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

Pharma’s Leadership  
Role in a Pandemic

T he coronavirus pandemic is 
sweeping around the globe at a 
rapid pace, forcing governments, 

regulatory authorities, healthcare sys-
tems, and the bio/pharma industry to 
take novel measures to address the crisis. 

Some public health officials and 
doctors sounded early alarms about 
the spread of a novel coronavirus—se-
vere acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)—in January 
2020; however, many people and gov-
ernments did not heed the alarms or 
were slow to respond to the spread of 
coronavirus disease (COVID-19). 

During the past few weeks, public sen-
timent has ranged from denial (crowded 
beaches during Spring Break) to panic 
(hoarding toilet paper). A new term—
social distancing—became part of our 
vocabulary. Everyone was reminded 
about proper handwashing techniques. 
And kitchen tables and spare bedrooms 
became home offices and classrooms as 
governors ordered major segments of the 
population to stay home.

As politicians weigh protecting public 
health versus the impact on the economy, 
medical professionals beg for adequate 
supplies of face masks and ventilators. 
Meanwhile, many drug companies and 
research organizations have announced 
R&D efforts to test approved therapies 

as treatments to minimize the effects of 
COVID-19. The research focus of drugs 
in development has been redirected 
to target coronavirus symptoms. And, 
groups around the world have accelerated 
efforts to develop much-needed vaccines.

Following initial criticism for delays 
in approving diagnostic testing to de-
tect who had the virus, FDA stepped up 
its activity, issuing more than a dozen 
guidance documents in March 2020. 
Actions included issuing emergency 
authorizations for diagnostic test and 
ventilators, easing regulations for re-
mote monitoring of patients and clin-
ical trials, allowing the compounding 
of hydroxychloroquine sulfate under 
certain conditions, releasing guidance 
for the preparation of hand sanitizers, 
and facilitating access to COVID-19 
convalescent plasma for use in patients 
with life-threatening infections (1).

The immediate goal is to “flatten the 
curve” of new cases of COVID-19 to 
reduce strain on the healthcare system. 
Staying home, avoiding crowds, and 
washing your hands are simple measures 
we all owe the medical professionals, first 
responders, grocery store clerks, delivery 
services, transportation workers, and 
others on the front lines of maintaining 
our basic needs to get through this crisis.

Obviously, these non-pharmaceuti-
cal measures are only part of a tempo-
rary solution; therapies are desperately 
needed to treat COVID-19 patients, 
and vaccines ultimately required for 
long-term control of the virus. Bio/
pharma researchers, development and 
manufacturing professionals, and com-
panies supporting drug development 

and manufacturing are essential to 
these efforts. 

At the same time, patients still need 
effective, affordable therapies to treat 
chronic diseases, cancers, and other 
conditions. A reliable drug supply is 
vital to maintain health and alleviate 
public concerns.

During the past few weeks, we have 
learned about many drugs and vaccines 
as potential cures. The world could use a 

“magic pill” right now. But drug develop-
ers know the challenges of working the 
science and producing the data to ensure 
that the therapy is safe and efficacious. 

One challenge for those in the bio/
pharma industry is to avoid using exces-
sive hype about a potential therapy, which 
can create false hope. Now is the time to 
lead with the message that science—not 
hopes or gut feelings—should drive all 
healthcare decisions.

The Pharmaceutical Technology team 
thanks those working to develop new 
treatments and vaccines and those main-
taining the drug supply; we are here to 
support those efforts. In addition to our 
normal coverage of all phases of drug de-
velopment and manufacturing, we offer 
added coverage of COVID-19 drug devel-
opment programs, links to research, in-
dustry suppliers, and regulatory updates. 
Visit www.PharmTech.com for the latest 
news, updates, and access to an archive 
of previous issues.

Stay safe, stay healthy, and we wish you 
success in your drug development efforts.

Reference
1. FDA, Coronavirus Disease 2019 (COVID-19), 

www.fda.gov, accessed March 26, 2020. PT

As the coronavirus pandemic unfolds,  
Pharma must practice science over hype.

