-to-end 
temperature-controlled programs, especially in 
relation to closing temperature data gaps that 
often exist at clinical sites, says Sharon Courtney, 
logistics services manager for Almac clinical services  

“Although effectively managing and monitoring 
temperature during production, storage, and global 
distribution of clinical supplies can be achieved 
through appropriate facilit ies, monitors and 
shippers, it’s surprisingly common for temperature 
data visibility challenges when products arrive at 
sites. This can be largely due to a reliance on manual 
data capture that makes accessing records difficult, 
creating risk and leaving sponsors struggling to 
identify and adjudicate site-based excursions, assess 
any trends, maintain compliance and safeguard 
patients,” says Courtney. 

In response, Almac recently launched a new module 
to its TempEZ platform (Site Storage Temperature 
Compliance) that plugs the data gap by digitalizing 
temperature management at site level to increase 
monitor data upload rates and promote compliance, 
without adding to the administration burden. A new 
European Campus in Ireland is designed to help 
sponsors grapple with the potential challenges of 
operating clinical trials in the European Union post 
Brexit, Courtney says.

Investments emphasize personalized medicines
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to maintain air connectivity by booking 
space on airlines across a range of inter-
national carriers, which allows us to pivot 
based on the latest conditions and product 
needs. In fact, through our carrier-agnos-
tic approach and contingency planning, 
we haven’t declined a single shipment, 
ensuring every patient has access to criti-
cally needed treatments.

Valentine (Catalent): The tighten-
ing of international borders, restrictions 
on travel, and a major reduction in airline 
capacity and frequency have presented 
the most significant challenges to the 
clinical supply chain. From a supply per-
spective, Catalent has been adding buffer 
stocks of critical materials and compo-

nents to protect against the risk of stock-
outs. We have also seen the supply of 
some commercial drugs used as compar-
ator products in clinical trials tighten up 
as manufacturers devote more production 
time to COVID-19 priorities, as well as 
individual countries designating exist-
ing medications as COVID-19 treat-
ments. In these instances, we are working 
with our customers to alter their sourc-
ing plans and to ensure that they have a 
robust strategy and sufficient material to 
support their ongoing trial needs.

From a distribution perspective, 
social distancing requirements and 
significant work restrictions in some 
countries have impacted our facilities’ 

processes and workflows. To ensure 
worker safety, we have realigned several 
aspects of our operations so that we 
can be flexible to the changes in our 
clients’ clinical trials, while also being 
in a position to rapidly accommodate 
the needs of clients looking to develop 
products for the prevention and treat-
ment of COVID-19. 

For example, due to the restrictions on 
the number of employees allowed on-site, 
our Singapore facility has recently moved 
to a three-shift work force to ensure that 
we can process all work orders on time, 
without any impact on ongoing trials. 

Courtney (Almac): The pandemic 
threatens the continuity of supply for 

Operations

The pandemic has ushered in a period of uncertainty with 
far-reaching effects. This is particularly true for air cargo. Al-
though COVID-19 created additional need for cargo jets to 
move new and higher volumes of pharmaceutical products 
around the world, it drastically reduced the number of pas-
senger jets available to carry that cargo.
Temperature-controlled containers are designed to travel 

in the lower cargo holds of passenger and cargo aircraft. 
The net reduction in lower hold cargo space reduces the 
area available to ship pharmaceuticals economically, and 
creates scarcity that makes shipment planning even more 
important. 

Flight reductions in the early days of COVID-19 forced 
pharmaceutical companies to charter aircraft and plan 
larger shipments. For temperature-controlled container 
rental programs, that meant repositioning and conditioning 
containers quickly to support larger shipping volumes, and 
required closer coordination between our network stations, 
pharmaceutical companies and freight forwarders.

Test kits
Many pharmaceutical companies now find themselves re-
sponding to COVID-19 by supporting clinical trials for ther-
apeutics, making testing kits,and supporting vaccine devel-
opment. The volume of this work is sure to increase as clini-
cal trials grow in number, volume of participants,and global 
reach. Testing kits present a unique challenge for shipping.  
Finished test kits are bulky, and current air freight capac-
ity doesn’t support shipping them in significant volumes 
around the world. Instead, we’re seeing countries import 
high-quality reagents from South Korea and then manu-
facturing and packaging the finished test kit in their home 
regions. 
These reagents require frozen shipment. They could 

be shipped cheaply in low-grade packaging made of 

cardboard, polystyrene, and dry ice. However, there’s a limit 
to the amount of dry ice that can be safely transported by 
air, because the material poses a potential asphyxiation risk 
to the air crew. Due to decreased air cargo capacity, we’re 
seeing companies use more efficient packaging with phase-
change material with vacuum insulation. The demand for 
Pelican’s rental products with these materials requires us to 
reposition many of the containers to South Korea, so they 
can be used to ship reagents around the world. 

What’s next
The impact of reduced airline flight schedules may create 
prolonged industry disruptions that change the way that 
pharmaceutical companies ship products. It is likely that pas-
senger flight schedules will take significant time to return 
to 2019 levels, and many airlines are already talking about 
retiring larger aircraft earlier than planned. 
This may mean smaller, more fuel-efficient aircraft and 

less cargo capacity to ship pharmaceutical products. This 
scenario could push pharmaceutical companies to vary 
modes of transportation, and to rely less on air cargo, and 
diversify into other modes such as rail, sea freight, or road,  

We may also see scenarios similar to what’s happening 
with COVID test kits now. Companies could choose to ship 
products in bulk and use in-country or regional fill and seal 
labeling and packaging contractors to reduce the volume of 
product shipped by air.   

