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Note from the CEO

T

he JP Morgan Healthcare conference in San Francisco is the pharmaceutical world’s equivalent of the world economic development forum
in Davos—an event CEOs and innovators schedule the rest of the year’s
calendar around. It was with a heavy heart late last year the decision was
made due to go to an all-virtual event. As a city, San Francisco was denied a
vigorous financial stream, while participants were held back from in-person
catchups and in-person partnering and deal making.
But much was maintained. The pandemic has raised drug production and
supply to the forefront of both the general public and investors of various
stripes—angel, institutional, strategic industrial, private investment in public
equity, and public private partnerships.
This capital influx allows biotech companies the luxury of retaining control much longer (i.e., of staying private companies). In turn, this has pushed
up sector valuations. So, while mergers and acquisitions remained somewhat
quiet after a stellar 2019, licensing and partnerships predicated upon back-end
payouts have proliferated.
This is in tune with a cultural shift during the two years of pandemic
where all parties have kept in far closer conversation than had been previously
typical. This built-up of trust and empathy for each other’s situations and
goals, reduced barriers and resistance to license agreements. It’s been more
collegial. Decisions are made with less uncertainty. Outsourcing contract
development and manufacturing organizations (CDMOs) have space booked
a year in advance, “the outside economic environment is encouraging,” Ramesh Subramanian, Chief Commercial Officer, Aragen, says. He affirms it
is a buoyant time for R&D outsourcing. He specifies that this buoyancy can
be attributed primarily to three reasons, “… increased funds flowing into
[the R&D outsourcing] space, a high number of targets in the pipeline, and
renewed interest in pharma R&D due to the COVID-19 pandemic.”
However you are placed coming out of the past two years, it is a certainty
you are busy. And busy is good for business.

Mike Hennessy, Jr.

President and CEO
MJH Life Sciences™

TruCLEAN

®

& DISINFECT
Thick-bodied sponge protects delicate surfaces.
Ideal for cleaning and disinfecting floors, walls,
and ceilings in controlled environments.

Compatible with gamma, ethylene oxide, and

TruCLEAN Sponge Mop
®

autoclave sterilization - up to 250˚F for 30 min.

Made in USA

Specifically formulated polyurethane foam

Product INFO

• 16” x 5” Coverage Area
• 100% Lint & Fiber Free

CLEANROOM

• Heat-Sealed Edge

ISO Class 5 Cleanroom Laundered and Gamma Sterilized
TruCLEAN Sponge: #22-34ST
(Validated Sterile)

TruCLEAN Sponge: #22-34CL
(Cleanroom Laundered)

Perfex Corporation
1-800-848-8483

www.perfex.com

EDITORIAL
Editorial Director Chris Spivey CSpivey@mjhlifesciences.com
Senior Editor Meg Rivers MRivers@mjhlifesciences.com
Managing Editor Susan Haigney SHaigney@mjhlifesciences.com
European Editor Felicity Thomas FThomas@mjhlifesciences.com
Manufacturing Editor Jennifer Markarian JMarkarian@mjhlifesciences.com
Science Editor Feliza Mirasol FMirasol@mjhlifesciences.com
Assistant Editor Grant Playter GPlayter@mjhlifesciences.com
Creative Director, Publishing Melissa Feinen
Senior Art Director Marie Maresco; Senior Graphic Designer Maria Xelo
Contributing Editors Jill Wechsler jillwechsler7@gmail.com;
Hallie Forcinio editorhal@cs.com;
Susan J. Schniepp sue.schniepp@mac.com; Eric Langer info@bioplanassociates.com;
and Cynthia A. Challener, PhD challener@vtlink.net
485 Route One South, Building F, Second Floor, Iselin, NJ 08830, USA
Tel. 732.596.0276, Fax 732.647.1235, PharmTech.com

EDITORIAL ADVISORY BOARD
Pharmaceutical Technology publishes contributed technical articles that undergo a
rigorous, double-blind peer-review process involving members of our distinguished
Editorial Advisory Board. Manuscripts should be sent directly to the managing editor.
Below is a partial list of the Pharmaceutical Technology brand editorial advisory members.
The full board, which includes advisory members from Pharmaceutical Technology Europe,
can be found online at PharmTech.com.
James P. Agalloco
President ,
Agalloco & Associates
Larry L. Augsburger, PhD
Professor Emeritus,
University of Maryland
David H. Bergstrom, PhD
Chief Operating Office,
Bridge Therapeutics
Phil Borman, DSc
Director,
Product Development & Supply
Medicinal Science & Technology
Pharma R&D
GlaxoSmithKline
Evonne Brennan
Director,
Atam Health Ltd
Rory Budihandojo
Independent GMP Consultant
Metin Çelik, PhD
President,
Pharmaceutical Technologies
International (PTI)
Suggy S. Chrai, PhD
President and CEO,
Chrai Associates, Inc.
Roger Dabbah, PhD
Principal Consultant ,
Tri-Intersect Solutions
Robert Dream
Managing Director,
HDR Company
Tim Freeman
Managing Director, FreemanTechnology
Sanjay Garg, PhD
Professor and Director,
Centre for Pharmaceutical
Innovation and Development,
University of South Australia
R. Gary Hollenbeck, PhD
Research Faculty
University of Maryland
School of Pharmacy
Ruey-ching (Richard) Hwang, PhD
Executive Director,
Clinical Supply Operations,
Pfizer Global R&D
Maik W. Jornitz
President,
G-CON Manufacturing Inc.
Mansoor A. Khan, PhD
Professor & Vice Dean
Irma Lerma Rangel College of Pharmacy, Texas
A&M Health Science Center

10

Pharmaceutical Technology

Russell E. Madsen
President,
The Williamsburg Group, LLC
Heidi M. Mansour, PhD
Assistant Professor
College of Pharmacy
& The BIO5 Research Institute,
University of Arizona–Tucson
Jim Miller
President, Advisor on
Bio/Pharmaceutical Manufacturing Strategy
Colin Minchom, PhD
CMC Consultant
R. Christian Moreton, PhD
Partner
Finnbrit Consulting
Fernando J. Muzzio, PhD
Director, NSF Engineering
Research Center on Structured Organic
Particulate Systems,
Dept. of Chemical and Biochemical Engineering,
Rutgers University
Moheb M. Nasr, PhD
Principal
Nasr Pharma Regulatory Consulting
Wendy Saffell-Clemmer
Lead Scientist and Sr. Director,
Baxter Healthcare
Gurvinder Singh Rekhi, PhD
Department of Pharmaceutical and Biomedical
Sciences,
The University of Georgia College of Pharmacy
Susan. J. Schniepp
Executive Vice-President of
Post-approval Pharmaceuticals and
Distinguished Fellow
Regulatory Compliance Associates
David R. Schoneker
President,
Black Diamond Regulatory Consulting
Aloka Srinivasan
Principal and Managing Partner
RAAHA LLC
Read board members’ biographies online at
PharmTech.com/view/pharmaceuticaltechnology-editorial-advisory-board.
Pharmaceutical Technology’s
eNewsletter Team:
• ePT, Editor Grant Playter,
ptpress@mmhgroup.com
• In the Lab, Editors Grant Playter and Feliza
Mirasol, ptpress@mmhgroup.com
• Equipment & Processing Report,
Editor Jennifer Markarian,
JMarkarian@mjhlifesciences.com
• Send news and product releases to
ptpress@mmhgroup.com
FEBRUARY 2022

P h a r mTe c h . c o m

from the editor

Celebrate the New
The process of reshaping inevitably
leads to fresh insights.

T

he start of a new year always brings energy and
ideas. In January, we smashed the champagne
Chris Spivey is
bottle of good fortune on our first podcast
editorial director of
series (called “Drug Solutions”), our first video in- Pharmaceutical Technology.
terview series (called “Drug Digest”), and a new e-newsletter for our sister
publication, BioPharm International (named “BP Elements”). Turns out
much of the energy and fresh ideas in 2022 are coming in the form of outside
expert interviews. I don’t know if this exactly qualifies as outsourcing our
thinking, but as part of our response to the pandemic, that’s perhaps not a
bad way to look at it.
Great lessons over the past two years include better ways to learn from
others, and to communicate more fully and with tighter focus. Our new
vehicles enable easy engagement to experts and ways to form supporting
networks in a durable manner. I was mildly interested in oral recombinant
vaccine manufacture until I heard the company founder presenting clinical
trial highlights alongside the technical explanations of how this platform
can be pointed successfully toward a surpassingly wide range of difficult to
control and treat infections. Now I follow the field with genuine zeal.
Having these videos and podcasts out in the real world has already provided
quite unexpected feedback and comment. Multiple new contacts have spent
time to offer novel topics or have asked us to question why we chose a certain
approach to a particular field. This kind of interaction is always to be welcomed,
especially if we recall lord Reith (founder of the BCC in 1922) said saeva indignatio was not to be had for the mere asking. It was Reith who famously set the
mission of broadcasting as being to inform, educate, and entertain.
As we fill out the schedule of topics, personalities, and priorities for these
new formats, the terrain seems alive with possibilities. The process of reshaping inevitably leads to fresh insights, even though we have been planning and
preparing over most of last year. Good things take time it seems, but time
taken repays efforts at the finish line, at the packaging center, and at the
sales meeting. In an industry revved up by the need to move quickly, usable
information and thoughtful perspective must be distilled and enlivened—just
like champagne! PT

Send your thoughts and story ideas to:
cspivey@mjhlifesciences.com.
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manifold (SLIM)-technology are
the ideal choice for challenging
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and critical homogenization of
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pastes, gels, creams, and suspensions.
The VersaMix models VMC-40 were designed for full vacuum
operation and include a Three-Wing Anchor Agitator with Teflon blades
scraping the sidewalls and bottom surfaces of the vessel, a High Shear
Mixer with SLIM-style rotor/stator which draws solids sub-surface
for virtually instantaneous wet-out, and a High-Speed Disperser that
continues to apply shear as the batch increases in viscosity.
Fine dispersion, deagglomeration, emulsification, temperature
control, and degassing are all accomplished in the VersaMix in a highly
repeatable process. The vacuum cover features an explosion-proof
tank light, resistance temperature detector thermoprobe, clean in
place spray nozzles, and a dedicated port for nitrogen purging.
Charles Ross & Son Company
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Designed to be easy to use with only
basic training, the SamuxMP mass
p h o t o m e t e r is u t ilize d in a d e n o associated virus (AAV) analytics. The
instrument has a mass range tailored
for AAV analysis and provides accurate
results in less than five minutes from
sample loading to final result. Combined with low-operational costs
and a small footprint, the SamuxMP enables routine quantification
of empty/full AAV capsid ratios, even in smaller labs, to set a new
standard in AAV characterization.
The SamuxMP is designed to overcome the drawbacks of the
current analytical methods by enabling users to rapidly and costeffectively determine empty/full capsid ratios for AAVs of any serotype
at the bench using low sample volumes and concentrations with
minimal sample preparation. This is intended to enhance productivity
and speed up workflows through more frequent analyses in-house,
making R&D and process development of gene therapies and AAVbased therapeutics significantly more efficient.
Refeyn
www.refeyn.com

Environmental
Monitoring Plates

High-Capacity Vacuum
Filtration Units

Thermo Fisher Scientific’s Triple Wrap Plates are a range of culture media
products designed for environmental monitoring in the pharmaceutical
industry. They feature 2D barcodes for full traceability and supply chain
integrity, secure fit lids, advanced, clear, triple-layer protection, and a
unique Vapour-phase Hydrogen Peroxide (VHP) indicator for enhanced
sterility and complete clean room and isolator confidence.
In addition to the integrated VHP indicator, the product comes with
new polypropylene packaging, which together enable sanitization of
containers for enhanced sterility assurance. The plates are available
in standard plates for passive and active air sampling applications
and 55 mm contact plates for the microbiological testing of surfaces
and personnel.

Sar torius’ Sar tolab RF|BT
150–1000 vacuum filtration
units offer faster and
higher capacit y filtration
relative to past units while
also allowing for enhanced
physical stability for a wide
range of sample types.
The modifications to the product’s design include increased
membrane surface area to facilitate optimal filtration, an 0.45 µm
polyethersulfone membrane in place of the 0.45 µm cellulose acetate
membrane to increase flow rate while keeping the same low-protein
binding properties, and an optimized center of gravity to increase
stability of the units.
The new units can be directly used on the Sartolab Multistation
for parallel filtration. Additionally, the new vacuum filtration units
are available in three different pore sizes to meet the needs of most
applications: 0.1 µm, 0.22 µm, and 0.45 µm.

Thermo Fisher Scientific
www.thermofisher.com

Sartorius
www.sartorius.com
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regulatory watch

Global Vaccine Access
Challenges FDA and Industry
Jill Wechsler

The global nature of the COVID-19 pandemic
emphasizes the critical importance of expanded vaccination.

