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In Memoriam

M

ichael J. Hennessy, Sr., was the
beloved chairman and founder of
MJH Life Sciences, parent company
of BioPharm International.
Hennessy spent his career turning his passion for building businesses and creating jobs
into a run of successful ventures and brands.
Following his graduation from Rider University
in 1982, he started his career in medical publishing as a sales trainee. In 1986, Hennessy Michael J. Hennessy, Sr.
1960–2021
became chief operating off icer of Medical
World Business Press, which was part of the launch of medical
newspapers and other media products. The company prospered
and was eventually sold to a Boston-based venture capital firm.
Hennessy launched Multimedia Healthcare, LLC, in 1993
and built a portfolio of award-winning clinical journals. In 2001,
Freedom Communications, Inc., acquired Multimedia Healthcare,
about the time that Hennessy was pioneering a new approach to
print and digital publishing with Intellisphere, LLC (now part of
MJH Life Sciences). Guided by the principles of innovation and
entrepreneurial spirit, and ref lecting its founder’s dedication to
improving quality of life through health care research and education,
Intellisphere publishes a variety of integrated print and digital products focusing on a range of topics in research and clinical medicine.
To build a comprehensive multimedia and education platform,
Hennessy added additional companies and capabilities to the MJH
Life Sciences portfolio. In February 2008, Hennessy acquired the
rights to the journals Pharmacy Times and The American Journal
of Managed Care, both recognized in their respective markets as
authoritative, trusted media platforms that provide essential information to a large audience of health care professionals.
In 2019, MJH Life Sciences made its largest acquisition to date
when it acquired the Healthcare and Industry Sciences divisions
of UBM Medica, nearly doubling the size of the organization and
adding legacy titles such as Medical Economics and Pharmaceutical
Executive to his already impressive portfolio. This acquisition made
the organization the largest independently owned medical communications company in North America. In addition to acquisitions, Hennessy organically developed ancillary in-house agency
divisions with Proximyl Health, Truth Serum NTWK, and MJH
Global Medical Affairs.
Later in 2019, Hennessy elevated his own role to Chairman
while naming his son, Mike Hennessy, Jr. to assume the leadership role of the organization and carry on the family legacy. Under
Mike Jr’s leadership, the company enhanced its global potential by
entering into a long-term partnership with BDT Capital Partners,
LLC in November 2021.
Due to his broad business and educational experience and
understanding of the challenges facing New Jersey, Hennessy’s
counsel and insight had been sought by several organizations,
including his alma mater Rider University, where he served on the
Board of Trustees and was elected to the executive committee. In
addition to being active in state and national politics, Hennessy
also had a long record of service at the local level, where he was a
strong advocate for veterans and environmental issues.
Hennessy was preceded in death by his wife, Patrice Hennessey,
who bravely battled cancer for almost 10 years until her death in
January 2020. Hennessy donated $4 million to Rider University
to expand the Science and Technology Center at their alma mater.
The Mike & Patti Hennessy Science and Technology Center is set
to be completed in 2022. 
January 2022
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From the Editor

January Makes
Your Head Spin

J

anuary lends us a default perspective looking back while also forwards. In doing so, we might better
Chris Spivey is
see the big picture and what this offers the editorial director of
in terms of setting goals and aligning BioPharm International.
resources. Warren Buffet is almost as famous for suggesting
methods to focus priorities, as he is for having sacks of money
lying around. Almost. The best place to start looking is what
worked last year.
Humira will be the top selling drug in 2021 with around
$20 billion in sales, followed by Keytruda at nearly $17 billion, then Revlimid a little under $13 billion, with the rest
of the best all coming in around $8 billion—Eliquis, Eylea,
Opdivo, Stelara, Biktarv y, Imbruvica, and Xarelto—all
household names, if they were not so challenging to pronounce (1). What stands out is the rising complexity and technical bravery of the research and development that went into
making these drugs effective and accepted.
Pharmaceutical sophistication has advanced in lockstep
with the startling discoveries of the golden biotech era.
While working in-the-trenches, it makes sense to intellectually understand how a therapeutic antibody might block
a PD 1 receptor, or why a ubiquitin E3 ligase (a kissing
cousin of thalidomide) induces tumor cell apoptosis. What
requires end-of-year clarity to comprehend is that we are
entering at long last an era when we can, shockingly, use
the word cancer and the word cure, in the same sentence.
This key obvious trend, becoming an imperative in the
f inancial accounting of industry performance, has been
somewhat obscured by the limelight stealing COVID-19
vaccines, pills, and rapid tests.
This takes nothing away from pandemic success stories.
It does not diminish the salutary effects of increased and
improved communications skills across the board. It will
have occurred to some of our more alert readers that vaccine
and therapeutics sales during 2021 will have dramatically
changed the picture of who came out on top in the sales of
drugs this year. But that’s precisely the point—those large
numbers for COVID-19 vaccines and treatments hide the
importance of ongoing progress toward multiple other cures.
Pandemic discussion has taken the oxygen out of the room
for everyone else. January is the kind of month that can
make your head spin.

REFERENCE
1. Statista, Projected Top 10 Global Pharmaceutical Products
by Sales in 2026, Statista.com, accessed Dec. 14, 2021.◆
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Get Ready with the 2022 PDA Annex 1 Workshop.
The highly anticipated revision of Annex 1 is coming soon!
To help your company understand the new requirements and prepare for anticipated challenges in implementation,
PDA has developed the 2022 PDA Annex 1 Workshop!

One Agenda. Four Dates.
To make it easier for attendees to participate, this interactive workshop will be offered four times in 2022. Each
workshop will follow the same agenda:*
07-08 April

Dallas, TX

pda.org/2022annex1dallas

18-19 May

Dublin, Ireland

pda.org/2022annex1dublin

22-23 September

Amsterdam, The Netherlands

pda.org/2022annex1amsterdam
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Palm Springs, CA

pda.org/2022annex1palmsprings

*Times may vary by location

Get the information you need, directly from the experts, and participate in the discussion regarding how to best meet the
new requirements. Over the two days, each session will include presentations of important aspects of specific sections of
Annex 1, followed by small group discussions focused on implementation.
Whichever date you choose, you won’t want to miss this workshop to gain awareness of the changes in the Annex 1
revision and move toward compliance with these new requirements.

Learn more at pda.org/2022annex1

#PDAannex1

Regulatory Beat

Major Challenges Ahead for FDA and Pharma
To maintain smooth operations, FDA is relying
on swift reauthorization of industry-paid user fee programs.
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IT and management systems and other long-debated research and manufacturing initiatives.
FDA and industry face ongoing difficulties managing clinical trials and supply chain disruptions that limit manufacturer access to necessary
ingredients and supplies. The fast expansion of
research on gene and cellular therapies has taxed
biotech scientists and reviewers, as has mounting
requests from sponsors for meetings to discuss
the accelerated approval of cutting-edge therapies. FDA managed to maintain timely review
and approval programs for new drugs and biologics during the pandemic, but it will be a challenge to continue those gains.
In addition to addressing difficulties related
to medical product development and marketing,
Califf will need to deal with a range of critical
regulatory and policy issues. Misuse and abuse of
opioids continues to escalate, while appropriate
oversight of e-cigarettes and vaping products are
in the spotlight. FDA needs to ensure the safety of
much of the nation’s food supply, while also dealing with Congressional concerns about the regulation of cannabis-derived compounds in foods and
dietary supplements.

USER FEES TOP THE AGENDA
Effective FDA oversight of new medical products
requires timely reauthorization of user fee programs that are critical for maintaining FDA’s efficient regulatory processes for drugs and biologics
(the Prescription Drug User Fee Act–PDUFA
VII), for generic drugs (Generic Drug User Fee
Amendments–GDUFA III), and for biosimilars
(Biosimilar User Fee Act–BsUFA III). FDA officials have collaborated with industry representatives in crafting new “commitment letters” for
implementing program and fee updates linked to
product development, application vetting, and
manufacturing oversight (1–3).

www.biopharminternational.com
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I

n the coming months, public health officials
and biopharmaceutical companies face the
task of addressing and mitigating the ongoing effects of COVID-19, while also continuing
to develop and produce vital new vaccines and
therapies. To maintain smooth operations, FDA is
relying on swift reauthorization of industry-paid
user fee programs, as well as Congressional action
on policies affecting the agency and biomedical
R&D. These ongoing imperatives, however, may
be sidelined by mid-term elections in November
2022, where the pandemic response and access to
medicines and healthcare services will be prominent issues. Drug pricing will remain a highly
charged topic, as the debate continues over patent
protections and the need for global vaccination
efforts to control COVID-19.
A notable change at FDA will be the appointment of Robert Califf as commissioner. The
Senate Health, Education, Labor and Pensions
(HELP) Committee held a confirmation hearing
for Califf in December 2021, setting the stage
for his return to FDA after holding the top job
at the end of the Obama administration. Califf
will provide much-needed permanent leadership at the agency, where many experienced but
exhausted staffers have struggled with uncertainty over FDA’s future and resources.
A prime order of business for Califf is
to advance a major staff hiring program to ensure the quality and stability of the agency’s workforce.
F DA benef it ted in 2 021 f rom
the exper t leadership of Ac ting
Commissioner Janet Woodcock, but
her temporary status limited the
Jill Wechsler is launch of new programs and policies.
BioPharm International’s There are signs that Woodcock may
Washington editor, stay at FDA under Califf to further
jillwechsler7@gmail.com. implement reforms of the agency’s

Regulatory Beat

The need for Congress to approve these and other
fee programs by Sept. 30, 2022, sets the stage for the
legislators to enact additional measures affecting FDA,
including the new Cures 2.0 measure that has been
circulating on Capitol Hill. Building on the initial
Cures program approved in 2016, the new bill aims to
enhance biomedical research and FDA approval of new
therapies, particularly those for serious and orphan diseases. The proposal also advances the use of real-world
evidence and patient reported outcomes in drug development and supports efforts to approve more complex
generic drugs and biosimilars.

POST-PANDEMIC CHANGES
During the past two years, biopharma companies
adopted innovations in research and manufacturing
to enable the quick scale up and expanded production of vital vaccines and therapies, in the United
States and abroad. FDA has advanced these efforts
with ongoing support for modern manufacturing
systems and quality initiatives able to reduce the need
for agency oversight and inspections. The pandemic
greatly limited the agency’s field inspection process,
and many of the resulting changes will continue, as
FDA relies more on manufacturer records, inspection
reports and regulatory decisions by trusted foreign
regulatory agencies, and on remote facility assessments instead of on-site inspections.
These efforts further speak to the need for global harmonization in regulatory policies and for agreement on
regulatory standards as the pandemic continues to high-

light the need for the testing and production of medical
treatments around the world. The International Council
for Harmonisation provides support for such efforts as
it further advances new guidelines to modernize the
conduct of clinical trials, regulation of generic medicines, control of impurities in drugs, and quality risk
assessment by manufacturers.
At the same time, FDA’s process for quickly authorizing access to new COVID-19 vaccines and treatments
through the Emergency Use Authorization (EUA) process
will face added scrutiny, as the US and the world look to
shift to a post-pandemic phase. FDA will urge sponsors to
seek permanent approval of EUA products or phase out
their production. At the same time, policy makers see a
strong need to improve planning for future health emergencies, building on the lessons learned from COVID-19
at home and abroad.
Many of these regulatory and R&D goals may be
sidelined, however, if the political debate over Biden
administration proposals for expanding social and health
programs delays approval of new user fee legislation, and
other measures affecting FDA and its programs. As the
midterm elections grow near, action on major legislation
will face an unofficial deadline of enactment by mid-year
or risk being left by the political wayside.

REFERENCES

1. FDA, PDUFA VII: Fiscal Years 2023–2027, FDA.gov, accessed
Dec. 8, 2021.
2. FDA, GDUFA III, FDA.gov, accessed Dec. 8, 2021.
3. FDA, BsUFA III: Fiscal Years 2023-2027, FDA.gov, accessed
Dec. 8, 2021. 

Califf Gains Bipartisan Support for FDA Confirmation
The Biden administration’s choice to lead FDA successfully navigated a Senate confirmation hearing on Dec. 14, 2021, setting the stage for full Senate
approval early in 2022. The leading Republican on the Senate Health, Education, Labor and Pensions (HELP) committee, Sen. Richard Burr, praised the
stellar academic and medical research credentials of his fellow North Carolinian, eliciting support from other Republicans on the panel. HELP Committee Chair Patty Murray (D-Wash.) set the stage for a speedy conclusion
to the vetting process and votes on Califf’s confirmation in early January.
The main opposition to Califf came from Democrat Sen. Bernie Sanders (I-Vt),
who questioned the nominee’s long ties to the drug industry and involvement
in industry research that has generated high-priced medicines. At the same time,
Califf received letters of support from six former FDA commissioners and a long list
of academic, public health, and patient organizations.
The main point of controversy during the hearing centered on FDA
approval of opioids leading to the addiction and hundreds of thousands
of deaths from drug overdoses. Califf promised irate Senators from New
Mexico and New Hampshire that he would take a “very aggressive approach”

www.biopharminternational.com

toward opioids and conduct a “comprehensive review” of their status and
labeling as a first order of business.
In a statement, Califf outlined his top priorities as building on the lessons
learned from this pandemic to ensure readiness for future health emergencies;
ensuring the safety and effectiveness of regulated products, including tobacco
and opioids; and ensuring that FDA stays current with the latest advances in
science and technology. During the hearing, Califf highlighted his aim of working
with sponsors to make better use of health records and real-world data to gain
evidence able to support regulatory decisions and track medical conditions. He
and his supporters have emphasized that Califf’s experience in managing clinical
trials for sponsors of new therapies enhances his ability to modernize practices
and policies for developing and overseeing new, advanced treatments.
General agreement that FDA needs a confirmed commissioner is slated to
speed Califf’s appointment. Both the nominee and Senate HELP leaders also
praised the strong leadership at FDA provided by Janet Woodcock and are
waiting to see how and whether she remains at the agency under Califf.
—Jill Wechsler
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Cover Story: Biopharma Industry Outlook

Industrious Pharmaceuticals
Warp speed is amazoning pharma practices and protocols.

T

he pandemic cast new light on the importance and
vulnerabilities of the distributed nature of the pharmaceutical industry’s specialized supply and shipping
infrastructure. Pharmaceutical scale permits, like those for semiconductor or surgical hospital consortiums, lower barriers to
entry for otherwise fantastically complicated or fit-for-onepurpose-only technologies to gain traction. Scale also enables
designs dedicated to eking out the last precious microns of performance or purity, which can determine the usefulness or failure
of an approach. But specialization at this scale also proliferates
nesting doll dependency. Each successive layered network of
interlocking manufacture depends on an exact product or design
specification to feed it. Shortfalls in one seemingly survivable
area cascade like crashing waves onto the following layer, and so
on throughout the system. Subcontractors focused narrowly to a
single design task are reliant on yet more specialized subcontractors. By intention, all are equally synchronized in configuration,
tolerance, and material conformation. Seeking alternatives is not
simple, easy, or at times even possible. It was a growing source of
pride to become so finely tuned that pharmaceutical manufacturing migrated to a just-in-time ( JIT) mode to maximize these
benefits, but this also exacerbated interdependencies.
Multiple industry contacts recently emphasized better outcomes these past two years from having increased frequency and
depth of dialogue. At the 2021 AAPS, PharmSci 360 event in
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Philadelphia, Gabe Longoria, chief commercial officer at Astrea
Bioseparations, encapsulated this well, saying, “I think supply
chain challenges have forced a lot of organizations to actually
align their overall focus on what they are trying to achieve. And
because of these challenges, we’ve had to identify better ways of
doing things, such as intelligent standardization protocols. And
these same challenges have required finding better ways to provide resources not just to our customers but B2B as well. I think
it’s important to recognize and note down those challenges, a
lot of which we’ll continue to see in the next 9–12 months, and
even after we come out of COVID, we’ll need to continue to
look to better align resources toward goals. We’ve been forced to
help one another, and we’ve been talking with our competitors to
make sure we can do the right thing for our customers. Which
has been intensely interesting. The end point is asking, what
does the customer experience look like? And all organizations
are looking to achieve success in this regard.” Direct and frequent conversation became the norm rather than a luxurious
exception, driven by dire need more than anything else.

