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The 2021 PDA Annual Meeting promises to have something for everyone.

Dive into exciting interactive sessions and tracks especially designed for early 
career professionals, manufacturing leaders, and technical experts/scientists, 
all offered in a fully digital format for easy access from anywhere in the world.

No matter what your area of focus, you are sure to come away with tangible, practical 
solutions to improve your operations and your standing within your company!

Stay tuned for more information on the intriguing lineup of sessions,
speakers, and networking activities.

Register by 31 January to save up to 50%!

For more information and to register, visit 
pda.org/2021annual

2021 PDA
ANNUAL MEETING!
REGISTER NOW 

FOR THE

NEW FORMAT

NEW PRICING

NEW WAYS TO 
CONNECT

https://www.pda.org/conference/2021-pda-annual-meeting/home
https://www.pda.org/conference/2021-pda-annual-meeting/home
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Shutting down the 
COVID-19  
pandemic 

requires a global, 
selfless effort.

Rita Peters is  
the editorial director of  
BioPharm International.

Ensuring Vaccine Supply Meets Need

In the waning days of 2020, frontline healthcare workers in the United States lined up to 
receive the first COVID-19 vaccine injections, a hopeful sign that this could be the begin-
ning to the end of the pandemic. Producing sufficient doses to inoculate enough people 

around the world to achieve herd immunity, however, will require more than robust manufac-
turing; a global effort and agreement for the equitable distribution of vaccines is crucial.

Wealthy nations have taken the lead in developing vaccines. Operation Warp Speed 
(OWS), the US government’s program to accelerate the development and manufacture of 
COVID-10 vaccines and treatments, issued more than $12.4 billion to six vaccine makers 
to secure vaccine doses for the nearly 330 million people in the country.

The strategy of having multiple shots on goal—investing in multiple vaccines in case one 
or more fail during development—has triggered supply-and-demand questions. Will nations 
have enough doses to vaccinate their populations? Did your government make purchase 
agreements for the vaccines with the best potential for success? And are wealthy nations 
“clearing the shelves” of the leading vaccine candidates, reserving more doses than they need?

A New York Times analysis found that wealthy nations have reserved more than half of the 
vaccines to be produced by the end of 2021, more than is needed to vaccinate their populace, 
in some cases, several times over (1).

An analysis of contracts between vaccine manufacturers and governments showed the US 
has secured commitments for 455 million doses of vaccines (2). More than half of the com-
mitted doses, however, are from manufacturers that—as of mid-December 2020—had not 
received, or even applied for, Emergency Use Authorization for their vaccines. 

The US Department of Health and Human Services (HHS) said in a Bloomberg report 
that OWS had contracts with six companies with options for up to 3 billion vaccine doses. 
“We are confident that we will meet our goal to have enough vaccine doses for any American 
who wants one in the second quarter of 2021,” HHS was quoted in the report.

VACCINES FOR ALL
The rapid global spread of the virus demonstrates the need for vaccine distribution world-
wide. Producing sufficient vaccines for the less-developed nations is a concern for global 
health authorities. 

“In developing countries, there are certain companies like the Serum Institute of India, 
for example, that manufacture significant high volumes of these vaccines that go to low- to 
middle-income countries and are highly subsidized through organizations like Gavi and 
the Gates Foundation,” Unmesh Lal, industry principal—transformational health, Frost & 
Sullivan, told BioPharm International. 

To get more vaccines to low- to middle-income countries, Lal recommends identifying 
manufacturing facilities in small-population and developing countries with strong fill/finish 
and storage capacities to progressively export to other countries. A second strategy, he says, is 
to organize the production steps separately and regionally. 

THE GLOBAL VILLAGE
Manufacturing logistics aside, Melinda Gates of the Gates Foundation offers perhaps the 
most appropriate insight: “I’ve met with nationalist leaders who are skeptical. I’ve met with 
humanitarian leaders who are generous. But COVID-19 has made that distinction irrelevant. 
In this pandemic, there’s no difference between helping yourself and helping others. The 
self-interested thing—and the self less thing—are one and the same” (3).

REFERENCES
1.  M. Twohey, K. Collins, and K. Thomas, “With First Dibs on Vaccines, Rich Countries Have 

‘Cleared the Shelves’,” nytimes.com, Dec. 15, 2020.
2.   D. Armstrong and T. Randall, “US Ranks Behind EU, Australia, UK in Vaccine Buys but Says It 

Will Meet Goal,” Bloomberg.com, Dec. 9, 2020.

3.  M. Gates, Speech at the Paris Peace Forum, www.gatesfoundation.org, Nov. 12, 2020. ◆

From the Editor
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T  he new year began with a contin-
ued surge in illness and deaths due to 
COVID-19, along with high hopes for 

combating the virus with effective vaccines and 
therapies. Strong efficacy data and reassuring 
safety reports indicate that new vaccines can pre-
vent disease, while also shifting the focus to the 
monumental difficulties involved in producing, 
packaging, shipping, and administering millions 
of doses as quickly and effectively as possible. The 
ability of biopharmaceutical manufacturers to 
develop and test a whole new type of vaccine in 
less than a year reflects the scientific and techno-
logical strength of the industry and biomedical 
research community, plus the critical financial 
and regulatory support from governments and 
international organizations. 

Public health officials, however, face signifi-
cant challenges in effectively delivering vaccines 
that require two doses and ultra-cold shipping 
and storage. The new preventives will go first to 
healthcare workers and to nursing homes; many 
populations will have to wait for more accessible 
products still in the pipeline. Meanwhile, state 
and local health departments need additional 

federal support for identifying priority 
vaccine recipients, delivering appro-
priate doses safely, and tracking these 
operations effectively. 

With limited access to COVID-
19 vaccines for months ahead, the 
research community will continue 
to test hundreds of new and exist-
ing therapies for potential in treat-
ing infected individuals. FDA has 
authorized emergency use for a 
few monoclonal antibodies and 
antiv ira ls found sl ight ly ef fec-
tive against the virus, and investi-

gators are testing dozens of antimalarials, 
immunosuppressants, and other compounds. 
Production is proving to be a roadblock, how-
ever, as manufacturers face high hurdles in 
providing sufficiently large quantities of medi-
cines to treat more than a fraction of widening 
infections. 

FDA’s ability to assess and communicate 
appropriate use of new COVID-19 vaccines 
and therapies will be critical for the agency to 
regain public trust and confidence in the objec-
tivity and expertise of its review process. In 
2020, FDA became entangled in Trump admin-
istration efforts to speed new treatments to 
patients based on limited and often subjective 
information, prompting strong push-back from 
respected agency officials and furthering public 
mistrust regarding new vaccines. It is vital for 
new leadership to navigate carefully between 
promoting public access to potentially life-sav-
ing treatments and limiting expectations for 
unproven therapies. 

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com. 

The incoming administration faces key decisions on drug  
testing and access as well as vaccine distribution challenges.

Pandemic Control to  
Shape Biopharma in 2021

It is vital for new leadership 
to navigate carefully 

between promoting public 
access to potentially life-

saving treatments and 
limiting expectations for 

unproven therapies.
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Regulatory BeatRegulatory Beat

MAINTAINING INNOVATION 
In addit ion to dea l ing with 
COVID-19, FDA will continue 
efforts to move a broad range of 
promising new therapies to mar-
ket through guidance development, 
accelerated approval initiatives, and 
efficient review and approval pro-
grams for innovator drugs, generic 
drugs, and biologics. FDA has seen 
a surge in R&D on new cellular 
and gene therapies, and more new 
biosimilars promise to facilitate 
access to important biotech thera-
pies. In addition, FDA is negotiat-
ing new agreements with industry 
on updated user fee programs for 
drugs, biologics, generic drugs, and 
biosimilars, which need to be sent 
to Congress by the end of 2021 in 
order to be renewed by Oct. 1, 2022 
when current programs expire. 

The importance of rel iable 
and flexible manufacturing pro-
cesses for drugs and vaccines 
has gained more attention as the 
pandemic has brought to light 
global supply chain vulnerabil-
ities. After years of prodding by 
FDA officials, more streamlined 
and responsive production meth-
ods for medical therapies may 

gain traction, along with strate-
gies for better anticipating and 
resolving drug supply shortages. 
There is bipartisan support for 
boosting drug manufacturing in 
the United States, but agreement 
is needed on appropriate require-
ments and incentives. 

FDA support for more stream-
lined clinical testing methods 
during the pandemic is expected to 
bring lasting changes to the clini-
cal research process. Trial sponsors 
and investigators increasingly uti-
lize digital health technologies to 
track data from remote testing sites, 
support virtual patient visits, and 
expand use of real-world evidence 
to identify trial participants and 
compare study responses to broader 
patient populations. While the ran-
domized, placebo-based clinical 
trial will remain the gold standard 
for assuring product efficacy, stan-
dard protocols, common compara-
tors, and outcomes assessments will 
gain wider acceptance. An import-
ant issue is how COVID-19 vaccine 
manufacturers gaining emergency 
authorization can continue pla-
cebo-based trials to gain at least a 
year of important safety data, and 
how early results will affect trials 
for additional vaccines. 

FDA enforcement activities also 
face changes following a halt in 
most field inspections of drug 
manufacturing facilities due to 
the pandemic. Agency officials are 
under pressure to resume onsite 
inspections to better assess qual-
ity production issues needed to 
approve promising therapies for 
market. But there also will be 
greater reliance on alternative 
sources of information on the 
capabilities and regulatory stand-
ing of an operation.  

T h e  e m e r g e n c e  o f  m o r e 
COVID-19 therapies will continue 
to raise questions about pricing 
and access to vital treatments in 

the US and around the world. 
There is bipartisan support for a 
range of drug price control mea-
sures, including versions of the 
Trump administration’s reference 
pricing and rebate reform initia-
tives. 

Drug industry leaders insist that 
too-harsh price controls will limit 
the broad range of innovation and 
drug development that has been 
critical for combating the pan-
demic. There is general support 
for increased import of less costly 
drugs from Canada, but policies 
will remain difficult to implement 
due to safety concerns.

In add it ion to fac i l itat ing 
access to new drugs and vaccines, 
the new administration will need 
to address broader economic 
relief and public health measures 
as the pandemic continues. The 
Biden team has mapped out a 
broad health policy agenda that 
includes extension of Affordable 
Care Act (ACA) provisions for 
hea lt hca re  cove rage ,  wh ic h 
may be shaped by an upcoming 
Supreme Court decision. 

Further expansion of Medicaid 
to low-income populations, reduc-
tion in health disparities, and low-
ering Medicare eligibility to age 
60 as part of a public option cov-
erage program are main goals, as 
well as rejoining the World Health 
Organization and other interna-
tional public health and research 
programs. Pandemic control will 
remain the number-one challenge, 
while also setting the stage for 
broader review of healthcare cov-
erage and access. ◆

FDA support for more 
streamlined clinical 

testing methods 
during the pandemic 
is expected to bring 

lasting changes 
to the clinical 

research process.

To get all the latest news on  
the COVID-19 pandemic, visit  
www.BioPharmInternational.
com/topic/covid-19-update.

More on COVID-19

https://www.biopharminternational.com/topic/covid-19-update
https://www.biopharminternational.com/topic/covid-19-update


About USP Bivalirudin RS

• Only pharmacopeial standard on Bivalirudin 

•   These are the only existing public standards 
for this product 

Bivalirudin RS Coming soon

USP Bivalirudin RS 
USP Catalog No:  #1076013 | 5 mg/vial

[ASP-9]-Bivalirudin RS 
USP Catalog No:  #1076024 | 1 mg/vial

[DES-GLU13] Bivalirudin 
USP Catalog No:  #1076035 | 1 mg/vial

Introducing the family of Bivalirudin 
Reference Standards from USP Biologics.
Bivalirudin is a short, synthetic peptide which acts as a potent 
and highly specific inhibitor of thrombin. With more than a 
dozen drug substance manufacturers and 9 drug product 
manufacturers approved to manufacture bivalirudin in the US, 
the development of public standards to support the quality of 
this vital therapeutic is essential.

USP’s Biologics Monographs 1 Expert Committee has 
collaborated with multiple US-approved sponsors to develop 
two new monographs, Bivalirudin and Bivalirudin for Injection.

In line with USP’s mission of promoting public health 
and ensuring quality of drugs, the monographs include 
multiple orthogonal identification methods (including a 
bioidentity method to ensure activity), as well as multiple 
chromatographic methods to determine content  
and impurities. 

In parallel to publication of the monographs, USP has 
completed collaborative testing of three new Reference 
Standards (RS) that support the monographs.

Visit usp.org/biologics/reference-standards/bivalirudin or to contact someone directly 
about USP Reference Standards please email RSTech@usp.org.

Patients rely  
on Bivalirudin. 
You can rely  
on USP Biologics.

USP is working throughout the COVID-19 pandemic to help ensure the supply of quality 
medicines and to respond to this public health crisis. We have modified USP operations to protect 
the health, safety and security of the staff and volunteers whose steadfast dedication inspires and 
enables our public health impact.

https://www.usp.org/biologics/reference-standards/bivalirudin
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Biopharma Gets Back to  
“New Normal” Business
After a hectic 2020, biopharma looks to deliver on  

COVID-19 vaccines and move other promising therapies forward.

RITA PETERS

A s 2020 dawned, the bio/pharma industry faced 
major challenges. Drug pricing was expected to be 
a hot-button issue in the presidential election. Calls 

to bring drug substance and product manufacturing back to 
the United States intensified as global competition heated 
up. And some companies faced ethical questions about their 
roles in the opioid epidemic.

Digital technology was being adopted across the devel-
opment and manufacturing continuum, f rom artificial 
intelligence for drug discovery and design, to digital sim-
ulations and analytics for manufacturing, to smartphone 
apps to track patients in clinical trials and monitor their 
adherence to medication regimens. Growth potential for 
personalized medicine led to a surge in company and facil-
ity acquisitions for the development and manufacture of 
cell and gene therapies. 

Early in 2020, however, the SARS-CoV-2 virus erupted 
worldwide, disrupting the “normal” routine of bio/pharma. 
For the rest of the year, efforts to respond to the pandemic 
overshadowed many aspects of development, manufacturing, 
and quality compliance. 

Nearly half (48.1%) of the respondents to a December 
2020 BioPharm International survey said that their organiza-
tions had experienced disruptions in the supply of materials 
or equipment as a result of the pandemic. More than 43% saw 
work schedules or production modified to accommodate social 
distancing. One-quarter reported staff shortages due to worker 
illnesses or quarantines. Respondents also noted delays or 
suspensions of clinical trials (21.2%); disruptions in regulatory 
compliance (18.6%); and shutdowns or suspensions of devel-
opment or manufacturing operations (17.4%) (1). 

Intense efforts by bio/pharma company research, develop-
ment, and manufacturing teams to battle the pandemic began 
to show results as 2020 drew to a close, with one approved 
treatment (remdesivir), two Emergency Use Authorizations 
(EUAs) for monoclonal antibody treatments (from Regeneron 
and Eli Lily), and vaccines from Pfizer-BioNTech and 
Moderna heading to patients under EUA.

Meanwhile, drug researchers continued their work and,  
despite some disruptions to original pipeline development 
plans, concluded a modestly successful year with 49 approvals 
for new therapies from FDA’s Center for Drug Evaluation 

2021 Biopharma Industry Outlook
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and Research as of Dec. 15, 2020, 
which surpassed the total for 2019 (2). 

Delivering billions of COVID-19 
vaccine doses and treatments to com-
bat the effects of the virus will top bio/
pharma’s agenda for 2021. At the same 
time, drug companies will be pressed to 
produce sufficient supplies of cost-ef-
fective generic and innovator drugs for a 
range of conditions.

The industry will also be challenged 
by global economic volatility, a new US 
presidential administration, and supply 
chain uncertainty. Lessons learned from 
the pandemic, however, offer new ways 
for bio/pharma companies to develop 
and bring drugs to market. 

GREAT EXPECTATIONS
Pharmaceutical company executives 
surveyed in March–April 2020 by the 
Deloitte Center for Health Solutions 
predicted an acceleration in research 
and manufacturing of pandemic drugs 
and expect drug prices to again be a hot 
topic. The executives also plan increased 
investment in digital technologies 
across therapeutic areas and functions 
to improve the R&D process and safety, 
with an eye on cybersecurity threats (3).

Respondents to the BioPharm 
International survey were upbeat about 
business prospects for 2021. Almost 
two-thirds (64.3%) expected their com-
panies’ businesses to improve, up from 
52.2% in the 2020 survey; only 14.7% 
predicted a decline for 2021. They 
were even more optimistic about the 
bio/pharma industry as a whole, with 
78.3% projecting that overall business 
will improve in 2021, compared with 
66.1% in 2020; only 7% expect a decline 
in business in 2021 (1,4).

SUPPLY CHAIN WOES
The dangers of sourcing crucial supplies 
from a single region surfaced as the pan-
demic first unfolded. The initial outbreak 
of infections and subsequent business 
disruptions in China resulted in short-
ages of anti-infective drugs, sedatives, 
analgesic medicines, and other essential 

generic drugs. Other shortages occurred 
for drugs previously approved for other 
conditions, which were investigated as 
potential treatments for COVID-19.  

Currently, approximately 60–65% 
of global API production is based in 
Asia, primarily in China and India, 
explains Unmesh Lal, industry principal 
for transformational health with Frost 
& Sullivan. Another 24–27% of pro-
duction is in Europe, with only 3–5% 
manufactured in the United States and 
5–9% in the rest of the world. This huge 
discrepancy, he says. has made many 
countries too dependent on China for 
essential APIs.

“This is where we saw a significant 
demand in the short term,” says Lal. 
Although the pandemic caused a brief 
disruption and reduction in overall bio/
pharma manufacturing capacity at cer-
tain sites, most production sites were 
quickly restored to full capacity by the 
end of the year, he says.  

BRINGING R&D BACK
The pandemic had a broad impact on 
other aspects of bio/pharma develop-
ment and manufacturing. To meet the 
increased demand for pandemic-related 
treatments and vaccines, manufacturing 
of COVID-19 vaccines and therapeutics 
was prioritized, say Lal, impacting clini-
cal pipelines, delaying clinical trials, and 
putting development projects on hold. 