Jill Wechsler
is Pharmaceutical
Technology’s
Washington editor,
jillwechsler7@gmail.com.
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nization that advances the develop- nations and the development of new
ment and distribution of innovative vaccine formulations with extended
vaccines and therapeutics.
shelf-lives and reduced deep-freeze
requirements that facilitate distribution. A report from Medecins
Sans Frontieres identifies 120 biopharma manufacturers in t hirdworld countries capable of producing mRNA-based vaccines, findings
based on evidence that firms able to
make sterile injectables can produce
Prospects have brightened for mRNA treatments (1). Established
broader access to COVID-19 vaccines drug makers in Africa, Asia, and
as production has soared to more South America are collaborating
than 11 billion doses in 2021, sup- with researchers to develop and test
porting predictions for doubling that additional COVID-19 vaccines, a
amount by mid-2022. The COVAX process that could be facilitated by
vaccine sharing initiative recently an- licensing agreements to make existnounced that in 2021 it shipped more ing mRNA formulations by Moderna
than 1 billion doses to 144 coun- and Pfizer-BioNTech that have been
tries and territories—a noteworthy slow to appear.
achievement, but still far short of the
Meanwhi le, BioNTech has un2-billion-plus vaccine goal set earlier veiled plans to build a modern facillast year. Manufacturing difficulties ity in Rwanda to utilize messenger
in the US, European Union, and India RNA (mRNA) technology to develop
prompted curbs on vaccine exports, new preventives against malaria,
while several vaccine candidates tuberculosis, and other diseases
from other manufacturers failed to (2). And Moderna says it will fund
gain regulatory approval from FDA an mRNA vaccine facility in Africa,
and the European Medicines Agency. possibly at sites in Senegal, Rwanda,
These setbacks limited efforts by or South Africa (3).
COVAX, the Gavi Alliance, and the
Gavi now aims to raise $5 billion
Coalition for Epidemic Preparedness from the US and other industrial
Innovations (CEPI) to obtain and dis- nations and international organitribute needed preventives.
zations to boost vaccine access and
bring the pandemic under control
Support for global production
(4). Global vaccine supplies may
Vaccine supplies for poorer regions expand, moreover, as several biohave improved with expanded vac- pharma companies that fell behind
cine production in India and other on testing and producing COVID-19

Prospects have
brightened for
broader access to
COVID-19 vaccines.
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W.SCOTT MCGILL - STOCK.ADOBE.COM

A

s public health authorities, patients, and manufacturers applaud the fast development and
production of billions of doses of innovative vaccines against COVID-19,
the campaign continues to extend
global access to the life-saving preventives. The “America first” vaccination and treatment policy of the
United States through the initial 18
months of the outbreak generated loud
criticism from international health
organizations and patient advocates.
The emergence of the omicron variant,
moreover, has demonstrated clearly the
global nature of the pandemic and the
critical importance of expanded vaccination in Africa and other regions to
control COVID-19 in all regions.
Global vaccine access concerns
came to a head in the US in the
fall of 2021 when FDA authorized
booster doses of vaccines from Pfizer-BioNTech, Moderna, and Johnson
& Johnson while most of the world
still awaited initial protection. Marion Gruber, the head of the Office of
Vaccine Research and Review in the
Center for Biologics Evaluation and
Research (CBER), and her deputy,
resigned in protest. Gruber recently
joined IAVI, an international orga-

Regulatory Watch
vaccines are moving toward regulatory approval. Novavax recently
f iled data to support FDA Emergency Use Authorization (EUA) of
a vaccine that utilizes more conventional recombinant technology and
recently gained conditional marketing authorization in the European
Union, Indonesia, the Philippines,
and Australia (5). Similarly, the German biotech CureVac has linked up
with GlaxoSmithKline to test a second-generation mRNA vaccine candidate, with plans to launch Phase I
studies in 2022.
A notable new entry is the Corbevax COVID vaccine, which has
been licensed by a research team at
the Baylor College of Medicine in
Houston to Biological E in India for
production of a low-cost preventive
for lower- and middle-income countries (6). Indian regulators have approved emergency use of the shot,
but scale-up and production present
notable challenges.

Vaccine supplies
for poorer regions
have improved with
expanded vaccine
production...

important if annual COVID booster
shots become the norm.
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Analysis of mRNA
Therapeutics and Vaccines
Cynthia A. Challener

T

he success of the messenger RNA
(mRNA) vaccines against the
SARS-CoV-2 virus brought attention to a field that has steadily advanced
for many years. Investment in this space
has ramped up dramatically, and many
applications of mRNA technology are
rapidly advancing through pre-clinical
development as well as clinical trials.
As with all drug or vaccine candidates,
proposed mRNA products must meet
regulatory requirements for analytical characterization as outlined by the
International Conference on Harmonisation (ICH), the World Health Organization (WHO), FDA, the European
Medicines Agency (EMA), and other
health authorities around the globe.
Unlike most other drug substances,
mRNA must be formulated within speCynthia A. Challener, PhD,
is a contributing editor to
Pharmaceutical Technology.
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cialized nanoparticles, most commonly
consisting of lipids, both to protect it
from degradation and to facilitate its
transit across cell membranes. Additional analytics are therefore required
to ensure the quality and safety of the
nanoparticle formulation as well as the
mRNA molecule itself.
A key activity in the early development phase of mRNA therapeutics is
extensive characterization of mRNA
and nanoparticle quality attributes as
these are known to strongly influence
biological efficacy. Given the shrinking
timelines for drug development, access
to faster and higher-throughput analytical methods has become vital. Indeed,
it is essential that analytical approaches
for use during mRNA product development and quality-control (QC) testing
must keep pace to ensure the identity,
safety, and efficacy of these new prophylactic and therapeutic modalities.
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Wide range of analytical needs

Although analytical requirements for
mRNA candidates are more complex
than those for traditional biologics,
some testing needs are similar while
others are quite different. “There is a
common need to adequately characterize both protein therapeutics and mRNA
therapeutics to confidently identify and
quantify any quality attributes that will
impact their efficacy and safety,” says
Todd Stawicki, global marketing manager, mass spectrometry, for the biopharmaceutical industry at SCIEX. He
points to the need to identify process-related impurities—host-cell proteins
(HCPs) in the case of protein therapeutics and a variety of genetic impurities
like truncated transcripts or incorrect
DNA template in the case of mRNA.
The differences are notable, however.
Rather than focusing on post-translational modifications as is the case
for protein therapeutics, there is a lot
of emphasis on characterization of
mRNA, the delivery systems, and cellular uptake at the discovery phase of
drug development, because unlike en-
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gineered proteins and monoclonal antibodies (mAbs) that are ready to start
functioning upon delivery, mRNA once
delivered to cells provides instructions
for producing the proteins that do the
work, according to Brian Liau, a solution development scientist at Agilent
Technologies, Singapore.
Manufacturing for mRNA products,
furthermore, requires unique process
steps such as in vitro transcription (IVT)
and lipid nanoparticle formulation,
which naturally creates different analytical needs, adds Ryan Hanko, manager
of quality control for Catalent. IVT is a
chemical rather than a cell-based process,
expounds Joe Fredette, senior business
development manager of biopharmaceuticals at Waters. It also involves the use
of an enzyme called an RNA polymerase
that transcribes DNA into mRNA.
As an example of different analytical
needs, Hanko notes that mRNA products require QC assays to be developed
that measure residual enzyme (such as
polymerase or endonuclease), which may
be present after the IVT step, to ensure
that it is not present in the final product.
Confirmation of the RNA sequence and
determination of the efficiency of capping at the 5’ end and poly(A) tail distribution at the 3’ end are also unique to
mRNA, notes Ashleigh Wake, business
development director for Intertek Pharmaceutical Services. The potential impurity profile is also quite different to other
molecules, and methods to quantify any
residual plasmid or double-stranded
RNA are also required.
In addition, lipid analysis workflows
are necessary for characterization and
chemistry, manufacturing, and controls (CMC) testing of mRNA products, including liquid nanoparticle
(LNP) composition analysis to ensure
the right mix ratio of lipids within the
formulation, lipid ID confirmation,
and impurities analysis and screening,
according to Fredette.
In essence, summarizes Wake, there is
a similarity in the overall requirements
for product characterization in that the
intent is to assess or confirm identity,
purity/impurities, stability, activity, etc.
“However,” she underscores, “to fully ac18
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Table I. Key critical quality attributes (CQAs) that must be monitored for messenger RNA
(mRNA) therapeutic/vaccine products.
mRNA purity
mRNA identity/sequence
% Poly A Tail RNA and length
Efficiency of 5’Capping of mRNA
Product- and process-related impurities
Residual DNA template
Nucleic acid content/quantity
pH at mRNA synthesis stage, encapsulation stage, and final packaging
Lipid component identities
Lipid ratios
Lipid impurities

complish this, there is a need to include multiple classes of lipids. “The majority of
mRNA-specific analytics that allow as- these components are large, complicated
biomolecules with their own associated
sessment of these attributes.”
scale up, purification, and analytical
Evolving analytical needs from
challenges,” he explains.
early to late-phase development
There are also some differences in
Another important difference between the attributes that are monitored during
the development of protein- and mR- production, according to Hanko. A260
NA-based products is the analytical bur- concentration checks and osmolality testden during the early discovery phase. As ing are the primary monitoring assays in
traditional drug development typically early development and process scaleup
involves mAbs, says Dr. Liau, bioana- for in-process observations, while during
lytical requirements tend to be relatively GMP manufacture RNase testing is immodest because even sub-optimal mole- portant to ensure the final product will
cules may be used to demonstrate target not be compromised by incidental conengagement and a therapeutic effect. In tamination from non-product materials.
contrast, mRNA products require several
Core release tests include identity
biological processes, including cellular determinations, final concentration,
uptake, endosomal escape, and protein impurity content (e.g., residual protein,
translation to take place efficiently be- dsRNA, rDNA), capping efficiency,
fore any effect may be observed. Hence, and poly-A tail, in addition to typical
analytical characterization of mRNA and compendial evaluations for safety and
delivery vehicle quality attributes are im- quality attributes.
portant from the outset.
“For process scale-up and GMP [good Many critical quality attributes
manufacturing practice] manufacturing/ There is an extensive list of critical qualproduct release, chemical characteriza- ity attributes (CQAs) that must be montion of mRNA remain important. How- itored to meet regulatory requirements
ever, the focus tends to shift towards en- regarding the assessment of the identity,
suring consistent size polydispersity and functionality, and safety of mRNA thermRNA encapsulation in the formulated apeutic/vaccine products (see Table I).
product, as well as identifying process-re- “Confirmation that the specific mRNA
lated impurities,” Dr. Liau comments.
sequence has been generated, that the
With mRNA candidates, Stawicki mRNA solution is at target pH, and that
adds that scale up of the enzymatic pro- any potential process impurities (solvent,
cess requires significant and difficult protein, DNA-related) have been conscale up for all upstream raw materials— trolled will be required,” says Matthew
nucleoside triphosphate (NTPs), en- Howard, a senior specialist in quality
zymes, capping reagents, cofactors, and assurance at Catalent.
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Assurance will also be needed thatthe translation-promoting and degradation-preventing characteristics of
the 5’ cap and poly-A tail are sufficient,
says Howard. The efficiency of capping
at the 5’ end can influence both target
protein production and overall immunogenicity, while the length/distribution of the poly(A) tail is critical for
translation and overall protection of
the mRNA, Wake explains.
Adds Maxwell Meller, senior scientist, quality control, with Catalent:
“The 5’-capping of the mRNA molecule
is critical to its integrity upon delivery
to the target site and is a unique requirement for mRNA production compared to other kinds of drugs. Characterization and monitoring of capped
material, however, have proven to be
time- and resource-intensive.”
For the lipid components, confirmation of the identity of each lipid in the
LNP mix and that they are present in
the correct ratio is essential as these
CQAs can directly impact LNP for-

mation and efficacy, according to Fredette. It is also important, he emphasizes, to ensure that lipid impurities are
well controlled for and below critical
thresholds, as both lipid and mRNA
impurities can adversely impact process outcomes and in some cases lower
the potency of the mRNA.

The need for RNase-free zones

The sensitivity of mRNA to degradation
by enzymes, particularly RNase, creates
additional unique requirements when
working with mRNA-based therapeutics and vaccines. For instance, Hanko
observes that the use of RNase-eliminating preparations is vital and laboratories
should consider physical space segregation in addition to personnel training and
awareness regarding the maintenance of
RNAse-free zones, equipment, and personal protective equipment (PPE).
These actions are important, Hanko
says, because a compromised mRNA
sample will show lower-than-expected
purity in those assays. Some analyses, as

those for residual impurities, are arguably
not impacted by compromised mRNA
and others may only require heightened
RNase sensitivity depending on solution
preparations and material manipulations. “Even so,” Hanko states, “the core
method performance expectations must
be understood for all methods regardless
of the level of mitigation required.”

Time is often the enemy

One of the biggest issues facing mRNA
analysis is experienced across the board
in the biopharmaceutical industry. “The
great enemy here is time,” Stawicki asserts. “The unfortunate reality is that
many of the current functional and
biophysical tests are still too slow to
generate actionable answers in a
timeframe that enables intervention in
the process,” he explains.
For instance, Stawicki highlights cellbased functional assays, which are the
gold standard today. “This test is the best
early indication that you’ve got everything
right,” he says. “You dose your formulated
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mRNA LNP to cells and see if you get sufficient yield of the right protein or antigen. The problem is that it can take days
to get a read out. Therefore, often times
developers have to proceed at risk in their
processes without having the analytical
data to back up their process parameters.”

Complementary techniques
during early development

Bioanalysis of mRNA products requires
a combination of familiar and more
novel analytical techniques and technologies. It also necessitates, Hanko
reiterates, the control and elimination
of RNase enzymes, which may compromise product integrity.
A wide variety of analytical techniques
are employed to evaluate these properties.
What is interesting to Stawicki is that they
have come from a variety of different
backgrounds. High-performance liquid chromatography (HPLC) and mass
spectrometry (MS) have migrated from
protein-therapeutic characterization.
Electrophoretic techniques (most notably capillary electrophoresis) have come
from classic molecular biology use. Particle sizing techniques that have come from
polymer analysis or materials lab use.
“Since mRNA therapeutics are such
large, heterogenous complexes, it really
comes down to which part or parts of
the candidate require characterization,”
Stawicki remarks. For the mRNA component, he notes that capillary electrophoresis or even slab-gel electrophoresis methods are preferred. For
characterization of lipids and LNPs,
HPLC with charged aerosol detection
(CAD) or LC-MS are generally the
methods of choice. For complete mRNA-LNP complexes, techniques such
as particle sizing or cryo-electron microscopy are preferred.
Some common activities during
early development are mRNA codon
optimization and selection of optimal
5’ and 3’ untranslated regions (UTRs),
says Dr. Liau. As this entails cloning
coding sequences out of libraries and
combining them in multiple plasmids
with different UTRs, Sanger sequencing, capillary or slab-gel electrophoresis,
and polymerase chain reaction (PCR)
20
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known, and the focus is on monitoring
and/or improving the process yield and
mRNA quality attributes,” he says.
LC-MS is very useful both for monitoring the progress of in vitro transcription reactions and determining the status of critical quality attributes such as
5’ capping, Liau adds. Separation-based
techniques such as size-exclusion chromatography-multiangle light scattering
(SEC-MALS) and field-flow fractionation
(FFF)-MALS may, meanwhile, be useful
for monitoring the properties of LNPs
and optimizing the complexation process.
One important trend noted by Stawicki that is also seen with protein therapeutics is the preference for increasingly
robust and simpler techniques the further
down the pipeline programs get, Meller
agrees. For instance, he notes that while
LC-MS is a promising tool for characterizing and quantitating capped species,
a more simplistic approach lends itself
more appropriately to routine use. “In the
QC environment,” says Meller, “the chromatography analysis must be condensed
to an HPLC assay to prioritize speed and
efficient data analysis.”
In general, Wake believes that many
of the methods or approaches used to
fully understand mRNA are novel in the
QC area, when compared to those used
for other modalities. “To fully support
all regulatory requirements, greater use
of technologies such as next-generation
sequencing, which have not been typical
technologies operated in a GMP environment, has been necessary,” she explains.
Simpler, more robust solutions
For other considerations such as capduring late-stage development
ping, however, Wake says that the techSimilar analytical techniques are gen- nologies used are more familiar and tend
erally used from early in development to be heavily MS-based. Even in these
through the GMP environment. For in- cases, though, she remarks that the overstance, LC and LC-MS workflows bring all sample preparation approach is often
value across all stages of development and novel and challenging. “A lot of work is
for process monitoring in manufacturing, being done in our and other laboratoFredette observes.
ries to develop platform approaches to
Because the goals of process optimiza- overcome these challenges considering
tion and scaleup are often quite different best science, quality data, and regulatory
from those of early-stage development compliance,” she concludes.
studies, however, Liau comments that
different analytical techniques are re- Significant innovation underway
quired in some cases. “During process There is, in fact, tremendous effort being
optimization and scaleup, the mRNA se- made to advance analytics for mRNA
quence is fixed, and its biological activity vaccines and therapeutics. “Scientists