HEADLINES OBSCURE
OTHER IMPORTANT EVENTS

From a logistics and innovation perspective, the pandemic
can be considered a smaller scale version of World War
II. Development and deployment of radar is a parallel for
www.biopharminternational.com

HQUALITY/Stock.Adobe.com

CHRIS SPIVEY
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vaccines in that metaphor. In each
case they had been around for many
decades, both had to be suddenly
optimized and brought to scale in an
abbreviated timeline. Each required
highly skilled operators working in
intensively coordinated interlocking
systems. But both were only a key part
of the overall response, not the sole
basis for defense. Historians and analysts will grasp onto vaccine production
when writing accounts of what happened during the pandemic response—
just as they did with radar for the
Second World War. But that falls short
of telling the full story. Calls currently
abound for a global commitment to a
fully coordinated response next time
around. Hence, the need to dig into
the details, so that lessons learned are
not so easily lost. The obvious is also
worth pointing out. Pandemic pressures have transformed pharmaceutical
manufacturing in a similar way that
Amazon next day delivery became an
inviolate rule for the shipping industry, dragging everyone in shipping to
deliver at the same accelerated pace.
However, vulnerabilities and downsides of JIT manufacturing and specialization were widely recognized well
before the pandemic. FDA and the
National Institute for Standard and
Technology (NIST) came together to
draw up plans to implement advanced
manufacturing for medical supplies.
Other groups became involved. A new
manufacturing institute, BioMADE,
supported by both industry and the
defense department, began to organize.
And then COVID-19 hit.
Kevin Nepveux, vice president, Pfizer Global Supply, recalled,
“Development and launch of the
Pfizer-BioNTech COVID-19 vaccine was unlike anything I have
experienced in my career in Pharma
Manufacturing—and without a doubt
the highlight. Multiple mRNA vaccine constructs were manufactured and
tested in the clinic in parallel versus
the normal sequential approach, and
www.biopharminternational.com

the selected strain was immediately
scaled, both up and out, to begin manufacturing launch supplies before the
pivotal efficacy study even started. In
manufacturing alone, Pfizer/BioNTech
committed over $1B in CapEx and
OpEx before the first sign of efficacy.”
Pfizer went all in, coming out the
other side having a changed perspective, as Kevin observes. “Learnings
f rom the vaccine will be enduring,
including streamlined internal governance, bringing on multiple supply
chains simultaneously compared to
normal post-approval expansion, and
simplified regulatory engagement.”

Multiple industry
contacts recently
emphasized better
outcomes these
past two years from
having increased
frequency and
depth of dialogue.
FDA’S COMMITMENT
TO CONVERSATION AND
COOPERATION

W hich brings us nicely to FDA,
which might otherwise unfairly drop
to a footnote to the vaccine success.
FDA created a dialogue framework
for COVID-19 vaccines to be developed at warp speed. Communication
was excellent. In November 2021,
FDA updated its resiliency roadmap, pointing out that since April 1,
2021, FDA conducted more than 600
domestic and more than 200 foreign
remote regulatory assessments, which
included review of records submitted
upon request under section 704(a)(4)
authority, as well as review of documents and other information volun-

tarily submitted upon request … more
than 100 human and animal food
firms participated in voluntary remote
regulatory assessments (1).
While these assessments cannot be
used to meet FDA Food Safety and
Modernization Act (FSMA) mandated
surveillance inspections, the assessments
provided critical oversight to FDA
during the pandemic. Dr. Elizabeth
Miller, assistant commissioner for the
Office of Regulatory Affairs (ORA)
Office of Medical Products and Tobacco
Operations, commented, “Throughout
the course of this pandemic ORA has
had to adjust and change how we work.
We have been more agile than ever before.
Our regulatory agility is an important
cornerstone to delivering the oversight
and consumer protection the public
deserves from ORA and FDA.” FDA
continued with mission critical inspections when they paused routine surveillance. They also developed a new process
to assess facilities submitting Emergency
Use Authorizations. These investigational
activities allow the agency to directly
observe operations at manufacturers
of COVID-19 therapeutics and assess
whether the firm has proper controls
in place to ensure the safety, purity, and
potency of the COVID-19 product.
It was FDA’s open and frequent communications that helped keep everything
rolling forward as smoothly as possible.
FDA made strong efforts at transparency
in their Resiliency Roadmap, and have
energetic plans to continue this as they
inaugurate an Inspection Affairs Council
to update inspection procedures. This
new body within FDA will be headed up
by Dr. Judy McMeekin, associate commissioner for regulatory affairs. It is a
transformative solution born in part by
the elevated contacts and cooperation
during the pandemic.

TOTAL TEAM
EFFORTS ALL AROUND

Other lines of defense also needed
bolstering, and these are the success
stories hidden by the glare of vaccine
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successes. Hovione CEO Guy Villax
said at the 2021 CPhI Worldwide conference in Milan, “In the early days
of the pandemic, there were hiccups
and delays, but that we didn’t see huge
problems points to the resilience of the
industry … the industry stepped up to
the challenge. Gilead’s remdesivir has a
critical excipient which only Hovione
manufactures, we massively scaled up
to produce a years’ production in only
a month. CDMOs [contract development and manufacturing organizations] were doing heavy lifting to
support the needs brought on suddenly
by COVID-19.”
Susan Darling, senior director
of capillary electrophoresis and biopharma product management and
marketing at SCIEX, echoes the
sentiment but also emphasizes the
knock-on effects of increased calls
for speed (see page 32 in this issue of
BioPharm International). Darling comments, “Companies are looking to get
development times down to 1000 days;
they want to develop everything at
pandemic speed, even when they have
diverse portfolios that include highly
complex next-generation products such
as multispecifics, gene and cell therapies, and RNA-based treatments, all of
which require new and different analytical capabilities.” So the trend line
is becoming obvious. More complex
molecules at faster speeds for development equals an opportunity for analytical tool makers to sell into a growing
unmet need. Manufacturers must adapt
quickly to new types of technologies
more quickly because their competitors are already doing so. This will
also have a knock on effect for products for purification and separations
in both upstream and downstream
processes, such as novel chromatography materials or quicker acting buffers
and solvents, and so on. It is a defining
moment for future planning requirements. “The industry is really driving
to be creative, not just in terms of analytical solutions, but in how they man12
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age data and pull it together to knock
the inefficiencies out of every step,”
Darling concludes. “Our customers are
challenging us to develop new analytical techniques that provide more
information more quickly, and when
we bring them new solutions, they are
adopting them at a much faster rate
than could ever be imagined even a
decade ago,” Darling says.

Which brings us
nicely to FDA, which
might otherwise
unfairly drop to a
footnote to the
vaccine success.
Corning Incorporated also stepped
up to the challenge during the pandemic, in part supported by the
Department of Defense (DOD), in
coordination with Department of
Health and Human Services (HHS),
who awarded a $15 million Firm Fixed
Price contract to Corning Incorporated
to expand domestic production of
pipette tips for robotic liquid handling
instruments (2). But more well known
was the Biomedical Advanced Research
and Development Authority agreement
to give $204 million to expand manufacturing capacity for glass vials to
store potential vaccines for COVID-19
(3). Valor Glass vials, first introduced
in 2017 and made from aluminosilicate glass, were of great strategic significance. “Velocity Vials” are now being
introduced. And what more could a
marketing department tell us about the
business importance of “Amazoning”,
than to use velocity in the product name.
Velocity Vials are borosilicate externally
coated with Corning’s proprietary technology, to eliminate bottlenecks and
speed the delivery of life-saving treatments. These vials have demonstrated a

20–50% improvement in efficiency, up
to a 96% reduction in glass particulates,
and a 3x reduction in the likelihood of
damage that leads to cracks and breaks,
according to the marketing materials (4).
Other than the headline vaccines,
much of great importance went
on or evolved behind the scenes to
manufacture excellence out of adversity in the fight against COVID-19.
Landmark efforts in communications
and cooperation kept the conveyer
belts moving. Agilent’s digital solutions group “ramped up to meet the
needs of customers by offering cloudbased software for remote instrument
access and asset utilization monitoring (to) pulls together advanced IoT
sensor technology and data analytics
to enable lab-wide visibility,” according to Shane Elliott, vice president, Global Laboratory Solutions
Marketing, Agilent. This effort was
broad based across multiple vendor
platforms, again in a concerted effort
to increase and improve manufacturing
communications. It was a near universal practice over the past two years.
Production line pace is set to accelerate rather than slow down. Pharma
production has been industrious in
the good old-fashioned sense of the
word. Ingenuity and hard work manufactured positive results out of adverse
conditions. When serious global policies begin to become clear for the next
pandemic planning groups, industrious
effort, ingenuity, and improved communications will be the seed crystals
for successful outcomes.
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FDA Keeps New Drugs Coming
Despite major challenges and demands created by
the coronavirus pandemic, FDA maintained a steady
pace in 2021 in approving important new therapies
for market, including new vaccines and treatments for
COVID-19. Last year saw the Center for Drug Evaluation and Research (CDER) approve 50 new molecular
entities (NMEs), many benefitting from priority and
accelerated review timelines. In addition, the Center for Biologics Evaluation and Research (CBER) approved several vaccines and cellular products to further expand the new medicines list.
The CDER total is slightly less than the 53 novel drugs
brought to market in 2020 and the 2018 record total of
59 innovative therapies. As in recent years, a majority
of the new products received orphan drug status, and
15 had indications to treat cancer (1). More than half
moved forward through expedited procedures, 14
benefitting from accelerated approvals and 32 granted
priority reviews. Continued requests for faster vetting
requires additional involvement of CDER experts to
provide R&D advice and to meet tighter deadlines,
which agency officials say cannot be sustained without
additional review staff and resources.
Despite similar pressures, CBER approved 10
biologics license applications (BLAs), notably one
granting full approval for Pfizer-BioNTech’s Comirnaty
vaccine (2). Some analysts include only about half of
these in combined lists of FDA’s new NMEs, notably
new vaccines for Hepatitis B and for tick-borne
encephalitis and therapies for myeloma and lymphoma.
Probably the most discussed new drug is Biogen’s
Aduhelm for Alzheimer’s disease, which CDER okayed
for market despite limited evidence of its efficacy
and a thumbs-down on approval from its advisory
committee. FDA reviewers, however, decided its
benefits outweighed risks, as no other treatment is
approved for this very serious condition.
Other notable new therapies from CDER include
treatments for myasthenia gravis, lupus, Pompe
disease, severe asthma, sickle cell disease, to prevent
dwarfism in children, and to manage very high
cholesterol. Lung cancer, endometrial cancer, and
leukemia gained added treatment options, as did
transplant patients.
The lists, moreover, do not include those innovative
COVID-19 therapies and vaccines granted Emergency
Use Authorizations (EUAs). In December 2021,
FDA authorized two notable oral medications to
treat early COVID-19 infections—Pfizer’s Paxlovid
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and Molnupiravir from Merck and Ridgeback
Biotherapeutics— providing a more accessible
alternative to antivirals that require infusion in a clinic
or doctors’ office.

More inspection delays
Analysts note that several additional new products
failed to gain approval in 2021 due to FDA’s inability
to conduct necessary inspections of certain manufacturing sites. That situation is unlikely to change any
time soon as the agency has once again pulled back
on inspectional activities due to the spread of the
omicron variant to COVID-19.
In July 2021, FDA revived efforts to ramp up
inspections of domestic production facilities, an effort
that made a notable dent in the agency’s sizeable
inspection backlog for medical products. The hope
was to visit most of the 3000 sites in need of oversight
in 2022 and also to test a new program to enhance
foreign inspection operations.
These goals were put on hold with the agency’s
announcement on Jan. 4, 2022 that it would continue
only mission-critical inspections through Jan. 19,
2022, and postpone most other inspectional activities,
including foreign site visits (3). Also delayed is the
planning effort set to begin in February for revising
foreign inspection assignments in an effort to address
challenges in staffing overseas offices and rebuilding
the cadre of US-based inspectors willing to travel to
foreign drug production sites.
Meanwhile, FDA will continue to utilize remote
tools to maintain oversight of foods, drugs, medical
products, and tobacco at home and abroad.
A new report from CDER provides more complete
information on new drug approvals for 2021, including
certain existing therapies that gained important new
uses and advances in biosimilars (4).
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The Long Path to Normal
Survey respondents reflect on the state and
future of bio/pharma employment.

L

ast year was meant to be a transitory year for the bio/
pharma industry. With vaccinations deploying in
December 2020, there was hope among many of last
year’s respondents to the Pharmaceutical Technology/BioPharm
International annual employment survey that the overall state of
the industry would bounce back in 2021. More than 75% of survey respondents expected the industry to improve, while 64.3%
expected business at their employer to improve (1).
However, while most of the world has moved past the quarantine mandates that were commonplace at the onset of the
COVID-19 pandemic, progress has been hampered by various
unfortunate developments. These include highly transmissible
variants, inequitable vaccine distribution, and a reluctance to
receive a vaccine among large portions of the global population.
This year’s employment survey focused on the state of this
transition. More than 300 respondents answered questions about
the current state of their workplace, pandemic-related changes,
and where they believe the industry will be headed in the future
Refer to the Figures 1 through 9 for a visualization of this data.

COMPENSATION, JOB SECURITY, AND MORE

Last year’s survey observed a dramatic decrease in many
core metrics. In 2019, 55.4% of respondents received
14
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increased pay; this dropped to 41.7% in 2020. These lost
numbers seemed to funnel into the “no changes” bucket,
which rose from 33.2% to 44.8%. However, there was
an increase in pay cuts, which rose from 11.4% to 13.7%.
The 2021 numbers have recovered to a state comparable to
2019. Approximately 53% of respondents reported a pay increase
and 39.0% reported no salary changes, a difference of -2.3% and
5.8%, respectively. Interestingly, pay cuts hit a three-year low, with
just 8.0% of respondents reporting a decrease in compensation
A similar trend can be observed in job security metrics. From
2019 to 2020, individuals who felt increased job security (relative
to last year’s survey) decreased from 30.0% to 17.8%. Those who
felt less secure slightly increased from 30.6% to 34.4%, while
those feeling no change jumped from 39.4% to 47.8%.
In 2021, there were improved metrics across the board
relative to both 2019 and 2020. Increased job security hit a
three-year high of 30.4%, a slight increase on 2019, while
those who felt decreased job security hit a deep new low of
17.00%. Those reporting no changes saw the biggest bump,
with over half of respondents (52.6%) reporting that they felt
no changes in job security.
While these trends are encouraging, it should be noted that
one limitation of the survey is that these values are measured
www.biopharminternational.com
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Figure 1. Salary change comparison.
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Figure 2. Job security comparison.
60%
60%

20192019
20202020

20192019
20202020
20212021

20212021

Increase
Increase

Decrease
Decrease

No change
No change

Increase
Increase

Decrease
Decrease

No change
No change

Figure 3. Pandemic affecting work.
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Changed work
schedule to social
distance
on the job

Work remotely
from home

Work hours and/or
responsibility reduced

relatively, which necessitates additional
context in their evaluation. For instance,
if 2020 can be viewed as a down year,
then returning to pre-pandemic levels of compensation/job security would
inherently necessitate higher levels to
compensate. If exact quantitative measures (for instance, a job security confiwww.biopharminternational.com

Development program
was changed
or reduced

Working additional
hours on
pandemic-related
projects

Following the onset of the pandemic, bio/
pharma companies began implement-

Switched to
pandemic-related
projects

18.8%

21.8%

13.7%

10.3%
Assumed additional
responsibilities

dence scale) were implemented, we may
receive further industry insights.