The industry also saw significant dis-
ruption in early phase clinical trials that 
were yet to be initiated, a direct out-
come of patient recruitment and capac-
ity challenges during the pandemic. At 
the peak of the pandemic, there was a 
33% disruption of ongoing clinical tri-
als, according to Frost & Sullivan data, 
significantly impacting small and mid-
sized biotech companies, Lal says. 

Sites operated by larger contract 
research organizations (CROs) have 
resumed studies, Lal says. By employing 
newer clinical trial models, using virtual 
trial tools, and working collaboratively 
with the regulatory protocols devised in 
light of COVID-19, US and European 

CROs were able to recover faster than 
rest-of-the world markets, he notes.

One sign of growth resulting from 
the pandemic is that CROs are enhanc-
ing bioanalytical testing, safety, and tox-
icology services to meet the demands 
of early-stage COVID-19 trials clinical 
trials, Lal says. 

Government investments in the 
development of COVID-19 vaccines 
and therapies, such as Operation Warp 
Speed in the US, have provided funding 
for some companies. Frost & Sullivan 
is monitoring R&D activity and gov-
ernment investment to see whether the 
surge from 2020 will carry over into 
2021, especially for therapeutics. Lal 
expects bio/pharma companies to reduce 
investments in R&D for non-pandemic 
therapies by 2–3% in 2021, as they focus 
on COVID-19 treatments.

COVID-19 has also affected invest-
ments in bio/pharma development, 
beyond the government financing of 
public-private partnerships to advance 
vaccine and COVID-19 therapy 
research and development, according to 
analysts at Evaluate Pharma. However, 
biotech investments recovered quickly 
from initial market drops in the first 
quarter of 2020, and initial public offer-
ings rebounded in the second quarter, 
the analysts say (5). 

Many emerging bio/pharma com-
panies lack the internal development 
and manufacturing capacity to move 
their drug candidates forward and have 
turned to contract development and 
manufacturing organizations (CDMOs) 
for these functions. As a result, CDMOs 
were busier than ever in 2020 and will 
get even busier as bio/pharma compa-
nies look to build redundancy in their 
supply chains, according to the market 
research firm, GlobalData. “Pharma 
companies may try to reduce their sup-
ply chain risks by deliberately building 
redundancies—such as through using 
multiple suppliers and stockpiling. In 
the future, large pharma companies 
will want to know more about their 
contractors, both their CDMOs and 

2021 Biopharma Industry Outlook
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their CDMOs’ suppliers,” said Peter 
Shapiro, PharmSource senior director 
of drugs and business fundamentals at 
GlobalData in a company statement (6).

CAPACITY QUESTIONS
The manufacturing of vaccines and 
pandemic-related therapeutics is 
expected to extend well into 2021, 
increasing demand—and potential 
competition—for raw materials and 
supplies also used to produce other 
drugs. A tighter raw material supply 
market will pressure drug companies 
to reinforce and build redundancy into 
their supply chains, look to multiple 

suppliers in multiple geographic areas, 
and build better relationships with 
suppliers and contract service providers. 
The US government could invoke the 
Defense Production Act to force sup-
pliers to expedite needed raw materials 
to COVID-19 vaccine and therapeutic 
manufacturing operations.

Given stronger demand for drugs 
and uncertainties surrounding the 
global supply chain, nations and drug 
companies are looking to become more 
self-sufficient. Countries are examining 
options for increasing domestic produc-
tion of the APIs for essential drugs, says 

Lal, and traditional pharma companies 
are increasing their capital expenditures.

Still, demand is exceeding available 
capacity in some product segments, 
creating more work for contract man-
ufacturers. Vaccine manufacturers are 
opting for dual sources, so they need 
to diversify in their CMO partnerships, 
says Lal. As a result, CMO capacity 
utilization has increased from normal 
levels of 75%, he says, predicting that 
investments in capacity will continue 
to increase.

Capacity is an industry-wide chal-
lenge, says Olivier Loeillot, senior 
vice-president, BioProcess, at Cytiva. 

2021 Biopharma Industry Outlook

FDA’s approval rate in 2020 remained robust, with more 
than 50 new drugs approved (1), despite complications 
from the COVID-19 pandemic, including several 
significant biologic drug approvals.

FDA granted approval to Regeneron Pharmaceuticals’ 
Inmazeb (atoltivimab, maftivimab, and odesivimab-
ebgn), the first treatment for Zaire ebolavirus (Ebola virus) 
infection in adult and pediatric patients (2). Inmazeb is 
a combination of three monoclonal antibodies (mAbs). 
The data used to evaluate Inmazeb were collected from 
a clinical trial and through an expanded access program 
conducted in the Democratic Republic of the Congo 
(DRC) during an Ebola virus outbreak in 2018–2019. 

GlaxoSmithKline’s (GSK) Blenrep (belantamab 
mafodotin-blmf) was also approved in 2020 (3). It is a first-
in-class anti-B-cell maturation antigen therapy for patients 
whose disease has progressed despite prior treatment 
with an immunomodulatory agent, proteasome inhibitor, 
and anti-CD38 antibody. It is one of five drugs from GSK 
approved by FDA in 2020 and one of 10 antibody drug 
conjugates (ADCs) receiving agency approval (1). Blenrep 
comprises a humanized B-cell maturation antigen (BCMA) 
mAb conjugated to the cytotoxic agent, auristatin F, via 
a non-cleavable linker. The drug linker technology is 
licensed from Seattle Genetics; the mAb is produced 
using POTELLIGENT Technology licensed from BioWa.

Horizon Therapeutics Ireland DAC’s ADC, Tepezza 
(teprotumumab-trbw), was approved for the treatment 
of thyroid eye disease. Tepezza can potentially spare 
patients from multiple invasive surgeries (4). It was 
granted priority review, fast track, and breakthrough 

therapy designations and supported in part by the FDA 
Orphan Products Grants Program. 

With the July 2020 approval of Kite’s Tecartus 
(brexucabtagene autoleucel), Kite, part of Gilead, 
became the first company with multiple chimeric 
antigen receptor (CAR) T-cell therapy approvals (5). 
Tecartus, an autologous anti-CD19 CAR T-cell therapy, is 
the first approved CAR T-cell therapy for the treatment 
of adult patients with relapsed or refractory mantle cell 
lymphoma, a rare form of non-Hodgkin lymphoma. The 
therapy uses the XLP manufacturing process, which 
includes T-cell enrichment, a necessary step in certain 
B-cell malignancies in which circulating lymphoblasts 
are a common feature.

A comprehensive review of 2020 FDA drug approvals 
can be found on www.BioPharmInternational.com (6).
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“While there are bottlenecks and short-
ages, companies and CDMOs are 
accelerating expansion plans to meet 
demand. Long term, companies must 
think about their commercial manufac-
turing strategies earlier in the process: 
do they build or outsource it?”

And it ’s not enough to build out 
capacity if you do not have the trained 
workforce, he says. “Companies must 
build out capacity in regions where 
there is talent to do the work.”

HOME-MADE DRUGS?
Calls to onshore drug development and 
manufacturing, which became louder 
during the pandemic, are not new. “This 
debate over the past 20 years is like a 
pendulum and keeps swinging either 
way,” Lal says, first shifting away from 
Asia due to quality concerns, then shift-
ing back as China increased its regula-
tory requirements and quality standards. 
“Now, due to the pandemic, we are see-
ing a lot of governments take the ini-
tiative and bring some manufacturing 
of the APIs and essential finished dose 
formulations on-shore,” he says.

With long lead times required 
to build manufacturing operations 
domestically, there is no quick fix to 
reduce dependency for essential drugs 
on China and India. For now, Lal 
notes, innovator pharma companies 
are building the resilience into their 
supply chains and seeking ways to 
better manage inventories. For the 
long term, he says, governments are 
showing interest in collaborating with 
bio/pharm to invest in onshoring 
or reshoring of drug manufacturing 
for essential medicines and to build 
regional capacity as a contingency 
against future pandemics. 

However, he also anticipates signifi-
cant decentralization of manufacturing 
operations to meet local demand for 
drug products in China and other Asia-
Pacific countries, which is expected to 
grow exponentially in the future. 

NECESSITY DRIVES 
TECHNOLOGY ADOPTION
Both proven and new technologies were 
employed—sometimes out of necessity—
during the pandemic and may become 
the norm for broader bio/pharma appli-
cations. “We’ve seen a significant surge in 
the adoption of single-use technologies,” 
Lal says, particularly for biopharma and 
cell and gene therapy companies. This 
is enabling is the growth of small- and 
mid-size specialized, niche CDMOs, and 
reducing overall dependence on the larger 
CDMOs, a trend that Lal expects to 
continue for the next few years. 

“Single-use technologies and remote 
monitoring have proven invaluable this 
past year,” says Loeillot. “We will con-
tinue to see companies using these tools 
because they provide the speed and 
flexibility drug developers need.”

Newer technologies offer bene-
fits for bio/pharmaceutical processing 
that extend beyond meeting pandemic 
demands. “While the world needs bil-
lions of doses of COVID-19 vaccines, 
many companies are focusing on small 
batch therapeutics and orphan drugs. 
That trend will continue post-pan-
demic,” says Loeillot. “Single-use tech-
nologies are ideal solutions for these 
drugs because they can produce clinical 
batches quickly, with reduced risk of 
cross contamination.”

Advanced technologies will play a 
greater role in bio/pharma operations, 
agrees Kevin Seaver, general manager 
for automation and digital at Cytiva. 
“Automation is one of the keys to deliv-
ering safe, effective, and affordable drugs 
to patients,” he says. “Flexible, single-use 
automated solutions allow for rapid 
adaptation to changing needs, partic-
ularly for small clinical batches, while 
adhering to the high-quality standards 

needed to control and document the 
manufacturing process,” Seaver explains.

Perhaps the most visible technol-
ogy applications were associated with 
maintaining the extreme cold-chain 
requirements for shipping the messen-
ger-RNA-based COVID-19 vaccines, 
from conventional materials such as dry 
ice, to storage containers, specialized 
freezers, and remote monitoring sensors 
using Internet of Things technology (7). 

Drug companies, CDMOs, and reg-
ulators turned to advanced technology 
to maintain bio/pharma operations 
when pandemic travel restrictions made 
onsite visits and inspections impossi-
ble. Remote inspections and monitoring 
were put into practice at some locations, 
representing some first steps toward 
more widespread digitalization of bio/
pharma operations (8). 

NEXT STEPS
The efforts of biopharma experts in 
2020 provided medical tools to com-
bat the pandemic, but the battle will 
continue in 2021. Breakthroughs in sci-
ence and research, public-private col-
laborations, investments in facilities and 
materials, and new technologies appli-
cations not only advanced solutions to 
the pandemic, they also may have set 
the groundwork for more effective drug 
development in the future.
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Compensation Does Not Necessarily 
Align With Job Satisfaction

Essential bio/pharma employees show  
hard work and dedication can pay off, for patients.

RITA C. PETERS

I n 2020, the bio/pharma industry initiated a monumental 
effort to rapidly develop vaccines to prevent COVID-19 
disease and therapies to treat the symptoms. Behind the 

scenes, researchers, biologists, chemists, process engineers, 
formulators, quality control experts, and other professionals 
involved in drug development and manufacturing worked 
under pressure and sometimes socially distanced from other 
collaborators or team members.

The long hours and adverse conditions endured by drug 
development and manufacturing professionals have started 
to show results with the Emergency Use Authorization of 
two vaccines and two monoclonal antibody treatments and 
FDA approval of remdesivir. In addition, nearly 50 drugs 
for other conditions were approved by FDA as 2020 drew 
to a close (1).

Drug development and manufacturing professionals par-
ticipating in the 2021 Bio/Pharmaceutical Development and 
Manufacturing Employment Trends Survey, sponsored by 
BioPharm International (2), worked longer hours in 2020 
than previous years with fewer salary increases. Respondents, 
however, said compensation was not a top priority and nearly 

two-thirds expect to stay in their same position in the coming 
year. (See the infographics on pages 16–17 for an overview of 
survey results.)

THE PANDEMIC IMPACT
As an essential industry, bio/pharma companies were very busy 
during 2020, as evidenced by the increased workloads reported 
in the survey. Nearly 60% of respondents said they worked more 
hours in 2020 than in the previous two years compared with 38% 
in the previous survey. Only 10% said they worked fewer hours. 

Nearly 80% of the respondents reported some impact from 
the pandemic on their daily work. More than half of the respon-
dents (53.2%) changed work schedules to enable social distanc-
ing at work. A similar number (53.9%) worked remotely from 
home. Nearly one-third of the respondents said they assumed 
additional responsibilities; 20% worked additional hours on pan-
demic-related projects and 10.3% switched to pandemic-related 
projects. Development programs were changed or reduced for 
13.5% of the respondents. Work hours or responsibility were 

Special Report: 2021 Employment Survey

Article continues on page 18 
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I am paid below market value, considering 
my level of expertise and responsibility.

19.4%
17.6%

I am paid within market value for my job function, 
but at the low end of the range, considering 

my level of expertise and responsibility.

37.7%
40.9%

I am paid fairly for my level of 
expertise and responsibility.

40.6%
38.9%

I am paid excessively for my level 
of expertise and responsibility.

2.3%
2.6%
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■ 2019Please rate your satisfaction with your current salary.

More secure now Less secure now No changeIncrease Decrease No change
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If it were necessary for you to 
change jobs this year, how would 
you assess the job market?

25.8%

17%

14.5%

42.8%

Other

No significant change

Switched to pandemic-
related projects

Assumed additional
responsibilities

Working additional hours on
pandemic-related projects

Development program was
changed or reduced

Position was eliminated

Work hours and/or
responsibility reduced

Work remotely from home

Changed work schedule to
social distance on the job

3.9%

21.8%

10.3%

32.1%

19.9%

13.5%

5.8%

18.6%

53.9%

53.2%

5%

23.8%

33.2%

24.3%

13.8%

30.5%

33.9%

35.6%

2020

■   It would be straightforward to find a job 
comparable to the one I have now.

■   It would take a while, but I would be able to find  
a job comparable to the one I have now.

■   It would be straightforward to find a job, but  
it probably wouldn’t be as good as the one I  
have now.

■   I would have to search hard and be prepared to 
take what I could get.

How has the COVID-19 pandemic changed your personal work? 
Multiple answers allowed.

25.8%

17%

14.5%

42.8%

Other

No significant change

Switched to pandemic-
related projects

Assumed additional
responsibilities

Working additional hours on
pandemic-related projects

Development program was
changed or reduced

Position was eliminated

Work hours and/or
responsibility reduced

Work remotely from home

Changed work schedule to
social distance on the job

3.9%

21.8%

10.3%

32.1%

19.9%

13.5%

5.8%

18.6%

53.9%

53.2%

5%

23.8%

33.2%

24.3%

13.8%

30.5%

33.9%

35.6%

In your career, how long, on average, have 
you stayed with the same employer?

25.8%

17%

14.5%

42.8%

Other

No significant change

Switched to pandemic-
related projects

Assumed additional
responsibilities

Working additional hours on
pandemic-related projects

Development program was
changed or reduced

Position was eliminated

Work hours and/or
responsibility reduced

Work remotely from home

Changed work schedule to
social distance on the job

3.9%

21.8%

10.3%

32.1%

19.9%

13.5%

5.8%

18.6%

53.9%

53.2%

5%

23.8%

33.2%

24.3%

13.8%

30.5%

33.9%

35.6%

■   Less than 2 years

■   3 to 5 years
■   6 to 10 years

■   11 to 20 years

■   More than 20 years

2020

Which statement best describes the job market 
for scientific or technical positions in bio/
pharmaceutical development and manufacturing  
in your geographic area?

25.8%

17%

14.5%

42.8%

Other

No significant change

Switched to pandemic-
related projects

Assumed additional
responsibilities

Working additional hours on
pandemic-related projects

Development program was
changed or reduced

Position was eliminated

Work hours and/or
responsibility reduced

Work remotely from home

Changed work schedule to
social distance on the job

3.9%

21.8%

10.3%

32.1%

19.9%

13.5%

5.8%

18.6%

53.9%

53.2%

5%

23.8%

33.2%

24.3%

13.8%

30.5%

33.9%

35.6%
■   Competition for open 

positions is strong.

■   Competition for open 
positions is moderate.

■   Employers compete for 
qualified candidates.

2020

19.8% 16.8%

27% 36.5%

I would like to leave my job, given the opportunity.

12.5%

31.6%

25.6%

30.4%

I do not expect to leave my job in the coming year.

17.4%

18%61.1%

3.6%

I would like to change careers and leave 
the bio/pharma industry.

Bio/pharma workers contemplate job and career changes.

19.8% 16.8%

27% 36.5%
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EMPLOYMENT TRENDS SURVEY, DECEMBER 2020 (2).  
DUE TO ROUNDING, SOME NUMBERS MAY TOTAL MORE THAN 100%. 
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reduced for 18.6%, and 5.8% said their 
position was eliminated.

After a difficult 2020, biopharma pro-
fessionals have an optimistic outlook 
for the industry for 2021; more than 
three-quarters of survey respondents 
expect business to improve; 64.3% expect 
business at their employer to improve. 

COMPENSATION QUESTION
Satisfaction with compensation increased 
slightly in 2020, following a few years of 
downward movement. Almost 43% of 
the respondents said they were paid fairly 
or excessively in 2020, compared with 
41.5% in 2019. A majority of respon-
dents were not happy with their salary; 
37.7% said their pay was at the low end 
of the salary range for their expertise and 
responsibility; 19.4% said they were paid 
below market value.

The percentage of respondents 
reporting salary increases continued a 
downward trend. Only 41.7% of the 
respondents reported a salary increase 
in 2020 compared with 55.4% in 2019 
and nearly 63% in 2017 (2–4). A slightly 
greater percentage reported a decrease 
in salary (13.7% in 2020 vs. 11.4% in 
2019). More people reported no change 
in salary (44.6% for 2020 compared with 
33.2% in 2019) indicating some stagna-
tion in compensation levels.

Salary ranked second to last on a list 
of 13 factors contributing to job satisfac-
tion in the 2021 survey, down from fifth 
place in the 2020 survey. Compensation 
trailed factors such as challenging proj-
ects, intellectual stimulation, company’s 
potential for success, supportive man-
agement, and a good work/life balance as 
the “main reason I come to work.” 