remain mainstay analytical methods
during this phase of development.
Characterization and CMC testing
for the mRNA component of the drug,
according to Fredette, includes a range
of nucleic acid (DNA/RNA) analytical
workflows to confirm the identity and
purity of the mRNA, including 5’ Cap
analysis, PolyA tail analysis, oligo mapping (similar to peptide mapping, but for
nucleic acids), and MS-based sequencing.
MS, meanwhile, is also used to establish key quality attributes such as capping
efficiency and poly(A) tail distribution,
notes Wake. She adds that all of these
analyses are performed in addition to
more traditional QC requirements, such
as assay [ultraviolet (UV)/HPLC)] analytics, residual solvents, metals, etc.
To confirm the biological activity of
mRNA candidates, well-studied lipid
delivery systems using cationic or ionizable lipids may be used to transfect
standard cell lines in vitro. “For such
early-stage experiments,” Liau observes,
“it is often unnecessary to use highly purified mRNA or monodisperse preparations of lipid nanoparticles. Instead,
bulk dynamic light-scattering and
zeta potential measurements are often
used to ensure the nanoparticles have
approximately the correct size and
surface-charge properties to permit efficient cell transfection. Biological activity may then be determined by fluorescence microscopy, enzymatic assays, or
immunostaining as appropriate.”
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have been working with mRNA for decades, but a lot of that effort has focused
optimizing analytical methods to enable
production-grade techniques. With the
explosion of genetic therapies and the
now intense interest in mRNA, you are
seeing a tremendous amount of investment and innovation by scientists and
instrument companies to develop the
best analytical solutions to support that
work,” Stawicki contends.
SCIEX, for instance, has introduced
electron activated dissociation (EAD)
as a new MS fragmentation technology
in the ZenoTOF 7600. Initially launched
with small-molecule and protein therapeutics in mind, the company has since
learned, according to Stawicki, that EAD
technology is also powerful for analyzing
mRNA products. “EAD has amazing
utility for both oligonucleotide and LNP
characterization, allowing, for example,
the sensitive and complete structural
characterization of lipids including double bond positions and isomer configurations in a single experiment.”
Stawicki also points to SCIEX’s new
BioPhase 8800 multi-capillary CE instrument, which allows up to eight analyses to be performed simultaneously
on the same or different samples. “We
are exploring how to leverage the high
throughput capabilities of the BioPhase
for a whole range of different mRNA applications,” he says.
Agilent recently developed an improved method for rapid analysis of
mRNA 5’ capping by LC-MS, according
to Liau. Enzymatic cleavage is required
for this analysis because mRNA is such a
large molecule. The established method
required two challenging sample preparation steps: affinity capture using biotinylated oligonucleotide probes, and
site-directed cleavage of affinity-captured
mRNA using RNase-H.
This method failed to work reliably
with some mRNA sequences due to inefficient affinity purification, so Agilent
developed an improved sample preparation method comprising site-directed
cleavage in solution without affinity
capture followed by purification of the
cleaved oligos and mRNA sample matrix using silica-based columns. Using

a thermostable version of RNase-H enzyme allowed the sample preparation
time to be reduced as well.
The total process—sample prep, analysis, and data processing—requires just
75 minutes and allows separation of
the oligos of interest from the mRNA
sample matrix without further sample
cleanup. “When used in conjunction
with a specially-designed flushing protocol to mitigate sample matrix buildup
on the column, this method yielded superior linearity, sensitivity, and reproducibility,” Liau says.
Howard highlights several promising techniques currently being refined
for the evaluation of protein expression
in cells, such as flow-cytometry for the
detection of intracellular dsRNA levels and antigen-specific f luorescent
detection of expressed proteins, both
of which provide rapid results for cell
uptake, RNA amplification, and protein production. “Such direct measurements could reduce the turn-around
time for in vivo antigen studies. The
new techniques certainly look promising and could be practical in the next
few years,” he believes.
Wake returns her attention to NGS
technology; even though it isn’t new in
general, its use in the GMP environment is, and for mRNA products the
introduction of NGS is vital to achieving the required quality of control. Similarly, she says that electron microscopy
is an essential technique, along with
approaches for establishing in vitro release performance, for evaluating encapsulated products. Doing so, however, has
required the adaptation of a kit that has
mainly been associated with US Pharmacopeia type 4 dissolution testing.
The importance of developing platform analytical technologies is also reiterated by Wake. The continual improvement of platform approaches suited for
establishing if mRNA is truly encapsulated within the nanoparticle system at
the right internal liposome pH to support
early-phase products without the need for
extensive development is a promising example, she says. As the product moves
into later phases, these same methods are
optimized and eventually validated for

each specific product. “However,” Wake
argues, “understanding these critical
aspects as early as possible in the development cycle necessitates the need for a
general approach.”

Still early days in mRNA analytics

It is important to remember that mRNA
technology itself is advancing rapidly and
evolving on a continual basis. Developers of analytical methods for mRNA
therapeutics and vaccines are therefore
challenged not only by the complexity
of these biomolecules and their delivery
vehicles, but also by the need to develop
flexible methods that can accommodate
the ongoing changes in mRNA structures and final formulations.
As an example, Wake notes that while
to date mRNA products have been developed as injectables, inhalation and
nasal delivery present viable alternatives.
“These routes of delivery can not only aid
in achieving improved bioavailability, but
also lead to products that can be delivered
in a less evasive manner, even in the absence of a healthcare lead administration
system,” she explains.
Scientists, Fredette recommends,
should think about the analytical
platforms and workflows they need to
deploy across their organizations as
they grow and how best to harmonize
everything, from method development
and method/data transfer; to ensuring
data integrity, traceability, and compliance; to the level of service and support
they want and need.
“I don’t even think we have started to
approach the steady state for what analytics look like for mRNA therapeutics,”
states Stawicki. “Just the space of what
we consider mRNA therapeutics continues to grow rapidly since elasomeran
(Spikevax) from Moderna and tozinameran (Comirnaty) from Pfizer-BioNTech
became world-changing vaccines. Many
companies are now developing variations on mRNA such as self-amplifying
mRNA and circular mRNA. In addition,
scientists are developing new types of
vehicles and targeting strategies for
mRNA therapies. So yes, we are still at
the beginning stages of this technology
revolution,” he concludes. PT
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extract that contains the principal cannabinoids Δ9-THC and CBD, as well as
other minor cannabinoids and terpenes,
is now approved in more than 25 countries around the world for the treatment
of spasticity due to multiple sclerosis.
Several small biopharmaceutical
companies, along with Jazz Pharmaceuticals, are developing additional
phytochemicals and novel synthetic derivatives as potential cannabinoid-based
drug candidates. There are advantages
and disadvantages to both approaches.

Cynthia A. Challener

Interest in natural phytochemicals or
synthetic derivatives of cannabinoids has risen.

A

s understanding of the endocannabinoid system increases, interest in developing drug candidates
that are either natural phytochemicals
or synthetic derivatives of cannabinoids has risen. The endocannabinoid system consists primarily of two
G-protein-coupled receptors known as
cannabinoid receptor 1 (CB1R) and
cannabinoid receptor 2 (CB2R) and
their natural ligands anandamide and
2-arachidonoylglycerol. It also includes,
however, numerous other components,
many of which are present in most types
of cells in the human body.
In fact, approximately 600 Cannabis
metabolites have been isolated, with
more than 100 of them classified as
cannabinoids and seven specifically as
cannabidiol (CBD)-type compounds (1).
CBD has been shown to have antioxidant, anti-inflammatory, and analgesic
Cynthia A. Challener, PhD,
is a contributing editor to
Pharmaceutical Technology.
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properties. Other cannabinoids aside
from CBD and Δ9-tetrahydrocannabinol (Δ9-THC), the psychoactive ingredient in marijuana, include cannabichromene (CBC), cannabidiolic acid
(CBDA), cannabigerol (CBG), cannabinol (CBN), cannabidivarin (CBDV),
cannabidivarinic acid (CBDVA), cannabigerolic acid (CBGA), cannabicyclol
(CBL), Δ8-THC, tetrahydrocannabinolic
acid (THCA), and tetrahydrocannabivarin (THCV).
FDA has, to date, approved one cannabis-derived drug product, Epidiolex
(GW/Jazz Pharmaceuticals, cannabidiol) for the treatment of certain types
of seizures, and three synthetic cannabis-related drug products, Marinol
(dronabinol), Syndros (dronabinol), and
Cesamet (nabilone), all for the treatment of nausea associated with cancer
chemotherapy and anorexia associated
with weight loss in AIDS patients.
Sativex (nabiximols, GW/Jazz Pharmaceuticals), a formulated cannabis
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Chemical synthesis or extraction?

The preference for chemical synthesis or
extraction of phytochemicals depends
largely on the strategy of the drug developer. For a company such as Corbus
Pharmaceuticals, which is focused on
novel compounds that target the endocannabinoid receptors, synthesis is the
only option because these compounds
do not exist in nature, explains the company’s CEO Yuval Cohen. “For us, chemical synthesis offers the same advantage
that it offers all pharmaceutical products:
high purity, high yield, and the potential
to manufacture at a large scale,” he adds.
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Synthesis, Extraction,
and Purification
of Cannabinoids

Safety first

Regardless of whether cannabis-based
medicines are extracted from plants
or produced using chemical synthesis
techniques, the goal is to develop treatments that are safe and efficacious. “At
GW, which is now part of Jazz Pharmaceuticals, we have a passionate belief
in the potential therapeutic benefits of
the cannabis plant and the possibility
of creating tried and tested, regulatory
approved, and modern cannabis-based
medicines,” says Chris Tovey, the company’s chief operating officer.
“Whether plant-derived or synthetics,
we believe patients and their clinicians
deserve access to effective and well-evidenced cannabis-based medicines with
an acceptable safety profile. This can
only be achieved if a cannabis product,
synthetic or otherwise, is subject to rigorous high-quality clinical trials and
approval by medicines regulators, in
the same way that all other medicines
are,” Tovey stresses.
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Some cannabinoids, notes Tovey,
exist as two or more stereoisomers.
Although these compounds have
the same formula, the atoms are in
a slightly different arrangement and
thus the molecules can have different
pharmacological effects. The stereochemistry of the phytochemicals is determined by the enzymes, or synthases,
in the Cannabis plant, according to
John A. MacKay, founder and CEO,
Synergistic Technologies Associates.
“It can be difficult to synthesize specific
stereoisomers with high stereoselectivity,” he says. The earliest synthesis of
stereospecific isomers was achieved in
the early 1940s by Roger Adams at the
University of Illinois in cooperation
with the Treasury Department Narcotics Laboratory (2,3).
As a result, due to the differences in
the stereochemistry of plant-derived and
synthetic versions of the same target cannabinoids, the extracted and synthesized
products can have different chemical profiles (4,5). The approach to manufacturing candidates may therefore be dictated
by the desired properties of the product.
“While we have, to date, chosen to
focus on plant-derived cannabinoids
and cannabis-based medicines, we cannot say whether there are particular advantages or disadvantages to a plant-derived or synthetic medicine, except that
the chemical profiles of these cannabinoids are almost certain to be different,
coming from different manufacturing
processes,” concludes Tovey.
In certain cases, the composition of
the plant and, therefore, the plant-derived medicine may be advantageous
in treating a specific patient population.
However, Tovey points out that further
clarity on this hypothesis is needed
and can only be gained through the
high-quality research GW and other responsible organizations are conducting in
both plant-derived and synthetic forms of
cannabis-based medicines.
The biggest challenge with isolation of
phytochemicals is the number of diverse
compounds in the natural plant, MacKay
observes. Techniques for extraction of
natural cannabinoids have improved
during the past decade, with advances
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occurring at an accelerated rate outside
of the United States where research on
these compounds can be pursued with
fewer restrictions, he comments. A review of recent developments can be
found in reference (6). “One of the critical factors of this increased success has
been adherence to scientific principles
and access to modern tools,” he adds.
For those cannabinoids that are produced via chemical synthesis, Cohen emphasizes that there are no unusual challenges to synthesizing novel compounds
targeting the endocannabinoid system
that are not faced during chemical synthesis of other complex small-molecule
drug substances. As a rule of thumb, he
mentions that this class of compounds
tends to have solubility issues, but they
are addressed with formulation and are
generally manageable.
Cohen goes on to remark that, “Corbus’ hypothesis is that for the purposes
of cannabinoid-related medical therapeutics (in contrast to the ‘wellness’ sector), it
is imperative to have intellectual property
protection and potency that is high and
targeted. We believe that only rationally
designed, synthetic, novel small molecules can achieve that.”

For phytochemicals, controlling
plant growth is crucial

Managing the complexity of natural
compounds and the concentration levels of each that exist in Cannabis plants
is an important factor in developing
potential drug products based on hundreds of metabolites that are present.
GW, according to Tovey, has designed its growing protocols and manufacturing facilities to ensure the highest quality of medicines with the goal
of achieving consistent, standardized
processes and products that comply
with required regulations.
As an example, GW has invested in
state-of-the-art facilities that include
high-tech glasshouses that allow the
company to control the entire growing
environment for its plants, including the
temperature, light, air quality, and moisture levels. Using lights and blinds in the
glasshouses, it is possible to artificially
adjust light exposure to ensure that plants
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rapidly reach an optimal size and control
their flowering time, Tovey explains.