Whatever the scenario, it will mean changes for 
temperature-controlled container rental companies. It will 
be interesting to see how they adapt to these changes, and 
how they address repositioning and network balancing 
capabilities. ◆

— Dominic Hyde, vice-president, Pelican BioThermal’s 
Crēdo on Demand 

What’s Next in Global Transportation
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vital medications to patients enrolled in 
existing clinical trials around the world. 
Quarantines, travel restrictions, site 
closures and limited site personnel are 
some of the factors contributing to this 
increased level of risk.

Changes in patient recruitment 
levels, study start-up activities, main-
tenance requirements, and possi-
ble changes to the timelines for key 
protocol milestones are all potential 
outcomes, as sponsors shift R&D 
priorities to accommodate the real-
ities posed by the COVID-19 cli-
mate. Coupled with this is the level of 
urgency with which many sponsors are 
responding to the call to develop vac-
cines and treatments for the virus. 

NEW APPROACHES 
BioPharm: How are you working 
with partners to improve results?

Van Strien (Marken): We’ve taken 
a number of steps (e.g., simplifying 
onboarding for new clients to allow faster 
program startup).  We have also worked 
closely with our clients as the guidelines 
changed in many countries to allow for 
adaptive trial models, permitting patient 
home deliveries and Marken’s nursing 
services to reach patients.

In packaging, we re-forecasted 
the quantity and types of packaging 
that we would need to ship tempera-
ture-controlled drugs worldwide as the 
pandemic spread. Many reusable pack-
aging options had to be moved to single 
use, but we also increased investment 
in reusable packaging and temperature 
monitors to ensure safe delivery in all 
regions around the world, and made 
sure that the necessary packaging was 
available in each country in which we 
operate. Our efforts so far have allowed 
80% of staff to work virtually, and pre-
vented any disruption in services.

Guite (World Courier): Recent 
studies (1) have found that nearly 80% 
of clinical research study sites have 
cancelled or put on hold at least one 
of their current clinical trials. However, 
we now find that many of our custom-

ers are continuing to collect data to 
support future therapy development.  
Since the pandemic began, we’ve seen 
a five-fold increase in daily DTP ship-
ments.In these cases, World Courier 
manages treatment deliveries to, and 
sample collection from patients’ homes. 
We have also supplied our drivers with 
personal protective equipment and 
implemented a contact-free pick-up 
and delivery process to protect the 
health of our associates. 

Collaboration is key when mobiliz-
ing quickly during this fluid environ-
ment. That is why it is more important 
than ever for specialty manufacturers 
to stay in constant contact with their 
logistics partners. We are constantly 
looking at our existing systems to 
enhance the way we communicate and 
support customers. For instance, with 
worldwide flight suspensions, we’ve 
adapted the technology we use to 
monitor and manage travel to give our 
teams more line of sight into schedul-
ing data. This change will allow World 
Courier’s teams to evaluate schedules 
from over 950 airlines and provide cus-
tomers pro-active and accurate infor-
mation about route mapping.

Valentine (Catalent): One of the 
key changes in demand we have seen 
during this pandemic is an increase in 
requests from trial sponsors for clinical 
site-to-patient (STP) and DTP supply 
services. It appears that COVID-19 
has accelerated the way that clinical 
trial sponsors, as well as some local 
regulatory authorities, think about 
STP and DTP as potential options to 
support patient needs. It will be inter-
esting to see whether the industry and 
regulations ultimately change to faci-
tate adoption of these models beyond 
the COVID-19 pandemic.

Open communication with custom-
ers has helped ensure we reduce risk 
in the supply chain. As an example, we 
recently had a discussion with one of 
our suppliers, which needed to alter 
the processing of heavy shipments in 
order to safeguard its employees using 

social distancing. As a result, we are 
making more f requent shipments 
in smaller payloads so that multiple 
workers are no longer required to pro-
cess an individual container.

Early on in the outbreak, Catalent 
began an in-depth review of our oper-
ations and supply chains, working with 
our suppliers to consider their supply 
chains too. That has remained an ongo-
ing process, and to date, we have not 
identified any significant risk, delay, 
or concern that may have a substan-
tial effect on delivery of any product 
or clinical trial supplies. Catalent also 
formed a multi-disciplinary coronavi-
rus response team made up of senior 
leaders that reports directly to our CEO. 
Reaching into all facets of the organiza-
tion, and continuously monitoring the 
global situation, this team swiftly exe-
cutes mitigation activities whenever and 
wherever they are required.

Courtney (Almac): One way in 
which we are helping sponsors stream-
line processes and improve ability is via 
Almac ONE, which aligns the digital 
(forecasting and interactive response 
technology) and physical (packaging 
and distribution) aspects of supply 
chain management, which have tra-
ditionally been managed in separate 
silos by separate vendors. Use of Almac 
ONE has reduced study set up time for 
several sponsors, with one COVID-19 
trial sponsor up and running in just 
two weeks. In addition, Almac Adapt, 
our just-in-time manufacturing service, is 
helping sponsors package clinical supplies 
with increased agility. Site-support strat-
egies such as remote drug monitoring 
have also been introduced to maintain 
blinding and dosing protocols without 
the need for the clinical research monitor 
to physically visit the site.

REFERENCE
1. Association of Clinical Research 

Professionals Survey, “Survey Shows 
One Third of Clinical Trial Study Sites 
Fear Total Closure; 77% Indicate at 
Least Some Ongoing Research Trials 
Have Been Impacted Due to COVID-
19,” acrpnet.org, April 8, 2020. ◆
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Event Overview
Subvisible particles (SVPs) are a key quality attribute of protein therapeutics 
and an indicator of drug efficacy and safety. Yet commonly used methods 
for characterizing SVPs such as light obscuration and flow imaging are 
limited by high volume consumption, long measurement times, and 
difficulty handling viscous, high concentration samples. Here we introduce 
Backgrounded Membrane Imaging (BMI), a fully automated form of 
USP <788> membrane microscopy available on the Horizon instrument 
from Halo Labs. BMI utilizes disposable 96-well membrane plates and 
automated image processing to rapidly generate accurate particle 
counts and sizing in low volume, high throughput format. With BMI, 
subvisible aggregate analysis can be incorporated at any stage of biologic 
development - from candidate selection to formulation screening, process 
development, and analytical - providing key insights that reduce drug 
development risk and time to market.