JOB SECURITY  
AND NEW OPPORTUNITIES
Approximately half of the respondents 
reported no change in job security com-
paring calendar year 2020 with 2019. 
However, only 17.8% said they felt more 
secure in 2020 vs. 2019, compared with 

30% feeling more secure in 2019. Those 
feeling less secure increased slightly, from 
30.6% in 2019 to 34.4% in 2020.  

Similar to surveys in previous years, 
more than half of all respondents said 
they would like to leave their jobs, given 
the opportunity; however, 62% said they 
do not expect to leave in 2021. A sig-
nificant segment, 21%, said they would 
like to change careers and leave the bio/
pharma industry. 

Compared with previous surveys, 
respondents to the current survey tended 
to stay in the same position for a longer 
time. Fewer than 30% of the 2021 sur-
vey respondents—compared with 44% 
of 2020 survey respondents—said they 
stayed with the same employer, on aver-
age, for five or fewer years. 

Fewer than 20% of the respondents 
said they voluntarily changed jobs in 
the past two years, primarily to pursue a 
better career opportunity or more chal-
lenging work.

Salary was the fifth most-cited sin-
gle reason for job change, trailing pro-
fessional advancement, intellectual 
challenge, scientific opportunities, and 
work/life balance. Two-thirds of the 
respondents were confident they could 
find a job similar to their current position, 
should they choose—or were forced—to 
find new employment.

Respondents suggest there is a pos-
itive market for job seekers for the bio/
pharma market; however, they are some-
what split on the opportunities. More 
than one-third (35.6%) of respondents 
said there are few qualified candidates 
for open scientific/technical positions. A 
smaller percentage (30.5%) said there 
were more qualified candidates than open 
positions. As in previous surveys, respon-
dents expressed somewhat negative opin-
ions about the knowledge and skill sets of 
new hires; 74% said the new hires were 
adequately trained but not exceptional; 
20.1% said they were poorly trained.

RESPONDENT PROFILE
More than 200 bio/pharma profession-
als from around the world responded 

to the survey, which was fielded 
in November and December 2020. 
Respondents primarily were f rom 
innovator and generic-drug bio/phar-
maceutical companies (41.4%), and 
contract research and manufacturing or 
consulting organizations (17.3%).

The respondents were involved in 
developing or manufacturing a range 
of drug types—with some listing mul-
tiple types—including small-molecule 
drugs (55.4%), large-molecule drugs 
(34.4%), vaccines (17.2%), cell thera-
pies (15.6%), gene therapies (10.2%), 
and nutraceuticals (19.4%).

A range of company sizes were rep-
resented: approximately 30% work 
for companies with fewer than 100 
employees; another 29% for compa-
nies with 100–1000 employees. The 
responses reflect a broad geographic 
spread, with responses from the United 
States, Europe, India, Asia, and Africa.

Top responsibilities listed were 
quality control/assurance, validation, 
production/manufacturing operations, 
analytical studies, process development, 
production R&D, formulation, R&D, 
and technology transfer. More than 
two-thirds are responsible for manag-
ing other employees.

The respondents are experienced 
in the bio/pharma industry; 16.3% 
had fewer than 10 years of experience, 
25.6% had 10–20 years, 41.8% had 
20–35 years of experience, and 16.3% 
have worked in the industry for more 
than 35 years. Nearly one-third held a 
doctorate degree or higher; 44% held a 
Master’s degree. 
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Event Overview
Sponsors developing innovative biologic therapies face key 
challenges to bring their compound to the clinic quickly. An 
investigational new drug (IND) submission is a key milestone for 
every drug development program.  This webinar will discuss the 
best practices to expedite biologics drug candidates quickly from 
discovery to IND submission including safety assessment and 
chemistry, manufacturing, and controls (CMC) programs with real-
world case studies, including how the CMC development timelines 
were adapted to expedite COVID-19 therapeutics into clinical trials.  
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development outcomes
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Expi systems offer speed and flexibility to move 
candidates into clinical trials that have the highest 
chance of success.
Transient protein expression systems are enabling rapid and high-
yield production of proteins for applications such as vaccine and 
biotherapeutics development, where speed to clinic is so critical. 
BioPharm International recently spoke with Dr. Henry Chiou, director 
of Protein and Viral Expression Systems and Transfection at Thermo 
Fisher Scientific, about how Thermo Fisher Scientific is innovating 
in this space to improve upon existing technologies and provide 
versatile solutions for numerous applications, as well as what the 
future might hold for protein expression.

BIOPHARM: How are Thermo Fisher Scientific’s protein expression 
products aiding biotech and pharmaceutical companies with 
efforts to combat coronavirus?

CHIOU:  COVID-19 is a major global issue that we all want to resolve 
as quickly and as effectively as possible. Thermo Fisher Scientific’s 
Gibco™ Expi293™ and ExpiCHO™ transient expression systems 
have been specifically designed to provide tremendous speed 
and flexibility for protein expression, both in terms of time and the 
quantity of protein or protein complexes that they can produce. 

For those who may be less familiar with it, Thermo Fisher Scientific 
defines its transient expression systems as those that can directly 
transfect, in bulk, suspension-adapted cells, typically either human 
embryonic kidney 293 cells (HEK293) or Chinese hamster ovary (CHO) 
cells. We transfect them with a gene, or genes of interest, and then 
harvest for the expressed recombinant protein from this transiently 
expressing cell, usually within 4–10 days post transfection. In most 
cases, we can generate milligrams to grams of protein in bench scale, 
shake flasks or small bioreactors. Our Expi systems are designed with 
high-yield cells adapted to high-density cultures with three- to six-fold 
more cells per milliliter than classic transient expression systems.

This combination of high-yield cells with the much higher number 
of cells per milliliter increases protein yields many-fold for most 
proteins that labs have tested in these Expi systems, and specifically, 
for COVID-19, the SARS-CoV-2 viral spike protein. Many labs have been 
using our Expi293 system and report very good yields—as much as  
10-fold higher than most other transient systems—with expression 
times of only 3–4 days.

In parallel, there are several biotech labs that are successfully using 
our ExpiCHO system to develop and express vaccine candidates 

The Power of Transient Protein 
Expression in Vaccine Development against the virus. The speed of these transient 

expression systems, and the high yield, are 
imperative to express and screen many different 
candidates and variants and move towards 
clinical trials with the highest chance of success. 
This applies not only to vaccine development, 
but also the development of diagnostic assays 
to detect or monitor COVID infections as well as 
the identification, development, and potential 
therapeutic modalities against COVID-19.

BIOPHARM: Is there a lot of versatility with protein 
expression systems and how this will benefit 
biotech customers?

CHIOU: Proteins are critical to human health and act 
as primary players in the occurrence and lifespan of 
disease. They are a wide and diverse class of molecules, 
so we need to have protein expression systems 
that can express a variety of proteins for disease 
modeling, target identification, drug development, the 
development of biologics, and so on.

The most common use of our transient expression 
systems is for the production of monoclonal 
antibodies (mAbs) and the derivatives of them. 
mAbs tend to express pretty well, and many labs 
have been able to generate yields of hundreds 
of milligrams to grams of antibody per liter 
of transfected culture. The ExpiCHO cells are 
particularly good at generating high yields of 
antibodies and derivatives and often are averaging 
about twice as much yield as an Expi293 system 

for antibodies. Membrane proteins are another 
important category of proteins. This is a valuable 
druggable protein class.

There are an increasing number of labs reporting 
the use of our Expi systems, particularly Expi293 for 
expressing G protein-coupled receptors (GPCRs), 
and many labs report some of the highest yields 
from a mammalian system from our Expi293 
system. In some instances, the GPCRs that are 
expressed have much higher thermal stability 
than the same protein when they try to express 
it in Escherichia coli and at higher overall yields 
compared to bacterial systems. Thus, there are many 
different types of proteins and protein assemblies 
that can be produced using these transient 
expression systems, and this gives biologic scientists 
a lot of versatility and utility for biotech labs.

BIOPHARM: Where do you see the future of 
protein expression and what untapped capabilities 
does Thermo Fisher Scientific have to offer?

CHIOU: We are continually working on further 
development and refinement of our transient 
expression systems so that we can meet the ongoing 
needs and applications for the biotech and pharma 
industry. One area that the COVID-19 pandemic has 
highlighted is that labs want to go fast in terms of 
vaccine diagnostic and therapeutic development, 
in both early discovery and preclinical stages. Labs 
also want to accelerate these candidate molecules 
into clinical trials and commercial production so that 
these needed solutions can get to patients and the 
general population as quickly as possible. 

One thing you will see as we continue to evolve our 
transient expression systems are fully regulatory-
compliant GMP documents that can be used to 
produce products not only for research, but also for 
clinical trials and even for a potential manufacturer 
of approved product. In this way, we can truly 
provide a streamlined and consistent workflow 
from the research bench all the way into the 
administration into humans. Obviously, we have a 
lot of capabilities within Thermo Fisher Scientific 
to support regulated production and clinical work. 
That is what we hope to leverage as we continue to 
evolve our systems.

Thermo Fisher Scientific Inc. has an annual revenue exceeding $25 billion, supporting customers 
that are accelerating life sciences research, solving complex analytical challenges, improving patient 
diagnostics and therapies, or increasing productivity in their laboratories.
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Expi systems offer speed and flexibility to move 
candidates into clinical trials that have the highest 
chance of success.
Transient protein expression systems are enabling rapid and high-
yield production of proteins for applications such as vaccine and 
biotherapeutics development, where speed to clinic is so critical. 
BioPharm International recently spoke with Dr. Henry Chiou, director 
of Protein and Viral Expression Systems and Transfection at Thermo 
Fisher Scientific, about how Thermo Fisher Scientific is innovating 
in this space to improve upon existing technologies and provide 
versatile solutions for numerous applications, as well as what the 
future might hold for protein expression.

BIOPHARM: How are Thermo Fisher Scientific’s protein expression 
products aiding biotech and pharmaceutical companies with 
efforts to combat coronavirus?

CHIOU:  COVID-19 is a major global issue that we all want to resolve 
as quickly and as effectively as possible. Thermo Fisher Scientific’s 
Gibco™ Expi293™ and ExpiCHO™ transient expression systems 
have been specifically designed to provide tremendous speed 
and flexibility for protein expression, both in terms of time and the 
quantity of protein or protein complexes that they can produce. 

For those who may be less familiar with it, Thermo Fisher Scientific 
defines its transient expression systems as those that can directly 
transfect, in bulk, suspension-adapted cells, typically either human 
embryonic kidney 293 cells (HEK293) or Chinese hamster ovary (CHO) 
cells. We transfect them with a gene, or genes of interest, and then 
harvest for the expressed recombinant protein from this transiently 
expressing cell, usually within 4–10 days post transfection. In most 
cases, we can generate milligrams to grams of protein in bench scale, 
shake flasks or small bioreactors. Our Expi systems are designed with 
high-yield cells adapted to high-density cultures with three- to six-fold 
more cells per milliliter than classic transient expression systems.

This combination of high-yield cells with the much higher number 
of cells per milliliter increases protein yields many-fold for most 
proteins that labs have tested in these Expi systems, and specifically, 
for COVID-19, the SARS-CoV-2 viral spike protein. Many labs have been 
using our Expi293 system and report very good yields—as much as  
10-fold higher than most other transient systems—with expression 
times of only 3–4 days.

In parallel, there are several biotech labs that are successfully using 
our ExpiCHO system to develop and express vaccine candidates 

The Power of Transient Protein 
Expression in Vaccine Development against the virus. The speed of these transient 

expression systems, and the high yield, are 
imperative to express and screen many different 
candidates and variants and move towards 
clinical trials with the highest chance of success. 
This applies not only to vaccine development, 
but also the development of diagnostic assays 
to detect or monitor COVID infections as well as 
the identification, development, and potential 
therapeutic modalities against COVID-19.

BIOPHARM: Is there a lot of versatility with protein 
expression systems and how this will benefit 
biotech customers?

CHIOU: Proteins are critical to human health and act 
as primary players in the occurrence and lifespan of 
disease. They are a wide and diverse class of molecules, 
so we need to have protein expression systems 
that can express a variety of proteins for disease 
modeling, target identification, drug development, the 
development of biologics, and so on.

The most common use of our transient expression 
systems is for the production of monoclonal 
antibodies (mAbs) and the derivatives of them. 
mAbs tend to express pretty well, and many labs 
have been able to generate yields of hundreds 
of milligrams to grams of antibody per liter 
of transfected culture. The ExpiCHO cells are 
particularly good at generating high yields of 
antibodies and derivatives and often are averaging 
about twice as much yield as an Expi293 system 

for antibodies. Membrane proteins are another 
important category of proteins. This is a valuable 
druggable protein class.

There are an increasing number of labs reporting 
the use of our Expi systems, particularly Expi293 for 
expressing G protein-coupled receptors (GPCRs), 
and many labs report some of the highest yields 
from a mammalian system from our Expi293 
system. In some instances, the GPCRs that are 
expressed have much higher thermal stability 
than the same protein when they try to express 
it in Escherichia coli and at higher overall yields 
compared to bacterial systems. Thus, there are many 
different types of proteins and protein assemblies 
that can be produced using these transient 
expression systems, and this gives biologic scientists 
a lot of versatility and utility for biotech labs.

BIOPHARM: Where do you see the future of 
protein expression and what untapped capabilities 
does Thermo Fisher Scientific have to offer?

CHIOU: We are continually working on further 
development and refinement of our transient 
expression systems so that we can meet the ongoing 
needs and applications for the biotech and pharma 
industry. One area that the COVID-19 pandemic has 
highlighted is that labs want to go fast in terms of 
vaccine diagnostic and therapeutic development, 
in both early discovery and preclinical stages. Labs 
also want to accelerate these candidate molecules 
into clinical trials and commercial production so that 
these needed solutions can get to patients and the 
general population as quickly as possible. 

One thing you will see as we continue to evolve our 
transient expression systems are fully regulatory-
compliant GMP documents that can be used to 
produce products not only for research, but also for 
clinical trials and even for a potential manufacturer 
of approved product. In this way, we can truly 
provide a streamlined and consistent workflow 
from the research bench all the way into the 
administration into humans. Obviously, we have a 
lot of capabilities within Thermo Fisher Scientific 
to support regulated production and clinical work. 
That is what we hope to leverage as we continue to 
evolve our systems.

Thermo Fisher Scientific Inc. has an annual revenue exceeding $25 billion, supporting customers 
that are accelerating life sciences research, solving complex analytical challenges, improving patient 
diagnostics and therapies, or increasing productivity in their laboratories.
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Cultivating a Synthetic Biology-Based 
Approach to Improving Cell Culture

Cell-culture optimization may see benefits from a synthetic 
biology-based approach that improves product titer, quality, and time.

FELIZA MIRASOL

S ynthetic biology is an emerging area of interest in biologic 
drug development for its ability to offer new genetic solu-
tions for use in developing targeted cell lines. The ability 

to develop cell lines with precisely optimized cellular machinery 
can pose potential advantages for upstream processing, which is 
largely dependent on cell culture systems.

CHALLENGES TO THE SYSTEM
In upstream processing, cell-culture systems still face challenges; 
among them is the correlation between upstream optimization 
and manufacturing scalability. The scalability of the cell line and 
process is typically addressed late in the development timeline, 
notes Brian Douglass, general manager, Cell Culture Media, 
Cytiva. While there is quite a bit of time spent on identifying 
the best cell line candidates, establishing clonal populations, and 
optimizing cell culture media as well as process parameters, all of 
this work is typically performed in small-scale models, but under 
large-scale manufacturing conditions, alternative clones and pro-
cesses may emerge as better choices, he says.

A second challenge is cell culture media development and 
the plethora of components from which to choose. “Our under-

standing of interactions between the components is still a young 
and emerging science. Some of this aspect of process optimiza-
tion is still tribal knowledge,” Douglass says.

Matthew Weinstock, chief technology officer of AbSci, a syn-
thetic biology company that uses Escherichia coli to discover and 
manufacture complex therapeutic proteins, notes that the major 
focus of biotherapeutic manufacturing process development 
has been to optimize the production of full-length antibod-
ies, which are naturally occurring proteins that native host cell 
machinery can express and fold without requiring sophisticated 
cell line engineering. However, little attention has been paid to 
the production of so-called next-generation therapeutics that 
move beyond natural antibody scaffolds. Maximizing cell-line 
productivity for antibody production places heavy demands on 
this cellular machinery, and rate-limiting steps impact titer and 
productivity gains, cell fitness, and other cell properties that can 
negatively impact cell physiology and reduce protein production.

“Over 30% of biologics in preclinical development are 
next-generation therapeutics, which require more sophisti-
cated folding, disulfide bond formation, and assembly, or have 
other production challenges (i.e., toxicity, aggregation). These 

Upstream Processing
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molecules routinely have titer and qual-
ity issues in standard cell-culture lines,” 
Weinstock states. Additionally, while 
there is a viable path forward for com-
mercializing simple antibody-based drugs, 
current cell-culture technologies lead to 
long development timelines and high 
cost. Generally speaking, he continues, 
protein production bottlenecks can result 
from suboptimal protein stoichiometry 
(the ratio of heavy chain and light chain), 
protein folding, proteolysis, and reliance 
on export machinery that limit titer, qual-
ity, and productivity of cell culture strains.

Rapid results, diversity of experimental 
design, and robust data generation are all 
advantages that a synthetic biology-based 
approach could offer in upstream 
cell-culture processes, Douglass adds. 

SYNTHETIC BENEFITS
Using a synthetic biology-based 
approach to cell culture can potentially 
unlock benefits for biologic produc-
tion. Synthetic biology enables sys-
tematic optimization of cell culture, 
Weinstock says. For instance, protein 
expression rates, protein folding, pro-
tein export, and metabolic engineering 
are aspects of protein production that 
can be improved beyond the native 
capabilities of the cell line through 
engineering, and doing so improves 
cell culture productivity. Additionally, 
synthetic biology enables simplifica-
tion of downstream processing steps, 
for example, via targeted removal or 
reduction of host cell proteins known 
to create purification challenges. 

The optimization of glycosyla-
tion would be a further advantage. 
“Uniformity of protein glycosylation is 
frequently a challenge in conventional 
cell lines, and synthetic biology will 
address glycan type and glycan unifor-
mity,” Weinstock says.

