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PDA Aseptic Processing

pda.org/aseptictraining

Visit pda.org/courses for a complete list of PDA training courses.
PDA is an accredited provider of continuing education, offering high-quality, relevant training for both new

and experienced professionals working in industry, government (health authority), and academia.

PDA’s two-nonconsecutive-week Aseptic Processing 
course will give you the training and information needed to 
properly evaluate and improve your aseptic processes to 
ensure sterile products. This course provides the perfect 
balance of hands-on laboratory and lecture training, 
equipping you with tools and practical experience you can 
apply immediately on the job.

YOU’LL LEARN HOW TO:

• Evaluate and improve current aseptic processing
procedures at your facility

• Correlate basic microbiology concepts and techniques
to multiple aspects of aseptic processing

• Evaluate your environmental monitoring program
to collect appropriate data and identify and
interpret trends

• Develop robust media fi ll protocols, including
appropriate interventions, observations,
and documentation procedures

PDA’s four-day Fundamentals of Aseptic Processing training 
course will provide you with an understanding of the principles, 
processes, and systems related to aseptic operations.

TOPICS TO BE ADDRESSED INCLUDE:

• Facility/Equipment/Process Design

• Environmental Monitoring

• Airfl ow Studies

• Aseptic Gowning

• Disinfectant Effi  cacy

• Sanitization Techniques

• Filtration Processes

• Moist Heat Sterilization

• Aseptic Process Simulations (Media Fills)

• Reading and Evaluating Microbial Results

• Visual Inspection

For nearly 75 years, PDA has been recognized worldwide 
as a leader in aseptic processing. Turn to PDA for the most 
comprehensive aseptic processing education, taught in PDA’s 
unique cleanroom fi lling facility and online.

https://www.pda.org/global-event-calendar/courses/pda-aseptic-processing-training-courses
https://www.pda.org/pda-training/about-pda-education


VH-PEACE OF MIND
Add confidence to your routine decontamination 
through our VHP® Integrated Systems.

Simple. Eff ective. Trusted. Vaporized hydrogen peroxide (VHP) integrated 
systems eff ectively and economically decontaminate every surface in a 
facility, room or enclosure with the push of a button, letting you leave with 
peace of mind.

www.sterislifesciences.com/integratedvhp

https://sterislifesciences.com/services/integrated-vhp?utm_medium=print&utm_source=print&utm_campaign=vhp%20peace%20of%20mind
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UNMATCHED ENVIRONMENTAL CONTROL

SMA MicroParticle ICS
Non-Viable Particle Counters

For more information, visit our website at sterile.com/particlecounters

THE NEXT LEVEL OF PARTICLE COUNTING

STERILE.COM
VELTEK ASSOCIATES, INC.

https://sterile.com
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Pharmaceutical Technology is the authoritative source of peer-reviewed research 
and expert analyses for scientists, engineers, and managers engaged in process 
development, manufacturing, formulation and drug delivery, API synthesis, analytical 
technology and testing, packaging, IT, outsourcing, and regulatory compliance in the 
pharmaceutical and biotechnology industries.
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ADARE PHARMACEUTICALS IS NOW 
ADARE PHARMA SOLUTIONS

Adare Pharma Solutions is a global, technology driven CDMO providing turnkey product development 
through commercial manufacturing expertise focused on oral dosage forms for the Pharmaceutical,  
Animal Health and OTC markets. Adare’s specialized technology platforms provide taste masking, ODTs, 
and customized drug release solutions. With a proven history in drug delivery, Adare has developed and 
manufactured more than 40 products sold by customers in more than 100 countries globally.   

Now you can put Adare’s formulation technologies and manufacturing expertise to work for you. 

DIFFERENT NAME. SAME CUSTOMER FOCUS.

A D A R E P H A R M A S O L U T I O N S . C O M

LEARN MORE ABOUT OUR TECHNOLOGIES AT ADAREPHARMASOLUTIONS.COM
EMAIL BUSDEV@ADAREPHARMA.COM TO SPEAK WITH ONE OF OUR EXPERTS AND

https://www.adarepharmasolutions.com
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Rita Peters is editorial 
director of Pharmaceutical 
Technology. Send your 
thoughts and story ideas to 
rpeters@mjhlifesciences.com.

Rita Peters

W ith one month left on the cal-
endar, 2020 has delivered more 
than its share of major events 

to fill a decade or a generation. In any 
other year, a record-breaking hurricane 
and tropical storm season, devastating 
wildfires, a presidential impeachment 
trial, a presidential election, or wide-
spread demonstrations to address racial 
inequality could have been the single 
event marking the year in history. 

The year of 2020 will be remembered, 
however, for the COVID-19 pandemic 
and the global response—both the good 
and the bad—and lessons learned.

The bio/pharma year that was
Starting in January 2020, bio/pharma 
companies launched unprecedented 
R&D activity to develop treatments 
and vaccines. Big Pharma companies 
Pfizer, Johnson & Johnson, AstraZen-
eca, Sanofi, GlaxoSmithKline, and 
Merck fast-tracked vaccine develop-
ment programs; however, the first 
clinical trial—for Moderna’s messenger 
RNA vaccine—was initiated in mid-
March, with positive interim Phase I 
results announced in May.

In the treatment arena, scores of 
drug companies announced studies on 
potential new or repurposed therapies. 
FDA and the public learned lessons 

about how anecdotal reports and press 
releases may raise hope but are not re-
placements for scientific data, notably 
with the issuance and later revocation of 
an emergency use authorization (EUA) 
for hydroxychloroquine.

In April, Gilead reported that clinical 
studies showed the antiviral drug rem-
desivir was effective in helping some pa-
tients recover faster, leading to an EUA 
in early May, FDA approval in October, 
and a conditional recommendation 
against using the drug from the World 
Health Organization in November.

FDA also faced criticism from sci-
entists when it issued an EUA for con-
valescent plasma in August during a 
White House press conference, despite 
a report from the National Institutes 
of Health that the data did not support 
such an EUA.

Through Operation Warp Speed, 
the Federal government invested in 
development, manufacturing, and dis-
tribution plans for multiple unproven 
vaccines at risk, in the hope that ef-
fective vaccines could get to patients 
faster. And throughout the year, scores 
of research, development, manufac-
turing, and supply agreements were 
announced, and nations scrambled to 
secure sufficient supplies to vaccinate 
their populations. 

Separating science and politics
By the end of the summer, public confi-
dence in the independence of FDA de-
cision making was eroding, prompting 
executives from bio/pharma companies 
and career FDA officials to publicly 
commit to prioritizing science-based 

decisions and patient safety over polit-
ical or business agendas in the review 
and approval of vaccines.

November may have been the turn-
ing point when promising antibody 
treatments from Eli Lilly and Regen-
eron received EUAs. And messenger 
RNA vaccine candidates from Pfizer/
BioNTech and Moderna demonstrated 
95% effectiveness, based on two months 
of clinical trial results. The news sug-
gested that a scientific solution to the 
pandemic was in sight; EUA reviews 
were expected to follow shortly.

Continuing the fight
Bio/pharma’s efforts to develop effec-
tive vaccines has traveled a long path 
in a short time. The good news about 
vaccines and treatments, however, is 
tempered by an exponential increase in 
infections and rising number of deaths. 
Much work is still ahead, including 
ramping up manufacturing, prioritiz-
ing who should get the vaccine, and 
overcoming the logistical challenges 
of a cold supply chain.

As the year closes, Pharmaceutical 
Technology extends its appreciation to 
the bio/pharma professionals and com-
panies who worked tirelessly to drive 
science-based solutions to the pandemic. 
Your efforts—often misunderstood or 
criticized as being too slow by the public 
and policymakers—were heroic.

We also owe gratitude to the front-
line healthcare workers who made per-
sonal sacrifices to care for others; and 
all essential workers who kept everyday 
life near normal for everyone else.

You are the story of 2020. PT

Bio/Pharma, People, 
Perseverance, and Hope

After a difficult year, bio/pharma  
science delivers promising results.



Keep Pace with the Latest 
Industry Trends with PDA

The Parenteral Drug Association (PDA) is the leading global provider of science, technology, 
regulatory information, and education for the bio/pharmaceutical community. For nearly 75 years, 
since its founding as a non-profi t in 1946, PDA has been committed to developing scientifi cally 
sound, practical technical information and resources to advance science and regulation through the 
expertise of our more than 10,500 members worldwide.

PDA is a truly global organization, with membership 
nearly equally divided between those working in 
the U.S. and in other regions around the world. 
Represented in this diverse membership is a growing 
number of early career professionals and students.

Recognized for our expertise and authority in the fi eld 
of parenteral science and technology, PDA is leading 
the way in promoting the exchange of information on 
rapidly evolving technology and regulations to ensure 
high-quality pharmaceutical production.

PDA supports its mission to advance 
pharmaceutical and biopharmaceutical science 
and regulation so members can better serve 
patients by:

• Providing global forums, both in person 
and virtually, for the scientifi c community, 
regulators, and industry professionals on 
emerging trends within the industry

• Delivering unique, hands-on, interactive 
education and training courses through PDA’s 
manufacturing training facility and online

• Fostering career-long learning and professional 
development

• Encouraging scientifi c information sharing 
among industry peers

• Serving as a leading contributor of information 
and expertise to infl uence global industry and 
regulatory solutions.

PDA draws its strength from its members, which 
includes a corps of 2,500 active volunteers. Our 
conferences, meetings, and training courses bring 
together pharmaceutical manufacturers, suppliers, end 
users, academics, and regulatory offi  cials in person 
and online for an unprecedented level of exchange on 
timely issues of mutual interest and concern.

Through the development of Technical Reports on 
pressing industry topics and responses to regulatory 
initiatives, PDA and its members infl uence the future 
course of pharmaceutical products technology. A natural 
progression was for PDA to expand this expertise into 
the world of creating standards that provide guidance 
to industry on best practices for drug manufacturing for 
patient use. In 2017, PDA was accepted as an ANSI-
accredited standards developer. In 2020, PDA released 
its fi rst standard on purchasing controls. Work is 
underway on multiple additional standards, with several 
scheduled to be published in the coming year.

Our internationally recognized publications, PDA 
Journal of Pharmaceutical Science and Technology 
and PDA Letter, keep pharmaceutical manufacturing 
professionals up to date on the latest science and 
current industry and regulatory news.

Together, these activities promote the advancement 
of pharmaceutical science in the interest of the 
ultimate end-user—the patient.

PDA
4350 East-West Highway, Suite 600, Bethesda, MD 20814, USA 

TELEPHONE +1.301.656.5900 | FAX +1.301.986.0296
EMAIL info@pda.org | WEBSITE pda.org

https://www.pda.org
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Double Planetary Mixer
The Double Planetary Mixer from ROSS 
is suitable for high-precision mixing, 
granulation, and vacuum drying all in one. 
The vessel blends powders and granules 
with two rectangular planetary blades that 
rotate on their own axes as well as rotating 
around the mixing zone on a common 
axis. The mixer is equipped with atomizing 
spray nozzles for the controlled and spill-
free addition of liquid raw materials as the 
mixing blades help maintain composition 
and temperature throughout the batch. This 
design results in shortened drying times 
in comparison to non-vacuum granulators 
and dryers.

Optional features include flush discharge plugs or valves, covers 
for use with the portable mix vessels during transport, and controls 
to integrate the mixer with auxiliary equipment including vacuum 
pumps, heating and cooling units, and load cells.

Charles Ross Son & Company
www.mixers.com

 

 

Remote Particle Counter
The IsoAir Pro-E Remote Particle 
Counter  by Par t ic le  Measur ing 
Systems works to streamline clean-
room monitoring while complying with 
global regulations. The device features 
a 316 L, liquid resistant stainless-steel 
enclosure and a built-in vacuum for 
use with the Vaporized Hydrogen 
Peroxide (VHP) process. Use of Power 
over Ethernet and an internal blower 
allow for minimal external connections 
and supporting equipment.

Additionally, the instrument stores sensor data, such as IP address, 
in a quick release mounting bracket, which shortens the unit installa-
tion time after calibration or servicing.

Particle Measuring Systems
www.pmeasuring.com

Granulation Equipment 
for High-Volume Batches
ACG Group in t ro duced 
the GT 1600 X.ONE, a line 
of integrated granulation 
equipment designed for 
high-volume batch produc-
tion. The new equipment 
l ine is a combination of 
the company’s HSM 2000 
X.ONE high shear mixer and 
FBE 1800 X.ONE fluid bed units, which has enhanced the efficiency, 
production space, processing time, and yield of the new system. 

The GT 1600 X.ONE comes equipped with a Z-shaped impeller 
for optimal material flow and content uniformity of the granula-
tion. Additionally, a compressed air system assists with effective 
discharge and cleanability by improving the consistency of the dis-
charge valve seal, while a bag-type mechanical shaking filter on 
the fluid bed provides effective product retention and higher yields. 
The transfer of wet granulated material into the fluid bed is moved 
through a tangential charge port to ensure a consistently repeatable 
drying operation.

ACG Group
www.acg-world.com

Integrated Seal Caps
Gerresheimer now offers its Gx RTF syringes with SG 
ITC (Integrated Tip Cap) twist-off closure from Stevanato 
Group. The twist-off cap is designed for user friendliness 
while maintaining the integrity of the syringes.

The new integrated seal caps consist of an elasto-
meric component that is inserted into a translucent 
polymer cap; the integrated cap is screwed together 
with a Luer Lock adapter and assembled on the 
syringe. The Gx TWILC (Twistable Integrated Luer lock 
Closure) syringes can be filled on existing filling lines.

The elastomeric component is available in multiple 
formulations, and the system is suitable for vaccines, 
hyaluronic acid, biotech drugs, and other viscous drugs. 
The syringes with the new twist-off closure system will 
be offered in 1.0 mL long and 1.0 ml short sizes. 

Gerresheimer
www.gerresheimer.com

PRODUCT SPOTLIGHT

https://www.mixers.com
https://www.acg-world.com
https://www.pmeasuring.com
https://www.gerresheimer.com/en/home.html


OPTIMIZED DRUG SOLUBILITY AND STABILITY 
Captisol is the trade name for Ligand’s solvent-free processed modified cyclodextrin preparation. 

Captisol is a patent-protected mixture of chemically modified cyclodextrins with a modifying 

structure to optimize drug solubility and stability. Captisol was invented and developed 

by scientists at the University of Kansas’ Higuchi Biosciences Center specifically for drug 

development and formulation. 

Captisol overcomes solubility and stability hurdles faced during each phase of development. 

Captisol can make a substance more soluble and an agent more stable. Captisol can convert 

a solid to a liquid or an oil to an aqueous solution. Combinatorial chemistry, high throughput 

screening (HTS), and molecular genetics have led to an increase in the number of insoluble and 

unstable molecules, peptides, and proteins being investigated for their therapeutic activity. There are 

currently more than 50 Captisol-enabled products in clinical development. This unique technology 

has enabled several FDA-approved products, including Amgen’s KYPROLIS®, Baxter International’s 

NEXTERONE®, Gilead’s VEKLURY®, Acrotech Biopharma L.L.C.’s and CASI Pharmaceuticals’ 

EVOMELA®, Melinta Therapeutics’ BAXDELA™ and Sage Therapeutics’ ZULRESSO™. There are 

many Captisol-enabled products currently in various stages of development. 

SEAMLESS TRANSITION TO CLINICAL TRIALS
Captisol may increase systemic exposure for toxicology studies of investigative compounds 

and has a proven clinical safety record. In early development, captisol formulation can lead 

to a seamless transition from nonclinical safety to clinical trials. Captisol-enabled products are 

approved in more than 60 countries. 

MULTIPLE ADMINISTRATION ROUTES ENSURE  
TARGETED DELIVERY 
Captisol’s chemical structure was designed to create new products by improving solubility, 

stability, bioavailability, and dosing of active pharmaceutical ingredients. Routes of 

administration investigated include parenteral, oral, ophthalmic, nasal, topical, and inhalation 

products. Once inside the body, captisol releases the drug agent, which then travels to its 

target. The interaction between captisol and the agent is not permanent, and captisol is safely 

expressed from the kidneys. 

PATENTED AND VALIDATED MANUFACTURING
Of all modified cyclodextrins, Captisol is an ingredient in the most approved products in the U.S.

Manufactured under cGMP, at multiple locations, using a patented and validated all-aqueous

process, annual manufacturing capacity is being increased to 500 MT. Captisol is supplied in ultra-

low endotoxin, ultra-low bioburden, low-chloride forms in 100g, 1kg, 5kg and 20kg packages for 

R&D use. Commercial pack sizes include 1kg, 5kg, and 20kg, with the ability to fill metric-ton orders.

Captisol,  
A Ligand 

Technology 
3911 Sorrento Valley Road

Suite 110
San Diego, CA 92121

877-575-5593
cdinfo@captisol.comcdinfo@captisol.com

https://www.captisol.com


14    Pharmaceutical Technology DECEMBER 2020  PharmTech .com

regulatory watch

W
.S

C
O

T
T 

M
C

G
IL

L 
- 

S
TO

C
K

.A
D

O
B

E
.C

O
M

Pandemic Brings Major 
Changes to FDA and  
Drug Development in 2020

T he imperative to prevent, treat, 
and cure the deadly COVID-19 
virus has generated new research 

and manufacturing strategies, bolstered 
by unprecedented support from the fed-
eral government, private investors, and 
timely regulatory guidance and advice. 
Aware of intense pressure and great 
opportunity, industry moved quickly 
to identify compounds with potential 
to treat ill patients and to mitigate the 
virus’ lethal affects. The federal gov-
ernment poured billions into drug and 
vaccine development and production 
through its Operation Warp Speed 
(OWS) task force. At the same time, 
FDA struggled to meet often divergent 
and unclear requests and mandates 
from the White House and the Depart-
ment of Health and Human Services 
(HHS), developments that have under-
mined public confidence in the agency’s 
independence. 

