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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
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Rita Peters is editorial 
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thoughts and story ideas to 
rpeters@mjhlifesciences.com.

Rita C. Peters

R ising numbers of confirmed 
cases of COVID-19, hospital-
izations, and deaths as the last 

quarter of 2020 began signaled what 
may be the predicted second wave of 
the global coronavirus pandemic. 

For geographic regions that expe-
rienced high infection and fatality 
rates in the spring, a dreaded sense 
of “here we go again” seemed to be 
taking hold. In my home region of 
the Northeast United States, health-
care experts and government officials 
weighed the economic considerations 
of keeping businesses and schools 
open and complaints of “pandemic 
fatigue” with the potential for the 
virus to spread rapidly. 

Fortunately, healthcare profession-
als have made progress in identifying 
treatment options and protocols to 
treat COVID-19 patients, improving 
the odds of survival. Diagnostic test-
ing has improved from the early days 
of the pandemic but is, according to 
many public health experts, insuffi-
cient to provide crucial information 
to address outbreaks in a timely man-
ner. And many people—but again, not 
enough—learned to adhere to basic 
public health messages to wash hands, 
wear face coverings, and to practice 
social distancing. 

Are we better prepared?
One way to assess US preparation is to 
review action taken to resolve previous 
health emergencies. One lesson the 
pharma industry has not learned—for 
nearly two decades—is to effectively 
resolve drug shortages. 

A recent report from the Center for 
Infectious Disease Research and Policy 
at the University of Minnesota (1) noted 
that 29 of 40 critical drugs used to treat 
patients with COVID-19 have experi-
enced shortages, including propofol, 
albuterol, midazolam, hydroxychlo-
roquine, cisatracurium, rocuronium, 
fentanyl, azithromycin, and vancomy-
cin. A rapid increase in the demand for 
these drugs, coupled with production 
and supply interruptions related to the 
pandemic, and trade bans imposed by 
foreign manufactures were contribut-
ing factors to the shortages. 

Other factors, such as quality-related 
production delays, lack of manufactur-
ing capacity, raw materials shortages, 
or business decisions to stop making a 
drug are familiar causes for shortages. 
While drug shortages are tracked by 
FDA, the root cause often is not appar-
ent due to a lack of supply chain trans-
parency, the report noted.

The US dependence on unknown 
foreign suppliers for raw materials 
means patients do not know where 
the ingredients in their drugs are com-
ing from. FDA lacks the information 
needed to anticipate the impact a dis-
ruption in the supply chain may have 
on the US drug supply.

Many consumer products—from 
fruit and vegetables to clothing to elec-

tronics—note the country of origin. An 
analysis of more than 40,000 prescription 
drug product labels, however, found that 
more than two-thirds did not report the 
name of the manufacturer or where it 
was made (1).

Mapping the supply chain
The report recommends a number of 
initiatives to address shortages, includ-
ing the following:

• A national entity—either existing or 
new—to analyze, predict, manage, 
and prevent drug shortages

• A map of the US drug supply chain, 
including the source of starting ma-
terials and where APIs and finished 
drugs are manufactured

• Prescription drug profiles detailing 
supply chain information, quality, 
and regulatory information listed 
on a consumer website

• Ongoing research on supply chain 
resiliency and a warning system to 
alert for potential shortages.

The authors offer good suggestions; 
however, the initiatives must work in 
concert with patient demands for lower 
prices for safe, effective drugs, drug 
company profit goals, and the reality 
that the industry depends on a global 
marketplace to succeed. 

The pandemic may kick-start a num-
ber of changes in the way drugs are made. 
Identifying and qualifying the supply 
chain deserves a top spot on the list.

Reference
1. S. W. Schondelmeyer, et. al., COVID-19: 

The CIDRAP Viewpoint, Part 6 Ensuring 
a Resilient US Prescription Drug Supply, 
Report, Oct. 21, 2020. PT

Pandemic-fighting  
Drugs in Shortage, Again

Resolving drug shortages starts  
with identifying the source of the problem.
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The 2021 PDA Annual Meeting promises to have something for everyone.

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

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

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

Register early to take advantage of the most signifi cant discounts!

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

2021 PDA
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SAVE THE DATE 
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CONNECT
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Double Planetary Mixer
T h e  ROS S D o ub l e 
Planetary Mixer from 
Charles Ross & Son 
Company is available 
w i t h  a n  o p t i o n a l 
weighing system for 
precise measurements 
t h r o u g h o u t  t h e 
batching procedure. 
The turnkey system 
(pictured) comes equipped with a mixer, weighing scale, and discharge 
system on mobile benches, with the ability to attach to one another, 
and to transfer carts of the same height. V-groove tracks allow easy 
movement of the Double Planetary Mixer vessel to the weighing station, 
and on to the discharge press for direct filling of syringes, tubes, or other 
containers.

Charles Ross & Son Company

www.mixers.com

Syringe Filling and 
Assembly System 
Tu r b o F i l  P a c k a g i n g 
Machines introduced the 
SimpliFil Syringe Filling & 
Assembly System for the 
automated production of 
syringe formats. Suitable 
fo r  smal l  to  medium 
batches, the new system can fill up to 36 syringes per minute while 
accommodating syringes with tips for press-on caps, luer caps, and 
safety caps for oral syringes.

The machine comes equipped with a walking beam indexing 
configuration for recipe-based changeover, an optional labeler to wrap 
syringes with pre-printed labels, an automatic syringe loading system, 
and a volume and vision system. Additionally, the system features a 
CompactLogix PLC, a 7-inch color touchscreen HMI, which can store 
recipes for streamlined repeatability.

TurboFil Packaging Machines

www.turbofil.com

Tubing Support System for 
Single-Use Manufacturing
The new line of Defined 
Tubing Routing (DTR) 
f r o m  H i g h  P u r i t y 
N e w  E n g l a n d  i s  a 
flexible tubing support 
system for single-use 
b i o p h a r m a c e u t i c a l 
manufac tur ing.  The 
system is available in a 2.9 m length that fits a variety of clips and 
standard tubing sizes from 6 mm–19 mm. 

DTR works to hold silicon tubing securely while eliminating and 
preventing dips in unsupported pressurized lines. It comes with color-
coded rigid supports for visual identification of tube connections, and 
clips and routes that mount to brackets for support. The portable 
mounting panels can be formulated to get tubing off the floor without 
damaging cleanroom walls.

High Purity New England

www.hp-ne.com

The HFC Disconnect 
Series for Cell and Gene 
Therapy Manufacturing
The HFC Disconnect 
Series from CPC (Colder 
Products Company) 
p r o v i d e s  s t e r i l e 
disconnection of tubing 
used for s ingle-use 
biopharma and cell and 
gene therapy manufacturing systems. With the ability to fit 1/4-inch, 
3/8-inch, and 1/2-inch inner diameter tubing, the series are available as 
separate connector bodies and inserts or as ready-to-install sets. 
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COVID-19 Vaccine Distribution 
Raises Multiple Challenges

A s manufacturers advance 
Phase III testing of multiple 
COVID-19 vaccine candidates, 

industry and government authorities 
are focusing on the vast delivery, 
handling, and information systems 
needed to bring vital preventives 
efficiently to appropriate healthcare 
sites. Important complications are 
that some promising vaccines re-
quire two shots about three weeks 
apart and must be shipped frozen, 
one at sub-sub-zero temperatures. 
Additionally, it’s not clear how man-
ufacturers, distributors, and pub-
lic health officials will deal with 
multiple approved vaccines and the 
possibility that a later preventive will 
be more potent than earlier shots. 

In hope of avoiding the confusion 
and mistakes that stymied access to 
diagnostic tests and personal pro-
tective equipment when the pan-
demic erupted six months ago, the 
administration’s Operation Warp 
Speed (OWS) has established an or-
ganization to oversee the delivery of 
COVID-19 vaccines, in addition to 
its more prominent role in funding 
the development of vaccines and 
therapeut ics to combat the pan-
demic. A cadre of military logistics 
experts are monitoring production 

and planning for distribution of au-
thorized medical products, headed 
by Gen. Gustave Perna, with support 
from the Centers for Disease Control 
and Prevention (CDC). 

The OWS plan for vaccine produc-
tion and distribution is outlined in its 

“From the Factory to the Frontlines” 
report to Congress issued Sept. 16, 
2020  (1). The report notes that initial 
vaccine distribution will follow rec-
ommendations of the Advisory Com-
mittee on Immunization Practices 
(ACIP), which advises CDC on vacci-
nation schedules and practices. ACIP’s 
recommendations will be shaped by a 
special panel formed by the National 
Academies of Science and Medicine 
(NASEM), which unveiled a frame-
work on Oct. 2, 2020 for a four-phase 
approach to COVID-19 vaccine allo-

cation and distribution (2). The panel 
called for the first phase to cover ap-
proximately 15% of the population in 
the United States, including front-line 
health workers and first responders, 
followed by individuals with underly-
ing health conditions that puts them at 
higher risk of severe disease or death. 
The NASEM advisors do not support 
early access for minority populations 
per se but addresses the needs of dis-
advantaged groups by prioritizing early 
access based on health conditions and 
limited access to care. 

Meanwhile, the CDC has provided 
advice to help state health depart-
ments update and expand vaccine 
distribution plans (3), a challenging 
task for local and tribal health depart-
ments charged with providing vac-
cines to priority populations. A CDC 
distribution contract with McKesson 
will handle initial vaccine deliveries 
from manufacturers to states and 
other jurisdictions. 

Last mile complicated
While the logistics of the initial deliv-
ery process are relatively limited and 
straight-forward, later expanded dis-
tribution to multiple sites will be more 
complex. The real challenge, explained 
Nicolette Louissaint, executive direc-
tor of logistics firm Healthcare Ready, 
is the “long, long dreaded last mile” 
within a state. The logistics really do 
differ, she explained at a briefing spon-
sored by the Alliance for Health Policy 
on Sept. 30, 2020, based on the popula-
tion to be vaccinated and the facilities 
engaged. And vaccination of a broader 

Experts fear confusion over allocation processes, cold-chain requirements, 
and IT systems needed to bring a COVID-19 vaccine to market.

Jill Wechsler

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.

While the logistics 
of the initial 
delivery process 
are relatively 
limited and 
straight-forward, 
later expanded 
distribution to 
multiple sites will 
be more complex.
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US population in later phases will involve supplying doses 
to pharmacies and private practices where most individuals 
receive medicines and care. 

The early phase of vaccine distribution is expected to run 
through mid-2021, followed by a second phase covering 
about 60–80 million essential workers and high-risk indi-
viduals. The experts don’t expect a sufficient volume of doses 
for the general US population until mid-2022. Distribution 
systems will differ for a single-dose vaccine, as opposed to 
two-dose products, where “it’s not just getting people to the 
pharmacy the first time,” Louissaint noted. 

Challenging temperature-control requirements for lead 
vaccines developed by Moderna and Pfizer/BioNTech based 
on mRNA technology will limit how and where such prod-
ucts can be shipped. The logistics experts advise clinics and 
hospitals not to purchase special freezers to hold such prod-
ucts, as many local distributors should have such equipment. 
These early vaccines may have to be administered only by 
large hospitals and health clinics and involve more frequent 
deliveries of smaller supplies that can be administered before 
the product deteriorates. 

Similarly, all parties face dealing with multidose vials that 
have to be used within hours of opening due to a lack of 
preservatives. The larger vials can be shipped and stored 
more efficiently, but administration may challenge many 
providers. 

Even though CDC and most medical systems and distrib-
utors have advanced data systems for tracking vaccines, a 
main challenge will be integrating these systems and newly 
expanded federal IT programs designed to identify patients 
at risk and to track vaccine administration and individual 
responses. CDC is developing a new Vaccine Administration 
Management System (VAMS) to support existing state op-
erations, with added capabilities for patient scheduling and 
supply management. But the new system is confusing, and 
integration may take some time. 

Tracking a two-dose vaccination schedule adds to the dif-
ficulties. To ensure that individuals receive the right shots at 
the right time, vaccine resupply will have to occur within the 
allotted time frame, and information systems must track and 
record when an individual is vaccinated, with which product 
and where. Even for vaccines that require only one shot, it 
will be important to record every individual dose in order to 
identify any adverse events, patient illnesses, and the extent 
of immunity provided over at least two years. 
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Bringing Bioprocess 
Development into Focus 
Agnes Shanley

More collaboration and a knowledge-based 
approach, driven by better analytics and  
high-throughput system integration, are 
reducing the risk of failure.

al-time monitoring and control, and 
to applying the principles of Pharma 
4.0. “Automation will lead to develop-
ment of processes that are manufactur-
ing-ready in less time,” he says.

This trend, in turn, should feed 
continuous improvement. “As they 
are scaled up, processes will yield 
much more information, especially on 
the interdependency between process 
parameters, allowing development to 
move faster and to focus only on ex-
periments that will add the most value,” 
Makowiecki adds.

Preventing data overload
Technology vendors are incorporat-
ing automation and adopting new ap-
proaches to help companies achieve 
these goals. However, they must be 
careful to balance the need for more 
data with the need to keep systems 
from becoming too complex, says 
Loe Cameron, director of analytics & 
controls at Pall Biotech.

“Like many others in the industry, 
Pall is on a Pharma 4.0 journey, as-
sembling solutions and assessing the 

F or years, pharma’s key opinion 
leaders have emphasized the need 
for deep process knowledge to 

inform new product and process devel-
opment. The concept may have taken 
some time to catch on in the industry, 
but today, more biopharmaceutical 
development and manufacturing pro-
grams are showing what is possible 
when ideas such as pharmaceutical 
quality by design (QbD) are combined 
with better analytics and automation, 
as well as with equipment that reflects 
the principles of process intensification. 

These abstractions are taking shape 
most notably in process development, 
which has become inextricably linked 
with scale-up (Sidebar, p. 20). More de-
velopment projects now start off with 
clear scalability goals in mind. Devel-
opers are collaborating more closely 

with technology vendors, contract 
development and manufacturing or-
ganizations (CDMOs), and suppliers 
to achieve these goals. Among the 
greatest challenges that CDMOs and 
technology developers agree on are:

• Reduced project timelines and the 
need to reduce costs

• Increased numbers of more com-
plex biotherapies

• Widepread adoption of single-use 
equipment at all phases of product 
development

• The need for cell line optimization 
at the earliest phases.

Automation is driving improvement, 
according to Joe Makowiecki, director 
of business development for Cytiva’s 
FlexFactory and KuBio product lines. 
He sees the benefits becoming more 
visible as pharma moves to more re- P
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impact. Our research is focused on 
how we can provide tools in a way 
that does not negatively impact the 
usability of our systems, and we work 
closely with users of these systems to 
reach that goal,” Cameron says. 

Pall has installed automation sys-
tems in its process development labs 
that mimic many of the functions 
found in full-scale manufacturing. 

“This capability allows customers to 
project the future of their process as 
it scales more effectively,” says Cam-
eron. “We have connected this system 
to a centralized historian database, 
which has allowed us to more deeply 
explore how solutions such as soft 
sensors, modeling, and advanced pro-
cess controls can improve viral vector 
processes at each scale, and over the 
full life of the process,” she says. How-
ever, Cameron notes, it is important 
to remember that taking these steps 
has a cascading effect. “As we install 
more sensors to support the automa-
tion of our processes, so much data 
are then created that the analysis must 
be automated as well,” she says. 

Changes in approach 
Those involved in process development 
say they are approaching projects quite 
differently from the way they might 
have tackled them a few years ago. 
Broadly, the need for speed (if not to 
market, then to the next milestone or 
developmental stage) and early-stage 
robustness are key drivers, says Patrick 
McMahon, global operations manager 
for integrated services at Cytiva. 

Biopharmaceutical process develop-
ment teams are linking the drug dis-
covery phase to process development 
and scalability early on, leveraging 
platforms and predictive technology, 
says McMahon. “This allows them 
to reduce project timelines, drive in 
quality and robustness, and reduce the 
need for repeat work and comparabil-
ity for process or analytical changes,” 
McMahon explains. 

Process development specialists see 
efforts as becoming increasingly col-
laborative. “Across the industry, we 
see more and more companies work-

ing together to overcome challenges. 
CDMOs are performing a wider range 
of services, and equipment manufac-
turers and media suppliers are also 
contributing to process development 
efforts,” says Jean-Christophe Drug-
mand, senior bioprocess architect at 
Univercells Technologies. He recalls 
working on projects where media op-
timization studies were subcontracted 
to the media supplier, and some QbD 
studies were also handled by special-
ists in that area to accelerate the overall 
project execution. 