Rita Peters
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PRODUCT SPOTLIGHT

Custom-Built Heated 
Storage Vessel
The 20,000 -gallon storage 
vessel from Ross Engineering 
measures at 10.5-f t outer 
diameter x 30-ft. long and is 
designed for product storage 
under atmospheric pressure 
at 200 ºF; it is UL-142 rated. 
The stainless-steel vessel 
c o m e s  e q u i p p e d  w i t h  a 
32-in. manway with davit for easy access to an internally supported 
insertion heater, along with nozzles, saddles, and lugs as specified 
by the end user. The vessel is also blasted and painted with black 
primer for outdoor exposure. 

Ross Engineering, Inc.
www.storagevessels.com

 
 
 
Quaternary Diaphragm 
Pump
T h e  Q F 2 5 0 0  Q u a t e r n a r y 
D i a p h r a g m  P u m p  f r o m 
Quattroflow, part of PSG, a 
Dover company, extends the 
company’s range of pumps. 
The pump has a maximum 
f low rate of 2500 lph (660 
gph) to meet the needs of 
chromatography, tangential 
flow filtration, virus filtration, sterile filtration, and depth filtration 
applications. 

The device features a new pump chamber, a self-draining design, 
a 125:1 turndown ratio, high flow stability, linear flow performance, 
and clean-in-place capabilities. Users can also add on a power box, 
diaphragm sensor, and PID pressure controller. With the addition 
of this pump, Quattro flow pumps are now available in eight sizes 
ranging from 0.06 to 16,000 lph (0.02 to 4227 gph). The design and 
pumping principle result in dry running, low pulsation, self-priming, 
and minimal particle generation.

Dover
www.dovercorporation.com

Well Plates and Cartridges 
for Liquid Extraction 
Porvair Sciences introduced Microlute 
SLE 96-well plates and car tridges 
for the easy extract ion of acidic, 
basic, and neutral analy tes from 
samples, with greater reproducibility. 
The products work to increase the 
absorption of aqueous solvents for 
enhanced separation and elution of 
analytes from biological samples. 

Without the need for inversions, shaking, or pipetting, the plates 
and cartridges provide improved reliability, precision, automation 
compatibility, and clean-up of samples for chromatography, without 
contamination and solvent transfers. They also use less solvent than 
traditional liquid extraction equipment. 

Porvair Sciences
www.porvair-sciences.com

 
 

Supercritical Fluid 
Chromatography System
The Nexera UC Prep, a preparative 
supercritical f luid chromatography 
(SFC) system from Shimadzu, works to 
provide maximum use of lab resources 
through flexible system configurations 
in a compact design that requires low 
installation space. 

The system can be configured based on user specifications, 
which include chiral or achiral purif ications, single injections, 
stacked injections, and fraction collections from microliters to liters. 
Additionally, the system comes equipped with LotusStream gas-
liquid separator technology for high recovery and low carryover, and 
Prep Solution software for streamlining operations. 

The SFC solution also reduces the need for solvents, shortens 
purification run time and dry down time, reduces the total size of the 
recovery system, and allows for easy rinsing. 

Shimadzu
www.shimadzu.eu

http://www.storagevessels.com
https://www.microplates.com
https://www.dovercorporation.com
https://www.shimadzu.eu
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T he 10th anniversary of the enact-
ment of the Biologics Price Compe-
tition & Innovation Act (BPCI) in 

March 2020 has focused attention on the 
advances made over the past decade and 
main challenges ahead. Despite general 
disappointment over the slow pace of 
consumers gaining access to less costly 
biotech therapies, new FDA guidance and 
clarified policies provide added support 
for biosimilar development and approval, 
particularly for diabetes treatments. FDA 
also has teamed up with the Federal 
Trade Commission (FTC) to counter 
anticompetitive practices that thwart 
development and raise concerns about 
biosimilar safety and effectiveness. 

A positive sign is that the pace of FDA 
approvals of biosimilars has picked up 
in recent months, with more than 26 
approved products as of early February 
2020—10 approved in 2019—and more 
than a dozen competitors on the market. 
In addition, the World Health Organiza-
tion has begun to prequalify biosimilar 
versions of “essential medicines” to make 
these treatments more available and af-
fordable in less developed countries. 