FDA’s first crisis involved confusion 
over the development and approval 
of diagnostic tests for the COVID-19 
pathogen, a situation that resulted in 
notable delays in public access to prod-
ucts able to reliably identify infected 
individuals. While FDA was not solely 
responsible for the situation, knowl-
edgeable observers believe that more 
proactive leadership from the agency 

could have accelerated advances in this 
critical area. 

The agency’s new commissioner, Ste-
phen Hahn became further entangled in 
administration efforts to promote certain 
unproven COVID-19 therapies and to 
demand that FDA issue Emergency Use 
Authorizations (EUAs) for potentially 
harmful treatments. Hahn’s initial support 
for such authorization alienated agency 
staffers and medical authorities alike and 
raised concerns about the agency’s ability 
to fully test and vet promising vaccines 
and other critical therapies. 

These issues came to a head in October 
as vaccine experts within FDA and from 
leading medical institutions emphasized 
the importance of obtaining sufficient 
safety and efficacy data on any vaccine 
prior to approving it for administration to 
millions of individuals. This approach was 
considered critical to offset growing pub-
lic “vaccine hesitancy” arising from fears 
that companies and regulators were tak-
ing shortcuts to speed the development of 
COVID-19 vaccines for political purposes. 
Vaccine manufacturers supported the call 
for adequate test data to obtain results that 
could generate public support in the com-
ing months.  

The accelerated development of sev-
eral COVID-19 vaccines highlighted the 
critical role of FDA’s Center for Biologics 
Evaluation and Research (CBER). In May 
2020, CBER Director Peter Marks opted 
to remain at FDA instead of shifting over 
to the administration’s OWS task force, 
as did Janet Woodcock, director of the 
Center for Drug Evaluation and Research 
(CDER), who moved temporarily to lead 
OWS therapy development efforts. Under 

Marks’ leadership, CBER issued critical 
guidance in June clarifying the require-
ments for developing and testing new 
vaccines to protect against COVID-19 in-
fection, with an emphasis on the need for 
large, randomized, placebo-based clinical 
trials to provide adequate safety and effi-
cacy data, as well as upfront manufactur-
ing information (1). Further guidance in 
October specified similar approaches for 
gaining FDA EUA for a new vaccine (2).

Many of these clinical development 
programs benefited from OWS funding, 
as did early production of large quantities 
of test vaccines—a marked change from 
the usual practice of delaying investment 
in scale-up and production until clinical 
testing showed results. The aim was to 
provide sufficient quantities of any pre-
ventive as soon as testing demonstrated 
an immune response. FDA guidance 
emphasized the need for early chemistry, 
manufacturing, and controls (CMC) data, 
while providing leeway in batch stability 
records (1). Vaccine sponsors signed up 
contract manufacturers and other firms 
to be prepared for fast scale-up when 
authorized. OWS also supported added 
production of glass vials and injectors 
critical for vaccinating hundreds of  
millions of individuals. 

Trains keep running
While shifting many staffers to oper-
ations involved in COVID-19 product 
development and review, FDA also 
worked overtime to maintain support 
and approval of new therapies for the 
usual broad spectrum of serious medical 
conditions. Innovative biomedical R&D 
faced added challenges from delays in 

Manufacturers and regulators accelerate  
R&D and production of new vaccines and therapies. 

Jill Wechsler

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.
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many new and ongoing clinical trials due 
to pandemic complications. Moreover, 
FDA had to cancel regulatory inspections, 
particularly those involving foreign firms. 
Instead, the agency looked to evaluate the 
quality status of an operation producing a 
new drug or vaccine through greater reli-
ance on compliance history, production 
records, analysis of actual products, and 
inspection reports from other trusted 
regulatory authorities. 

Supply chain security for drugs and 
medical products emerged as a critical 
issue, as the global pandemic raised fears 
about reliable access to medicines and 
their components produced overseas. 
Shortages in certain vital therapies for 
treating hospitalized patients, including 
antibiotics and sedatives, prompted FDA 
to bolster efforts to detect pending short-
ages in advance and to support alternative 
production activities, including broader 
drug compounding and the adminis-
tration’s “buy American” campaign to 
expand production of drugs and medical 
products in the United States. These de-
velopments highlighted the importance 
of manufacturers’ ability to establish 
modern, more reliable pharmaceutical 
manufacturing operations able to main-
tain high quality, reliable production with 
well-documented internal oversight. 

The pandemic slowed but did not de-
rail a range of FDA initiatives designed 
to improve the regulatory process. CDER 
finalized the overhaul of its Office of New 
Drugs, with an expanded number of of-
fices and divisions implementing a new 
team-based “integrated review” approach 
for assessing new drug applications.  

In addition to focusing on vaccine de-
velopment, CBER’s Office of Tissues and 
Advanced Therapies (OTAT) continued 
to experience a surge in proposals for de-
veloping new cellular and gene therapies 
and regenerative medicines. Hundreds 
of investigational new drug applications 
flooded OTAT, many raising challeng-
ing and unique medical and technical is-
sues, including concerns about ensuring 
product quality, purity, and strength. In 
expediting development programs, FDA 
focused on clarifying strategies for prod-
uct characterization, process validation, 
scale-up, and ensuring stability. 

FDA has approved more than 40 in-
novative medicines this past year and 
worked hard to meet user fee time-
frames for prescription drugs, generics, 
and biosimilars. Those numbers may 
drop in the coming months, as sponsors 
face continued difficulties in launching 
new clinical trials and in document-
ing quality manufacturing operations. 
With the coronovirus again surging 
across the nation and the world as this 
historic year draws to a close, the only 

certainty is that both obstacles and op-
portunities will continue to challenge 
biopharmaceutical companies, regula-
tory authorities, and the research com-
munity in the months ahead. 
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Can Pharma  
Quality Go High Tech? 
Agnes Shanley

The COVID-19 pandemic has pushed more 
pharmaceutical companies and regulators  
to use new technologies for remote quality 
audits and inspections.

would be postponing routine on-site 
surveillance inspections (2). At the 
time, shortages were developing for 
commodity drugs, including some 
that were being used to treat COVID-
19 and its associated problems. 

Companies that had spent millions 
to develop new, non-COVID treat-
ments could not have post-approval 
inspections performed, delaying 
progress. “Some customers were on 
hold and losing millions of dollars 
each day,” says Devon Copley, CEO 
and cofounder of Avatour, whose re-
mote inspection platform focuses on 
immersive 360-degree video. 

“The whole industry went through 
massive shock. Senior managers were 
concerned about supply chain preser-
vation and how to even conduct nor-
mal daily operations,” says Angelo 
Stracquantanio, CEO and cofounder 
of Apprentice.io, whose remote in-
spection platform is centered around 
augmented reality and works with 
smartphones and other mobile de-
vices. “There were questions of how 
to handle tech transfer, factory and 

T he late US President John F. Ken-
nedy once remarked that any cri-
sis represents both a danger and 

an opportunity (1). He had illustrated 
the point with Chinese characters, in 
an analogy that, like his famous Ber-
liner quote, was found to be wrong. 
But the observation that good things 
can come out of a crisis holds true. As 
the COVID-19 pandemic continues to 
disrupt lives and business operations 
around the world, some drug compa-
nies are achieving unprecedented ef-
ficiency improvements. Despite travel 
restrictions and other limitations, a 
few have stepped up collaboration and 
slashed development times by 80%. 

Many companies have started to use, 
or have increased their use of novel 
technologies—not only standard web 
video-conferencing tools, but platforms 

that incorporate video, augmented and/
or virtual reality, and features such as 
borescopes and secondary cameras 

— to allow partners and regulators re-
mote access to facilities, equipment, and 
documentation. For some companies, 
these tools had already been in use on a 
limited basis to audit suppliers, trouble-
shoot technical problems with vendors 
and consultants, and improve collabo-
ration with customers. Using them for 
interactions with regulators represented 
a whole new use case. 

Necessity drives innovation
For an industry known for its aversion 
to risk and new technology, the move 
to virtual technology was driven by 
necessity. Challenges had reached a 
high point in March 2020, when the 
FDA commissioner said the agency 
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site acceptance tests, and regulatory 
inspections when the world was no 
longer travelling,” he says. Apprentice 
responded in March by releasing rapid 
deployment kits, “do-it-yourself” pack-
ages that would allow companies to set 
up the technology required for remote 
inspections, themselves. Since July 2020, 
Stracquantanio says, usage of the plat-
form has expanded by a factor of 17, and 
new site deployments by a factor of ten. 
On November 17, 2020, he says, the 
company received $24 million in ven-
ture-capital funding, bringing its total 
to $40 million in 2020. During the pan-
demic, the company has worked with 
clients to improve its Tandem platform, 
and recently introduced a Tandem 
Smart Hub specifically designed for 
use in cleanrooms, adds Stracquantanio. 

Taking a different approach to vir-
tual inspections is Avatour, which 
was established in 2017, and offers a 
remote inspection platform designed 
for location-immersed collaboration 
and 360-degree video. The technology, 
which was prototyped and beta-tested in 
2019, works with smartphones, and can 
be used with a browser or virtual reality 
goggles for full immersion, says Copley. 

Avatour’s cofounders are experts in 
this technology, having helped lead the 
Nokia team that invented and integrated 
the 360-degree video camera. Demand 
for the platform has been growing 
briskly, Copley says. Avatour has seen 
25% growth per month, and roughly 
12 pharma companies and consultants 
have deployed or are deploying the sys-
tem, he says. This year, the company has 
released regular updates, increasing the 
number of people who can take part in 
a tour from five to nine, adding a sec-
ondary camera source, and integrating 
a microscope, Copley says. 

Using Avatour’s platform is Lach-
man Consultant Services, which estab-
lished a formal practice devoted to re-
mote inspections and audits in October 
2020. What began as a response to an 
overall top-down leadership commit-
ment to find new ways to work, became 
more focused in March and April 2020, 
says compliance director Scott Decke-
bach. By the summer, Lachman had 

begun to engage more with the tech-
nologies and encouraged clients to 
do the same. Pharma companies are 
adopting these technologies because 
they find it easier to do this remotely 
than to let people into their facilities, 
Deckebach says. So far, Lachman has 
worked on fully, or highly, remote proj-
ects, even in China, which is one of the 
more difficult regions in which to do 
this, due to government restrictions on 
communications, as well as technology, 
time zone, and language differences. 

Two parallel technology tracks are 
important in any remote audit, Decke-
bach says. The first is a more general 
360-degree view. “Auditors need to be 
immersed in the environment in order 
to get an overall sense of facility f low 
and cleanliness. You cannot get that 
with a traditional camera-based tech-
nology, where the host can decide what 
you see,” he says. The other essential 
requirement is the ability to perform 
focused interrogations (e.g., to watch 
an analyst perform a method in some 
detail, or to zero in on a computer sys-
tem or a label). Lachman establishes 
both tracks for its remote audits. 

CDMOs adopt remote technology
Pharmaceutical contract development 
and manufacturing organizations 
(CDMOs) have been enthusiastic 
adopters of virtual audits and inspec-
tion. Catalent Pharma Solutions, for 
instance, has used remote technologies 
since 2015, to give clients easier access 
to its facilities, says Joe Montano, di-
rector of customer experience, who 
calls remote inspections a core compe-
tency for the company. Currently, the 
company is working with Apprentice.
io, mainly using its Tandem platform, 
but it is also using 360-degree video to 
give clients virtual tours of facilities.

Remote inspection technology was 
first piloted at Catalent’s Kansas City, 
MO facility, and has extended use of 
the technology since the COVID-19 
pandemic began. “We were able to ex-
pand its use from a few pilot sites to 
more than 40 sites around the world,” 
Montano says. The company is now 
using the remote approach with all 

major global regulatory agencies. Since 
Catalent hosts or performs more than 
500 audits each year, new technology 
has allowed the company to keep pace, 
while observing social distancing re-
quirements, Montano adds. At this 
point, Montano says, regulators are 
taking a hybrid approach, sending one 
or two dedicated team members onsite 
and bringing additional inspectors in 
virtually. “We’ve only done a handful 
of audits that were fully remote, but we 
expect that number to increase over 
time,” he says.

Also going remote for inspections 
and audits is Thermo Fisher Scientif-
ic’s Pharma Services. The company is 
currently working with a number of 
technologies, focusing on Microsoft 
HoloLens and Microsoft Teams, and 
the use of virtual tour software. Live 
facility tours are filmed with a 360-de-
gree camera, and 3-D tours with a 3-D 
mapping camera, says Sandy Immer-
man, vice president of Information 
Technology (IT), Pharma Services. 
The company began to move in this 
direction during the fourth quarter 
of 2019 and stepped up efforts during 
the COVID-19 pandemic. So far this 
year, Immerman says, Thermo Fisher 
has hosted multiple regulatory inspec-
tions and more than 125 client audits, 
focusing efforts on current good man-
ufacturing practice (CGMP) activities 
in work that has involved FDA, the 
European Medicines Agency, which 
issued formal guidance on the use of 
this technology last May (3), the Rus-
sian Ministry of Health (MoH), and 
the Swedish Medical Products Agency. 
Russia’s MoH has conducted the most 
remote/virtual inspections, she says. 

Preparation is crucial
Before a remote audit or inspection be-
gins, it’s important to establish a strong 
partnership with clients, says Deckebach. 

“You can’t just pull these technologies in 
on day one. Use of the technology re-
quires coordination and ensuring that 
the client has the right hardware and 
knows how to use it.” In addition, a re-
mote audit needs to be more scripted 
than a standard audit if it is to succeed, 
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he says. Tech experts will be needed on 
both sides to ensure that the technol-
ogy is incorporated, connected, and 
built into their systems, says Deckebach. 

“They need to be confident and to break 
down any connection or communi-
cation barriers ahead to time to make 
sure things are working (e.g., firewalls, 
connections into networks, and general 
network flow). A back-end IT person is 
required to ensure that these networks 
are opened appropriately to allow infor-
mation to flow,” he adds. 

The extra coordination and care 
these remote technologies require may 
be a reason why regulators have been so 
cautious about adopting their use, says 
Deckebach. “These newer technologies 
need a bit more care and handling,” he 
says. “It’s not like you can simply click 
on a Zoom link to activate them.” 

IT infrastructure is a primary chal-
lenge. “Not all facilities have installed 
solid wireless Internet capabilities 
throughout their manufacturing areas. 
We ask clients for layout drawings and 
make decisions on where we want to 
tour facilities. Once agreed upon, we 
have them complete a bandwidth survey 
confirming that minimal bandwidths 
are met,” says Deckebach. 

Problems will invariably come up, but 
persistence and flexibility are key. “We 
can get into a dark spot in a warehouse 
and lose communication, for example, 
or a user may not know how to get on 
the system, resulting in 10–15 minute 
delay. These are typical things that can 
happen, which is why you need good 
plans, contingency plans, and backup 
systems,” says Deckebach.

Pre-briefing required
A week before any audit or inspec-
tion begins, Catalent’s team holds a 
pre-briefing exercise with clients, to 
familiarize them with the technology 
platform and give them a high-level 
view of what to expect, says Hasan Dan-
iel, Catalent Cell and Gene Therapies’ 
associate director of quality assurance. 
Through November 2020, he says, the 
company’s site in Gaithersburg, MD, 
has performed six virtual audits, the 
first of which took place in May. “This 

pre-briefing process is extremely im-
portant,” Daniel says, and must involve 
all staff members that will be working 
on the audit. In addition, it must fea-
ture a secure mechanism for sharing 
files, and must ensure that everyone 
working on the audit has full access to 
all required technology platforms. 

One detail that might seem minor 
but is actually quite important is en-
suring that battery-powered devices 
are fully charged and that enough 
backup batteries are available. Auditors 
must also be given a map of the facil-
ity, with visual indicators that outline 
the sequence of the tour so they can 
see what they are viewing at any point, 
relative to the whole facility, Daniel 
explains. Ensuring data integrity and 
security is of paramount importance, 
he says, and it usually requires two 
days to ensure that all documents and 
proprietary documentation are secure, 
and cannot be downloaded, printed, or 
corrupted in any way.

Positive feedback
So far, the new approach is getting pos-
itive reviews from both customers and 
regulatory agency staff. For one thing, 
clients say that they can see more of 
the facility, and the “bird’s eye view” 
is often more useful than what they 
would see on site, especially when a lot 
of personnel are involved in an audit, 
says Daniel. In addition, auditors can 
drill down into equipment, microscope 
views, and documentation using addi-
tional tools such as borescopes, flexible 
cameras that can go inside equipment. 

Catalent is not using virtual reality, 
but sees tremendous potential value in 
augmented reality using technology 
such as HoloLens, which allows text, 
graphics, or video to be overlaid on the 
user’s view. The benefits should trickle 
down into employee training and on-
boarding, says Montano, who says that 
Catalent is starting to explore its use in 
training for some standard operating 
procedures (SOPs) that involve high-
risk processes. 