One fairly recent, and fundamental, 
challenge to bioprocess development 
has been the increasing complexity 
of biotherapies, as more companies 
pursue gene and cell therapies and 
multi-specific antibodies. “Histori-
cally, process development followed 
the philosophy that more product 
equates to a better process, but as mo-
lecular complexity (and with it, sen-
sitivity) has increased, we must think 
about the balance between productiv-
ity and quality,” says Timothy Morris, 
group leader of manufacturing pro-
cess development at Catalent Biolog-
ics. In this new environment, Morris 
says, process development teams must 
think about cell culture as the prod-
uct of both the molecule and the bio-
reactor. For example, he explains, in-
creased antibody sialylation is viewed 
as being representative of increased 
residence time in the body. 

“Complex bioproducts require a dif-
ferent approach when it comes to de-
veloping robust and scalable processes, 
and we must focus on developing pro-
cesses and analytical methods based 

on the particular characteristics of a 
molecule,” says Atul Mohindra, senior 
director for biomanufacturing, R&D, 
Lonza Pharma & Biotech.  Companies 
are moving to reducing the risk of fail-
ure as early in process development as 
possible. Cell line development is be-
coming a critical area of focus, McMa-
hon says. This had often been a prob-
lem in the past, as development efforts 
sped quickly only to find that the cell 
line selected simply did not work.

Optimizing cell-line development
“Optimizing cell lines reduces risk 
early on. It also forces the focus from 
the immediate task at hand, whether 
feasibility or a clinical milestone, to 
longer-term success for scalability and 
regulatory compliance with foresight 
built in. Using the best quality cell cul-
ture media helps further improve criti-
cal quality attributes,” McMahon says.

“Understanding how the process will 
impact the product is very powerful,” 
he says, recalling a biosimilars devel-
opment project that Cytiva had worked 
on with a client, which used predictive 
modeling to understand critical quality 
attributes (CQAs) such as glycosylation 
patterns, and better correlate them 
with critical process parameters (CPPs), 
earlier in development. As a result of 
these efforts, the team improved the 
glycosylation pattern and charge vari-
ance profile, yielding a molecule with 
quality attributes more similar to the 
innovator molecule. 

Currently, early stage automation 
supports the generation of high pro-
ducing clones capable of producing 
optimum quality molecules, says Mc-
Mahon. In general, the use of auto-
mation not only improves the overall 
development process, but also clinical 
and commercial manufacturing. 

“Improved early small-scale pro-
cess models have become increas-
ingly important, and tools to im-
prove the insight we get from these 
and provide data earlier in the devel-
opment timeline are proving vital to 
de-risk early decisions,” says Colin 
Jaques, technical director of R&D, 
with Lonza Pharma & Biotech. 

More 
development 
projects now start 
off with clear 
scalability goals 
in mind. 
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Scale-up and process development are becoming interdependent than ever 
before. Both activities are changing in response to more advanced analytics and 
automation, the use of high-throughput systems, and single-use technology.  In 
biopharma, some high-throughput systems (e.g., Pall Biotech’s Mustang Q ion-ex-
change chromatography) can first be used in early stage development, in 96-well 
format, and then scaled up to full-scale. Broad adoption of single-use systems has 
offered developers cost savings, but poses some scale-up challenges. “We have had 
to develop new scale-up paradigms to deal with single-use bioreactors,” says Colin 
Jaques, technical director, R&D at Lonza Pharma & Biotech. “With stainless steel, 
developers control the process by considering the geometry of the vessel and its ma-
terials of construction, which allows scale-up to be based on firm assumptions. With 
single-use systems, however, the design and geometry for each piece of equipment 
differs from vendor to vendor,” he says.  As a result, cell culture characterization has 
become much more important. Lonza uses multivariate data analysis methods such 
as principle component analysis (PCA) and projection to latent structures (PLS) to 
compare culture performance across scales and between vessel types, he says.

As  analytical  instrumentation collects more data, and better models are 
developed for scale-down and other efforts, developers can apply enhanced 
process knowledge to improve results. “Historically, we would have only 
applied engineering principles when scaling processes up to bioreactors larger 
than 250 L, but now we add insight from all our data and experience in the 
large-scale and small-scale relationships,” says Timothy Morris, group leader 
of manufacturing process development at Catalent Biologics. As the industry 
moves to even more complex molecules such as multi-specific antibodies, 
novel proteins, and other biomimetic modalities, he expects to see high-
throughput and more sensitive analytics that provide a cost-effective way to 
screen variations in order to create in-process specifications. 

Lonza is also using more data-driven approaches and more historical data to 
leverage process understanding to improve scale-up. The company has started 
using multivariate analysis to aid in comparison of cultures performed at different 
scales and in different reactor formats. In one case, Jaques recalls that his team was 
characterizing a new single-use bioreactor. Data from the new reactor fit well with 
data generated by a comparable stainless-steel vessel, he says. However, when the 
bioreactor was running only half full, the behavior of the cell culture changed completely. 
Using principal component analysis, the team found that data from runs performed at 
half volume did not fit in with those from full volume runs. In this case, changes to a 
single geometric parameter, the depth of the culture in the vessel, had a huge impact 
on performance, says Jaques.  

Small-molecule approaches
In the small-molecule world, Catalent’s approach to scale-up has evolved over the 
years, although it has kept close to the core scale-up principles and  FDA’s Scale-Up 
and Post-Approval Changes (SUPAC) guidance, says Ariana Low, principal for formu-
lation science in Catalent’s process development division.

For solid dosage form pharmaceuticals, the evolution of process scale-up 
involves the application of modeling or use of process analytical technology 
(PAT) with lab- or pilot-scale equipment for processes such as tableting or roller 
compaction, Low says. This helps to estimate more accurate process parameter 
ranges to be evaluated during the design-of-experiments (DoE) stage and aids in 
the preliminary identification of critical quality attributes, she explains. 

Low reports that there has also been greater emphasis on the application of 
pharmaceutical quality-by-design (QbD) principles, with material and process 

risk assessment started at a much earlier stage in the product development 
process (i.e., beginning before the first experiments are performed). This leads 
to the definition of normal operating range (NOR)/proven acceptable range 
(PAR) design space before process performance qualification (PPQ) batches 
and positions the process and product for success. With the emergence of new 
technologies that allow in-situ modeling, scale-up is now much faster and more 
efficient. Technologies such as roller compaction simulation allow early material 
and process understanding before DoE is executed on the roller compactor. 
One such tool is the hybrid modeling approach for roller compaction process 
simulation. “We also use the equipment for simulation of high-speed tablet 
presses to access the suitability of the formulation for pilot- or commercial-
scale production speeds. This reduces the scale-up process significantly and has 
the added advantage of lower material requirements,” says Low.

Low expects the use of process analytical technology (PAT) to continue to grow, 
because it allows the monitoring and controlling of manufacturing processes that 
would otherwise take multiple technical batches to assess, such as near infrared 
for blend uniformity in blenders, and PAT probes to monitor particle size in the high 
shear or fluid bed granulators. Process modeling will also only grow in importance 
in future, she predicts, because it can help mitigate risks for common situations (e.g., 
when like-for-like equipment is not available during scale-up).

In the small-molecule world, Cambrex has made great progress in process 
development, according to Sarah Bethune, senior director of pharmaceutics 
and formulation development, and John Lynch, director of process chemistry. 
Improved access to analytics has driven improvements. Each process chemistry 
specialist has a wide range of analytical tools available to them, including 
x-ray powder diffraction, particle size analysis by laser diffraction, microscopy, 
and thermal instrumentation to examine crystallinity, polymorphism, and 
other physical characterization properties, says Lynch. Beyond research 
equipment, Cambrex maintains current good manufacturing practices (CGMP) 
equivalent or more modern equipment, so that when data that have proven 
to be informative during research stages wind up being critical (e.g., for an  
in-process control step in a GMP synthesis), these tests can be supported by 
appropriate techniques and equipment in-house, Lynch adds.

Synergies and collaborations between organic chemists and materials 
characterization chemists allow for process chemistry, route development, and 
solid-state form selection to be done more effectively in partnership and in parallel, 
says Bethune. Cambrex’s experts in process chemistry are located at three early 
stage development sites, while solid-state experts are distributed between two 
development facilities. These sites are in collaboration and communication with 
one another, sharing data and analyses to streamline each other’s work. 

In one project, a client’s original process yielded API product with residual 
palladium content in excess of 1000 ppm. Research into alternate catalysts and 
palladium remediation procedures for the metal-catalyzed Suzuki reaction 
were significantly accelerated by analysis of the product, says Lynch. 

In less than two weeks, an alternative catalyst was found that was effective 
at less than 10% of the original catalyst loading, and a remediation procedure 
was put in place that ultimately produced API with palladium content of less 
than 10 ppm. Inductively coupled plasma mass spectrometry was subsequently 
used to confirm the residual palladium levels and will be used as a method for 
the release of the API.  

                                                                                                                       — Agnes Shanley

Lonza, Catalent, and Cambrex Share Glimpses of Scale-Up and Process Development Synergies
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Catalent uses its proprietary GPEx 
and GPEx Boost cell line development 
technologies to generate high yield-
ing clones, Morris explains. “While 
clone selection is typically based on 
yield, we have matrixed in processes 
to evaluate clones for both yield and 
robustness. This approach combines 
the cell line technology with the 
ambr15/ambr250 bioreactors, and 
our advanced analytics to support a 
robust scalable strategy,” he says.

Morris recalls one program in which 
multiple high-yielding clones came off 
the Berkeley Lights Beacon clonal se-
lection system. “We were able to take 
many of those clones into our micro-
bioreactors. However,  if we had picked 
candidates solely based on yield, the 
third-ranked clone would have been 
missed, even though it increased its 
yield at the CGMP scale. This clone 
has been robust in our failure mode 
process, whereas the top two showed 
sensitivity to known failure modes that 
may not occur in the CGMP process,” 
he says. As this case clearly shows, a 
robust process relies on a robust clone, 
so selection is crucial, Morris adds.

High-throughput analytics makes 
key data (e.g., CQAs) available for de-
cisions at this stage of cell line con-
struction. “Mathematical models are 
essential in dealing with the volume 
of data arising from high throughput 
scale down systems,” Jaques explains. 
During the early stages of process de-
velopment, more high-throughput 
screening (HTS) and design of ex-
periment (DoE) approaches are being 
integrated, says Drugmand. He sees 
more process development teams 
leveraging mathematical modeling 
and advanced analytical technolo-
gies. “This approach helps increase 
our understanding of the process 
and reduce costs through automation 
while contributing to better process 
control,” he says. 

In addition, Drugmand says, process 
development teams are routinely using 
statistical analysis and process analyt-
ical technologies (PAT) to review pro-
cesses and results. “It’s now a common 
component of process development 

initiatives, which is a change from the 
past,” he says. Process modeling tools 
are also being explored for scalable 
DoE options, and scale-down models 
are being used to streamline process 
development and scale-up. Catalent’s 
bioprocess development team has cre-
ated many product specifications based 
on historical information on the mol-
ecule or type of molecules involved, 
says Morris. “We take in-process sam-
ples to ensure that we understand how 
process changes affect the product,” 
he says, noting use of systems such as 
ambr 15 and ambr 250, which allow 
the team to perform a DoE to reduce 
the chances of failure early in the de-
velopment process.

“The availability of high through-
put, high-fidelity, small-scale biore-
actor models has facilitated the use 
of response surface optimization ap-
proaches to process and medium devel-
opment,”says Jaques. “Improvements 
in high-throughput product charac-
teristics assays have enabled optimiza-
tion techniques to be broadened out to 
more process outputs,” he says, “while 
response surface methodology allows 
propagation-of-error techniques to be 
used to improve process robustness in 
those platforms.”

Lonza’s team routinely uses small-
scale ambr systems, Tecan robots, and 
high throughput analytics to select 
clones, screen purification resins and 
to identify optimal conditions, adds 
Mohindra. In addition, the company 
is installing more in-line process mea-
surement technology, which he expects 
to further improve process control. 

Single-use systems
Process development specialists note a 
trend toward greater use of single-use 
technologies. “Biologics manufacturers 
are looking to these technologies to re-
duce capital expenditures and utilities 
consumption, increase flexibility, and 
reduce changeover times,” says Mo-
hammed Elfar, product innovation 
manager at Univercells Technologies. 
Elfar notes that use of continuous pro-
cessing is also increasing as a way to 
help increase productivity and reduce 

of goods sold. Yet the move to sin-
gle-use unit operations has introduced 
technical challenges to process devel-
opers and scale-up teams. “Many mod-
ern sites can’t handle hot feed prepara-
tions, which can lead to challenges in 
developing concentrated feeds,” Jaques 
explains. “Furthermore, single-use bio-
reactors are often underpowered and 
undersized for gas flow, requiring that 
compromises be adopted for gassing 
strategies,” he says. 

Downstream focus
As high titers have become the rule up-
stream, recent years have brought a shift 
in focus from upstream to downstream 
process development. “Whole process 
considerations (instead of a focus on cell 
culture only) are helping to streamline 
efforts,” says Drugmand. “Unit opera-
tions are being intensified and integrated 
to optimize upstream and downstream 
work in parallel for overall process opti-
mization,” he adds. “Process development 
scientists and engineers are being chal-
lenged to cope with larger harvests. This 
is especially true in the case of mono-
clonal antibodies, where dramatic titer 
increases have been observed over the 
years,” says Elfar. 

There is also a greater emphasis on 
the interface between upstream and the 
downstream processes, says Jaques. “Per-
versely, this trend has led us away from 
small-scale high-throughput models for 
platform process development because 
there are no representative primary re-
covery or purification tools at that scale,” 
Jaques says. This shift has involved mea-
suring more biological properties of the 
harvest materials and the development 
of models to understand the impact of 
the parameters on the quality of the feed 
stream going into and coming out of the 
downstream process, he explains.

Clearly, bioprocess development, like 
scale-up, has become more complex and 
challenging for the scientists and engi-
neers who drive these efforts. However, 
new technologies, acquired process ex-
perience, and better access to relevant 
historical data are allowing biopharma 
teams to make the overall operation more 
systematic and less risky. PT
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In addition, fermentation often in-
volves the conversion of cheap and read-
ily available raw materials (sugar or other 
cheap substrates) into high-value prod-
ucts with high yields/titers, ensuring 
the commercially viable manufacture of 
high-quality products, observes Nikolay 
Krumov, senior project leader, upstream 
development microbial at Lonza. 

Processes typically proceed at room 
temperature and ambient pressure in 
water, avoiding the use of harmful or 
toxic solvents or chemical raw materi-
als and production of dangerous waste, 
according to Martinelli. Operators ben-
efit from safer work environments, and 
drug makers avoid issues associated 
with the use and production of hazard-
ous materials. Fermentation facilities 
and equipment may also be less costly 
to build and install.

Synthetic biology can in some cases 
also provide access to molecules that can-
not be produced via traditional synthetic 
organic chemistry. “While this concept is 
not novel per se, over the last several de-
cades, the development of improved tools 
and understanding have also enabled 
greatly increased yields and decreased 
development costs and risks,” Martinelli 
states. He points to steroids, analgesics, 
opioids, and some anti-cancer drugs. 
Similarly, he observes that some phyto-
chemicals that cannot be practically ex-
tracted from plant sources may also be 
produced via fermentation.

There are also decades of fundamen-
tal research and proven manufacturing 
success supporting the growing interest 
and application of synthetic biology and 
fermentation for chemical API produc-
tion, Krumov asserts. “The expression 
systems are well known, studied, and 
characterized, and the processes are 
well understood and controllable, fa-
cilitated by the development and im-
provement of precise monitoring tools,” 
he explains. 

The key to realizing all of these ben-
efits, however, Martinelli stresses, is to 
recognize when synthetic biology pro-
vides the optimum solutions—either by 
providing access to novel structures or 
higher yields/selectivities—and when 
organic chemistry is the best approach. 

T   he pharmaceutical industry is no 
stranger to fermentation. Synthetic 
biology has been used for the pro-

duction of both biologic and chemical 
APIs for decades. While it has not been 
the predominant method in either sector, 
the greater sustainability and ability to 
access novel structures provided by fer-
mentation processes are driving greater 
interest, particularly for small molecules.

Synthetic biology “will propel com-
panies that understand the right strat-
egy for the distinct value propositions 
it offers at each step in the production 
life cycle,” said Gihan Hewage, previ-
ously a Lux Research analyst, in a press 
release (1). “Companies with products 
in the ideation and early development 
stages will differentiate most from flex-

ible production and the ability to create 
novel products, whereas products in 
later stages of development can lever-
age the environmental and marketing 
benefits of the technology,” he added.