 •  The Horizon system with BMI can perform automated particle imaging 
with detailed characterization in up to 96 samples under two hours 
using only 25μL per sample 

 •  Subvisible particle detection with BMI can reveal stability issues that are 
missed by other methods such as DLS or SEC

 •  BMI is insensitive to solution refractive index, enabling more reliable 
measurement of translucent protein aggregates than other particle  
imaging methods

 •  Low volume consumption without fluidics makes BMI ideal for 
analyzing high concentration protein samples
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 •  Learn how BMI can simplify and accelerate biologic formulation 

screening with rapid, low volume testing of hundreds of samples in a 
single day

 •  Learn how incorporating subvisible aggregate analysis as early as late 
discovery and developability assessment can reveal stability issues that 
may be missed by other methods not designed specifically for detection 
in the subvisible range

 •  Learn how low volume analysis without fluidics makes the Horizon an 
ideal tool for developing high concentration protein formulations
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pre-formulations throughout commercial development
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The Importance of Partnering 
for Bioanalytical Studies 

Bioanalytical studies are an important aspect of biologic drug 
development that may necessitate partnering with bioanalysis experts.

FELIZA MIRASOL

B ioanalytical studies are an important aspect in biologic 
drug development because data from these studies are 
needed to define the characteristics of potential new bio-

logic molecules. In addition, bioanalyses are important in direct-
ing the areas of disease treatment where such molecules can be 
effective. Bioanalyses data are also an important inclusion in 
regulatory filings, which drives the need for outsourcing part-
ners who have expertise and in-depth experience in developing 
and conducting the appropriate bioanalytical assays for a project 
as well as experience interacting with regulatory authorities.

BioPharm International spoke with Robert Kernstock, PhD, 
director, Immunoassay Laboratory Services at ICON, and 
Neelanjan Bose, PhD, director of Bioanalytical Chemistry at 
Emery Pharma, both contract research organizations (CROs), 
about the need for bioanalytical testing programs and regula-
tory strategies for potential new biologics.

IMPORTANCE OF BIOANALYTICAL STUDIES
BioPharm: Why is it so important to conduct bioanalytical 
studies during the development process of a new biological 
therapeutic?

Bose (Emery Pharma): Bioanalytical studies, which 
are designed to provide estimates for concentration of drugs 
and biologics in pre-clinical and clinic studies of the thera-
peutic molecule or their metabolites, are critical for various 
aspects of human clinical pharmacology, studies related to 
bioavailability (BA)/bioequivalence (BE) evaluation, and 
some nonclinical studies requiring concentration informa-
tion for pharmacokinetics, toxicokinetics, or biomarkers. 
Bioanalytical work serves to supplement pivotal studies and 
aid in the decision-making process for approval, safety, and/
or labeling of a drug or biologic; in short, without proper 
bioanalytical data, the therapeutic product would not be 
approved.  

Kernstock (ICON): Beyond the regulatory require-
ments for conducting bioanalytical studies, the scientific 
importance of the data that these assays generate is invalu-
able. Bioanalytical assays provide information on certain 
safety aspects of the therapeutic in determining the maxi-
mum tolerated dose. Pharmacokinetic (PK) scientists use 
the data to determine exposure, half-life, and other pharma-
cological parameters, which are used to guide decisions on 
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how often and how much of a therapeu-
tic should be given for efficacy without 
undue toxicity. 

Bioanalytical assays extend beyond 
simply measuring drug concentrations 
over time but are also used to assess 
drug efficacy by way of pharmacody-
namic (PD) endpoints (i.e., biomarkers). 
Biomarker assay results may provide early 
indicators of efficacy, or even safety issues. 
They can also be used to stratify patients 
to predict responders or non-responders.  
Another key bioanalytical assay for bio-
therapeutics is the assessment of immu-
nogenicity (both wanted and unwanted). 
For vaccine development, a positive 
immunogenicity result may be considered 
to be potential evidence that the vaccine 
is working as intended. Unwanted immu-
nogenicity is much more complicated as 
the impact of anti-drug antibodies may 
influence the pharmacokinetics, efficacy, 
and safety, and has to be looked at down 
to the individual patient level.

REGULATORY PARTICULARS
BioPharm:  What type of data/
information in particular do global 
regulatory authorities require f rom 
bioanalytical studies?

Kernstock (ICON): For any regu-
lated bioanalytical study to occur, a val-
idated method is required. FDA has 
issued guidance documents detailing the 
scope of bioanalytical method validation 
required for PK/PD endpoints, but it is 
also important to consider other regional 
guidance documents (e.g., European 
Medicines Agency, Pharmaceuticals 
and Medical Devices Agency [ Japan], 
Agência Nacional de Vigilância Sanitária 
[Anvisa] [Brazil], etc.) when conducting 
method validations. The general assess-
ments for method validation consist of 
accuracy, precision, selectivity/specificity, 
linearity, robustness, and stability.

Depending on the type of assay, cer-
tain parameters may be added or 
removed to meet the assays’ context-of-
use, and the analytical acceptance crite-
ria may also vary. For immunogenicity 
assays, a statistical report or summary is 

required to justify your cut point(s). A 
well-described validation plan detailing 
the experiments and a priori accep-
tance criteria should be written and 
approved resulting in a bioanalytical 
report summarizing the experiments in 
tables, descriptions of deviations, and 
any pertinent conclusions. A quality 
statement from a quality assurance 
unit is typically included in the report 
for any regulated work. 