Insulin competitors
An important FDA initiative aims to 
encourage manufacturers to prepare 
the data needed to support applica-

tions for follow-on versions of insulins 
now deemed to be licensed as biolog-
ics and thus eligible for competition 
from biosimilar or interchangeable 
therapies. In February 2020, FDA 
issued a final rule defining the new 
process, as established by the BPCI 
and revised in legislation to clarify 
that the deeming process applies to 
insulin, human growth hormone, and 
most proteins—specifically any alpha 
amino acid polymer with the specific, 
defined sequence greater than 40 
amino acids in size (1). The new rule 
aims to “bring down prices and help 
patients have access to more choices 
for these life-saving drugs,” said FDA 
Commissioner Stephen Hahn. FDA 
also issued explanatory documents 
for consumers (2) and physicians (3) to 
clarify that treatments approved under 
the new program will be just as safe 
and effective and accessible as brand 
insulin reference therapies. 

Efforts to bring insulin competitors 
to market builds on FDA guidance is-
sued in November 2019 outlining a 
streamlined development pathway for 
these long-established therapies (4). 
That advisory proposes reduced clini-
cal immunogenicity studies for prod-
ucts that present strong comparative 
analytical assessments demonstrating 
high similarity to the reference drug, 
and no residual uncertainty regarding 
immunogenicity. In May 2019, FDA 
provided detailed advice on designing 
and evaluating such analytical stud-
ies and on providing scientific and 
technical information for the chem-
istry, manufacturing, and controls 

(CMC) portions of an application for 
a biosimilar in draft guidance (5). At 
that same time, FDA published long-
awaited guidance on developing inter-
changeable biosimilars, again noting 
the importance of analyzing critical 
quality attributes and identifying an-
alytical differences between the refer-
ence product and the proposed inter-
changeable (6).  

Misinformation crackdown
The FDA–FTC initiative further aims 
to encourage prescribing and reim-
bursement for biosimilars by taking 
aim at “misinformation” campaigns 
backed by brands to discourage bio-
similar uptake. The regulators out-
line how they will work together to 
promote competitive markets for bi-
ological products that “contribute sig-
nificantly to drug costs,” noted Com-
missioner Hahn (7). 

The two agencies also offered to 
help biosimilar makers gain ready 
access to samples of reference prod-
ucts needed to develop and test fol-
low-ons—a difficulty that also has 
plagued the broader generic-drug 
industry. And FTC is taking a close 
look at patent settlement agreements 
involving biologics and biosimilars 
to detect any antitrust violations. A 
joint public workshop held on March 9, 
2020 addressed these efforts and other 
strategies to build a more competitive 
market for biological products.

In a related move, FDA also pub-
lished guidance in February 2020 
outlining the process for seeking FDA 
approval of a subset of approved in- W
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dications of a reference product. This approach applies 
when patent and exclusivity provisions may prevent a 
newly licensed biosimilar from including all indications 
of a reference product on the label, a situation that often 
involves pediatric or orphan disease treatments. But once 
those limitations expire, FDA encourages the follow-on 
manufacturer to file a supplemental application with data 
supporting the expanded uses, as seen in an advisory out-
lining how data and labeling should be presented to add 
previously omitted conditions of use (8). FDA says it will 
review such supplements within six months, much faster 
than the usual 10-month timeframe set for supplements to 
biologics license applications (BLAs). 

And to ensure that promotional messages related to 
biosimilars by both brands and competitors are truth-
ful, non-misleading and balanced, FDA draft guidance 
issued Feb. 3, 2020 instructs brands to avoid implying in 
its messages that a reference product is safer or more ef-
fective than an approved biosimilar, or that the follow-on 
is “not highly similar” to the reference product, even if 
the competitor is not licensed for all indications (9). The 
guidance emphasizes that a biosimilar product is not re-
quired to be identical to the brand to be licensed, but just 
that it be “highly similar” and without “clinically mean-
ingful differences” in terms of safety, purity, and potency. 
An added proposal is that the FTC take antitrust action 
against brand manufacturers that make misleading claims 
to counter competitions.
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Building Better 
Manufacturing Facilities 
Jennifer Markarian

The need for quick build times, f lexibility, 
and production efficiency is driving trends. 

and the smaller-scale processing associ-
ated with advanced therapy medicinal 
products (ATMP) result in smaller pro-
duction suites that are easier to support 
and operate, says Bohn. “Facilities are 
being more closely tailored to the needs 
of the process,” he notes. 