While WiFi and other infrastruc-
tural issues pose some limitations 
to implementing remote technology, 

most of them can be overcome, says 
Immerman. Montano expects these 
problems to dissipate as the industry 
moves to 5G, Starlink, and other new 
communications platforms. “Train-
ing is another limitation, although it 
can be positioned as an opportunity if 
you’re willing to invest in it,” Immer-
man says. “Because the technology is 
evolving at such a rapid pace, it can 
also be difficult to gain visibility into 
the latest capabilities as well as vendor 
stability,” she says. 

On Catalent’s wish list for the tech-
nologies would be extending battery life. 
Currently, says Montano, devices can 
run up to eight hours (in 2015 the limit 
was 30 minutes), yet that figure could 
stand to be improved. Another advan-
tage would be allowing clients to be able 
to observe operations for their projects 
reotely, since some of the unit opera-
tiohs are very lengthy and can take a 
whole day to complete, says Daniel. 

However, users note considerable 
benefits from the technology, saving 
travel time and cost, and even costs 
for gowning supplies and consum-
ables. “Having just one person gown 
in leaves much more time for Q&A 
and document review,” says Montano. 
Both Catalent and Thermo Fisher have 
realized significant gains from using 
the technology and plan to continue 
to expand and invest in it. Even if this 
technology does not replace on-site au-
dits and inspections completely, users 
don’t see the industry going back to the 
old ways of doing these things. Decke-
bach sees the hybrid model, with one or 
two local staffers onsite and the rest of 
the team connected virtually, as min-
imizng risk yet enabling savings and 
other benefits. 
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much wider swath of the developmen-
tal pipeline. “For many of these indica-
tions,” Lyon comments, “oral delivery is 
required due to the chronic or frequent 
dosing needed for the molecule and in-
dication. The need for oral solutions has 
thus led to adaptation of existing phar-
maceutical processes to enable the han-
dling [of] HPAPIs in a safe and efficient 
manner,” he adds.

Examples include microdosing, liq-
uid-filling of capsules, and wet granula-
tion, which help balance therapeutic ben-
efit versus risk. These processes address 
safety concerns for operators by properly 
containing the HPAPI, according to Lyon.

“Liquid-fill and wet granulation pro-
cesses remove much of the concern with 
operator exposure because the powder 
risk is removed once the HPAPI is dis-
solved in a lipid or solvent for either filling 
into a capsule of spraying onto a solid sup-
port dispersible,” explains Lyon. Once the 
HPAPI powder is dissolved or emulsified, 
further processing of the liquid becomes 
simpler and less costly, requiring less 
strict containment. Lyon also notes that 
these processes allow for highly accurate 
dosing down to low API levels, helping 
ensure content uniformity and repro-
ducible dosing for caregivers and patients.

Managing poor solubility/ 
bioavailability challenges
Handling a highly potent compound 
across the oral drug development process 
becomes even more complex when the 
compound is also bioavailability-chal-
lenged. The simplest approach, according 
to Lyon, is to fill the micronized active 
ingredient into an empty capsule shell 
using equipment that can be deployed in 
a contained space (microdosing). 

Many HPAPIs, however, have material 
properties (sticky, semisolid, liquid, too 
light, too fluffy) that preclude the use of 
conventional microdosing. The powder 
may also have poor flow properties or 
the size and shape of the HPAPI parti-
cles may be inconsistent. In some cases, 
Lyon observes, HPAPI compounds may 
be so potent that a safe containment level 
cannot be easily achieved or the dosage 
itself may simply be below the weighable 
range of microdosing.

H ighly potent compounds pres-
ent numerous challenges with 
respect to process development, 

formulation, and delivery. “The key 
features at the interface of drug deliv-
ery and highly potent APIs (HPAPIs) 
are the ability to maintain operator 
safety through containment of the API 
during processing and to deliver a drug 
product in which the HPAPI is evenly 
dispersed, even when doses are as low 
as micrograms,” asserts David Lyon, a 
senior research fellow with Lonza.

Doing so is becoming more challenging 
as the molecular complexity of HPAPIs 
continues to increase significantly. 

“These molecules are much more spe-
cific in how they interact with the body 
and different cellular targets,” says Brian 

Haney, director of technical operations 
for AMRI. “As a result, it makes them 
much more difficult to manufacture, 
more difficult to test, and more unstable,” 
he observes.

From injection to oral delivery
In fact, HPAPIs have largely been too 
fragile for traditional oral solid-dose for-
mulation, and the majority are delivered 
parenterally via infusion or intravenous 
injection, according to Haney. 

Historically, HPAPIs have been almost 
exclusively associated with oncology 
therapeutics. “Highly potent molecules 
for such acute indications could be de-
livered by intravenous infusion even if 
an oral drug product could not be devel-
oped,” Lyon explains.

Currently, however, HPAPIs include a 
growing number of classes of molecules 
and new chemical entities for a broader 
range of indications, thus covering a 

Operator, caregiver, and patient safety  
are at the forefront when selecting  
the best options and dosage forms.

HPAPI Complexity Prompts 
New Delivery Mechanisms
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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In these cases, liquid-filled hard 
capsules (LFHCs) can effectively min-
imize operator exposure to the solid 
HPAPIs. “The liquid-filling process 
is straightforward, involving only 
four steps: dispense, mix, fill, and 
seal. LFHCs contain either room-tem-
perature liquids or thermo-softening 
materials manufactured as molten 
liquids at temperatures of up to 65 °C. 
Typically, sticky semisolid and liquid 
HPAPIs are miscible in liquid excipients, 
forming a homogeneous mixture, no 
matter how low the dosage is,” says Lyon. 

In addition, the use of solubility-en-
hancing excipients and liquid lipid-based 
options such as self-emulsifying drug 
delivery systems (SEDDS) and self-mi-
cro emulsifying drug delivery systems 
(SMEDDS) is also possible. Milling and 
micronization of HPAPIs to produce 
nanoparticles is also safer when per-
formed in an oily solvent.

Size reduction, in fact, through “top 
down” approaches such as microniza-
tion and “bottom up” techniques such 
as crystallization, expands the surface 
area-to-mass ratio, thereby increasing 
the dissolution rate of the HPAPI, ac-
cording to Ilan Avni, vice president of 
business development with Wavelength 
Pharmaceuticals. Other techniques for 
increasing bioavailability of HPAPIs, he 
remarks, include spray drying and hot-
melt extrusion to generate amorphous 
solid dispersions in polymeric matrices 
and the formation of cocrystals with ap-
propriate conformers to improve physi-
cochemical properties. 

Facilitating low-dose formulation
One of the challenges to formulating 
highly potent APIs is the fact that 
often only small quantities of the drug 
substance are required in each unit 
dose. Only formulation approaches 
that can ensure homogenous distri-
bution throughout the product, even 
at extremely low doses, are therefore 
appropriate. These constraints also 
require accurate analytical methods; 
again, preparing liquid solutions or 
emulsions for further processing (en-
capsulation, wet granulation, then 
tableting) is effective.

The melt-spray-congeal (MSC) process 
is also now being successfully applied to 
advance potent oncology compounds in 
lipid multiparticulate (LMP) formulations, 
according to Lyon. “This technology is in-
creasingly used to address controlled re-
lease, taste-masking, and/or low solubility 
challenges,” he says. 

In the MSC process, the API is sus-
pended or dissolved in a molten lipid for-
mulation at elevated temperatures (70–90 

°C) and then pumped to a spinning disk 
where the solution/suspension is atomized 
and then congealed, forming a multipar-
ticle of 100–300 microns. Notably, Lyon 
says, these lipid multiparticles can contain 
from as little as a few percent API to 50% 
API, making them an effective vehicle for 
diluting HPAPIs.

Meeting sustained-release demands
Particularly for targeted oncology thera-
pies, it takes time to deliver the HPAPI to 
the specific cancer cells of interest. “Sus-
tained- or modified-release formulation 
makes it possible for the active substance 
to stay in the body longer as it travels to 
where it needs to go,” says Haney. 

To achieve this goal, newer delivery 
approaches include conjugation of the 
HPAPI via a chemical linkage to an-
other inert molecule that has an affinity 
toward the target cells. “Antibody-drug 
conjugates (ADCs) are an ever-grow-
ing class of drugs in this category. The 
HPAPI is conjugated to a monoclonal 
antibody that carries it to the target 
cells, where it is released for targeted 
action,” Haney explains.

AMRI, Haney adds, has been seeing 
other conjugation approaches as well, 
such as linkage of HPAPIs to polyeth-
ylene glycol (PEG) resins. “These PEG 
polymers, often 5000–20,000 Daltons in 
size, are slowly degraded by the body. The 
conjugated system consequently remains 
intact for much longer than the inherently 
unstable HPAPI would by itself, providing 
sustained release,” he comments.

Similarly, extended-release parenteral 
formulations based on bioabsorbable 
poly(lactide-co-glycolide) (PLG) micro-
particles can improve therapeutic efficacy 
and increase patient compliance. In some 
cases, HPAPIs can be delivered from PLG 

microparticles for weeks and months fol-
lowing a single administration.

Other approaches can also be used. 
For instance, if a simple modified release 
profile—such as delivery of the API to the 
duodenum—is required, a simple fill of 
either the solid or dissolved API into an 
enteric capsule may provide the desired 
release profile with minimal handling, 
according to Lyon.

Other release profiles, however, such 
as a zero-order release profile, will likely 
require a wet granulation step to obtain a 
homogeneous drug product intermediate 
prior to the final tableting step, Lyon notes. 

“Of course, each of these unit operations 
must be appropriately contained and 
validated for the required occupational 
exposure levels for the operators,” he adds.

Focused on containment
Because many highly potent drug prod-
ucts are low-dose, small-volume drugs, it 
is important to understand and manage 
development of the formulation process, 
according to Iain MacGilp, director of 
GMP manufacturing at AMRI. During 
final formulation, for instance, aseptic 
filtration can potentially lead to loss of 
costly drug product via adsorption, which 
is not acceptable for complex HPAPIs. 

With respect to delivery techniques 
for parenteral HPAPIs, MacGilp adds 
that it is important to understand and 
minimize interactions between the 
drug product and the delivery device 
while also keeping in mind the volume 
requirements during different phases of 
drug development. 

There is also significant effort fo-
cused on further removing operators 
from the process to minimize risk, 
both for operator protection and prod-
uct assurance, according to MacGilp. 
That has translated, for example, into 
the development of robotic systems for 
product filling. “While these systems 
can be costly, highly potent drugs often 
address unmet therapeutic needs and 
there is a drive to implement advanced 
formulation filling and delivery tech-
nologies to enhance specific safety re-
quirements,” MacGilp observes.

Development

Contin. on page 46
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using different fatty alcohols. Clo-
trimazole is an imidazole derivative 
and is a broad-spectrum anti-fungal 
agent (4). All the formulations were 
identical in composition except that 
different fatty alcohols were used in 
different products. The objective of 
the study was to investigate the in-
f luence of fatty alcohols on the per-
meation of clotrimazole from these 
formulations. The permeation studies 
revealed an interesting correlation be-
tween the physicochemical character-
istics of the fatty alcohols and the rate 
of delivery of clotrimazole. 

Materials and methods
Materials. Clotrimazole (≥ 98%), an 
antifungal agent was gifted from Yar-
row Chem Products (Mumbai, India). 
Kolliwax CSA 50 (cetostearyl alcohol 
50), Kolliwax CSA 70 (cetostearyl 
alcohol 70), Kolliwax MA (myristyl 
alcohol), Kolliwax CA (cetyl alcohol), 
Kolliwax SA (stearyl alcohol), Kolli-
solv PG (propylene glycol), Kollicream 
OD (octyldodecanol) and Kolliphor 
CS 20 (macrogol cetostearyl ether 20) 
were gifted by BASF (Florham Park, 
NJ). Euxyl 320 and Nile Red were 
purchased from Sigma Aldrich (St. 
Louis, MO). High-performance liq-
uid chromatography (HPLC)-grade 
solvents, like methanol and ethanol, 
were purchased from Fisher Chemi-
cals (Pittsburgh, PA). Cryopreserved 
Human cadaver dermatomed skin 
was obtained from Science Care  
(Phoenix, AZ).

Preparation of clotrimazole containing 
topical o/w cream formulation. Five dif-
ferent fatty alcohols were considered 
for this study, such as cetostearyl al-
cohol 50 (CSA 50), cetostearyl alco-
hol 70 (CSA 70), cetyl alcohol (CA), 
myristyl alcohol (MA), and stearyl 
alcohol (SA), respectively. The for-
mula for the cream preparation was 
used as mentioned in Table I. The 
aqueous phase and the oil phase were 
heated and maintained at 60 °C. The 
oil phase was added to the aqueous 
phase and they were homogenized 
for 30 minutes at 3000 RPM in Silver-
son Homogenizer L5M-A (Silverson 

P harmaceutical creams are one 
of the most common types of 
formulations used for the top-

ical delivery of drugs. Creams are 
either oil in water (o/w) or water in oil 
(w/o) type emulsions with a semisolid 
consistency (1). They are generally for-
mulated using ingredients like emol-
lients, viscosity builders, emulsifying 
agents, and permeation enhancers. 
Fatty alcohols have been reported to 
play different roles in a cream for-

mulation. For example, fatty alcohols 
are used as viscosity building  agents, 
stabilizing agents, pH modifiers, and 
counter ions. They also could be used 
to enhance the solubility of drugs in a 
nonpolar medium. Fatty alcohols are 
known to play the role of permeation 
enhancers for various drugs (2,3).

In the present study, topical o/w 
cream formulations, incorporated 
with a poorly permeable model mol-
ecule clotrimazole, were prepared 

Study results indicate that fatty alcohols  
may plausibly enhance the skin permeation  
of clotrimazole.
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Supriya Bhide and Apoorva Panda are both graduate students, S. Rangappa and 
Abhishek Shettar are both research scientists, and M.A. Repka is professor and chair, 
all at the Department of Pharmaceutics and Drug Delivery, University of Mississippi, MS; 
Rosa Maria Badani Prado is a graduate student, and S. Kundu is associate professor, 
both at the Dave C. Swalm School of Chemical Engineering, Mississippi State University, 
MS; Norman Richardson is technical sales manager at BASF Pharma Solutions, Florham 
Park, NJ; and S. Narasimha Murthy* is professor of Pharmaceutics and Drug Delivery 
at the University of Mississippi, MS, founder-director of the Institute for Drug Delivery and 
Biomedical Research, Bangalore, Karnataka, India, and chief scientific officer, Topical 
Products Testing LLC, University, MS, murthygroup@gmail.com, testingtopicals@gmail.com. 

*To whom all correspondence should be addressed.



Presenters

Moderator

Dr. Lindsay Johnson 
Global Technical Marketing Manager 

Solubilization Portfolio 
BASF Pharma Solutions

Dr. Dorothee Kriha
Regulatory Manager – Pharma Solutions 

BASF Pharma Solutions

Rita Peters 
Editorial Director 

Pharmaceutical Technology

ON-DEMAND WEBCAST
Aired: Tuesday, December 1, 2020

Event Overview
Demand for parenteral formulations is growing as the overall drug 
market expands and new therapies enter the pipeline. These 
drug forms require special formulation considerations related to 
chemical and physical stability, sterility, viscosity.  Excipients play 
a crucial role in formulating a safe, effective drug.
In this webcast, experts will discuss key factors associated with 
formulating a parenteral drug including evaluating excipients to 
be used in sterilized drug products, understanding the chemical 
structure, evaluating grades of excipients, and more.
Important insights about the regulatory and quality aspects 
surrounding parenteral excipients such as elemental impurities, 
microbiological/endotoxin analytics, and compendial 
compliance, regulatory documentation will be shared.
The ways in which an excipient supplier can best support the 
drug product control strategy will be discussed.

Key Learning Objectives
•  Understand the challenges associated with parenteral  

drug formulation
•  Review the global regulatory landscape around parenteral 

excipients, including ICH Q3D and microbiological/endotoxin 
analytics and the value for a drug product control strategy

•  Learn how various excipients can help resolve  
formulation challenges

Who Should Watch
•  Formulator staff: R&D teams (scientists), product 

development teams, students, originators, generics, CMOs
•  Companies that produce injectable, infusion, or  

ophthalmic products
• Procurement staff: procurement teams, buyers

How High Purity Excipients 
Address Parenteral Drug 
Formulation Challenges

Register for this free webcast at:  
www.pharmtech.com/pt_p/high_purity_excipients

Sponsored by Presented by

For questions email 
kbarry@mjhlifesciences.com

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2822751&sessionid=1&key=585397E4CAD4781222982B95BFE8D6B6&regTag=&sourcepage=register


26    Pharmaceutical Technology DECEMBER 2020  PharmTech .com

Machines, East Longmeadow, MA). 
Propylene glycol along with the clotri-
mazole was added near to the end of 
the homogenization process. All for-
mulations were subjected to a cooling 
program 60 °C to 25 °C in 20 minutes 
using the VWR chiller system (VWR 
International, Radnor, PA). 

Measurement of melting point using DSC. 
The melting point of all five fatty alco-
hols were determined using differen-
tial scanning calorimetry (DSC) using 
DSC 25 (TA Instruments, New Cas-
tle, DE). The melting point of the API 
was also determined. Approximately 
7 mg of powdered sample was placed 
in Tzero Hermetic Pan and was sealed 
with Tzero lid (TA Instruments). The 
pan was placed in the sample cham-
ber along with the reference pan and 
analysis was done by using the ramp 
method with the rate of 10 °C/min.