The range of molecular tools at the 
disposal of research and process devel-
opment scientists today can help facili-
tate a synthetic biology-based approach. 
For example, Douglass explains, the 
biopharmaceutical industry has the 

capability now to synthesize entire 
metabolic pathways and deliver it to 
a cell line. “Additionally, take into 
account the different equipment and 
consumable offerings that are pur-
pose-built to drive innovation and 
productivity in the upstream process 
development space. For example, the 
equipment platforms from Berkeley 
Lights have decreased the time it takes 
to identify the best clones. Similarly, 
tailored media formulations generated 
in our cell-culture services have sig-
nificantly improved the protein qual-
ity and titer capabilities of therapeutic 
manufacturers’ cell lines,” he says. 

Douglass also emphasizes that the 
industry is at a point in time where 
synthetic biology-based systems in 
upstream cell culture are leading to 
new paths of biologics manufacturing. 
“I think biologics manufacturers under-
stand well the variables that impact 
their processes and are actively working 
to solve them with the different tool 
suppliers in the life sciences industry,” 
he states.

Some challenges presented to bio-
manufacturers with a synthetic biol-
ogy approach include the scalability 
of cell lines that have been genetically 
improved via this approach. Significant 
optimization efforts to improve cell 
lines identified in deep well-plate exper-
iments may not necessarily translate 
to industrial fermentation scales, notes 
Weinstock. “It ’s important to build 
robust cell culture scale-up and scale-
down models to ensure scalability of 
cell-line improvements.”

Moreover, traditional research efforts 
to identify cell-line improvements are 
laborious, Weinstock stresses. Although 
the genetic tools (e.g., clustered reg-
ularly interspaced short palindromic 
repeats) to make efficient and system-
atic changes to cell lines have improved 
considerably over the past 10 years, it 
typically takes extensive iteration in 
the lab to optimize new mammalian 
cell lines that work generically well for 
protein production.

Cell culture systems can learn a 
great deal about strategies for cell line 
improvement from advances made in 
alternative cell lines using synthetic 
biology. Many biologics (including anti-
bodies) that have historically been made 
in cell culture can now be made very 
efficiently in E. coli using advanced cell 
lines engineered using synthetic biol-
ogy. “Earlier this year we were able to 
construct a high-titer cell line for the 
production of a COVID-19 diagnos-
tic antibody, scale up the strain, purify 
material, characterize the material, gen-
erate a research cell bank, and ship to a 
partner in a 10-day timeframe. Using 
traditional cell culture techniques, that 
same process would have taken months,” 
says Weinstock, who encourages 
increasing adoption of synthetic biol-
ogy in cell culture systems. “Synthetic 
biology enables exquisite control over 
all cellular processes that are involved in 
the production of proteins,” he adds. 

Alison Arnold, head of Fermentation 
and Microbiology at Ingenza—a bio-
technology company—sees the main 
challenge in using synthetic biology as 
ensuring that any cell culture processes 
based on this technology are compli-
ant with appropriate regulatory guide-
lines. Biologics must be approved or 
manufactured according to good man-
ufacturing practice (GMP) standards 
and fit in with regulatory guidelines. 

“Synthetic biology is such an exciting 
field, offering benefits in a huge range 
of areas, including cell culture for bio-
logics. However, ensuring regulatory 
compliance can be a time-consuming 
process,” she says. “It can also be expen-
sive to set up a synthetic biology lab and 
challenging to build synthetic systems 
quickly, if you don’t have the necessary 
knowhow.” Arnold says that it is neces-
sary to have the capabilities or access to 
test and screen strains to take them for-
ward to production. For these reasons, 
companies may be in the mindset of not 
wanting to change their current meth-
odologies, despite a synthetic approach 
offering advantages. ◆

Upstream Processing
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New diagnostic kit contains assays and controls for real-
time PCR detection of SARS-COV-2 causing COVID-19.

Robust tests for Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) that can be mass produced at millions per week 
and continuously supplied to laboratories globally are critical to 

controlling the spread of the virus, and eventually eradicating it. 

BioPharm International recently spoke with Alexander “Sasha” 
Vlassov, senior manager of research and development at Thermo 
Fisher Scientific, about three different options for SARS-CoV-2 testing 
and the wastewater surveillance as a useful tool for monitoring the 
regional spread of viral pathogens.

BIOPHARM: What are the different SARS-CoV-2 testing options and 
how do they compare?

VLASSOV: Currently, there are three different testing options for 
SARS-CoV-2: detection of viral proteins or antigens; detection of viral 
nucleic acid by PCR; and detection of virus-specific antibodies in the 
blood. The antigen and PCR tests determine whether an individual 
is currently infected with coronavirus while an antibody test can 
determine if the subject was infected more than three weeks prior. 
Antigen testing can be as fast as 15 minutes and many test formats 
are very simple and user friendly. However, there is no amplification 
step for protein-based detection, and thus test sensitivity is very poor 
compared to PCR, usually over 10 million copies per milliliter.

The most widely used approach for SARS-CoV-2 testing is real-time 
quantitative reverse transcription PCR (qRT-PCR), which amplifies 
RNA and determines if the SARS virus is present or not. The process 
typically takes two to four hours from sample to answer and can 
detect 100–1000 copies per milliliter of transport media. This approach 
is extremely sensitive and specific. 

In response to the COVID outbreak, Thermo Fisher Scientific 
developed the multiplex real-time RT-PCR diagnostic kit for robust 
virus detection. The Applied Biosystems TaqPath COVID-19 Kit is a fast, 
highly sensitive, multiplex diagnostic solution that contains both the 
assays and controls needed for real-time PCR detection of RNA from 
the SARS-CoV-2 virus. 

BIOPHARM: Explain the pros and cons of saliva vs. various nasal 
swabs for SARS-CoV-2 testing.

VLASSOV: Saliva and nasal swabs (several types) became widely 
used in the last few months because of their ease of collection. 

SARS-CoV-2 Molecular Testing:  
From Human Sample Analysis to 
Wastewater Surveillance

Nasopharyngeal swabs were almost exclusively 
used in the early days of COVID testing, and they are 
currently still the “gold standard” for clinical testing. 

Despite many years of successful use, 
nasopharyngeal swabs have an important 
disadvantage: they can be collected only by trained 
specialists, and the process is invasive and rather 
painful for the patient. Saliva, oral and nasal swabs 
are perfect for at-home sample collection or rapid 
screening in the field - when medical specialists are 
not available for assistance with sample collection. 
Saliva is a truly non-invasive option; it’s very easy 
to harvest, and according to many recent studies, 
it provides the same sensitivity in COVID tests as 
nasopharyngeal swabs. But for people with dry 
mouth, it takes up to 20 minutes to collect the 
required 2 mL of saliva, and one should avoid eating 
and drinking for 30 minutes prior to harvesting the 
sample. So there are pros and cons for each sample 
type, and as the field is rapidly evolving, it will be 
interesting to see what eventually becomes the top 
choice for viral testing.

BIOPHARM: What are the benefits of wastewater 
surveillance? 

VLASSOV: SARS-CoV-2 is reliably detected in stool 
of the most COVID patients at the early stage of 
infection and for several subsequent weeks. Based 
on this finding, wastewater or sewage surveillance 
became an extremely useful tool for monitoring 
the regional spread of SARS-CoV-2 and other 
pathogens. Hundreds of organizations worldwide are 
successfully using wastewater testing for surveillance 
at the city level, as well as for “zooming in” as required 
to catch COVID-19 cases early. Britain is testing at 
44 water treatment facilities, the Netherlands has 
been collecting samples of 300 sewage treatment 
plants, and in the United States, more than 200 water 
facilities across 40 states are being tested and the 
number is growing. The CDC and the US Department 
of Health and Human Services initiated the National 
Wastewater Surveillance System in response to the 
COVID-19 pandemic.

Several universities have organized wastewater 
COVID testing programs to analyze sewage in 
residence halls. For example, at the University of 

Arizona, a wastewater sample for one dorm came 
back positive, and the school quickly responded by 
testing all 311 people who lived and worked there 
and quickly quarantined those who tested positive. 
Testing the water provides a snapshot into what is 
happening on campus before a student becomes 
symptomatic. The wastewater testing approach is 
inexpensive, fast, and simple—not requiring sample 
collection from individuals. 

BIOPHARM: What kits and instruments are used in 
quantitative PCR?

VLASSOV: The qPCR workflow involves sample 
collection, sample preparation, real-time PCR, and 
data analysis.

SARS-CoV-2 RNA can be purified quickly and 
efficiently from samples using the MagMAX Viral/
Pathogen Nucleic Acid Isolation Kit. The product 
is magnetic bead-based, which enables high-
throughput sample processing either manually 
using magnetic strands or with specialized 
purification instruments such as KingFisher Flex, 
which processes up to 96 samples per run. For 
SARS-CoV-2 pathogen detection, there are several 
workflow options—from manual to fully automated 
scenarios with liquid-handling robots, depending on 
the desired throughput. Semi-automated workflow 
with the KingFisher Flex instrument and magnetic 
beads processed in 96-well plates is one of the most 
widely used option for medium sample throughput.

The automated viral RNA isolation protocol 
takes only 25 minutes for 96 samples. Hands-on 
time is dramatically reduced compared with a 
manual purification. A typical lab using one to 
four KingFisher Flex instruments can comfortably 
process 1000–4000 samples per day. Once viral 
RNA is extracted from the samples, the next step 
is the qRT-PCR test, which determines viral RNA 
levels. Quantitative RT-PCR can be performed using 
Applied Biosystems TaqMan assays on research 
instruments, such as Applied Biosystems 7500 series 
or QuantStudio systems. The software calculates 
and analyzes Cq values for the controls and 
specimens of each run. Typically, the SARS-CoV-2 
testing workflow takes three to four hours from 
receiving the sample to completion of data analysis.

Thermo Fisher Scientific Inc. has an annual revenue exceeding $25 billion and supports 
customers that accelerate life sciences research, solve complex analytical challenges, or increase 
productivity in their laboratories. 
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throughput sample processing either manually 
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purification instruments such as KingFisher Flex, 
which processes up to 96 samples per run. For 
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workflow options—from manual to fully automated 
scenarios with liquid-handling robots, depending on 
the desired throughput. Semi-automated workflow 
with the KingFisher Flex instrument and magnetic 
beads processed in 96-well plates is one of the most 
widely used option for medium sample throughput.

The automated viral RNA isolation protocol 
takes only 25 minutes for 96 samples. Hands-on 
time is dramatically reduced compared with a 
manual purification. A typical lab using one to 
four KingFisher Flex instruments can comfortably 
process 1000–4000 samples per day. Once viral 
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levels. Quantitative RT-PCR can be performed using 
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EASY: a Disruptive mAb Purification 
Process to Reduce Cost of Goods

The development of an innovative purification 
process simplifies downstream processing for biologics.

THOMAS PROUZEAU, JEROME PEZZINI, AND BENOIT MOTHES

T he increasing pace and the diversification of modal-
ities in the biologics entering the development stage 
of the industry pipeline have a direct impact on the 

process development and manufacturing landscapes. To 
deal with the acceleration of the early stage good manu-
facturing practice (GMP) campaigns, Sanofi developed an 
innovative purification process—the EASY purification 
process—which is a downstream sequence composed of 
three steps using only versatile, disposable, and easy-to-op-
erate technologies.

Challenging the status quo regarding the use of the 
capture Protein A resin, EASY steps run in full continu-
ous flowthrough. First, chelating agents, cast into filters 
and embedded with the clarification step, are used to trap 
impurities coming from the cell culture. Then, a washing/
exchanging step made of ultrafiltration membranes performs 
in-line concentration and in-line diafiltration to replace the 
feed components inherited from the cell culture by a single 
process buffer. Finally, the feed characteristics are made com-
patible with the polishing step, composed of cutting-edge 
membrane adsorbers able to clear the last contaminants. The 

technologies used, along with the removal of all inter-step 
adjustments and intermediate storages, reduce the process 
duration and cost of goods (COGs). 

A comprehensive simulation of a downstream processing 
(DSP) campaign of 1000-L bioreactor-scale batches has 
been performed with Ypso-Proxima software to estimate the 
COGs of the EASY process and compare it to a standard 
monoclonal antibody (mAb) process. 

NEW DRIVERS IN EARLY STAGE PROGRAMS
Incrementally, biopharmaceutical companies are experiencing 
a diversification of their project portfolio. Where standards 
immunoglobulins G (IgGs) represented most incoming research 
programs, the new generation of biologics products is now 
composed of more complex and various modalities such as 

THOMAS PROUZEAU is a purification process development 
scientist, JEROME PEZZINI*, Jerome.pezzini@sanofi.com, is 
purification process and technology leader, and BENOIT MOTHES 
is purification process development group head; all are at Sanofi.

*To whom all correspondence should be addressed.
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fusion proteins, multispecific antibodies, 
nanobodies, and antibody drug conju-
gates (ADCs). In addition, as the biolog-
ics research area thrives, more and more 
candidates enter the development stage 
every year (1). These new molecules often 
show high potency and targeted indi-
cations, so the first clinical studies need 
relatively low amounts of drug substance. 
The early stage GMP campaigns that 
produce this drug substance tend to be 
shorter, with fast turnaround of projects 
requiring higher plant agility to reduce 
inter-campaign duration. From this per-
spective, technologies and materials that 
become cost-effective only when reused 
over many manufacturing batches are no 
longer economically optimal. 

Focusing on downstream process 
operations, the standard mAb process 
composed of several chromatogra-
phy columns may soon be challenged. 
Indeed, columns need significant 
upfront investments because of costly 
resins as well as numerous preparation 
operations, including packing, testing, 
cleaning, and storage, not to mention 
the time-consuming effort to validate 
their lifetime and cleaning procedure 
to properly demonstrate the absence of 
protein carry-over. Re-using a same-
packed resin for multiple distinct 
products is extremely challenged from 
a quality assurance (QA) perspective. 
Therefore, if the first clinical campaign 
for a given program only needs a few 
batches, the resins are used only for a 
small number of runs, which only rep-
resent a fraction of their full poten-
tial lifetime. This process represents an 
economical loss and requires storage 
space. It comes down to the developers 
to transfer to processes that use less 
expensive, more versatile, disposable, 
and easier-to-operate technologies.  

From a complementary aspect, the 
media used in downstream processes 
has been roughly the same for decades. 
The Protein A resin is immutable and 
remains the core of the mAb process. 
The Protein A capture step is the 
most selective step, thus positioned 

first in the purification train to cap-
ture the mAb while removing a maxi-
mum of impurities as early as possible. 
Additional chromatographic steps are 
positioned after Protein A capture to 
meet the drug substance quality speci-
fications, clearing the remaining aggre-
gates and host cell proteins as well 
as a few other impurities. These pol-
ishing resins, based on ion-exchange, 
hydrophobic, or mixed-mode ligands, 
are less selective—and, therefore, less 
expensive—than Protein A. To match 
the decreasing gradient of contami-
nants down the process stream, process 
developers choose a decreasing gradi-
ent of media selectivity. This rationale 
makes sense from a process perspec-
tive but is economically questionable. 
Indeed, large volumes of costly Protein 
A resin are used to cope with the har-
vest coming out of a bioreactor, and 
the ligand binding capacity is only 
improved incrementally by the succes-
sive generations of Protein A. 

Inverting this gradient of media selec-
tivity could substantially decrease the 
overall COGs in the downstream process. 
By placing, first, cheap purification media 
in large volume to deal with the bulk of 
easy-to-clear impurities, then putting the 
most selective technologies late in the 
stream to remove the remaining small 
amount of process specific contaminants, 
the most expensive technologies would 
be used at smaller scale. 

EASY PROCESS
Considering all these drivers of pro-
cess economics, the Sanofi Purification 
Process Development team designed the 
EASY purification process to be a simple 
purification sequence composed of three 
main steps without Protein A. 

In the first step, chelating agents are 
cast into filters and embedded with the 
clarification step. The filters trap impuri-
ties through size exclusion and chemical 
interactions. The second step combines 
in-line concentration and in-line diafil-
tration, both working in continuous 
mode. This improved exchanging step 

not only washes out the feed components 
inherited from the cell culture, but also 
sets an optimal target molecule titer and 
process buffer for the polishing step. The 
third step is composed of at least two cut-
ting-edge membrane adsorbers that clear 
the remaining contaminants. 

For a downstream process to be effi-
cient without any capture step, it was 
critical to optimize the purpose and dis-
tribute the clearance contribution of each 
step. Chelating agents used in this pro-
cess are cheap, efficient technology, and 
they are well-known because they are 
routinely used in the flood, blood, and 
plasma industries. Chelating agents now 
provide all the requirements needed to 
be used in GMP conditions. The ultrafil-
tration step, usually time-consuming and 
relegated to the end of mAb processes, 
gain a pivotal role here, which combines 
washing and exchanging purposes in 
a fully continuous mode. Based on the 
work over the past decade on the use 
of membrane technologies in DSP (2), 
the polishing step here leverages a new 
concept linking two membrane adsorb-
ers—orthogonal in terms of mechanism 
of action—as a sole integrated step. 

Compared to a standard mAb pro-
cess, this innovative process architec-
ture shows advantages (Figure 1). 
Fully continuous, it minimizes the 
overall process duration. It also ensures 
a closed processing, which secures 
product stability and microbiological 
risk, thus removing the need of inter-
mediates storage and frequent 0.2-µm 
filtration. EASY simplifies the pro-
cess by promoting a plug-and-play 
approach (3): all the technologies rely 
on disposable and ready-to-use filters; 
the number of process buffers and 
intermediate adjustments is drastically 
reduced; and there is no investment in 
expensive columns. Finally, the three 
purification steps work in flowthrough 
mode, so it focuses on contaminants 
and not specifically on the product 
molecule. Therefore, this process is less 
dependent on the modality and could 
fit a broad range of biologics.

Downstream Processing
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SIMULATION WITH 
YPSO-PROXIMA
All these changes result in a signifi-
cant decrease in the process COGs. To 
illustrate this, a simulation has been 
performed with Ypso-Proxima soft-
ware. EASY is matched against a stan-
dard mAb DSP to calculate the cost of 
each process when applied to a cam-
paign of GMP batches. The process 
steps included in the scope of the sim-
ulation are all those that differ between 
the two process architectures (i.e., all 
those between bulk harvest clarifica-
tion and viral filtration). 