Renovating facilities
In the past year, multiple life-sciences 
companies have updated or expanded 
manufacturing capacity by renovating ex-
isting facilities. GlaxoSmithKline (GSK), 
for example, completed a retrofit of its 
Rockville, MD site in October 2019 that 
increased capacity for its injectable drug 
Benlysta (belimumab) and involved dem-
olition of existing suites and installation 
of new equipment (1). The company also 
renovated its Upper Merion, PA site and 
updated laboratory and manufacturing 
capabilities, including adding single-use 
bioreactors (2). A nearby, former GSK 
facility is being transformed into The 
Discovery Labs biotech campus, which 
announced in January that it would be 
the home of The Center for Breakthrough 

I n adding manufacturing capac-
ity—whether through new, green-
field sites or by refitting exist-

ing spaces—biopharma and pharma 
companies seek flexible and efficient 
production. Getting a facility up and 
running quickly with a tight budget is 
increasingly important. 

Flexibility is crucial in biophar-
maceutical manufacturing, because 
companies increasingly have multiple 
modalities (e.g., monoclonal antibod-
ies, cell therapies, and gene therapies) 
in their pipelines. New biopharma fa-
cilities often use single-use technology, 
and modular buildings and systems are 
becoming more popular. 

“The biggest challenge is to map the 
current need for f lexibility in manu-
facturing processes to the facility,” says 
Stefan Kappeler, technology manager 
for life sciences at Exyte. He notes that 
facilities must be prepared for changes 

in process flow, in scale, and in manu-
facturing technologies.

Flexibility is important in oral solid 
dosage drug (OSD) manufacturing, 
as well. Manufacturers are seeking to 

“right size” their operations and capacity 
based on their product portfolios and 
to upgrade processes, equipment, and 
technology for improved efficiency and 
faster product changeovers, notes Dave 
DiProspero, director of pharmaceutical 
process technology at CRB. Improving 
equipment and facilities for product 
containment and cleaning operations 
are other active areas in OSD, he adds.

An ongoing drive toward closed pro-
cessing simplifies facilities and allows 
lower room air cleanliness classifica-
tions, which corresponds to savings in 
capital and operational costs, adds Eric 
Bohn, partner at JacobsWyper Archi-
tects. Similarly, the smaller equipment 
associated with continuous processing 
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Medicines, a new contract development 
and manufacturing organization for cell 
and gene therapies (3). 

Renovating an existing facility can 
save time compared to a greenfield site, 
where approvals can be complex and po-
tentially last a year or more, says Bohn. 
Although renovations typically have 
costs for demolition, waste disposal, and 
the need to bring roof structures up to 
current building codes, for example, a 
significant cost savings is often found in 
site infrastructure, he notes. 

“The most common refurbishments 
we see are from mothballed facilities,” 
says John Noble, vice-president and gen-
eral manager, life sciences, at Jacobs. “If 
you can start with a building shell that 
accommodates your process and meets 
planning needs, you can save nine-plus 
months in construction.” 

Facility refurbishment and renova-
tions represent more than 60% of Fluor’s 
work, adds Dave Watrous, vice-president, 
advanced technologies and life sciences, 
Fluor Corporation. Reconfiguring exist-
ing life-sciences manufacturing space or 
using suitable vacant buildings for a box-
in-a-box approach can both accelerate 
speed to market.

ATMP capacity crunch
Speed is crucial in biologics manufac-
turing, especially in the fast-growing cell 
therapy and gene therapy industry as 
products are reaching clinical phase and 
there is a lack of manufacturing capacity. 