Once the methods are validated, the 
sample analysis commences that follows 
bioanalytical plans and/or standard oper-
ating procedures (SOPS). The reported 
data typically contain information on 
subject (or animal) number, dose/treat-
ment group, time point, and analytical 
result. A listing of assay performance 
characteristics, which include tables of 
assay control results, run summaries, and 
calibration curve results, are typically pro-
vided. Additional information, such as 
incurred sample reanalysis results and 
sample condition (e.g., hemolyzed) may 
also be included.

Bose (Emery Pharma): On a 
broader perspective, FDA requires PK, 
toxicokinetic, or biomarker concentration 
evaluation through bioanalytical studies. 
It is critical that the data [are]generated 
via phase-appropriately validated meth-
ods (i.e., the methods are ‘fit-for-pur-
pose’) and in many cases adhere to Code 
of Federal Regulations (CFR), 21, Part 58 
(21 CFR 58), Good Laboratory Practice 
for Nonclinical Laboratory Studies (1). 
These involve a lot of experimentation, 
data curation and storage, quality review, 
personnel training, generation of SOPs, 
etc.—all related documentation should 
be available for review by FDA, along 
with the bioanalytical report. 

On a global scale, requirements and 
expectations around regulated bioanal-
ysis generally follow the same thread 
as FDA, but with specific regional 
differences. Most jurisdictions have 
independent bioanalytical method vali-
dation guidance, which creates confusion 
during experimental design and results 
in additional (seemingly unnecessary) 

resource allocation for global regula-
tory submissions. Hence, a concerted 
effort was made by the International 
Council for Harmonization of Technical 
Requirements for Pharmaceuticals for 
Human Use (ICH) to generate a har-
monized global guidance document that 
will supersede any existing local guidance.

EARLY DEVELOPMENT 
CONSIDERATIONS
BioPharm: What types of approaches 
or strategies are best to plan out early 
on in the drug development process? 

B o s e  ( E m e r y  P h a r m a ) : 
Bioanalytical studies are challenging to 
design and plan properly at the onset 
of the drug/biologic development pro-
cess, as they involve samples from multi-
ple pre-clinical species, tissue types, and 
human-derived samples with a diverse 
(and in most cases unknown) genetic 
and metabolic makeup. The bioanalytical 
methods need to be robust enough to 
work with the variability that comes with 
such a diverse set of samples. 

It is thus important to anticipate 
these challenges early on while in the 
R&D phase, and develop sample prepa-
ration protocol(s) and method(s) that 
can work with such diverse types of 
samples, varying sample amounts, and 
be able to account for less-than-ideal 
sample handling during shipment and 
storage. It is also preferable to start the 
method validation process early that 
ensures that the data are reliable. While 
FDA guidance suggest that the level 
of validation should be appropriate for 
the intended purpose of the study, it is 
often helpful and cost-effective in the 
longer term to expand validation a bit 
beyond that so as to get better prepared 
for the later development process.  

Kernstock (ICON): Early in clinical 
development, it is important to under-
stand the context-of-use for your bioan-
alytical assays, what type of therapeutic 
you have, and how your clinical studies 
are going to evolve. For instance, if you 
think your lowest effective concentration 
of your therapeutic is 500 µg/mL (trough 
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levels), then developing an immunoge-
nicity assay that is tolerant to high levels 
of therapeutic would be a critical consid-
eration early in development. Whether or 
not your Phase I study is going to be in 
patients or healthy volunteers is another 
important consideration. 

Similarly, the disease-state biomarker 
assays may require different sensitivities 
than if it was in a normal population. 
Understanding the sensitivity require-
ments for your PK assay is also important. 
Intravenous administration of the ther-
apeutic may require a less sensitive assay 
in your serum samples, whereas an ocular 
injection of the therapeutic will require a 
very sensitive serum PK assay to measure 
circulating drug levels. When conduct-
ing a preclinical toxicology study, the PK 
assay may not need a very low limit of 
quantitation since the therapeutic will be 
dosed at high(er) levels, and the immu-
nogenicity assay may not have a confir-
matory tier as an immune response is 
expected from a foreign protein. Perhaps 
you have a novel cell therapy, and a flow 
cytometer is used to collect ‘cellular kinet-
ics’. This means special handling instruc-
tions to analyze the samples within the 
demonstrated stability window, or the 
use of additives in the collection tube to 
stabilize study samples.

BEST PRACTICES
BioPharm: Are there any ‘best prac-
tices’ procedures or steps you can rec-
ommend for beginning a bioanalytical 
study program for a new therapeutic?

Kernstock (ICON): There are a 
few best practices to consider, including 
identifying an appropriate blank matrix 
pool, testing disease-state selectivity 
as early as possible, and having a good 
supply of excellent critical reagents 
identified and appropriately character-
ized. Addressing these considerations 
will go a long way to avoiding future 
analytical headaches. Understanding 
the mechanism of action of your drug 
and how it relates to the sample is a 
critical assessment. For instance, if the 
drug target is a soluble cytokine that is 

abundant in serum and plasma, don’t 
be surprised if your selectivity exper-
iment fails. More importantly in that 
case, what matrix pool are you using 
for your standard curve? Is the pool 
stripped of the cytokine, or did you use 
a surrogate matrix that doesn’t contain 
the interfering molecule?  

Bose (Emery Pharma): FDA’s 
2018 guidance on bioanalytical 
method validation (2) is a great place 
to start. Additionally, while still in 
draft form, ICH M10 Bioanalytical 
Method Validation guidance (3) has 
been a decade-long collaborative ini-
tiative of analytical sciences and reg-
ulatory agencies around the globe; it 
is among the best resource currently 
available to plan for, and design bioan-
alytical studies.