PANDEMIC-RELATED
WORKPLACE CHANGES
MAY BE HERE TO STAY

27.4%

32.1%

24.9%

19.9%

16.7%

13.5%

8.2%

18.6%

53.9%

44.1%

53.2%

70.5%

2021

There have been
no significant changes

ing new workplace measures and procedures in order to prioritize the safety of
their workforce and mitigate the spread of
COVID-19. In our 2020 survey, we asked
respondents if their company had implemented any of the following procedures:
• A. Changed work schedule to social
distance on the job
January 2022
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demic “significantly subsided”, most
respondents
(62.4%) felt that they
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• B. Remote working/working from
home
• C. Work hours/responsibility
reduced
• D. Changed or reduced development
program
• E. Additional work hours on
pandemic-related projects
• F. Assumed additional responsibilities
• G. Switched to pandemic-related
projects
• H. No significant change
This year, we asked respondents
these same questions to measure what,
if anything, had changed in widespread
implementation of these practices.
Only four measures —C, A, F, and
H—saw a decrease: 10.4%, 9.1 %, 4.7%,
and 3.4%, respectively. Of these, measure H indicates no significant changes,
which suggests more workers felt
their company had implemented critical, pandemic-related changes to their
workplace.
The overall headline of this dataset is implementation of work-fromhome in bio/pharma workplaces. At
the time of last year’s survey, a little
16
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over half (53.9%) of respondents stated
that their company had implemented
this measure. However, in this year’s
survey, this number jumped to 70.5%
of respondents.

ONGOING CHANGES
TO THE INDUSTRY

While prior questions helped give a
contemporary view of the pandemic’s
impact, we also wanted to determine
to what extent pandemic-related measures would remain in the long-term.
This would allow us to not only get a
sense of individual workplaces, but also
provide commentary on the industry as
a whole. In that vein, we asked respondents predictive questions about two of
these processes: remote inspections and
abbreviated approval pathways
Remote inspections have emerged
as an alternative to traditional on-site
inspections, as they allow sites to maintain quality control compliance while
also encouraging social distancing and
accommodating workflow changes.
When questioned to what degree these
would occur once the COVID-19 pan-

THE FUTURE OF BIO/PHARMA

To this point, the survey has supported
the notion that the COVID-19 pandemic has, is, and will continue to
impact the bio/pharma industry for
the foreseeable future. However, various metrics that indicate a degree of
economic recovery, such as job security and salary changes, can also be
observed. It is perhaps because of this
that we are seeing an increased degree
of optimism among respondentst.
As Figures 6 and 7 indicate, most
respondents felt that their company
(47.4%) and the bio/pharma industry (53.2%) exceeded their personal
expectations in 2021. Additionally, the
majority (58.4% and 60.5%, respectively) also felt that this upward trajectory of both would continue into 2022.
The precise future direction of
the bio/pharma industry will be in
question for as long the pandemic
continues. However, as this year’s
survey shows, the prevailing attitude is
that this impact will not prevent future
growth and development. Changes
brought on by the pandemic would
not have occurred without it, but
that by no means equates to entirely
negatively impacts.
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What’s Next for COVID-19
Vaccines and Variants?
Although mRNA and viral vector vaccines have been top
of mind for COVID-19 treatments, other technologies and
treatments are emerging—along with new variants.

A

s COVID-19 swept across the world, it has impacted
millions of individuals and families. During that time,
the biopharmaceutical industry came together to create treatments as swiftly as possible. As of January 2022, the
main types of COVID-19 vaccines to treat SARS-CoV-2 that
are approved or authorized include messenger RNA (mRNA)
vaccines and viral vector vaccines (1).
Telma Lery, Janssen EMEA therapeutic area lead for infectious diseases and vaccines at Johnson & Johnson, explains that
the company’s COVID-19 vaccine candidate (also known as
Ad26.COV2.S, Ad26COVS1, VAC31518, JNJ-78436735, or
Ad26-S.PP) is a monovalent, recombinant, inactivated/non-infective adenovirus vector (similar to a cold virus), which contains
a transgene that codes for the coronavirus spike (S) protein.
Other vaccines are in the works as well. Some of the
COVID-19 vaccines in clinical trial include—but are not limited to—whole virus, protein subunit, and nucleic acid vaccines (RNA and DNA) as well as more mRNA and viral
vector vaccines (2). Vaxart, an American biotechnology
company, is developing oral recombinant vaccines, one of which
18
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is in clinical trials in the United States as a candidate to prevent
COVID-19.
“‘Recombinant vaccine’ means using DNA technology to make
a protein target (i.e., antigen), rather than using the native virus
to make the antigen,” says Sean Tucker, chief scientific officer of
Vaxart. “Most flu vaccines [are] made in eggs by growing a flu
virus, deactivating it, and injecting it in a vaccine. We use a dead
common cold virus to deliver the DNA encoding the antigen to
the person, where the antigen is then made. Our vaccine delivers the DNA via a tablet that breaks open in the intestine. Our
vaccine works because we have a molecule that tells the immune
system to pay attention to the antigen that is being made.”
“Most recombinant vaccines are made in a liquid that is
injected into the arm, like the Hepatitis B vaccine. Our vaccine
is dried and tableted with inert ingredients; so, it can be swallowed,” Tucker explains.

DEVELOPING COVID-19 VACCINES

J&J has worked with industry partners, governments, and
health authorities since the beginning of the COVID-19
www.biopharminternational.com
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pandemic to develop a preventative
COVID-19 vaccine candidate, Lery
explains. But prior to the pandemic,
the company researched vaccine technology, which Lery believes granted
J&J a head start in the development
of its COVID-19 vaccine. The vaccine technology, AdVac, is based on
the development and production of
adenovirus vectors (gene carriers).
“There are 57 identified distinct variations (serotypes) of adenovirus, a type
of virus that causes the common cold.
Adenovirus vectors (gene carriers) are
genetically altered forms of an adenovirus and lack the DNA needed to replicate. So, the vaccine cannot cause a
cold, and the protein it produces cannot
cause harm either,” says Lery, adding
that the vaccine technology makes use
of adenovirus vector Ad26, specifically.
One of the differentiating factors in
the development of J&J’s COVID-19
vaccine is what could be termed “multitasking efforts.” The company combined phases of early stage trials and
had its discovery and manufacturing
teams conduct processes in parallel—
rather than sequentially.
The process for developing an oral
recombinant vaccine, on the other
hand, is similar to an injectable vaccine
in terms of the clinical trials and the
path to approval, according to Tucker.
“We began by identifying six vaccine candidates and winnowed the
list to two,” Tucker continues. “Our
initial Phase I trial tested a version
that made two different antigens from
SARS-CoV-2, the S protein and the
nucleocapsid (N) protein. That S+N
candidate made very strong T cell
responses and nasal antibody responses
that were cross-reactive against a wide
variety of coronaviruses. The current
set of trials (Phase II in the US) is
evaluating an S-only protein approach,
which made better antibody responses
in non-human primates.”
But the process of identifying and
progressing to clinical trials in a pandemic wasn’t without its challenges.
www.biopharminternational.com

In early 2021, Vaxart had to compete
with other biotech companies for manufacturing space. Fortunately, the company had two plants for producing pills
for their clinical trials and had enough
materials on hand.
Some of the main differences between
a COVID-19 oral tablet vaccine from
injectable COVID-19 vaccines, according to Tucker, include:
• Immune responses are triggered in
the mucosa and the serum with a
COV ID-19 oral tablet vaccine
(based on preclinical and clinical
testing), unlike the existing vaccines
that are serum-only.
• Ease of distribution and vaccination
with a COV ID-19 oral tablet
vaccine, which eliminates the need
for special accommodations to
transport injectable vaccines that
require cold chain infrastructure
as well as the need for trained
professionals to administer vaccines.

RESEARCH BEHIND COVID-19
VACCINES: ANTIGENS

Understandably, the COVID-19 vaccines weren’t created without upfront
heavy lifting. One company, The
Native Antigen Company, part of LGC
Clinical Diagnostics, provides commercially available S1 and S2 antigens for
SARS-CoV-2, which include the amino
mutations associated with different
variants. The company developed more
than 100 antigens, antibodies, receptors,
and kits for the coronavirus, which have
been used by diagnostic, therapeutic,
vaccine, and public health organizations
to study SARS-CoV-2 and develop
countermeasures against it.
Vaccine developers can use S mutant
antigens to raise mutant-specific antibodies and develop assays (often
enzyme-linked immunosorbent assays)
to assess the efficacy of their vaccines, according to James Shore, technical product manager of The Native
Antigen Company. In addition, biopharmaceutical companies use The Native
Antigen Company’s reagents to develop

monoclonal antibody therapies against
SARS-CoV-2 and its variants. But how
can S antigens be adapted to address the
various variants?
“If a variant includes only a couple of
point mutations, then a modification of
PCR [polymerase chain reaction] amplification can be used to introduce changes
to the gene sequence,” says Shore. “More
commonly, however, the sequence is
computationally redesigned and chemically re-synthesized.”

ADDRESSING VARIANTS

No matter the type, COVID-19 vaccines and treatments must address new
variants and mutations of the virus in
some capacity.
“COVID-19 variants arise through
mutations in the virus. Mutations may
result in the virus obtaining increase
in transmissibility, more severe disease,
reduction in vaccine or treatment efficacy, etc.,” says Kristina Hsieh, scientific affairs lead, Clear Labs.
Hsieh adds that the main difference,
genetically, between the variants are
different mutations that have accumulated throughout the virus. As the
Delta variant has demonstrated, some
mutations may lead to increased transmissibility and/or more serious illness.
In addition to monitoring variants of the virus and being vigilant
in the research and development of
new COVID-19 vaccines and treatments, the industry needs to continue
to communicate and share resources.
Consistent communication and collaboration between all organizations in
the biopharmaceutical industry—from
governments, to agencies, to developers, to manufacturers, and everyone
in between—will play a huge role in
combatting the spread and impact of
COVID-19.
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Recent Trends in Data Analytics
for Upstream Process Workflows
Modeling techniques can improve process control
and monitoring in biopharmaceutical production.
PRASHANT POKHRIYAL, PRATEEK GUPTA, SRIDEVI KHAMBHAMPATY, RAJESH ULLANAT, AND MILI PATHAK
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potentially improve productivity. The role of mathematical
modeling for drug development with respect to QbD has
already been exemplified by FDA. Furthermore, there is an
increased focus on mathematical modeling approaches due
to their robustness, predictive power, and understanding
driven by PAT and QbD concepts defined by FDA and the
European Medicines Agency.
A typical end-to-end upstream process workflow consists
of cell-line development, selection of appropriate clones, process development, scale-up, risk assessment scale down model
(SDM) development, process characterization, and technology transfer to manufacturing. This review will focus only on
the modeling techniques used across upstream process development for biopharmaceutical therapeutics.
PRASHANT POKHRIYAL is associate scientist; PRATEEK GUPTA
is senior general manager; SRIDEVI KHAMBHAMPATY is vicepresident; RAJESH ULLANAT is executive vice-president; and MILI
PATHAK*, mpathak38@gmail.com, is principal scientist, Process
Science, R&D; all at Intas Pharmaceuticals Ltd. (Biopharma Division),
Ahmedabad, Gujarat, India.
*To whom all correspondence should be addressed.
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pstream process development in biologics has seen
several improvements in robustness, productivity, and
stability. The wealth of bioprocess data generated can
be potentially utilized by modeling and data analytics tools,
such as mechanistic modeling, machine learning (ML), and
artificial intelligence (AI), to gain process knowledge and
perform predictions. However, the industrial applications of
these tools still leave a lot to be desired. Though many applications of such techniques are found in industry, their widespread application is still not prevalent. This review revisits
the data analytics modeling methodologies for upstream
processes, provides a perspective on their potential applications across the upstream process development to validation
workflow in the biopharma industry, and presents a value
chain peak to use it toward better process robustness, process control, and process monitoring with quality by design
(QbD) and process analytical technology (PAT) applications.
In addition to predictive power and improved process
understanding, the application of mathematical modeling
based methods in biopharma process development has
the benefits of increased visibility and agility, which can

Upstream Processing

In most situations, detailing every
aspect through microscopic cellular
models is analytically and computationally expensive. For such scenarios,
macroscopic kinetic models can pro-

vide enough information for process
optimization and to test hypotheses
and make predictions. Even today, the
simplest unstructured-unsegregated
Monod kinetics-based models are most
commonly preferred even for multicomponent CHO growth kinetics. Even
with the limitations in parameter estimation methods and kinetic data, the
abundance of multi-omics data gives the
scope to add regulatory, signaling, and
product-related information to eventually form large-scale models. These
models can be applied to gain process
understanding and for process optimization, process design, and process control.
The kinetic model equations can also
be combined with complex metabolic
pathways to describe the dynamics in
cell culture trends and help tackle process challenges. Some of the capabilities
demonstrated by the kinetic modeling
of CHO cell culture include analysis of
metabolic behavior, glycosylation prediction through feed development, incorporating temperature shift changes, and
explaining glycolysis through a kinetic-metabolic model. Similar methodologies are also applied to explain the
dynamics in suspension culture for the
other expression systems like baculovirus
and Vero cell expression systems.
Because mechanistic models cannot be implemented for processes that

Figure 1. Examples of applications of statistical, mechanistic, machine-learning, and

hybrid models in upstream process development, optimization, and characterization.
DoE is design of experiment. MVDA is multivariate data analysis. SVM is
support-vector machines
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There is an
increased focus
on mathematical
modeling
approaches due to
their robustness,
predictive power, and
understanding.

et i c

Upstream process development includes
conceptualization of the process train—
including media and feed development—and optimization of bioreactor
parameters for a successful scale-up. It
also identifies and assesses critical process
parameters (CPPs) that influence the
critical quality attributes (CQAs) of the
product through activities such as process
characterization studies. Different types
of bioprocess controls are available, and
model predictive control (MPC) seems
promising over others. An overview of
applications of statistical, mechanistic,
machine-learning, and hybrid models in
upstream process development, optimization, and characterization is summarized
in Figure 1, while the available commercial technologies for upstream process
development is presented in Table I.
Because of the presence of a large
number of correlated decision variables
and objectives, the statistical techniques
are best suited for cell-culture processing
and are applied for defining the design
space; improving cell growth, titer, and
glycosylation; performing root cause
analysis; predicting CQAs; studying
interactions for scale-up parameters;
scaling-up/scaling-down from clone
to bench-scale; and controlling process
parameters across scales. During process development, scale-down models are important because they can
replicate results at larger scales, where
it is impractical to perform factorial
experiments. Pfizer developed a system wherein they used a total of 180
micro-bioreactors to assess scaled-down
parameters compared to conventional
3-L bioreactors (1). State-of-the-art statistical modeling tools like SIMCA and
MODDE from Sartorius, JMP from
SAS, Unscrambler from CAMO, and
DesignExpert from Statease have also
contributed to the ubiquity of statistical
methods in the biologics industry.
The primary purpose of mechanistic models is to develop a mechanism-based relationship between
inputs and outputs, and they can be

used as a predictive tool, once validated. Flux balance analysis (FBA) was
applied at UCB Pharma by describing the evolution of intracellular fluxes
for four industrial cell lines through
a curated Chinese hamster ovary
(CHO) cell genome scale metabolic
model (GSM) (2), which exemplifies
the utility of GSMs. Another study at
Bristol-Myers Squibb demonstrated
media optimization and process understanding through FBA (3).