Many advantages of fermentation
Cell culture, while often more suited 
for the production of biologics, such 
as proteins and monoclonal anti-
bodies, is more expensive and often 
more complex. Microbial fermen-
tation tends to be, according to Jose 
Luis Barredo, biotechnology business 
director with AMRI, more straight-
forward and scalable. One key reason 
is that the organisms have faster and 
more stable growth patterns and lower 
intrinsic metabolic burden, notes 
Filippo Giancarlo Martinelli, head of 
global industrial partnerships devel-
opment at Abolis.

Biological and analytical advances enable 
modern fermentation processes to deliver  
safe and effective next-generation medicines.

Fermentation Finds  
Fans in Small-Molecule  
API Synthesis
Cynthia A. Challener
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Natural and 
engineered host strains
AMRI breaks down microorgan-
isms useful for fermentation into two 
classes: natural, classic producers and 
engineered host strains (genetically 
modified organisms). Classic microor-
ganisms widely used in biotechnology 
processes include bacteria (Streptomy-
ces sp., Mycobacterium sp., Paracoccus 
sp.) and fungi (Aspergillus sp., Penicil-
lium sp., Acremonium sp., Tolypocla-
dium inf latum, Claviceps purpurea, 
Blakeslea sp., etc.). 

A focused set of yeasts, such as Sac-
charomyces cerevisiae and Pichia pas-
toris (P. Pastoris) and bacteria such as 
Escherichia coli (E. Coli), make up the 
second group, according to Barredo. 

“These host strains are selected based 
on suitability for genetic modifications 
and utility to efficiently produce APIs 
and compounds, including many prod-
ucts not practical via fermentation pre-
viously,” says Peter C. Michels, head of 
global fermentation at AMRI.

The majority of developmental and 
commercial processes in the pharma 
industry involve E. coli and P. pastoris 
(Komagataella phaffii), Krumov adds. 

“E. coli is probably the most studied 
and well-known microorganism, a 
sort of work horse for the biotechnol-
ogy industry. It provides simple and 
fast strain development, short fermen-
tation times, high cell densities, and 
double-digit titers. P. pastoris achieves 
ultra-high cell densities grown on sim-
ple and cheap carbon sources and also 
secretes the product into the culture 
medium, delivering a highly pure 
product with decreased recovery ef-
forts,” he explains.

New species, Krumov notes, in-
cluding such requiring biosafety level 
2 handling, are constantly evaluated 
and investigated, and some find com-
mercial realization.

Advances in biologic  
and analytical technologies
A primary driver of recent interest in 
fermentation is advances in molecular 
biology and synthetic biology. “These 
advances allow producer strains to be 

engineered with greater understanding 
and effectiveness, which is therefore 
enabling the development of new pro-
cesses,” Michels states. They can also 
be adapted and improved using estab-
lished fermentation process knowledge 
and infrastructure that has been built 
over decades. 

The use of synthetic biology, includ-
ing directed evolution of biosynthetic 
pathways, offers new, more specific 
ways of modifying pharmaceutical 
production, according to Michels. 

“These new innovations also allow us 
to get more out of classical fermen-
tation processes. We’ve seen really 
dramatic advances in metabolic engi-
neering across a broad spectrum, such 
as directed evolution, that allow us to 
simply and systematically evolve the 
biosynthetic pathways and achieve a 
myriad of advantages—the overpro-
duction of APIs, reduction of related 
impurities, shortening the fermenta-
tion process and making it more cost 
effective, producing new compounds, 
improving process safety, and more,” 
he comments. 

Metabolic engineering, therefore, is 
playing a much greater role because it 
can be applied to many different goals 
for continuously improving practical 
processes. Martinelli agrees that meta-
bolic engineering and genetic engineer-
ing play a key role in the development of 
novel biosynthesis processes because they 
are crucial to yield enhancement as well 
as diversity generation. “By rewiring the 
microbial network, it is possible to dras-
tically divert the flow of material through 
the cell metabolism and thus achieve 
production of the target molecule at the 
desired scale and cost,” he says.

For Lonza, genetic engineering has 
been most important in its efforts to 
develop processes for the production 
of biotherapeutics. “Technical ad-
vances in genome editing, next-gen-
eration sequencing, and genomics 
are increasingly important to support 
the design of productive and scalable 
production strains,” asserts Joachim 
Klein, head of strain development and 
cell banking for Lonza’s microbial de-
velopment services.

As well as the development and se-
lection of high-performing, stable, and 
productive strains, high-quality and 
high-throughput screening—in combi-
nation with the development of effective 
analytical methods for assessing prod-
uct quality, such as such as post-trans-
lational modifications of candidates 
generated using candidates identified 
in the screening process—have also 
been important contributors to the 
greater application of fermentation in 
API manufacturing, according to Klein.

Advances in analytical technology, 
particularly mass spectrometry, nuclear 
magnetic resonance (NMR), and other 
analytical techniques that increasingly 
help to elucidate, in much greater de-
tail, exactly what is going on inside the 
organisms, have a significant impact in 
driving much greater understanding 
and the more efficient design of practi-
cal production processes, Michels agrees. 

Informatics are crucial, too
Advances in biologic and analytical tech-
nologies have occurred in parallel with 
similar advances in informatics and other 
digital technologies. Dual development 
has been necessary to efficiently process 
the large quantities of data produced and 
ensure data integrity. 

“Informatics and digital technologies 
are valuable in genomics, metabolom-
ics, and transcriptomics analyses. They 
help us to know ‘in silico’ the modifi-
cations in the genome of the microor-
ganisms necessary for the construction 
of an improved strain,” Barredo states. 
Special software, Krumov adds, are 
applied in the elaboration of process 
models, statistical analysis and pre-
dictions, parameter screening, and 
process optimization, and to establish 
more precise and agile process control. 

In addition, with the growing com-
plexity of target molecules/metabolites 
to be produced, it is becoming more 
difficult to design and implement a 
full genetic engineering campaign 
and the corresponding large-scale 
metabolic network rewiring needed 
to achieve the target yield, according 
to Martinelli. “Bioinformatics plays a 
key role in not only the discovery of 
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N-nitrosamine analysis has been a hot topic in the pharmaceutical 
industry since 2018 when the suspected carcinogens were found 
in several angiotensin II receptor blockers, commonly known 
as sartans. Subsequently, the contaminants have been found 
in batches other sartans, ranitidine, and in some slow-release 
metformin formulations leading to the recall with of products 
within the European and US markets. In response, more stringent 
manufacturing requirements have been employed for these 
products and the industry has taken steps to evaluate the root 
cause of the N-nitrosamine contamination and subsequent risk 
assessment and control.

This webcast will examine the challenges in developing an 
analytical method that is able to meet the increasingly stringent 
regulatory requirements for these contaminants. Discussion topics 
include chromatography, limits of quantification, and selectivity in 
challenging matrices.

Key Learning Objectives
 • Review the basics for the analysis of N-nitrosamines

 •  Learn orthogonal mass spectrometry techniques and how they 
can be employed

 •  Learn to overcome the chromatographic challenges presented 
by APIs and drug products

Who Should Attend
 • All scientists involved with impurity and degradant analysis

Presenter

Moderator

Rolf Kern  
Technical Marketing Manager – Pharma 

SCIEX

Rita Peters 
Editorial Director 

Pharmaceutical Technology

For questions or concerns, email 
kbarry@mjhlifesciences.com

Overcome N-Nitrosamine 
Analysis Challenges with 
Chromatographic and Mass 
Spectrometry Techniques 

Presented bySponsored by

ON-DEMAND WEBCAST
Aired: Monday, October 19, 2020

Register for this free webcast at:  
www.biopharminternational.com/bp_p/overcome

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2650972&sessionid=1&key=F63AAC17EF9EBF9B80A20FB89EB5345C&regTag=&sourcepage=register


28    Pharmaceutical Technology NOVEMBER 2020  PharmTech .com

Development

the relevant enzymatic and cellular 
regulatory steps, but also in the design 
of the cloning tools required to im-
plement such changes and the dosing 
and fine tuning of the changes needed, 
taking into account the implications of 
the different omics disciplines, such as 
transcriptomics, proteomics, metabo-
lomics, and fluxomics,” he asserts. 

“Without digital technologies,” Mar-
tinelli continues, “it would not be pos-
sible to operate at the current level of 
complexity at the interface between 
expert scientists and robots.” In fact, 
to make retro-biosynthesis more feasi-
ble, Abolis has developed a proprietary 
computer algorithm in which artificial 
intelligence is applied to bioinformat-
ics for gene and pathway selection and 
manipulation towards the biosynthesis 
of target molecules. 

Improved control strategies
Advances in process analytical and 
control technologies are also enabling 
improved fermentation processes. For 
instance, new in-process controls 
(IPCs) are being developed to control 
the evolution of raw materials, enzy-
matic activities, product, etc., accord-
ing to Barredo. 

“In addition to more traditional 
temperature, pH, dissolved-oxygen, 
carbon dioxide, and oxygen-demand 
sensors, biosensors are helping to 
control the fermentation process, and 
monitoring systems for submerged 
fermentations have taken a consider-
able step forward,” Barredo says. He 
also stresses that the availability of re-
liable sensors that are able to provide 
real-time, non-sampling-based process 
monitoring of physiologically relevant 
parameters such as cell mass, substrate, 
and metabolite concentration allows 
for automatic control of fermentation 
processes based on suitable process 
models and control strategies.

In particular, Michels notes AMRI 
has found a much broader array of 
practical approaches using NMR, in 
particular development insights and 
quality control, and most notably in 
combination with the use of in-process 
controls and mass spectrometry.

New equipment  
concepts and designs
While much of the substantial cap-
ital investments made in the phar-
maceutical industry for classical fer-
mentation can be adapted for new 
synthetic biology processes, there are 
some new developments in equipment 
worth noting. Krumov points to new 
fermentation system concepts and 
designs that enable greater automa-
tion; intuitive, precise, and advanced 
parameter programming; and online 
monitoring of essential quality attri-
butes. “New primary recovery equip-
ment (separators, filters, membranes) 
a lso ensures better performance, 
higher productivity, and greater pro-
cess robustness, facilitating better pu-
rification of the products and higher 
yields,” he adds.

Mobile applications, according to 
Michels, allow remote monitoring and 
control of fermentation parameters 
even from a smart phone and provide 
much better information, while par-
allel fermenter systems provide faster 
and improved development arrays 
for modified strains and multiple pa-
rameters. He also notes that the wider 
variety of impellers available today af-
ford improved oxygen availability and 
mass transfer, particularly for the new 
engineered host strains.

Going forward, the focus will largely 
be on downstream processing, which 
according to Martinelli, represents a 
challenge when scaling up production 
of small-molecule intermediates and 
APIs produced via fermentation.

Expecting exponential growth
All of these rapid advances in molecu-
lar biology and engineering tools will 
impact fermentation in the pharma-
ceutical industry over the next several 
years. “We anticipate that continued 
exponential growth in molecular bi-
ology techniques—actually editing 
and designing new producer strains 
at lower cost and higher volumes—
will have a significant impact on the 
design of new biosynthetic pathways 
in a synergistic way with chemical 
synthesis in the years ahead, not only 

in pharma, but in food, agriculture, 
enzymes for biocatalysis, and more” 
Barredo asserts. 

“A longer-term vision,” Barredo 
adds, “might include using new com-
petitive fermentation processes based 
on the circular economy, where food 
wastes are used as raw materials to 
design new, sustainable processes that 
contribute to the safety and quality of 
the global environment.”

Intensifying the process
Modern fermentation process develop-
ment is, according to Krumov, a long, 
profound process that leverages the 
knowledge and experience of genera-
tions of bioprocess engineers in com-
bination with current cutting-edge 
technologies and digital tools, to 
deliver the safest and most effective 
next-generation medicines. “The 
steadily increasing worldwide demand 
for microbial fermentation production 
capacities is an indicator of the quali-
ties of this biosynthetic approach and 
recognition of its potential,” he asserts. 
Martinelli adds that this technology 
not only brings innovation to create 
new entities and new treatments, but 
to limit the environmental impact of 
their production.

One way to reduce development 
timelines, Krumov says, is through 
intensification. “For instance, inten-
sif ication of process development 
will reduce the necessary gene-to-vial 
time through application of current 
design-of-experiment approaches, 
soft sensors, and data-based process 
modeling,” he says. Ensuring and con-
firming a product’s quality at the very 
early project stages will also be im-
portant, according to Krumov. Where 
possible, avoiding the use of complex 
compounds will further facilitate the 
development of robust, reproducible, 
and cost-effective fermentation-based 
manufacturing solutions. 

Reference
1.  Lux Research, “Lux Research Predicts 

Synthetic Biology Has High Potential 
as an Alternative Production Method 
for Chemicals,” Press Release, April 2, 
2020. PT
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A decrease in FDA inspection may increase potential 
quality risks to the global supply chain.

The COVID-19 pandemic has disrupted the FDA’s process for 
inspecting drug manufacturing facilities, which may increase 
potential quality risks to the global supply chain while putting 

burden on manufacturers and suppliers to ensure drug product and 
ingredient quality. Additionally, high demand for certain ingredients 
and products including hand sanitizer is causing shortages, which 
is leading to surges in their production. While shortages are 
worrisome, so are surges; materials coming from new suppliers to 
combat shortages may lack quality. Pharmaceutical Technology 
recently spoke with Danita Broyles from the Ingredient Verification 
Program at United States Pharmacopeia (USP) about concerns facing 
manufacturers and suppliers as well as solutions to help ensure that 
the products and ingredients they are producing can be trusted. 

Pharmaceutical Technology: How has COVID-19 impacted  
drug manufacturing?

BROYLES: One example is the FDA’s process for inspecting drug 
products manufacturing. The FDA reported more than 18,000 incidents 
related to inspections of domestic and foreign manufacturers in 2019, 
which was the last year untouched by the pandemic. Compare that 
to the number of incidents related to inspections that were reported 
through September 14, 2020, which was only 4,380, and that draws 
a stark parallel on the impact that this pandemic has had on the 
FDA’s ability to inspect drug manufacturers. In March of this year, the 
FDA determined that, for the foreseeable future, prioritized domestic 
inspections were going to be preannounced. 

The FDA is also using different tactics for foreign manufacturers to help 
ensure safety. For example, the agency is denying entry of unsafe products 
into the US, conducting physical examinations and/or product sampling at 
US borders, as well as reviewing a firm’s previous compliance history. FDA 
is also requesting records in advance, or in lieu, of on-site inspections. 

In addition, the high demand for certain ingredients and certain drug 
products is causing shortages, which in turn is leading to surges in 
the production of ingredients in those products.

Pharmaceutical Technology: How is FDA’s inspection process 
during COVID-19 affecting drug manufacturers’ and ingredient 
suppliers’ quality assurance and risk management efforts?

BROYLES: The COVID-19 pandemic is a disrupter and a potential threat to 
quality unlike any that the global supply chain has seen. Manufacturers 
must streamline and simplify their operations now more than ever, which 

COVID-19's Impact: Help Ensure 
Quality and Manage Risk could come at the cost to quality insurance. And, 

combined with a decrease in FDA inspections, there 
may be an increase in potential quality risks to the 
global supply chain. These are added burdens on drug 
manufacturers and ingredient suppliers to ensure that 
external and internal risk factors do not hinder quality.

Some things that could impact quality are external 
risk factors such as country of origin, supply chain 
complexity, material value, the economic motivation 
for adulteration, the reputation of manufacturers and 
distributors, and transportation practices. Internal factors 
can also increase risk, including the source of material, 
amount and type of processing, lack of compendial 
standards, material complexity, and product variability 
due to season or temperature conditions.

Pharmaceutical Technology: Why are product and 
ingredient shortages and surges during COVID-19 
worrisome for the industry?

BROYLES: While shortages are worrisome, so are 
surges because manufacturers could be sourcing 
materials from new suppliers to combat these 
shortages. These new suppliers’ ingredients may lack 
quality, the company may be new to the market, or 
they are producing the ingredient for the first time. 
New companies may not be aware of the quality 
infrastructure that is so critical to comply with good 
manufacturing processes and guidelines to ensure 
manufacturing processes and laboratory testing 
meet specifications and are in full compliance. It is 
the role of the drug manufacturer to mitigate risk 
and prevent ingredients from compromising the 
quality of the final product. Unfortunately, bad actors 
may be motivated by economic gain, and they're 
not dedicated to the quality, which is worrisome. For 
example, as of September 15, 2020, the FDA placed 
183 hand sanitizer products on a do-not-use list due to 
testing positive for methanol contamination, which is 
a substance that can be toxic.

Pharmaceutical Technology: What other quality 
concerns is the drug industry facing?