Characterization of quality attributes. 
To assess the impact of dif ferent 
quality attributes on the permeation 
of drugs from topical formulations 
at infinite dose conditions, different 
tests such as pH, globule size distri-
bution, viscosity at a low shear rate, 
and phase distribution of drugs, were 
performed and evaluated.

pH measurement. The pH of t he 
creams was measured using a Mettler 
Toledo (Columbus, OH) pH meter. 
The probes used in the study were 
Mettler Toledo InLab Micro elec-
trodes. The pH meter was calibrated 
using standard buffers with a known 
pH of 4.0, 7.0, and 10.0, respectively. 
The pH of each cream formulation 
was measured thrice. In between 
every individual measurement, the 

accuracy of pH measurement was 
checked using buffer standard of 
pH 4.0 and using buffer standard of 
pH 10.0. 

Phase separation and drug quantitation. 
One gram of cream sample in Eppen-
dorf tubes was subjected to centrifu-
gation at 50,000 RPM in the Beckman 
Coulter centrifugation instrument 
(Beckman Coulter, Brea, CA). All 
formulations were centrifuged for 8 h. 
The separated oil phase and aqueous 
phase were weighed separately. The 
2 mg of the oil phase was diluted to 
50 mL with methanol and the aqueous 
phase was diluted by adding 2 mL of 
methanol. The samples were subjected 
to HPLC analysis. The distribution of 
the drug in both phases was evaluated.

Globule size measurement. The globule 
size of the cream formulation was 
measured by using Axio Cam HR3 
(Carl Zeiss Microscopy, Germany) 
bright-field microscopy at a magni-
fication of 125x. A thin smear of the 

cream was prepared with a coverslip 
on a glass slide and observed immedi-
ately under the microscope. For each 
cream, the mean diameter of ran-
domly distributed 100 globules was 
measured using the Zen Lite software 
(Carl Zeiss Microscopy). The globule 
size measurement was done by cal-
culating d10, d50, and d90 values for 
each cream.

Rheological study. The rheology of all 
cream samples was studied using TA 
Instruments HR2 Rheometer at 32 °C 
with a 20 mm parallel plate with 600-
grit sandpaper and solvent trap. Vis-
cosity of each cream was measured at 
shear rate 0.01 (1/s).
In-vitro skin permeation study. The 

in-vitro skin permeation study was 
performed using Franz diffusion 
cells with an effective diffusion area 
of 1.77 cm2. Cryopreserved human ca-
daver dermatomed skin devoid of any 
disease was obtained from Science 
Care and was stored in water-imper-
meable plastic bags at below –80 °C 
until the time of use. Before use, the 
skin was thawed at room temperature 
for 10 min and was cut in sections 
large enough to fit the 1.77 cm2 active 
permeation area. A hairless thigh re-
gion of 250 µm was sandwiched be-
tween the donor and receiver medium 
with the stratum corneum (SC) side 
facing the donor compartment. The 
skin barrier integrity was checked be-
fore starting the experiment by mea-
suring the resistance at a frequency 
of 1 kHz and a low voltage of 100 mV. 
The skin having a resistance value 
greater than 10 KΩ/cm2 was only used 
for permeation studies. The receiver 
compartment (7 mL) was filled with 
2% Tween 80 in phosphate-buffered 
saline (PBS) solution and was main-
tained at 37 °C. As clotrimazole is in-
soluble in water, Tween 80 was used 
as a solubilizer in the release medium 
within the receiver compartment to 
maintain the sink conditions (5). For 
the skin permeation study, an infinite 
dose of the formulation was placed on 
the skin using a syringe. During the 
in-vitro permeation testing (IVPT) 
studies, the samples were withdrawn 
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Table I. The formula for the preparation of clotrimazole containing topical oil 
in water (o/w) cream.

Ingredient Description Purpose
 Weight by weight 

(w/w)%

Kollisolv PG Propylene glycol Solvent 8

Fatty alcohol# Fatty alcohol   Viscogen 9

Kollicream OD Octyldodecanol Emollient 6

Kolliphor CS 20 Macrogol cetostearyl ether 20 Emulsifier 1

Active Ingredient Clotrimazole (clz) API 1

Water - Solvent 75

Euxyl 320 Phenoxyethanol Preservative q.s.

The drug 
distribution in 
different phases 
is one of the 
major factors that 
could influence 
transdermal 
absorption.
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from the receiver compartment at the 
time points of 2 h, 4 h, 8 h, 10 h, 12 h, 
and replaced by equal quantities of 
fresh medium. The amount of clotri-
mazole in the aliquots was quantified 
and determined using HPLC. 

Determination of saturation solubility 
of clotrimazole in different fatty alcohols. 
Different percentages (0, 10, 25, 50, 
and 75% w/w) of clotrimazole were 
added to 5 different fatty alcohols 
(Kolliwax CSA 50, CSA 70, MA, CA, 
and SA) contained in glass vials. The 
drug-excipient mixture in glass vials 
was heated on a hot plate at a tempera-
ture slightly above the melting point 
of the excipient to prepare a molten 
state mixture. After 30 minutes of 
mixing drug-excipient, the molten 
mixture was transferred into the DSC 
pans. The drug-excipient mixture in 
the molten state was weighed inside 
the aluminum DSC pan and the pan 
was sealed with the aluminum her-
metic lid tightly. DSC pans were al-
lowed to equilibrate for 1 h. After 1 h, 
DSC analysis was performed over the 
temperature range of 20 °C to 200 °C 
at 20 °C/min increments. DSC was 
performed using the TA instruments 
discovery series DSC 25. TRIOS soft-
ware was used to analyze the enthalpy 
of melting.

Analy tical method. An isocrat ic 
HPLC method was used for the quan-
tification of clotrimazole (6). The 
analysis of clotrimazole containing 
samples was performed using a Wa-
ters HPLC system (Waters 600 Con-
troller, Milford, MA) equipped with 
a 600-pump unit, a 717 plus autosam-
pler with an injection valve with a 
sample loop of 50 µL, and a 2487 dual 
absorbance UV detector. The mobile 
phase comprised of a 10 mM solution 
of dibasic potassium phosphate and 
acetonitrile. (3:1 v/v) with a f low rate 
of 1 mL/min and an injection volume 
of 20 µL.

Results and discussion
M e l t i n g  p o i n t  d e t e r m i n a t i o n  u s i n g 
DSC. The melting point was deter-
mined by using the DSC technique. 
Melting points for different fatty  

alcohols were found to be as shown 
in Figure 1.  The physicochemica l 
characteristics of different fatty al-
cohols shown in Table II were pooled 
up from BASF technical data and 
literature reports (7–10). The melt-
ing point was determined by DSC. It 
is evident from the DSC graph that 
myristyl, cetyl, and stearyl alcohols 
all had a single endothermic peak 
of enthalpy of fusion. As expected, 
cetostearyl alcohols 50 and 70 both 
showed a broader peak or a bimodal 
peak because they are mixtures of 
cetyl and stearyl alcohols in different 
ratios. Therefore, an average value of 
melting point and log POct/water based 
on their molar ratios was considered 
for comparison and correlations.  

Characterization of quality attributes. 
As mentioned in Table III, the amount 
of drug in the aqueous phase is  

below detectable levels in the cream. 
Moreover, the pKa of clotrimazole is 
known to be 4.7 as per the literature 
(11), so if any dissolved clotrima-
zole were present it would be almost  
96–99% unionized in the aqueous 
phase at pH 6–7.86. Therefore, as  
the pH differences did not lead to  
any signif icant dif ference in the  
extent of the percent ionized/union-
ized ratio, it is not likely the pH dif-
ferences would affect the permeation 
of drugs from the topica l cream  
products prepared with dif ferent 
fatty alcohols. 

The drug distribution in different 
phases is one of the major factors 
that could inf luence transdermal ab-
sorption. The creams were separated 
into aqueous and lipid phases by the 
process of ultracentrifugation. The 
amount of clotrimazole was negligi-

Table II. Physicochemical properties of fatty alcohols. CSA is cetostearyl 
alcohol, CA is cetyl alcohol, SA is stearyl alcohol, and MA is myristyl alcohol.

CSA-50 CSA-70 CA SA MA

Melting point 51.97 °C 54.3 °C 49.3 °C 59.5 °C 38 °C

C-chain length 16-18 16-18 C16 C18 C14

Avgerage molecular weight (g/mol) 512.94 512.94 242.43 270.48 214.39 

Log POct/water 7.53 7.25 6.83 8.22 6.03

25 50 75 100 125 150 175

Temperature T (ºC)

Clotrimazole
CSA 70
SA

CA
MA
CSA 50

Figure 1. Determination of melting point of fatty alcohols using differential 
scanning calorimetry (DSC) technique.
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ble and below detectable levels in the 
aqueous phase of the product. The 
entire drug was essentially found in 
the lipid phase. The amount of drug in 
the oil phase was between 8.6–10.3 mg, 
which essentially is a narrow range. 
The drug concentration in the lipid 
phase could translate into differences 
in thermodynamic activity. It is the 

thermodynamic potential that drives 
drug diffusion into and across skin 
and not only the drug concentration 
in the applied product. In some cases, 
lipid phases were saturated (degree of 
saturation of 1) as we could see some 
drug crystals in creams prepared with 
cetostearyl alcohol. Therefore, our ob-
servations suggest that although the 

amount of drug in the lipid phase dif-
fered marginally, the degree of satura-
tion that translates into the thermody-
namic force remained identical across 
all the products. 

The globule size distribution for 
the cream formulations was deter-
mined by microscopy. The photomi-
crographs of all the cream products 
are shown in Figure 2. The globule size 
distribution could have a significant 
impact on the permeation since the 
contact specific area increases with 
decrease in globule size. However, as 
shown in Figure 2 and Table III, the d10, 
d50, and d90 values did not differ sig-
nificantly for all cream formulations 
under the study. The creams contain-
ing SA did not have any globules as it 
did not form a rigid microstructure 
to stabilize the dispersed phase. As all 
products were found to be shear thin-
ning. The viscosity at low shear values 
represents the inherent viscosity of the 
formulations. As mentioned in Table III, 
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2 (a). CSA 50 2 (b). CSA 70 2 (c). CA 

2 (d). SA 2 (e). MA 

Figure 2. Photomicrographs and globule size distribution for clotrimazole creams containing different fatty alcohols. 
The scale bar is 5 µm length. No globules could be observed in the case of stearyl alcohol (SA). All the other creams 
had the oil distinctly in the globule form. CSA is cetostearyl alcohol, CA is cetyl alcohol, and MA is myristyl alcohol.

Table III. Quality attributes of clotrimazole containing oil in water (o/w) cream 
formulations containing different fatty alcohols. CSA is cetostearyl alcohol, 
CA is cetyl alcohol, SA is stearyl alcohol, and MA is myristyl alcohol.

Quality attribute CSA 50 CSA 70 CA SA MA

pH 7.86 ± 0.03 7.74 ± 0.00 6.09± 0.13 6.33 ± 0.05 7.17 ± 0.08

Drug in aqueous phase 
(mg/gm)

0.01 0.00 0.00 0.00 0.00

Drug in oil phase
(mg/gm)

8.58 9.04 10.85 10.78 10.25

d10 (µm) 2.61 ± 0.00 2.50± 0.14 2.55 ± 0.07 N.A. 2.05 ± 0.07

d50 (µm) 4.05 ± 0.07 3.90 ± 0.42 3.75 ± 0.35 N.A. 3.05 ± 0.07

d90 (µm) 5.45 ± 0.21 5.20± 0.57 4.90 ± 0.71 N.A. 3.80 ± 0.10

Viscosities at the shear 
rate of 0.01 (1/s)

2397 1838 3137 1132 1276
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the values ranged between 1200–3100. 
A significant difference in the viscos-
ity was observed and could potentially 
inf luence the permeation of drugs. 
Decreasing rank order of fatty acid 
creams concerning their viscosity was 
CA>CSA50>CSA70>MA>SA. This 
did not correlate with the increas-
ing transdermal f lux of clotrimazole 
from different topical creams (MA>-
CA>CSA50>CSA70>SA) as one would 
expect if there was a predominant in-
fluence of viscosity on the permeation. 

In-vitro skin permeation study. Finite 
dose conditions are generally recom-
mended for the evaluation of topical 
products as they are near the thera-
peutic dose of the product. However, at 
finite dose conditions, several factors 
would come into play in determining 
the performance of topical products. 
In infinite dose studies, the dose used 
in the study is generally several-fold 
higher than the clinically relevant dose. 
The use of infinite dose eliminates the 
influence of the factors associated with 
evaporative metamorphosis. Hence, 
the permeation studies in the present 
project were performed with infinite 
dose in the donor under the occluded 
condition to prevent loss of contents 
due to evaporation. The permeation 
studies were performed on two ca-
daver donors (n=3 on each donor) to 
accommodate all the products on the 
same donors. The cumulative perme-
ation- time profile of six replicates with 
standard error of the mean (SEM) is 
represented in Figure 3. The control tri-
als were performed using clotrimazole 
solution in 1% Tween-80. The perme-
ation from the control was below de-

tectable quantities. The transdermal 
flux of clotrimazole from different top-
ical creams was in the following rank 
order: MA>CA>CSA50>CSA70>SA. 

As discussed earlier, most of the 
critical quality attributes did not dif-
fer significantly across the creams. 
Therefore, one can conclude that the 
differences in the transdermal drug 
flux are not attributable to significant 

differences in the quality attributes 
of the products. The other reason to 
which differences in the performance 
of the products can be attributed is 
the interaction of excipients with the 
skin, either altering its permeability 
by the way of disorganizing the orga-
nized lipid structures or by the way of 
increasing the solubility of the API in 
the lipid domains of the SC.

Figure 3. In-vitro permeation testing (IVPT) profile of clotrimazole at Infinite Dose 
from clotrimazole containing oil in water (o/w) cream (n=2 donors [6 replicate 
each donor ± SEM]). SEM is standard error of the mean.
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The use of infinite 
dose eliminates 
the influence of the 
factors associated 
with evaporative 
metamorphosis.
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Development

Fatty alcohols are reported to en-
hance the permeation of drugs by the 
way of penetrating the lipid barriers 
and/or by disorganizing the lipid bi-
layers (12). Given the fact that the  
clotrimazole predominantly exists in the 
lipid phase of the cream and is highly lipo-
philic, (log P = 6.1) (4), one can anticipate 
the drug to partition into the SC lipids 
and propagate through the SC layers. The 
penetration of SC lipid domains can only  
have a favorable effect on the drug per-
meation if it does not affect the pathways 
of absorption of clotrimazole. If the drug 
was hydrophilic, disruption of lipid do-
mains would have facilitated the drug’s 
permeation. Therefore, it was hypothe-
sized that the differences in permeation 
profile from different fatty alcohol con-
taining topical creams are attributable 
to the relative ability of fatty alcohols to 
enhancing the partitioning and solubility 
of the drug in the stratum corneum.

There are several reports regard-
ing the penetrability of fatty alcohols 
into the SC. It is known from ear-
lier reports that the physicochemi-
cal characteristics of substrates such  
as melting point, log P, and molecular 
weight would play a major role in deter-
mining the extent of penetration of any 
substrate into the skin (13,14). In this 
study, the fatty alcohols that we used did 
not differ significantly in their molecular 
weight. The only property that signifi-
cantly differed was log P values as shown 
in Table II. Therefore, the steady-state flux  
of the drug was correlated with the log P 
of the fatty alcohol as shown in Figure 4. 
As shown in Figure 4, there was a signifi-
cantly good correlation between the two 
variables with a correlation coefficient of 
R2 = 0.8745. However, the negative slope 
indicated an inverse relationship between  
the partition coefficient of enhancer and 
the permeation flux of the drug.

Melting point is another physi-
cal property that correlates well with  
the skin permeability of molecules. 
As mentioned earlier in Table II, the 
melting points of the fatty alcohols 
used in this project were found to 
be in the range between 38–54 °C.  
Therefore, just to understand the trend 
in the relationship between the melt-

ing point and the steady-state f lux of 
clotrimazole, the graph of steady-state 
flux values of clotrimazole from differ-
ent topical creams vs melting point of 
fatty alcohols was plotted, as shown in 
Figure 5. The correlation coefficient was 
found to be 0.9371. This relationship 
supports the interpretation that the 
lower the melting point, the better is 
the ability to penetrate the SC. 

From all the above results, it is evident 
that the fatty alcohols have a significant 
impact on the drug permeation from o/w 
creams. Based on the literature reports 
and our observation, it is likely that the 
fatty alcohols penetrate the skin lipids 
and act as a solvent for the API to form 
a reservoir and permeate across the skin 
eventually. This means that the API 
should be soluble in the fatty alcohols in 
significant quantities. 

To ascertain this assumption, the 
solubility of the drug in the fatty  
alcohol was investigated using DSC. 
All the fatty alcohols were able to 
dissolve clotrimazole in significant 
amounts (about 50% and over). When 
API was mixed with the fatty alcohol 
at a 1:1 ratio, none of the mixtures 
showed the endothermic peak for the 
drug except SA (Figure 6A). Whereas, 
in the case of 3:1 mixture of drug:-
fatty alcohol mixture, the endother-
mic peak of the API was observed in  
case of all the fatty alcohols (Figure 6B). 