Ki n
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Table I. Available commercial technologies for upstream process development. FBA is flux balance analysis. MVDA is
multivariate data analysis. DoE is design of experiment. CFD is computational fluid dynamics.

Technology/software

Parent company

Capabilities

Utility in upstream process development

Insilico hybrid modeling platform

Insilico Biotechnology AG

FBA, hybrid modeling

Process development, clone development,
process control

Hybrid modeling toolbox

Novasign GMBH

Hybrid modeling, MVDA

Process development, process control

Process data analytics software

Datahow AG

Hybrid modeling, MVDA

Process development, process control

SIMCA

Sartorius AG

Hybrid modeling, MVDA

Process monitoring, statistical analysis, process
development, chemometrics, biomanufacturing

MODDE

Sartorius AG

DoE

Process development, risk analysis

Unscrambler

CAMO analytics

MVDA

Chemometrics, process monitoring,

Bioreactor Scaling Tool

Cytiva

Bioreactor scale-up

Scale-up/scale-down

Design-Expert

Statease

MVDA

Statistical analysis

JMP

SAS

MVDA

Statistical analysis

Ansys Fluent

Ansys

CFD

Scale-up/scale-down

CoreMFA

Metalyics

Metabolic flux analysis

Clone development and selection

gPROMS

PSE

Kinetic modeling

Process development

Minitab

Minitab LLC

MVDA, DoE

Statistical analysis

Thermo Fisher

Visualizing, processing
and managing
spectroscopy data

Process development, process monitoring

GRAMS/AI Spectroscopy Software

are not yet fully understood and datadriven models suffer from being unreliable beyond their input data-set, hybrid
modeling is a promising approach that
aims to establish a combination of the
mechanistic and data-driven framework
to obtain better flexibility and robustness. A few comprehensive reviews discuss the hybrid models as an element of
process systems engineering (4).
Combining GSM, bioreactor kinetics, and artificial neural network analysis (ANN), Insilico Biotechnology has
claimed to have a commercial hybrid
modeling workflow, also known as a ‘digital twin’ for biopharmaceutical process
development (5) and clone selection (6).
Datahow is another such organization
that provides stand-alone software as well
as consulting services to apply deterministic and deterministic knowledge-based
hybrid models for process development and process monitoring. Software
solutions for hybrid modeling are also
provided by Novasign based on mechanistic and statistical models. Novasign
has demonstrated the approach of intensified-DoE on an industrial Escherichia
coli production process (7).
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To ensure that product heterogeneity of complex and fragile therapeutic proteins remains within predefined
specifications, bioprocesses must be
monitored and controlled through
well-established measurement systems
to enable their real-time control. This
monitoring is also crucial to ensure
that the workflow remains within the
recommendations of FDA on PAT (8),
which incorporates quality risk management and process understanding.
According to the location of the analytical system, the bioreactor monitoring techniques can be classified as
off-line, on-line, and at-line. Off-line
methods for process monitoring are
time-consuming and therefore cannot provide a real-time picture of the
ongoing process. Ideally, the sensor
should be non-invasive, non-destructive, robust, fast, sensitive, and adaptable to the dynamic conditions of the
bioreactor. It should also be able to
generate good quality multivariate data for data analysis techniques
like chemometrics. Several spectroscopic techniques, such as ultraviolet-visible (UV-vis), near-inf rared

(NIR), mid-inf rared (MIR), dielectric spectroscopy, Raman spectroscopy, and fluorescent spectroscopy
have been investigated for their usefulness in bioprocess monitoring. Of
these, NIR and Raman spectroscopy
are most popular in mammalian cell
culture (9,10) and cell therapy (11). A
direct comparison between NIR and
Raman reveals the superiority of the
latter in terms of sensitivity, selectivity,
and limit of detection. However, since
NIR is more precise but less accurate,
it is not affected to a larger extent by
minor perturbations in spectra compared to Raman (12). Several monitoring systems, such as ProCellics by
Merck KGaA, Raman RXN2 analyzer by Kaiser, Matrix-F F T-NIR
by Bruker, MB 3600 analyzer series
by ABB, EVO i200 biomass system
by Hamilton, InVia confocal Raman
microscope by Renishaw, NIRSystems
Process Analytics process spectrophotometer by Foss Analytics, and analysis
software, such as Bio4C PAT Raman
Software by Merck KGaA, iC Raman
by Kaiser, and SIMATIC SIPAT by
Siemens are available in the market.
www.biopharminternational.com
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Many advances have been made
in the real-time monitoring of CPPs,
such as glucose, lactate, cell viability,
amino acids, post-translational modifications (e.g., N-glycosylation), and
even viral titers. The huge spectra dataset produced by such spectroscopic
measurements can be used to extract
information through the application
of multivariate data analysis (MVDA).
Typically, predictive regression models
are made through partial least squares
(PLS) or principal component analysis
(PCA), which are readily available in
instrument software. Biogen has patented a PLS-based method of monitoring manufacturing-scale bioreactors
up to 4000 L on Raman spectra (13),
and another publication describes the
product quality control using a feedback loop process automation platform
for glucose (14). Similar to the PLS
model based on Raman, NIR spectroscopy is also used for online glucose monitoring during scaling-up of
bioreactors. In addition to statistical
tools, mechanistic models and machine
learning methods, such as support
vector machines and neural networks,
have also been implemented in recent
years. One study at Janssen reveals
the better performance of Cubist over
other statistical and machine learning models (15), which shows that
the performance of prediction algorithms are strongly dependent on the
characteristics of data and the choice
should be made by a holistic approach.
Amgen has proposed and validated an
automated machine learning-based
approach for calibration, assessment,
and maintenance of Raman models (16).
However, one of the most interesting
concepts is the application of hybrid
models for bioprocess monitoring and
control. Their early applications for
mammalian cell cultures can be found
in the mid-1990s, and were based on
ANN, Monod kinetics, and fuzzy logic.
Other research groups have used ANN
to compensate for prediction errors of
first-principle models.
www.biopharminternational.com

CONCLUSIONS AND
FUTURE PROSPECTS

Surveys have pointed out the impact of
laborious data pre-processing steps in
the data analytics chain, which become
even more tedious in the case of bioprocessing data, where high levels of
heterogeneities are present. To improve
productivity over paper processes, electronic laboratory notebooks (ELNs)
integrated into laboratory information
management systems (LIMS) have
now become the industry norm to
document experiments, find and reuse
information, and promote efficient
collaboration. Initiatives like Findable,
Accessible, Interoperable, Reusable
(FAIR) involving major biopharmaceutical players are already in place (17).

Up-and-coming
monitoring
technologies
like dielectric
spectroscopy have
shown promise for
biomanufacturing.
Early stage cell-line development
is boosted by the rapid clone screening
platforms (e.g., ClonePix, Thermo Fisher)
and high-throughput productivity and
CQA analysis platforms (e.g., LabChip,
Perkin Elmer, and Octet, Sartorius),
which make the clone screening process more robust and efficient. The high
dimensional data generated from such
instruments can be used for multivariate/statistical modeling, and, additionally, deep learning models can be used
to select high-performance clones from
data generated by instruments. Various
bottom-up mechanistic approaches like
constraint-based modeling (CBM) and
omics-based technologies have been proposed. However, obtaining industry-rele-

vant output through modeling techniques
is still in its infancy. In this regard, cybernetic modeling approaches (18), which
have already shown success for microbial systems, can also be implemented
for mammalian systems. More efforts are
expected in robust multi-objective modeling and predictive computational frameworks for glycosylation optimization,
which is a critical component in biosimilar
upstream development.
The data-driven modeling methodologies described in this article for optimization, monitoring, and control that
attempt to model the system are manual
and require much human intervention.
Moreover, high variability persists in the
objectives and data generated in every
step of the drug development process,
which poses a challenge as the default
hyperparameters (e.g, number of hidden
layers and nodes) of machine learning
or hybrid models are often suboptimal
for a given problem. The conventional
procedure of manually fitting different
hyperparameter combinations could
be ineffective for complex problems. A
modeling platform incorporating data
preprocessing, feature extraction, model
selection, and hyperparameter optimization can be implemented through automated machine learning in R&D as well
as biomanufacturing.
For process monitoring, process development, and process control, some recent
unconventional process control strategies, such as a novel glucose control
strategy through oxygen transfer rate, a
gassing-based pH control strategy, and a
lactate-based feeding strategy, could be
explored even further. Up-and-coming
monitoring technologies like dielectric
spectroscopy have shown promise for
biomanufacturing. More complex deep
learning algorithms can be used for soft
sensor modeling to account for perturbations in monitoring bioprocesses. Novel
strategies based on hybrid modeling and
oxygen transfer flux can be applied alongside standard practices for scaling-up. The
most appropriate combination of monitoring technique, instrument sensitivJanuary 2022 BioPharm International 23
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Automating Upstream Processes Helps Sync Workflows
Automation solutions for upstream bioprocessing control. In addition, new artificial intelligence (AI)
have proven to be beneficial, saving labor and time. controllers can aid with process optimization, he states.
All upstream unit operations use automation to varying
Automating upstream bioprocesses can also provide
a tighter feedback loop for process control and can al- degrees, says Sandusky. He states that the biggest
leviate the challenges traditionally posed in this stage differentiation with automation is how units interact
with each other, such as with automated transfers or
of biomanufacture.
Ongoing challenges in upstream bioprocessing manual transfers, and how units are started–either
include maintaining quality control (better control of with a manual start or with an automated batch/recipe
temperature, humidity, pressure, and other factors start. Another area where automation is adopted is
influencing quality and cell growth), traceability, and with a manufacturing execution system that further
labor savings, says Chris Barnes, strategic account documents the process for electronic batch recording,
manager, Life Sciences, Omron Automation Americas. Sandusky adds.
Automation is found on almost all manufacturing
Chris Sandusky, director, Automation Solutions,
Cytiva, notes that automation is a large area of study scales, adds Docherty, who points out that the market
and focus. “If you look at just basic automation of a is seeing a spike in the adoption of process analytical
machine, it allows for the repeatable manufacture of technology (PAT). “PAT enables the understanding of
a step or process within defined boundary conditions. parameters that cannot be read through traditional
When this is applied to upstream bioprocessing, it instruments. With more data capture and knowledge
allows for tighter control of process variables that gathering we are now able to solve more advanced
have an impact on the growth profile of a bioreactor,” problems,” she states.
However, the current level of adoption of automation
he states.
There is also the benefit of knowing that automation in the biopharma industry can be difficult to assess.
ensures that the process is stable and is controlled “It is a moving target, as automation technologies are
within the critical process parameter (CPP) boundary rapidly evolving, often faster than the technologies
limits. “Without automation, the process would need can be adopted and incorporated into processes,”
to be manually monitored and controlled,” says says Barnes. “The time delays of regulatory approvals
Pamela Docherty, life sciences industry manager at and long design engineering cycles often mean that
Siemens Industry, USA. “Automation is the backbone a newer technology is available by the time one is
for data collection. Without automation, data would implemented.”
need to be captured manually, [possibly resulting in]
What automation does not yet solve
errors and gaps,” she states.
Automation is not yet ubiquitous in bioprocessing. For
Adopting automation
instance, the loading of consumables remains a typiAutomation is being more widely adopted in biopro- cally manual operation, says Sandusky. In addition, the
cessing. It allows for more precise control of process replacement of tube sets and single-use bags are still
variables to within established boundaries based on performed manually. Looking to the future, however, a
a particular step in a process, notes Sandusky, who robotic system would be capable of loading consumexplains that the process can be rather simple, involv- ables, he notes.
ing control of the temperature of a vessel, or a bit
Meanwhile, the knowledge of the scientist remains an
more complex, involving control of a tank level with a area that may not easily adopt automation, although
simultaneous inflow and outflow from a vessel. “These some may argue that, with the advancement in AI, the
process variables can be classified as critical quality industry may be approaching that ability, observes
attributes (CQAs) or CPPs; they define the acceptable Docherty.
manufacturing ranges for automation, allowing for
Furthermore, Barnes points out that although
more accurate and repeatable control of these items new AI controllers can help to identify outliers or
than manual control would allow,” he says.
abnormalities in the process, they cannot identify the
Adoption of automation in upstream bioprocessing root cause, such as whether the cause is contamination
is also beneficial to the cell culture environment within or cell mutation.
the bioreactor. The health (including quality, lifespan),
Biopharma manufacturers can look to fast-evolving
growth, and reproduction rate of cells are dependent automation technologies for new ways to address
on their living environment, Barnes emphasizes; the constant goal of better quality and more rapid
therefore, the precise control of temperature, humidity, production.
pressure, and other conditions are vital. These can
—Feliza Mirasol
be consistently achieved through automated process
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Figure 2. Potential innovative technologies and future perspectives for biologics upstream process development. The

color coding is done to distinguish the technologies based on their current application in biologics industry. PC is process
characterization. PV is process validation. CPV is continuous process validation. MVDA is multivariate data analysis. DoE is
design of experiment. CFD is computational fluid dynamics. FMEA is failure modes and effects analysis. FMECA is failure
mode, effects and criticality analysis. FTA is fault tree analysis. HACCP is hazard analysis and critical control point. HAZOP is
hazard and operability study. PHA is preliminary hazard analysis.

Data management is the key for implementing below mentioned techniques
New approach
Widely used approach
Sparingly used approach

Compartment modeling

Deep Learning for clone
selection
Cybernetic Modeling

pH Control through gassing

Glycosylation Modeling

Machine learning based hybrid modelling

Clone
development
& selection

Process
development
and PC

Scale up &
Scale down

MVDA

Hybrid modeling

MVDA

DoE

MVDA

Hypothesis testing

Hybrid modeling

DoE
Cell-Line Stress
Tolerance Studies

CFD
Empirical equations

Statistical modeling

Machine learning

Auto Machine Learning

Risk
assessment
FMEA
FMECA
FTA
HACCP
HAZOP
PHA
Risk ranking and
filtering

PV and CPV

Compartment modeling
MVDA
Machine learning
InSCyT as an automated,
multiproduct manufacturing systems
Statistical modeling

The entire system should be supported by digital infrastructure, data curation, and electronic Laboratory Notebooks

ity, and modeling algorithm should be
selected for best results. This selection is
more crucial for continuous manufacturing, for which measurement, monitoring,
and control tools must be highly robust
and accurate.
The application of computational
fluid dynamics (CFD) and compartment modeling would benefit the
organizations during scaling down,
scaling up, and technology transfer,
which usually gets hampered due to
poorly understood fluid dynamics.
Though other industries have readily
adapted digital twins, their dearth still
persists in the biopharma industry. The
application of digital technologies will
reduce the capital expenditure of drug
development and manufacturing by
reducing experimentation and timelines,
improving control and knowledge, and
overcoming regulatory bottlenecks. The
advances in allied fields such as software
www.biopharminternational.com

and monitoring instrumentation will
directly impact their successful implementation. As highlighted in Figure 2,
the traditional and innovative technologies are categorized based on their present state of applicability. Industry needs
to develop synergy between bioprocess
subject matter experts, automation engineers, and data scientists for the smooth
implementation of these technologies.
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Downstream Processing

Enhancing Resins Addresses
Purification Concerns
Enhancement of resin technology can improve the ability of chromatography
to purify the growing landscape of increasingly complex biomolecules.