BROYLES: Adulteration and contamination 
are not only related to shortages and surges. 
The summer of 2020 had eight recalls related 
to N-nitrosodimethylamine contamination in 
metformin, a drug for controlling high blood sugar 
for those with diabetes. Diabetics shouldn’t have to 
worry that their medicine could be harming them. 

This is far from the only example of contamination. 
Recently, the excipient propylene glycol contained 

in ColdBest-PC cough syrup was contaminated with 
chemical diethylene glycol, a chemical similar to 
antifreeze. Sadly, this caused the death of  
nine children. 

We’re also seeing that the FDA is taking 
contamination risk seriously. Recently, the agency 
sent a warning letter to API manufacturing 
facilities for not ensuring adequate cleaning 
procedures, records, and documentation to prevent 
contamination as well as for failing to assess the risk 
that impurities would find their way into solvent.

Pharmaceutical Technology: What can drug and 
ingredient makers, and suppliers do?

BROYLES: USP is committed to providing support to 
manufacturers and suppliers to help ensure the quality 
of ingredients and drug products. The United States 
Pharmacopeia-National Formulary is a comprehensive 
source for medicine quality standards, including over 
6,000 quality standards for chemical and biologic active 
ingredients and excipients. USP has updated quality 
standards to test for adulterants such as propylene 
glycol, glycerin, and alcohol. USP also released new 
standards and tools for detecting and controlling 
nitrosamine impurities in the drug supply chain.

Finally, the USP Ingredient Verification Program 
provides auditing and testing services to verify the 
quality of APIs, excipients and dietary ingredients. 

Pharmaceutical Technology: Please describe  
USP’s Ingredient Verification Program. 

BROYLES: The USP Ingredient Verification 
Program allows an ingredient company to 
differentiate itself and the quality of its materials 
from competitors and potential bad actors.  It 
offers drug product manufacturers a reliable way 
to qualify new ingredient suppliers and verify the 
quality of those ingredients. Manufacturers and 
suppliers that participate in the USP Ingredient 
Verification program have undergone extensive 
Good Manufacturing Practice (GMP) facility audits, 
quality control and manufacturing documentation 
review, and laboratory testing of their ingredients 
to ensure full compliance to its specification. The 
program evaluates the company’s compliance with 
applicable GMP requirements, verifies conformance 
to appropriate specifications for identity, strength, 
purity, and quality, evaluates whether ingredients 
meet acceptable limits for impurities and 
contaminant, and ensures ingredient consistency 
from batch to batch.

https://www.pharmtech.com
https://www.usp.org
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A decrease in FDA inspection may increase potential 
quality risks to the global supply chain.

The COVID-19 pandemic has disrupted the FDA’s process for 
inspecting drug manufacturing facilities, which may increase 
potential quality risks to the global supply chain while putting 

burden on manufacturers and suppliers to ensure drug product and 
ingredient quality. Additionally, high demand for certain ingredients 
and products including hand sanitizer is causing shortages, which 
is leading to surges in their production. While shortages are 
worrisome, so are surges; materials coming from new suppliers to 
combat shortages may lack quality. Pharmaceutical Technology 
recently spoke with Danita Broyles from the Ingredient Verification 
Program at United States Pharmacopeia (USP) about concerns facing 
manufacturers and suppliers as well as solutions to help ensure that 
the products and ingredients they are producing can be trusted. 

Pharmaceutical Technology: How has COVID-19 impacted  
drug manufacturing?

BROYLES: One example is the FDA’s process for inspecting drug 
products manufacturing. The FDA reported more than 18,000 incidents 
related to inspections of domestic and foreign manufacturers in 2019, 
which was the last year untouched by the pandemic. Compare that 
to the number of incidents related to inspections that were reported 
through September 14, 2020, which was only 4,380, and that draws 
a stark parallel on the impact that this pandemic has had on the 
FDA’s ability to inspect drug manufacturers. In March of this year, the 
FDA determined that, for the foreseeable future, prioritized domestic 
inspections were going to be preannounced. 

The FDA is also using different tactics for foreign manufacturers to help 
ensure safety. For example, the agency is denying entry of unsafe products 
into the US, conducting physical examinations and/or product sampling at 
US borders, as well as reviewing a firm’s previous compliance history. FDA 
is also requesting records in advance, or in lieu, of on-site inspections. 

In addition, the high demand for certain ingredients and certain drug 
products is causing shortages, which in turn is leading to surges in 
the production of ingredients in those products.

Pharmaceutical Technology: How is FDA’s inspection process 
during COVID-19 affecting drug manufacturers’ and ingredient 
suppliers’ quality assurance and risk management efforts?

BROYLES: The COVID-19 pandemic is a disrupter and a potential threat to 
quality unlike any that the global supply chain has seen. Manufacturers 
must streamline and simplify their operations now more than ever, which 

COVID-19's Impact: Help Ensure 
Quality and Manage Risk could come at the cost to quality insurance. And, 

combined with a decrease in FDA inspections, there 
may be an increase in potential quality risks to the 
global supply chain. These are added burdens on drug 
manufacturers and ingredient suppliers to ensure that 
external and internal risk factors do not hinder quality.

Some things that could impact quality are external 
risk factors such as country of origin, supply chain 
complexity, material value, the economic motivation 
for adulteration, the reputation of manufacturers and 
distributors, and transportation practices. Internal factors 
can also increase risk, including the source of material, 
amount and type of processing, lack of compendial 
standards, material complexity, and product variability 
due to season or temperature conditions.

Pharmaceutical Technology: Why are product and 
ingredient shortages and surges during COVID-19 
worrisome for the industry?

BROYLES: While shortages are worrisome, so are 
surges because manufacturers could be sourcing 
materials from new suppliers to combat these 
shortages. These new suppliers’ ingredients may lack 
quality, the company may be new to the market, or 
they are producing the ingredient for the first time. 
New companies may not be aware of the quality 
infrastructure that is so critical to comply with good 
manufacturing processes and guidelines to ensure 
manufacturing processes and laboratory testing 
meet specifications and are in full compliance. It is 
the role of the drug manufacturer to mitigate risk 
and prevent ingredients from compromising the 
quality of the final product. Unfortunately, bad actors 
may be motivated by economic gain, and they're 
not dedicated to the quality, which is worrisome. For 
example, as of September 15, 2020, the FDA placed 
183 hand sanitizer products on a do-not-use list due to 
testing positive for methanol contamination, which is 
a substance that can be toxic.

Pharmaceutical Technology: What other quality 
concerns is the drug industry facing?

BROYLES: Adulteration and contamination 
are not only related to shortages and surges. 
The summer of 2020 had eight recalls related 
to N-nitrosodimethylamine contamination in 
metformin, a drug for controlling high blood sugar 
for those with diabetes. Diabetics shouldn’t have to 
worry that their medicine could be harming them. 

This is far from the only example of contamination. 
Recently, the excipient propylene glycol contained 

in ColdBest-PC cough syrup was contaminated with 
chemical diethylene glycol, a chemical similar to 
antifreeze. Sadly, this caused the death of  
nine children. 

We’re also seeing that the FDA is taking 
contamination risk seriously. Recently, the agency 
sent a warning letter to API manufacturing 
facilities for not ensuring adequate cleaning 
procedures, records, and documentation to prevent 
contamination as well as for failing to assess the risk 
that impurities would find their way into solvent.

Pharmaceutical Technology: What can drug and 
ingredient makers, and suppliers do?

BROYLES: USP is committed to providing support to 
manufacturers and suppliers to help ensure the quality 
of ingredients and drug products. The United States 
Pharmacopeia-National Formulary is a comprehensive 
source for medicine quality standards, including over 
6,000 quality standards for chemical and biologic active 
ingredients and excipients. USP has updated quality 
standards to test for adulterants such as propylene 
glycol, glycerin, and alcohol. USP also released new 
standards and tools for detecting and controlling 
nitrosamine impurities in the drug supply chain.

Finally, the USP Ingredient Verification Program 
provides auditing and testing services to verify the 
quality of APIs, excipients and dietary ingredients. 

Pharmaceutical Technology: Please describe  
USP’s Ingredient Verification Program. 

BROYLES: The USP Ingredient Verification 
Program allows an ingredient company to 
differentiate itself and the quality of its materials 
from competitors and potential bad actors.  It 
offers drug product manufacturers a reliable way 
to qualify new ingredient suppliers and verify the 
quality of those ingredients. Manufacturers and 
suppliers that participate in the USP Ingredient 
Verification program have undergone extensive 
Good Manufacturing Practice (GMP) facility audits, 
quality control and manufacturing documentation 
review, and laboratory testing of their ingredients 
to ensure full compliance to its specification. The 
program evaluates the company’s compliance with 
applicable GMP requirements, verifies conformance 
to appropriate specifications for identity, strength, 
purity, and quality, evaluates whether ingredients 
meet acceptable limits for impurities and 
contaminant, and ensures ingredient consistency 
from batch to batch.
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Another advantage of using ASDs 
to improve solubility of a drug is that 
the processes typically used to produce 
ASDs, such as spray-drying and melt-ex-
trusion, are well established and scalable 
to commercial quantities, Foster says. 

“This benefit is demonstrated by the 
number of ASD products that are now 
commercially available,” she adds.

Foster notes that spray-dried disper-
sions, however, have a propensity to ex-
hibit a small particle size, poor flowability, 
and low bulk density. “These characteris-
tics may require significant effort to im-
prove, using suitable excipients and pro-
cessing techniques for the conversion of 
the ASD to the drug product,” she asserts.

“Further, due to the hygroscopic nature 
of some of the typical polymers used, the 
formulations can be sensitive to heat and 
humidity, as the moisture will reduce the 
glass transition temperature, with pos-
sible phase separation and recrystalliza-
tion,” Foster says. “Drug-polymer glasses 
can be difficult to process and may re-
quire significant energy input to convert 
to a processible powder form.”

Additionally, it can be challenging to 
make oral solid dosage forms of high doses 
as only low drug loadings (20–30 weight 
percent) are typically achievable with 
ASDs, Foster comments. In cases where 
it is necessary to accommodate a high 
dose strength, for example, the resulting 
tablet will be too large for a single-unit 
dose. Therefore, patient compliance can 
be impacted either by the size of the tablet 
or the fact that multiple tablet units would 
be required to deliver the prescribed dose, 
giving rise to a high tablet burden.

Best practices
Despite the effectiveness of ASDs to over-
come solubility and bioavailability chal-
lenges, the perceived risks associated with 
this drug delivery solution have meant 
that ASDs are not yet being employed to 
their full potential in drug development 
(1). Hence, early development work in 
predicting the behavior of the drug prod-
uct and its ability to mix with the chosen 
polymer is vital to ensure success (2).

The use of a film casting technique en-
ables rapid screening of suitable matrices 
and drug loading for the ASD formula-

L ow aqueous solubility and poor bio-
availability are common problems 
encountered in the formulation of 

new chemical entities. Poorly soluble drug 
candidates form a vast proportion of can-
didates in current development pipelines, 
and these challenging molecules tend to 
suffer from high attrition rates.

Oral dosage forms remain the most 
popular route of administration as a re-
sult of benefits offered, such as ease of 
administration, patient compliance, and 
cost-effectiveness. A poorly water-soluble 
drug being developed for oral ingestion 
will have low or variable bioavailability, 
which must be optimized to ensure the 
efficacy of the finished drug product.

Improving the solubility of a drug will 
improve the bioavailability, and so multi-
ple techniques have been developed and 
employed by industry to achieve this task. 
One such technique employed by devel-

opers to improve solubility is through 
the use of amorphous solid dispersions 
(ASDs) as a drug delivery solution.

Advantages and disadvantages of ASDs
“An ASD contains the API in a high en-
ergy state, allowing supersaturation to be 
achieved in the gut and increasing the 
absorption rate as the apparent solubility 
is increased,” explains Alison Foster, head 
of technical—pre-clinical, Quay Pharma. 
However, in a high energy state, the API 
may be unstable and may have a tendency 
to revert to its more thermodynamically 
stable crystalline form over time or in con-
tact with biological fluids, she continues.

“The formulation of ASDs can be 
achieved using well-characterized, off-the-
shelf excipients, processes, and screening 
methods in order to differentiate and se-
lect formulations according to their in-vitro, 
and likely in-vivo behavior,” Foster notes. 

Amorphous solid dispersions are a useful tool in 
overcoming solubility issues, but they have not 
yet reached full potential in commercial success. 

Improving Solubility  
with Amorphous  
Solid Dispersions
Felicity Thomas
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tion, highlights Foster. “This method 
reduces the timescale to lead candidate 
identification whilst using minimal API 
during pre-clinical and pre-formulation 
development studies,” she says.

“Further, consideration of the structural 
formulae of the polymer or co-former com-
pared to the API can help identify poten-
tial interactions (e.g., electrostatic, hydro-
gen-bonding etc.) that may aid stabilization 
of the resulting ASD,” Foster continues.

Typically, outsourcing partners have 
readily available screening platforms to 
help customers in the selection of formu-
lations or that can be used to determine 
whether ASD is a suitable formulation 
route over other alternatives, Foster com-
ments. “In addition, outsourcing partners 
have the knowledge and expertise to drive 
an early formulation prototype through 
formulation development and scale up to 
produce the final dosage form,” she says. 

“This development pathway is not without 
its challenges as the poor flow of a spray-
dried powder, for example, can prove prob-
lematic during the manufacture of a solid 
dosage form, and this is notwithstanding 
the sizeable dosage forms that may result 
from a low API loading in an ASD.”

It is also vital to consider the regulatory 
requirements of the polymer or co-former 
used in the ASD formulation. “Acceptabil-
ity of the polymer or co-former for dosing 
in human (toxicological implication) is 
critical as, depending on the API loading, 
the amount of polymer/co-former to be 
dosed can be quite high,” Foster explains.

Advancing strategies
Over the years, some strategies have ad-
vanced to help overcome certain chal-
lenges associated with ASDs. Using cellu-
lose derivatives as stabilizers with specific 
pH solubility profiles, such as hydroxypro-
pyl methylcellulose acetate succinate, has 
helped developers overcome some of the 
inherent drug release issues from mono-
lithic products that are formulated with 
hydrophilic polymers, Foster explains.

“The hydrophilic polymers tend to gel 
on contact with aqueous solution at low 
pH, thus hindering release of the drug,” 
Foster states. “The cellulosic polymers 
enable the dissolution of discrete par-
ticles, providing rapid achievement of 

supersaturated conditions and reducing 
inter- and intra-patient variability.”

“Co-amorphous systems are reported 
to combine the advantages of a co-crys-
tal and solid dispersion system with fewer 
disadvantages,” Foster remarks. “The use 
of co-amorphous systems is a relatively 
new technique whereby the amorphous 
drug is stabilized through strong inter-
molecular interactions by low molecular 
weight co-formers (typically amino acids).”

As the components utilized in a 
co-amorphous dispersion have low 

molecular weight, the amount of 
co-former required (which stabilizes 
the system) is low, Foster continues. 
Therefore, it is possible to overcome 
common issues, such as over-sized 
dose units and hygroscopicity, which 
are typically seen with polymeric 
ASDs, she says.
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This article describes the impact on iso-
lator design for aseptic processing and 
how contamination control strategies 
are observed in relation to isolators. 

Compared to RABS, isolators have a 
closed barrier between the surround-
ings and the interior of the isolator in 
which the sterile product is processed. 
During production, access to the in-
terior of the isolator is only possible 
through validated transfer systems, 
such as decontamination airlocks (e.g., 
using hydrogen peroxide [vH2O2]), or 
e-beam, dry heat tunnels (i.e., depyro-
genation tunnel), rapid transfer ports 
(RTPs), or through interventions via 
the gloves attached to the isolator. 

The most important points in the 
draft EU GMP Annex 1 with regard to 
isolators are illustrated in Figure 1. The 
starting point for every CCS is the risk 
observation of the design of the isolator 
system, including the installation of 
equipment in an isolator, such as a fill/
finish machine for vials, syringes, etc. 
Most of the design failures could occur 
during the risk observation of the isola-
tor system. The design forms the basis 
for cleaning in order to prevent a possi-
ble particulate or microbiological con-
tamination of the sterile products, or to 
avoid cross-contamination in the case of 
a multi-product system. The entire de-
sign is also important for the subsequent 
surface decontamination with vH2O2. A 
high degree of automation reduces the 
manual interventions in the aseptic area 
through the gloves attached to the isola-
tor. If highly active/toxic substances are 
to be manufactured in the isolator (or 
substances with an increased bio-safety 
factor), the protection of employees is a 
further important factor.