PARTNERSHIP BENEFITS
BioPharm: Why is it important, or 
even necessary, for some biopharma 
companies to partner with an out-
sourcing partner for the purpose of 
bioanalytic studies?

Bose (Emery Pharma): Method 
development in bioanalytical stud-
ies is a black box to many, requiring 
intense training and somewhat intu-
itive understanding of how analytes 
behave in diverse biological matrices. 
It is important to note that, unlike 
standard analytical studies, bioanaly-
ses involve highly complex and largely 
undefined biological matrices, with 
likely millions of compounds that can 
interfere with specific and accurate 
concentration evaluation. 

The required knowledge and exper-
tise to successfully navigate bioana-
lytical studies may not be acquired 
quickly in-house, particularly when 
the regulatory landscape around bio-
analyses changes regularly. Additionally, 
most bioanalytical studies are moving 
towards mass spectrometry (MS)-based 
analyses, which involve instrumentation 
that is too expensive to acquire for many 
companies and require specialized train-
ing for use and data analyses. 

Furthermore, most bioanalytical stud-
ies involve conducting the work under 
good laboratory practice (GLP), thus, the 
analytical laboratory must adhere to 21 
CFR 58. This requires companies having 
a quality system in place, regular audit of 
the facility, maintaining documentation, 
training records, instrument qualification, 
and so on, all of which often becomes too 
cumbersome for many biopharma com-
panies with limited operational budget. It 
is thus much simpler to partner with an 
outsourcing contract research organiza-
tion (CRO) with expertise in bioanalyses, 
which already have an established quality 
system and the required experience in 
interaction and data presentation to FDA 
and other regulatory bodies.  

Kernstock (ICON): Partnering 
with contract laboratories can be 
extremely beneficial, and there are a 
number of reasons for doing so. The 
capacity in your own lab may have 
been exceeded and the need to out-
source work to a partner lab would be 
necessary. Your own lab may be lack-
ing in certain analytical equipment or 
experience, and a contract lab would 
be able to provide that service and 
expertise. CROs are particularly use-
ful to smaller biotechs as the CROs 
can provide valuable consulting services 
and an expanded scope of service offer-
ings such that they can be a ‘one-stop-
shop’ for all of your bioanalytical needs. 
CROs have a very deep understanding 
of bioanalysis based on the number and 
diversity of assays they have developed. 
This is reflected in their scientific exper-
tise as well as their understanding of 
global regulatory practices, since they 
are more frequently audited by multiple 
regulatory agencies; these factors end up 
benefiting all of their clients.
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The Role of Incubators in Cell and 
Gene Therapy Development

Working with incubators can provide cell and gene 
therapy developers with more opportunities. 

LAUREN LAVELLE

W orking with incubators is a good idea for any 
biopharmaceutical company that is looking 
to expand its research, service, and consulting 

capabilities. Using incubators can be particularly helpful for 
companies that are developing cell and gene therapies (CGTs). 
Audrey Greenberg, co-founder and executive managing director 
of The Discovery Labs, and Christopher Potts, senior IP 
counsel and business partner at Lonza Pharma & Biotech, share 
some insights into incubators and the role they play in CGT 
development with BioPharm International. 

BENEFITS
BioPharm: What are the benefits of incubators focused on 
CGT development?

Greenberg (Discovery Labs): Incubators allow for 
efficient use of capital for cash-crunched startups, allowing 
them to share equipment, resources, and space, so that 
they can spend their capital on innovation rather than 
administration.  Incubators also offer other valuable 
resources that can expedite the commercialization process. 
Some even offer capital investment. 

For example, the Discovery Labs incubator, Unite IQ, 
provides access to manufacturing capacity, different technology 
platforms, raw materials, drug substance and drug product, 
plasmids, viral vectors, process development, as well as CRO 
[contract resource organization] services, clinical trial capabilities, 
and IND [investigational new drug] writing/submission services. 
In addition, it can provide access to legal counsel, grant-writing 
expertise, and business formation consulting so that innovators 
can turn scientific discoveries into profitable businesses and grow 
their research capabilities.  

Unite IQ can allow companies to grow from bench- to 
commercial-scale on the same campus.

Potts (Lonza): A key benefit is that incubators (in all 
industries but particularly for CGTs) allow members to leverage 
resources that can help emerging companies fill expertise and 
resource gaps. Top of mind is in the area of laboratory space 
equipment for early process development and proof of concept 
work. But the value add for some incubators extends to offering 
subject matter expertise in peripheral issues to emerging cell 
and gene therapy businesses. For example, they can provide 
subject matter experts in payer/reimbursement models to 
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allow incubator members to develop 
robust business models that navigate 
the complex global payer systems and 
reimbursement strategies. As CGT 
incubators develop, they should seek to 
provide access to subject matter experts 
in a range of business support functions 
so that emerging companies can focus 
on the core of their technologies and 
business models, and not have to burn 
resources on retaining SMEs [subject 
matter experts]to round out their 
development. 

Another major advantage of 
incubators in cell and gene therapies is 
to provide access to lab space, equipment, 
and manufacturing capabilities. 

BioPharm: Why should companies 
invest in a CGT incubator?

Potts (Lonza): When you look at 
the top incubators in our field, you see 
a direct alignment between early stage 
researchers, funding, and contributing 
companies. This works both ways to 
provide researchers avenues in which 
to develop new businesses, with direct 
access to larger institutions that may 
provide expertise and funding, but 
also provides the large institutions 
with a first look at promising early 
stage technology and businesses. This 
alignment can speed up the early 
funding process, which in turn, speeds 
the time to clinic. Additionally, in many 
large companies, R&D groups have a 
gap in providing early stage foundational 
research that could form the basis of a 
new therapeutic or enabling technology. 
Large companies can fill this gap by 
enabling the incubation of small entities 
to bring foundational ideas toward 
commercialization. 