Advances in analytics
having an impact

Whether cannabinoids are isolated
from plants or produced chemically,
careful analysis is required to ensure
that the right molecules are included
in the final product. With such complex matrices coming from the Cannabis plant and the potential to produce
complex mixtures of various structural
and stereoisomers during chemical
synthesis, it is essential to use an array
of complementary, advanced bioanalytical tools to ensure full characterization as well as to gain insights into their
bioactivities and medicinal properties
and conduct risk assessments (1).
Nuclear magnetic resonance (NMR)
spectroscopy and liquid chromatography-mass spectrometry (LC-MS) methods have become increasingly useful in
metabolomics analyses of cannabis-derived matrices (1,7). In addition, for
phytochemicals, the modern analytical
and concentration instruments used for
natural product processing have application in natural cannabinoid product
development, according to MacKay.
Supercritical fluid chromatography
is, MacKay says, also well-suited to the
challenge. “This technique allows high
resolution of different compounds
based on minor chemical properties
differences. It is also used for the separation of enantiomers and diastereomers and is an essential medicinal tool
for understanding enantiomeric excess.”
He points to two papers as good examples of work done in this area (8,9).
Advanced analytics also facilitate
structure-property relationship studies during development of cannabinoids
with increased bioactivity and bioavailability. “Minor changes in the length of
a carbon chain substituent or the addition of a hydroxyl group or hydrogenation of an unsaturated functionality can
have different effects on the metabolism
of cannabinoids. Analytical tools that
can detect minor differences in chemical structures and different responses
in the body are needed to perform these

evaluations—a challenge that exists in
drug development across all classes of
compounds,” MacKay observes.

tioxidant, antidiabetic, anticonvulsive,
anti-glutamatergic, antibacterial and
antifungal, and so on.
Consequently, the range of diseases
Controlled substance issues
for which cannabinoid-based drugs in
As previously alluded to, in the US, com- development are targeting is expansive,
pounds that target the endocannabinoid and includes multiple sclerosis, sclerosystem often fall under the auspices of derma, Parkinson’s Disease, Huntingthe Controlled Substances Act (CSA). ton’s disease, cystic fibrosis, dermatomyThis issue is the biggest challenge to ositis, and systemic lupus erythematosus,
developing rationally designed canna- and glaucoma, among others (10).
binoid derivatives, Cohen contends. “For
compounds covered by the CSA, there Promising candidates
are limited choices with respect to US- In addition to the few cannabinoids apbased contract research organizations proved by FDA, there are several others
(CROs) and contract development and progressing through the clinic. Corbus
manufacturing organizations (CDMOs) is developing synthetic candidates that
that have the permits necessary to han- target chronic inflammatory diseases
dle and synthesize Schedule 1 com- that involve dysregulation of the impounds,” he explains. One way to avoid mune system. Its lead candidate is lenthis problem is to use non-US-based ser- abasum, which by binding to and activice providers, because they typically do vating the CB2 receptors on immune
not have these issues.
cells down-regulates the immune
response and upregulates anti-inBroad range of targets
flammatory activity. This candidate is
It is important to remember that the currently in a Phase III clinical trial in
cannabinoids being developed as ther- cystic fibrosis and Phase II study for
apeutic drug candidates are not the systemic lupus erythematosus.
same as products developed for direct
Emerald Health Pharmaceutical’s
sale to consumers, whether those are candidate EHP-101 for the treatment of
CBD-based gummies or brownies con- systemic sclerosis completed a Phase I
taining Δ9-THC that are sold for me- study in September 2019 and entered a
dicinal use. The former must undergo Phase IIa study (delayed by COVID-19)
the same rigorous development and in 2020. The company is also initiating
approval process—whether plant-de- a Phase II study in multiple sclerosis.
rived or synthetic—that is required for The compound, an aminoquinone derivative of CBD, interacts with CB2 reall regulated drug products.
“We believe that it is important to ceptors and peroxisome proliferator-acstress the difference between regula- tivated receptor γ (PPARγ), which is
tory-approved cannabis-based medi- associated with neuroprotective effects
cines and other products that have not (11). Emerald is also in preclinical develbeen through regulatory approvals, opment of a CBG derivative (EHP-102)
as non-regulatory approved canna- for the treatment of brain disorders that
bis-based products lack all or many of affects pathways other than those that
the important characteristics of a mod- involve CB2 receptors.
ern medicine since they are not rigorOther cannabinoid derivatives in early
ously tested and have not been scru- development (preclinical or earlier) as
tinised by regulators—we do not know potential therapeutics include SBI-100,
their effect, side effects, correct dose, previously THC-Val-HS (THCVHS,
potential harm, and toxicology, amongst THC-valine hemisuccinate) and CBDmany other things,” Tovey notes.
Val-HS (CBDVHS) from Skye Bioscience
Cannabinoids have been shown to for glaucoma and possibly ocular, analgehave a wide range of pharmacological sic, neurologic, and anti-infective applicaeffects, including psychotropic, analge- tions, respectively. SBI-100 is a Schedule 1
sic, anticancer, anti-inflammatory, an- controlled substance, while CBDVHS is

not. The addition of the valine hemisuccinate moiety helps improve the water
solubility of THC and reduces the euphoria and intoxication associated with
this psychoactive substance, according
to a company spokesperson. The company is exploring the use of SBI-100 in
eye drop formulations for the treatment
of glaucoma and expects to complete its
Phase I clinical trial evaluating the safety
and tolerability of this candidate by midyear. A Phase II clinical trial is anticipated
to initiate there shortly after.
KLS-13019 from Neuropathix (previously Kannalife Sciences), a derivative
of CBD designed to be more water soluble and thus more orally bioavailable,
is intended for the treatment of certain
types of pain and possibly chronic neurodegenerative diseases. In September
2021, Neuropathix received a $2.97 million Phase 2 STTR Study Grant from
the National Institute of Neurological
Disorders and Stroke (NINDS) of the
National Institutes of Health (NIH)
to support the further development of
KLS-13019 for chronic and neuropathic
pain, specifically chemotherapy-induced peripheral neuropathy (12).
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Meg Rivers

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 (1):
• Messenger RNA (mRNA) vaccines,
which use genetically engineered
mRNA to teach cells how to make
a protein that triggers an immune
response (e.g., Pfizer-BioNTech and
Moderna’s COVID-19 vaccines).
• Viral vector vaccines give cells genetic instructions to produce antigens, using a different, harmless
virus from the one the vaccine is
targeting (e.g., Johnson & Johnson’s
[J&J] COVID-19 vaccine).
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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 is
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Developing COVID-19 vaccines

J&J has worked with industry partners,
governments, and health authorities
since the beginning of the COVID-19
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 com-
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What’s Next for
COVID-19 Vaccines
and Variants?

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.

IN CASE OF EMERGENCY
DON’T BREAK THE GLASS

LET NATOLI

COME TO THE RESCUE!
Tooling & Tablet Design I Tablet Presses I Replacement Parts & Accessories
Tablet Press Refurbishing I Technical Training I Consulting Services
Encapsulation Change & Spare Parts I Instrumentation & Software I Labratory Services
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bined 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 SARSCoV-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. 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 COVID-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 COVID-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
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lifting. One company, The Native Antigen Company, part of LGC Clinical
Diagnostics, provides commercially
available S1 and S2 antigens for SARSCoV-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. Some of the variants include Delta, Mu, and Omicron.
“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. “There are
numerous real-world studies that have
shown that getting vaccinated reduces
one’s risk of severe illness, hospitalization, and death from the different
variants. One of the articles recently
published by Bajema et al. indicated a
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reduction in hospitalization due to vaccination from data gathered from five
Veterans Affairs Medical Centers” (3–5).
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, one of the new variants,
Omicron, has been detected in the US.
“The CDC and its public health partners are working closely to monitor this
variant,” says Hsieh. “Through Whole
Genome Sequencing (WGS), public
health laboratories are able to quickly
identify, track, and monitor the variant.”
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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Manufacturing
same output every time. To achieve that
essential goal for product quality and patient safety, it is essential to identify training needs and address them holistically.
In essence, training must support transfer
of knowledge as well as skills and behaviors required for consistent high-level
performance (see Figure 1).
Adult learning styles must also be
considered. There are generally four
ways to learn: listening (auditory), viewing (visual), reading/writing, and doing
(hands-on). These learning styles can be
addressed with either passive or participatory teaching methods. The former
includes lectures, reading, audiovisual
tools, and demonstrations, while the latter comprise group discussions, practice,
and teaching others.
Adult learners are focused on learning
what they need to be successful in their
current role, and therefore want to learn
about the things they need to know to
reach assigned goals and objectives. Some
of the best practices for adult learning,
therefore, include face-to-face interactions and participatory programs that require problem-solving, are topic-centered,
and involve real-life scenarios linked to
actual daily tasks so that everyone remains interested and engaged.
tal aspects of training and adult learnEach of these different learning mething styles, elucidates the value of digital ods has unique benefits and advantages/
and virtual learning, and explains the disadvantages. According to the National
approach adopted by Pall and Lonza in Training Laboratories, retention of learna collaboration intended to address the ing content ranges from 5–30% for pasSUT training gap.
sive methods and 50–90% for participaThe first project involved the joint de- tory methods (2). In addition, adults often
velopment of a training program for tan- learn as much from committing errors
gential-flow filtration (TFF); additional (trying and failing), because they must
training modules are planned to follow. think about what went wrong and why,
Leveraging Lonza’s understanding of which leads to greater understanding of
the fundamental aspects of training and the process and prevents reoccurrence.
adult learning styles and Pall’s knowledge of SUT handling and operations of Criteria for successful programs
the specific TFF equipment, this novel Training on SUTs requires addressing the
approach combines digital tools and vir- specific training needs for SUTs while
tual reality solutions with in-person and keeping in mind adult learning preferhands-on training sessions.
ences and the different needs to ensure
essential transfer of knowledge, skills,
Fundamental aspects of training
and attitude, including understanding of
The goal of any training program is to get overall process implications caused by poeveryone who receives the training to ex- tential variations in the individual tasks.
ecute the same tasks in the same manner
The design of efficient training proand in the same timeframe, leading to the grams focused on the handling and

Accelerating
Workforce Training on
Single-Use Technologies
Michael Moedler and Helene Pora

B

oth suppliers and users of single-use technologies (SUTs) recognize the need for more efficient
and effective training to support the
handling and use of SUTs to ensure
the biopharmaceutical workforce can
successfully and reliably operate good
manufacturing practice (GMP)-compliant, aseptic, SUT-based bioprocesses. Establishing adequate training solutions has
become increasingly imperative as SUT
use at the commercial scale accelerates.
In an article in Pharmaceutical Technology, “Addressing the Training Gap for
Single-Use Technologies” (1), the authors
discussed reasons for the SUT training
gap and why SUT training is crucial to
biopharmaceutical manufacturing. This
follow-up article outlines the fundamen-

Michael Moedler, PhD is head of Training
at Lonza Biologics Operations Visp, and

Helene Pora, PhD is vice-president of
Technical Communication and Regulatory
Strategy at Pall Corporation.
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Training is crucial for supporting GMP
operations in commercial-scale bioprocessing.

to create a tool for classifying defects
in biocontainers, thus enabling better
identification of defects and more systematic trending for systematic learning,
which would better prevent bag breakage. A library of defects was developed,
along with a training package that includes videos and checklists that can
be incorporated into standard operating procedures. Operators are trained
to differentiate between cosmetic and
actual defects as well as what might be
the potential causes for each.

Figure 1. Key components of effective training programs.
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Skill
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use of SUTs must be accomplished by
applying the best learning and training
methodologies while understanding the
specific requirements when operating
SUTs. The programs must be suitable for
employees with limited or no experience
in biopharmaceutical manufacturing,
be largely self-directed, be available in
several languages, include instructions
on the rules and procedures for maintaining aseptic conditions, and take into
consideration the fact that access to actual, installed single-use systems and
cleanroom suites is limited.
To be competent with SUTs, operators must be not only provided knowledge about the do’s and don’ts of proper
handling, but also understand and be
able to apply that way of operating consistently; they must exhibit a special attitude when working with SUTs. Training must be provided on the skills and
behaviors necessary to touch and handle SUT materials, maintain awareness
about the environment, and perform
specific tasks reliably.
In addition, effective SUT training
goes beyond meeting compliance requirements; it ensures that operators
can perform the jobs competently
under real-life conditions. Typically,
however, access to commercial-scale
equipment, particularly equipment located in a cleanroom setting, is severely

Attitude
Internal
drivers of
behavior

Virtual training tools
for aseptic practices

1

limited for training purposes. Conditions within a cleanroom may also be
limited with respect to training needs
(i.e., number of people allowed, ability
to bring in training materials during
commercial production). Trainer resources may also be limited.
When the needs and available methods are considered, it can be concluded
that face-to-face training, e-learning,
virtual classrooms, virtual reality training, and mixed reality training represent the best options.
Face-to-face training provides the
opportunity for intense, hands-on experiences, while e-learning with enhanced interactive videos and checklists (including assessments) provide a
level of active and participatory learning. Virtual classrooms combine group
discussions with some listening and
watching, and virtual reality and mixed
reality training simulate real-life activities with muscle memory and are expected to enable new operators and lab
personal to learn operating procedures
much faster—anywhere at any time.
Leveraging existing digital training
methods already in place at Pall, the
two companies developed a proprietary training platform consisting of
a series of online training tools specifically covering SUT use, handling,
and operations. The initial focus was

While virtual reality (VR) training might
seem like science fiction or gaming, it is
advanced and increasingly used in various manufacturing and other settings,
including training surgeons, helicopter
pilots, and astronauts. The biopharmaceutical industry is already using this
approach in several areas (3). Takeda,
for example, employs VR to train operators on aseptic practices (4). Leveraging
proven digital technology such as VR and
augmented reality or mixed reality (MR)
for SUT training can decrease the training time of new operators and increase
training efficacy. In addition, such training can reduce training costs, eliminate
the trainer-time bottleneck, increase the
productivity of new hires, and enable
on-demand retraining of employees
without additional expense. By providing
better, more engaging training, training
effectiveness can be improved, leading to
decreased human errors and therefore increased reliability of supply.
Learning how to move and perform
proper cleaning in a cleanroom is a priority module because it applies to all GMP
production sites. Operators in a virtual
cleanroom can train on aseptic practices
(e.g., movement speed, placement of objects, correct cleaning procedures) and establish muscle memory to improve quality
and decrease the risk of contamination.
Lonza provided the information
to establish a virtual suite with an
exact, fully interactable replica of the
equipment to be used in production.
Contin. on page 48
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Manufacturing
operating conditions and adjust them in real-time. Therefore, PAT supports in-depth
process understanding and data-driven
control while also laying the foundation for
quality assurance, continuous process verification, and material tracking and tracing.