Several hypotheses have been 
chosen to perform this simulation 
(Table I). The clinical manufacturing 
campaign is composed of a variable 
number of equivalent batches. The 
scale of these batches is the same for 
both processes (i.e., 1000 L bioreactors 
producing 4 kg of product to purify). 
It is also assumed that the same direct 
labor force is needed to pilot and oper-

ate both processes. All the indicated val-
ues of prices are based on materials and 
consumables commonly used in Sanofi. 

Some relevant information can 
help better understand the hypoth-
eses related to EASY process steps. 
Chelating filters are used as single-use 
filters, continuously loaded up to 800 
grams per liter of media and directly 
discarded at the end of each batch. 
In-line diafiltration and concentra-
tion cassettes are also loaded once, but 
a clean-in-place (CIP) operation is 
performed at the end of the batch to 
reuse the cassettes for up to five con-
secutive batches. The polishing mem-
branes are two single-use capsules 
of 800 mL each and of orthogonal 
ligand chemistries. The high flowrates 
that can be achieved on these tech-
nologies favor a sub-division of the 
loading into dozens of small cycles 
separated by a regeneration sequence, 
which clears the contaminants stacked 
onto the membranes after each cycle. 

Overall, all the steps run simultane-
ously and continuously for eight hours. 
Flowrates are adapted based on the 
volume of the devices used. 

The three resins used in the stan-
dard process all share the advantage 
of being reusable for up to 200 cycles, 
which corresponds to a lifetime of 
more than 30 batches. However, rela-
tively large volumes of resins must be 
packed in order to limit the total dura-
tion of the chromatography steps to 24 
hours. A volume of 20 liters per resin 
was chosen, which is typical for man-
ufacturing batches performed at this 
scale. In addition, the amount allocated 
to common process consumables, such 
as sterilizing filters, single-use storage 
bags, and transfer lines, is significantly 
reduced in EASY.  

All these data and hypotheses were 
filled in Ypso-Proxima software, and a 
cost-per-kg of product was calculated 
for a varying number of batches in the 
campaign and for each process.

Downstream Processing

Figure 1. Process flow diagram: standard monoclonal antibody (mAb) vs. EASY purification process. DSP is downstream 
processing. VF is viral filtration. UF/DF is ultrafiltration/diafiltration. 
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For a s ingle-batch campaign, 
COGs for EASY are estimated to 
be $24,000 (EUR 19,800) per kg of 
processed product, almost entirely 
imputed to the cost of the consum-

ables (Figure 2). This cost represents 
an 86% cut when matched against the 
standard process. This significant gap 
decreases with an increasing number 
of batches (Figure 3) because the 

investment made on the new set of 
resins eventually pays off with the 
resin reusability. EASY cost is almost 
constant when iterating the number 
of batches and remains cost-effective 

Downstream Processing

Category Parameter EASY
purification process

Standard mAb
purification process

Batch scale

Bioreactor volume (L) 1000

Bulk harvest titer (g/L) 4

Product to purify (kg) 4

Step #1

Type Chelating agents Protein A

Support Single-use filter Resin

Volume (L) 5 20

Cost ($/L) (EUR/L) 2600 (2100) 18,000 (15,000)

Loading capacity for each cycle (g/L) 800 35

Number of cycle per batch 1 6

Lifetime (max. number of batch) 1 33

CIP performed? No Yes

Step #2

Type In-line Diafiltration + In-line 
Concentration Mixed Mode

Support Cassettes Resin

Volume (L) 5 20

Cost ($/L) (EUR/L) 4860 (4000) 4860 (4000)

Loading capacity for each cycle (g/L) 800 50

Number of cycles per batch 1 4

Lifetime (max. number of batch) 5 50

CIP performed? Yes Yes

Step #3

Type Polishing (AEX/CEX/HIC) Anion Exchange

Support single-use membrance Resin

Volume (L) 1.6 20

Cost ($/L) (EUR/L) 9000 (7500) 2400 (2000)

Loading capacity for each cycle (g/L) 200 200

Number of cycle per batch 25 1

Lifetime (max. number of batch) 1 200

CIP performed? No Yes

Process consumables

0.45/0.2 μm filters–cost ($) (EUR) 1200 (1002) 2400 (2004)

Storage bags (process intermediates)–cost ($) (EUR) 5400 (4400) 19,000 (15,514)

Storage bags (buffers)–cost ($) (EUR) 11,000 (9285) 22,600 (18,570)

Misc. process lines–cost ($) (EUR) 3950 (3253) 7230 (5951)

Process solutions

Buffers–average cost ($/kg) (EUR/kg) 1.2 (1.0)

CIP–average cost ($/step) (EUR/step) 656 (540)

Effluents treatment–average cost ($/kg) (EUR/kg) 0.4 (0.3)

Direct labor
FTE 4

Cost ($/h) (EUR/h) 120 (100)

Operating time
Process duration (h) 8 24

Installation + cleaning duration (h) 4 6.75

Table I. List of hypotheses for the cost of goods calculation. CIP is clean in place. AEX is anion exchange. CEX is cation 
exchange. HIC is hydrophobic interaction chromatography. mAb is monoclonal antibody.
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for a 10-batch campaign, which is 
already relatively extended for an early 
clinical project.

CONCLUSION
EASY is a full flowthrough, continu-
ous process based on disposable ele-
ments, working without resins and 

Protein A. The process simplifies 
architecture and contaminant-focused 
steps to allow for a significant range 
of applications for biologics. Based on 
the promising results of the simulation 
work performed with Ypso-Proxima 
software, the application of this pro-
cess for large-scale clinical batches can 

considerably reduce the COGs related 
to the DSP part of the production. 
The purification is performed in a few 
hours and with small volumes of media, 
increasing the productivity. Moreover, 
the preparation and validation tasks are 
significantly simplified, allowing for 
fast turnaround between projects.
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Figure 2. Charts cost per kg for standard vs. EASY purification process, depending on the number of batches per campaign.
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The Importance of Process 
Intensification and PAT for Achieving 

Real-Time Release
Creativity and collaboration are required to overcome 

complex method development challenges.

KELVIN H. LEE AND MARK LIES

P rocess intensification is of broad interest in the 
biopharmaceutical industry because of its promise and 
potential to increase efficiency and thereby reduce the 

cost of producing drugs and the time it takes to get them to 
market. Workflows, capital and operating expenses, product 
quality, and waste production can all be positively impacted by 
the efficiency gains possible with process intensification. 

To develop intensified processes, analytical technologies are 
needed to assess how those processes are behaving in real-time, 
or close to real-time, to understand if the process is proceeding 
as intended and if the quality attributes of the product are within 
specifications. Those process analytical technologies (PAT) 
are a critical part of control strategies that ensure continuous 
operation within the design space.

While many analytical technologies may be classified as 
PAT, the goal of many manufacturers is to minimize the 
number of technologies that human operators must manipulate 
by automating sample collection, preparation, method 
implementation, and results analysis (inline or online), enabling 

automated and continuous process control—sometimes thought 
of as “lights out manufacturing.” The enabling real-time 
analytical solutions may be based on established and validated 
techniques, but with improvements in efficiency. 

Commercially available PAT solutions that will fuel the rise 
of intensified processing of therapeutic proteins are limited 
in number, however. Close collaboration between vendors, 
manufacturers, and health authorities will accelerate the 
development and implementation of real-time analytical systems 
with improved workflows needed to achieve the ultimate goal of 
real-time release of biopharmaceutical products.

The continuous manufacture of drug substances and drug 
products will ultimately be useful in the context of real-time 
release (RTR) (1). While some people believe RTR is a goal to 
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strive for, others believe it is a solvable 
problem with technology. The interest 
in RTR is driving the industry to think 
about process intensification in a more 
coordinated fashion, and there is a push 
in the industry to develop and coordinate 
the integration of analytical technologies 
that enable real-time process control and, 
ultimately, real-time release. 

The percentage of biopharmaceutical 
candidates receiving accelerated approval 
designations has grown dramatically 
(2,3). Development timelines for these 
accelerated programs can be half that for 
traditional programs. Given the reliability 
of platforms and the maturity of the 
industry’s understanding of quality, the 
most important business driver today is 
speed to market. One consequence of this 
emphasis on speed is increased demand for 
more efficient development and validation 
of faster analytical methods. Rapid inline 
or online methods that can provide results 
within seconds to minutes (versus hours, 
days, or weeks) are now a major focus of 
PAT and play a significant role in enabling 
process intensification and shortening 
development timeframes (4,5).

CURRENT PAT LIMITATIONS
It should be stressed that current 
biopharma manufacturing processes 
are generally robust. As the industry 
has matured, effective manufacturing 
platforms and analytical tools and 
technologies appropriate for fed-
batch manufacturing in stainless-
steel or single-use bioreactors have 
also advanced. Current analytical 
capabilities and approaches are, in fact, 
quite sophisticated.

There are some sensors currently used to 
monitor different parameters of cell-culture 
processes in near real-time, such as pH, 
turbidity, dissolved oxygen, carbon dioxide 
production, key metabolite production, cell 
viability, etc. While these data lead to a 
better understanding of such bioprocesses 
and ultimately better process control, 
improvements and additional capabilities 
are still needed to achieve true in-line/
on-line/at-line monitoring (6). 

More complex analyses, such as 
those required for protein and impurity 
identification and characterization, are 
conducted completely off-line. A sample 
is collected from the bioreactor and taken 
to a lab somewhere else in the facility 
(or off-site at another company location 
or third-party service provider) where it 
is often manipulated physically and/or 
chemically to prepare it for analysis. 

Analytical labs must have not only 
the capability (technical expertise and 
appropriate instruments and software), but 
the capacity (human, time, and equipment 
resources) to process these samples and 
conduct the various analyses. Results for 
chromatographic, electrophoretic, and 
enzyme-based analyses are generally 
provided within several hours. Cell-based 
assays take days or weeks to complete.  

Both sample and instrument 
challenges must be overcome if some 
of these off-line methods are to be 
converted to rapid, at-line solutions. 
Sampling technologies must ensure that 
sample collection does not introduce 
contaminants into the bioreactor. Sample 
preparation, including both chemical and 
physical treatments, must be simplified to 
the point where they can be automated. 

Analytical instrumentation should be 
miniaturized to be suitable for minimal 
footprint and perhaps designed for 
remote operation. Tradeoffs between 
sensitivity and resolution must also be 
addressed in this case. Algorithms 
must be developed for rapid analysis of 
the results and communication of any 
required actions to process controllers for 
adjustment of relevant process parameters. 
Standardized solutions for integration of 
PAT with process control equipment will 
therefore be needed.

Thus, for glycoform, host-cell 
protein and DNA, protein aggregation/
fragmentation, endotoxin, and many other 
analyses that rely on an array of off-line 
separation and detection technologies, 
there are multiple opportunities for 
improvement. The hope is that new PAT 
solutions can be developed by adapting 
and improving existing analytical platforms. 

Liquid/pressure-based chromatographic 
technologies may present the greatest 
potential (7). Electrophoretic technologies, 
which are the gold standard for purity, 
charge heterogeneity, and other analyses, 
present more challenges due to the need for 
sample preparation. Mass spectrometry is 
of particular interest due to its potential for 
multi-attribute monitoring.

IMPROVING WORKFLOWS
One of the keys to developing effective 
PAT solutions—and also improving off-
line and at-line methods as intermediate 
steps—is simplification. Advances in 
instrument performance are also essential, 
but as instrument vendors continue 
evolving their technologies, they should 
also be focused on simplifying and 
streamlining the user interfaces. The key is 
to create tools that do not require extensive 
expertise to operate. 

PAT solutions will need to be 
straightforward and ideally require 
only turnkey, push-button operations. 
This approach will reduce some of the 
current workforce development needs 
with respect to intensive training in 
instrument operation and sample 
preparation (e.g., for mass spectrometry 
glycan analysis), as well as requirements 
for dedicated laboratory capabilities. 

Standardization of interfaces between 
instruments and for data sharing 
will also be needed. There is currently 
significant momentum for consolidation 
of data formats of all types, including 
raw data from different instruments 
and physical interfaces between 
different pieces of equipment. Without 
such standardization, and appropriate 
ontologies, it will never be possible 
for the biopharma industry to realize 
Pharma 4.0, digital manufacturing, and 
the level of automation required to 
achieve real-time release.

TIMELINE TO  
REAL-TIME RELEASE
While the timeline for realizing RTR is 
difficult to predict due to the significant 
challenges that must be overcome, progress 
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is being made. PAT solutions based on 
existing technologies and instrumentation 
have been applied in an in-line manner by 
both biopharma companies and academic 
research groups. These approaches 
demonstrate that some of these challenges 
can be addressed if sufficient tools are 
combined in a single process. Aspects of 
automation, miniaturization, and multi-
attribute methods have also been explored. 

This collective work has begun 
to establish the feasibility of potential 
in-line processes. These crude solutions 
will clearly require optimization, but 
they do confirm the potential value of 
different strategies to solving some of 
the issues that must be resolved before 
more complex PAT systems can be 
implemented within current good 
manufacturing practice processes.

It is likely that initial model PAT 
solutions that provide rapid results 
in an on-line setting, integrated with 
process control capabilities for more 
complex analyses such as capillary 
electrophoresis, will be developed in 
the next five to 10 years. Additional 
solutions will quickly follow. 

DEVELOPING  
SHARED UNDERSTANDING
The biopharma ecosystem desires robust, 
easiest to use, sensitive technologies for 
monitoring processes and the quality of 
products. The faster these technologies 
can be realized, the more confidence 
the industry will have in the ability to 
achieve safe and efficacious medicines in 
dramatically reduced timelines.

There is a risk to the adoption and 
implementation of new technologies that 
might accelerate development timelines, 
however. Uncertainties exist regarding 
questions from health authorities on new 
analytical approaches. Just because a new 
technology is faster or cheaper does not 
mean it will make good business sense to 
implement the technology from a business 
perspective. Because the biopharma 
industry is risk-averse, and driven by speed, 
the incorporation of new technologies can 
lead to delays in approvals if there is not a 

shared understanding of the technologies 
with health authorities.

One way to help advance the 
understanding of new technologies 
is for instrument vendors to get their 
new technologies into the hands of 
the academic, industry, and regulatory 
science investigators to develop a shared 
understanding of the performance 
and capabilities of those technologies. 
Where possible, vendors should take 
advantage of recently introduced 
formal programs offered by regulatory 
agencies to discuss new technologies 
in development and what questions 
regulators might need answered to 
fully understand them (8). With this 
approach, all stakeholders can become 
more comfortable with adoption of 
new analytical methods, including 
novel PAT solutions, before they are 
implemented in processes. 

NEED FOR INCREASED SUPPLY 
CHAIN COMMUNICATION
More collaboration between biopharma 
companies and vendors early on in the 
development process would also be 
beneficial. In many cases today, drug 
manufacturers identify analytical gaps 
and work to develop potential solutions, 
then seek approval f rom health 
authorities and assistance from vendors 
later in the process. 

At the same time, regulatory 
scientists at agencies such as FDA 
have very sophisticated analytical 
capabilities and well-trained staff. 
Increased communication between 
biopharma manufacturers, their supply 
chain partners that provide key raw 
materials, instrument and software 
vendors, and health authorities 
can enable greater information and 
data sharing, which could facilitate 
the adoption and implementation 
of novel PAT solutions. Sharing of 
best practices and potential new 
analytical techniques at early stages of 
development can be very powerful.

All stakeholders in the industry are 
aligned on the end goal: bringing safe 

and effective medicines to market to 
advance people’s well-being and health. 
Each group has a unique perspective 
though. By creating additional avenues 
for dialogue and collaboration, more 
comprehensive discussions about 
new analytical technologies and their 
deployment can be driven. 

The emergence of industry-led 
consortia to support the development 
of manufacturing innovations for 
the biopharma industry provides a 
foundation for de-risking some of 
these activities. The National Institute 
for Innovation in Manufacturing 
Biopharmaceuticals (NIIMBL) brings 
together different stakeholders in the 
ecosystem (biopharma manufacturers, 
suppliers, academics, government 
agencies, and others). By providing 
a forum for discussions on strategy, 
and then executing manufacturing 
technology demonstration projects 
across the industry, this public-private 
partnership is advancing the development, 
implementation, and adoption of more 
efficient and rapid manufacturing 
capabilities, including PAT, while 
also working to ensure that a skilled 
workforce is available to help realize the 
vision of intensified processing and real-
time release of products (9).
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Using Protein Characterization to 
Support Regulatory Submissions

Clear understanding of what exactly the biomolecule entails is essential.

CYNTHIA CHALLENER

F unctional characterization of protein therapeutics is an 
expectation of regulatory agencies. The critical quality 
attributes (CQAs) that impact function and efficacy 

of the protein therapeutic should therefore be identified and 
characterized for a regulatory submission. Throughout the 
development process, notes Khanh Ngo Courtney, direc-
tor of biologics for Avomeen, bioanalytical testing must be 
dynamic and tailored to both the protein and the manufactur-
ing approach. “Given the speed of enzyme and protein therapy 
R&D, rapidly assessing biomolecule efficacy (or potency) and 
determining an accurate list of CQAs are key,” she states.

VARYING DATA REQUIREMENTS
Before any biologic drug enters into the clinic, it is essen-
tial to have a clear understanding of what exactly the bio-
molecule entails, according to Vu Truong, CEO of Aridis 
Pharmaceuticals. That includes both structural and physico-
chemical characteristics. 

General structural features that must be described for a 
protein therapeutic include the primary amino acid sequence, 
amino acid composition, and any available secondary and 
tertiary structures, Courtney notes. Peptide mapping can 

be used to determine the amino acid composition, protein 
sequence—including N- and C-termini status—post-trans-
lational modifications (PTMs), disulfide bridges, and sulf-
hydryl status, for instance, although additional methods 
are often needed to fully characterize all these structural 
elements, according to Andrew Hanneman, scientific advisor 
for biologics testing at Charles River Laboratories.

The molecular weight profile, isoform distribution pat-
terns, and molar absorptivity are other physicochemical 
properties that must be determined to support clinical stud-
ies and product release. 