T

here is ongoing enhancement of downstream chromatography resins as biomanufacturers continue seeking
ways to improve product separation and purification.
Resins have been seen as one tool that can address the purification needs of new COVID-19 vaccines as well as the
existing challenges in the downstream processing of increasingly complex biologic modalities.

WHAT COVID-19 BRINGS TO THE TABLE

The COVID-19 vaccines comprise several possible and different modalities, such as messenger RNA (mRNA), attenuated viruses, viral vectors, proteins, and virus like particles,
notes Henrik Ihre, PhD, director of Strategic Technology
Partnerships, Cytiva. Ihre explains that no one unique purification protocol can be applied to all these modalities because the
API for each is very different in terms of shape, size, and form.
“However, the high-level needs are similar. Each [protocol]
needs to achieve high-yielding purification protocols to bring
vaccines to the market in short time and in high purity,” Ihre
explains. “For some, but not all modalities, platform processes
and protocols may be developed enabling a shorter time to
26
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market. The mRNA vaccines in particular are still rather new
to the market, which is why no such platform processes seem
to be in place.”
One common feature of all mRNA-based APIs is the
poly(A) tail, which consists of multiple adenosine monophosphates. These tails reversibly bind to a poly(T) ligand that can
be immobilized to a solid support, which would enable an affinity-type of purification. “This is why oligo(dT) support is often
used in the purification of mRNA-based vaccines,” says Ihre.
The array of vaccine modalities that have been in development to address the COVID-19 pandemic all rely on different
viruses or viral parts as part of their composition. Although
recombinant vaccines are manufactured using well-established
technology, proven to be both safe and effective, they take longer to develop. DNA or mRNA vaccines, however, use information from the genome of the virus to create a blueprint of
select antigens, allowing them to be produced quicker than
traditional vaccines, confirms Nandu Deorkar, vice-president
of R&D, Biopharma Production, Avantor.
The main critical purification challenge for mRNAbased vaccines, however, is the lack of well-established and
www.biopharminternational.com
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Downstream Processing

cost-effective large-scale process (1).
“There are several purification techniques that are in use, such as precipitation, tangential flow filtration, or
chromatographic separations. However,
precipitation or size-exclusion chromatography (SEC) are not cost-effective
when scaled up,” Deorkar says.
Affinity chromatography resins such
as oligo(dT) can be used as a capture step,
but these resins are not able to separate
single-stranded RNA (ssRNA) from
double-stranded RNA (dsRNA), and
they have a low binding capacity (1,2).
Deorkar notes that hydrophobic interaction chromatography (HIC) and
anion exchange (AEX) chromatography
can be used, but careful optimization
of conditions is required to be applicable for large-scale production (1,2).
“Additionally, these HIC and AEX resins are known to foul when used as a
capture step, and alkaline stability of
resins should be considered, such as
resins based on polymethacrylate (e.g.,
Bakerbond Hipropyl or Bakerbond
PolyQUAT),” Deorkar states.

EXISTING CHALLENGES

Beyond vaccines, biotherapeutic development is seeing the emergence of a
variety of other complex modalities,
such as bispecific antibodies and protein fragments in addition to nucleic-acid-base APIs.
In general, the inherent physical and
chemical complexity of biologic modalities increases the diversity of production
conditions and increases the difficulty
of purification processes, Deorkar says.
There are, however, similarities in certain
classes of biologics, such as monoclonal
antibodies. “Because traditional monoclonal immunoglobulin G (IgG) products
share a similar structural and chemical
motif, a platform purification approach
can be utilized in the development
and production of this class of proteins.
Protein A affinity chromatography provided one simple capture step that made
screening of clones faster and purification
process development simpler,” he states.
28
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Deorkar also explains that plasmid
DNA (pDNA) and recombinant adeno-associated viruses (rAAvs) are two
other classes of biologic molecules that
are of high interest for the biopharmaceutical industry but that also face
many purification challenges. “For example, the large size of pDNA decreases
the capacity of AEX resins due to less
accessibility to the pores. In addition,
critical impurities, such as open circular
pDNA, genomic DNA and high molecular weight RNA have similar properties
making the separation of these impurities
more difficult (3),” he says.
Deorkar points out that a major challenge in rAAV purification is the removal
of empty capsid particles, which is an
impurity generated during upstream processing. “These empty capsids do not contain the therapeutic gene of interest and
can elicit an undesirable patient immune
response (4). Therefore, removal of these
empty capsid particles is critical during
the manufacturing process,” he states.
Use of AEX resins, which rely on the
difference in charge between the empty
and full capsid particles, is the most effective way of separation; however, the minor
difference in charge based on the DNA
encapsulated within the capsid requires
AEX resins with higher selectivity.
“Although the purification challenges
for each modality are different, all downstream processes have the common
goal of increasing yields with process
efficiency in a cost-effective way while
ensuring the final product meets purity
standards. Chromatography is often the
mainstream purification process where
those goals can be achieved through optimization,” Deorkar says.
“The key challenge for any process
developer working on a downstream
process is to develop a robust, scalable,
and cost-efficient process to get to
market in a short time,” adds Ihre. For
more mature modalities (e.g., mAbs),
decades of process development have
resulted in more or less “plug and play”
solutions based on Protein A chromatography as the key enabler.

For newer and more complex modalities lacking unique binding regions,
Ihre notes that new protocols often
need to be developed, and, sometimes,
new resins need to be invented to meet
the downstream purification goals. “To
develop a completely new process—
perhaps also based on new resin for a
new API—is a time-consuming process
delaying the ‘time to market’ aspect,”
Ihre says. “There needs to be a balance
between solving the downstream purification needs ‘good enough’ with existing resins and processes, as compared
to developing new and more tailored
resins and processes that may allow for
novel and beneficial platform protocols.”

RESINS TAKE ACTION

For the past decade much of the focus in
bioprocessing has been on process intensification—meaning the development of
new resins that have allowed for higher
productivities and that enable improved
process economy and increased resin lifetime, says Ihre. “This has especially been
true for the success of mAbs. Now, we
start to see a new landscape based on a
variety of new modalities such as viral
vectors, mRNA, pDNA, cell and gene
therapy, and oligos,” he adds.
Ihre notes that a common feature of
some of these new modalities lays in the
fact that they are very large in terms of
hydrodynamic volume. This results in
lower capacities if the molecules cannot
access the inner porous structure of the
resin, which often is the case, he states.
Ihre suggests that for such target molecules, a more open pore structure, such
as that seen in fiber-based devices, may
allow for high binding capacities and
productivity gains. “In studies of plasmid
purification processes, it was shown that
the productivity could be increased more
than tenfold from a fiber-based device,
as compared to a conventional bead
modified with the same ligand,” Ihre says.
Many downstream solutions can be
identified in chromatography steps due
to the step’s selectivity, versatility, scalability, and cost-effectiveness compared
www.biopharminternational.com

Downstream Processing

to other steps, says Deorkar. The challenge of pDNA being a large size molecule, for instance, inhibits its ability to
diffuse into the pores of the resin (3), so
addressing this challenge through optimizing the pore size of the resin will
increase the accessibility of the pDNA,
which can thus result in higher dynamic
binding capacities and increased production efficiency, Deorkar explains.
If the target molecule can enter the
porous structure of the resin and bind to
an existing ligand, then the conventional
based chromatography process may still
be the best alternative from a “time to
market” and a process economy perspective, says Ihre. He points out that there is
currently a large toolbox of commercially
available resins to choose from, all compatible with other downstream hardware
purification processes.
“These resins offer a broad range of
bead and pore sizes as well as choices
of ligand types and ligand densities;
therefore, the likelihood of developing
a robust, scalable, and highly productive process is very good. However, for
truly large target molecules or challenging feed streams, other purification
methods may offer more competitive
solutions,” Ihre explains.
“Another challenge in purifying
pDNA is its intrinsic highly negative charge which is also shared by
other impurities such as RNA, thus
making the separation of those contaminants difficult using traditional
anion exchange resins. In such cases,
use of multimode AEX resins (e.g.,
Bakerbond PolyQUAT) can increase
selectivity of pDNA over the impurities,” Deorkar adds.
Deorkar also points out that capacity
challenges exist for the purification of
mRNA, where dynamic binding capacities of reverse phase (RP) and AEX resins are extremely low. Because of this,
large amounts of material are required
for purifying the desired quantity of
in-vitro transcription product. “Resins
with higher binding capacities can
address those challenges of the current
www.biopharminternational.com

process inefficiencies observed in mRNA
purifications,” Deorkar states.
Chromatography, a well-established
technique, shows excellent repeatability and scalability, and the resins used
in the chromatography process provide an effective and efficient method
for purifying most biological molecules.
Meanwhile, precipitation, digestion, ultra
or microfiltration, and membrane capture can all be used at the lab scale to
efficiently test small-scale samples, notes
Deorkar. However, scale up of these
methods can be challenging due to process efficiency and reproducibility.
The most common large-scale process
for purification of mRNA, for example, is affinity chromatography followed
by ion exchange (IEX) or reverse phase
(RP) chromatography (1). In lab-scale
processing, lithium chloride precipitation
may work well, but scalability of such a
process is poor, Deorkar states. Affinity
chromatography, such as oligodT is
commonly used for a capture step, and
removal of dsRNA can be achieved
by RP or IEX resin steps. “Conversely,
with production, other methods, such as
membranes and monoliths, have been
investigated. Although these methods
show great promise, further development
is still required,” Deorkar says.
“Traditionally for all biologics, a multistep approach using two or three unique
chromatography resins enables purification of these biomolecules. Resins have
been shown to be effective and efficient
for the separation of these molecules
over other methods,” Deorkar adds.
“Often the same process goals can
be met based on different purification
technologies and what is most practical
may depend on what is commercially
available and what the specific company is used to for other or similar
processes,” Ihre includes.

FUTURE APPLICATIONS

Chromatography resins will continue
to be instrumental in the purification of
biologic molecules, says Deorkar; however, improvements will need to be made

to better serve the industry, especially for
the purification of pDNA, RNA, and
viral vectors. “As upstream processing
continues to increase titers of these biologic molecules, improving on current
chromatography resins to increase the
dynamic binding capacity while enhancing separation to remove process-related
impurities will be critical for manufacturing of these biologic therapeutics,” he
concludes.
“A chromatography resin consists of
a ligand coupled to porous base matrix.
The key design parameters for the
porous bead are the construction material, bead, and pore size, whereas the
key design parameters for the ligand is
the nature of the ligand and immobilized ligand density on the porous bead,”
explains Ihre. He says that the types of
porous beads, with their variety of construction materials, bead, and pore sizes,
are rather well-advanced in meeting key
market needs. New base matrix designs
could be seen as fine-tuned versions
optimized for certain application areas.
“Going forward, the key field of innovation around novel resins may rather
be on the ligand design side. If cost-efficient affinity ligands and resins can be
developed on short timelines addressing
new molecules, it is likely that affinity chromatography will gain even further market share based on its ability to
achieve high purity and recovery in just
one step,” Ihre says. Another possible
game changer, he notes, would be if a
universal tag system were developed and
approved for large-scale downstream
processing, and not only for small scale
or academic applications, which is the
case today, he says.
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Manufacturing

Qualifying AI Algorithms
for Manufacturing
Qualified algorithms enable validation of machine learning
models that can be used for process optimization.

A

rtificial intelligence (AI) and machine learning (ML)
are transforming industries as diverse as retail and
energy, using powerful algorithms and rich data
analytics to improve business agility in a constantly changing,
global marketplace. But some highly-regulated industries—
such as pharmaceutical manufacturing and life sciences—are
missing out by not fully using AI and ML. While there is
currently no specific guidance describing how AI must be
used, it is generally accepted that AI algorithms fall into the
same bucket of regulation as multivariate tools as an analytical math system. FDA and the European Pharmacopoeia
have clearly indicated their support of AI as a tool to increase
quality and efficiency and have published some content backing this technology. For example, the ninth edition of the
European Pharmacopoeia published in 2017 announced two AI
algorithms as valid chemometric methods in chapter 5.21 (1).
In 2021, FDA published an action plan regarding the use of
AI and ML as software for medical devices (2). Additionally,
the process validation guidance published by FDA in 2011
described standard methods to calculate the validity of any
analytic model (including AI as a multivariate tool) (3).
30
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Another roadblock to AI adoption is the perception that machine learning models are developed in a
black box. These models rely on AI algorithms and their
unique capacity of self-tuning themselves by learning
f rom data; different data mean different tuning needs.
Therefore, qualification of the AI algorithm is a prerequisite before a machine learning model can even be
validated. Only explainable and reproducible multivariate mechanisms can be used for good practice (GxP)
purposes; AI must be managed in this way to open the
perceived black box.
There are some industry initiatives to help overcome
this hurdle. For example, Xavier University has several
AI working teams that have been working with industry leaders in coordination with FDA to develop Good
Machine Learning Practices (GMLP), an AI Maturity
Model, show real-use cases, and drive other initiatives
related to AI implementation. The Parenteral Drug
TONI MANZANO, toni.manzano@aizon.ai, is chief science officer
and co-founder at Aizon.
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Association has also published an AI
Algorithm Qualification study (4).
The goal of this research initiative
was to provide a methodology based
on a design of experiment (DoE)
approach to agnostically qualify the
Isolation Forest algorithm. This
strategy can be applied to real datasets containing different sources of
variability or using synthetic datasets
containing several variables with different controlled features that are the
object of study, such as correlated
variables, various standard deviations,
orders of magnitude, etc. An experimental engine was specifically built
as part of the project. The strategy
was focused on detecting defects in
a motor using an AI algorithm for
outlier detection. The experiments
carried out have been defined using
a DoE to cover all operational conditions. The resulting guidelines can
be applied to other AI algorithms for
regulated drug and medical device
manufacturing environments.
Following this blueprint, pharmaceutical and biotech companies can
use AI/ML to optimize their highly
regulated manufacturing processes.
The use of batch data to streamline
production, reduce costs, improve
yield, and keep up with today ’s
increasingly complex regulatory landscape will enable Pharma 4.0 and the
business transformation benefits that
come with it.