Efficiency in quality control

Early on in the evaluation of a suitable
automation project, businesses should
consider whether the process will require
revalidation, as illustrated in Figure 1. If so,
they should determine to what extent the
return on investment (ROI) of the total
project, including any revalidation costs,
meets corporate objectives.
Even in cases where revalidation is
not an option or the ROI is not attractive enough, pharmaceutical companies
can still leverage digital technologies
and PAT-like environments to improve
quality control activities in off-line analytical laboratories. These tasks generally take considerable portions of manufacturing cycle times and manpower.
Key automated technologies can cut
the downtime associated with these
quality control activities and, in turn,
optimize the speed and productivity
of the entire production process. For
tivity and efficiency of key operations while example, robots can speed up testing
future-proofing them. The broad range of by performing repetitive tasks, such as
automated solutions available can be used liquid or solid sample collection and dein a variety of settings to achieve different livery to off-line testing facilities. There,
goals. Pharmaceutical companies can thus samples can be automatically prepared
confidently embark on digital transforma- and analyzed. Additionally, businesses
tion journeys that address their most press- can implement serialization and data
ing requirements or applications that are management systems to create data remost in need of upgrades.
positories that enhance data integrity
Although there are a multitude of tech- for material tracking and tracing.
nologies available, most of them share the
need for an advanced, quality-compli- Selecting an initial
ant process analytical technology (PAT) digital transformation project
framework where they can be imple- Once the environment in which digital
mented. Embracing PAT is a quality-by-de- technologies are to be implemented has
sign (QbD)-driven approach that aims to been selected—R&D, manufacturing,
deliver products of consistent and high or testing facilities—pharmaceutical
quality by leveraging the power of data.
companies should define their goals.
More precisely, this smart manufactur- This definition, in turn, helps to select
ing strategy relies on the timely character- the solutions that are most suited to
ization and analysis of raw and in-process addressing these ambitions.
materials achieved by measuring their critTo succeed in the implementation of
ical quality attributes (CQAs). These CQAs PAT and digital technologies, compaare then controlled with critical process nies should start with small projects,
parameters (CPPs) to define the optimum ideally where there is already a level of

How to
Effectively Implement
Pharma 4.0 Technologies
Martin Gadsby

I

ndustry 4.0 applications can help
businesses boost their manufacturing processes, making them faster,
more responsive, integrated, and productive. Despite these key advantages,
adopting new Industry 4.0, or Pharma
4.0, solutions within bio/pharmaceutical
manufacturing lines can be particularly
challenging. However, the implementation of advanced digital technologies
can overcome these issues and deliver
benefits to pharmaceutical companies.
The future of manufacturing is digital,
and several industries have already taken
large strides in their digital transformation
journeys. Although processing industries
and pharmaceutical manufacturing are
not at the forefront of these trends, digital technologies that support Pharma 4.0
applications can drive considerable improvements. These technologies promote
innovation that can increase the producMartin Gadsby is director
at Optimal Industrial Technologies,
mgadsby@optimal-tech.co.uk.
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Getting started with a PAT framework
enables automation with digital technologies.

Figure 1. Mind map assessing the benefits of process
analytical technology (PAT) and digital technologies and the
impact of manufacturing process revalidation.

After supervision activities have been improved, pharmaceutical companies can determine whether automated,
quality-centric control strategies could further enhance
production activities. If automated control model building
is used, then generally these are highly cost effective, but
they may generate less process knowledge.

FIGURES ARE COURTESY OF THE AUTHOR.

Complementary PAT technologies

Once this groundwork has been completed, companies
should define the technologies that can complement PAT
in their applications. For example, continuous processing
applications can greatly benefit from effective and accurate
dynamic flow modeling for material tracing. These tools
can monitor product movement throughout continuous
processes, coordinate sampling and rejection systems, and
identify raw materials in the final products. As a result, dynamic flow modeling supports closed-loop feedback process
control at the core of good manufacturing practices (GMP),
quality assurance, and regulatory compliance strategies. As
continuous processing and flow chemistry applications become increasingly popular, a PAT knowledge management
platform needs to feature advanced mathematical predictive
models, combined with extensive empirical data, to accurately forecast product and material movement.
When handling complex processes, advanced data processing strategies can provide a solid foundation for effective
control. In particular, multivariate control—the ability to
direct the control of more than one CPP in concert with others in order to control the desired CQA value—is valuable.
It is possible to model such functionality with automated
intelligent control, in which the control algorithm is automatically derived, indicating the optimum CQA values that
should be delivered. By adopting this type of multivariate
Figure 2.Key elements to put in place to set the
control, it is possible to do more than simply keep CPPs as
foundations for a successful data-driven application
close as possible to their set-points, as it can drive a CQA
based on process analytical technology (PAT).
value from its current state to the desired state. Ultimately,
this strategy can help bio/pharmaceutical producers make
their processes more flexible and adaptable while enhancing
end-product quality and process efficiency.
A digital twin can simulate process orchestrations in a virtual environment to test if the selected conditions and operating
parameters are effective or need to be refined without running
physical processes, which are resource, cost, and time consuming. This functionality can be helpful during commissioning,
particularly for complex manufacturing and quality prediction
functions (e.g., predictive dissolution).
To ensure consistency across different plants or R&D laboprocess understanding available and it is clear to see how ratories, a common platform used by each plant together with
the process can be optimized. In addition, it is generally a secure Cloud-based environment is ideal. This approach
recommended to initially use PAT and data-driven solutions also supports advanced Big Data analytics and mining for
to solely monitor processes, without including control ac- next-level PAT applications. In effect, Cloud computing fativities. This strategy helps to simplify the requirements of cilitates interconnectivity and offers near unlimited space for
the project and streamline implementation while gathering storage and data processing power on demand. The common
more knowledge on CQAs, CPPs, and the entire production
process, as illustrated in Figure 2.
Contin. on page 48
Pharmaceutical Technology

FEBRUARY 2022

33

Serialization and
Aggregation from a
Manufacturing Perspective
Meg Rivers

For some manufacturers, the goal was to be
fully compliant with the DSCSA, including both
serialization and aggregation, from day one.

E

nacted by Congress on Nov. 27,
2013, the US Drug Supply Chain
Security Act (DSCSA) is intended
to build a more secure supply chain in the
United States with the ability to identify
and trace drug products and limit exposure to counterfeit, contaminated, and
otherwise harmful drugs. Everyone
in the pharmaceutical supply chain
has had to pivot to meet the DSCSA
requirements, including manufacturers,
repackagers, wholesale distributors, dispensers, and third-party logistics providers (trading partners). Manufacturers, specifically, have had to incorporate
serialization into their manufacturing
and packaging lines and will need to
consider aggregation implementation
as well if they haven’t already.
“At Catalent, we started planning and
implementing serialization over five
years ago,” says Rebecca Mullis, Engineering Project Manager, Catalent Bi34
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ologics. “But Catalent, being a contract
development and manufacturing organization [CDMO], wanted to be ahead
of the curve and ahead of our competitors to have serialization available for
our customers. In doing so, we evaluated
multiple vendors and evaluated different
types of equipment.”
According to Mullis, Catalent selected
vendors, purchased equipment, and integrated software and data management
platforms. In the process, they moved
from a manual process to a more automated one. For line-level equipment,
Catalent chose to work with Mettler Toledo, which included an automated print
and inspection station. For a cloud provider, they chose to work with TraceLink.

Setting up serialization and
aggregation from day one

For some manufacturers, from day
one, the goal was to be fully compliant

P h a r mTe c h . c o m

with the DSCSA, including both serialization and aggregation. Catalent, for
example, didn’t wait for the 2023 aggregation deadline. Instead, the company worked toward full compliance
from the beginning, integrating both
serialization and aggregation into their
manufacturing process immediately.
“When the operators go to pack the
cases, there’s another piece of equipment with the overhead camera, and
it takes a snapshot of every layer in the
case and captures every serial number
of every carton. Once that’s done, it goes
to the database and prints a label. We
manually apply the label to the case, put
the case on the pallet,” says Mullis. “At
this point, the operator will take a hand
scanner and scan the serial number of
every case going onto that pallet. Once
the pallet is full, we’ll print a separate
label. That label is applied to the pallet,
and it’s all tied to the batch … Again, all
the serial numbers are going into this
database that resides on the server side.
When we go to ship the product, we already have the process. This is from day
one that we implemented this.”
After this, the product is shipped
and all serialized data are stored in
cloud-based storage, which is provided
by TraceLink. It’s also how Catalent
sends the data back to the client.
Li ke Cata lent, Thermo Fisher
Scientific also included aggregation in
their initial serialization design even
though it wasn’t required in the initial phase of serialization. For Thermo
Fisher, once they selected their equipment and software vendors, they
moved straight to validation.
“Learning the systems now and the
processes and how they all tie together,
that was key to developing the qualification protocols, SOPs [standard operating procedures], and then training of
all those individuals from packaging to
IT and QA [quality assurance] as well,”
says David Bond, senior manager and
serialization program lead, Thermo
Fisher. “Overall, coaching of employees
from all levels in the organization on a
new process just so everyone was aware
of what was going on and what needed
to be done for serialization.”

KADMY - STOCK.ADOBE.COM

Manufacturing

Since Thermo Fisher’s initial implementation, Bond states there have
been ongoing process improvements to
keep up with the evolving landscape
for serialization. From a training perspective, specifically, there was much
to learn and standardize. Bond recalls
how the company developed training
plans for different levels and different
users of the serialization system—from
QA to operations.
“On the operations f loor, taking
samples became a different process
for them, managing the serial numbers, managing the overall process for
serialization. It was something new
initially,” says Bond. “To be honest
with you, a lot of packaging operators
were really afraid of serialization. Just
working with them and giving them
that comfort level. Before you know,
they were making suggestions.”

software came from SEA Vision, and But that doesn’t mean there haven’t been
it was the responsibility of Marchesini a few unexpected hiccups along the way.
to see that the machine and the softThe biggest challenge Catalent, speware were integrated,” says Widengren. cifically, has had relates to data storage.
“The next step after the order—it took According to Mullis, because the comaround six months from when the pany has been expanding, the database
order was placed and when the ma- that houses serialized data is filling up
chine was ready for what we call the more quickly than expected. Therefore,
factor acceptance test (FAT). So, we their current challenge is finding a way
went down to the supplier for the FAT to archive the data while still maintaining
and when that was successful, we got data integrity and meeting requirements.
approved to ship the machine to the
“With data management, this became
site. And that was another two to three a big target for our data integrity team,”
months, depending on when the site says Bond. “There was an enormous
needed or could install it. Then we do volume of new data that had to be rewhat we call the ‘site acceptance test.’ tained for specific regulations—storage
Then the machine was ready for you backup, security all had to be considto use for serialization packs. The last ered. And of course, keeping Part 11
thing was to connect it with TraceLink [21 Code of Federal Regulations Part
and the customers in TraceLink.”
11] compliance in mind along with the
Widengren adds that, as a CDMO, data. Reviewing audit trails as a part of
Recipharm isn’t allowed to connect to that. Data review became a key factor in
the European Hub. Only the market au- managing overall data for serialization.”
Manufacturers are the first step in
thorization holder can do that. ThereSerialization on a global scale
the
serialization process. As such, they
fore,
Recipharm
reports
the
serializaMeanwhile, for manufacturers with a
tion
data
to
their
customers,
and
then
must
be the first ones to have serializaglobal footprint, such as Recipharm,
their
customers
report
it
to
the
EU-hub.
tion—and
aggregation—in place for the
serialization and aggregation involved
essential
data
to be accessed by downcreating a global program. Across 15
stream
partners.
Hopefully, there will
sites, Recipharm acquired equipment, Serialization challenges
be
no
further
delays
due to the COVIDhardware, and software and estab- For Catalent, Thermo Fisher, and Reci19
pandemic
and
smooth
sailing ahead
lished a global program that took ap- pharm, it seems that serialization—and
for
global
serialization
efforts.
proximately three years to implement aggregation—efforts are well underway.
PT
at all the sites, according to Staffan
Widengren, Director Corporate ProjLearn more about serialization
ects, Recipharm.
Read articles and watch videos on PharmTech.com to learn more about serialization.
Similar to Catalent and Thermo
Fisher, Recipharm selected vendors
• WATCH: Serialization on a Global Scale: Deep Dive into the US DSCSA and EU FMD – Manufacturing | Part 1
PharmTech.com/view/serialization-on-a-global-scale-part-1
for serialization. For equipment, the
company chose Marchesini; for soft• WATCH: Serialization on a Global Scale: Deep Dive into the US DSCSA and EU FMD – Packaging | Part 2
ware and hardware, they chose SEA
PharmTech.com/view/serialization-on-a-global-scale-part-2
Vision; and for data reporting, they
• WATCH: Serialization on a Global Scale: Deep Dive into the US DSCSA and EU FMD – Software and Data
chose TraceLink. Widengren estimates
Management | Part 3
the process of ordering the equipment
PharmTech.com/view/serialization-on-a-global-scale-part-3
to having the equipment installed and
• WATCH: Serialization on a Global Scale: Deep Dive into the US DSCSA and EU FMD – Regulatory | Part 4
qualified on the site took around 10
PharmTech.com/view/serialization-on-a-global-scale-part-4
months from when it was started to
• READ: Moving Forward in Serialization
when everything was connected. HowPharmTech.com/view/moving-forward-in-serialization
ever, it’s important to note that aggre• READ: Trends in Vial Labeling Equipment
gation is not a requirement in Europe
PharmTech.com/view/trends-in-vial-labeling-equipment
as it will be in the US as of 2023.
• READ: Serialization: Reducing Counterfeit Drugs and Increasing Sales
“First, it was the machine, which we
PharmTech.com/view/serialization-reducing-counterfeit-drugs-and-increasing-sales
took from Marchesini, and then we
• READ: Track-and-Trace Progress Benefits Supply-Chain Security Efforts
prepared all the documents required
PharmTech.com/view/track-and-trace-progress-benefits-supply-chain-security-efforts
for that. Then we ordered the machine together with the software. The
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Increased Data Output
is a Double-Edged
Sword in Drug Discovery
and Manufacturing
Feliza Mirasol

Automated analytical workflows
require advanced technologies to
manage the higher volume of data output.