“For manufacturing these advanced 
therapies, CDMOs [contract develop-
ment and manufacturing organizations], 
can be scheduling six to 18 months out, 
and this wait time is disruptive to a 
company’s go-to-market strategy,” says 
Joe Makowiecki, Enterprise Solutions 
director of business development at GE 
Healthcare Life Sciences. He says that 
despite CDMOs adding capacity, many 
cell and gene therapy companies are de-
ciding to build their own capacity using 
modular, box-in-box facilities that can be 
delivered in a year or less.  

“In many cases, having a facility up-
and-running and licensed may be the 
critical path to gaining approval for a new 
product. As such, site startup timing is 

critical,” says Mitch Lower, vice-presi-
dent of global engineering for AveXis, a 
Novartis company specializing in gene 
therapies. The company received an hon-
orable mention in the 2019 International 
Society for Pharmaceutical Engineer-
ing (ISPE) Facility of the Year Awards 
(FOYA) for being one of the first compa-
nies to scale up a gene-therapy manufac-
turing process and doing so on a short 
timeline. To build its Libertyville site near 
Chicago, IL, AveXis used G-CON Man-
ufacturing’s prefabricated cleanroom 
PODS—built off-site in parallel with 
facility construction—which expedited 
startup.  

AveXis also purchased and refurbished 
a facility in Longmont, CO in 2019 to 
add manufacturing capacity. The facility 
is operational and is undergoing the re-
maining steps to become licensed, which 
the company expects to occur in 2021. A 
facility the company is building in North 
Carolina is also anticipated to become li-
censed in 2021.

“There are benefits and challenges to 
both purchasing an existing facility and 
building a new facility,” says Lower. “Pur-
chasing an existing facility may be more 
cost effective and have an expedited 
startup schedule. However, the existing 
infrastructure and facility layout may 
drive additional costs to retrofit to ac-
commodate the necessary manufactur-
ing process. When building a completely 
new facility, the timeline may be longer; 
however, you will have the flexibility to 
build the facility to meet the needs of 
your unique and novel manufacturing 
processes.”  

Although AveXis is today mainly using 
manual processes, it is moving towards 
automation in its existing and new equip-
ment and facilities, says Lower. 

The lack of automation that is currently 
common in the novel ATMP industry is 
changing, agrees Noel Maestre, Life Sci-
ence Core team leader at CRB. “These 
novel therapies are quickly proving a 
need for process closure and automation, 
which in turn is driving equipment ven-
dors to create and test novel equipment 
solutions,” notes Maestre. 

Some equipment vendors are employ-
ing adaptable and f lexible “plug-and-

play” automation platforms. “Customers 
want options around automation,” says 
Makowiecki. “Some may prefer to start 
small with entry-level automation, but we 
aim to make flexible and scalable auto-
mation platforms that can grow and scale 
to more centralized and advanced levels.”

OSD trends
In OSD manufacturing, facility lay-
out is becoming more important as 
equipment and processes are moving 
toward greater integration, says Di-
Prospero. Continuous manufacturing 
and processes such as direct compres-
sion, which are growing in use, are 
examples of integrated systems, but 
integrating unit operations is also 
preferred in more traditional OSD 
processes. “A typical integrated equip-
ment train will incorporate material 
handling, high shear granulation, wet 
milling, fluid bed drying, dry milling, 
and granulation collection in a linked, 
semi-continuous contained operation,” 
explains DiProspero. Efficient product 
f low is crucial. “Good facility design 
is marked by uninterrupted uni-f low 
process direction, with appropriate 
hold and work-in-progress spaces and 
minimization of cross/backflow. Spe-
cifically, modern washing operations 
make use of a dirty-wash-clean uni-
f low arrangement for improved effi-
ciency and compliance.”

Modular and prefabricated construc-
tion is being used in OSD manufacturing. 

“This type of construction is well suited 
for powder processing operations due to 
good cleanability, visual aesthetics, and 
the ability for use of glass to bring light 
into the spaces and provide for a user/
operator-friendly working environment,” 
says DiProspero. 

Modular approaches
Modular approaches are transforming 
the way the industry builds facilities. 
Both modular design methods using 
standardized templates and modular 
construction methods for buildings and 
systems can improve speed to market, 
says a report by the BioPhorum Group (4).