Consider section 4.3 of the draft 
Annex 1, which says (3): 

Restricted Access Barrier Sys-
tems (RABS) and isolators are 
beneficial in assuring the required 
conditions and minimizing the mi-
crobial contamination associated 
with direct human interventions in 
the critical zone. This use should be 
considered in the CCS. Any alterna-
tive approaches to the use of RABS 
or isolators should be justified.

T  he first draft of the European 
Union (EU) good manufactur-
ing practice (GMP) Annex 1, 

“Manufacture of Sterile Medicinal 
Products” was published for comment 
on the Dec. 20, 2017 (1) and generated 
great interest internationally, as it was 
the first adaptation to the full EU GMP 
document on the manufacture of ster-
ile medicinal products since November 
20, 2008 (2). And, as during the cre-
ation of the document, the Pharmaceu-
tical Inspection Cooperation Scheme 
(PIC/S) and the World Health Orga-
nization (WHO) were also involved. 
The previous applicable document of 
Annex 1 was completely revised and 
contained many changes, adaptations, 
and new contents, which resulted in a 

large number of comments (6400 in 
total) to the European Commission. 
The second published draft of the EU 
GMP Annex 1 appeared just two and 
a half years later, on Feb. 20, 2020 (3). 
For the new draft version, stakeholders 
such as the International Society for 
Pharmaceutical Engineering (ISPE), 
Parenteral Drug Association (PDA), 
and others were contacted for com-
ments. The comments on the second 
publication of the draft document 
concluded in July 2020, and the final 
version is expected to be published in 
the beginning of 2021.

Barrier systems in Annex 1:  
RABS and isolators
The expressions “Contamination Con-
trol Strategy (CCS)” and “Quality Risk 
Management (QRM)” are mentioned 
frequently in the document, along with 
barrier systems, such as isolators or re-
stricted access barrier systems (RABS). 

An optimal engineering design is  
crucial for aseptic operation and cleaning.

Understanding  
the Impact of Annex 1  
on Isolator Design
Richard Denk
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The document expressly indicates that 
RABS or isolators should be used, which 
means that RABS or isolators are the fa-
vored technologies of the future for han-
dling sterile products. 

The following differences between 
RABS and isolators should be mentioned:

• RABS are installed in a grade B 
room, while isolators are installed 
in a grade D room. The installa-
tion of an isolator in a grade D 
cleanroom means more comfort 
for the operator when wearing 
the required cleanroom clothing. 
Training employees for a grade D 
cleanroom is also less intensive 
than training them for a grade B 
cleanroom.

• RABS systems are classified into 
the following systems: passive 
RABS, active RABS, or closed 
RABS. Apart from the closed 
RABS, the operator always has 
access to critical areas within the 
RABS. With the isolator, access is 
only possible using gloves at the 
isolator, just like with the closed 
RABS.

• In most cases, RABS are decontam-
inated via the room. With isolators, 
there is an integrated and validated 
decontamination system, for exam-
ple, with  vH2O2.

• With the isolator, the aseptic critical 
zone is self-contained, while with 
most RABS, the aseptic critical zone 
is opened to the surrounding room 
during interventions.

• Isolators are suitable for handling 
highly active, toxic substances or 
for substances that require a higher 
biosafety level, and they can also 
handle substances with an extremely 
low acceptable daily exposure (ADE) 
or permitted daily exposure (PDE) 
when further technical measures are 
implemented.

The use of isolators in sterile man-
ufacturing, in particular, has rapidly 
increased over the past 10 years. The 
main reasons are the increased safety 
of the product in the isolator, as well as 
the large number of highly active sub-
stances that have entered the market in 
recent years or are expected to do so in 
the coming years. 

Isolator design
Figure 1 shows that manufacturing con-
trol starts with the aseptic engineering 
design. The design of an isolator system, 
including its installations, is the basis 
on which all further requirements, such 
as cleaning or surface decontamination, 
are built. The design plays an import-
ant role in a variety of ways. 

Consider section 4.4 of the draft GMP 
Annex 1 (3); the following description ap-
plies to the interior of an isolator:

Grade A zone: The critical zone 
for high risk operations for making 
aseptic connections by ensuring 
protection by first air (e.g., aseptic 
processing line, filling zone, stopper 
bowls, open ampoules, and vials). 
Normally, such conditions are pro-
vided by a localized airflow protec-
tion, such as unidirectional airflow 
work stations, RABS, or isolators.

The hygienic design plays an import-
ant role in ensuring this first air within 
the isolator system. No installations 
should be located, and no handling 
carried out, above critical operations 
that could lead to possible contamina-
tion of the sterile product. When ob-
serving critical operations, consider 
all transfers, interventions, movement 
sequences in the isolator, and so on. 

The investigation of every individual 
process steps on a GMP Annex 1 com-
pliant aseptic hygiene design plays an 
important role here. 

Other important points when it 
comes to aseptic engineering design 
are cleaning and surface decontam-
ination. With regard to surface de-
contamination by means of vH2O2, 
all surfaces should be structured and 
designed so that the  vH2O2 reaches 
them quickly and completely. Dead 
spaces, areas with difficult accessibility, 
feed-throughs from the room into the 
isolator, screw connections, and so on, 
should be avoided. 

Cleaning 
The aseptic engineering design also 
plays an important role in cleaning 
with regard to avoiding contamination 

Manufacturing
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Figure 1. Contamination control for sterile operation in isolators. H202 is 
hydrogen peroxide.
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and cross-contamination. Consider 
section 5.4 of the new EU Draft GMP 
Annex 1, which says (3): 

The cleaning process should be 
validated to:

i. Remove any residue or de-
bris that would detrimentally 
impact the ef fectiveness of the 
disinfecting agent used.

ii. Minimize chemical, micro-
bial, and particulate contami-
nation of the product during the 
process and prior to disinfection.

In this paragraph special attention 
should be paid to the wording: “The 
cleaning process should be validated.” 
Many of the process systems within an 
isolator are cleaned manually. To be 
able to perform this manual cleaning 
in a validated way, a process and sys-
tem design are required that permit 
validation. In addition, highly quali-
fied employees are required to carry 
out this validated cleaning process. 
In the future, the author expects that 
complex and unwieldy manufactur-
ing/filling processes will be simplified 
and a suitable hygienic design used. A 
hygienic risk assessment is certainly 
a beneficial tool for simplifying the 
system design. 

An optimal process and isolator hy-
gienic design also enables the handling 
of highly active toxic pharmaceutical 
products or pharmaceutical products 
that require an increased biosafety 
level. For several years the quantity of 

these substances has been increasing 
steadily. The prognosis for the next 
few years shows that many new sub-
stances currently in the preclinical 
or clinical phase are being classified 
as highly active, toxic, or with an in-
creased biosafety level. As well as the 
process and isolator hygienic design, 
further important aspects play a role 
in the cleaning of these pharmaceuti-
cal products. It is important to consider 
the following questions:

• Which PDE or ADE limit value is 
required?

• Can the materials that are used in 
the isolator and their surface qual-
ities be cleaned to the required 
PDE or ADE, and which surface 
limit values should be considered?

Up until a few years ago, there were 
still no cleaning recommendations for 
surfaces that did not come into contact 
with the product, but there were al-
ready requirements from an EU GMP 
directive. Section 5.21 of Part 1 of these 
GMP guidelines (4) mentions: 

Depending on the contamina-
tion risk, verification of cleaning 
of non-product contact surfaces 
and monitoring of air within the 
manufacturing area … in order to 
demonstrate effectiveness of control 
measures against airborne contam-
ination or contamination by me-
chanical transfer. 

Especially in isolators with the as-
sociated process systems for aseptic 
filling in vials, syringes, etc., most 
surfaces are considered non-product 

contacting. A PDA expert group, led 
by the author of this article, was estab-
lished in 2015 to look into this topic; 
the group published “Isolator Surfaces 
and Contamination Risk to Person-
nel and Patient” (5) and “Preventing 
Cross-Contamination during Lyo-
philization: GMP and Occupational 
Cleaning Requirements for Nonprod-
uct and Indirect Product Contacts 
Parts” (6) that provide recommended 
limit values for cleaning surfaces that 
do not make contact with the pharma-
ceutical product. Table I summarizes 
some of these recommendations.

Conclusion
This article reviewed considerations for 
aseptic design and cleaning. A second 
article to be published will consider sur-
face decontamination, automation, and 
considerations for environmental health 
and safety when operating isolators.
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Table I. Limit values for cleaning for surfaces that are non-product contact. In a simplified assumption, to be verified 
by an expert team, the occupational exposure limit (OEL) is estimated as the permitted daily exposure (PDE)/10. GMP 
is good manufacturing practice.

PDE (μg/d)
OEL (μg/m3)

Limit for surface with no direct product 
contact inside the isolator (μg/dm2) (GMP 
and operator safety)

Limit for public surface with uncontrolled 
possibility of unprotected hand contact 
(μg/dm2) (Operator safety)

Limit for airborne API inside of isolator 
after cleaning at product changeover 
(μg/dm3) (GMP)

10000 1000 Visually clean Visually clean 10000

 1000 100 Visually clean 100 1000

 100 10 100 10 100

   10 1 10 1 10

    1 0.1 1 0.1 1

  0.1 0.01 0.1 or lower 0.01 or lower 0.1 or lower

Data are from the Parenteral Drug Association expert group (5, 6)
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C 
hewable tablets are a widely used dosage form for 
the delivery of pharmaceutical, nutraceutical, and 
veterinary active substances. Some examples of 
marketed products are listed in Table I (1–10). Chew-

able tablets may be defined as tablets that are designed to 
be processed by chewing to facilitate release of the active 
ingredient(s). As a dosage form, chewable tablets have the 
advantages of conventional tablets in terms of manufac-
turability, dosing accuracy, portability, and long-term sta-
bility.  Additionally, chewable tablets facilitate swallowing 
as the product is initially broken down into particles in 
the oral cavity. This is a useful patient-centric advantage 
for populations such as pediatrics for whom swallowing 
of conventional tablets is a concern (11,12,13). As water 
is not required for their administration, there is a benefit 
of convenience when dosing. Despite the widespread use 
of chewable tablets, there have been few comprehensive 
publications about them since the work of Mendes et al. 
in 1989 (14). FDA published a guidance in 2018 on quality 
attribute considerations for chewable tablets (15). These 
quality attributes are summarized in Table II. This paper 
provides a review and update of formulation aspects of 
importance to chewable tablets. 

Formulation
Chewable tablets can be prepared in a variety of shapes. 
Some children’s products come in animal shapes to pro-
vide aesthetic appeal for this specific population.  Because 
chewable tablets are broken down in the mouth before 
swallowing, total tablet weights can be higher than those 
utilized for conventional (swallow) tablets, which are 
usually less than 1000 mg.  Antacid tablets, for example, 
often exceed one gram in total weight.  Due to the tablets 
being orally reduced into particles, there is less need to 
use oval or capsule shapes, which are preferred for large 
conventional tablets. 

Many of the formulation requirements for chewable 
tablets are similar to those of conventional tablets. Pow-
der f low, compactibility, content uniformity, and tablet 
ejection requirements are dependent on the judicious use 
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Chewable tablets are a versatile dosage form 
offering several advantages including oral drug 
delivery without the need for water, ease of 
swallowing, the stability advantages of solid 
dosage forms, and patient-centric drug delivery. 
They provide a convenient means of pediatric 
drug delivery and the delivery of nutritional 
products such as chewable multivitamins. 
Chewable tablets have also found application 
in veterinary medicines. This paper reviews 
considerations for the formulation of chewable 
tablets including sensory characteristics, 
chewability assessment, and drug release.
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Table I. Examples of marketed chewable tablet products. (Source: Information sourced from references noted.) 

Product Active ingredient(s)/indication Inactive ingredients Tablet description

Animal Parade 
Kids Immune 
Booster (children’s 
chewable antioxidant 
supplement) (Natural 
Organics) (1)

Vitamin A–5000 IU, Vitamin C–60 
mg, Vitamin E–30 IU Zinc–1.88 mg 
proprietary blend (30 mg) of grape 
juice concentrate, Chinese green tea, 
turmeric, garlic, olive leaf, shiitake 
mushroom, lactobacillus acidophilus 
(4 million viable cells at time of 
manufacture) /dietary supplement

Fructose, natural flavors, 
microcrystalline cellulose, stearic 
acid, magnesium stearate, citric 
acid, natural color (beet), stevia, 
silica

Various animals shaped 
tablets

Fosrenol 1000 mg 
chewable tablets 
(Shire) (2)

Lanthanum carbonate hydrate/ hyper-
phosphataemia

Dextrates (hydrated), colloidal 
anhydrous silica, magnesium 
stearate

White, round, 22 mm, 
beveled-edge flat 
tablets debossed with 
‘S405/1000’ on one side. 

Isentress 25 mg 
chewable tablets 
(Merck) (3)

Raltegravir potassium/ HIV

Hydroxypropyl cellulose, sucralose, 
saccharin sodium, sodium 
citrate dehydrate, mannitol, 
monoammonium glycyrrhizinate, 
sorbitol, fructose, banana flavor, 
orange flavor, masking flavor, 
aspartame, crospovidone, sodium 
stearyl fumarate, magnesium 
stearate, hypromellose, PEG 400, 
ethylcellulose, ammonium hydroxide, 
medium chain triglycerides, oleic 
acid, yellow iron oxide

Pale yellow, round, 
chewable tablet with 
MSD corporate logo on 
one side and “473” on 
the other side.

Lipitor 
20 mg chewable 
tablets (Pfizer) (4)

Atorvastatin calcium trihydrate/ 
hyper-cholesterolaemia

Calcium carbonate, microcrystalline 
cellulose, croscarmellose sodium, 
polysorbate 80, magnesium stearate, 
hydroxypropyl cellulose, starch, 
pregelatinised, mannitol, aspartame, 
sucralose, grape flavor 

White to off-white, round 
chewable tablets with 
pink to purple specks 
debossed “20” on one 
side and “LCT” on the 
other measuring 8.7 mm 
in diameter.

Maalox Plus Tablets 
(Sanofi) (5)

Aluminium hydroxide gel (dried) 200 
mg, magnesium hydroxide 200 mg, 
simeticone 25 mg/ antacid

Swiss cream flavor, lemon flavor, 
magnesium stearate, talc, citric acid, 
anhydrous, glucose, anhydrous, 
saccharin sodium, sorbitol, sorbitol 
liquid non-crystallising, iron oxide 
yellow, pregelatinised starch, maize 
starch, sucrose, mannitol

Bi-layered white and 
yellow tablets, 16mm in 
diameter, with ‘Maalox’ 
embossed on 
one side.

Quillichew  
ER extended-release 
chewable tablets
20 mg (Tris Pharma) 
(6)

Methylphenidate hydrochloride/ 
attention deficit hyperactivity 
disorder

Aspartame, cherry flavor, citric 
acid, crospovidone, guar gum, 
magnesium stearate, mannitol, 
microcrystalline cellulose, polyvinyl 
acetate, polyvinyl alcohol, 
povidone, silicon dioxide, sodium 
polystyrene-sulfonate, talc, 
triacetin, xanthan gum

Speckled, off-white, 
capsule-shaped coated 
tablet, debossed with 
“NP 12” on one side 
and functionally scored 
on the other side.

Simparica Trio
(for dogs)
(Zoetis) (7)

Sarolaner (3 Mg)
Moxidectin (0.06 Mg)
Pyrantel (as Embonate) (12.5 mg)/ 
mixed external and internal parasitic 
infestations

Hypromellose, lactose monohydrate, 
sodium starch glycolate, meglumine, 
butylhydroxytoluene, pigment blend 
018, hydroxypropylcellulose, silica, 
colloidal anhydrous, magnesium 
stearate, maize starch, confectioner’s 
sugar, glucose, liquid, pork liver 
powder, hydrolysed vegetable 
protein, gelatin, wheat germ, calcium 
hydrogen phosphate anhydrous

A reddish-brown 
colored, pentagon 
shaped tablet with 
rounded edges. Tablet 
is debossed with the 
sarolaner strength on 
one face of the tablet
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of bulking agents (diluents), binders, glidants, lubricants, 
and anti-adherents. Some diluents such as polyols also act 
as sweeteners. Coloring agents are often used in pediatric 
products to enhance aesthetic appeal, although synthetic 
colors should be used with caution in this population due 
to adverse effect concerns. The children’s multivitamin 
product listed in Table I addresses this aspect by the use of 
colors derived from natural ingredients (e.g., beet-derived 
colors). A major difference in terms of excipients when 
chewable tablets are compared to conventional tablets is 
the use of ingredients that address sensory characteristics.