The enthalpy of fusion of the drug  
differed in different fatty alcohols. As 
the enthalpy of fusion is a function 
of the mole fraction of the drug un-
dissolved in the mixture, one can 
at least approximate the solubility  
of the drug in the fatty alcohol rela-
tively. Based on the enthalpy of fu-
sion of the undissolved drug, one  
can conclude that the drug was sol-
uble to different extents in differ-
ent fatty alcohols. For example, the  
solubility of API highest in MA and 
lowest in SA. This is correlating well 
with the transdermal f lux data, in 
which the rate and extent of permeation 
of relatively higher compared to other 
creams, from the cream containing MA. 
Whereas, the transdermal flux was least 
from topical cream with SA and so was 
the API solubility in SA as well. As 
shown in Table IV, it is noteworthy that 
the rank order of transdermal flux of 
clotrimazole from different fatty alco-
hol creams matched well with the ex-
tent of the solubility of the drug in the 
fatty alcohol supporting our hypothesis 
that the fatty alcohol acted as a solvent/
carrier for the API in the SC. The dif-
ference in transdermal flux across dif-
ferent products could be either due to 
difference in the extent of the solubility 
of the drug in the fatty alcohol or due to 
different extents of penetration of fatty 
alcohol or both.
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Conclusion
The difference in quality attributes 
across the topica l products pre-
pared using different fatty alcohols 
could not be solely attributed to the  

difference in the performance of the 
topical products of clotrimazole. A 
good correlation was found between 
the steady-state f lux of clotrimazole 
and the physicochemical character-

istics of the chosen fatty alcohols.  
Observations on the solubility of  
clotrimazole in the different fatty 
alcohol excipients and the different 
log P of the fatty alcohol excipients 
suggests that the penetration of fatty 
alcohol into the SC and solvent be-
haviour for the API, were found to 
be the predominant mechanism of 
permeation of clotrimazole from 
the topical creams with the specified 
compositions.  
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Figure 6. Differential scanning calorimetry (DSC) if clotrimazole in fatty alcohols 
at 50% weight by weight (w/w) (A) and 75% w/w (B) drug load. 
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Table IV. Enthalpy of fusion and rank order in terms of permeation 
enhancement between fatty alcohols and clotrimazole using differential 
scanning calorimetry (DSC). CSA is cetostearyl alcohol, CA is cetyl alcohol, 
SA is stearyl alcohol, and MA is myristyl alcohol.

Fatty alcohol
Enthalpy of fusion (J/g) - 
Clotrimazole: Excipients 

(75%:25%)

Rank order in terms 
of solubility of API  in 

the excipient

Rank order of excipient 
in terms of Permeation 

Enhancement

Kolliwax CSA 50 4.88 3 3

Kolliwax CSA 70 5.73 4 4

Kolliwax MA 1.4 1 1

Kolliwax CA 3.91 2 2

Kolliwax SA 6.54 5 5
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Manufacturing
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the facility, which makes flexible adapt-
able spaces so critical right now.”

Modular and prefabricated clean-
rooms for manufacturing, which have 
been promoted for several years for the 
benefits of fast delivery and flexible ca-
pacity, stand ready to meet these needs. 
Modular process equipment is also 
finding use.

Speed to market
An established benefit of modular facil-
ities is that they are constructed off-site 
and then delivered to the site where they 
will be put into use. Off-site construc-
tion has been shown to be particularly 
valuable under the limits imposed by the 
pandemic, says Jornitz.

“In an on-site construction, there may 
be a multitude of delays due to the lim-
ited headcount being allowed on-site, if at 
all. Off-site construction is not affected, 
because it is considered an essential 
business and has not stopped or slowed 
down since the start of the pandemic. As 
soon as the states opened travel, G-CON 
shipped four projects [of its prefabricated 
cleanroom PODs],” Jornitz reports. “The 
off-site prequalification also helps, as 
we can shorten the time and resources 
needed on-site, again to create the lowest 
headcount density needed and therefore 
lowest risk.” 

The drive to produce COVID-19 vac-
cines and treatments has led to much 
faster building of cleanroom infra-
structures and entire facilities than in 
the past, says Jornitz. “Delivery times 
of three to six months instead of years 
became the new normal, and this new 
normal will stay,” he predicts. He be-
lieves these short timelines are not 
unrealistic. “Any application could be 
predesigned to abbreviate the design 
timelines and can be prefabricated 
to stock to be much faster in the con-
struction of the cleanroom infrastruc-
ture,” says Jornitz. G-CON introduced 
six standard cleanroom PODs that 
enabled them to shorten the delivery 
timeline further; these structures can be 
mass produced and then delivered from 
stock. Jornitz notes that, in addition to 
fast delivery, the industry requires reli-
able delivery timelines and robust cost 

T he COVID-19 pandemic has ac-
celerated demand for quickly ex-
panding capacity for manufactur-

ing vaccines, including the facilities for 
viral vector production and for fill/finish. 
This capacity crunch is exacerbated be-
cause the industry was already capacity 
constrained before the pandemic began. 

Running additional production cam-
paigns in existing plants and adapting 
existing, suitable buildings for additional 
current good manufacturing practice 
(CGMP) lines are two avenues being 
taken for expanding fill/finish and ex-
isting virus- and vector-based vaccine 
processes, says Stefan Kappeler, technol-
ogy manager of the global business unit, 
Biopharma & Life Sciences, at Exyte. For 
new vaccine platforms, such as mRNA 
vaccines, however, he says: “The short-
term CGMP-compliant production is 
more difficult, as a completely new pro-

duction and release process has to be de-
signed and validated for the commercial 
scale, and then checked and approved by 
the national authorities.” 

These new types of vaccines require 
new technologies and processes that have 
to be built from the ground up, and ac-
complished rapidly without interruption, 
adds Maik Jornitz, president and CEO of 
G-CON Manufacturing. 

“Manufacturing capacity is the biggest 
hurdle for producing COVID-19 thera-
pies right now. Companies with frontline 
options are scrambling to design and 
order equipment while in parallel de-
signing and building the facility produc-
tion space,” says Peter Walters, director 
of advanced therapy medicinal products 
(ATMP) at CRB. “Many of these therapies 
are based on pivoting process platforms, 
so development is being performed in 
parallel with design and construction of 

The COVID-19 pandemic has accelerated the 
need for modular designs to rapidly expand 
vaccine production capacity.

Modular Processes and 
Facilities Enable Flexible 
Vaccine Manufacturing 
Jennifer Markarian
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Event Overview
What if one excipient family could deliver consistency and 
performance across a range of drug formulation applications—
from traditional methods like direct compression to novel 
and unique applications? What if digital tools could predict 
the probability of the success or failure of a pharmaceutical 
formulation?
Cellulosics are one of the most versatile excipients, but given 
the natural variability inherent in the ingredient, they need to be 
applied with precision—and help from digital tools—to deliver the 
needed result. In this webinar, we’ll cover: 

•  How the critical material attributes and mechanism of action 
of cellulosic polymers correlates to formulation performance, 
enabling predictable results from these excipients

•  How data analytics and digital tools can ensure quality, 
batch-to-batch consistency and help formulate more robust 
formulations

•  How customized grades of cellulosics can be used to solve 
common problems related to  immediate- and modified-
release formulations—and improve performance

Key Learning Objectives
•  Explore the different types of cellulosics, their critical material 

attributes and their ability to deliver performance across 
applications

•  Learn how data analytics can solve the toughest challenges in 
consistency and quality

•  Understand the top formulation challenges cellulosics can solve

Who Should Attend
• R&D leader or formulation scientist
• Process engineers or scale-up engineers 
• Quality leaders 
• Polymer expert or material R&D 

How Polymer Expertise and Data 
Analytics Can Deliver Optimized 
Performance and Processes for 
Your Formulations 
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budgets. “Too often we see a time and 
cost overrun, which puts any planning 
in jeopardy and cause a tremendous 
stress on project management. With 
off-site prefabrication, we avoid these 
overruns,” he notes.

Walters agrees that a key benefit of 
modular facilities is faster time to pro-
duction compared to other construction 
models. “Use of fully modular clean-
rooms allows a large bulk of the critical 
technical facility to be constructed in 
parallel with the remaining facility, cre-
ating a more compressed overall facility 
timeline,” he explains.

CRB’s SlateXpace was introduced 
in September 2020 as a “suite-based” 
modular facility design for cell and 
gene therapy. “SlateXpace is a tem-
plated production cleanroom platform 
to address the growing need for flexible 
multi-modal capability,” says Walters. 

“The platform has a pre-engineered 
design to accommodate changes in 
processing technology and processing 

platforms, while also providing con-
sistent and easily scalable design. One 
big benefit of templated design is that 
it can provide greater cost predictabil-
ity and certainty up front, with a more 
predictable and consistent construction 
schedule, both of which greatly help in 
early facility planning.”

Standardization of modular facilities 
allows replication, which is a faster route 
to operational availability either at the 
same manufacturing site or a different 
location, adds Kappeler. An additional 
benefit of facility replication is produc-
tion consistency across a site or differ-
ent locations. He notes that, in addition, 
Exyte’s ExyCell prefabricated cleanrooms 
have been designed to be flexible and 
configurable, so that the modular units 
can follow the optimized process flow.

Flexible capacity 
Flexibility is another benefit of modular 
designs that allows companies to quickly 
add capacity to meet demand. 

“One lesson from the current pandemic 
is the greater emphasis on security of sup-
ply and national independence. Modular 
systems enable the manufacturer to pro-
duce regionally on the required scale 
and thus to react flexibly to the current 
situation and local requirements,” says 
Kappeler. When vaccine manufactur-
ing capacity is not in high demand, the 
facilities can be used instead for viral 
vectors for the ATMP sector, to combat 
neglected communicable diseases, or for 
animal vaccines. “At Exyte, we strive for 
a high degree of layout flexibility, process 
adaptability, and design standardization 
in plant design in order to convert and 
expand existing manufacturing capaci-
ties for new purposes,” he concludes.

“Designing in flexibility is paramount 
for the current manufacturing industry,” 
agrees Walters. “The ability to accom-
modate new processing technologies or 
swap to different processing platforms 

Manufacturing

Belgian-based Univercells developed the NevoLine sIPV system in early 2019 as its 
first automated, small-footprint, intensified process for Polio vaccine production 
(1). The platform, which integrates modules from cell culture to virus inactivation, 
was initially developed as part of a grant from the Bill & Melinda Gates foundation 
to manufacture a low-cost inactivated polio vaccine. When the company branched 
out the equipment and technologies offer into Univercells Technologies in May 
2020 (2), one of the focuses was delivering the next-generation NevoLine Upstream 
platform, based on the same concepts, for manufacturing of viral vaccines, gene 
therapies, and oncolytic viruses. Pharmaceutical Technology spoke with Tania 
Pereira Chilima, Deputy CTO at Univercells Technologies about their technology and 
how it can be used in viral vector manufacturing, which is needed for production of 
some of the COVID-19 vaccine candidates. 

Challenges and benefits
PharmTech: What are the current needs in viral vector manufacturing? 

Pereira Chilima (Univercells Technologies): Viral vector manufacturers face 
several challenges. These include establishing platform processes using existing 
technologies, as different products have different dose sizes and relate to different 
incidence rates of the disease. Hence, annual throughputs can vary by >100-fold 
for different indications, making it challenging to select a ‘one-size-fits-all’ system. 
Moreover, scalability and complexity of process development is also a challenge 
today, as for the highest dose applications, current technologies will struggle to 
support cost-effective manufacturing solutions. 

We have scoped out these challenges and developed a system that addresses 
them by designing the scale-X bioreactor range for linear scale-up from an R&D 
scale to commercial scale in the NevoLine Upstream biomanufacturing platform. 

Moreover, the structured fixed-bed design has shown to enable significant increase 
in productivity in comparison with competing technologies, enabling significant 
costs reductions during process development and commercial manufacture.

PharmTech: What are some of the benefits and challenges of intensification?
Pereira Chilima (Univercells Technologies): Process intensification 

has shown significant benefits in bioprocessing. Perhaps some of the more 
important benefits of this approach include increases in productivity and 
reductions in footprint leading to reductions in CAPEX [capital expenditures] 
and finally cost of goods. An example of how this intensification is achieved 
in the NevoLine Upstream platform is our high cell density structured scale-X 
fixed-bed bioreactor, which is the centerpiece of the NevoLine Upstream 
system. Intensification was applied in the design of this system, as the biomass 
is immobilized in the structured fixed-bed while the cell culture media is 
perfused/recirculated in and out of the bioreactor. This [design] enables 
very high cell densities to be reached, reducing the size of the bioreactors as 
well as footprint and easing operations. Moreover, the benefits of process 
intensification are maximized if this principle is coupled with automation 
and chaining. The combination of these principles will enable automated 
parallelization of unit operations to further reduce costs, footprint, CAPEX, and 
process risks through reductions of manual interventions.

References
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 Intensifed process offers cost-effective viral vector manufacturing

Contin. on page 46
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for small molecules is often referred to as a routine technology. 
That perception may be true for many drugs, but as pharmaceutical 
companies move into new areas, more  projects may present 
challenges in at least part of their scope, such as drug moiety, the 
matrices being assessed, the need for biomarker assessment, or 
high sensitivity requirements. 

The challenge for bioanalytical service providers is to develop 
LC-MS assays to address these challenges and provide resulting 
methods that are robust and reliable enough to allow hand off to 
additional teams to support extensive sample analysis.
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• Review case studies presenting experiences with solving 
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Data integrity takes on heightened 
importance, as new COVID therapies 
and vaccines are on the fast track to 
market and prospective patients want 
assurances of the integrity of the drugs 
being offered to them. Operating a 
compliant lab in this environment, with 
data integrity at its foundation, is vital.

Maier (PPD): FDA’s industry guidance 
document, Data Integrity and Compliance 
With CGMP (1), defines data integrity 
as ‘the completeness, consistency, and 
accuracy of data.’ While there haven’t 
been any new regulations regarding lab 
data integrity, the good clinical practice 
(GCP) principle that requires data to be 
attributable, legible, contemporaneous, 
original, accurate, and complete 
(ALCOAC) applies to all clinical 
trials including ongoing research for 
COVID-19 therapies. In order to meet 
the accelerated timelines of COVID-
19 trials, study setup timelines have 
been minimized while maintaining 
data integrity by employing innovative 
technologies and processes such as:
• A single global lab database to 

eliminate the need to merge and 
harmonize data

• Simplified protocol definitions to 
improve study database quality and 
shorten startup timelines

• Interactive web-based portals for 
investigators with electronic lab 
requisitions to significantly improve 
the completeness and accuracy of 
the data on entry

• Interactive web-based portals and 
dashboards to enable study sponsors 
and project teams to monitor study 
wide data in real time

• Powerful interfaces that combine lab 
data with the clinical development 
d a t a b a s e  i n  re a l  t i me  a nd 
continuously cleanse the data to 
streamline study closeout.

Remillard (Thermo Fisher): In response to 
COVID-19, researchers and regulators 
have found it necessary to adjust 
priorities and protocols to meet new 
restrictions and practices for researchers, 
patients, and healthcare workers. 
Several guidance documents have been 
published to provide direction on how 
to adjust to the new conditions while 

T  aking the time to comply with lab 
data integrity practices during 
the COVID-19 pandemic in a 

resourceful and operative manner is 
crucial for pharmaceutical laboratories. 
Pharmaceutical Technology spoke with 
Bob Voelkner, vice president of Sales 
and Marketing at LabVantage Solutions; 
Charles Fracchia, CEO of BioBright 
and vice president of Data, Dotmatics; 
John Maier, director of labs data 
management at PPD Laboratories; and 
Kimberly Remillard, senior manager of 
Regulatory Affairs for Digital Science at 
Thermo Fisher Scientific about the best 
practices for lab data integrity during 
the COVID-19 pandemic. 

Regulations for lab data integrity
Ph a r mTe c h:  A re  t here  a ny  ne w 
regulations regarding lab data integrity? 
How do current and/or new regulations 

apply to research going on for COVID-
19 therapies?

Voelkner (LabVantage): The most 
recent regulations or standards for 
data integrity came in 2018, when 
FDA published updated guidance for 
industry on ensuring data integrity and 
compliance with CGMP [current good 
manufacturing practice] (1). At the same 
time, the World Health Organization 
and [the United Kingdom’s] MHRA 
issued guidance on data integrity, 
which is largely in line with FDA’s (2, 
3). Today, the need for organizations 
dealing with COVID-19 to comply 
and adhere to the FDA guidance is no 
different than any other organization 
developing and manufacturing new 
drug products. The goal of data integrity 
is to assure the safety of, and therefore 
increase the confidence in, all pharma 
products being created and produced. 

Pharmaceutical laboratories must keep lab data 
integrity practices in mind in order to properly 
handle the effects of the COVID-19 pandemic.

Complying with Lab  
Data Integrity Practices  
During COVID-19
Lauren Lavelle
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Event Overview
Lipid multiparticulates (LMPs) are versatile drug delivery systems that 
offer flexibility in both drug release and final dosage form. The wide 
variety of available matrices and formulation approaches make LMPs 
amenable to a broad range of targeted release kinetics and delivery 
strategies. The solvent-free melt-spray-congeal process results in 
LMPs with controlled and narrow particle size distributions. For the 
final dosage form, LMPs can be given as sachets, incorporated into 
capsules and tablets, or used as injectables. 

This webinar discusses the process for formulation selection and LMP 
manufacturing through the lens of visual techniques to study critical-to-
quality attributes. 