The specific part of the biomolecule that mediates activity 
should be identified as well, adds Truong. Stability profile 
assays must also be conducted to demonstrate under what 
conditions that activity is preserved and lost due to fragmen-
tation/cleavage, unfolding, and in-vivo immune responses, he 
says. Information on impurities and the acceptable levels at 
which they do not adversely impact activity and safety must 
also be developed.

CYNTHIA A. CHALLENER, PhD, is a contributing editor to 
BioPharm International.
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It must be kept in mind, though, 
Courtney stresses, that structural 
and physicochemical properties vary 
depending on the CQAs for efficacy of 
each drug substance. For instance, if the 
drug requires higher-ordered structures, 
such as oligomerization or other pro-
tein binding partners, for activity, show-
ing evidence of quaternary structure 
might be expected. If certain PTMs are 
required for a protein to be internalized, 
such as glycosylation, then elucidation of 
the glycan structure important for such 
activity might be helpful in a filing. 

There may also be varied require-
ments for different regulatory author-
ities, observes Hanneman. “Although 
drug development processes and 
submissions are increasingly harmo-
nized among the major markets, there 
are some differences that need to be 
understood early in drug development. 
The characterization methods needed 
are developed and conducted or vali-
dated with knowledge of market-spe-
cific guidance and the expected level of 
oversight and data review,” he says.

MS GAINS IMPORTANCE
A wide variety of analytical methods are 
needed to fully characterize therapeutic 
proteins. “Physiochemical properties are 
investigated via structural characteriza-
tion and confirmation studies described 
in the International Council for 
Harmonization (ICH) Q6B Guidance 
(1) initiated in collaboration between 
FDA, the European Medicines Agency 
(EMA), and the Japan Pharmaceutical 
Manufacturers Association ( JPMA),” 
states Hanneman.

In addition to peptide mapping, 
electrophoresis, high-performance liq-
uid chromatography (HPLC), size-ex-
clusion chromatography, and various 
forms of spectroscopy (e.g., Fourier 
transform infrared) are widely used. 
“The more methods that are employed, 
especially if they are truly orthogonal, 
the greater confidence the drug devel-
oper and regulators have in the nature 
and quality of the protein therapeutic,” 

Truong says. He also notes that by per-
forming a very comprehensive set of 
analyses, companies set a standard that 
developers of biosimilars will have to 
meet, which raises the hurdles.

More recently, nucleic acid sequenc-
ing technologies, X-ray crystallography, 
cryomicroscopy, and mass spectrometry 
(MS) have attracted increasing atten-
tion. MS, says Hanneman, has proven 
highly flexible in biopharma applica-
tions because the soft ionization meth-
ods used to ionize large molecules 
provide a significant opportunity to 
manipulate large biomolecules like pro-
teins, leading to direct and unambigu-
ous readout of primary and, increasingly, 
higher order structural elements.

Protein MS, either intact or bot-
tom-up, is commonly used in the char-
acterization of protein therapeutics 
because it is a single method capable 
of characterizing many attributes at a 
time, according to Courtney. “Using 
high sensitivity instrumentation such 
as the Orbitrap, one can elucidate 
batch-to-batch primary sequence 
consistency, post-translational mod-
ifications, such as phosphorylation 
or glycosylation, and also damages to 
the protein upon stressed treatment, 
such as deamidation or oxidation,” she 
explains. A quadrupole time-of-flight 
(QTOF) MS system would be useful 
for verifying accurate intact mass of 
the biomolecule for use as an identity 
test, Courtney adds. 

Quantitative peptide mapping con-
ducted as a multi-attribute method 

(MAM), Hanneman agrees, holds sig-
nificant promise to displace a variety 
of redundant HPLC and/or electro-
phoretic methodologies to speed up 
protein drug development.

Bottom up mass spectrometry is not 
new, but different ways to use this pow-
erful tool are more frequently employed, 
Courtney says. 

“MS continues to see increased appli-
cations, with newer and streamlined 
approaches used to manipulate large 
gas-phase ions. MS offers the signifi-
cant advantage of precise mass measure-
ment (ppm mass accuracy) as its output,” 
Hanneman agrees. He points to ion 
mobility and charge detection MS as 
two innovative methods. 

ROOM FOR IMPROVEMENT
Some aspects of therapeutic protein 
characterization still create challenges 
today. Truong points to demonstra-
tion of glycoform consistency and 
how changes in glycoform profiles can 
impact safety, efficacy, and immunoge-
nicity as one area where improvements 
in speed and accuracy are needed.

Potency assays, such as an enzy-
matic activity assays and cell-based 
potency assays, also present difficulties, 
according to Courtney. She notes that 
both are necessary for characterization 
of potency and in-vitro cellular effi-
cacy, but cells are intrinsically tricky 

“reagents” and can be difficult to con-
trol and troubleshoot, while, enzymat-
ically, assays can be difficult to develop 
if the mechanism of the protein is not 
fully understood. 

“These issues lead to higher variability 
for enzymatic and cellular potency assays 
than chromatographic methodologies,” 
Courtney says. The challenge, she adds, 
is to design such methods so they are 
fit-for-purpose. “Often these assays are 
over-designed, resulting in added com-
plexity that leads to increased variability 
or being under-designed, and, thus, lack 
sufficient specificity. Achieving the right 
balance is challenging and the most diffi-
cult part of the process,” she explains.
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The time it takes to complete cell-
based assays is also an issue, according 
to Truong, but advances in nucleic-acid 
based methods (next-generation 
sequencing technologies) should ulti-
mately overcome this difficulty. Similarly, 
the need to demonstrate genetic (cell-
line) stability through numerous passages 
takes significant time.

MOLECULAR ANALYTICS
Advances in analytical technologies 
are helping to increase the under-
standing of protein structure and 
function at the molecular level, pro-
viding greater insight into how pro-
teins actually bind to targets and their 
detailed modes of action. “Elucidating 
structural and physicochemical prop-
erties of proteins and relating them to 
biologic activity is increasingly pos-
sible and at an ever-increasing pace,” 
Truong asserts.

Courtney refers again to MS as 
a powerful tool not only for under-
standing the molecular characteris-
tics of proteins, but also as a read-out 
method for bioactivity and cellu-
lar potency. “If a protein therapeu-
tic can elicit a cellular response, then 
perhaps a representative biomarker 
resulting from that response could be 
monitored by MS using selective ion 
monitoring or multiple-reaction mon-
itoring,” she observes. 

Significant effort has also been 
underway to use “native mass spec-
trometry” for direct MS measure-
ment of proteins in their native 
conformation, including complexes 
of increasingly higher molecular 
weight. Improved separation modes 

allow for direct analysis of native pro-
teins, including charge variant species, 
according to Hanneman.

There are hurdles to using MS for 
potency and routine testing, however, 
including the need for specialized 
equipment and personnel not usually 
found in a quality control (QC) labo-
ratory. “I look forward to seeing how 
mass spectrometers can be simplified 
as bench-top instruments that aren’t so 
intimidating for routine use and could 
be run by non-specialized personnel,” 
Courtney comments. 

Hanneman notes that instrument 
companies and software develop-
ers continue to work closely to pro-
vide advanced “push-button” MS data 
applications under Code of Federal 
Regulations Title 21 Part 11 (21 CFR 
Part 11) (2)-compliant electronic data 
platforms for routine use in QC labs. 
For instance, MS tool kits include 
improved workflows and streamlined 
data analysis approaches for profiling 
and quantifying impurities, including 
host-cell proteins (HCP) and other 
process impurities, which will continue 
to grow in their implementation.   

New formats and improved tech-
niques for conducting in-vitro bioas-
says are also evolving, including new 
labeling and imaging approaches, 
such as innovative time-resolved flu-
orescence methods and reagents, 
Hanneman observes. “These tools for 
measuring target binding typically 
offer increased signal-to-noise ratio 
resulting in higher sensitivity and 
greater confidence in demonstrating 
specificity,” he says.   

New and improved methodologies 
for aggregate and particle separation, 
including field flow f ractionation 
(FFF), as well as instruments providing 
high-definition particle imaging and 
detection will see increased applica-
tion, according to Hanneman. These 
new tools and approaches for detect-
ing and measuring sub-visible particles 
and determining the size of protein 
aggregates (as well as viral particles) 

are undergoing innovation and devel-
opments to improve rate of throughput.  

NECESSARY TECHNIQUES
Regardless of what characterization 
methods are selected, they are tar-
geted and tuned toward uncovering 
and reliably measuring drug product 
CQAs because they ultimately impact 
protein bioactivity in vivo and safety, 
including potential immune reactions. 
The methods chosen, therefore, should 
provide overlapping and correlative 
information without “knowledge gaps”, 
Hanneman asserts.  

“Comprehensive protein structure 
determination ranging from primary 
to tertiary/quaternary elements cur-
rently requires a wide variety of com-
plementary techniques (some truly 
‘orthogonal’), and each may fill a dif-
ferent piece of an overall large puzzle. 
The overlapping data sets then need to 
be synthesized into an overall descrip-
tion, which can be a complex process 
for large, heterogeneous, or multimeric 
protein drugs,” says Hanneman. 

Truly comprehensive structural 
determination remains an elusive goal, 
however, according to Hanneman, due 
to protein higher order conformation 
as well as proteoform heterogeneity 
within a given sample. “[On a posi-
tive note], the development of com-
putational bioinformatics tools and 
shared database resources go a long 
way toward simplifying the processing, 
visualization, and sharing of large pro-
tein characterization and comparability 
data sets among collaborating stake-
holders,” he observes.    

CONSIDER THE INTENDED USE
The advantages and disadvantages of 
various methods and approaches should, 
in addition, be weighed in terms of the 

“intended use” of each analytical method 
and whether each method needs to 
be validated, according to Hanneman. 

“Information-rich characterization meth-
ods need to be developed and applied as 
early as possible in a drug development 
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program and used to direct best use of 
effort, then continually refined (or re-de-
fined) all the way through to drug com-
mercialization,” he says.

Furthermore, with cell and gene 
therapy programs gaining ground in 
the biologic marketplace, Hanneman 
believes the intended use and imple-
mentation of protein characteriza-
tion methods will see changes and 
refinements in response to the need to 
detect the presence of genetic mate-

rial and potentially characterize oli-
gonucleotides as well as to analyze 
increasingly smaller sample aliquots 
produced using new and varied manu-
facturing processes.

RIGHT TALENT, 
BEST PRACTICES
Underlying the need to select the right 
set of methods for each given protein 
therapeutic is the critical importance 
of having the right talent working on a 
project. “People with the right skillsets 
and experience are needed to design 
studies that can overcome the various 
analytical challenges faced with respect 
to protein characterization,” Courtney 
states. “The right team,” she says, “will 
include someone with a fundamental 
understanding of protein biochemistry, 
enzyme kinetics, and/or cell biology to 
enable development of the right model 
system and a person who is QC-centric 
to help edit the method to ensure that 
it is fit-for-purpose.”

The team should also leverage best 
practices and, wherever possible, a set 
of analytical methods that have been 
successfully demonstrated in prior fil-
ings, according to Truong. “Evaluation 
of optimal sets of assays used in past 
applications can be very informative 
when selecting assays for a new protein 
candidate that will afford the best speci-
ficity and speed,” he says. 

Going forward, adds Hanneman, 
cloud-based computing and “paperless” 
corporate infrastructure will greatly 
improve drug development timelines 
by supporting faster clearer data shar-
ing. “These developments take signif-
icant time and resources to implement 
but once in place are highly advanta-
geous,” he says.
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Accelerating Technology Adoption  
to Track the Cold Chain
Packaging and transporting large quantities of  

COVID-19 vaccines pose challenges for the cold chain.

JENNIFER MARKARIAN 

T he biopharmaceutical industry is very familiar with cold-
chain distribution and has established supply chains for 
maintaining biologic drugs at the necessary temperature, 

including the refrigerated temperatures (at 2–8 °C) needed for 
many vaccines, down to standard freezer temperatures (-20 °C), 
deep-freeze using dry ice (-70 °C), and even cryogenic tem-
peratures (-150 to -273 °C). Carefully designed and validated 
packaging, storage, and transportation systems, with sensors 
measuring temperature excursions, are all available. Distributing 
authorized COVID-19 vaccines urgently and at large scale, 
however, is a new challenge, which is being met in part by accel-
erating adoption of technologies such as GPS-enabled tracking 
and supply-chain visibility systems. 

VACCINE COLD-CHAIN REQUIREMENTS
At time of publication, Pfizer and BioNTech had received FDA 
Emergency Use Authorization (EUA), authorization from the 
United Kingdom’s Medicines and Healthcare Products Regulatory 
Agency (MHRA), and authorization from Health Canada for 
their mRNA-based COVID-19 vaccine and had submitted appli-
cations to the European Medicines Agency and other regulatory 

bodies; the vaccine was on its way to distribution sites. Moderna 
also received an FDA EUA for its vaccine in December 2020 and 
began US distribution, and the company’s applications were being 
reviewed by other regulatory bodies. AstraZeneca was preparing 
regulatory submissions for its vaccine candidate, AZD1222. These 
three vaccines have different cold-chain requirements. 

Pfizer and BioNTech said that they would ship the frozen 
vaccine, BNT162b2, directly to the point of vaccination using a 
just-in-time distribution network by air and ground transporta-
tion to get shipments from the manufacturing site to the point 
of use (POU) in one or two days (1). The vaccine will be shipped 
in temperature-controlled shippers using dry ice to maintain a 
temperature of -70 °C ± 10 °C for up to 10 days. The companies 
said that vaccine administration sites could store the vaccines in 
ultra-low temperature commercial freezers for six months, refill 
the shipping containers with dry ice to use them as temporary 
storage units for 15 days, or store the vaccine at 2–8 °C in a 
refrigerator for five days. GPS-enabled sensors on the shipping 
containers will track location and temperature so that Pfizer can 
proactively identify and prevent potential problems, such as tem-
perature excursions. Pfizer reported that it ran pilot shipments 
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to help refine the delivery plan (2). Test 
packages were shipped to Rhode Island, 
Texas, New Mexico, and Tennessee; the 
four states were chosen to demonstrate 
a range of immunization infrastructures 
that could reach individuals in urban and 
rural settings.

Moderna said its vaccine, mRNA-
1273, should be maintained at -20 °C, 
which is a standard temperature for 
home or medical freezers, for up to six 
months (3). The company reported that 
mRNA-1273 will remain stable at stan-
dard refrigerated conditions (2–8 °C) 
for up to 30 days within the six-month 
shelf life.

AstraZeneca anticipates its adeno-
virus-based vaccine will be transported 
and stored at 2–8 °C (4). Vaccines with 
less stringent temperature requirements 
would be easier to distribute globally. 
AstraZeneca and Moderna’s vaccines 
could use existing vaccine distribution 
infrastructure. Yet, although Pfizer’s vac-
cine requires deep-freeze temperatures, 
the company expressed confidence that 
its distribution systems were ready to go. 

CONTAINER TECHNOLOGY
In addition to Pfizer’s purpose-built con-
tainer for its own vaccines, suppliers of 

commercial cold-chain containers have 
modified their systems to address the 
needs of COVID-19 vaccines. 

Pelican BioThermal, for example, 
introduced a new -35 °C version of its 
Crēdo Cube container that uses a new 
type of phase change material (PCM). 
“PCM is easier to work with than dry 
ice, and we offer PCM coolants that 
can achieve -50 to -20 °C,” says Adam 
Tetz, director of worldwide marketing 
at Pelican BioThermal. The company 
also created a pallet-accepting shipper, 
the Crēdo Cargo, for dry ice. “Dry ice 
is the only material that can be used to 
achieve -80 °C. We had to separate the 
dry ice from the payload itself [using 
a physical spacer system] to avoid a 
cold shock that happens when dry ice 
contacts the payload or payload box,” 
explains Tetz. 

DISTRIBUTION CHALLENGES
The sheer scale of vaccinating the world 
is certainly a challenge. Availability of 
equipment (e.g., freezers) and materi-
als (e.g., dry ice) is also a concern, but 
manufacturers are working to increase 
production capacity. Air transportation 
is another potential challenge, especially 
for vaccines that require deep-frozen 

temperatures during shipping, due to 
limitations on the amount of dry ice 
(which sublimates into carbon dioxide) 
that can be transported on a passenger 
airplane. Airlines are stepping up, how-
ever, to run chartered cargo flights, with 
aviation authority permission. 

For all types of vaccines, although 
technology and equipment are 
prepared to maintain the cold 
chain, human error remains a risk. 

“Temperature-controlled packaging is 
good at eliminating temperature excur-
sions, and our shippers are nearly error 
proof to condition and assemble,” says 
Tetz. “The most important practice is 
to design the cold chain—from pack-
aging through the shipping lane—to 
keep the ambient temperature correct. 
This [design] includes standard oper-
ating procedures to ensure people take 
seriously how they handle the payload 
during shipment. Human error may 
cause a shipment to sit on an airport 
tarmac for too long, to spend too much 
time in a warehouse without tempera-
ture control, [or] to be opened and not 
properly closed at customs.” 

“A vaccine shipment using dry ice 
needs to be completed within two days, 
putting added pressure on the supply 
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Companies typically use laboratory tests that simulate 
shipping conditions along with real-world pilot tests, with 
data collected by data loggers, to validate shipping pro-
tocols. In addition, simulation software uses artificial in-
telligence techniques to look for potential problems and 
optimize routes. 
“Data loggers can be used reactively to understand if 

specific [shipping] lanes require additional insulation, 
different packaging, or a different courier partner,” says 
Adam Tetz, director of worldwide marketing at Pelican 
BioThermal. He explains that when Pelican BioThermal sets 
up a new customer, virtual tests are run using modeling of 
shipping lanes, and then real-world pilot tests are run to 
confirm assumptions made in the model. “This information 
is important to have before beginning a program that may 
ship thousands of valuable pharmaceutical parcels each 
month over the course of years,” says Tetz.