Sensory factors and taste-masking
The organoleptic characteristics of chewable tablets that 
are important to consider include taste, after-taste, odor, 
f lavor, texture, mouthfeel, and visual aesthetics of the 
product. The oral processing of chewable tablets makes 
taste-masking a necessity for most formulations. Sweet-
eners are almost always used and represent the simplest 
means by which to address taste concerns.  Combinations 
of bulk sweeteners (e.g., sugars or polyols) with high-in-
tensity sweeteners (e.g., aspartame) are common.  The rel-
ative sweetness of some sweeteners used in chewable tab-
lets is shown in Table III. In addition to relative sweetness, 
the sweetness-response time profile should be considered.  
For example, monoammonium glycyrrhizinate, while hav-
ing a slow onset, has a prolonged sweetness.  Blends of 
sweeteners may therefore be used to provide synergistic 
effects. Some high-intensity sweeteners exhibit a bitter 
taste or aftertaste with increasing concentration (16), an 
effect which can also be mitigated by combining two or 
more sweeteners (17).

Flavors are commonly used in chewable tablets. Mint 
and peppermint f lavors are popular in antacid tablets.  
Pediatric products often use fruit-based and bubblegum 
f lavors.  Dry powder forms of f lavors are preferable as 
they avoid the loss of volatile aromatic components during 
drying. For the same reason, direct compression is often 
preferable for chewable tablet manufacturing. In cases 
where wet granulation is used, f lavors should be added 
extra-granularly. Flavors can be further modified by the 
addition of agents such as citric acid.

When the addition of sweeteners is insufficient to ad-
dress taste issues, either due to the high dose of the active 
or its inherent bitterness, other approaches may be used, 
such as coating, ion-exchange resins, or chemical modifi-
cation of the drug molecule. Coating and microencapsu-
lation techniques are based on using polymers or lipids to 
form a physical barrier around particles that prevents un-
pleasant tasting molecules from coming into direct con-
tact with taste receptors in the mouth. Coated particles 
are blended with fillers, disintegrants, and lubricants prior 
to tableting.  Polymers that are insoluble in saliva but dis-
solve in gastric acid (e.g., amino methacrylate copolymer) 
may be used if an immediate-release dissolution profile 
is desired. Particle coating processes may be performed 
using fluid or spouted bed equipment.  Coatings must have  
sufficient mechanical f lexibility to withstand both the 
tablet compression process as well the oral chewing pro-
cess after administration.  

Mouth feel factors include sensation and texture. The 
dissolution of polyols is significantly endothermic, which 
leads to a cooling effect. Table III lists the heats of solution 
for some bulk sweeteners. A co-processed microcrys-

Table I.  Examples of marketed chewable tablet products (Contin.)  (Source:  Information sourced from references noted.)

Product Active ingredient(s)/indication Inactive ingredients Tablet description

Singulair Paediatric 
5 mg chewable 
Tablets (Merck) (8)

Montelukast sodium/
asthma

Mannitol, microcrystalline 
cellulose, hyprolose, red ferric 
oxide, croscarmellose sodium, 
cherry flavor, aspartame, 
magnesium stearate

Pink, round, biconvex, 
diameter 9.5 mm with 
Singulair engraved on 
one side and MSD 275 
on the other.

Vermox chewable 
500 mg (Janssen) 
(9)

Mebendazole/gastro-intestinal 
infections caused by Ascaris 
lumbricoides (roundworm) and 
Trichuris trichiura (whipworm)

Crospovidone, magnesium stearate, 
microcrystalline cellulose, povidone, 
purified water, strawberry flavor, 
sucralose

Round, flat radius-
edged white to yellowish 
chewable tablets that are 
debossed with “M /500” 
on one side and “J” on 
the other side.

Videx
(didanosine)
chewable/
dispersible 
buffered tablets 
(Bristol Myers 
Squibb) (10)

Didanosine 20, 50, 100, 150,  
200 mg/HIV

Calcium carbonate, magnesium 
hydroxide, aspartame, sorbitol, 
microcrystalline cellulose, 
polyplasdone, mandarin-orange 
flavor, magnesium stearate

Round, off white to light 
orange/yellow with a 
mottled appearance, 
orange-flavored, 
tablets embossed 
with “VIDEX” on one 
side and the product 
strength on the other.
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talline cellulose and guar gum excipient (Avicel CE-15) 
has been developed for chewable tablets and is claimed 
to improve mouth feel (18). Grittiness is inf luenced by 
particle size with smaller particles having lower grittiness 
and being more acceptable.  Grittiness can be reduced 
by using powder particle sizes less than 300 µm (19,20). 
Sticking to the teeth, excessive gumminess, or viscosity 
and chalkiness are also undesirable.

Mechanical properties and chewability
The mechanical properties of a tablet are important to ensure 
tablet durability and low friability after compression, during 
packaging, shipping, and handling. For chewable tablets, they 
play a further role as these dosage forms must be readily chew-
able. Tablets having excessively high mechanical strength may 
present a risk to teeth, dentures, or mandibular joints. Only a 
few published studies have investigated the mechanical prop-
erties of marketed chewable tablets (21,22,23).

Chewability may be defined as the ease or difficulty in 
breaking a tablet by mastication.  Mechanical tests that 
have been used to indirectly assess chewability include 
tablet breaking force (hardness), tensile strength, and the 
recently developed chewing difficulty index (23). These 
tests can be conducted both before and after a brief expo-
sure to simulated saliva, the latter being applicable because 
many tablets will rapidly soften after being placed in an 
aqueous medium.

The breaking force is widely used in the pharmaceutical 
industry as a measure of the mechanical strength of tab-
lets.  The FDA guidance on chewable tablets recommends 
a breaking force upper limit of 12 kiloponds (kp) (15).  As 
breaking force is dependent on tablet size, larger tablets 
(of similar composition) will have a higher breaking force.

Breaking force measurements may be used for a range 
of tablet shapes provided that the tablets are able to consis-
tently break along a specific axis. For example, Figure 1 shows 
the use of a hardness tester to determine the breaking force 
of a square tablet that breaks along its diagonal axis. 

The tensile strength can be used to normalize for tablet 
size and provide a more fundamental measurement of a 
tablet’s mechanical properties. The tensile strength can 
be determined from diametral compression or f lexure 
(e.g., three-point bending) tests. While tensile strengths 
can be readily calculated for round flat-faced tablets, other 
shapes present a challenge as the required equations are 
more complex.

Tensile strength values for round cylindrical tablets may 
be calculated using Equation 1 (24).  

 

σ =
2 F

π D H

      [Eq.1]
where, σ is the tensile strength, F is the breaking force, D 

is the tablet diameter, and H is the tablet thickness.   

Gupta et al. proposed the use of a chewing difficulty index 
(CDI) to assess tablet chewability.  The CDI is calculated by 
Equation 2 (23).

CDI = F H

      [Eq. 2]
where, F is the breaking force and H is the tablet thickness.  
Nyamweya et al. have determined the CDI values for some 

commercially marketed chewable antacid tablets (25).  These 
values were compared to CDI values from two prior studies 
on other products (21,23). Based on this aggregate data (of 24 
different commercial chewable tablet products), the mean CDI 
obtained was 0.56 Nm (95% confidence interval [CI]: 0.44–0.67 
Nm). For reference, the mean breaking force of the commercial 
products was 11.5 kp (95% CI: 9.9–13 kp), and the mean tensile 
strength was 0.98 MPa (95% CI: 0.85–1.11 Mpa).

Drug release
As for any dosage form, the drug-release characteristics 
of chewable tablets are critical to the bio-performance of 
the active ingredient. Different pharmacopeia show a large 
degree of variation in the disintegration and dissolution 
requirements for chewable tablets with some monographs 
not having any requirements for drug release testing (26). 
Omitting these tests, however, makes it challenging to eval-
uate the quality of chewable tablets and fails to address the 
question of what happens in the case of individuals who 
swallow chewable tablets whole.

Although rare, the gastro-intestinal impaction of (un-
chewed) chewable tablets in adults leading to hospitalization 
has been reported (27,28). Despite these reports, a study by 
Michele et al. on the safety of chewable tablets in children 
two years of age and older found that these products were 
safe and well tolerated, with medical issues related to chew-
able tablet formulation being extremely rare (29). Several of 
the products listed in Table I have pediatric indications. A 
key aspect to preventing impaction or choking risks is the 
ability of a chewable tablet to either disintegrate or soften 
readily on exposure to saliva.

Ritschel and Koeleman reported that antacid tablets that 
were chewed instead of being swallowed provided faster and 
more effective relief (30). Many chewable tablet products 
do not contain disintegrants or super-disintegrants, which 
may lead to prolonged dissolution if they are not chewed.  
However, disintegration or rapid dissolution are critical to 
address cases in which an individual inadvertently swallows 
a tablet without chewing it.  With regards to administration, 
the products in Table I fall into five categories:

• Tablets that must be chewed
• Tablets that must be chewed or crushed before admin-

istration
• Tablets that can be either chewed or dispersed in water 

before administration
• Tablets that can be either chewed or swallowed whole

Peer-Review Research
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• Tablets with no specific instructions given on chewing.
Therefore, depending on the product, chewing may or 

may not influence in vivo performance. A number of prod-
ucts listed in Table I may be taken without concern for food 
effects.

The QuilliChew ER product (Table I) illustrates the use of 
chewable tablets for sustained-release drug delivery. Like 
many sustained-release products, the potential for in vivo 
dose dumping in the presence of alcohol is highlighted 
in the label. Another product of note is Videx, for which 
thorough chewing or dispersion in water is required to 
release added buffers, which protect the acid labile active, 
didanosine, from gastric acid.

Veterinary products
Chewable tablets also find wide application in veterinary 
products for dogs and cats. An example is presented in 
Table I of Simparica Trio, which contains pork liver powder, 
hydrolyzed vegetable protein, sugars, and gelatin to address 
canine-specific sensory requirements. Due to dietary dif-
ferences between species, some sensory requirements dif-
fer from those of humans. For example, dogs have a prefer-
ence for animal-based proteins. Voluntary acceptance (the 
willingness of the animal to freely consume a product) is a 
desirable feature and may require the use of complex pala-
tants (e.g., mixtures of proteins, sugars, and flavors) (31,32).  
Another important consideration is species differences in 
excipient safety, as observed with xylitol, which while being 
suitable for human consumption is highly toxic to dogs (33).

Conclusion
Chewable tablets are a versatile dosage form that combine 
the manufacturability and stability advantages of solid prod-
ucts while providing favorable organoleptic and adminis-
tration benefits. The increased emphasis on patient-centric 
formulations in drug delivery presents further opportunities 
for the use of chewable tablets in specific populations such 
as pediatrics and differentiated pharmaceutical products 
as well as in other healthcare markets such as nutritional 
products, nutraceuticals, and veterinary medicines.
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Figure 1. Square tablet configuration for breaking force measurement: a) tablet positioning; b) example of a tablet 
after the test. Photos are courtesy of the authors.
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Event Overview
Multi-layer tableting offers an inexpensive and 
straightforward solution for a variety of challenging 
formulations. Enabling multi-phasic release systems, 
combinations of incompatible APIs, and gastro-
retentive tablets, this under-utilized method provides 
efficiency and cost-savings compared to more popular 
complex processes.
This webcast will compare multi-layer formulation 
options to traditional methods, providing a step-by-step 
guide to the multi-layer tableting process, and offering 
crucial tips to formulating and manufacturing robust 
multi-layer tablets. Learn how tooling considerations, 
excipient selection, layer design, and tamping force 
adjustment can impact overall tablet robustness, as well 
as layer-to-layer adhesion.

Key Learning Objectives
 •    Understand the basics of multi-layer tablet  

formulations and its drug delivery possibilities
 •   Follow step-by-step through the multi-layer  

tableting process
 •   Learn essential tips for creating robust multi-layer 

tablets, from tooling considerations, excipient 
selection, layer design, to tamping force adjustment

Who Should Attend
Scientists, managers, research and development, 
sales, quality, and procurement professionals at 
pharmaceutical, nutritional, and contract development 
and manufacturing organizations

Layer by Layer: The 
Fundamentals of 
Multi-Layer Tableting

Register for this free webcast at:  
www.pharmtech.com/pt_p/layer_by_layer
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ufacturing quality controls. The goal is 
to ensure the filter will function accord-
ing to the manufacturer’s sterility claims 
and ensure there are no leaks or defects 
in the product. These tests are typically 
conducted on new laboratory filters be-
fore a new batch. For sterility filters, the 
integrity test involves introducing a mi-
croorganism upstream and ensuring zero 
organisms are recovered post filter. 

This type of test is called “destructive” 
because once performed, the filter can no 
longer be used. Whenever the filter is in-
tentionally exposed to a microorganism 
to test its performance, it cannot return 
to service and must be destroyed.

Another goal of destructive testing 
is to provide a correlation to a nonde-
structive test that can be performed by 
an end user. Validating a nondestruc-
tive integrity test value to a destructive 
test result ensures that when the end 
user performs the test before and after 
using the filter, the results will match 
the manufacturer’s claims.

Nondestructive testing: 
ensuring proper filter performance
Laboratory end users typically rely on 
nondestructive tests to validate the 
performance of their sterility filtra-
tion. In reviewing the types of non-
destructive testing, it’s important to 
understand that there are two classes 
of membrane filtration. Hydrophilic 
membranes are water loving while 
hydrophobic membranes are water 
repellant. The type of membrane used 
will determine the appropriate nonde-
structive integrity test.

Hydrophilic membrane 
integrity tests
There are several nondestructive tests 
commonly used to test the integrity of hy-
drophilic membranes: the bubble- point 
test, the forward-flow test, and the pres-
sure-hold or pressure-decay test.

Bubble-point test. This test is the most 
popular for small filtration devices, pri-
marily because these filters do not usu-
ally have the solution volume needed to 
conduct the other tests. The bubble-point 
test can be performed manually or with 
an automated device that measures the 

E nsuring the performance of sterility 
filtration is essential in research 
and pharmaceutical laboratory 

operations. Many processes demand 
that the filtrate is free of biological 
contaminants or else risk downstream 
contamination, equipment failure, or 
even human health concerns. Sterility 
performance of a filter must be tested 
to validate that it performs as designed.

Environmental and workf low fac-
tors, such as handling of filters, par-
ticle load, pressure and temperature 
f luctuations, and chemical exposure 
steps, can cause wear to filter media. 
A sterilizing filter can incur damage 
in the form of membrane blockage, 
cracks, and changes to pore structure 

during use. While filter blockages are 
usually easily detected, other damages 
may be more difficult to recognize.

Integrity tests are the manufacturer’s 
and end user’s method to confirm the 
structural soundness and performance 
of a sterility filter before and after use 
as a way to ensure the filter assembly 
remained integral. 

In this article, we review the two 
types of integrity tests—destructive and 
nondestructive—that are commonly 
used by the industry to validate steril-
ity filter performance. It explains the 
different testing methodologies and the 
reasons why they are critical to manage 
laboratory risks.

Destructive testing: 
validating the manufacturer’s claims
Destructive integrity testing is performed 
by the filter manufacturer during prod-
uct development and/or as part of man-

Assessing the integrity of filter 
membranes is critical for maintaining 
sterile filtration operations in laboratories.

Understanding the  
Critical Role of Integrity 
Testing in Laboratory 
Sterility Filtration
Joseph Baaklini
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Event Overview
Solid form screening and characterization is a critical part of drug 
substance development and preformulation. This webcast will discuss 
many aspects of solid form screening. The underlying fundamentals 
of polymorphism, hydrates/solvates, salts, and cocrystals will be 
presented to establish a basic understanding of these systems. 
Regulatory guidance on solid form understanding will be discussed 
to provide a framework for what is required prior to IND and NDA 
filing. The importance of solid form screening and characterization in 
both drug substance and drug product develop, stability, and process 
development will also be discussed.

Lonza provides solid form services that is integrated into both drug 
substance and drug product development with strong materials 
science expertise and state of the art equipment. Close collaboration 
of solid form screening with drug substance and drug product 
development improves the ability to leverage critical data to optimize 
product development activities. 

Key Learning Objectives
 •  Review the fundamental physical chemistry of polymorphs, 

solvates, hydrates, salts, and cocrystals
 •  Establish the regulatory requirements of solid form understanding
 •  Understand the importance of identifying and characterization 

critical solid forms
 •  Learn how a lead solid form is selected for development and its 

impact on drug product development

Who Should Attend
 •  Project managers and leaders in pharmaceutical drug substance /

product development
 •  Chemistry, manufacturing, and control (CMC) managers
 •  Scientists wanting to improve vtheir knowledge of solid form 

development
 •  Decision makers looking to outsource solid form screening or 

preformulation services

Solid form screening 
and its role in drug 
development

Register for this free webcast at:  
www.pharmtech.com/pt_p/screening
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minimum bubble point value. It’s import-
ant to note that the manual test requires 
well-trained operators that can differen-
tiate between a stream of bubbles versus 
filter media compression. A bubble-point 
test works by thoroughly wetting the 
membrane, attaching a pressure gauge 
upstream, and applying air pressure to 
the filter up to the point of the minimum 
bubble-point. If no bubbles are observed 
up to the specified bubble-point value, 
the filter is considered integral. 