Modular construction includes fac-
tory fabricated utility skids, wall pan-
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els, or entire rooms or building sections, 
which can save time and improve qual-
ity and construction safety, explains 
Bohn. He points out that, although the 
initial cost of modular construction is 
typically more than that of field-built 
alternatives, the savings that comes 
from a shortened timeline is quantifi-
able. Factory testing reduces problems 
in the field and makes commissioning, 
validation, and start-up faster. 

G-CON’s PODs, for example, are pre-
fabricated, autonomous, plug-and-play 

cleanroom environments, which can be 
installed within an existing facility or as 
part of new greenfield construction, for 
any type of bio/pharma manufacturing, 
including OSD, aseptic filling, and cell 
and gene therapy, says Dennis Powers, 
vice-president of business development 
and sales engineering at G-CON. The 
mobile facilities provide flexibility be-
cause they can be transported anywhere 
to quickly add or subtract capacity. 

Modular construction started out in 
the bio/pharma industry for building in-

frastructure in developing countries with 
a lack of skilled construction capabili-
ties, but now speed is the primary driver. 

“Modular construction and prefab clean-
rooms are often must-have components in 
any new facility. Even in very mature mar-
ket locations, these strategies help simplify 
and accelerate the market delivery strategy 
for most products,” adds Watrous. 

“The modular facility concept is a para-
digm shift that provides companies with 
options for establishing rapid and flexible 
in-house production,” says Makowiecki. 

“With standardized, modular systems, 
typically 80% of the design work has 
been completed, which reduces design 
time and results in faster speed to deliv-
ery,” explains Makowiecki. 

GE Healthcare’s FlexFactory is a mod-
ular end-to-end biomanufacturing plat-
form, and the company reports that it has 
sold close to 70 FlexFactories globally to 
date. Four of these FlexFactories were 
installed inside of the company’s KUbio 
facility, which is the FlexFactory inside of 
a modular, prefabricated facility. Pfizer’s 
Biotechnology Center located in Hang-
zhou, China, for example, is a KUBio 
facility, and it won an ISPE FOYA 2019 
award for project execution.

In 2019, GE Healthcare launched the 
KUBio Box for viral-vector-based gene 
therapy manufacturing; in this box-in-
box approach, the FlexFactory platform 
in a modular cleanroom facility is in-
tended to be placed inside a new or repur-
posed space or shell-building. The KUBio 
box for viral vectors is a cGMP, biosafety 
level 2 modular facility solution. 

“We’re also having discussions around 
building biomanufacturing campuses 
and shell facilities to house the modular 
boxes. A best practice approach here is to 
build for what you need today but allow 
for enough space in your facility or facil-
ity shell to expand,” explains Makowiecki. 
He expects the KUBio box offering will 
expand into additional product modali-
ties and biomanufacturing scales. 

Standardizing for speed and quality
Standardization of facility modules, 
equipment, unit operations, automation, 
and consumables are essential to the 
speed of deploying modular facilities and 
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efficient and effective technical transfer. 
These capabilities support the trend to 
distributed manufacturing, with the 
same company manufacturing a drug in 
multiple regions rather than one central-
ized location, notes Makowiecki.

“Standardized, closed systems provide 
optimal aseptic processes that support 
very high drug product quality,” adds 
Chris Procyshyn, CEO and co-founder 
of Vanrx Pharmasystems. He notes that 
other industries rely on standardization 
for reliability and safety, and he says that 
the pharma industry needs to move to 
this model. “If the process from one site 
can be repeated on the same machine 
at another site, that’s a positive change 
in our industry,” suggests Procyshyn. 
Vanrx designs closed robotic workcells 
with “purpose-built robotics and a stan-
dard method of handling all types of 
containers to achieve repeatability,” he 
explains. These systems remove human 
involvement to make the aseptic process 
more robust, which benefits drug quality. 

Standardized equipment improves 
speed to market. For example, WuXi Bi-
ologics moved from purchase order of the 
Vanrx workcell to their first GMP batch 
release in only 15 months, says Procyshyn. 