G r e e n b e r g  ( D i s c o v e r y 
Labs): Large companies who are not 
entrepreneurial due to their size or 
culture, can partner with or invest in an 
incubator that offers a front-row seat for 
innovation and investment opportunities. 
Investing in companies that are 
members of an incubator is based on 
that company’s specific technology, 
management team, and execution plan.

SUCCESSES
BioPharm: Do you have any success 
stories regarding how incubators/
collaboration have sped the development 
of new therapies from lab to clinic?

Greenberg (Discovery Labs): 
The cohabitation and collaborative 
aspect of the Unite IQ incubator allows 
for better problem solving and resources 
to quickly address issues as they arise.  
Incubators help bridge what some have 
called the ‘valley of death,’ or the gap 
between idea and commercialization. 
Academic scientists, who may lack deep 
business knowledge, often struggle 
to transform research and ideas into 
commercially viable therapies. 

Many incubators have sprung up 
to help bring therapies from bench 
to bedside including Pfizer’s Centers 
for Therapeutic Innovation, Johnson 
& Johnson’s JLABS, and Bayer ’s 
CoLaborator, as well as many private 
and public spaces around the US, 
particularly in biopharma hotbeds 
like Philadelphia, Boston, and San 
Francisco. Other examples include 
Pennovation in Philadelphia and 
Harvard Life Labs in Cambridge.

Numerous studies attest to the 
positive impact that incubators have on 
local economies, based on the survival 
rate of the companies and the number 
of jobs created from innovation and 
successful technology transfer. The 
environment of incubators fosters an 
entrepreneurial climate which leads to 
greater success. An example would be 
Pennsylvania Biotechnology Center, 
a nonprofit life sciences incubator-
accelerator in Bucks County, PA that 
is partnering with The Discovery Labs 
in King of Prussia, PA Biotech’s site 
offers laboratory and office space to 
38 start-up biotech companies. Some 
of these companies have seen their 
drug discoveries and medical devices 
approved by FDA, have reached over 
$2 billion in combined valuations, 
and have been acquired by major 
pharmaceutical companies. The 
Pennsylvania Biotechnology Center 

(PABC) has consistently outperformed 
peers in markers of success, including 
the number of successful innovators that 
have graduated from the program. In 
2018, PABC was named one of the most 
successful biotechnology incubators 
in the country, according to an 
independent study by the International 
Business Innovation Association (1).

Three FDA-approved medical 
products or treatments have been 
developed by companies at PABC. In 
addition, eight individuals working 
at PABC have discovered drugs 
that have been approved by FDA, 
including Mike Sofia, PhD, who won 
the 2016 Lasker Prize for leading the 
discovery of a cure for hepatitis C (2); 
and Kunwar Shailubhai, PhD, whose 
drug TRULANCE was approved for 
treatment of chronic constipation in 
2017 (3). 

The Discovery Labs’ Innovation Hub 
in King of Prussia includes not only 
Unite IQ, the Center for Breakthrough 
Medicines, which offers research, 
development, and manufacturing 
services designed to provide companies 
of all sizes with better predictability and 
timeliness of medicinal delivery.

SCIENTIFIC DISCIPLINES 
BioPharm:  W hich areas  and 
scientific disciplines need the most 
attention now and how will the 
incubator approach help?

Potts (Lonza): In our experience, 
manufacturability and scale-up, and 
the move f rom the lab to clinical 
or  commercia l  product ion, are 
s e ldom as  s t r a ight fo r ward  a s 
emerging innovators believe they 
are. Working with an incubator can 
help by providing access to more 
manufacturing equipment—such as 
larger volume stirred tank reactors, 
or closed, automated systems such 
as Lonza’s Cocoon or Nucleofector 
platforms—at an affordable price, 
allowing early development to be 
improved so that process development 
may be smoother later on.
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As large companies seed incubators, 
they should also consider providing 
sublicenses on a research-use basis to 
early stage innovators (often pre-funding 
or with minimal early funding) to allow 
them to access otherwise cost-prohibitive 
technology. 

One area where this could be very 
useful is with exosome therapeutics, 
because many companies working in 
this space currently are pre-clinical and 
very early stage. By leveraging resources, 
companies working in this area could 
maximize speed to clinic.

Greenberg (Discovery Labs): 
CGT manufacturing is often a 
cumbersome and inefficient process that 
is difficult to produce at scale. The Unite 
IQ incubator approach adds value by 
allowing early-stage companies to adhere 
to a scalable platform process early in the 
product’s life cycle so that tech transfer 
can be seamless during the later stages 
of development when larger batches and 
more patient doses are needed.

ADVANTAGES 
BioPharm: What advantages does the 
incubator approach provide to bridging 
R&D and production?

Greenberg (Discovery Labs): 
The Unite IQ incubator offers a full 
range of resources, talent, and services to 
expedite the path to commercialization 
by eliminating the typical bottlenecks, 
which include equipment, consumables, 
manufacturing capacity, talent, lab 
space, raw materials, and resources and 
providing them all in one place. The 
Unite IQ incubator model offers the full-
scale lifecycle, including an innovative 
work environment and the platforms, 
processes, and capabilities that are needed 
to bring new discoveries to market.  

Potts (Lonza): Allowing early 
access to laboratory and manufacturing 
equipment and platforms, and a 
myriad of other products such as media 
formulations, cell and tissue acquisition 
services, can be a significant opportunity 
to leverage for CGT development. By 
directly developing their pre-clinical 

processes in manufacturing assets, 
innovators can streamline future process 
development and manufacturing scale up. 