Forward-flow test. This test is more ac-
curate than the bubble-point method. 
While it can be used on small, hydro-
philic membrane filters, it is commonly 
performed on larger devices. The test 
injects a constant amount of air at a spe-
cific flow rate through the wetted filter. 
The volume of air displaced from the 
upstream side to the downstream side 
is continuously measured. If the volume 
maintains a rate below a certain limit, the 
filter is integral.

Pressure-hold/pressure-decay test. This 
test pressurizes the upstream side of the 
wetted filter. When the pressurization is 
stopped, the amount of pressure decay 
that occurs over time is measured. If it is 
below a certain limit, the filter is integral.

Hydrophobic membrane 
integrity tests
These three methods can also be utilized 
to test hydrophobic membrane integrity. 
In addition, laboratory staff can per-
form a fourth method: the water break-
through/water intrusion test.

Water breakthrough/intrusion test. As 
we have said, hydrophobic membranes 
repel water. If a small volume of water is 
pushed through a hydrophobic filter at 
a specific pressure (2 bar), there should 
not be a liquid eluting or passing through 
the hydrophobic membrane. If the mem-
brane holds back the water for 10 to 15 
seconds, the filter is integral and ready for 
use. This test is popular because it uses a 
small amount of water and is quick and 
easy to perform.

Bubble-point and forward-flow tests. 
Conducting one of these tests requires 
breaking the surface tension of the hy-
drophobic membrane. To do this, typ-
ically 100% isopropyl alcohol (IPA), or 
IPA/water solution is used to thoroughly 
wet the membrane. Then the previously 
discussed bubble-point method can be 
applied to determine the point when a 
stream of bubbles is visible coming out of 
the filter. Alternatively, the forward-flow 
test measures the volume of solution pass-
ing through the filter. The disadvantage 
of using both of these methods is that the 
filter needs to be dried to remove all the 
water and solvent prior to use. Because of 
this, the water intrusion/ breakthrough 
test is preferred for hydrophobic filters 
due to achieving test results more quickly.

Testing considerations
Several factors should be considered 
when conducting tests.

Wetting fluids and gas types. The selec-
tion of wetting fluid types for non-de-
structive testing is often overlooked by 
laboratory end users. Water is typically 
used to test a hydrophilic filter. If test-
ing a hydrophobic membrane, the filter 
must be wetted with 100% ethanol or 
IPA, or a blend of IPA and water exam-
ple 70/30%, respectively.

The type of testing gas also must be 
considered. The two popular gases are 
air, or if there is concern about oxida-
tion, nitrogen. Other gases are not used 

due to health and safety concerns or the 
fact they are not compressible.

Temperature control. The other factor 
that can be overlooked during integrity 
testing is temperature control. Tem-
perature has a strong impact on gas 
expansion. If the temperature of the air 
or nitrogen is elevated during integrity 
testing, the result will be higher diffu-
sive flow that may skew the test results. 
If the gas is too cold, it may also alter 
the testing outcome. It is critically im-
portant to maintain ambient tempera-
ture throughout the testing process to 
get the most accurate results. In cases 
where the end user wants to test at a 
higher temperature, the filter manu-
facturer should be queried for values 
calculated based on that temperature.

Optimizing the testing workflow
Most laboratories are doing an excellent 
job conducting non-destructive tests to 
validate their sterility filter’s perfor-
mance. If a lab is not doing this, it is 
highly recommended to implement this 
testing to reduce risk and ensure repeat-
ability of their work.

The constant changeover in laboratory 
personnel places a need for continuous 
training, particularly on manual bub-
ble-point tests, because the results can be 
subjective, and their accuracy is based on 
the user’s technical skills. For example, 
when beginning the test, the filter device 
is pressurized, which results in initial 
compression. Trapped gas in the filter will 
escape and those bubbles can be mistaken 
for a minimum bubble-point value.

Analytics

Environmental 
and workflow 
factors, such 
as handling of 
filters, particle 
load, pressure 
and temperature 
fluctuations, 
and chemical 
exposure steps, 
can cause wear to 
filter media.

It is critically 
important to 
maintain ambient 
temperature 
throughout the 
testing process 
to get the most 
accurate results.
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Another common error is over-pres-
surizing the filter. Using the example of a 
filter where the minimum bubble-point 
value is 20 psi, the pressure reaches 20 
psi, and the user does not see a stream 
of bubbles. The tester may continue to 
raise the pressure until bubbles are seen 
at 35 psi; however, this is an incorrect 
test procedure. If the minimum bub-
ble-value point value is 20 psi, there is 

no need to increase the pressure because 
the membrane has passed the test. On 
the other hand, if a stream of bubbles 
were visible at 17 psi, that is below the 
minimum bubble-point value and the 
membrane will have failed the test.

Over-pressurizing the membrane 
in a bubble-point test can result in fil-
ter damage and invalid data, particu-
larly after it has been used and may be 
clogged. Best practice calls for perform-
ing the test at a slow and steady rate to 
make sure the correct amount of pres-
sure is applied.

Another trend is the growth of auto-
mated integrity testing. Although most 
laboratory filtration products are val-
idated using the manual bubble-point 
method, the trend is towards more au-
tomated procedures that require less 
time and remove human error while 
achieving higher productivity.

Conclusion
The goal of filtration integrity testing 
is to ensure performance and reduce 

risk . Manufacturers perform de-
structive tests to validate the claims 
of their f i lter’s performance. But 
once these products exit the com-
panies’ shipping docks, they leave 
controlled environments. There are 
many conditions and events between 
the manufacturer and the end user 
that can affect a filter’s sterility per-
formance. Filter can sustain damage 
during shipment and installation 
that can go undetected without in-
tegrity testing the filter before use.

When in use, the solutions that enter 
the filter may have cell debris and con-
taminants that can affect the research-
er’s work or downstream process. The 
scientist or lab technician expects that 
the liquid passing through the filter is 
a sterile solution. Failure to perform a 
filter integrity test can put the laborato-
ry’s work and even staff at risk.

The only way the laboratory can 
guarantee the performance of sterility 
filtration is to conduct integrity tests on 
the products, before and after use. PT
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and Response at the US Department 
of Health & Human Services, for the  
rapid, large-scale production of leading  
COVID-19 vaccine candidates through 
2021. Emergent will manufacture 
vaccine drug substance at its Baltimore 
Bayview facility in Maryland and will 
manufacture drug product and conduct 
fill/finish operations at its facilities in 
Baltimore, Camden, and Rockville, MD 
(2). The company currently has deals with 
Johnson & Johnson and AstraZeneca to 
manufacture their respective COVID-19 
vaccine candidates (3).

“As with all FDA guidance, it gives 
sponsors and manufacturers clearer 
insight into the FDA’s current thinking 
on a topic and how they are leveraging 
and/or interpreting, in this instance, 
standing 21 [Code of Federal Regulations] 
CFR Part 601 regulations for chemistry, 
manufacturing, and controls (CMC) in 
the COVID-19 vaccine development 
landscape,” says Gale.

For drug substance and drug 
product manufacturing, the guidance 
emphasizes that data be provided 
showing adequate control over all source 
material used in the manufacturing of 
the vaccine, including the history and 
qualification of cell banks and virus 
banks as well as the identification of all 
animal-derived materials that are used 
for cell culture and virus growth.

“It is recognized that this guidance 
will not cover all the considerations 
necessary to satisfy all statutory and 
regulatory requirements for licensure. 
It further acknowledges that in some 
instances, platform knowledge could 
be leveraged, the specifics of this 
potential and the science they are based 
upon must be considered carefully, 
thus highlighting the importance of 
early engagement with the agency 
further,” Gale states.  

Recognizing the challenges
Three important challenges to  overcome 
include being able to validate currently 
unproven platform technologies, 
demonstrating that the vaccine confers 
protection against SARS-CoV-2 infection/
COVID-19 disease, and targeting an 
appropriate vaccine design (4). 

M ajor bio/pharmaceutical com-
panies and contract service 
providers leading the charge 

to bring COVID-19 vaccines to mar-
ket are familiar with established good 
manufacturing practices (GMPs). To 
support manufacturers in the rush to 
develop a vaccine, FDA, in June 2020, 
released industry guidance (1) high-
lighting the development and licensure 
of COVID-19 vaccines. 

For example, FDA noted in the 
guidance that no “accepted surrogate 
endpoints” to which clinical testing 
can aim currently exist. Without these 
target endpoints, there is likely no 
ability to form a reasonable prediction 
that a potential COVID-19 vaccine 
would demonstrate a clinical benefit. 
FDA has recommended that any 
vaccine development program should, 
therefore, follow a traditional route to 

approval, meaning the development 
programs should demonstrate the 
vaccine candidate’s safety and efficacy in 
protecting patients from infection by the 
SARS-CoV-2 virus and/or clinical disease 
that results from infection. 

“The FDA Guidance highlights 
the pertinent CGMP [current good 
manufacturing practice] considerations 
for all vaccine manufacturing and 
serves as a reminder of statutory GMP 
expectations for COVID-19 vaccines 
specifically,” says Karolyn Gale, senior 
director, regulatory affairs, Emergent 
BioSolutions, a contract development 
and manufacturing organization 
(CDMO). The CDMO was granted 
a $628-million task order under an 
existing contract with the Biomedical 
Advanced Research and Development 
Authority (BARDA), part of the Office of 
the Assistant Secretary for Preparedness 

Recent industry guidance aims to anchor 
rapid COVID-19 vaccine development in 
good manufacturing practice protocols. 

GMPs Guide COVID-19 
Vaccine Manufacturing
Feliza Mirasol
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Determining the polymorphism of a drug—the propensity of a 
molecule to crystallize in different crystalline arrangements, 
to form crystalline salts and/or non-salt cocrystals—allows for 
rational selection of the proper solid form/polymorph for further 
development.  In this webcast, learn about the basic concepts 
of the physical phenomenon of crystalline polymorphism in drug 
molecules and the techniques used to discover and characterize 
polymorphs. Explore the effects that different polymorphs may have 
during drug dissolution and solubilization in the body and resultant 
bioavailability levels. The benefits of understanding possible 
polymorphs from a commercial business and risk reduction 
standpoint will be explored.

Key Learning Objectives
1.  Review the definitions of drug solid form, polymorphism, 

crystallinity, and amorphicity. 
2.  Understand the physical nature of polymorphism and the 

techniques used to find polymorphs, salts, and cocrystals.
3.  Develop an appreciation of the importance of profiling 

polymorphism in drugs for the following factors:
 •  As a key component of selecting the proper solid form for 

development 
 • As a necessary inclusion in key regulatory filings 
 •  As an asset for intellectual property filings, which can prevent 

competitors from legally formulating your drug using a 
polymorph not under patent protection.
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Vaccines being developed with 
unvalidated, unproven platform 
technologies (e.g., DNA- and messenger 
RNA-platform based vaccines) raise 
uncertainties about long-term safety 
and the ability to confer long-term 
immunity against COVID-19. These 
newer platform technologies may offer 
unique advantages (e.g., accelerating 
timelines), but vaccines developed from 
them may face greater regulatory scrutiny 
than vaccines coming from traditional 
established technologies. 

In designing a vaccine, developers 
must establish a sufficient “indicator of 
protection” (4) (e.g., antibody response 
levels) to first demonstrate that the 
vaccine protects against COVID-19 and 
take into account the SARS-CoV-2 virus’ 
mutation potential, which can impact the 
vaccine’s relevance and delay launch.

Knowledge and 
technology transfer
Ensuring that the overall regulatory 
strategy for a vaccine product is 
understood by a CDMO facility/partner 
chosen by a vaccine developer is one 
of the biggest regulatory challenges 
currently, says Gale. This transfer of 
knowledge and strategy is especially 
challenging considering the speed with 
which a COVID-19 vaccine is needed. 

“This is accomplished by ensuring the 
appropriate contacts are in place between 
the two organizations and that the lines 
of communication are open between 
the two entities that allow for exchange 
of pertinent information in real-time. 
Pertinent information includes FDA (or 
other health authority) feedback that 
informs or changes the overarching 
strategy for either the facility or the 
product development,” Gale says. 

“Another challenge we face currently 
is pursuing FDA feedback for the facility 
and its capabilities while keeping the 
interests of more than one client and/
or COVID-19 vaccine candidate in 
mind,” she continues. “The landscape is 
constantly shifting, and new information 
is coming in daily; however, decisions 
for the facility and/or process need to 
be made to move forward. Despite these 
challenges, FDA, BARDA, and innovator 

companies have been supportive 
throughout the process.”

“Manufacture of vaccines is a 
complex process that requires multiple 
unit operations to be executed in 
accordance with CGMPs,” Gale adds. 

“The development and scale up of a 
commercial manufacturing process 
takes up to several years. As we work 
with our partners to support their 
COVID products, we are accelerating 
these processes from years to months. 
The technical challenges we face relate 
to ensuring we have a robust and 
reproducible manufacturing process that 
results in high-quality product.”
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For bio/pharmaceutical companies, quality must be more than a vague concept. Quality practices impact 
all aspects of drug development and manufacturing. In the Pharmaceutical Technology Regulatory 
Sourcebook, experts share insights and best practices on a range of quality issues including the following:

• Enhancing Process Validation for Sterile Liquid and Freeze-Dried Forms: Part 1
AFI representatives of the process validation working group explore and define key elements for an 
enhanced approach to process validation for sterile liquid and freeze-dried forms.

• Enhancing Process Validation for Solid Oral Dosage Forms: Part 2
AFI representatives of the process validation working group explore and define key elements for an 
enhanced approach to process validation for solid oral dosage forms.

• Due Diligence Assessment of CMC Activities
For planned acquisitions or licensing, a careful analysis of CMC factors is vital to ensure no problem 
areas are overlooked.

• Do Pharmacopoeias Inadvertently Facilitate Data Integrity Violations?
Analysts should understand how a monograph, together with the associated general notices and 
general chapters, relate to their responsibilities under good manufacturing practices.

• Tackling Cybersecurity Challenges in Legacy Systems
Ongoing and emerging cyber-risks to legacy operational technology systems in bio/pharmaceutical 
manufacturing must be addressed.

• Ending ‘Magical Thinking’ in Compounding
Consistent product quality requires a clear understanding of the essence of CGMPs. Experts fear 
that the message is not always getting through to compounders.

• Viral Vector API Characterization of Product-Related Impurities
FDA’s final CMC guidance sets expectations for manufacturing and quality for human gene therapy INDs. 
This article reviews existing analytical applications, focusing on viral vector characterization of impurities.

• Viewpoint: Precompetitive Collaboration Drives Pharma Industry Innovation
The IQ Consortium marks a decade of impactful innovation of collaboration through a network of 
pharmaceutical companies driving change for the bio/pharmaceutical industry.

• Strong Quality Culture: A How-To for Busy Managers
Building employee participation and forming good habits contribute to a company-wide quality 
culture that pays off.

To read these articles, view the Pharmaceutical Technology October 2020 Regulatory  
Sourcebook online at www.PharmTech.com/journals/pharmaceutical-technology/pharmaceutical-technol-
ogy-10-15-2020

Pharmaceutical Technology October 2020 Regulatory Sourcebook

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/development-and-licensure-vaccines-prevent-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/development-and-licensure-vaccines-prevent-covid-19
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/development-and-licensure-vaccines-prevent-covid-19
https://www.pharmtech.com/view/enhancing-process-validation-for-sterile-liquid-and-freeze-dried-forms-part-1
https://www.pharmtech.com/view/enhancing-process-validation-for-solid-oral-dosage-forms-part-2
https://www.pharmtech.com/view/due-diligence-assessment-of-cmc-activities
https://www.pharmtech.com/view/do-pharmacopoeias-inadvertently-facilitate-data-integrity-violations
https://www.pharmtech.com/view/tackling-cybersecurity-challenges-in-legacy-systems
https://www.pharmtech.com/view/ending-magical-thinking-in-compounding
https://www.pharmtech.com/view/viral-vector-api-characterization-of-product-related-impurities
https://www.pharmtech.com/view/viewpoint-precompetitive-collaboration-drives-pharma-industry-innovation
https://www.pharmtech.com/view/strong-quality-culture-a-how-to-for-busy-managers
http:// www.PharmTech.com/journals/pharmaceutical-technology/pharmaceutical-technology-10-15-2020
http:// www.PharmTech.com/journals/pharmaceutical-technology/pharmaceutical-technology-10-15-2020


Event Overview
Decentralized clinical trials were on the rise 
even before the Covid-19 pandemic. But 
how do you know if it makes sense for your 
trial? Simply put, a decentralized clinical 
trial eliminates the need for a patient to visit 
an investigator site to receive treatment. 
While this patient-centric design increases 
convenience and provides an uninterrupted 
flow of medication for the patient, it can also 
positively impact trial enrollment and retention 
for Sponsors. 