A

dvancements in analytics have
significantly increased the
amount of data that is generated throughout the biologic drug
lifecycle. This increased data flow
presents challenges to managing the
information. Managing the increased
output is best achieved with the help
of automated analytical workflows,
which can organize data collection and
streamline analyses.

maceutical Business, Waters Corporation. As a result, larger-scale analytical testing is needed, especially during
earlier-stage development, to minimize
the risks associated with manufacturability and quality, Dong states.
“Automated analytical workf lows
allow manufacturers to address the gap
between existing analytical capability
and increased testing needs by reducing resource costs and improving turnaround time. In addition, automation
Incorporating automation
improves data quality and reduces FTE
into the workflow
[full-time employee] resource needs,
The biopharma industry has seen a leading to cost benefits as well as resignificant increase over the past few duced compliance risks,” says Dong.
years in the complexity and variety of
The drug discovery and development
biomolecular therapies. Manufactur- process involves a series of complex
ers have found themselves often facing stages that take 12–15 years to comsituations in which existing platforms mercialize and cost between $0.9 biland prior knowledge no longer apply lion and $2 billion, with a low success
to newer molecular formats, says Xiao rate, says Anis H. Khimani, PhD, senior
Dong, marketing manager, Biophar- strategy leader, Pharma Development,
36
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Life Science, PerkinElmer. “Workf lows within every stage contribute
to large volumes of data that require
management and interpretation, for
both small- and large-molecule drug
development,” Khimani says.
Over the past two decades, the discovery and development of large-molecule therapeutics has seen significant
progress in the areas of target characterization, screening, process optimization, automation, and analytics,
Khimani explains. Implementation of
automation and analytics across biologics workflows has played a key role
in this success; they have enhanced
productivity and are overcoming big
data management challenges.
“Automation and data management
deliver accuracy and reproducibility as
well as enhance data quality and biological relevance. Furthermore, more
recent advancements in artificial intelligence (AI) and machine learning
have enabled predictability and process design,” Khimani points out.
In the drug target identification (ID)
and drug discovery space, next-generation sequencing (NGS) has revolutionized target discovery across the
genome, exome, and transcriptome
paradigm, while bioinformatics capabilities have enabled panel design for
specific disease areas and the screening
of disorders at the population genomics level, Khimani emphasizes.
Moreover, automation solutions
in liquid handling and nucleic acid
sample preparation continue to empower scientists in achieving higher
throughput, accuracy, and reproducibility along the target ID workflows,
Khimani adds.
“Drug discovery involving large-molecule screening has benefited significantly from automation and leveraging analytics. Integrating a workflow
through interface and protocol configurations enables each step involving related instrument(s), software, and consumables to offer a seamless process,
data generation, data interpretation,
and biological evaluation,” he states.
Regarding protein characterization, the implementation of auto-
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Analytics
mation workf lows and AI tools has
accelerated protein characterization
and process development by enabling
critical quality attributes (CQAs) and
streamlining integration. According
to Khimani, capillary electrophoresis
(CE) platforms with higher throughput, for example, have enabled lower
sample requirement, superior resolution of isolated/separated proteins,
and reliable characterization.
For process development and scale
up, it is important to remember that
CQAs for biologics involve cell culture
and production process parameters as
well as storage conditions to ensure
stability along the workflow. “In this
context, an important data analytic
to monitor is long-term stability on
three production batches. Temperature
mapping services (e.g., OneSource,
PerkinElmer), can help biopharma
operators monitor variations and
maintain consistency supporting good
laboratory practice (GLP)/good manufacturing practice (GMP) compliance,”
according to Khimani.
Meanwhile, fully automated reports
and advanced techniques, such as wireless temperature probes, reduce human
error, while software solutions support
data visualization of stability studies.
Other quality control measures, such
as impurities testing, can be achieved
using analytical tools such as chromatography and atomic and molecular
spectroscopy, Khimani says.

Managing increased data output

Automation technologies are also key
in helping to collect and organize increased data output, which facilitates
data analyses. The integration and automation of workflows results in enhanced data output at every step, from
configuration of integration through
metadata management and eventually data analysis, visualization, and
interpretation, Khimani points out.
Over the past decade, the adoption of
electronic lab notebooks (ELN) have
facilitated the migration of data-related content from paper notebooks
to electronic formats. These electronic formats manage unstructured
38
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and structured data and provide for
subsequent analysis and visualization.
“The clustering and visualization of
vast volumes of data enable scientists
to gain biological insights into target characterization and validation.
There has been increasing awareness
that identifying and validating the
right target upstream is critical to the
screening and development of drug
candidates downstream to further enhance the success rate of therapeutic
molecules,” Khimani explains.

The biopharma
industry has
seen a significant
increase over
the past few years
in the complexity
and variety
of biomolecular
therapies.
Advanced analytics technologies
(e.g., TIBCO Spotfire, PerkinElmer)
offer data analysis and visualization
capabilities for this workflow; these
capabilities play a critical role in decision-making. Additionally, ELN
technologies (e.g., Signals Notebook,
part of the new PerkinElmer Signals
Research Suite) can enable audit trail
and security features to support 21
Code of Federal Regulations (CFR) Part
11 (1) compliance within the biologics
GMP environment. “Huge volumes of
data either require database capabilities or a cloud environment that can
be maintained on site or outsourced
via third-party informatics solutions.
Implementation of Biopharma 4.0 is
being adopted and driven by the principles of Industry 4.0 to improve efficiency, facilitate real-time monitoring,
reduce cost, enhance predictability,
and allow for better decision-making
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within bioprocess workflows,” emphasizes Khimani.
Some of these advanced automated
technologies are leveraged both upstream in drug discovery and development as well as downstream in
bioprocess development and manufacturing; however, the requirements differ, Khimani points out. He explains
that discovery workf lows upstream
seek flexibility and an open format to
organize and develop protocols followed by management of structured
data. “Research scientists may need to
vary experimental conditions to optimize protocols into SOPs [standard
operating procedures] as well as analyze a wide array of data for biological
relevance,” he says.
An ELN notebook (e.g., Signals
Notebook, PerkinElmer), for instance,
provides the latitude to manage metadata and analyze various groups of
experimental data into visualization
formats to enable decision-making.
Biopharma research groups leverage
the capabilities of ELN to optimize
workf lows to enable discovery and
validation of disease-specific targets as
well as the development of large-molecule therapeutics.
Meanwhile, further downstream
in drug development, these advanced
technologies also facilitate validation
and security requirements within
the GLP and GMP environments.
ELN notebooks (e.g., Signals Notebook, PerkinElmer) can offer security-driven administration and audit
capabilities. In the manufacturing environment, scale up for higher production volumes and GMP compliance
are key. “Therefore, downstream it is
important for analytics technologies
to support automation, as well as provide electronic compliance supporting
capabilities for biopharma to be able
to meet regulatory requirements. Bioprocess workflows have continued to
migrate from a batch process to continuous manufacturing; hence, there
is a constant demand in this space
for technologies to offer real-time
monitoring and accuracy to maintain
production that is devoid of errors

and meets scale, sterility, and safety
requirements,” Khimani says.
Gunnar Schaefer, co-founder and
chief technology officer of Flywheel,
a research data management platform, notes the importance of having
end-to-end solutions to streamline
data ingested from multiple sources
and curate it to common standards.
Focusing on the facilitation of largescale organization, processing, and
analyses of complex data, such as annotated biomedical images frequently
collected as part of clinical trials, can
enable real-world data collaboration,
machine learning, and AI development, all of which can accelerate drug
discovery, Schaefer says.
Historically, for instance, most data
assets collected in clinical trials were
archived and largely forgotten, often
stored with partners offsite, Schaefer
observes. “With the broad adoption
of machine learning, these data assets have gained a second life. However, many data archives are offline or
otherwise inaccessible, poorly organized, and seldom quality-controlled,”
Schaefer states.
Addressing those problems head on,
starting with flexible and scalable data
ingestion and establishing a de-identification framework as well as having
a customizable and multi-modal data
processing automation and structured
annotation options, goes a long way
towards optimizing analytical workflows. “In concert, these capabilities
accelerate [the] path to meaningful
data at scale,” Schaefer explains.
Khimani adds that bottlenecks
in data collection and processing
exist at every step of the workf low,
with greater challenges arising when
higher volumes of data are generated
from automation and real-time monitoring of the process. He points out
that multiple factors contribute to data
overload in the process development
and scale-up environment, such as
the evaluation of process parameters,
raw material requirements, and monitoring along the workflow, including
product stability, media components,
and microbial presence. Additionally,

data across the workflow is obtained
and sorted manually using accessory
tools or devices.
“Further contributing to bottlenecks
is the use of complex spreadsheets. [In
addition,] locally developed or thirdparty software may be utilized to collect and process data. These programs
can be labor- and time-intensive and
may result in errors,” Khimani says.

Multiple factors
contribute to
data overload
in process
development and
scale up.
“Automation across work f lows
with centralization of informatics
tools to manage data can alleviate
these bottlenecks,” Khimani continues. “Subsequently, data can be
structured, tracked, and processed
for visualization, as well as archived
for future reference.” Furthermore,
adoption of the holistic automation
tenets of Industry 4.0 with enhanced
process technologies, as well as advanced digital solutions, can alleviate
numerous bottlenecks. Having an automation roadmap such as this aims
to deliver enhanced robustness and
reproducibility of quality metrics and
can significantly reduce cost, provide
flexibility, and enhance productivity,
Khimani concludes.

Facilitating implementation

Automating the entire analytical workflow often requires a manufacturer to
integrate solutions from different vendors. This often requires steep learning
curves, cautions Dong. Thus, working
closely with different vendors while
having a cross-functional team that
can work on data and system integration are essential requirements.
“Automated platforms need to be
flexible, because the number of sam-

ples can vary. The platforms themselves should not be complex or hard
to operate as many of these scientists
are not automation engineers,” explains Dong. “Easy-to-use platforms
with simple, user-friendly informatic
interfaces will be critical to successful implementation. Additionally, it
is often a good practice to start implementing automation in non-GMP
development settings before GMP
manufacturing, which has higher
compliance needs.”
Furthermore, automated analytical workflows require access to largesca le, standardized, qua lit y-controlled, and expert-labeled datasets,
adds Schaefer. At the same time, data
privacy and security requirements are
becoming ever stricter. A comprehensive data management and sharing
framework would allow researchers
to focus on new discoveries, rather
than solving information technology
problems, Schaefer notes.
Although the level of automation
and data management across analytical workf lows differs between a
laboratory setting and a bioprocess
environment in terms of the scale and
compliance requirements, there are
important common themes, says Khimani. These common themes include
streamlined workflows, standardization of protocols, and reproducibility.
The main components required
to allow the implementation of fully
automated analytical workf lows, either in the laboratory setting or in a
commercial biomanufacturing setting,
include workf low integration, informatics capabilities, standardization,
quality control programs, and digitization, Khimani states.
Workflow integration includes a customized configuration using informatics capabilities, which translate protocols interfacing from one step—or from
an analytical instrument of the workflow—to the next. This configuration is
designed to enable walk-away automation with the least manual intervention,
according to Khimani.
Contin. on page 47
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S

uspension formulations are an important class of
pharmaceutical dosage forms. One important advantage of suspensions is that a relatively higher
concentration of drugs can be incorporated as compared to solution dosage forms (1). Most often, suspensions
are used to stabilize an insoluble API. Suspending agents are
the key functional ingredients in suspension formulations
that provide a gel network, which enables uniform dispersion of drugs and retains uniform suspending properties
over extended periods of storage.
Colloidal microcrystalline cellulose (cMCC), a co-processed excipient comprising microcrystalline cellulose and
sodium carboxymethyl cellulose (NaCMC), is well established as an effective suspending agent for pharmaceutical
dosage forms. While there are many benefits of cMCC suspending agents, some pharmaceutical suspension applications require additional ingredients to achieve a necessary
level of high viscosity. Colloidal suspensions from the nasal
cavity, for example, benefit from higher viscosity, which increases retention time (2). For such pharmaceutical suspension applications, a water-soluble polymer that functions as
a thickening agent is often added.
Some of the most popular water-soluble, polymeric thickening agents include xanthan gum, NaCMC, hydroxypropyl
methylcellulose (HPMC), and povidone (PVP). Given the
limited research surrounding the influence of these widely
used thickening agents on the gel structure and thixotropic
properties of cMCC suspending agents, the research team at
IFF deemed it worthwhile to engage in further study.
The main objective of this study, besides measuring the
extent of thickening, was to explore any potential synergistic effect between these polymers and a cMCC-suspending
agent, due to its frequent rate of use in suspension formulations. For example, due to the potential synergistic interaction between HPMC and NaCMC in the cMCC (3), the
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Even time-tested pharmaceutical ingredients
can falter if they are not paired with the right
thickening and suspending agents, resulting in
destabilized formulations. Similarly, achieving an
effective final suspension, with optimal suspension
viscosity and stability, depends on adding the
right blend of polymers. In this study, researchers
evaluated the colloidal microcrystalline cellulose
(cMCC) suspending agent—a co-processed
material of microcrystalline cellulose and sodium
carboxymethyl cellulose (NaCMC)—by using a
representative pharmaceutical-grade commercial
version of cMCC. In addition to cMCC, water-soluble
polymers are often added as thickening agents
to enhance performance. Researchers evaluated
commonly used water-soluble polymers, such as
hydroxypropyl methylcellulose (HPMC), NaCMC,
and povidone (PVP), as thickening agents in cMCC
suspension formulations. cMCC suspensions were
prepared with one of each thickening agent, in
addition to one without a thickening agent, and
studied for their rheological properties. Results
showed a synergistic effect between HPMC and
cMCC that increased the suspension’s viscosity
and thixotropic property, leading to a stronger
final gel-like network and suspending capability.
However, adding PVP or NaCMC increased the
initial viscosity but reduced the set-up suspension’s
viscosity, which could indicate de-stabilization.

combination could form stronger gel-like structure. In addition, with the different substitution levels (e.g., A, E, F, and
K chemistry) of HPMC, a stronger interaction with cMCC
to form improved suspension structure is highly possible.
On the other hand, the anionic property of NaCMC and
non-ionic property of PVP could impact the gel network of
the cMCC suspension.