QUALIFICATION METHOD

AI/ML allows pharmaceutical manufacturers and life sciences companies to
interrogate, analyze, and manage huge
data sets generated by complex systems.
Using qualified AI production chain
algorithms provides new ways to scale
operations and production. A qualified algorithm presumes a ready-touse state, making the model validation
process easier.
The concept of qualification is
associated with systems, facilities, or
equipment and is a process to ensure
www.biopharminternational.com

that these things are achieving the
expected acceptance criteria defined
in quality attributes and parameters.
In a regulatory context, “qualification” is the status of quality assurance
for systems, facilities, or equipment
supported by documented evidence
that proves the right use of them.
Qualification is different f rom validation. “ Validation” is the documented evidence to ensure that a
specific system, process, or facility is
generating an output with predefined
quality attributes and specifications
consistently (3). In summary, validation acts over processes and
procedures while qualification affects
assets. Generalization is possible for
qualification, but not for validation.
Usually, the validation of a system
or equipment implies its previous
qualification. Following this reasoning,
the validity of AI applications should
be studied by means of the algorithm
qualification perspective, proposing a set of standard procedures to
establish the acceptance criteria of its
implementation based on a set of
expected conditions (4).

AI/ML allows
pharmaceutical
manufacturers to
interrogate,
analyze, and
manage huge data
sets generated by
complex systems.
Now, it’s up to the industry to leverage and optimize this capability. The
following are four key points to consider when abstracting this generalized
qualification method to qualify other
AI algorithms.

AI is only as good as
the data you feed into it

AI systems designed to interpret
multivariable scenarios subject to
safety, quality, and efficacy regulatory requirements must be trained
with high quality data. Data must
be prepared, including the sufficient
variety of use cases to cover process experts, regulators, and patient
expectations. If data does not properly cover all the potential scenarios, an incomplete AI model will be
generated that is unable to provide
the expected accuracy. Conversely,
when data contain all the potential
situations, the model will present
robust outputs.
Innovation is just beginning

Global regulatory bodies are increasingly evaluating the benefits of AI as
related to pharmaceutical environment processes. In 2019, FDA published a discussion paper to request
feedback regarding AI/ML usage for
medical devices (5). The European
Medicines Agency (EMA) and Heads
of Medicines Agencies (HMA)
expanded the scope of the Joint
Big Data Task Force to include AI,
reflected in the Big Data Steering
Group Plan. They published a report
in 2020 on Evolving Data-Driven
Regulation (6), and in 2021 held a
workshop to gather opinions from
main pharmaceutical stakeholders
regarding big data and AI-related
technologies and tools. It’s clear that
regulatory bodies are seeing the benefits of AI/ML and are fast-tracking
the acceptance of these valuable tools
in a safe and responsible way.
AI will improve response
to future health threats

Research and development are only
part of the equation for discovering and developing new therapies,
such as the COVID-19 vaccines.
Contin. on page 37
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Multiple Challenges
to Multispecific Analysis
Multispecific analysis is complex but can be
achieved using appropriate strategies.

M

ultispecific antibodies are of interest to drug developers because they provide an avenue for achieving
more effective or safer treatments for a wider range
of diseases. Those attributes result from their ability to simultaneously target or engage multiple protein targets. Unfortunately,
a consequence of this enhanced capability is greater structural
complexity, which is often accompanied by greater numbers
of charge and structural variants and potentially a wider range
of post-translational modifications (PTMs). Drug developers
need to obtain deep understanding of these highly complex
biomolecules as early as possible in the drug development process to avoid investing time and cost into nonviable candidates.
Analytical techniques that provide better information, earlier, are
needed to facilitate multispecific drug development.

GREATER COMPLEXITY THAN
TRADITIONAL MONOCLONAL ANTIBODIES

Multispecifics are made up of similar domain structures as
monoclonal antibodies (mAbs). They are more complex, however, and that complexity is increasing as antibody developers
seek to tailor binding and half-life to specific biological require32
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ments while also addressing steric considerations for multiple
target engagement, according to Donmienne Leung, head of
protein engineering at Absolute Antibody.
The challenge, says Susan Darling, senior director of capillary electrophoresis and biopharma product management and
marketing at SCIEX, is that there are many more variants associated with these complex structures.
“Standard mAbs have identical heavy and light chains, but
there are charge and sequence variants and many different
post-translational modifications that afford many different
isoforms. For multispecifics, the number of possible structural
variants is greater and depends on how many different components are being combined together. Each one of those structure
variants has its own range of isoforms. That makes the analysis
of multispecifics exponentially more complicated,” she explains.
If multispecifics are produced with stochastic expression
systems, inappropriate association of the different chains may
CYNTHIA A. CHALLENER, PhD, is a contributing editor to
BioPharm International.
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occur. That makes even size assays for Darling agrees. “Many different combiidentifying intact mAbs inapplicable, nations with minimal mass differences
because the different structural com- can be generated depending on whether
the platform involves stochastic expresbinations may have the same size, but
sion or not,” she says.
only the correctly assembled molecule
In addition, while the mispairing of
will exhibit the desired activity. All of
both the heavy and light chains is often
the rest are considered impurities. In
addition, the greater structural com- of critical importance for the potency
and safety of mAb-based bispecific forplexity of multispecifics may result in a
greater tendency to misfold and aggre- mats, it may not be a factor for other
formats, observes James Graham, direcgate, comments Leung.
tor of protein and process analytics
Furthermore, Darling notes that even
if a strategy, such as the “knob-in-hole” within the Bio R&D group at Lonza.
approach, is used to afford multispecifics “Even though similar methods can be
with the correct structures, the bioen- used, the range of multispecific formats
means that ‘new’ attributes are specific
gineering process typically introduces
to the individual format for the protein
more attributes to these proteins, such as
rather than broadly relevant for all muldifferent modifications, that make these
biologics more complex not only struc- tispecifics,” he notes.
turally but from an affinity perspective.
The increased number of undesired
side products may potentially make
purification of the requisite therapeutic by traditional chromatography
techniques more difficult, adds Leung.
“Multiple chromatography steps and
mass spectrometry (MS) become necessary for full characterization of the
multispecific. The evaluation of multiple
target binding will also be less straightforward when the geometry of the
multispecifics and accessibility of each
Multispecifics built using Fc and
binding domain can be highly depenantibody fragments, Leung continues,
dent on assay formats,” she states.
can be purified and analyzed similarly
to traditional antibodies and proSIMILAR CHARACTERIZATION
teins
using affinity chromatography
NEEDS, PLUS MUCH MORE
(Protein
A, nickel, etc.). “The purity
That greater complexity means that
for multispecifics, all of the character- and homogeneity of multispecifics
can be achieved and evaluated by a
ization and other assays required for
combination of chromatography (e.g.,
monospecifics are required, plus many
more. Specifically, it is crucial to con- hydrophobic interaction, ion exchange,
firm the correct folding and intramo- and size exclusion) and MS similar to
traditional biologics, while PTMs on
lecular pairing of various domains. As
recombinant proteins and multispecifan example, Leung highlights the need
ics are typically characterized by mass
to confirm the correct pairing of heavy
spectrometry,” she says.
chain to light chain for each specific
Assumptions made for immunoantibody arm to retain affinity to the
globulin (IgG) monospecifics don’t
required target of interest.
apply to multispecifics, Darling adds.
“We can no longer assume that two
heavy and two light chains will come “The assumption for monospecific
together in a symmetrical molecule,” IgGs that there will be Fc and tar-

Specifically, it
is crucial to confirm
the correct folding
and intramolecular
pairing of
various domains.
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get binding affinities is also no longer applicable. Two or three different
binding affinities can be competitive
against different targets,” she contends.
In addition, she notes that there are
often modifications in multispecifics that are not observed for mAbs
because of the way the cell lines used
to produce these biomolecules are
engineered. There can be additional
PTMs as well, and in particular more
variability in disulfide bonds.
It is important to remember, though,
Graham underscores, that mAbs themselves are already multispecifics, so there
already is a good baseline in terms of
knowing what needs to be monitored.
“In addition to established attributes we
monitor during mAb development (e.g.,
safety, purity, potency, and the range of
product variants such as glycosylation),
it is the specific modifications that have
been made from the established mAb
framework that need special attention.
These may vary substantially depending
on the protein architecture,” he concludes.
All of these variations, Darling
asserts, can impact binding affinities and
thereby make many other assumptions
about monospecific IgGs also nonrelevant for multispecifics. “There can be
different cross-reactivities, different
catabolite forms, and different isoforms
generated during the biotransformation
process that can all have modified binding capacities. Simple ligand binding
assays are no longer sufficient,” she says.
Leung also stresses that in addition
to all of these issues, it is important to
remember that multispecifics must be
monomeric, soluble, and stable in nature
to enable clinical development and
downstream commercialization.

NEED TO MANAGE
GREATER VARIABILITY

From a characterization standpoint, the
big challenge for multispecifics is the
increased possibility for greater higher-order-structure variability, according
to Darling. “The molecular asymmetry
and potential for multiple product-rewww.biopharminternational.com
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lated impurities based on the combinations of chains being expressed is the
source of this variability,” Graham notes.
The fact that protein structures,
including multispecifics, when in solution
are dynamic in nature with flexible structural isomers and potentially aggregated
molecules further complicates bioanalysis,
according to Leung. “Temperature can
also influence the overall stability of the
correctly folded molecule and the respective domains. Moreover, the surface interactions between molecules and between
domains may have significant impact on
self-association,” she comments.
Where there are significant molecular weight differences between potential
product variants, Graham adds that the
assessment of aggregation can become
challenging because a high-molecular-weight species could represent a protein aggregate or a mispairing variant.
This variability can also create hurdles during process optimization and
scale up once a multispecific product
is defined and an investigational new
drug application (IND) has been filed.
“With multispecifics, there simply are
more chances because of the higher
variability that any changes to the process will lead to the formation of the
wrong structures and/or isoforms. That
means the risk is greater. It also means
that many more samples must be evaluated in a way that provides detailed
information very quickly,” Darling says.
It is generally necessary, observes
Darling, to use a combination of intact
mass measurements and characterization with reductive techniques such as
digestion prior to subunit analysis or
peptide-level analysis to identify disulfide bonds.

BUT MORE UNDERSTANDING
WANTED SOONER

A key trend in the biopharma industry affecting all drug development is
the desire to compress development
timelines down to just a few years.
“Companies are looking to get development times down to 1000 days; they
www.biopharminternational.com

want to develop everything at pandemic
speed, even when they have diverse
portfolios that include highly complex
next-generation products such as multispecifics, gene and cell therapies, and
RNA-based treatments, all of which
require new and different analytical
capabilities,” Darling asserts.

The reason for
this transformation
within the industry
is a new focus on
the developability
of biologics.
The result is a unique situation in
which a usually risk-averse industry,
because it is rapidly moving to more
complicated molecules, needs access to
newer, perhaps initially slightly more
experimental technologies. “The industry is really driving to be creative, not
just in terms of analytical solutions, but
in how they manage data and pull it
together to knock the inefficiencies out
of every step,” Darling concludes. “Our
customers are challenging us to develop
new analytical techniques that provide
more information more quickly, and
when we bring them new solutions,
they are adopting them at a much faster
rate than could ever be imagined even a
decade ago,” she says.

FAILING FAST A
MAJOR STRATEGY

The reason for this transformation
within the industry is a new focus
on the developability of biologics.
“Developability is increasingly critical for
downstream commercialization,” Leung
states. Darling agrees. She says that the
strategy of failing fast and early has
been increasingly adopted at an accelerating rate over the past few years, with
companies looking for technologies that

enable more detailed characterization
and stability assessments early on.
“Simply selecting the highest-yielding cell line without considering the
product quality is no longer the typical
approach. Developers want to find the
right cell line and clone that produces
a high yield of the desired product—
mAb or multispecific—with the right
structure and modifications from the
outset to avoid costly late-stage failures,”
Darling explains.
For instance, Leung points to the
use of various in silico and pre-clinical
screening techniques for the evaluation
of non-specific binding, self-association, and chemical stability as means for
identifying problematic molecules early
on. She also notes that while sequence
analysis and in vitro assays have been
recognized for the pre-clinical prediction of immunogenicity risks associated
with traditional mAbs, these techniques
have not been correlated for multispecifics with confidence.
Developers are also looking for
high-throughput, highly informative,
easy-to-use analytical solutions that support this strategy. For multispecifics, one
of the challenges is the inability to apply
platform analytical strategies because of
the variety of formats. Product-specific
methods become critical, and these
methods are required early in development, according to Graham. “As well
as ensuring that method performance
is sufficient to monitor the attribute in
question, throughput and turnaround
times must be compatible with screening
stages during cell line and process development,” he says.

ORTHOGONAL APPROACH
TO ANALYSIS ESSENTIAL

Comprehensive characterization of multispecifics, because these biomolecules
are so complex, generally requires the
use of several orthogonal methods. In
addition to traditional antibody assays,
many other methods are being explored.
“There are many different attributes
of multispecifics that need to be deter-
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mined, and because this type of biologic
is relatively new, there is still work to
be done to determine which methods
are best,” Darling observes. There is a
need, she adds, for iteration and customization of technologies to determine
which will be most impactful and robust.
As a result, multispecific developers are
leveraging orthogonality, using multiple
assays to confirm results and build more
confidence in their data.
For instance, in addition to leveraging established techniques such as
ultra-high performance liquid chromatography (UHPLC), capillary electrophoresis (CE), surface plasmon
resonance (SPR), MS, and automated
cell-based analysis platforms, techniques that can easily identify peaks
within a profile are crucial, according
to Graham. Native MS is one such
technology that can be used to generate peak identity information in parallel to the primary analysis method,
rather than having to perform subsequent follow-on testing. “Native MS
is particularly interesting due to the
information density of the technique
and the fact that non-covalent variants or impurities may be present for
some multispecific formats that can be
challenging to characterize using other
methods,” he remarks.
In general, adds Leung, a combination of high-resolution LC and MS
techniques are necessary to fully characterize multispecifics. Thermal stability
analyses such as differential scanning
calorimetry (DSC) and differential scanning fluorimetry (DSF) allow developers
to select for better-behaved molecules.
CE and other electrophoretic techniques
such as isoelectric focusing (IEF) and
capillary IEF (cIEF) have improved resolution of traditional sodium dodecyl
sulphate–polyacrylamide gel electrophoresis (SDS-PAGE) methods in elucidating the correct pairing of polypeptide
chains in multispecifics.
Intact mass analysis using Orbitrapbased LC-MS can resolve all theoretically expected species in a complex
36
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mixture, while using electrospray ionization time-of-flight (ESI-TOF) MS on
quadrupole instruments enables quantification of various species with improved
sensitivity and robustness.
While target binding can be confirmed using simple enzyme linked
immunosorbent assay (ELISA) methods, biochemical characterization of
multispecifics requires detailed kinetic
analysis to compare the integrity of
the final product. Association and dissociation phases of molecular interactions can be measured by established
techniques including SPR, biolayer
interferometry (BLI), and isothermal
titration calorimetry (ITC).
Ultimately, though, Leung concludes that cell-based assays are necessary to confirm target engagement and
the desired functional activity of the
multispecific.
With so many options for analyses to perform, it can be quite challenging to determine which methods
should be used for a given multispecific. Lonza has found that having a
template library of different analytical
methods based on the chemistry of the
therapeutic protein provides a starting
point for method development. “When
combined with a design-of-experiment
approach, development cycle for the
deployment of a new method can be
greatly streamlined and development
times reduced from weeks to days or
less!” Graham avers.