Thermal light microscopy is used to identify API–lipid miscibility 
and resultant particle architectures giving insights into API solubility 
as a function of temperature, impacts of API on lipid congealing 
temperature and subsequent manufacturability, and stability. High-
speed imaging of the atomization process evaluates the impacts that 
critical process parameters and melt formulation properties have on 
the melt film flow, atomization dynamics, and resultant particle size. 

This webcast will descrive how using these techniques in conjunction 
with predictive models can result in a streamlined progression for LMP 
formulation processing.

Key Learning Objectives
 •  Understand what LMPs are and how formulation and dosage  

form make them a flexible pharmaceutical drug delivery option
 •  Learn how thermal microscopy can be a tool to aid in  

formulation selection
 •  Demonstrate how variables of the manufacturing and atomization 

process are used to control product quality

Who Should Attend
 • Large pharma, mid-size pharma, biotech companies, consultants
 •  Technical positions involved in process development and scale-up, 

early- to late- stage development, or commercialization
 •  Senior managers, scientists, engineers, R&D managers

Applying Visual Techniques 
to the Product Design of 
Lipid Multiparticulates

Register for this free webcast at:  
www.pharmtech.com/pt_p/visual_techniques
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maintaining data integrity and patient 
safety. The guidance documents make 
it clear that the same ALCOA+ data 
integrity principles apply in addition 
to ensuring patient safety, protection of 
personal data, and data validity for any 
trial interruptions or protocol changes. 
With interruptions in protocols and new 
remote methods of monitoring being 
utilized, data integrity is becoming 
even more critical to ensure research 
data maintains its validity.

Specific documentation is required 
to deta i l why protocol changes, 
deviations, or alternative processes 
are implemented, including why 
protocol-specified data may be missing. 
Al l a lternat ive approaches must 
maintain trial participant safety and 
trial data quality and integrity, while 
minimizing missing data.

In addition to changes needed in the 
clinical trial and research space, fast 
track Emergency Use Authorizations 
allow for exemptions from certain 
GMP controls in the manufacturing 
area. Data integrity is critical to help 
reduce risk with the use of these 
GMP exemptions. For example, data 
integrity to show traceability and 
adequate control of source materials, 
data around batch records, and 
testing must be in place. Validation 
to support the consistency of the 
manufacturing process, including 
computerized systems validation, is 
also critical to ensure data integrity 
can be maintained.

Applying data integrity principles 
during the research and development 
of COVID-19 therapies to ensure the 
data complete, accurate, consistent, 
trustworthy, and reliable will support 
regulatory submission efforts and 
contribute to patient safety. Digitalization 
of the laboratory with integrated 
technologies such as a laboratory 
information management system (LIMS) 
to manage the workflow of data can add 
efficiency and traceability and help to 
ensure data integrity principles are met.

PharmTech: How chal lenging or 
difficult is it to comply with lab data 
integrity regulations during the COVID-
19 pandemic?

Maier (PPD): Accelerated startup and 
overall timelines of COVID-19 trials 
have presented a significant challenge 
to ensuring compliance with lab data 
integrity regulations. We have been 
able to significantly reduce our setup 
timelines by utilizing specialized 
global rapid implementation teams 
along with the innovative technologies 
and processes previously mentioned. 

During study execution, the sheer 
volume of subject and sample data 
col lected within the condensed 
timelines has made real-time data 
mon itor i ng a nd reconci l iat ion 
critically important to the success of 
COVID-19 trials. To facilitate this, 
we have implemented innovative 
analy t ica l tools that proactively 
monitor study data integrity and notify 
lab and clinical teams of investigator 
and procedural non-compliance before 
it impacts timelines.

Remillard (Thermo Fisher): During the 
COVID-19 pandemic, new protocols 
and methods for monitoring are often 
necessary and need to be implemented 
quickly. More remote data collection 
a nd ma nagement ac t iv it ies a re 
occurring in the effort to minimize 
risk of COVID-19 for researchers, 
trial participants, and manufacturers 
alike. Due to this, it is critical that data 
integrity is maintained to ensure the 
validity of the study data as well as the 
protection of the patient information. 
Digita l izat ion of the laborator y 
workflow using validated systems can 
reduce the risk of data integrity issues. 
Permission controlled systems with 
controlled workflows, integration to 
reduce potential points of human 
error, access across sites, and enhanced 
security features can all work together 
to support the data integrity and 
validity of research data. Use of secure 
cloud-based LIMS systems can help 
to connect not only the instrument 
data within your lab, but also allow for 
connectivity between sites.

Voelkner (LabVantage): I would argue 
it’s really only challenging or difficult 
for those labs that aren’t equipped 
with the right tools and solutions. 
Lab-dedicated software, like an LIMS, 

is designed to ensure the integrity of 
all the data gathered by the system. 
This includes dynamic auditing, so 
even data in temporary memory is 
audited prior to being committed 
to perma nent /durable memor y. 
These automated, connected LIMS 
eliminate manual data entry and risks 
of transcription errors or purposeful 
manipulation of data. 

Fracchia (BioBright, Dotmatics): Largely 
speaking, because the regulations 
haven’t changed, the compliance hasn’t 
changed either. There are COVID-19 
specific challenges that have arisen, 
largely due to the fact that fewer people 
are working on site, personnel density 
restrictions, access to certain facilities 
(in particular manufacturing) has 
been heterogeneous from company to 
company, and even between sites of the 
same company. Challenges of this kind 
have affected our industry particularly 
hard due to the acute need for the work 
itself. It is certain that the importance 
of having a safe and ef f icacious 
vaccine, alongside the politicization 
of the vaccine avai labi l ity, have 
negative effects on the environment 
surrounding the development. Even 
before t he pandemic hit ,  t here 
have been reports of data integrity 
bypasses and fraud. Pressure due to the 
pandemic has only increased existing 
trends in this environment and 
combined with a generalized lowering 
of the public’s trust in any vaccine, this 
makes data integrity and compliance a 
crucial aspect of the response.

Best practices for lab data integrity
PharmTech: How do you suggest other 
organizations improve/enhance their 
lab data integrity activities (specifically, 
workflow, day-to-day operations, etc.), 
and how can this particularly help 
companies that are trying to develop 
a COVID-19 therapeutic?

Re m i ll ar d ( The r m o Fi she r):  Dat a 
integrity relies on a combination of 
people, technology, and processes. 
Robust processes are necessary to 
ensure consistency and qua l it y 
assurance. A good culture of quality 
will help to ensure the human resources 

Analytics
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Event Overview
COVID-19 has significantly changed the life sciences manufacturing industry, 
which may never be the same again. This holds true for pharmaceutical and 
biopharma companies trying to meet the demands of the current pandemic. 
Why have some companies been able to handle pivoting and scaling better 
than others? For many it is because they had the right technology in place to 
navigate a changing environment. Forward-thinking companies that adopt 
the right technology now will be better prepared for both the current and 
future environments.  

Topics to be addressed in the webinar include:

 •  Elements in the pharmaceutical manufacturing industry exposed by 
COVID-19 and what has changed

 •  Critical technology integrations, specifically within quality and 
manufacturing, allowing companies to bring product to market to faster

 •  Best practices from pharmaceutical manufacturing companies that 
adapted to new conditions brought about by COVID-19 and are thriving

 •  Benefits of integrated quality and manufacturing technology.  

 •  Practices companies can implement today to make their business more 
efficient, flexible and better equipped for the months and years ahead.

Key Learning Objectives
•  Hear how COVID-19 has illustrated why it is critical for pharmaceutical 

companies to adapt and scale. 

•  Learn how going digital across the product life cycle will help companies 
be more agile in changing environments. Integrated, paperless systems 
allow companies to get product to market quickly without compromising 
quality and safety. 

•  Understand how going digital reveals hidden data that is trapped in 
siloed systems. With data insights, companies can improve process and 
make better business decisions. 

Who Should Attend
•  Pharma/BioPharma Manufacturing Executives, Technical Engineers, 

Line Supervisors and Quality Professionals. 

Manufacturing Technology: 
Capabilities for Changing 
Environments

Register for this free webcast at:  
www.pharmtech.com/pt_p/manufacturing_technology

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2803035&sessionid=1&key=46E706E8EF33994845C4FCA198508CF8&regTag=&sourcepage=register
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involved in the laboratory will execute 
the processes in the correct way. And 
the right technology to meet the needs 
of the laboratory and regulations such 
as 21 CFR [Code of Federal Regulations] 
Part 11 can help to reduce the risk of 
human error and process deviations. 

Whenever possible, integrating 
the laboratory with validated digital 
systems to meet your workflow needs 
will help to reduce the risk of data 
integrity issues. The same principles 
will apply whether digitalized or not; 
however, more checks and monitoring 
may be required for systems which 
are not digitally controlled. Ensuring 
all data specif ic and attributable, 
including clearly and specif ically 
documenting any changes or missing 
data, is key to be able to show the 
integrity and validity of your data.

Fracchia (BioBright, Dotmatics): In 
order to improve lab data integrity 
activities, companies must review 
their existing practices and replace 
wherever possible error-prone, manual 
steps in the reporting of results and 
tracing of individual steps. With a 
robust, automated, informatics system 
taking care of recording and tracking 
vital laboratory or manufacturing 
information, a company can reduce 
the chances of having data integrity 
issues. Crucially, companies must also 
assess their systems’ cybersecurity 
posture, because with increased 
automation and informatics a lso 
comes a potent ia l  for  ex terna l 
manipulation. Unfortunately, the 
vast majority of bioinformatics or 
laboratory informatics tools have 
very poor cybersecurity practices 
and hygiene and create a large 
opportunity for third parties to steal 
and modify data in said systems, and 
understanding the weaknesses and 
avenues that could cause deviations 
or data manipulations are absolutely 
key for companies. This is particularly 
true if —as the FBI has warned (4)—
the company has publicly announced 
efforts in search of a COVID-19 
therapeutic. Final ly, we strongly 
recommend that companies set up a 
process to review new data and results 

that are being put into the record. 
This practice, common in clinical 
environments, needs to be performed 
by a person who is not familiar with 
the specific experiment, ideally even 
a disinterested third party. This 
wil l create human oversight and 
catch errors such as missing data, 
ambiguous results, unsupported 
conclusions, and more. Enacting 
this practice will ultimately give the 
executives, the company’s team, and 
even the public a level of safety in 
trust in the result that is sorely needed 
in this moment.

Maier (PPD): Organizat ions can 
i mprove lab  d at a  i nteg r it y  by 
implementing systems and processes 
that reduce the level of effort to set 
up and validate the lab database by 
utilizing a single global database; limit 
the amount of data captured to only 
those elements required for analysis; 
employ robust quality controls that 
QC [quality control] data on entry, 
when modification are made and prior 
to reporting; and provide innovative 
web-based tools  t hat  fac i l itate 
electronic data capture (electronic lab 
requisitions) and real-time data access 
to investigators and clinical team 
members for continuous data review 
and reconciliation.

Voelkner (LabVantage): One critical 
way to ensure product quality is to 
prevent data integrity lapses at the 
outset, so proper lab automation is key. 
For companies that have abandoned 
tradit iona l, paper-based record-
keeping practices or deficient legacy IT 
systems, in favor of preconfigured and 
prevalidated LIMS built specifically 
for today’s regulated labs, they’re 
already on the right track. Such a 
LIMS enables automated connection 
to lab instruments so that results can 
be directly recorded into the LIMS, 
not only speeding the process, but 
increasing data integrity. 

It’s worth noting that modern LIMS, 
which should be 100% browser-based, 
can help lab directors and managers  
to physically distance laboratorians  
who can work with tablets or other 
mobile devices.

Trends in data integrity
PharmTech: What trends are driving the 
need for data integrity in the laboratory 
setting?

Fracchia (BioBright, Dotmatics): Besides 
the politicization and fraught recent 
history of data integrity that was 
discussed above, the next most 
impor tant t rend a f fect ing data 
integrity is the deluge of data that is 
now commonplace in our industry. 
In processes where thousands of data 
points per day was the norm, we now 
routinely see workflows that generate 
millions of data points per day, both 
qualitative ones (such as images) and 
quantitative ones (e.g., assays). This 
dramatic uptick in data volume is a 
blessing for data-driven research, but it 
is also an unprecedented challenge to 
verify, validate, and commit [these] data 
to record. The need for automated tools 
is now clear, and such tools must be 
aware of automation capabilities and be 
hardened against cyber manipulations 
or we risk the robustness and trust of 
the whole system in this transition.

Maier (PPD): The continuous push 
to bring therapeutics to market 
quicker and more cost effectively 
will continue to drive innovation 
and system integration throughout 
all phases of the clinical trial life 
cycle and in the laboratory setting, to 
ensure data integrity is maintained. 
We will continue to develop improved 
analytical tools and are beginning 
to explore art if icia l intel l igence 
predictive models to improve subject, 
site, sponsor, and lab compliance, 
which in turn will help enhance data 
integrity, reduce study timelines, and 
ultimately drive down costs.
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Event Overview
Formulation strategies for orally administered small molecules 
can vary widely for early-phase clinical studies and are not always 
optimal for the program. Sponsors should consider a wide range 
of formulation options as they develop program strategies, 
weighing level of effort versus clinical needs for the short and  
long term. 

This webcast will discuss formulation strategies and their 
appropriateness depending on drug properties, dosing 
requirements, and corporate strategy.

Key Learning Objectives
	• Understand various formulation approaches and the 

situations for which each is best utilized.

	• Balance formulation level of effort vs. clinical needs  
(or wants)

	• Identify common issues, traps, and unforced errors in 
formulation development.

Who Should Attend
	• Executives in charge of development of new small molecules

	• Formulation and analytical scientists

	• Professionals overseeing the design of clinical studies

Formulation Strategies 
for Early-Phase  
Clinical Studies

Register for this free webcast at:  
www.pharmtech.com/pt_p/formulation_strategies
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free and discounted education, limit-
ed-time free access to the USP–NF, and 
free samples of USP monoclonal anti-
body reference standards. 

“Scientists and manufacturers work-
ing on developing new vaccines and 
treatments, increasing the production 
of approved drugs, and advancing 
other projects to tackle COVID-19 can 
access the USP–NF Online free for six 
months. Also, we have extended im-
plementation dates and comment pe-
riods for our compendia, recognizing 
the challenges that the pandemic has 
brought to drug developers and man-
ufacturers,” says Atouf.

“USP’s role in the wake of COVID-19 
is multi-pronged: we are helping to accel-
erate the work of scientists and manufac-
turers in developing vaccines and treat-
ments; supporting front line workers who 
will administer COVID-19 vaccines and 
treatments and who have been affected 
by shortages of critical drugs and per-
sonal protective equipment; and work-
ing on developing insights on current 
supply chain vulnerabilities and ways 
to strengthen it,” says Atouf. “Our ex-
pert volunteers and scientific staff can 
advise on novel vaccines, monoclonal 
antibody therapies, antiviral and cell 
therapies, and immunoglobulins or 
convalescent plasma treatments. And 
for existing and new therapies, USP 
compendial tests and methods ad-
dress common issues shared by all 
drug manufacturers, such as suitabil-
ity, validation, contamination control, 
stability testing, and qualification of 
raw materials,” he adds.

Planned updates to USP
One of the key topics USP is planning 
to address in 2021, according to Edwin 
Gump, PhD, vice president, USP Small 
Molecules, is the detection and control 
of nitrosamine impurities, which are 
known carcinogens that have been found 
in some medications. USP has proposed 
General Chapter <1469> Nitrosamine 
Impurities that identifies sources of ni-
trosamines and risks associated with 
each source. The proposed chapter, says 
Gump, will give recommendations on a 
nitrosamine risk assessment and control 

T he race for the development and 
approval of treatments and vac-
cines for COVID-19 is well under 

way, and regulators and other orga-
nizations are working with the bio/
pharmaceutical industry to get these 
products into the hands of the public. 
As ever, pharmacopoeias play a role in 
providing a standards framework for 
the development, manufacture, and 
quality of these life-saving medicines. 

With the current challenges facing 
industry and regulators, how has the US 
Pharmacopeia (USP), which publishes 
the United States Pharmacopeia–Na-
tional Formulary (USP–NF), been as-
sisting in the development of COVID-19 
treatments and how has the pandemic 
affected the organization’s operations?

USP, like many other organizations, 
has been ensuring the safety of its staff 
and shifted the majority of its staff to 

working remotely in March 2020, ac-
cording to Jaap Venema, PhD, chief sci-
ence officer at USP.  “Critical lab func-
tions continued in a way that minimizes 
the risk to on-site staff,” says Venema. 

“Similar measures were taken for USP’s 
expert volunteers, who now regularly 
meet virtually to advance their stan-
dard-setting work.”

Developing COVID-19 medicines
For USP, building trust in the effec-
tiveness of COVID-19 vaccines and 
treatments, ensuring global access to 
these treatments, and combating falsi-
fied and substandard medicines are the 
focus, according to Fouad Atouf, PhD, 
vice president, USP Global Biologics. 
USP has been offering free resources 
and technical expertise to developers 
of COVID-19 vaccines and treatments 
since early 2020, says Atouf, including 

USP is preparing for 2021 while  
also supporting the development  
of vaccines and treatments for COVID-19.

USP, COVID-19,  
and Plans for the Future
Susan Haigney
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strategies. It will also provide different 
test methods for controlling nitrosa-
mines at levels below acceptable intake 
limits in angiotensin II receptor blockers.