Placing standardized filling machines 
inside a modular cleanroom further in-
creases speed and gives companies the 
ability to implement a fully prequalified 
facility within months, says Procyshyn. 

The Microcell POD is an integrated 
solution from Vanrx and G-CON that 
meets the “increasing industry need for 
rapidly deployable turnkey aseptic fill-
ing capability for small batch therapies, 
specifically in the cell and gene therapy 
space,” adds Powers. Standardization 
lends itself to “scaling out” rather than 

“scaling up.” The standard POD design 
can be replicated to rapidly increase man-
ufacturing capacity, he notes. 

Collaborating on integration is key
Although standardizing improves 
quality and speed, integration of the 
equipment into the facility building is 
still important. For example, in build-
ing the Bayer facility in California in 
2019 using GE’s FlexFactory, Fluor’s 
team helped design the optimal people, 

product, and material f lows around 
the established FlexFactory set-up, 
and then integrated these flows in the 
building envelope and associated util-
ities and infrastructure. This collabo-
rative process with an integrated end 
result reflects the future of the indus-
try, says Watrous.
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H uman coronaviruses (HCoVs) in 
the past were considered to cause 
nothing more than the common 

cold in healthy people. That changed 
with the advent of severe acute respi-
ratory syndrome coronavirus (SARS-
CoV) and Middle East respiratory syn-
drome coronavirus (MERS-CoV) in 
the past decade. The latest coronavirus 
disease—named by the World Health 
Organization as COVID-19—emerged 
in December 2019 in Wuhan, China. As 
of late February 2020, it had sickened 
tens of thousands and killed nearly 
3000 people. 

Four of these large, enveloped, pos-
itive-strand RNA viruses are endemic 
globally and thought to cause 10–30% 
of upper respiratory tract infections in 

adults (1). They possess a surface spike 
(S) glycoprotein that binds to host cell 
receptors, and the nature of this pro-
tein is believed to determine the main 
properties of each coronavirus. SARS-
CoV was the first coronavirus to jump 
from animals to humans; MERS-CoV 
and COVID-19 have as well.

The genetic sequence for COVID-19 
was released to public databases on Jan. 
10, 2020 by the Shanghai Public Health 
Clinical Center & School of Public 
Health (1). The three-dimensional (3-D) 
structure of the spike protein suggests 
that it binds more tightly to human cell 
surface receptors than SARS-CoV, a 
possible reason that this coronavirus 
exhibits greater infectivity (2).

Plat form diagnost ic met hods 
have been rapidly adapted to include 
COVID-19 for early identification of 
cases. Several academic and industrial 

researchers have also focused on ap-
plying novel vaccine development and 
manufacturing platforms to the accel-
erated development of a COVID-19  
vaccine.

In terms of vaccine development 
and protection against dangerous 
viral pathogens, there is nothing par-
ticularly unique about coronaviruses, 
according to Eric von Hofe, chief 
scientific officer of NuGenerex Im-
muno-Oncology. “All of the recent 
potentially pandemic viruses, includ-
ing SARS and MERS and two f lu vi-
ruses (avian and swine f lu), have the 
common feature that they simply had 
never been seen before by the human 
immune system. That said, we now 
know a lot about how the human im-
mune system protects against viral 
infections and can rapidly identify the 
critical parts of a new virus to target for 
vaccine development,” he says. 

Platform technologies are ideal
Traditional vaccines, like the seasonal 
f lu vaccine, are made by growing up 
large quantities of the virus and in some 
way killing or inactivating it so that it 
can be used safely as a vaccine. This 
approach is an old technology from the 
middle of the past century, according 
to von Hofe. “The main problem here is 
the time it takes to produce the vaccine, 
which is at least a year and can be sev-
eral. Ideally, we’d have a platform tech-
nology that could be used to produce a 
vaccine in a few months,” he observes.

Such technology platforms should be 
flexible enough to respond to any new 
viral threat. “We would like to have a 
simple ‘plug-and-play’ setup where the 
critical components of a new virus re-
quired to make the vaccine can be de-
termined by rapid computer analysis 
and plugged into the platform to gener-
ate a vaccine,” von Hofe notes. “Getting 
all of the critical components produced 
and structured in a way that perfectly 
models the vaccine is the big challenge,” 
he adds.