Moreover, by pooling resources 
with other companion companies in 
an incubator, companies may leverage 
incubator resources (e.g., small batch 
vector production for pre-clinical 
services). In some instances, incubators 
can enable their members by providing 
research evaluation agreements for 
enabling technologies like cell lines, 
plasmids, and vector. 

Incubators allow the CGT industry 
to grow and to have healthy pipelines 
by allowing innovators to bridge the 
gap from early science to pre-clinical 
stages when the companies are typically 
spun-off, so that they will have raised 
enough cash to fund pre-IND activities 
and prep work. As these early stage 
resident companies scale up, the need 
to partner with good manufacturing 
practice (GMP) manufacturers such as 
Lonza, grows and further develops the 
therapeutic. Without this help, incubators 
would likely fall short in the area of 
GMP readiness as well as the  process 
development required to get into GMP. 
Companies like Lonza can meet this 
need. While some contract development 
and manufacturing organizations 
(CDMOS) work with large companies in 
the CGT space, most of their customers 
are small biotechs with an academic 
research, rather than a commercial 
scale-up and manufacturing background. 

BioPharm: How are intellectual 
property issues handled in the incubator 
model? 

Potts (Lonza): Generally, there 
is no single ‘one-size-fits-all’ approach, 
but agreements are generally made so 
that they work in the best interest 
of both parties. Typically, the resident 
emerging company owns any intellectual 
property that it generates, based on 
inventorship loaws that are also spelled 
out in a membership agreement. In 
the event that two resident companies 
are to formally collaborate on a given 
project, it is wise for them to enter into 

a formal collaboration agreement so they 
can clearly define and agree on how best 
to divide ownership of the technology 
between them. 

The actual split can vary greatly. In 
some instances, academic institutions may 
retain a joint ownership or sole ownership 
of the intellectual property asset with a 
license back to the resident. Complicating 
the picture are country-specific laws and 
rules regarding inventor remuneration. 
Major markets  such as the US do not 
have such provisions but other countries 
(e.g., Germany) do require inventor 
remuneration. Incubators must account for 
these local variations in their formation and 
in their member agreements. 

As incubators continue to form and 
establish collaborative environments, 
determining intellectual property 
ownership and associated rights is crucial 
for any funding or contributing institutions 
and resident companies. Members must 
understand how to leverage these laws their 
best interest. Funding and contributing 
institutions, for example, may want to 
negotiate rights of first refusal in funding 
rounds or in licensing negotiations in order 
to ensure that they are able to recoup their 
investment of technology contribution.

Greenberg (Discovery Labs): 
The Unite IQ incubator has a robust 
screening process for prospective members 
and takes a three-pronged approach to 
protection and security: physical security, 
including access and segregation; 
electronic security, including firewalls and 
cyber policies; and human resources, and 
on-boarding security in the form of proper 
staff and contract employee screening.
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“Pennsylvania Biotechnology Center 
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States,” Press Release, July 1, 2018.

2. Lasker Foundation, “Hepatitis C Replicon 
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In addition, the guideline also rec-
ommends that, “If the demand for 
MNPs cannot be met by the mea-
sures described above, manufactur-
ers can consider reducing activities 
that are more directly connected with 
batch manufacturing or a product 
accept/reject decision provided that 
they have a documented rationale or 
risk assessment to show that the pro-
posed changes will not unacceptably 
reduce assurance of product quality. 
Examples include: 
• “Not requiring second-person 

verification of activities for less 
critical steps (though we recom-
mend a self-check of work) 

• “Reducing the number of sam-
ples for labor-intensive laboratory 
testing 

• “Forgoing an in-process test to 
assure adequacy of mix, partic-

ularly when making successive 
batches, where the risk is judged 
to be low in terms of drug safety 
and efficacy 

• “Delaying completion of devia-
tion investigations of minor 
events.” 

“CDER [the Center for Drug 
Evaluation and Research] recom-
mends that in taking such measures, 
firms plan to carefully monitor indi-
cators of product quality to note 
any unfavorable trends or shifts as a 
result of the implementation of the 
Plan. CDER also recommends that 
firms retain samples for testing at a 
later date in cases where testing is 
reduced or omitted because of lack of 
resources” (2).

While it is important to act quickly 
and efficiently during a crisis, the 
process and product must still be 
manufactured in accordance with 
appropriate regulatory requirements. 
Before you make any drastic changes 

to SOPs or eliminate process steps you 
need to read the FDA guidance doc-
ument, prepare a proper risk assess-
ment, and justify why the removal of 
the requirement from the SOP does 
not impact patient safety and product 
quality. The documentation you pro-
vide and the assessments you perform 
to address some of the extraordinary 
situations facing you and your col-
leagues in the effort to produce neces-
sary medical drugs should give you 
confidence that you have acted appro-
priately and within the regulations to 
fulfill patient needs.

REFERENCES
1.   EMA, Guidance on the Format of the Risk 

Management Plan (RMP) in the EU–in 
Integrated Format, EMA/164014/2018 
Rev.2.0.1 accompanying GVP Module V 
Rev.2 Human Medicines Evaluation (EMA, 
October 31, 2018).

2.   FDA, Draft Guidance for Industry: Planning 
for the Effects of High Absenteeism to 
Ensure Availability of Medically Necessary 
Drug Products (CDER, March 2011). ◆
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Products must be manufactured in 
accordance with appropriate regulatory 
requirements, even during a pandemic.

Q: I am in the quality department and am 
responsible for investigations, and I have 

been working from home due to the COVID-19 
pandemic. The investigation standard operating 
procedure (SOP) requires me to perform face-to-
face interviews with people and to complete the 
investigation within 90 days. Working remotely to 
conduct the interviews is taking much longer, and 
I am afraid I’ll miss my deadlines. Could I elimi-
nate the interview requirement until I am able to 
return to the facility?