According to Horacio Pappa, PhD, 
director of USP General Chapters, USP 
is also developing a chapter on supplier 
qualification that will provide a quality 
risk-based approach to the selection, as-
sessment, approval, and monitoring of 
suppliers. “Suppliers for pharmaceuti-
cal ingredients, medical devices, as well 
as dietary supplement manufacturing 
companies and compounding pharma-
cies will be within the scope of the chap-
ter,” says Pappa. “The current thinking 
is to develop the chapter around the 
supplier qualification lifecycle—a five-
step process that includes identification/
selection, evaluation/acceptance, per-
formance, monitoring, and disqualifi-
cation—along with discussions about 
expectations and a rationale for each 
step,” he says.

Proposed USP General Chapter 
<1220> Analytical Procedures Life 
Cycle offers “an alternate framework 
for analytical procedures that holisti-
cally incorporates the events that take 
place over the procedure life cycle,” 
says Pappa. “It is designed to demon-
strate that a procedure is, and remains, 
fit for the intended purpose.”

The proposed chapter also seeks to 
build the connections between valida-
tion, verification, and transfer through 
the life cycle approach, says Pappa. 
At the same time, the International 
Council for Harmonization (ICH) has 
started the revision of the Q2 Valida-
tion of Analytical Procedures: Text and 
Methodology guideline on validation 
and proposed the creation of a comple-
mentary guide (Q14 Analytical Proce-
dure Development) on the development 
of analytical procedures. “These guide-
lines will incorporate some of the con-
cepts presented in <1220>,” says Pappa.

In 2021, USP also will propose pro-
cedures based on inductively coupled 
plasma spectroscopy (ICP) to ele-
ment-specific general chapters, which 
impact USP General Chapters <206> 
Aluminum, <211> Arsenic, <241> 
Iron, <251> Lead, <291> Selenium, and  

<261> Mercury, according to Pappa. 
“This will give our stakeholders the op-
tion to continue using the classical wet 
chemistry tests as currently included 
in these chapters, or to adopt the use 
of an ICP-based procedure for analysis 
of the element in question, as similarly 
outlined in USP <233> Elemental Im-
purities—Procedures. This ensures 
the same approach is used through-
out USP–NF regarding the analysis 
of individual metals with elemental 
impurities. This revision will provide 
stakeholders with an option for a sin-
gle analysis to meet both monograph 
and chapter requirements, rather than 
multiple procedures,” says Pappa. 

USP also is planning a chapter on 
batch release testing. “USP is aware 
that many of our tests are commonly 
used for batch release, but the proce-
dures and acceptance criteria in Gen-
eral Chapter <905> Uniformity of 
Dosage Units refer only to the units 
tested, so any passing results should 
not be extrapolated to larger popu-
lations. The approach to release the 
batch (with respect to content uni-
formity) based on passing the <905> 
requirement is neither appropriate nor 
acceptably rigorous,” says Pappa. 

When it comes to large molecules, 
USP added additional performance 
standards for monoclonal antibodies, 
according to Atouf. “These reference 
standards can be used as independent 
control materials for method develop-
ment, training, method transfer, and 
internal assay control support, stan-
dardization of physicochemical testing, 
such as intact mass, charge heteroge-
neity, size variants, purity, and glycan 
analyses. These types of standards 
will have a positive impact on access 
to these critical drugs,” says Atouf.

In addition, a Plasmid DNA Expert 
Panel has been formed under USP’s Ad-
vanced Therapies Expert Committee to 
develop a new general chapter on the 
use of plasmid DNA in cell and gene 
therapies, according to Atouf. USP will 
also be developing a lentiviral vector 
copy number standard to “standard-
ize the quantitation of viral vectors in 
cellular genomes. This is important 
because the number and persistence of 
inserted genes in patients may lead to 
health complications, and quantifying 
vectors efficiently in preclinical studies 
for gene therapies and vaccine develop-
ment may prevent adverse events in pa-
tients,” says Atouf. PT

With the current challenges facing industry and 
regulators, how has the European Directorate for 
the Quality of Medicines and HealthCare (EDQM), 
which publishes the European Pharmacopoeia (Ph. 
Eur.), been assisting industry in the development of 
COVID-19 treatments?

EDQM is working closely with the European 
Medicines Agency (EMA) to provide COVID-19 
vaccine developers access to guidelines, 
resources, and applicable pharmacopeial texts, 
according to EDQM Director Susanne Keitel. 

“The EDQM, for its part, has made available 
European Pharmacopoeia texts that are relevant 
for developers in the context of Marketing 
Authorisation Applications for candidate 
vaccines,” she says. Some academic institutions 
and small- and medium-sized enterprises 
involved in COVID-19 vaccine development, 
according to Keitel, may not be aware of all the 
applicable regulatory requirements.  “More than 

40 quality standards relevant for vaccines have 
been published on our website. Developers can 
take them into account to help build appropriate 
analytical control strategies for their COVID-19 
candidate vaccines and ensure the quality and 
safety of the final product,” says Keitel.

EDQM is also coordinating the European Network 
of Official Medicines Control Laboratories (OMCLs) 
for official control authority batch release (OCABR) 
to prepare for the additional release test for COVID-
19 vaccines independent from the manufacturer, in 
line with European Union legislation, according to 
Keitel. “This work includes a guidance document on 
the transfer of relevant tests, which, in order to save 
time, will not depend on the final validation of the 
analytical methods; and an information table on the 
testing capabilities of the different OMCLs, so that 
manufacturers can easily select the most appropriate 
OMCL for their products,” says Keitel.

—Susan Haigney

An Update on EDQM
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Notable trends and challenges in bioprocessing analytics, 
weighing and scale-up

Bioprocessing trends are evolving, and posing daily challenges in 
the process. Whether dealing with scale-up, weighing, or basic 
analytics, there’s a lot for labs to digest.

Pharmaceutical Technology sat down with Dr. Tyler Gable, market 
development manager of biologics and biopharmaceuticals at Mettler 
Toledo Autochem; Olivier Berteau, pharmaceutical and biotech industry 
manager at Mettler Toledo Process Analytics; and Dr. Carmen Geissen, 
pharmaceutical segment market manager at Mettler Toledo Industrial 
Weighing to discuss what labs need to know for successful bioprocessing 
analytics, weighing, and scale-up.

PHARMTECH: What are some significant changes in  
bioprocessing trends?

GABLE: The pharmaceutical industry is shifting from mostly small-
molecule to more large-molecule candidates and emerging 
technologies, such as cell and gene therapies. In this transition, we see 
many similarities to the experiences of small-molecule chemists, which 
we’ve learned from over the last 30 years.

For example, manual process characterization, sampling, and modulation 
are tedious and laborious—if not impractical—without a direct eye into 
the process. However, bioprocess scientists are embracing lessons and 
engineering best practices from small-molecule chemistry that have 
created a significant shift in technology applied to bioprocessing. Varied 
interest in continuous processing or other forms of process intensification 
mandate heightened understanding and control. But control and the 
ability to make decisions in real time are often only possible from an 
overlay of multiple orthogonal process parameters and quality attributes. 
New technologies are constantly being evaluated to provide such insight 
without requiring intensive manual process involvement.

PHARMTECH: What challenges do labs face when developing and 
scaling up bioprocesses?

GABLE: While investments into upstream bioprocesses have yielded 
significant improvements for biomass and titer output, they’ve also 
burdened downstream processing operations vis-à-vis workflow 
efficiency and the need to retain drug-substance yield and quality. Also, 
when we try to measure a process parameter or quality attribute, we 
may not be measuring the direct attribute, but rather a surrogate. Or 
we might be measuring a parameter with an imperfect or inconsistent 
correlation to an outcome.

The Changing  
Bioprocessing Landscape PHARMTECH: Inline analysis is always at the junction 

of process science and scale-up performance. What 
are your thoughts on this?

BERTEAU: Technically, this is true. A biological model 
ex vivo is first affected by the culture environment, 
so if one only considers external parameters such as 
temperature, mixing, pH, or the availability of oxygen to 
feed a cell population without looking at accumulation 
of byproducts like dissolved CO2, or the generation 
of unwanted oxidative stress, scale-up will remain 
performant according to the bioreactor ratio and 
aforementioned external parameters.

PHARMTECH: What are critical considerations for 
how inline analysis can impact a fermentation or cell-
culture process?  

BERTEAU: All chemical engineering-related aspects 
to optimize mixing, the impact of temperature 
gradient, the impact of a pH drift, and the aeration 
strategy are well described and continue to be 
studied. Beyond those, accumulation of byproducts, 
poor dissolution, and availability of specific nutrients 
and the physiological impact of aeration on the cell 
population and media are becoming logical paths 
for scientists to explore.

PHARMTECH: How does inline process analytical 
technology (PAT) improve bioprocess development 
and production?

GABLE: PAT is about delivering higher confidence, 
constant insight, automation, and time savings. If you 
could have an automated reactor station make an 
entire design of experiment (DoE) set of samples 
overnight, wouldn’t you?

PAT, especially spectroscopy, is commonly talked about 
relative to “controlling a process,” but PAT also helps 
ensure you never lose sight of the process to begin 
with, especially in combination with trends from other 
biophysical sensors. An in-situ spectroscopy method 
can measure a process continually and identify a root-
cause deviation through overlay of parameters where 
long investigations would otherwise be required, 
which means getting answers faster.

PHARMTECH: Why should bioprocess scientists 
use PAT?

GABLE: Though PAT can be seen as more time 
intensive, most bioprocess PAT pioneers realize 

significantly improved productivity and effective 
process development because, when applied correctly, 
PAT acts like a force multiplier. Incredible amounts of 
data and higher-quality information can be gleaned 
from fewer experiments and leveraged across an 
organization. When you take the time to measure 
everything, you rarely miss anything.

PHARMTECH: Weighing plays an important role in 
several bioprocessing steps. How can manufacturers 
ensure that their weighing equipment is fit-for-
purpose in bioprocessing?

GEISSEN: Weighing equipment should be 
selected based on risk assessment and process 
tolerance through a good weighing practice (GWP) 
recommendation prior to acquisition. In addition to 
scales, project-specific, weigh-module accuracy for 
weighing high-volume bioreactors is estimated during 
the GWP consultation.

Fit for purpose impacts profitability, so defining the 
process tolerance for vial filling and recommending 
the appropriate high-precision weigh modules 
saves costs by avoiding overfilling of valuable 
biologic products.

PHARMTECH: If you could share your most 
important consideration for scale-up based on 
your area of expertise, what would it be?

GABLE: PAT is not as complicated as you think. 
Recent advances have made PAT smaller, faster, 
easier to use, and applicable to a wide application 
range. It’s a myth that infrared doesn’t work in 
aqueous environments; however, with a proper 
sampling technology—such as an attenuated total 
reflectance fiber probe—this hasn’t been true 
for decades and, in fact, has many benefits for 
bioprocessing workflows.

BERTEAU: When considering improvements to a 
scale-up or scale-out model, the characterization 
methodology required at scale to better monitor 
byproduct accumulation and retro-control the 
impact of byproducts forming and accumulating 
helps maintain batch-to-batch quality and 
productivity. Fine-tuning process controls to 
accelerate growth rate and eliminate oxidative stress 
will improve expression and reduce the impact of 
scale if such a performance-improving methodology 
is applied beyond process understanding.

https://www.mt.com/us/en/home.html
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For example, manual process characterization, sampling, and modulation 
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the process. However, bioprocess scientists are embracing lessons and 
engineering best practices from small-molecule chemistry that have 
created a significant shift in technology applied to bioprocessing. Varied 
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mandate heightened understanding and control. But control and the 
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correlation to an outcome.
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ex vivo is first affected by the culture environment, 
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feed a cell population without looking at accumulation 
of byproducts like dissolved CO2, or the generation 
of unwanted oxidative stress, scale-up will remain 
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aforementioned external parameters.

PHARMTECH: What are critical considerations for 
how inline analysis can impact a fermentation or cell-
culture process?  

BERTEAU: All chemical engineering-related aspects 
to optimize mixing, the impact of temperature 
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for scientists to explore.
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could have an automated reactor station make an 
entire design of experiment (DoE) set of samples 
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weighing high-volume bioreactors is estimated during 
the GWP consultation.

Fit for purpose impacts profitability, so defining the 
process tolerance for vial filling and recommending 
the appropriate high-precision weigh modules 
saves costs by avoiding overfilling of valuable 
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important consideration for scale-up based on 
your area of expertise, what would it be?

GABLE: PAT is not as complicated as you think. 
Recent advances have made PAT smaller, faster, 
easier to use, and applicable to a wide application 
range. It’s a myth that infrared doesn’t work in 
aqueous environments; however, with a proper 
sampling technology—such as an attenuated total 
reflectance fiber probe—this hasn’t been true 
for decades and, in fact, has many benefits for 
bioprocessing workflows.
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is applied beyond process understanding.
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Lyon adds that the biggest recent ad-
vances are, in fact, largely around con-
tainment. “As HPAPIs become increas-
ingly potent, the need for containment 
during processing becomes increasingly 
rigorous,” he states. It is important to 
remember, he points out, that contained 
processing is required across HPAPI de-
velopment and manufacturing, including 
any particle engineering and other pro-
cessing required to generate a finished 
dosage form. “Each of the technologies 
used is able to be contained to different 
levels based on its footprint and the need 
for powder handling,” Lyon adds.

Single-use in HPAPI manufacturing
One of the ways to reduce risk during the 
manufacture and formulation of HPAPIs, 
at least for liquid HPAPI solutions, is to 
employ single-use containment systems. 

“Disposable solutions can be designed to 
be much more specific for a particular 
process and are just as safe in terms of 
band 5 containment, but significantly 
less expensive than traditional barrier 
isolation systems,” Haney explains. In 
particular, disposable solutions are ideal 
for early-phase products for which it is 
undesirable to dedicate manufacturing 
capacity and suites.

At its multiproduct sites, AMRI has 
implemented a single-use philosophy 

because it reduces risk of cross-contam-
ination, which is a key issue for HPAPIs. 

“Anything that is used for our formulation 
process or the pathway for delivery into 
the vial is one-use and then disposed of,” 
MacGilp says. In fact, the company has 
moved the upstream formulation process 
to a single-use isolator that can contain 
any compound below 0.1 µg/m³. The 
system has been fully qualified by Safe-
Bridge and is used as a single-use system 
on a routine basis.

“We are excited to blend the manufac-
turing controls of traditional barrier iso-
lators and hard-sided containment with 
new opportunities that are more flexible 
and single use,” concludes Haney. PT

Development — Contin. from page 22

without a dramatic schedule-breaking 
renovation is where the industry needs 
to be headed to adapt to and accommo-
date the ever-changing and evolving 
product pipeline demands.” 

Whether capacity constructed for 
COVID vaccines will be needed for 
short or longer term is unknown, says 
Jornitz, but the facilities can be used 
for other production if it is designed 
with containment, segregation, and re-
purpose in mind. “Podular infrastruc-
tures have the benefit of being mobile, 
autonomous, and built for segregation. 
These units can either be used for other 
applications, moved to a different loca-
tion where capacity is needed, or broken 
down to smaller segments for totally 
different needs. Repurposing clean-
room infrastructures is part of the total 
cost ownership value,” explains Jornitz. 

Turnkey facilities
The industry is moving toward the use of 
turnkey, predesigned facility platforms, 
says Jornitz. “Today, most of these facil-
ities are piecemeal and at the end every-
body hopes it will work, but it really all 
depends on the experience and capabili-
ties of the project management,” he says. 
Moving to turnkey facilities reduces the 
dependence on project management and 
allows more predictability. G-CON and 
IPS partnered to offer the iCON turnkey 
modular facility platform solution for 

biomanufacturing, and Jornitz says it 
can be used for vaccine production. “It is 
a complete package, tying together the fa-
cility, utilities, cleanroom infrastructure, 
equipment, and automation,” explains 
Jornitz. G-CON also partnered with Pall 
to offer a viral vector manufacturing plat-
form with process equipment from Pall 
inside a G-CON POD cleanroom. The 
platform is offered in four scales, from 
process development through CGMP 
clinical and commercial manufacturing. 

In May 2020, Exyte and Univercells 
Technologies announced a partnership 
to deploy modular, standardized facilities 
for manufacturing vaccines (1). Univer-
cells’ NevoLine vaccine manufacturing 
platform is an intensified process that 
uses continuous/semi-continuous process 
equipment with automation, and the small 
manufacturing footprint can be housed 
inside the ExyCell cleanroom. The facili-
ties can be commissioned quickly, regard-
less of location, says Kappeler. 

“Univercells’ process … allows an un-
precedented reduction in the necessary 
scale and the required floor space. We see 
these developments as fundamental for 
future vaccine facilities, as they enable a 
significant downsizing of the plant design 
and a reduction in complexity regarding 
the provision of utilities or the biosafety 
level requirements for building and in-
stallations,” explains Kappeler. 

The vaccine facility of the future 
The COVID-19 pandemic has put a spot-
light on the need to be able to respond 

quickly and be better prepared for the 
next time. In the future, although some 
of the more traditional, large-scale pro-
cesses for vaccine manufacturing may 
not see dramatic change, cell-based 
vaccines will have smaller, more flexible 
footprints with more single-use process 
technologies, suggests Jornitz. “We see 
a strong pull for in-country/for country 
manufacturing sites [that] are ultimately 
smaller and still meeting the capacity 
needs. COVID showed that dependency 
on supplies from other countries could 
jeopardize the fulfillment of healthcare 
needs in one’s own country. These types 
of facilities will see a higher utilization 
even with seasonal vaccine needs and 
could potentially be used for multi-prod-
uct purposes,” he predicts. 