Key Learning Objectives
In this webcast will learn:
 •  How to determine if a decentralized clinical 

trial is the right choice 
 •  How to build a patient-centric supply chain
 •  The benefits of working with a single  

source provider

Who Should Attend
 •  Small and emerging companies  
 •  Vice president/director/manager of clinical 

operations, clinical logistics, clinical supply 
chain, cold chain, clinical packaging, 
clinical management, comparator and CAM 
sourcing, procurement 
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Aired: Thursday, November 5, 2020

Presenters

Rodman Stull 
Vice President & General Manager,  

Clinical Services, Americas
Thermo Fisher Scientific

Jason Mieding 
Global Leader, Total Transportation Management

Thermo Fisher Scientific 

Moderator

Rita Peters 
Editorial Director 

Pharmaceutical Technology

For questions or concerns, email 
mdevia@mjhlifesciences.com

Does Your Clinical 
Trial Design Satisfy the 
Needs of Your Patients?

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

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2720573&sessionid=1&key=E4A0A1F6577B960A2C10355CB854D4AF&regTag=&sourcepage=register
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their stale documents become actionable 
data, we see a large uptick in data in-
tegrity and a downtick in human error. 
What this change translates to are organi-
zations which can begin to quantify im-
provements in product quality, product 
yield, and acceleration of new product 
introductions—all while maintaining 
regulatory compliance.

PharmTech: What trends do you see in 
using machine learning or artificial intel-
ligence (AI) and real-time monitoring of 
biopharmaceutical processes? 

Barnes (Honeywell): We are seeing a sig-
nificant jump in investment and capa-
bilities in this space. A consistent goal 
for facilities with biopharmaceutical 
processes is faster delivery of medical 
therapies to customers. In order to ac-
complish this result, these process 
facilities need to remain audit-ready 
and maintain compliance across the 
enterprise. This is where data analy-
sis platforms play an important role. 
Advanced analytics, AI, and machine 
learning can minimize regulatory 
risk, increase operational efficiencies, 
and deliver products to customers 
faster while reducing rejections and 
waste of products. Advanced AI pre-
dictive models can predict equipment 
failures; advanced analytics coupled 
with AI and the Industrial Internet 
of Things (IIoT) can provide deeper 
root-cause-analysis; and consolidat-
ing compliance-related manufactur-
ing data from disparate siloed systems 
enables faster lot release and increased 
inspection readiness. 

Modularization
PharmTech: What do you see as trends 
in modularization in biopharmaceuti-
cal manufacturing facilities? How do 
modular builds affect automation and 
process control? 

Barnes (Honeywell): As the need for 
speed and agility has become increas-
ingly critical, the life-sciences indus-
try has seen a rise in modular facili-
ties. Modularization is the enabler for 
facilities to serve as multi-purpose 
and multi-product facilities, which is 
particularly important for biopharma-
ceutical facilities that produce person-

M any bio/pharmaceutical compa-
nies have started digital trans-
formation projects in various 

parts of their companies, including 
manufacturing. Modern manufactur-
ing technologies that enhance product 
quality and process efficiency embrace 
moving away from manual and pa-
per-based processes to automated col-
lection of digitized data that can be 
employed in process analytics and used 
to help improve overall process control. 
Pharmaceutical Technology spoke with 
Tiffany Barnes, global technical solu-
tion consultant in the Life Sciences 
Group for Honeywell Process Solu-
tions, about trends and best practices 
in digitalization of bio/pharmaceutical 
processes and facilities.

Trends
PharmTech: What trends do you see in 
digitalization of biopharma processes 
and facilities? 

Barnes (Honeywell): Digitalization of 
biopharma processes/facilities is an inter-
esting topic because traditionally, once a 
facility underwent a preapproval inspec-
tion, the goal was to keep it running as 
long as possible without making changes 
(other than like-for-like maintenance). 
Unfortunately, this conventional ap-
proach left facilities frozen in time for fear 
of having to rework and revalidate. Only 
more recently are we seeing that the reg-
ulators are recognizing these unintended 
consequences. As an example, FDA has 
stated that they are committed to sup-
porting and enabling pharmaceutical 
innovation and modernization because 
they firmly believe that embedded in 
that transformation are benefits to both 
industry and patients (1). And in part be-
cause of this support, we are slowly seeing 
cutting-edge and forward-thinking or-
ganizations begin to digitally transform 
their enterprise. As more organizations 
become a part of this transformation and 

Consider modular automation and cybersecurity 
when modernizing manufacturing processes.

Adopting Digitalization  
in Biopharma Facilities
Jennifer Markarian



Event Overview

Regulators assess the chemistry, manufacturing, and control (CMC) section of 
a submission to determine if the drug product shows the acceptable limits and 
analytical methods used to assure the identity, strength, quality, and purity of 
the finished dosage form.

This webcast will explore how impurities are addressed in investigational new 
drug (IND) applications, new drug applications (NDAs), and abbreviated new 
drug applications (ANDAs) in context to small-molecule manufacturing and 
quality controls and will also include United States Pharmacopeia’s (USP’s) 
guidance with biologicals. 

With increasing trends to investigate clinical targets with multiple modalities, 
it is challenging to maintain access to analytical capabilities and capacity. This 
webcast will also explore a published four-quadrant work model and how the 
approach has evolved, resulting in a dramatic increase in both capability and 
capacity at reduced cost. 

Key Learning Objectives

 •  Review USP approaches to monitoring impurities, including a discussion 
on existing USP standards and standards under development

 •  Gain an overview of how impurities are addressed in INDs, NDAs, 
and ANDAs, in context of small-molecule manufacturing, including 
corresponding ICH and FDA guidelines

 •  Enable operation of an efficient and sustainable product  
development organization

 •  Learn how smart automation protocols, coupled with targeted project 
management tools and a strategic approach to insourcing, can vastly 
improve compliance, robustness, and turnaround times at a significantly 
lower cost compared to traditional work models

Who Should Attend

 •  Head of CMC Testing
 •  Head of Chemistry Manufacturing and Controls – Drug Development 
 •  CMC Consultant
 •  Associate or Associate Regulatory Operations Pharmaceutical Chemistry, 

Manufacturing and Controls
 •  Director of Process Chemistry and Drug Substance Manufacturing
 •  Senior Scientist, Biologics – Regulatory Chemistry, Manufacturing  

and Controls
 •  Director of Manufacturing, CMC
 •  CMC Process Chemistry
 •  Drug Product Process Development & Manufacturing
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LIVE WEBCAST
Wednesday, November 18, 2020 
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Testing Challenges
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alized medicine in areas such as cell 
and gene therapy. The f lexibility of 
the modular approach enables life-sci-
ence [drug] manufacturers to quickly 
change the formulations of the prod-
ucts they manufacture and introduce 
new products quicker than ever before. 

As it pertains to automation and 
process control, solution providers 
must also incorporate modularity and 
flexibility throughout their process ar-
chitectures, which means that change 
is also needed in the automation and 
process control industry. If solution 
providers can simplify their control 
system design, implementation, and 
lifecycle management, then new tech-
nologies can deliver the infrastructure 
for modular engineering that capitalizes 
on the flexibility inherent to modular 
manufacturing.

PharmTech: What are the primary 
challenges for automation of modular 
processes?

Barnes (Honeywell): In general, tra-
ditional automation did not support 
modular processes as effectively. It is 
the modular processes and need for 
agility that have been pushing the au-
tomation providers to become more 
f lexible in their solution architecture. 
For example, the days of tightly bound 
physical relationships between control-
lers and input-output (IO) devices are 
becoming a thing of the past. Realis-
tically, automation solution providers 
must break free of those legacy con-
straints, begin looking at their existing 
technologies, and make significant in-
vestments in solutions that intrinsically 
support modular engineering. There 
has been a significant step change with 
new innovations in cloud computing, 
technologies that decouple control 
from the physical platform, and the 
use of simulation environments with 
virtual systems. These advancements 
are also critical in supporting the bio-
pharmaceutical industry as a whole 
as they adopt workflows that heavily 
leverage contract manufacturing or-
ganizations who often need to supply 
different products for their clients. Au-
tomation solutions that are leveraging 
these technologies are on the path to 

building a necessary foundation to im-
plement modular engineering strate-
gies that meet ever-changing sector 
demands. 

PharmTech: What options are available 
for automation of modular processes? 

Barnes (Honeywell): There are two main 
approaches for implementing automation 
solutions for modular processes. One is 
the traditional approach, where there is a 
one-to-one relationship between IO and 
controllers. Another is decoupling con-
trol from the physical platform.

The traditional approach is not 
conducive for modular facilities that 
require agility. The rigid architecture 
reduces engineering flexibility and in-
creases overall cost as hardware is often 
fixed. An automation solution that has 
the capability to decouple the controls 
from the physical thrives in a highly 
adaptive environment. This approach 
would usually require an information 
technology infrastructure to support a 
data center or virtualization technology 
where controls and IO can move effort-
lessly. This [approach] brings elasticity 
to the control system architecture by 
enabling manufacturers to change the 
IO footprint when adding or moving 
equipment. In effect, IO becomes an 
extension of the equipment that can be 
managed independently of the control 
system infrastructure. 

Data security
PharmTech: What are the concerns with 
data integrity and security when con-
necting equipment via the IIoT, and 
how can these concerns be addressed? 
What are the primary concerns for 
data security/data integrity for modu-
lar processes in particular? 

Barnes (Honeywell): As the industry 
heads into digital transformation, inev-
itably there is an increase in connectivity 
across the enterprise. With respect to an 
IIoT device, data can exist in motion, at 
rest, and in process. When data integrity 
is compromised, this not only means that 
an IIoT device cannot operate correctly, 
but it can also mean that the device is 
now open to being exploited as a po-
tential launching point for other attacks 
within the enterprise. Modular process 

managers must be cognizant of these 
risks because there is a potential for more 
touchpoints and insertion opportunities. 
Traditionally, security has been viewed as 
a cost center but, in reality, it is a com-
petitive advantage as systems remain up 
and running and unplanned downtime is 
eliminated. Facilities need to manage the 
risk that comes up at different stages in 
the cybersecurity lifecycle. To do so, secu-
rity must come to the forefront and orga-
nizations must apply the right technology 
and best practices at both the device and 
platform level. 

PharmTech: Can you comment on what 
the biopharma industry could learn/
adopt from other industries regarding 
these technologies?

Barnes (Honeywell): There is a lot to be 
gained in the biopharma industry by 
both learning and adopting processes 
and best practices for IIoT and cyberse-
curity from other industries. Refineries, 
chemical plants, and other automated in-
dustries have a long history of mitigating 
safety and security risks. Often, risk in 
those industries can result in devastating 
human loss in addition to the impact on 
production. Over the years, those indus-
tries have found that security and safety 
are tightly integrated with more than just 
technology—that people and the work 
process contribute to the overall data in-
tegrity of the facility. Therefore, though 
there are many lessons learned, one of the 
important concepts that the biopharma 
industry should adopt is an integrated 
safety and security approach that in-
cludes what other industries refer to as 
layers of protection. This comprehensive 
approach begins with understanding 
pertinent regulations and standards and 
how they affect the various layers of pro-
tection. Then it looks to incorporate the 
work process and practices that make use 
of and maintain the technology as well as 
the people that interact with the technol-
ogy and work practices. Looking at how 
to maintain data integrity holistically is 
key to formulating successful safety and 
security philosophies.

Reference
1. Axendia, Digital Transformation and 

Manufacturing Modernization, Ebook 
(2020). PT
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Q.We are a manufacturer of prescription 

pharmaceuticals, and we experienced many 

disruptions to our operations because of the COVID-19 restrictions. 

This made it difficult to fully comply with current good manufacturing 

practices (CGMPs). Is there a regulatory agency expectation by 

when we need to be back in compliance?

A.During the current pandemic, manufacturers have encoun-

tered difficulties in continuing operations while staying in 

compliance with regulations. Although there is a lot of talk about 

the “new normal”, when it comes to CGMP, there is no such thing, 

because the regulations have not changed, nor were they sus-

pended. So, the question is not when you need to be back in com-

pliance, but when you can resume normal operations in compliance. 

In September 2020, FDA published the Guidance for Industry, 

Resuming Normal Drug and Biologics Manufacturing Operations 

During the COVID-19 Public Health Emergency (1), in which FDA 

acknowledges that deviations from established CGMP activities 

have likely happened and provides guidance on how to address 

these issues. FDA writes, “This guidance describes how to 

evaluate and prioritize the remediation of CGMP activities that 

were necessarily delayed, reduced, or otherwise modified during 

the public health emergency in order to maintain production and 

the drug supply” (1).

A risk-based approach to remediating is necessary, as resources 

are strained, be it for employee illness and absenteeism, travel 

restrictions, site closures, social distancing measures, or supply 

chain disruptions (including services). Despite these difficulties, 

FDA reminds industry of their obligation to provide necessary 

medicines to patients and to maintain compliance with the 

regulations (i.e., to prevent disruptions to the supply chain, 

especially of medically necessary products) (2), or the release of 

products that would be considered adulterated. FDA emphasizes 

that, “CGMP requirements remain in effect during the COVID-19 

public health emergency” (1).

With the COVID-19 pandemic, the supply of any type of drug, not 

just medically necessary drug products, is at risk. FDA therefore 

requests that, “A drug manufacturer whose manufacturing 

operations have been disrupted by the COVID-19 public health 

emergency should follow an established plan, which includes 

returning to normal CGMP operations, with consideration 

given to when there is a reasonable expectation that normal 

operations will be maintainable for an extended period of 
time” [emphasis added by author] (1). In other words, companies 

must have a plan (e.g., based on a business continuity plan) on how 

to get back to normal operations on a continuous basis.

Before companies reach that situation, they may have departed 

from established CGMP activities. FDA requests that in these 

circumstances drug manufacturers perform the following (1):

• Identify these deviations and any necessary remediation 

actions.

• Evaluate these actions as part of their risk management 

approach. 

• Prioritize resumption activities based on the results of the 

evaluation. 

FDA explains that, “Where critical CGMP activities were 

delayed, interrupted, or reduced in frequency, the batch should 

be quarantined and the decision to approve the batch delayed 

until remediation activities ensuring drug quality are completed. 

Such activities include, for example, critical quality attribute testing, 

investigations of critical deviations, and evaluation of unapproved 

changes to critical operations or materials. Drugs not manufactured 

in a manner that ensures their quality must not be distributed” (1).

The guidance document includes examples of areas where 

remediation may be needed. This section reminds drug 

manufacturers to be extra vigilant with regards to the supply chain 

(e.g., look out for economically motivated adulteration or changes 

to established logistics or transportation systems). 

FDA points out in the guidance that a resumption plan, 

preferably in conjunction with an emergency plan, requires 

management leadership for successful execution and that such 

a plan should be based on a risk management approach. The 

concern must be the patient (i.e., the assurance of supply of drugs 

of the right quality). To come back to your question, this guidance 

document provides a wealth of information for manufacturers like 

yourself and you are well-advised to study it carefully.

References
 1.  FDA, Guidance for Industry, Resuming Normal Drug and Biolog-

ics Manufacturing Operations During the COVID-19 Public Health 
Emergency (September 2020), 

 2.  FDA, Guidance for Industry, Planning for the Effects of High Absen-
teeism to Ensure Availability of Medically Necessary Drug Products 
(March 2011). PT

Resuming Operations  
During a Pandemic

Siegfried Schmitt, vice president, Technical at Parexel, offers  
insight into FDA’s guidance on performing operations during COVID-19.
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flexible scale | accelerated & integrated solutions | broadest advanced delivery technologies

Successful orphan treatments are built on the science of rare drug delivery and the art of expedited 
development with right-sized commercial supply.  

Catalent has extensive experience in advancing hundreds of orphan, rare, breakthrough and accelerated 
designation molecules across multiple technologies. From formulation to patient focused dose design 
to flexible supply, partnering with Catalent reduces risk, accelerates scale-up and helps transform your 
science into better real-world patient treatments.  

WHERE SCIENCE 
MEETS ART.™ 
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