A: I certainly understand the challenges 
of trying to conduct remote face-to-face 

interviews and the need to try and streamline 
processes during times of crisis, but now is not the 
time to take unnecessary, undocumented short-
cuts with any of your procedures. My recommen-
dation is that you step back from your frustration 
with the situation. Focus on the elements you 
need to conduct a thorough investigation and 
look at finding alternative means to fulfill the SOP 
requirements as defined in your contingency plan. 
If you do not have a contingency plan in place, 
you should immediately develop one and include 
appropriate risk-based information. The European 
Medicines Agency has a guidance on the format 
for a risk management plan that might help you 
get started on this activity (1).

To determine how you might make your oper-
ations more efficient during crisis times, I fur-
ther suggest you review the FDA’s draft guidance 
titled, Planning for the Effects of High Absenteeism 
to Ensure Availability of Medically Necessary Drug 
Products (2). The guidance document states, 
“This guidance is intended to encourage manu-
facturers of medically necessary drug products 
(MNPs) and any components of those products 
to develop contingency production plans to use 
during emergencies that result in high absentee-
ism at production facilities” … “The guidance 
provides considerations for the development 
and implementation of a plan for production of 
MNPs during a crisis, including specific elements 
that should be included in the plan.”  

The contingency plan you develop should 
include information regarding the company’s 
prevention and risk mitigation processes. The 
guidance states, “These preventative measures 
can include steps to prepare personnel such as: 
• “Educating employees on topics such as, in 

the case of a pandemic, personal hygiene 
(hand washing and coughing and sneezing 
etiquette), social distancing, and appropriate 
use of sick leave 

• “Encouraging employees to get immunized 
as appropriate by providing information on 
local vaccination services or by offering on-
site vaccination services, if reasonable 

• “Providing information for and encouraging 
employees to develop family emergency pre-
paredness plans 

•  “Reviewing CGMP [current good manufac-
turing practice] regulations regarding appro-
priate sanitation practices and restriction 
of ill or sick employees from production 
areas (see 21 CFR [Code of Federal Regulations] 
211.28)” (2).

The guideline also recommends “that manu-
facturers, when evaluating activities that might 
be reduced in frequency, delayed, or substituted 
by a suitable alternative, first identify and con-
sider activities that are intended by the CGMP 
regulations to provide controls not connected 
with the manufacturing of any specific batch. 
Examples include: 
• “Production equipment routine maintenance 
• “Utility system performance checks and 

maintenance (e.g., air temperature, lighting, 
compressed air) 

• “Environmental monitoring of facilities such 
as cell culture, harvesting, and purification 
rooms during production 

• “Stability testing for certain drug products 
and components 

• “Periodic examinations of data and of reserve 
samples” (2).
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Following Guidelines During a Crisis
Susan J. Schniepp, executive 

vice-president of post-approval 
pharma and distinguished fellow, 

Regulatory Compliance Associates.

Contin. on page 49



Process control and real- 
time operational reliabilty
Predict the final quality outcome and improve yield
SIMCA®-online allows you to monitor process manufacturing in real-
time not only for the individual process parameters but also for their 
correlation patterns. Ensured production outcome where all variables, 
end-to-end in the process, are controlled to safeguard final product 
quality without deviations.

With improved process understanding and ensured product quality, 
you’ll be able to improve your yield and throughputs so that your  
products reach the market faster and at a reduced cost.
 
Our innovations + service = your efficiency + quality |  
sartorius.com/umetrics

Magazine ad-SIMCA®-online-EN-B-00007-Sartorius

https://umetrics.com


CREATING BIOLOGIC TREATMENTS IS SCIENCE. 
ORCHESTRATING FASTER DEVELOPMENT IS ART. 

us + 1 888 SOLUTION (765-8846)   EUR  00800 8855 6178   biologics.catalent.com/science-art   © 2020 Catalent Pharma Solutions. All rights reserved 

Introducing our latest masterpiece, OneBio®  Suite, which integrates development through complete 
clinical and commercial supply to simplify, accelerate and de-risk your biologic development.

With our deepest expertise and advanced technologies, we help you deliver better biologic therapies to 
patients, faster. Catalent, where science meets art.

Biopharm Int.indd   1Biopharm Int.indd   1 5/22/20   1:19 PM5/22/20   1:19 PM

https://biologics.catalent.com/science-and-art/

	BP0620_001_Cover
	BP0620_Ads_COV2
	BP0620_003_Masthead
	BP0620_004_TOC
	BP0620_Ads_05
	BP0620_006_FTE
	BP0620_Ads_07
	BP0620_008-009_RegBeat
	BP0620_010-015_CoverStory_ProcessControl
	BP0620_Ads_11
	BP0620_010-015_CoverStory_ProcessControl
	BP0620_Ads_13
	BP0620_010-015_CoverStory_ProcessControl
	BP0620_016-021_Development_mAbs_Challener
	BP0620_022-023_Analytics_DataIntegrity_Mirasol
	BP0620_024-031_PeerReveiew_Genentech
	BP0620_Ads_25
	BP0620_024-031_PeerReveiew_Genentech
	BP0620_Ads_29
	BP0620_024-031_PeerReveiew_Genentech
	BP0620_032-035_Quality_GMPs_Lavelle
	BP0620_036-040_Operations_ClinicalTrials_Shanley
	BP0620_Ads_37
	BP0620_036-040_Operations_ClinicalTrials_Shanley
	BP0620_Ads_41
	BP0620_042-045_Outsourcing_Bioanalytical_Mirasol
	BP0620_Ads_43
	BP0620_042-045_Outsourcing_Bioanalytical_Mirasol
	BP0620_046-048_Biobusiness_Incubators_Lavelle
	BP0620_049-050_AsktheExpert
	BP0620_Ads_COV3
	BP0620_Ads_COV4