“Companies need to have a way to 
pivot spaces between different production 
platforms without having to gut them 
and renovate every time,” says Walters. 
“Leveraging the flexibility of single-use 
technologies, equipment can be rear-
ranged within flexible production spaces 
to allow for shifting to production of dif-
ferent products. Companies having more 
facility spaces with this level of flexibility 
in mind may just help set the stage for a 
more rapid industry response to the next 
global shortage.”

Reference
1. Exyte, “Exyte and Univercells Technolo-

gies Combine Forces for Rapid Deploy-
ment of Vaccine Production Plants in the 
Wake of the COVID-19 Pandemic,”  Press 
Release, May 14, 2020. PT

Manufacturing —  
Contin. from page 34 
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treatments (1). “We are confident that 
there will be enough primary packag-
ing containers available globally to de-
liver one or more vaccines safely and 
fast to the people,” says Stefan Marc 
Schmidt, vice-president of global sales 
and marketing at SCHOTT Pharma-
ceutical Systems.

Glass vials and syringes
Borosilicate glass is the most widely 
used material to package vaccines and 
has been used for more than a century. 
Approximately 50 billion borosilicate 
glass containers are made annually 
worldwide for use with a wide variety 
of vaccines and treatments (2). With 
well-established infrastructure and 
long-term fill/finish experience, most 
COVID-19 vaccines will likely use this 
packaging format. In fact, SCHOTT, 
which operates a global validated pro-
duction network with 20 plants and 
more than 600 production lines for 
pharma glass and packaging, already 
has delivered millions of glass vials 
to SARS-CoV-2 programs includ-
ing supplying three out of every four 
COVID-19 vaccine projects undergo-
ing Phase I, II, and III testing (3).

Schmidt believes demand for glass 
vials generated by the approval of 
one or more COVID-19 vaccines can 
be met without causing shortages for 
non-COVID-related vaccines, treat-
ments, and diagnostics. He reports, 

“We are closely monitoring the demand 
for vials. The supply process for phar-
maceutical vials itself has not changed 
and is based on standardized proce-
dures. As a packaging supplier, we 
know with several months lead time 
how many vials to deliver and when 
to deliver them. This [lead time] gives 
us enough room to prioritize our pro-
duction. Since we produce the pharma-
ceutical glass tubing for the packaging 
ourselves, we are also able to adjust the 
capacities for glass production in ad-
vance, which also benefits packaging 
manufacturers who do not have their 
own glass production facilities.”

SCHOTT and other producers of 
borosilicate glass containers, such 
as Stevanato Group, Gerresheimer, 

I f the COVID-19 pandemic has 
a theme, it’s shortages. At times, 
there hasn’t been enough personal 

protective equipment for front-line 
workers and caregivers or ventilators 
for the sickest victims. In addition, lim-
itations related to testing, lab capacity, 
and contact tracing continue to make 
it difficult to identify those exposed to 
the virus in a timely manner. 

When a vaccine becomes available, 
will the packaging supply chain be 
better prepared? Suppliers are work-
ing hard to prevent shortages and bot-
tlenecks. Because many organizations 
are developing vaccine candidates 
that look promising, there is a possi-
bility more than one vaccine will be 
commercialized. If these vaccines rely 
on different administration routes 

(e.g., inhaled, oral, transdermal, and 
injectable), then demand for primary 
packaging can be extended across mul-
tiple packaging formats. Relying on a 
combination of blow-fill-seal syringes, 
glass-coated plastic vials and syringes, 
fused-quartz vials, microneedle array 
patches, prefilled glass or plastic sy-
ringes, traditional glass vials or sy-
ringes, bottles for solid dosage forms, 
or metered-dose inhalers may be 
needed to quickly deliver the billions 
of COVID-19 vaccine doses that will 
be required. 

Another shortage-mitigation fac-
tor is that packaging suppliers and 
fill/finish operations were investing 
heavily to meet rising demand before 
the pandemic started and have accel-
erated efforts in recent months to en-
sure they will be ready to address the 
skyrocketing need generated by the 
approval of COVID-19 vaccines and 

Packaging suppliers prepare to meet 
the demand unleashed by manufacturing 
for COVID-19 vaccines and treatments.  

Is the Packaging  
Supply Chain Ready? 
Hallie Forcinio

Hallie Forcinio is Pharmaceutical 
Technology’s packaging editor,  
editorhal@sbcglobal.net. 
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Corning, and DWK Life Sciences, have 
been working to boost capacity and 
quality for some time (2, 4). SCHOTT 
announced in 2019 it would invest 
approximately $1 billion. “We are on 
track to increasing tubing capacity by 
roughly 40,000 tons by the end of 2021,” 
says Fabian Stöcker, vice-president of 
strategy and innovation at SCHOTT 
Pharmaceutical Systems. “That equals 
roughly seven billion pharma pack-
aging containers,” he explains. The 
investment program enables rapid 
ramp-up of production. “Since our 
sites are already validated by the au-
thorities and by major pharma compa-
nies, our expansion is happening at a 
very fast pace,” reports Stöcker. 

DWK Life Sciences has more than 
doubled production capacity for boro-
silicate glass vials at its ISO 9001-cer-
tified plant in Rockwood, TN. Specific 
upgrades include the addition of auto-
mated tube loaders with vertical load-
ing capabilities; automated, touchless 
manufacturing processes; and Class 8 
certified cleanroom robotic packing. “By 

converting to state-of-the-art lines, com-
plete with dimensional and cosmetic 
vision inspection equipment, we’ve in-
creased productivity in the plant and are 
delivering industry-leading quality for 
glass vials,” said Rick Schwartz, senior 
vice-president of marketing and sales at 
DWK Life Sciences (4).  

Corning produces both borosili-
cate glass tubing and coated alumi-
nosilicate Valor Glass vials. For Valor 
Glass vials, an ion-exchange process 
helps minimize breakage, cracks, and 
particulate contamination, while the 
coating lowers the coefficient of fric-
tion and eliminates cosmetic flaws. De-
spite eliminating boron and adjusting 
the ratios of other ingredients, Valor 
Glass meets the current United States 
Pharmacopeia (USP) Type I hydrolytic 
criteria and has low extractable con-
centrations (5). 

Valor Glass vials can enable drug/
vaccine manufacturing fill lines to run 
at much higher speeds while main-
taining high operational efficiency 
(80+%) and improved yields compared 

to conventional containers, reports 
Corning. “Increased speed improves 
capacity for producing COVID-19 
countermeasures,” notes Brendan 
Mosher, vice-president and general 
manager of Corning Pharmaceutical 
Technologies. He continues, “We . . . be-
lieve that both [borosilicate and Valor 
Glass] can play an important role in 
the supply chain for COVID-19 phar-
maceutical products.” 

In mid-October 2020, Corning pro-
jected it would ship tens of millions of 
vials in the coming weeks to multiple 
Operation Warp Speed vaccine devel-
opers. Mosher reports, “We’ve quadru-
pled capacity at our Big Flats manufac-
turing facility in New York and will be 
able to ship enough vials to support 
hundreds of millions of COVID-19 
vaccine doses next year. We will con-
tinue to scale manufacturing to meet 
increasing customer demand over the 
next three years and beyond.” 

A new glass furnace installed at its 
Vineland, NJ facility was scheduled 
to begin serving customers in No-

Operations

Sterilization of primary packaging, an essential step in delivering a safe, ben-
eficial vaccine, ranks as a critical factor in the timely distribution of a COVID-19 
vaccine. Options include gamma radiation, e-beam, ethylene oxide (EtO), and 
x-rays, among other technologies. Greater adoption of the e-beam sterilization 
process could help prevent bottlenecks associated with sterilization constraints.

“At present, e-beam technology accounts for up to 4–6% of the industrial 
sterilization market. At about 40% of the market, gamma radiation ranks 
second with EtO at number one with roughly 50%. Steam, heat, and x-ray are 
examples of sterilization methods that account for the remainder. However, 
with widespread concern about residues and toxicity, EtO is unlikely to be 
used for vials [for vaccines] given the nature of the product,” says Gustavo 
Varca, manager of new applications development at E-BEAM Services.

That leaves gamma and e-beam sterilization as the primary methods to treat 
packaging for COVID-19 vaccines. “The requests for conversion from gamma to 
e-beam sterilization have increased considerably in recent months,” reports 
Varca. He attributes this activity to e-beam’s faster turnaround, lower costs, 
and more accessible capacity. In addition, he says, E-BEAM Services is giving 
priority to qualifying and sterilizing COVID-19-related products.

Both gamma and e-beam radiation sterilization methods are governed by the 
ANSI/AAMI/ISO 11137 standard (1) and may be performed by the manufacturer 
of the primary packaging or component, the fill/finish operation, or a third-
party service. Varca explains, “Gamma sterilization uses the decay of radioactive 
cobalt-60 to generate photons. In contrast, e-beam uses high-energy, machine-

generated electrons to penetrate the products. Each radiation technology 
sterilizes with the same dose, typically around 15–30 kGy. E-beam delivers a 
much higher dose rate than gamma (several orders of magnitude higher), which 
generally means less degradation to sensitive products. Processing time is much 
faster with e-beam; it might only take a matter of minutes or even seconds with 
e-beam to achieve the same dose that would take hours to achieve with gamma.” 
However, he notes, “Gamma has better penetration than e-beam, . . . which 
makes it a better fit for high-density products.” 

With its dependence on cobalt-60, the gamma process is experiencing 
constraints due to a limited supply and because the material needs to be 
replaced every eight to 16 months to maintain proper radiation levels. 
According to Nordion, the dominant supplier of cobalt-60, capacity has risen 
during the past five years and investments are continuing, but demand 
currently exceeds supply by approximately 5% (2). 

Meanwhile, although E-BEAM Services currently has capacity available, 
it has been working to expand beyond the five beams currently operating 
in North America. Starting up a new e-beam facility takes between 24–30 
months from design concept to qualified operation and requires high capital 
investment, licensing, and training. “It’s not a simple feat,” concludes Varca.
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vember 2020. Mosher says, “With the 
US government’s investment that we 
announced in June, we will be able 
to scale manufacturing to meet in-
creasing customer demand. This will 
result in a three- to four-fold capacity 
increase by the end of this year, and 
a 10-fold increase by the end of next 
year as our Durham, NC, manufac-
turing footprint comes online in the 
second half of 2021. Per the agreement 
... with BARDA [Biomedical Advanced 
Research and Development Authority, 
part of the US Department of Health 
and Human Services’ Office of the As-
sistant Secretary for Preparedness and 
Response], Corning will provide prior-
ity access to designated BARDA vac-
cine and drug development partners.”

Glassmakers also have focused on 
preventing supply chain problems. At 
SCHOTT, Schmidt says, “When the 
pandemic started, we knew that we 
needed to make sure that our prod-
ucts were getting to customers without 
delay.” Incoming supplies were secured 
and authorities were alerted to ensure 
the products would be regarded as es-
sential and shipments would not be 
stalled in transit. 

Andrea Zambon, marketing and 
product management director at 
Stevanato Group, reports, “Since the 
outbreak of COVID-19, we’ve been se-
curing supplies. We’ve increased our 
staff in production and redesigned 
shifts [so they could continue] to pro-
duce without any stop and deliver our 
products while preserving our staff ’s 
health and safety. We’ve proactively in-
vested by adding significant capacity as 
much as we could in our worldwide op-
erations for the production of bulk and 
ready-to-use vials. We’ve been able to 
act fast, installing the latest generation 
of our glass converting lines, which we 
produce in-house through our com-
pany Spami.”

Fused-quartz vials 
Stevanato Group also is collaborating 
to supply Pur Q fused-quartz vials 
from Momentive Technologies in 
Stevanato’s EZ-fill packaging format, 
which provides ready-to-use contain-

ers for aseptic fill/finish operations. 
The EZ-fill configuration gives pharma 
companies clean, sterilized, and de-
pyrogenated ready-to-fill containers 
with a high level of machinability and 
compatibility with existing fill/finish 
technology. “Pur Q vials conform to 
the ISO vial dimensional requirements, 
which ensure their compatibility with 
all the leading stopper/closure systems  
... used on these vials, in the pharma-
ceutical industry today,” explains Rob-
ert Koch, global commercial director at 
Momentive Technologies.

Made from 99.995% pure silicon 
dioxide (SiO2), the fused-quartz vials 
have an exceptionally inert, nonreac-
tive surface that virtually eliminates 
any risk of interaction with packaged 
drug formulations (6). Koch reports, 

“The raw materials are very tightly 
controlled and then subjected to a 
number of refining steps that result in 
the consistent, industry-leading purity. 
Each batch of raw material undergoes a 
trace elemental screen using ICP-OES 
[inductively coupled plasma-optical 
emission spectrometry] before it is re-
leased for production,” he adds. 

In comparison, Koch says, “Conven-
tional Type I vials in use today are typ-
ically 75–80% SiO2 with the remaining 
components comprised of additives, 
particularly from the boron, alkali, 
and alkaline earth groups. While bo-
rosilicate Type I glass vials are an effec-
tive packaging material for many of the 
pharmaceutical drugs on the market 
today, Pur Q vials are ideal for sensi-
tive drugs where interaction with even 
trace elements could be detrimental.”

EZ-fill secondary packaging stores 
vials safely in a tray or nest-and-tub 
configuration for efficient filling, while 
minimizing glass-to-glass contact and 
the chance of breakage, cosmetic de-
fects, or particulate generation during 
fill/finish operations. The ready-to-use 
format allows drug makers to screen 
early-stage drug formulations and 
scale up to full production, without 
changing the container or filling pro-
cess (6). “Being a ready-to-fill solution, 
SG EZ-fill can speed up the time to 
market,” explains Fabio Bertacchini, 

director of product management at 
Stevanato Group.

In addition, a low (near zero) coeffi-
cient of thermal expansion makes the 
Pur Q fused-quartz vials extremely re-
sistant to thermal shock and therefore 
compatible with any storage temperature. 

“As an example, in other industrial appli-
cations, fused-quartz tubing is regularly 
exposed to temperatures of -196 °C,” says 
Koch, noting that storage temperatures 
for drug products in fused-quartz vials 
are more likely to be limited by stopper 
and closure system limitations. 

Stoppers and seals
Many of the vaccine candidates rely on 
a vial format, which requires stoppers 
and seals. To prevent shortages of these 
components and bottlenecks in vaccine 
distribution, West Pharmaceutical Ser-
vices, a supplier of stoppers and flip-off 
seals with 25 plants worldwide, is tak-
ing steps to ensure adequate supplies. 

“We are working with our suppli-
ers so we will have the raw materials 
needed to meet these huge demands, 
and we are investing in capacity and 
f lexibility to quickly meet market 
needs,” reports Whitney Winters, se-
nior director, strategic marketing, Bio-
logics at West Pharmaceutical Services. 

“In some cases, we are talking with sup-
pliers and customers daily,” she reports. 

In addition, she says, “We are spend-
ing a lot of time in scenario planning for 
next year to ensure we’ll be able to meet 
the needs of COVID-19 vaccines, treat-
ments, and diagnostics while still sup-
porting makers of non-COVID-19 vac-
cines, treatments, and diagnostics.” As 
a result, West Pharmaceutical Services 
is scaling up both equipment and labor. 
Winters notes, “In-shoring is one of our 
top priorities. We’re adding production 
lines and team members to cover ad-
ditional shifts and capacity ramp-up. 
Some plants already run 24/7, others 
are adding shifts. We have two priori-
ties—to ensure the health and safety of 
team members and to supply the mar-
ket for COVID-19 and non-COVID-19 
products without interruption.” 

One West product, the FluroTec 
stopper, is designed for sensitive bio-
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Operations
logics. A fluoropolymer barrier film, applied to the elasto-
mer, provides a protective layer that separates the product 
from the stopper. The stoppers can be autoclaved by West 
and provided as a sterile component or sterilized at the fill/
finish location. Seals also can be delivered as a sterile com-
ponent after gamma sterilization by a third-party provider.  

The proven FluroTec technology and the company’s 
well-established NovaPure brand of stoppers provide vaccine 
makers with a high level of confidence the packaging will 
pass container/closure integrity and stability tests, says Win-
ters. “Right now, vaccine makers need tried-and-true packag-
ing,” she says. To help save time, West’s Analytical Services 
Lab can assist with container/closure integrity testing. 

Bottles and blisters 
Although many of the vaccine candidates are parenteral 
dosage forms, oral vaccines are under development by 
Vaxart and Merck (7, 8). If successful, these vaccines would 
likely rely on conventional high-density polyethylene or 
multilayer barrier bottles or blister packaging commonly 
used for solid dosage forms. “SARS-CoV-2, the coronavi-
rus that causes COVID-19, is primarily transmitted by viral 
particles that enter through the mucosa—nose, mouth, or 
eyes—strongly suggesting that mucosal immunity could 
serve as the first line of defense. In addition, our vaccine 
is a room temperature-stable tablet, an enormous logistical 
advantage in large vaccination campaigns,” stated Andrei 
Floroiu, CEO of Vaxart (7). A self-administered solid-dose 
vaccine eliminates the need for sterile fill/finish operations 
and temperature-controlled handling and also offers sus-
tainability benefits because it would eliminate the need to 
dispose of administration supplies, such as vials, syringes, 
needles, gloves, masks, and cotton balls (9).  
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