NEW TOOLS FOR
ACCELERATING
MULTISPECIFIC DEVELOPMENT

With an overall goal of accelerating
biopharma development, SCIEX has
focused on meeting the needs for easier-to-use MS solutions that provide rapid,
detailed results. In 2021, the company
introduced the accurate mass ZenoTOF
7600 system, which leverages both Zeno
trap with electron activated dissociation
(EAD) fragmentation technology.
In traditional TOF instruments,
Darling explains, the fragment ions

arrive at the pulser region with a spread
of velocities, so only a small percentage
of the ion population gets accelerated
into the flight tube. This duty cycle
problem is overcome because the Zeno
trap enables all of the ions to arrive
at the TOF pulser at the same time
independent of their masses. More than
90% of the ions are injected, resulting
in significantly improved MS/MS ion
sampling for all m/z and greater sensitivity for MS/MS and high-resolution multi-reaction monitoring (MRM)
acquisition scan modes and greater ion
fragment coverage.
EAD, meanwhile, provides for generation of electrons with tunable velocities
and allows for different fragmentation
mechanisms, including the hot ECD
mechanisms ideal for peptide mapping
of glycopeptides and disulfide-bonded
peptides, according to Darling.
Importantly, EAD preserves valuable side chain information, such as for
labile PTMs very common in multispecifics, that enables confirmation of
various isomers and affords excellent
MS/MS coverage for all charge states
in one experiment. “We are finding real
interest in this technology because it
allows for much easier and more robust
characterization of even highly complex
molecules. In fact, for the first time it
could be possible that electron dissociation could become the go-to-choice for
fragmentation,” Darling asserts.
Another advance in MS technology
is in the works at SCIEX and is based
on the direct coupling of cIEF with
MS. Initially developed by IntaBio,
which SCIEX acquired in early 2021,
the system enables high-resolution
separation of charge variants combined
with detailed MS data for each variant.
“The combination of isoelectric point
directly coupled with MS data allows
for confident identity assignment
during intact analysis in much less
time than is required for conventional
peptide mapping analyses,” Darling
notes. The company expects to launch
the system sometime in 2022.
www.biopharminternational.com
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On the CE f ront, SCIEX has
introduced in 2021 a new system that
allows for much higher throughput
analysis. “The BioPhase 8800 system
leverages a new cartridge that allows
parallel processing of eight different
CE samples (same or different molecules) simultaneously using CE-SDS
and/or cIEF with UV or LIF detection,
providing all the advantages of CE
while delivering consistent, accurate
results so that more samples can be
analyzed in less time,” Darling explains.
Importantly, methods developed for
SCIEX’s widely used PA 800 system
can be transferred to the BioPhase
8800, avoiding any need to do bridging
studies as projects move to late-stage
development and commercialization.
“That can save weeks to months of
time,” Darling says. “In addition,” she
emphasizes, “companies can rapidly
perform design-of-experiment studies
to quickly optimize both assays and
manufacturing processes.”
Manufacturing —
Contin. from page 31

Manufacturing and the ability to
scale up production and delivery of
these life-saving products was key.
AI and ML have already helped
manufacturers increase yield, identify
issues before they occur, and speed
the identification of root causes of
deviations. These examples demonstrate how AI accelerates current
operations by means of a multivariate approach. While speed is critical,
all tools, including AI/ML, must be
appropriately vetted and proven.
It’s time to
accelerate Pharma 4.0

The promise of Pharma 4.0 has never
been greater. Powered by qualified AI/
ML, pharmaceutical and life sciences
companies will be able to fully digitize their manufacturing processes
through data-driven decision-making. The smar t factor y, robotic
www.biopharminternational.com

AUTOMATION ON THE
FRONT AND BACK END

More complex molecules and the need
to perform more orthogonal analyses means that more samples must be
prepared and much larger data sets
are generated that must be analyzed.
Automation of both of these aspects
of multispecific analysis is becoming
another crucial strategy for speeding up
the development process. “Biopharma
companies are looking for any opportunities to remove unnecessary manual processing, whether with respect
to sample preparation or data processing,” comments Darling. That includes
investing in more specific software products, many of which leverage artificial
intelligence and machine learning, to
help with data integration.
While standardizing assays for multispecifics is not possible given the unique
nature of each of these biologics, automation of sample preparation and data
acquisition and analysis can help simplify
manufacturing, and the Industrial
Internet of Things, for example, will
graduate f rom concepts on a
white board to fully realized business tools. Most importantly, these
companies will be able to unleash the
power of their data to optimize the
manufacturing process, improve yield,
and guarantee product consistency
and quality.

OPENING THE DOOR
TO NEW INNOVATIONS
AND EFFICIENCIES

The ability to apply AI governance to
other algorithms in highly regulated
drug and medical device manufacturing environments opens the door
for all sorts of innovation. Companies
will be able to take advantage of
AI/ML to find new ways to scale
operations and production while
ensuring the quality of delivered
therapeutic and medical device products and services. This ability will
result in an economy of scale that leads

these solutions, Darling insists. Highthroughput data analysis platforms, agrees
Graham, are critical to the deployment of
newer analytical methods for multispecifics into process development, because
otherwise the data analysis time quickly
dominates the overall time to result.

INTERESTING BUT
NOT A MAJOR RISK

The challenges associated with multispecific analysis, while real, are not so
great that the bioanalytical experts with
experience in biologics development
cannot manage them. “Multispecific
analysis is definitely an interesting
field, but it should not be considered
a major risk,” Graham asserts. “Rather,
analytical development for these complex biomolecules should be approached
with a structured but flexible workflow
combined with a good understanding of
each molecule’s chemistry,” he concludes.
Having multiple answers on hand for
multiple multispecifics works! 
to safer, more efficient, and effective
patient outcomes; make us more resilient in the face of future health threats;
and open the door to finally realizing the promise of a fully digitalized
Pharma 4.0.

REFERENCES
1. EDQM, EurPh, General Text 5.21
(EDQM, Strasbourg, France, 2017)
2. FDA, Artificial Intelligence/Machine
Learning (AI/ML)-Based Software
as a Medical Device (SaMD)
Action Plan (January 2021).
3. FDA, Guidance for Industry, Process
Validation: General Principles and
Practices (Rockville, MD, January 2011).
4. T. Manzano et al., J. Pharm.
Sci. Tech. online DOI:10.5731/
pdajpst.2019.011338 (August 2020).
5. FDA, Proposed Regulatory Framework
for Modifications to Artificial
Intelligence/Machine Learning (AI/
ML)-Based Software as a Medical
Device (SaMD): Discussion Paper and
Request for Feedback (April 2019).
6. EMA, HMA-EMA Joint Big Data
Taskforce Phase II report: Evolving
Data-Driven Regulation (March 2020). ◆

January 2022 BioPharm International 37

Quality/Regulations

Quality Still a Priority
As regulators balance pandemic tasks and rethink procedures,
quality at manufacturing facilities is still a priority.
SUSAN HAIGNEY
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REGULATORY TRENDS

The pandemic created another complication for regulators: a
flurry of companies claiming to sell products to treat or prevent COVID-19. A good number of FDA warning letters
listed on FDA.gov in 2021 appeared to be directed at facilities
manufacturing hand sanitizer or other COVID-19-related
products that were adulterated (7). Quality problems occurring
within these companies entering the market showcase some
of the problems regulators see in quality departments, according to Susan J. Schniepp, distinguished fellow at Regulatory
Compliance Associates. “I think many of the observations
regarding insufficient quality are directed at this phenomena
of companies producing products that are regulated and not
understanding those regulations,” she says. Compounding
pharmacies also got attention by the agency in 2021, with failures in aseptic and sterile manufacturing procedures a common
notation on Form 483s (8–10). Some other common types of
citations found in warning letters are listed in Table I.
Schniepp also sees the typical quality problems continuing
in the future, including insufficient investigations, a lack of
data integrity controls, not having adequate standard operating procedures (SOPs), and not following SOPs. “These issues
have been responsible for the majority of observations in the
past, and there is no reason to suspect that industry has solved
www.biopharminternational.com
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T

he pandemic created many challenges in 2021 for both
pharmaceutical manufacturers and regulatory organizations. The quality of pharmaceutical products continued
to be a focus, but many facility inspections were postponed in
2020, and FDA officials evaluated their inspection programs
during the pandemic and issued guidance for remote monitoring
and other virtual activities (1–3). From March 2020 through
March 2021, FDA conducted 821 mission-critical inspections
(49 for human drugs, 10 for biologics) and 777 prioritized
domestic inspections (106 for human drugs, 53 for biologics) (4).
In Europe, there were fewer regulatory inspections in 2020
than in previous years (5). Siegfried Schmitt, vice president,
Technical at Parexel, feels the limit on in-person inspections
might have a long-term impact on the expertise of quality
personnel. “The current pandemic limits the opportunities for
in-person meetings, visits, and travel. These have proven to be
important elements of professional development, particularly for
budding quality professionals, as these allow learning and experiences that cannot be conveyed through virtual/electronic means.
This may limit the pool of experienced and seasoned quality and
compliance experts in years to come,” he says.
These challenges have made the already difficult task of
inspecting facilities more problematic. Regulatory agencies, however, worked to get back on track in 2021 (6).

Quality/Regulations
Table I. Common trends in FDA warning letters in 2021.

FDA comment

Date

“It is a prohibited act under section 301(e) of the FD&C Act (21 U.S.C.
331(e)) to refuse to permit access to or copying of any record as
required by section 704(a).”
“We note that, while your firm is registered with the FDA as a
manufacturer of OTC drug products, your website indicates your firm
is also involved in pipeline operations and fracturing, also known as
fracking. Fracking operations typically involve multiple chemicals that
could be harmful to patients if they were to contaminate drugs, such
as your hand sanitizers.”
“Your firm failed to test samples of each component for identity and
conformity with all appropriate written specifications for purity, strength,
and quality (21 CFR 211.84(d)(1).”

“Your firm failed to have, for each batch of drug product, appropriate
laboratory determination of satisfactory conformance to final
specifications for the drug product, including the identity and strength of
each active ingredient, prior to release (21 CFR 211.165(a)).”

“Your firm failed to thoroughly investigate any unexplained
discrepancy or failure of a batch or any of its components to meet
any of its specifications, whether or not the batch has already been
distributed (21 CFR 211.192).”

FDA issuing
office

10/12/21

10/5/21

9/21/21

8/31/21

8/24/21

CDER

CDER

CDER

CDER

CDER

Facility
location

Reference URL

Portland, OR

https://www.fda.gov/inspectionscompliance-enforcementand-criminal-investigations/
warning-letters/healthmedsinc-618484-09292021

Midland, TX

https://www.fda.gov/inspectionscompliance-enforcementand-criminal-investigations/
warning-letters/true-chemicalsolutions-llc-616672-09292021

Malaysia

https://www.fda.gov/inspectionscompliance-enforcementand-criminal-investigations/
warning-letters/furley-bioextractssdn-bhd-614592-09132021

Turkey

https://www.fda.gov/inspectionscompliance-enforcementand-criminal-investigations/
warning-letters/gulsah-uretimkozmetik-sanayi-anonimsirketi-611591-05132021

Japan

https://www.fda.gov/inspectionscompliance-enforcementand-criminal-investigations/
warning-letters/toyobo-coltd-614177-08192021

CDER is Center for Drug Evaluation and Research. CFR is Code of Federal Regulations.
SOURCE: FDA, Warning Letters, FDA.gov, accessed Dec. 13, 2021.

these issues. I think one of the reasons
for this situation is the industry doesn’t
necessarily change their approach to
certain key functions even as products
and processes become more sophisticated and outpace a company’s ability to
revise documents to keep pace with the
product changes,” she says.
One of the common FDA observations in warning letters is the lack of
adequate response to FDA 483 notices.
“Effectively responding to a 483 and/or
warning letter requires familiarity with
processes, systems, and data because
a proper response should address
how you are going to fix the situation
observed, how you are going to prevent
the situation observed from recurring,
and why the situation observed did
not impact the patient safety/product
quality of the product that was released
before the situation was corrected,”
says Schniepp. “I think many people
forget to include this historical look
www.biopharminternational.com

back. Without this historical perspective, a response will never be sufficient.”
In Europe, Schmitt points to a lack
of quality oversight as a quality issue
at some facilities. “European agencies
expect senior management to actively
engage with the quality department
and to drive quality and compliance
in the company. To that end, a company must be able to demonstrate regular [documented] meetings between
senior management and the quality
department. In addition, quality and
compliance key performance indicators
should be in place,” he says.
As regulatory agencies work to combat COVID-19, facility inspections,
either performed in-person or remotely,
will continue to be one of the tools
regulators use to ensure the safety of
medicines. Inspections also provide pharmaceutical companies with the information they need to produce the most
effective and safe products possible.
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Supply Chain

Finding Solutions to
Cold Chain Supply
New and emerging biotherapeutic molecules drive the need
for innovative solutions to meet cold-chain requirements.

E

nsuring a cold-chain supply chain for biologics has always
been challenging. With the emergence of newer biologic
modalities, more stringent cold-chain requirements need
to be developed as the industry finds solutions to address the
unique challenges that these newer modalities present.

NEW VERSUS TRADITIONAL

The standard cold chain is ready for refrigerated and even frozen
products; however, the cryo requirements for certain biotherapeutics are challenging the supply chain both from a temperature maintenance perspective and a monitoring perspective,
notes Angela Kerr, vice-president, product portfolio, SpotSee, a
provider of proprietary indicators and condition-based monitoring devices for supply chain.
“The equipment needed to maintain the temperature and to
measure the temperature is specialized and expensive. In developing countries, the cold-chain infrastructure is most certainly
going to struggle,” Kerr observes.
Gary Hutchinson, president of Modality Solutions, a biopharma cold chain engineering company, notes that the most
significant difference with the new COVID-19 vaccines is the
40
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challenge of identifying the effect of stressing the vaccine with
a range of transportation hazards (e.g., shock, vibration, pressure, and humidity) concurrently while maintaining cryogenic
temperature conditions. “Verifying the safety and quality of
these new biologic modalities in a complex delivery network will
require better characterization and validation with transport simulation technology,” he says.
Hutchinson explains that, once at the administration site,
the vaccine thaw rate and stability at refrigerated temperatures
require time-definite delivery and new controls in pre-administration procedures. Otherwise, there is no guarantee of vaccine efficacy. Tracking these time-out-of-temperature events
across the complex supply chain will be a significant challenge,
too, he emphasizes.
Current cryogenic shipping containers typically rely on
vaporized liquid nitrogen to maintain these ultra-cold temperatures, Hutchinson explains; however, these containers are
susceptible to failure if the proper orientation (i.e., vertical
orientation) is not followed. “With the increased use of these
cryogenic shippers, the availability and complexity at the
administration site will be an ongoing challenge,” he adds.
www.biopharminternational.com
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Supply Chain