Modality Solutions’ transport simulation platform 
simultaneously tests the worst-case scenarios for the 

five key distribution hazards: temperature, vibration, 
shock events, pressure, and humidity, says Gary 
Hutchinson, president at Modality. He says that pilot 
shipping studies are unlikely to reach one worst-case 
scenario at any time during a shipment and have nearly 
no chance of experiencing all five worst-case risks 
simultaneously, and he suggests that testing vaccine 
quality and viability under worst-case scenarios using 
simulation is key. Hutchinson notes, however, that 
actual pilot shipping tests can be used to confirm or 
verify that the packaging and the multiple operators 
needed to deliver the vaccine have been appropriately 
trained, and that all the necessary monitoring and 
controls are in place for delivery. 

Historical data from actual shipments are also useful 
when analyzing routes; collecting data at different times 
throughout the year allows a range of environmental 
factors can be taken into account, adds Nico Ros, CTO 
and cofounder at SkyCell.  

Validating shipping protocols
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chain,” adds Scott Hurley, vice-presi-
dent of product marketing at Roambee. 

“Getting still-effective COVID-19 
vaccine shipments into hard-to-reach 
parts of the world, such as small towns 
outside of large cities in less-devel-
oped countries, will be a real challenge. 
Without real-time monitoring, it will 
be all but impossible.” 

Real-time monitoring using GPS-
enabled and cloud-connected sensors 
is available, and while uptake of the 
technology throughout the pharma-
ceutical industry had been limited, pri-
marily due to cost, the urgent need for 
real-time data for managing vaccine 
distribution is accelerating adoption.

SENSOR TECHNOLOGY
Data loggers, which are passive sensors 
placed on packages, are widely used 
today by the pharmaceutical industry 
to indicate whether a container has 
experienced a temperature excursion. 
In addition, tracking technologies 
such as barcode scanning and radio 
frequency identification (RFID) tags 
can be used to track location at the 
time the tag is scanned. Active sen-
sors with GPS connection, however, 
go one step further to provide real-
time location and temperature data 
that can be analyzed to predict when 
a deviation might occur so that action 
can be taken to prevent product loss. 
These Internet of Things (IoT) sensors 
have in the past been costly and, so far, 
have been used more for personalized 
therapies and for track-and-trace capa-
bilities. The challenges of COVID-19 
vaccine distribution, however, are driv-
ing accelerated use of real-time moni-
toring, to prevent loss of any doses.

“With COVID-19 and the sup-
ply chain complexities it introduces 
(including multiple hand-offs and 
transporters), many pharmaceutical 
companies are understanding that it 
is more important to track and moni-
tor at the package-level in real-time as 
they can’t assume the carrier tempera-
ture actually translates to the package 

temperature,” says Hurley. “Embedded 
IoT sensor devices with the necessary 
global telecom availability can capture 
and communicate location and con-
dition of shipments at a granular level 
along every segment of an end-to-end 
journey, without the need for human 
intervention … to validate chain of 
custody, chain of condition, and chain 
of identity; all are critical to successful 
COVID-19 vaccine distribution.”

He notes that the cost of IoT sensors, 
which has been a barrier to wider use, 
is coming down, and that new com-
munication technologies are reducing 
the power-consumption needs for IoT-
sensor devices, which allows the devices 
to have a longer shelf life of over a year. 
Unlike data loggers that are typically 
designed for one-time use, Roambee’s 
sensor devices are designed for multiple 
uses, explains Hurley. The company has 
a fully managed service to handle the 
logistics of returning the sensor devices 
for charging and re-use. 

SkyCell’s temperature-controlled air 
freight containers have embedded IoT 
communication systems using sensors 
that connect to SkyCell’s cloud-based 
software. “Wireless GPS tracking offers 
the best way to track the temperature 
and condition of vaccines in transit. The 
near real-time data means that prob-
lems can be mitigated en route rather 
than dealt with upon arrival,” says Nico 
Ros, CTO and cofounder at SkyCell. 
He notes that wireless tracking devices 
are restricted on flights, and so devices 
must be approved for specific aircraft. 

CSafe Global has been implement-
ing track-and-trace technology on its air 
cargo temperature-controlled containers 
for the past two years, and in July 2020 
added a custom digital visibility platform 
from Cloudleaf to support digital track-
ing at the container level for parcel and 
cell and gene therapy handling (5). The 
system tracks data including location, 
temperature, humidity, pressure, shock, 
tilt, and door-open events. In September 
2020, CSafe Global reported that it had 
completed pilot shipments that validated 

that the real-time sensor readings and 
alerts matched the validated data logged 
at the container (6), and the system was 
officially launched in December 2020 for 
its air cargo containers. 

“The system is hardware-agnostic. 
Any IoT sensor can be used,” says 
Mahesh Veerina, CEO of Cloudleaf. 
“Contextual data, including shipment 
details and customer business signals, 
are incorporated into the platform. 
The entire path is monitored automat-
ically and tightly controlled; warnings 
are sent if anything begins to go out-
side of what is expected so that some-
one can intervene.”   

Veerina says that Cloudleaf ’s visi-
bility platform goes f rom shipping 
through to the vaccine administration 
point, which involves storage, thawing, 
administration, and disposal. Current 
technology tracks individual vials using 
QR codes that are manually scanned, 
and an emerging technology being 
tested uses inexpensive IoT sensors on 
vials to further automate this step.  

He says that the industry is moving 
quickly to implement the infrastructure 
for real-time visibility. “Before the pan-
demic, companies were using passive data 
loggers and manual processes primarily 
to achieve FDA compliance. Now, con-
tinuous monitoring of what is happening 
at the container level is crucial, because 
losses can’t be afforded,” says Veerina. 
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Can Cell and Gene Therapies  
Achieve Their Full Potential?

Advances in development, data management, and automation 
are pushing more therapies closer to commercialization.

AGNES SHANLEY

C ell and gene therapies (C&GTs) have made huge 
advances in a few short decades. By February 
2020, five therapies were on the market and FDA 

had approved nine more, while 362 treatments were in 
the US pipeline, up 25% from the previous year, accord-
ing to the Pharmaceutical Research and Manufacturers 
of America’s latest survey (1). In September 2020, the 
first patient was dosed with autologous chimeric anti-
gen receptor (CAR-T) lymphoma treatment using an 
automated closed system. “Despite complex and mainly 
manual processes, we can produce these therapies. Now we 
must work on making processes reproducible,” says Joerg 
Ahlgrimm, president and chief operating officer at The 
Discovery Labs, who was previously head of global C&GT 
operations at Lonza Pharma & Biotech. Significant prog-
ress has already been made, he notes. “The fact that we 
can routinely upscale a viral vector to 200–500 L standard 
represents a huge accomplishment. Years ago, we could not 
even have imagined reaching this point. And now, we are 
approaching 2000-L batch sizes,” he adds. The Discovery 
Labs is building a Center for Breakthrough Medicines to 

accommodate 80 to 120 C&GT customer development 
programs at any point in time. For now, the goals are clear, 
Ahlgrimm says: stable cell lines, better scalability, smaller 
footprints, and better automation. He sees autologous ther-
apies dominating with adeno-associated virus (AAV) and 
lentivirus vectors the dominant vehicles for manufacturing. 

Both autologous and allogeneic therapies face steep 
hurdles to commercialization. Where allogeneic therapies 
are a bit more similar to traditional biopharmaceuticals, 
autologous therapies change the manufacturing paradigm 
completely, adding the extra steps of cell collection from 
patients and transport to and from patients to manufac-
turing, necessitating a just-in-time approach that is new to 
the industry. “On the autologous side, most processes are 
still extremely manual, and they are still coming into the 
manufacturing space as laboratory type setups, so they’re 
really going fresh from the bench to the GMP suite,” says 
Ahlgrimm, who sees the solution in closed equipment sys-
tems that remove human beings from the process as much 
as possible. Additional challenges include the need to coor-
dinate manufacturing activities to optimize scheduling, and 
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the flexibility to accommodate changes 
in protocols that can be expected in 
brand-new manufacturing processes. 
The manufacturing setup for autolo-
gous therapies is different from any-
thing that has existed in the past, says 
Alberto Santagostino, senior vice presi-
dent and head of cell and gene therapy 
manufacturing at Lonza Pharma & 
Biotech, who spoke about these issues 
in a BioPharm International webcast 
(2). “It is important to integrate data 
management, chain of compliance, and 
chain of custody, by tracking every sin-
gle unit operation, every activity, every 
piece of equipment, and every operator 
back to every batch, and connecting 
that data to the external supply chain,” 
he said. The company has partnered 
with Vineti to integrate Lonza’s man-
ufacturing execution systems and elec-
tronic batch recordkeeping software 
with Vineti’s supply chain orchestra-
tion platform, using application pro-
gramming interfaces to feed chain of 
identity and chain of custody data to 
Lonza’s manufacturing floor. 

SUPPLY CHAIN ISSUES
From a supply-chain standpoint, autol-
ogous treatments pose inherent risk 
since both supply and distribution are 
traced to a single source. “Anything as 
simple as needing to change a time or 
day for cell collection when a patient 
is ill can interrupt cycle times and 
deliveries,” says Mark Sawicki, CEO 
of Cryoport Services, a logistics spe-
cialist that is working with Lonza and 
Vineti. However, allogeneic therapies 
pose problems of their own, particularly 
on the distribution side, notes Sawicki, 
including a host of shipping and dis-
tribution issues. An example would be 
performing a drug product label veri-
fication on a cryogenic product. “You 
can’t pull product out of a cryogenic 
shipping environment to verify the 
label,” he says, noting that most third-
party logistics providers do not currently 
have the ability to support these prod-
ucts to any scale. 

Automation and digitization will 
be key to improving autologous man-
ufacturing, reducing error and cost. 
On a fundamental level, Santogostino 
explained, they will ensure patient 
safety, but they also promise to reduce 
costs by eliminating the errors caused 
by manual processes. In September 
2020, the first patient was dosed with 
autologous CAR-T therapy using the 
Cocoon platform, a closed and auto-
mated system developed by Octane 
Biotech, which Lonza acquired an 
80% share of in 2018 and has helped 
develop. The device features a sin-
gle-use cassette, including process 
operations, media, and consumables. 
The work took place at the Sheba 
Medical Center in Israel, which 
boasts an experienced cell therapy 
team and had an ongoing CAR-T 
clinical trial underway, explains Matt 
Hewitt, head of R&D and Clinical 
Development at Lonza. Hewitt says 
similar projects are being considered 
in other parts of the world, includ-
ing the United States and European 
Union over the next 12 to 18 months. 
He sees the project proving that 
onsite, decentralized manufacturing at 
the point of care will be possible. 

The study also proved the technolo-
gy’s potential effectiveness in reducing 
the cost of goods required to man-
ufacture the therapies, Hewitt says, 
by addressing two main cost drivers: 
cleanroom space and skilled labor. “A 
traditional open manual process uses 
Class B cleanroom space, where the 
closed system with integrated cultur-
ing can run in Class C space. Even a 
back-of-the-napkin calculation sug-
gests a 40% reduction in costs,” he says. 
Lonza is also working on new features 
for Cocoon that would improve per-
formance, Hewitt says, including the 
addition of beads that would allow for 
magnetic separation as well as incor-
porating new sensors (e.g., for glu-
cose) and process analytical technology 
(PAT) systems that would enable set-
point-based control.

More “forward facing” approaches 
to process development and scale-up, 
with Phase III and commercial stages 
firmly in sight, are also boosting man-
ufacturing improvements, says Thomas 
VanCott, PhD, global head of Product 
Development at Catalent Cell & 
Gene Therapy. For example, he says, 
pre-process performance qualification 
activities (e.g., designing target prod-
uct profiles, identifying critical quality 
attributes [CQAs] and critical process 
parameters [CPPs], and considering 
optimal scale-down models) are being 
done earlier in the cycle.

Before any process-development 
effort begins, or any external cus-
tomer process is transferred to the 
company, initial gap analyses and risk 
assessments are done for both the pro-
cess and raw materials to determine 
whether the process can be scaled to 
meet the product’s long-term clinical 
production needs, VanCott says. 

Analytical needs must also be 
determined, to assess whether the 
desired quality attributes are being 
achieved and in evaluating any crit-
ical raw materials. Quality problems 
can stem from manufacturing, when 
parts of the AAV’s native genetic 
material are removed and replaced 
by a transgene, the therapeutic gene 
and genetic elements that support the 
gene’s activity and expression, explains 
Stephen Gacheru, vice-president at 
PPD Laboratories GMP Lab. For 
recombinant AAV (rAAV ) vectors, 
good quality equates with having 
a high level of capsids that contain 
the full transgene, Gacheru explains. 
Empty and partial capsids are con-
sidered product-related impurities, 
which can impact product efficacy 
and safety, posing risks of increased 
immunogenicity to the therapeutic 
vector and related immune responses, 
he says. At Catalent, assessing the 
analytical requirements for rAVVs at 
the earliest developmental stages has 
led to significant improvements, says 
VanCott, allowing quality deviations 
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to be found before scale-up, reducing 
the risk of cost overruns.

In addition, there is an empha-
sis on scaling out, rather than sim-
ply scaling up, VanCott explains, and 
this is true for both suspension and 
adherent viral vector manufacturing 
processes, as well as autologous cell 
therapy production. There may be an 
evolution in approaches to scaling up 
allogeneic therapies, he says. Currently, 
larger scaleup has been precluded by 
the absence of stable producer cell lines 
and transient transfection processes in 
viral vector manufacturing. “For gene 
therapies, scaling out and combining 
multiple upstream runs into down-
stream processes has been more com-
mon,” notes VanCott.

For the viral vectors used to make 
gene therapies, use of perfusion, seed-
ing, and intensification has been less 
critical than it is for some traditional 
biologics because of unique processes 
associated with the transient trans-
fection process used to produce viral 
vectors, VanCott says. However, per-
fusion is an advantage for other viral 
vectors such as the baculovirus/Sf9 
platform, he says. 

In addition, lyophilization strategies 
are being explored because liquid for-
mulations require storage below -20 °C, 
posing challenges for formulation and 
vial composition. Formulation research 
projects are underway to address these 
challenges, VanCott says. Stable pro-
ducer cell lines for AAV production will 
be key to reducing costs and improving 
scale-up (e.g., by obviating the need for 
clinical-grade plasmid DNA for tran-
sient transfection processes), he says. 

New equipment designs are helping 
to advance scale-up goals. For exam-
ple, Univercells Technology recently 
commercialized a platform (NevoLine) 
that enables viral manufacturers to 
chain, integrate, and intensify processes, 
explains Mohammed Elfar, product 
innovation manager at the company, 
while the company’s fixed-bed bioreac-
tors (Scale-X) have been improved to 

enable linear scalability from the bench 
to the plant. Similarly, Pall Corp.’s 
fixed-bed bioreactors (iCELLis) have 
been optimized to improve scale-up 
from the bench to the production floor. 
Further upstream, the company’s nano 
bioreactor (iCELLis Nano) has been 
designed to optimize benchtop-scale 
(i.e., 0.53 m2–4 m2) work and trans-
fer to the large-scale manufacturing 
bioreactor (iCELLis 500). Using the 
larger bioreactor, customers can scale 
their production from 66 m2 to 500 
m2 within the same footprint, allowing 
more manufacturing flexibility with the 
ability to accommodate various mole-
cules with different scales of demand, 
says Rachel Legmann, director of tech-
nical consultancy for gene therapy and 
viral vectors at Pall. 

At Cytiva, equipment lines used for 
traditional biopharmaceutical man-
ufacturing are also being optimized 
for use with cell and gene therapies in 
single-use process equipment but also 
in areas such as harvest clarification, 
affinity resins for viral vectors, and low 
shear pumps, says Joe Makowiecki, 
director of business development for 
FlexFactory and KuBio products.  

STANDARDS SETTING
Industry standards promise to clarify 
best practices and requirements, and 
help move more cell and gene ther-
apies to market. The International 
Standards Organization’s (ISO’s) 
Standard 21973 (3) outlines best prac-
tices for manufacturing and distribu-
tion, Sawicki told webcast attendees 
(2). Most notable have been its provi-
sions for full traceability and the man-
agement of equipment used to ship the 
therapies, he said. “This equipment 
gets reused, so requalification processes 
are crucial to preventing product fail-
ures from occurring,” he told webcast 
attendees. Sawicki expects future work 
to focus on cleaning recommendations 
to reduce risk of cross contamination. 
One area that regulators may need to 
address is establishing universal con-

ventions around label templates, said 
Vineti CEO Amy DuRoss. “Different 
labeling conventions in different mar-
kets introduce unnecessary risk,” she 
said on the BioPharm International 
webcast (2), noting a need to move to 
on-demand printing capability.

QUALITY TESTING
There will also be a need to optimize 
analytical testing to ensure quality 
control with cell and gene therapies. 
In January 2020, FDA released pre-
liminary guidance clarifying some 
aspects of this problem. Various ana-
lytical methods have been developed 
to determine an rAAV product ’s 
composition of full vs. empty/partial 
capsids, says Gacheru, including ana-
lytical ultracentrifuge, transmission 
electron microscopy, spectroscopy 
(A280/260 ratio), anion-exchange 
high-performance liquid chromatog-
raphy, size-exclusion chromatography 
with multi-angle light scattering, and 
capillary isoelectric focusing assays. 
Efforts are underway to make these 
methods faster and easier to use for 
release testing, says Gacheru.

New technologies promise to bring 
additional improvements to innova-
tive therapy development and man-
ufacturing. The new industry faces 
many questions. Will production move 
entirely to healthcare centers or points 
of treatment in the future? DuRoss 
doesn’t expect that shift to be possible 
for at least another 15 to 20 years. As 
the market grows, every new C&GT 
submission and product in develop-
ment will educate the industry and 
regulators, Ahlgrimm says. 
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W hen scaling up biolog-
ics production, many 
organizations decide to 

outsource the production of bulk 
liquids and dehydrated cell culture 
media to a third-party provider. 
There are numerous advantages to 
outsourcing, including improved 
productivity and operational effi-
ciency, reduced risk, and increased 
access to capacity, expertise, and 
facilities not available in-house or 
at your primary contract manufac-
turing organization (CMO). 

While the advantages of outsourc-
ing are clear, choosing the right sup-
plier for your organization can be a 
difficult and confusing process. Your 
unique media formulation requires 
a supplier that puts your needs first, 
collaborating with you and pro-
viding a consistent service to drive 
your innovations to market. This 
article will outline some key points 
to consider when selecting a media 
manufacturer—from raw materi-
als sourcing to intellectual property 
(IP) protection—and some of the 
questions you should ask early on to 

determine if your prospective supplier 
is the right fit for your organization.  