Materials and methods

All materials used in this study are commercial pharmaceutical products. The cMCC suspending agent chosen (Avicel
RC-591, IFF) is referenced as cMCC throughout the study.
Kollidon 30 and TEXTURECEL 30 PA (Degree of Substitution 0.9) represent PVP and NaCMC, respectively, and will be
referred to as PVP K30 and NaCMC 30. The different HPMC
chemistries include: METHOCEL E3 Premium LV (HPMC
E3), METHOCEL K3 Premium LV (HPMC K3), METHOCEL F5 Premium LV (HPMC F5), and METHOCEL VLV
Premium (HPMC VLV). The grades of thickening polymers
were selected to match viscosity as close as possible.
Stock suspensions of 2.4 wt% cMCC were prepared by activating cMCC dispersions under high shear at 8000 rpm for 5
minutes in a Silverson mixer. Six polymer solutions at 6% concentration were prepared from PVP K30, HPMC E3, HPMC
K3, HPMC F5, HPMC VLV, and NaCMC 30, respectively.
For each polymer, the following blends were mixed together
with an overhead mixer for 5 minutes each: equal parts concentrated cMCC and polymer solutions, resulting in a final
solution of 1.2 wt% cMCC with 3 wt% polymer; equal parts
cMCC and water, resulting in a final suspension of 1.2 wt%
cMCC; and equal parts polymer solution and water for 3 wt%
polymer solutions. Table I summarizes the final formulations
with a sample size of 600 mL.
Viscosity was tested using an RVT Brookfield viscometer,
with the initial viscosity measured at the 30-second mark
after mixing the suspension to its final concentration using a
#1 spindle and a speed of 20 RPM. The “set-up” viscosity was
measured after 24 hours of rest at room temperature using
spindle #3 at 60 seconds. Viscosity was measured for each of
the formulations shown in Table I on sample size of 400 mL.
Rheological analysis was performed on the 24-hour set-up
samples with TA-Instruments DHR3 rheometer using a 50
mm parallel geometry with a 1.8 mm gap size at 20 °C on
all formulations. Researchers performed the following tests:
• Oscillatory strain sweep test (0.1 to 100% strain, 1 Hz)
with 5 minutes equilibration
• Shear rate test (0.02 to 100 sec-1, log mode) with 5 minutes equilibration
• Thixotropy test with 5 minutes equilibration
o Flow rate 1 (up-curve 5 minutes, linear mode, 0.1-50
sec-1)
o Flow rate 2 (down-curve 5 minutes, linear mode, 500.01 sec-1).
A fluid initially resists flowing until the shear stress exceeds a certain value (aka, the yield value), after which the

Table I. Formulation information.
Ingredient
Avicel RC-591

1.2% Avicel
RC-591

3% Polymer

1.2

Polymer
thickening agent

1.2% Avicel RC-591
+ 3% Polymer
1.2

3.0

3.0

DI Water

98.8

97.0

95.8

Total

100.0

100.0

100.0

fluid starts to flow. The yield value for each suspension was
calculated using the Bingham model (the simplest model
describing the flow behavior of a fluid) from the TA-Instruments software.

Results and discussion

The viscosities for the suspensions of 1.2% cMCC, 3% polymer, and the two combined were measured directly after
processing to determine any immediate effects of the polymer on the viscosity of the cMCC suspending agent. The
results of which are shown in Figure 1. As expected, the
1.2% cMCC suspension with 3.0% polymer solution had increased initial viscosity among all thickening agents. The
“neat” 1.2% cMCC suspensions had viscosities of 39 +/- 4
cP and the viscosities of 3% polymer solutions ranged from
5-60 cP. The addition of the polymer to the cMCC mixture
increased the initial viscosities of the combination suspensions to 50–500 cP, with PVP K30 having the least effect on
viscosity and HPMC F5 having the most significant increase.
The set-up viscosity, measured after 24 hours of no disturbance, usually indicates how well a suspension will remain
stable (i.e., not flocculate). Figure 2 displays the set-up viscosity for 1.2% cMCC, 3% polymer, and the mixture of the two.
Unlike the initial viscosities, the set-up viscosities for the
combination suspensions were not all higher than the ‘neat’
cMCC suspension. The set-up of the “neat” cMCC suspension had viscosities of 550 +/- 77 cP. All HPMC polymers increased the set-up viscosity of the combination suspensions,
resulting in an increase of 100–500 cP. HPMC E3 provided
the biggest increase, followed by HPMC VLV, HPMC F5,
and HPMC K3. However, both PVP K30 and NaCMC 30
decreased the set-up viscosity of combination suspensions
relative to “neat” cMCC suspensions, with decreases of 150
and 400 cP, respectively.
The results of initial and set-up viscosity clearly showed
that the interaction between the cMCC suspending agent and
different polymers were not the same. Initial viscosity could
not be used to determine viscosity after set-up or during storage. Out of the three different types of polymers, the HPMC
chemistries provided the best synergistic effect and positively
contributed to the increase in the set-up viscosity of cMCC
suspensions, which is crucial for stability during storage.
Rheological study of viscosity vs. shear rate were also
examined to understand potential changes in thixotropic
behavior and suspension stability as a function of the thickPharmaceutical Technology
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Figure 1. Initial viscosity for 1.2% cMCC, 3% polymer,
and the combination of the two.
1200

1.2% Avicel RC591
3% Polymers

1000

Initial Viscosity (cP)

Figure 3. Viscosity vs. shear rate for 1.2% cMCC, 3%
polymer, and the combination of the two. [A] HPMC E3,
[B] NaCMC 30.
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Figure 2. Set-up viscosity for 1.2% cMCC, 3% polymer,
and the combination of the two.
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ening agent. Results showed that all “neat” 1.2% cMCC suspensions exhibited shear-thinning properties, as shown in
Figure 3. Povidone PVP had “Newtonian-like” behavior (data
not shown) with little to no change in viscosity as a function
of shear rate. HPMC E3 and NaCMC 30 polymer solutions
showed some extent of shear-thinning behavior at low shear,
also displayed in Figures 3(A) and 3(B). All combination suspensions showed shear-thinning properties, but NaCMC
30 reduced the rate of viscosity loss as a function of shear
(Figure 3(B)). The data for the cMCC/NaCMC 30 suspensions
suggests that there was less of a gel structure than in the
“neat” cMCC suspension. Without a stable gel structure, the
effects of shear forces are minimized.
The physical interactions that occur when cMCC suspensions form a gel structure—including gel formation,
breakup, and recovery—have been extensively studied (4).
Intermolecular interactions, such as hydrogen bonding and
ionic interactions, play an important role in gel strength
and stability. In the study, the authors measured the
42
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yield value of each suspension. An increase in yield value
indicates an improvement in gel structure of a suspension.
Figure 4 shows the yield value of suspension gel |structure
for 1.2% cMCC before and after adding 3% polymer solution. Results indicated that all the “neat” 1.2% cMCC
suspensions exhibited gel networks with yield values of
1.5 to 2.6 Pa. None of the thickening agents alone had
a yield value (i.e., the solutions readily f lowed upon
application of shear), suggesting no gel network. The yield
values of the cMCC-HPMC combination suspensions either stayed the same or increased over the “neat” cMCC
values. The addition of HPMC E3 to the cMCC suspending
agent had the largest yield value of 3.8 Pa. The PVP and
NaCMC agents decreased the yield values of the cMCC
suspensions (1 Pa and none, respectively), suggesting the
gel network was compromised.
Another important rheological property of suspension
is its thixotropic property, or the ability to regain viscosity after an applied shear force is removed. Thixotropy is

ALL FIGURES COURTESY OF THE AUTHOR.

0

Figure 4. Yield value for 1.2% cMCC before and after
adding 3% polymer solution.
4

Figure 6. Thixotropy values for 1.2% cMCC and in
combination with each thickening polymer.
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Figure 5. Thixotropic test for 1.2% cMCC, 3% polymer,
and the combination of the two.
(A) HPMC E3, (B) NaCMC 30.
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the property of certain gels to temporarily become less
viscous or structured when subjected to an applied stress.
By definition, the structure of a suspension slowly returns
once the stress is removed—in other words, the changes
associated with thixotropy are reversable, microstructural,
and time-dependent. This is a critical attribute for many
applications. As an example, Figure 5(A) demonstrates the
thixotropic property of 1.2% cMCC, 3% HPMC E3, and
the combination of the two. Results indicated that all “neat”
1.2% cMCC suspensions exhibited thixotropic behavior
(hysteresis between the sweep up and down in shear rate).
The solutions containing only thickening agents did not
show thixotropic behavior. The combination of cMCC
and HPMC E3 increased the thixotropic behavior above
the “neat” cMCC. In contrast, NaCMC 30 eliminated the
thixotropic behavior of the cMCC suspension (Figure 5(B)).
By integrating between the two curves (up and down flow
curves), one can obtain a value of thixotropy (hysteresis)
that can be used to compare suspensions. The cMCC only
suspensions had an average thixotropy of 33.8 +/- 8 .1 Pa/s
(Figure 6). None of the thickening polymers exhibited thixotropic behavior. The addition of HPMC E3 and VLV increased thixotropy above the cMCC neat solution by 2.2 and
1.5 times, respectively. HPMC F5 and HPMC K3 had little
effect on the thixotropy of the cMCC suspensions, as similarly noted in the Yield values. PVP lowered the thixotropy
and the NaCMC 30 eliminated the thixotropy of the cMCC
suspensions, indicating PVP 30 and NaCMC 30 interfered
with the gel network of cMCC suspension.
Overall, rheological data showed that the addition of
the HPMC chemistries helped improve the gel structure
and stability of cMCC suspensions. There was a synergistic effect between the HPMC chemistries and the cMCC
suspending agent, which led to improved viscosity, gel
strength, and thixotropy properties. One possible reason
is that the HPMC chemistries enhanced the gel network
Pharmaceutical Technology
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structure and stability through stronger intermolecular interactions than the cMCC suspending agent alone. Within
the HPMC chemistries, the four different grades had similar viscosity that ranged from 5 to 10 cP at 3 wt% concentration, the main difference being their substitution levels,
which put them into different chemistry categories. Rheology data showed that different chemistry had different
impacts on the rheological behavior of cMCC suspensions,
with E chemistry showing the strongest synergy, followed
by F chemistry, and finally K chemistry. It appears that
different degrees of substitution led to different levels of intermolecular interaction with the cMCC suspending agent;
but to better understand the interaction, further studies
are needed. When it comes to PVP K30, data showed that
it interfered with the gel network of cMCC suspensions.
Although adding PVP K30 might provide an increase in
initial viscosity, it didn’t provide long-term storage benefits in set-up viscosity or gel strength, two very important
functional attributes for suspensions. The use of NaCMC
together with cMCC to improve suspending capability is
commonly seen in pharmaceutical suspensions; however,
in this study, the addition of NaCMC 30 didn’t provide any
positive impact on gel structure of cMCC. NaCMC 30 was
selected for this study to match the viscosity of other polymers, but research shows that it might not be the correct
grade to provide the needed functionality.

Conclusion

The choice of polymer is not just important to the viscosity and
thickening of the final suspension, but it also contributes to the
final suspension structure. The addition of selected HPMC
chemistries significantly increases the initial and set-up viscosities of cMCC suspensions. It also significantly increases the
thixotropic property of the suspension, which leads to a stronger
final gel network and suspending capability. The addition of
PVP K30 and NaCMC 30 increased the initial viscosity of the
suspension but reduced the viscosity of the set-up suspension,
which could be from the de-stabilization of the suspension.
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Driving Consistency in
Validation Management
Mike Jovanis and Nina Ricciardelli

With data integrity regulatory violations on
the rise, there is a need for better and more
consistent validation management practices.

NICOELNINO - STOCK.ADOBE.COM

U

nreliable data leads to unreliable validation execution. Quality
teams, however, are still managing validation projects using paper-based
processes that drive information silos,
poor tracking, and fragmented data.
This leads to higher operational costs
and increased risk of non-compliance,
which can significantly impact the bottom line: poor data quality is responsible
for an average of $15 million in losses
every year, according to Gartner (1).
COVID-19 disruptions across life sciences made executing on paper harder
because of limited access to on-site files.
The industry persevered by adopting
digital solutions that enable remote ways
of working, proving that this approach
could be effective. Despite the progress
Mike Jovanis and Nina Ricciardelli
are vice-president, Vault Quality, and
director, Vault Validation Management,
respectively, at Veeva Systems.

made, more work remains to increase
efficiencies and speed time to market.
The path to rock-solid, zero guesswork
validation starts with regulatory support
and alignment, best practices and guides,
and modern tools.

Prioritizing data integrity
drives CGMP compliance

A rise in violations involving data integrity during inspections and audits
led the FDA to publish guidance that
helps companies remain compliant
with current good manufacturing
practices (CGMPs). The agency advises that data integrity needs to be
prioritized throughout the CGMP
data lifecycle across the creation, modification, processing, maintenance,
archival, retrieval, transmission, and
disposition of data (2).
FDA also explained that system designs and controls should allow for de-

tecting errors, omissions, and unusual
results–outcomes that cannot be easily
identified with paper-based processes.
Because the guidance requirements for
record retention and review don’t differ
between paper or electronic, this update
supports the shift to a digital model.
Using paper to check and mark
things off is a normal practice in life
sciences, even if it is not a very good
process for error detection, data collection, or metrics, says Bryony Borneo,
quality assurance director at global
contract research organization (CRO)
Emmes. Transitioning people who are
used to using paper to something electronic can be a big challenge since many
aren’t as open to adapting to a digital
world, she adds (3).
By moving from paper to a modern
validation system, companies can create and organize validation activities,
manage a global library of test scripts,
and electronically execute protocols and
record validation data while remaining
compliant with regulations such as US
Code of Federal Regulations Title 21,
Part 11. Quality teams can also link
projects and artifacts and easily report
on key metrics detailing validation outcomes. The improvements streamline
validation projects and deliver accurate
and reliable data.

Data integrity
needs to be
prioritized
throughout the
CGMP lifecycle.
Getting comfortable
with new ways of working

Stephanie Mungle, director, quality
compliance at Supernus Pharmaceuticals, says that COVID-19, and its
accompanying challenges, proved
that using a paper-based system limits
productivity while working remotely.
There has been an acceleration in the
adoption of digital solutions and companies are seeing positive benefits (3).
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Over the past two years, the developments across quality management
showcased what is possible through the
swift introduction of tools for remote
and digital execution. These new ways
of working helped teams to conduct
faster and more efficient validation
projects while establishing stronger
data collection practices.
Quality teams are collaborating on
validation deliverables virtually and in
real-time, enabling visibility into critical activities and project statuses. This
can help establish consistent validation
processes over the long term, improving overall audit and inspection readiness. Building a solid data foundation
and gaining more experience with
remote ways of working are driving
positive change and making it easier
for quality teams to remain compliant
with regulations.