COMING UP WITH SOLUTIONS

Solutions’) transport simulation technology. This allowed the scientists to conMore efficient shipping timelines is one
firm the viability of a vaccine from the
solution. However, accelerated timelines
require transport simulation technology, point-of-manufacture to the dosing of
the population.
Hutchinson says. Accelerated timelines
Hutchinson points to the examare needed to keep up with the pace of
ple of Pfizer, which changed its coldinnovation needed for emerging new
chain requirements during the pandemic.
COVID-19 variants, for example.
“Since so little is known about the “These changes relieved significant presrobustness of this new [biologic] modality, sures on the delivery network. However,
and new variants are arriving monthly, these changes were only possible with
better characterization of the robustness
transport simulation studies designed to
of this new modality. The characterizaconfirm the quality of the vaccine across
tion process for robustness in the cold
a complex global transportation network
chain can be shortened from months to
are the only way to complete the required
validation in the accelerated timelines,” weeks using transport simulation technology,” says Hutchinson.
says Hutchinson. “When Operation
Warp Speed is required, the new variants
will need the speed and accuracy of trans- EVOLUTION OF BIOLOGICS
port simulation to confirm the safety and
The future of supply chain operations
efficacy of these new vaccines.”
will depend to a certain extent on the
Kerr points to specialized record- evolution of these increasingly complex
ers, which are currently available for
biologic. The COVID-19 pandemic
monitoring the cold chain, as another
proved to be a real test of the biopharma
solution to maintain biologic product
cold chain, Hutchinson states. “I think
integrity. Development of solutions that
we were largely successful through
are more economical will also certainly
heroic efforts. However, the future of
emerge, she adds.
supply chain operations is a complete
In terms of other approaches to
revamp of the network that focuses on
address cold-chain requirements, Kerr
robustness and risk management. Too
emphasizes that the experience with
many operational steps that were taken
COVID-19 required biomanufacturers
for granted were shut down in the panto do whatever it took to get to a solution. demic. The cold chain adapted on the
“There are certainly efforts that are being
fly. In the future, these adaptions will be
explored to meet standard cold chain or
alternatives that will be tested and inteavoid cold chain completely,” she states.
grated into a more robust and diversified
Hutchinson says that Modality
cold chain,” he says.
Solutions has worked with clients to
Hutchinson expects that the future of
evolve formulation approaches and test
supply chain operations will start with
the robustness of formulation solutions
formulation development to match coldat differing temperature ranges. “The for- chain capabilities. He explains that such
mulation is dependent upon and must
a future will be especially true if a mass
be tested against the practical limitations
vaccination program is needed to stave
of the cold chain. A vaccine that cannot
off the next pandemic. The approach will
be delivered safely and effectively is of
also be best-practice when the promise of
no use to anyone. After the initial test- these new modalities is used to address
ing to set temperature requirements, a
other significant diseases.
review of the capabilities in the supply
Meanwhile, packaging is also
chain sets the testing parameters,” he says. expected to play a role in allowing new
Once scientists reviewed the risks and
modalities to meet the requirements of
made formulation changes, the newer
the cold chain in the future. “Packaging
vaccines were tested using (Modality
is responsible for making sure products

can be moved safely through the supply
chain. Packaging companies and engineers are given the transport/storage
conditions that are required to maintain
the efficacy of these products so they
are always looking for methods that will
maintain these dramatic temperature
conditions,” says Kerr.
Hutchinson says that the most significant change in packaging being
seen is how the issue with orientation
for current most-used packaging solutions is being addressed. Alternative
designs and refrigeration are in development and being qualified and verified across the industry, he notes.
“A change in process development
will eliminate the need for specialized
packaging in the future,” Hutchinson
adds. “The most significant change
is not better packaging, but a better
understanding of the vaccine robustness
at more standardized temperatures (e.g.,
2–8 °C or ≤ -65 °C),” he says.
He also acknowledges that the industry recognizes the fact that technological
innovations will take time to be adopted;
however, if the stability and efficacy of
the vaccine are confirmed at more-common temperatures with the current supply chain infrastructure, then cold-chain
challenges in the future will be reduced.
Modality Solutions is also working to
better understand the non-traditional
shock and vibration events on these
next-generation modalities. “These
vaccines are delivered into emerging
markets with less sophisticated transportation infrastructure in non-traditional transport equipment. For
example, military trucks, helicopters,
and, in some cases, drones are being
used as the primary method of transportation,” he explains.
“These types of equipment on more
primitive infrastructure have a significantly different shock and vibration profile than advanced nation infrastructure.
These differences must be characterized
and tested to confirm the viability of the
vaccine after delivery to every corner of
the world,” he states. ◆
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Outsourcing

Outsourcing’s Race Toward Novelty
Recent developments in the outsourcing industry include a focus on early
development services, biosimilar production, and RNA technology.
GRANT PLAYTER

EARLY DEVELOPMENT SOLUTIONS

Small drug companies own a large portion of the overall drug
candidate pipeline, but they typically require more assistance
throughout the early process to successfully bring their drug to
market. Inexperience in regulatory filings, trial design, and other
early design elements can doom a drug before development.
According to Jeetendra Vaghjiani, senior director of clinical
development and strategic marketing at Lonza, emerging biotech
companies are reliant on CDMOs because of their development
and manufacturing capacity, expertise, and flexibility. These can
prove pivotal in successfully bringing candidates to clinical trial,
placing increased importance on end-to-end CDMO services (1).
In a similar vein, companies that can provide drug discovery
solutions for these same, inexperienced start-ups looking to
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advance their product are also attractive. As companies enter the
bio/pharma industry, CDMOs that can demonstrate repeated
success in finding promising candidates will continue to get hired.
Armin Spura, CEO of Crown Bioscience, stated that a major
advantage of outsourcing drug discovery is access to specialized
technology and expertise. Because of the high attrition rate associated with drug development, the better your preclinical program,
the stronger the position you can establish in terms of program
design and patient identification (2). If one can improve their
preclinical process with a CDMO, they will ultimately improve
their chances of approval.

BIOSIMILAR PRODUCTION

In recent months, biosimilar production has seen a boon in
development. Following the Biologics Price Competition and
Innovation Act in 2010, FDA had approved just 30 biosimilars
through 2020 (3). However, FDA announced the approval
of the first interchangeable biosimilar insulin product, Mylan
Pharmaceuticals’ Semgle (insulin glargine-yfgn), in July 2021.
Since then, FDA has approved multiple biosimilars, such
as Boehringer Ingelheim’s Cyltezo (adalimumab-adbm) for
Humira (4) and Samsung Bioepis’ Byooviz (ranibizumab-nuna)
for Lucentis (5). This situation presents a unique opportunity
for the commercial viability of interchangeable biosimilars.
www.biopharminternational.com
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B

io/pharma is a fast-paced industry that is continuously
innovating via new technologies and techniques. The
determination of what, if anything, should be outsourced
throughout the development, manufacturing, and commercialization process is subject to various interlocking factors that necessitate thoughtful consideration. What an outsourcing company can
specifically offer over in-house offerings or cheaper competitors is
crucial. Consequently, many outsourcing companies seek to adopt
new technologies that can set them apart from competitors.

Outsourcing

However, because of the relative scarcity
of approvals over the past decade, companies looking to capitalize on this new
market are likely to require specialized
knowledge to get through the approvals
process. Kelli Phillips, associate director of
ImmunoChemistry at PPI Laboratories,
noted that because contract research
organizations routinely support biosimilar product submissions to regulatory
agencies, they understand the current best
practices expected by said agencies. (6).

mRNA SERVICES

Messenger RNA (mRNA)-based
therapies took center stage following
the release of the Pfizer-BioNTech and
Moderna COVID-19 vaccines. The
development of these vaccines was built
on over 50 years of foundational research
into mRNA (7), but it is only after the
release of mRNA vaccines that we haveseen this rapid expansion in demand.
Moderna outsourced some production of its COVID-19 vaccine to

CDMOs like Lonza, one of the world’s
largest pharmaceutical services companies. Shortly thereafter, demonstrating
one’s ability to provide some form of
mRNA service became a hot commodity. In the past six months alone, large
CDMOs, such as Samsung Biologics
and Lonza, have advertised massive
expansions of their mRNA manufacturing capabilities, which has been
mimicked by various smaller companies
scrambling to keep up (8, 9, 10).
The race to receive lucrative partnerships is on. While the industry is still in
the infancy of this boom, as mRNA capabilities become a utility tool in drug development, CDMOs will attempt to present
themselves as the best option for development and manufacturing.
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BioPharm International accepts four types of peer-review papers
that are considered: standard data-driven, novel research; topical
literature or patent review; technical case studies/technical
application notes; and science-based opinion papers.
Manuscripts for peer-review papers are accepted on an ongoing
basis. Publication priority is given to papers in the order they are
accepted for publication.
Submitted papers are initially screened by the editors, then
submitted for formal review by a member of the editorial advisory
board, who will review the article for technical interest and content
in a double-blind review process. Article acceptance is conditioned
on the reviewer’s approval. Once accepted for publication, a paper
typically is published within three to five months.
Peer-review papers are published in the print and digital editions
of BioPharm International, and on www.BioPharmInternational.com.
Links to the online versions of peer-review papers also are featured
in e-newsletters distributed to the publication’s audience.
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To learn more about the peer-review submission process, click the
Submission Guidelines link on www.BioPharmInternational.com.
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PRODUCT SPOTLIGHT

ADCC Expression Cell Line

Small Bore Tubing Connectors

PerkinElmer’s
antibody-dependent
cellular cytotoxicity
(ADCC)+ Cell Line
is an expression cell
line for the company’s
Horizon Discovery
CHOSOURCE
platform, which is
designed for rapid
identification of
SOURCE: HORIZON DISCOVERY/PERKINELMER INC
clones expressing
high levels of recombinant therapeutic proteins.
The ADCC+ cell line eliminates the fucose gene to
increase ADCC activity with the intent of improving the
potency and efficacy of therapeutic antibodies and fusion
protein biotherapeutics. At the same time, it aims to reduce
dosage requirements and side effects for patients.

Colder Products
Company MicroCNX
Series Connectors
provide an alternative
to tube welding for
small-volume, closed
aseptic processes.
MicroCNX connectors
are specifically designed
for small-volume
processes involving 1/16 in. (1.6 mm), 3/32 in. (2.4 mm),
and 1/8 in. (3.2 mm) small-bore tubing. The connectors
can be incorporated into pre-made tubing assemblies.
To use the aseptic connector, users must pinch to remove
the protective cover, click together the connector halves, and
pull out the protective membranes to allow flow to begin. This
process is intended to be a simpler solution to traditional tube
welding, which requires maneuvering the tube welder into
position, equipment maintenance, and precise technique.

PerkinElmer
www.perkinelmer.com

Colder Products Company
www.cpcworldwide.com
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Ask the Expert

Good Manufacturing Practice on Demand?
Siegfried Schmitt, vice president Technical at Parexel, discusses
the difficulty of operating non-GMP and GMP quality systems
Siegfried Schmitt is
in the same facility.
vice president Technical at Parexel.
We have been manufacturing specialty
chemicals for many years. Some clients
have asked us to manufacture intermediates
and drug substances for them in compliance
with good manufacturing practices (GMPs).
We are very interested to do so, but how do we
manage two quality systems (GMP and nonGMP) within the same facility?

A:

It is understandable that you wish to
have a non-GMP quality system for your
specialty chemicals business and a GMP system
for pharmaceutical intermediates and drug substances, as these have a direct bearing on the
cost of goods. Companies can certainly operate
more than one quality system; the difficulty
however is to operate them within one and the
same facility. In short, I have never seen it work.
Let us look at some of the reasons for this.
Your personnel will need to be trained in the
respective quality system. Following a particular system requires more than training; it needs
repeat experience (i.e., learning on the job).
Having to switch between two rather different
systems would be like having to cook over a
campfire today and to prepare the same meal in
a professional kitchen tomorrow. This is confusing, to say the least. Where GMP-trained and
untrained staff work in close proximity, there
is always a chance that untrained operators are
called for help, thus creating a risk to product
quality and compliance.
Your equipment must be suitably qualified, calibrated, and maintained to meet GMP
requirements. Especially during times of high
demand, the temptation is all too real to use
unqualified equipment due to production pressure and looming deadlines. Or, if there is no
clear physical segregation between non-GMP
and GMP equipment, the probability to erroneously use unqualified equipment (in manufacturing or the laboratory) is unacceptably high.
You may require the same raw materials for
pharmaceutical product manufacture and for

other goods, yet in differing qualities (i.e., different specifications). It requires a very robust
dispensing and documentation system to prevent any accidental use of raw materials with
the incorrect specification. It is, however, not
merely the use of the correct material that is of
concern. You also need to consider the risk from
accidental cross-contamination from non-GMP
materials. Such materials may have unknown
impurities, which may be difficult to detect and
remove during cleaning. Unless you have dedicated GMP and non-GMP equipment, there is a
real risk of accidental cross-contamination.
Where things go wrong most often where
more than one system is in operation is with
documentation. GMP requires not only good
documentation practice, but also must meet the
strict requirements for data integrity. It matters
for GMP products who performed the task, documented the task, and documented it contemporaneously. Yes, mistakes happen with GMP
documentation too, but these errors need to
be corrected in a controlled manner. GMP processes need to follow documented, controlled
procedures and instructions, whereas non-GMP
activities don’t. It is human nature to follow the
path of least resistance. Thus, there is a real likelihood that staff may not want to bother with
onerous procedures, particularly when there is
a high workload and pressure to meet deadlines.
In summary, it is conceivable to have more
than one quality system, but it is nigh impossible to operate them alternating or in parallel
within one and the same facility. Physical and
organizational segregation is a necessity, or
deviations and costly mistakes will be encountered almost inevitably. ◆

Your opinion matters.
Have a common regulatory or compliance question?
Send it to shaigney@mjhlifesciences.com,
and it may appear in a future column.
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Q:

Quality.

Trust ours to enable yours.
10 10
of

approved CAR-T and
gene therapies use our
technologies for
product lot release

Trust your gene therapy and vaccine development
to the highest quality analytics.
Our product line continues to grow to serve your needs as
you develop critical cell and gene therapies and vaccines.
We know you need to scale up and quality control quickly
and efficiently with the highest level of confidence.
•

Host cell protein (HCP) ELISA Kits for viral vector and
vaccine manufacturing and QC:
HEK293 • Sf9 • BHK • HeLa • A549
MRC5 • PER.C6® • CAP® • Vero • MDCK

•

Process-Related Impurity ELISA Kits:
EndonucleaseGTP® • BSA • HSA • Human Transferrin
Insulin • AVIPure® – AAV9 Ligand

•

Host Cell DNA Extraction and Human Host Cell DNA
Detection Kits

•

Viral Clearance Kits

© 2021 Cygnus Technologies. All rights reserved. EndonucleaseGTP is a registered trademark
of Cygnus Technologies. AVIPure is a registered trademark of Avitide. PER.C6 is a registered
trademark of JANSSEN VACCINES & PREVENTION B.V.; CAP is a registered trademark of
CEVEC Pharmaceuticals GmbH.

Cygnus Custom Development Services ease the burden
to your staff for process-specific assay development and
advanced AAE-MS™ orthogonal testing. We work side by side
with you to ensure your development goes smoothly.

Learn more at:

cygnusgtp.com/ad
With you all the way.

DELIVERING HIGH YIELDING CELL LINES IS SCIENCE.
ACCELERATING DEVELOPMENT TIMELINES IS ART.
Speed to first-in-human studies is built on the science of robust gene expression and the art of
accelerating timelines from DNA to GMP manufacturing.
Introducing GPEx‰ Lightning - next generation cell line engineering technology designed to
shorten development timelines by up to three months. GPEx Lightning generates high titer, highly
stable mammalian cell lines with the speed and flexibility from cell line to fill finish, clinical and
commercial supply, delivering your therapy to patients faster.

WHERE SCIENCE
MEETS ART.

US + 1 888 SOLUTION (765-8846)

EUR 00800 8855 6178

biologics.catalent.com/gpex

˝ 2021 Catalent, Inc. All rights reserved.