INTELLECTUAL  
PROPERTY PROTECTION
You’ve spent a long time working on 
your formulation and you deserve a 
supplier that provides you with the 
utmost confidentiality and protec-
tion of this IP. Your unique formula-
tion and any data relating to it must 
be held securely in closed systems 
regulated by strict quality assurance 
programs. To determine whether 
your IP is safe, discuss the firewalls 
and staff training programs in place 
to protect your data. Can they be 
audited? How do these measures 
protect against external threats? 
Choose a supplier that protects your IP.

QUALITY  
PROCEDURES AND 
MANAGEMENT SYSTEMS
ISO-certified facilities combined with 
robust and stringent quality manage-
ment systems (QMS) that cover all 
stages of the process are imperative. 
Some of the things you should be 

looking out for include the separation 
of animal origin (AO) and animal 
origin-free (AOF) components, uni-
directional flow of raw materials, per-
sonnel and products, and connected 
operating systems so any potential 
errors are flagged simultaneously 
across systems. Ask prospective sup-
pliers to talk you through their QMS 
and make sure they give you the con-
fidence that the formulation you will 
receive is exactly what you asked for, 
batch to batch and year to year. Choose 
a supplier that doesn’t tolerate mistakes.

RAW MATERIALS 
SOURCING AND 
CHARACTERIZATION
A supplier’s standards for raw 
materials sourcing and character-
ization should be as high as yours. 
Make sure you understand how 
raw materials are characterized and 
tested at their sites, and how the 
supplier determines whether they 
are fit for use. Importantly, con-
firm that you will be notified of 
any changes in product specifica-
tions. How often does the supplier 
complete audits on its raw materi-
als supply and how does it moni-
tor ongoing risk? If finished goods 
testing is a service that you require 
for your custom formulation, be 
sure to confirm the supplier can 
provide this. Choose a supplier that 
continuously monitors raw materials 
to deliver the same high quality, time 
and time again.

7 Key Considerations 
When Outsourcing  
the Manufacture of 
Your Proprietary  
Media Formulation
Chad Schwartz, PhD

Many organizations outsource their media 
manufacturing to a third-party provider when 
production-scale volumes are needed. How do 
you know if you’re choosing the right supplier? 

“A supplier’s 
standards for raw 
materials sourcing 
and characterization 
should be as high  
as yours.”
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LOGISTICS AND 
DISTRIBUTION NETWORKS 
One major challenge that bio-
pharmaceutical organizations 
face when preparing custom for-
mulations is the management 
of raw materials. A one-media-
fits-all approach no longer suf-
fices as our understanding of cell 
line requirements grows. This 
improved understanding has led 
to an increase in the complexity 
of formulations and the number 
of raw materials required to pro-
duce them. Modern cell culture 
media often contain 50–75 dif-
ferent components.1 Maintaining 
the supply of these raw materi-
als becomes increasingly com-
plicated as the number increases. 
The time and financial expense 
associated with ordering, procur-
ing, warehousing, and maintaining 
a safety stock strategy can make 
outsourcing the most economical 
and practical choice. When choos-
ing a supplier, make sure it has a 
robust finished goods distribu-
tion network and can commit to 
assurance of supply so that you can 
be confident that your order will 
arrive on time and in full. Choose 
a supplier you can trust to deliver on 
time, every time. 

SUPPLIER CAPACITY  
AND REDUNDANCY
Selecting a supplier with a global 
footprint and a robust equiva-
lency program is very important 
to maintain supply continuity. You 
should look for a supplier with 
the capacity to produce your for-
mulation in the volume and for-
mat you require. You should also 
understand how their capacity 
could be affected in crisis—be it 
natural disasters or global pan-
demics. Finding a supplier with 
redundancy in its key manufactur-

ing capabilities is “mission critical” 
and understanding the equivalency 
strategies in place is key to choos-
ing the right supplier. Choose a sup-
plier that prioritizes consistency. 

ONGOING RISK 
MITIGATION PROCEDURES
The bioprocessing world is not 
without risk, however, so it ’s 
important that you find a sup-
plier that does everything it can 
to reduce the impact of changes 
in supply or capacity when deliv-
ering your formulation. Make 
sure you’re comfortable with their 
emergency response, disaster 
recovery, and business recovery 
protocols. The importance of risk 
mitigation has been highlighted 
by the global COVID-19 pan-
demic, with the best suppliers 
responding promptly to change. 
Choose a supplier that can deliver 
on commitments.

SUPPLIER RELATIONSHIPS 
All of these considerations, how-
ever, fail without a collaborative 
supplier that keeps the customer 
at the heart of everything it does. 
Choosing a supplier with a cus-
tomer-centric approach is essen-
tial to help ensure your strategic, 

technical, and quality needs are 
met. Consider whether any of 
your colleagues/peers have worked 
with the supplier in the past; 
this is an excellent way to gauge 
reputation beforehand. How 
many team members would be 
assigned to your account? Is there 
an online account management 
portal that puts ordering, tracking 
and change notifications all in one 
place, simplifying your ordering 
experience? Your formulation is 
your top priority, and you should 
find a supplier that makes you feel 
that it is their top priority, too. 
Choose a supplier that collaborates 
with you to meet your needs. 

CHOOSE THE RIGHT 
SUPPLIER FOR YOUR 
ORGANIZATION
You should keep all of these 
things in mind when choosing 
to outsource the manufacturing 
of your custom cell culture media 
formulation. Your formulation 
and process are unique to your 
organization. Search for a supplier 
that can meet your unique needs. 
If you require specific sourcing 
or process requirements, discuss 
them with your prospective sup-
plier and make sure it can provide 
a service that suits you. 

Your goals to save precious time 
and hit all your key commercial 
milestones cannot be compro-
mised. Select the right match in 
a supplier relationship and your 
therapeutic’s journey will be dra-
matically advanced from process 
development to patient.

REFERENCE 
1. Cell Culture Dish, Raw Material 

Sourcing for Cell Culture Media–
Important Considerations, 
2014. https://cellculturedish.
com/raw-material-sourcing-
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“Selecting a 
supplier with a 
global footprint 
and a robust 
equivalency 
program is very 
important to 
maintain supply 
continuity.”
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Supporting the Industry  
During a Pandemic

Outsourcing increases as the industry balances development 
and manufacturing of both COVID-19 treatments 

and non-pandemic-related medicines.

SUSAN HAIGNEY

T he COVID-19 pandemic tested the R&D capa-
bilities of bio/pharma companies and highlighted 
some of the challenges present in the bio/pharma 

industry before the crisis hit. Among the lessons learned 
f rom the pandemic response are changed perceptions 
within the industry regarding flex capacity, risk manage-
ment, supply chain, and inventory control, according to 
Eric Langer, managing partner at BioPlan Associates. 

“These are not ‘new’ factors by any means. But the pan-
demic has demonstrated how critical they are, not just in 
normal times, but during crisis as well,” says Langer. 

Is the industry up for the challenge of handling the 
pandemic? “…the industry has in many ways known 
[that a pandemic response] would be possible, and all 
the ‘moving parts’ have generally worked at the remark-
able speed needed to develop vaccines and therapeutics 
around the world,” Langer says. 

Contract manufacturing organizations (CMOs) and 
contract development and manufacturing organizations 

(CDMOs) proved integral to the biopharmaceutical 
industry ’s ability to handle the pandemic, providing 
expertise,  facilities, and manufacturing capacity sponsor 
companies did not have. COVID-19 has emphasized the 
benefits of CMOs and CDMOs. So how did these orga-
nizations fare in 2020 and what is their outlook for 2021?

CAN CAPACITY MEET DEMAND?
Capacity has been a challenge in the past year, says 
Langer. “CMOs and manufacturers have been managing 
their capacity since the beginning of this crisis, f rom 
vials to stoppers, f rom single-use devices to fill/finish 
lines, and all the accompanying logistics. Many non-
COVID projects have reportedly been shifted to other 
facilities, and even other partners, which has created 
bottlenecks in other adjacent segments, as well. But 
by managing existing capacity, we’re already seeing a 
smooth transition from R&D and clinical production, to 
large-scale manufacturing,” he says. 

Outsourcing
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Fiona Barry, associate editor at 
PharmSource–GlobalData, agrees 
that there is insufficient capacity for 
the level of demand caused by the 
pandemic but doesn’t see the indus-
try being able to catch up to the 
demand in 2021. “Eventually there 
will be a few different vaccine types 
on the market, and these will require 
different technologies/processes to 
manufacture, and so capacity will 
be specific to which vaccine types 
gain approval,” she says. “A number 
of promising vaccine candidates in 
late stage use newer vaccines tech-
nologies such as mRNA-based prod-
ucts. As these become approved—the 
UK [Uni ted  Kingdom] i s sued 
an emergency approval of Pfizer/
B i o N Te c h ’s  m R N A  v a c c i n e 
BNT162b2 on [Dec. 2,  2020]—
then repurposing more traditional  
vaccine faci l i t ies  wil l  not help  
capacity issues.”

A BALANCING ACT
The pandemic has created another 
challenge: maintaining the manu-
facturing of non-pandemic drugs 
in addition to needed COVID-19 
treatments. In 2021, Langer says, 
CMOs and CDMOs will continue 
to balance pandemic and non-pan-
demic-related programs by shift-
ing projects from facility to facility. 

“The cascade of scheduled pre-pan-
demic, non-COVID projects are 
necessarily continuing, since these, 
too, are l ifesaving, and must be 
moved forward, despite the chal-
lenges to R&D and clinical trials 
during these times,” he says.

COVID-19 vacc ine  deve lop-
ers are contracting with CMOs 
and CDMOs at a rate not seen 
before in the industry, says Barry. 

“Consequently, infectious disease 
drugs have already overtaken per-
petual leader oncology as the year’s 
top therapy area for contract manu-
facturing service agreements, since 
many of these vaccine-developer 

companies are small and lack manu-
facturing capabilities. Even the larg-
est companies require extra resources 
to supply bil lions of doses with 
AstraZeneca and Inovio having the 
largest number of contract service 
agreements to date. Pharma compa-
nies such as Pfizer are also pushing 
internally manufactured drugs out to 
CMOs to free up space for COVID-
19 vaccine manufacture,” she says.

Barry agrees, however, that man-
ufacturers will continue to juggle 
the needs of non-pandemic thera-
pies and COVID-19 medicines and  
vaccines. “More than 1000 c lin-
ica l  t r ia l s  wor ldwide were  dis-
rupted in 2020 by COVID-19 due 
to suspended or slow enrollment 
or delayed initiation (1). Resumed 
tr ials and delays in manufactur-
ing of advanced biologics, many of 
which require the same capabilities 
as vaccines, will cause even greater 
demand of these already scarce 
resources in 2021,” she says. Cell 
and gene therapies have also been 
affected by the pandemic, according 
to Barry. She notes that a bottleneck 
in viral vector manufacturing was 
already a problem prior to the onset 
of the COVID-19 pandemic (2). 

OUTSOURCING TO  
INCREASE IN 2021
This past year saw a 3% increase in 
contract manufacturing agreements 

between January to November 2020, 
according to Barry. “We know from 
previous years that these agreements 
are of ten revealed in hindsight, 
so the increase is probably much 
larger. What is more notable than 
the change in volume is the shift in 
therapy area covered by these agree-
ments: while oncology dominated 
in 2019, infectious disease is the top 
area in 2020,” she says.

There was also an increase in pri-
vate companies and institutions out-
sourcing to CMOs in 2020, says 
Barry. “From January to November 
2019, approximately 36% of con-
tract manufactur ing agreements 
were outsourced by private compa-
nies or institutions. Over the same 
11 months in 2020, this number 
increased to 47%,” she says. “Smaller 
companies that are unable to invest 
in their own facilities are more likely 
to outsource products than larger 
companies. This is especially true 
for products in accelerated develop-
ment such as COVID-19 vaccines.”

And, according to Langer, the 
pandemic is expected to increase 
the amount sponsor companies out-
source in 2021. “We found that 70% 
of innovator/sponsor companies 
expect to outsource more as a result 
of the pandemic. This is likely due 
to the recognition that human cap-
ital is going to continue to be in 
short supply. Finding reliable out-
sourcing partners able to address 
these shortages in staffing will be an 
ongoing concern, well after the pan-
demic is resolved,” he says.

The industr y is  preparing for 
the  cont inued COVID-19 vac-
cine demand in 2021, says Barry. 

“Pharma companies  and CMOs 
are engaged in a wide variety of 
investments to better prepare for 
COVID-19 vaccine demand, which 
includes increasing captive capacity 
(building or acquiring) and engag-
ing in collaborations to expedite 
vaccine development and approval. 

Outsourcing

Manufacturers will 
continue to juggle 
the needs of non-

pandemic therapies 
and COVID-19 
medicines and 

vaccines. 
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We will see this continue into 2021, 
as well as investment in cold chain 
storage required for mRNA vaccine 
transportation and distribution. In 
addition, there will be a large popu-
lation of COVID survivors who will 
require new treatments with unique 
dosage forms,” says Barry.

OUTSOURCING COMPANIES 
PREPARE FOR NEW YEAR
In 2020, several CMOs and CDMOs 
announced plans to expand their facil-
ities and services in 2021. Thermo 
Fisher Scientific  announced in 
December that it is expanding ster-
ile drug product development and 
commercial manufacturing in North 
America and Europe (3). 

The company is  planning to 
expand facilities in North Carolina, 
the UK, and Italy and will add 15 
development and current good man-
ufacturing practice (CGMP) com-
mercial production lines to support 
live virus, aseptic liquid, and lyo-
philized vial filling capabilities. 

The company also announced a 
new sterile manufacturing facility 

in Singapore and a new integrated  
biologics and sterile drug devel-
opment and manufacturing site in 
Hangzhou, China (3).

Lonza announced in late November 
2020 that it is expanding its parti-
cle engineering and drug product 
capabilities at its Bend, OR site. The 
expansion will include new suites for 
the development and clinical man-
ufacturing of drug product inter-
mediates and drug products using 
spray-drying, hot-melt extrusion, and 
melt-spray-congeal processing and 
CGMP suites for early-phase CGMP 
manufacturing featuring added stor-
age, gowning, and a customer in-plant 
viewing corridor (4).

Also in late November, Baxter 
announced a $50 million expansion of 

its sterile fill/finish manufacturing facil-
ities in Bloomington, IN. 

The expansion will include a new 
25,000-sq.-ft. warehouse, a filling line 
for flexible plastic containers, an auto-
mated syringe fill line that can fill up 
to 600 units per minute, and an auto-
mated visual inspection line (5). 
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of means. Technology would not be an issue as 
everything would be present on site. If required, 
translators could be present. One would be able to 
talk to several persons within the same room and 
look at a number of documents simultaneously.

That was the past. Now much of the audit pro-
cess is no longer a given, and it is therefore pru-
dent and necessary to update the QTA. The section 
on audits should be expanded to include virtual 
audits and in that context address many, if not 
all, of the issues mentioned above. It may prove 
valuable to have a standard checklist (playbook) 
available that can be shared with the auditees. 
Updating the QTA in this way will make it clear to 
all involved parties what can be expected during 
an audit and what the limitations may be.

 This definitely is the way forward for more con-
sistency in your supplier audits and the time to do 
so is now. ◆

Ask the Expert — Contin. from page 50 

The industry is 
preparing for the 

continued COVID-19 
vaccine demand.
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Ask the Expert

Updating the quality technical agreement will clarify any expectations  
and limitations, says Siegfried Schmitt, vice president, Technical at Parexel.

Q: The current travel restrictions have an 
effect on how we can perform supplier 

audits. Most audits are now virtual audits. 
Some work well, others not so well. How can 
we achieve more consistency?

A: For most companies, virtual audits 
(i.e., audits where contact is made via  

electronic means, such as video conferenc-
ing) are something new. This means that the  
participants do not yet have established pro-
tocols for the execution of such audits, nor 
is there a standardized technology platform 
available or agreed to. Thus, it comes as no 
surprise that auditors’ and auditees’ experi-
ences are rather variable.

This fact has been noted, and industry  
assoc iat ions (e.g.,  the Parentera l Drug 
Association) have established special inter-
est groups to address this very problem. The 
virtual audit issues are multi-faceted and raise 
important questions, such as:

• Technology: Which video sharing plat-
form should be used? What bandwidth 
is required? Can several parallel video 
streams be set up?

• Methodology: Will a virtual tour of the 
facility be provided? Will documents  
be shared prior and after the audit? 
Will documents be reviewed online  
during the audit, or offline outside of 
audit hours?

• Culture and language: How can transla-
tion be accommodated remotely? What 
is the official language? Some countries 
have more than one official language, or 
a foreign language may be selected as the 
agreed language for the audit.

• Timing and time zones: How can differ-
ent time zones be accommodated? Does  
the agenda clearly define the time zone 
(some countries have more than one 
time zone)? When and for how long will 
breaks be planned? 

• Staff availability: Do staff members have to 
isolate at home, preventing them to come 
to the site? Are staff, such as operators in  
the plant, available for interview? Are  
staff comfortable being interviewed via 
video link?

• Privacy, security, and confidentiality: 
Could video footage impinge on data 
privacy legislation? Who is allowed to 
listen in to the audit? Do all attendees, 
even those not visible on screen have to 
be disclosed? Will the audit be recorded?

• Documentation sharing and availability: 
Can documents be scanned (e.g., log-
books, executed protocols)? Will docu-
ments be available for download to the 
auditors, or will they only be presented 
on screen?

The fact that a company may perform 
audits of a supplier is documented in qual-
ity technical agreements (QTAs). Typically, a 
QTA states that an audit may be performed 
over a set number of days in a set interval,  
involving a maximum number of auditors. 
That amount of information proved generally 
sufficient as documentation would be avail-
able and reviewed on site. Interaction would 
be with personnel present on site. There 
would be no time difference, and confiden-
tiality can easily be achieved by a variety 
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Now is the Time to Update  
the Quality Technical Agreement Siegfried Schmitt 

is VP, Technical 
at PAREXEL.

Now much of the audit 
process is no longer a given, 

and it is therefore prudent and 
necessary to update the QTA.

Contin. on page 49 
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