The path to
rock-solid
validation starts
with regulatory
support.
Standardizing for
better collaboration

Becoming data smart

Industry standards can advance digital transformation in quality by applying best practices internally and with
third parties. According to Sanjeev
Kumar, senior director, data integrity
and technology at Vertex Pharmaceuticals, there is greater awareness of data
standardization to identify developing
trends and insights from information.
But one of the big barriers to standardization is data attribution and the inconsistencies in how companies manages this process.
Alignment across external partners
is critical because without established
standards, each stakeholder will rely on
their own methods to collect, store, and
review data. Adopting well-established
industry standards can help maintain
data integrity across the supply chain.
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Motivating partners, like contract
manufacturers, to adopt a standardized set of parameters can streamline
how companies work together, adds
Kumar (3). Standardizing how content
is managed and organized improves
collaboration with partners, suppliers,
and other key stakeholders. With an
established document and artifact hierarchy, taxonomy, and metadata, users
can quickly and easily search, navigate,
and locate necessary content.
If broader known industry standards aren’t an option for use, modern systems can provide a vehicle for
standardization. A solution with embedded best practices can remove friction and prevent quality leaders from
reinventing the wheel. The shift to
digital solutions is driving standardization of data, explains Mungle, who
expects this trend will continue in
quality and manufacturing (3).
Validation management, in many
ways, is a company’s last line of defense against compliance issues, but
t he overreliance on manua l processes can slow down projects and
increase costs. Prioritize data integrity, enable digital and remote work,
and drive standardization to establish the necessary foundation for
paperless validation execution. This
will shift the industry from the traditional document-centric approach
toward a greater focus on data. Below
are suggestions for companies that
are ready to start their validation
management transformation:
• Secure alignment. Add crossfunctional stakeholders into the
scoping process early to ensure
that all needs are met across
teams. Establish a meeting or reporting cadence to maintain engagement through project kickoff
and configuration.
• Identify areas of improvement.
Map out the validation process to
quickly identify what needs to be
optimized. Make sure to include
computer systems or facilities,
utilities, and equipment. In doing

P h a r mTe c h . c o m

so, this exercise will help to create
user requirements.
• Establish a governance team. Form
a global team to oversee the
management of templated validation content. Governance is
paramount to harmonize processes, especially for multi-site
companies. Begin this practice
before implementing a digital
validation system.

Validation
management, in
many ways, is a
company’s last
line of defense.
• Leverage the power of technology.
Evaluate technologies that meet
organizationa l requirements
while promoting industry best
practices. A flexible cloud-based
solution that can quickly scale
with a company’s growth and
adapt to evolving market conditions will keep the organization
up to date. Make sure it accepts
multi-user experiences throughout the validation lifecycle to help
accommodate both on-site and
off-site support.
• Keep things simple for partners.
Consider solutions with intuitive
user interfaces and dashboards to
surface metrics. This can prevent
issues with user adoption over the
long term.
• Set up consumer-led process exercises. Workshop how validation
processes will be managed in a
new solution before executing
user acceptance testing to ensure
that the configured application
will meet current and future business requirements.
• Plan for ongoing, comprehensive
cha nge ma nagement. Ensu re
robust training and continuous support for all stakeholders
throughout the process. Paper is

commonly used during validation because users have a higher
comfort level. Provide sufficient
training materials, collect feedback, and keep an open line of
communication to address issues
or concerns. Working with vendors that offer full support and
resources will provide a boost to
change management efforts.
• Enable end-to-end quality management. Take validation modernization a step f ur t her by
bringing together quality assurance, validation management,
content control, and training
on a single, unified platform to
drive greater efficiencies across
the supply chain. This can signif icantly streamline quality
processes, from change control
through paperless execution and
final reports all in one solution.
It is essential to embark on this
journey with an open mind. Take
an iterative approach for focus and
Analytics —
Contin. from page 39

Khimani also explains that, at an
enterprise level, an organization requires informatics solutions that are
either cloud-based, local databases,
or laboratory-level laboratory information management systems (LIMS)
platforms for the management of various instrumentation and data communication. Standard software tools
to enable data analysis and visualization are useful at the end-user level,
Khimani points out. A laboratory
informatics footprint allows security-based central monitoring of analytical workflows, data management
and archiving, root cause analysis
(RCA), and enhanced productivity
and cost-savings.
Having reference standards programs across hardware calibration,
reagents, and consumables can establish uniformity across workflows.
Most importantly, such standards
enable reproducibility, reliability, and
monitoring of results for errors and

precision because it can quick ly
become overwhelming if you pile on
the transformation projects. Adopting
a phased approach as an entry point
can help establish a strong core and a
successful model.

The shift to
digital solutions
is driving
standardization
of data.

tems, the transition toward more
connected quality management is
well underway.
Validation management is an area
in need of modernization, and new
technologies a nd innovat ive approaches that enable faster paperless
validation projects are on the horizon.
Companies will gain greater visibility
and productivity by aligning teams,
mapping processes, finding the right
quality solutions, and driving change
management. This will finally help
validation teams feel confident that
their validation management is proving accuracy, as is intended.

The future of
validation management

References

deviation. Timely qualification and
calibration of instruments and tools is
critical to maintaining reliability. The
use of appropriate reference standards
or controls for assay and diagnostic
reagents establishes quality control for
the consumables and the entire assay,
says Khimani.

a disciplined and systems approach
that proactively establishes workflow
and process design requirements (e.g.,
quality by design established within
drug manufacturing) across laboratories and scale-up environments. Any
further deviations can also be managed via RCA. Moreover, in biomanufacturing, RCA, can point to whether
critical process parameters (CPPs) and
CQAs are being met.
In addition to informatics capabilities, empowering the laboratory—and
the bioprocess ecosystem in particular—with digitization and AI capabilities enables continuous manufacturing, real-time monitoring, process
predictability, and superior control of
the workflows, emphasizes Khimani.
He explains that data captured at
every step from this streamlined digitization can be analyzed to develop
both real-time and predictable models
to ensure CPPs and delivery of CQAs.

The industry is at an inflection point
where more companies are shifting
from legacy systems and processes to
modern digital solutions for paperless execution. From enterprise-wide
transformations to biotechs getting
started on scalable and agile sys-

Root cause
analysis can
point to whether
critical process
parameters and
critical quality
attributes are
being met.
Ensuring monitoring as well as
identification and control of any deviations for quality control requires
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A beta version for selected basic standard unit operations in cleanrooms and
BSCs was piloted mid-2020. Goals of
Employees can train in this virtual, the VR training program include 25%
safe environment at their individual reduction in human-caused errors comlearning pace on how to handle and use pared to traditional training and a 20%
the equipment, even before a produc- decrease in training time.
tion line is installed. Furthermore, they
can also jointly perform and discuss in Collaborative training solutions
the same VR room with colleagues and Collaboration led to the development
trainers located at other sites around the of training modules with shop floor
world without traveling.
relevance that are helping to reduce
VR training is preceded by virtual the time required for operator training
classrooms to establish a basic under- while resulting in operators that are
standing of the equipment and process better trained. Working jointly in one
to be learned using VR/MR. Additional direction resulted in a win-win situarequirements, such as watching videos, tion for all involved.
reading assignments, online assessments,
In the current environment where
and paper analyses, together with the vir- SUT adoption is accelerating, the biotual classrooms ensure that all trainees pharmaceutical industry is expanding
begin the VR/MR portion of the training rapidly, manufacturing paradigms are
with the same level of understanding.
continuing to evolve, and new hires
The virtual cleanroom has been outfit- are entering the workforce at an unted with equipment such as pipettes and precedented rate, manufacturers must
biosafety cabinets (BSCs) so users can ex- respond quickly to ensure that training
perience sterile pipette assembly and real- programs are compliant to enable acistic cleaning and movement techniques. celerated learning for competence.
VR technology enhancements like haptic
Collaboration between SUT suppligloves allow higher immersion.
ers and end users, meanwhile, helps

shorten timelines for training program
development while also enhancing
program quality. It also enables the development of comprehensive training
portfolios comprising a wide range of
training tools so that training solutions
can be matched to the specific needs of
trainees and the intended goals.
A combination of different personal
and digital training methods affords
practically helpful training solutions that,
based on operator feedback, are more engaging and useful. Digital technology is
a strong enabler for accelerating the deployment and enhancing the efficiency
of SUT training when combined appropriately with hands-on training.

digital technologies are applied. When
setting up industrial Internet of things
(IIoT) applications that merge the operational technology domain, typical of the
shop floor, with information technology
of higher-level systems, the PAT platform
should be able to link both worlds. In practice, this means that the software should
be able to seamlessly interconnect with
Edge devices and other key nodes, such as
virtual machines.
To utilize Cloud computing, a PAT
knowledge management system should
support data transfer to, or run within,
these environments. Additionally, information must be transmitted in accordance with existing regulations, such as
regulations on electronic signatures and
records. If advanced cybersecurity is a top
priority, a data pump system that transfers
information from a PAT platform to the
Cloud should be based on “push” methods, as they support controlled access.
These operate by periodically sending data
from each monitored system to a central,
Cloud-based data lake. Push architectures
prevent a network from opening to areas
that should be restricted.

Independent of the network components utilized, it is crucial to evaluate latency and reliability. As PATdriven Pharma 4.0 applications rely on
rea l-t i me commu nicat ions w it h
machines and instruments on the
factory floor to adjust their operations
on the f ly, time-critical data should
be transmitted in a timely manner.
Otherwise, delays could compromise
productivity and end-product quality,
ultimately reducing the benefits of
digital strategies.
Speed should remain a top priority to
effectively control operations. The creation
of highly effective networks that rely on
advanced communications technologies
is key to overcoming these challenges and
setting up successful IIoT environments
for pharmaceutical operations.
The future of pharmaceutical manufacturing lies in digital technologies. Players
in the sector should therefore begin to
embrace them to maintain a competitive
edge. To succeed, it is crucial that companies select a suitable PAT knowledge management platform and implement it using
these best practices. PT

Manufacturing —
Contin. from page 31

Manufacturing —
Contin. from page 33

platform allows knowledge, orchestrations, models, and intellectual property
developed in one location to be shared
in a traceable and GMP-compliant way
with another location.

Selecting a PAT framework

It is crucial to select a PAT framework that
can support the necessary digital technologies. In addition, it is important to consider analytical instruments and sampling
solutions. In particular, it is fundamental
to check the ability of these technologies
to converge to a central PAT knowledge
management platform, where all data and
the insights they produce are revealed,
stored, visualized, and processed.
Businesses should not be limited by
vendor-specific components when building effective Pharma 4.0 applications;
a multi-vendor, multi-instrument PAT
knowledge management platform is beneficial. Compatibility should also be evaluated across the entire network infrastructure, particularly when enterprise-wide
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corrective and preventive actions (CAPA), change control
management, management of materials, and maintenance of
facilities. In describing the quality management system, you
should discuss how it relates to manufacturing, facilities and
equipment, materials, packaging and labeling, and laboratory
controls. If you outsource an activity, you should note that the
activity is outsourced and your oversight responsibilities.
The last element of the quality manual is its approval. In my
opinion, the quality manual should be agreed to and signed off
by representatives from the various departments it governs.
The final step in the process is to ensure that everyone, from
senior leadership on down, is trained and understands the
quality manual and how it relates to their job responsibility.
If you follow this simple approach to constructing a quality
manual you will have an easy-to-follow, comprehensive
document that communicate the company’s commitment to
manufacturing safe and effective pharmaceutical products.
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ask the expert

What’s in Your Quality Manual?

Q.

I work for a small start-up company and
have been tasked with writing the quality
manual for my company. I have searched but have been
unable to find regulations that define what is contained in this
document. Can you help?
The short answer is there is little guidance on what
the actual content of a quality manual should contain.
It is clear, when reviewing the regulations, there is an intent
to have documentation regarding a company’s overall quality
approach. In Europe, EudraLex Volume 4, Chapter 1, titled
Pharmaceutical Quality System, section 1.7, states, “the
Pharmaceutical Quality System should be defined and documented. A Quality Manual or equivalent documentation should
be established and should contain a description of the Quality
Management System including management responsibilities”
(1). The United States Code of Federal Regulations (CFR)
doesn’t mention a quality manual but does mention a need
for a quality policy in the medical device regulations. US 21
CFR 820.3 states, “Quality policy means the overall intentions
and direction of an organization with respect to quality, as
established by management with executive responsibility” (2).
And in section 21 CFR 820.20, the regulation states a “Quality
policy. Management with executive responsibility shall establish
its policy and objectives for, and commitment to, quality.
Management with executive responsibility shall ensure that
the quality policy is understood, implemented, and maintained
at all levels of the organization” (3). The best source for what
you should include in your quality manual comes from the
International Council for Harmonisation (ICH) in the ICH Q10
document titled Pharmaceutical Quality System (4). Section
1.8 of this document states, “A Quality Manual or equivalent
documentation approach should be established and should
contain the description of the pharmaceutical quality system.
The description should include: (a) The quality policy (see
section III (2)). (b) The scope of the pharmaceutical quality
system. (c) Identification of the pharmaceutical quality system
processes, as well as their sequences, linkages, and interdependencies. Process maps and flow charts can be useful tools
to facilitate depicting pharmaceutical quality system processes
in a visual manner. (d) Management responsibilities within the
pharmaceutical quality system (see section III (2)).” Just to
be clear, the quality manual applies to the entire company
and not just the quality department, similar to how the term

A.
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quality culture is not referring to the culture of the quality
department but the entire company’s approach to culture.
Because the quality manual governs the entire company, it
is advisable that it be constructed with representatives from
various functions in the company. This collaboration helps ensure
the overall purpose and scope of the document is representative
of the company’s philosophy. A simple purpose statement might
say something to the effect, “The quality system described is
intended to ensure the facility is compliant with [list regulations]
and serves as the basis of the Quality Systems that apply to [list
company name], products, and current good manufacturing
practice (CGMP) activities.” The scope statement can be just as
simple and state something to the effect that the quality systems
described apply to all products, personnel, and manufacturing
operations to ensure products meet the requirements for safety,
identity, strength, and purity.
Another sec tion to consider adding is a sec tion of
definitions. It is my experience that each company/facility
utilizes their own acronyms. Any special acronyms being
used at the facility should be defined in the definitions section
along with common acronyms such as CGMP, FDA, EU, SOP, etc.
Having a definition section helps everyone (employees, auditors,
clients, regulators) understand the overall quality system as it
applies to your facility. The next section I would recommend
be included is an organizational chart. The organizational chart
should demonstrate the reporting hierarchy of the company to
demonstrate the independence of the quality organization.
One of the most critical sections to include in your quality
manual, in my opinion, is the section on management
responsibilities. In this section, you should introduce the
company’s management review responsibilities as well as the
senior management titles that are responsible for overseeing
the pharmaceutical quality system and the management
review meetings. The next critical section to include is an
overall description of the quality management system in
effect at your company. In this section, you can describe your
company’s approach to all the applicable systems utilized
by your company for planning, documenting, implementing,
and monitoring the activities that potentially impact product
quality and patient safety. These processes included but are
not limited to quality by design, quality risk management,
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Susan J. Schniepp, distinguished fellow at Regulatory Compliance
Associates, details regulatory requirements for developing a quality manual.
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