A reductionist approach is best
The best way, von Hofe says, is to follow 
a reductionist strategy to identify key  

Biopharma companies responding to  
the COVID-19 outbreak think accelerating  
the development of vaccines is safe.

Can Vaccine Development 
Be Safely Accelerated?
Cynthia A. Challener
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viral components that alone produce 
complete protection in a safe vaccine 
that can be manufactured rapidly and 
in a cost-effective manner. “Clearly this 
is a tall order, but we’re making good 
progress in that direction,” he asserts.

As an example, he points to the de-
velopment of subunit vaccines that rely 
on recombinant DNA to encode a crit-
ical subunit of the vaccine that gener-
ates a response. There are additional 
challenges to this approach, however. 

“While responses can be produced, the 
protection may be short-lived, as there 
is no guarantee that immunological 
memory will be generated as is pos-
sible with a whole virus vaccine,” von 
Hofe comments.

The DNA approach against COVID-19
San Diego-based Inovio Pharmaceuticals 
is one company developing a DNA-based 
vaccine against COVID-19. The biotech 
was the first to advance a vaccine (INO-
4700) against MERS-CoV into human 
testing and is currently preparing to ini-
tiate a Phase II trial for INO-4700 in the 
Middle East. This vaccine, however, can-
not be used against COVID-19 because 
the two coronaviruses are too different.

To develop a new vaccine, Inovio first 
converts the virus’ RNA into DNA and 
identifies short sections that will, accord-

ing to computer simulations, generate the 
greatest immune response. The plasmids 
are then produced in large quantities 
using bacteria. The overall development 
and approval timeline is thereby signifi-
cantly reduced.

Inovio began animal testing of INO-
4800, its COVID-19 vaccine candidate, 
in February 2020 and is aiming to begin 
human safety testing in early summer 
2020. The company will conduct tests 
in both the United States and China, 
the latter in collaboration with Beijing 
Advaccine Biotechnology Co. (3). Work 
in the US is supported by a $9-million 
grant from the Coalition for Epidemic 
Preparedness Innovations (CEPI). The 
collaboration with Beijing Advaccine is 
anticipated to accelerate developed on 
INO-4800 in China by providing access 
to not only its vaccine expertise, but also 
its relationship and experience with Chi-
nese regulatory authorities and clinical 
trial management in the country.

Prophylactic Messenger  
RNA Vaccines
Two companies, both also supported by 
grants from CEPI, have developed plat-
form technologies based on messenger 
RNA (mRNA). Cambridge, MA-based 
Moderna—which has developed numer-
ous prophylactic mRNA vaccines with 
positive Phase I clinical readouts and 
also has a fully integrated clinical-ma-
terial manufacturing site—is progress-
ing its COVID-19 vaccine candidate 
(mRNA-1273) into the clinic (4,5). The 
Vaccine Research Center (VRC) of the 
National Institute of Allergy and In-
fectious Diseases (NIAID), part of the 
National Institutes of Health (NIH), 
collaborated with Moderna to design 
the vaccine. NIAID will conduct inves-
tigational new drug-enabling studies 
and a Phase I clinical study in the US.

Moderna’s mRNA vaccines can con-
tain multiple mRNAs coding for dif-
ferent proteins and mimic natural in-
fection, thus stimulating a more potent 
response, according to the company. 
Only the coding region of the mRNA 
must be changed for each new vaccine. 
The rapid discovery approach and the 
manufacturing agility of mRNA vac-

cine design and production also make 
it an effective platform technology. 

Just 42 days after sequence selec-
tion, Moderna shipped the first batch 
of mRNA-1273 to NIAID for use in a 
planned Phase I clinical study in the US. 
The mRNA vaccine encodes for a pre-
fusion stabilized form of the COVID-19 
S protein.

German biotech CureVac also has an 
mRNA platform technology for vaccine 
development and manufacturing suited 
for rapid response to viral outbreaks, it 
says (6). Using an extensive in-house 
nucleotide sequence library, CureVac 
is able to identify optimum sequences 
for any given vaccine target and elimi-
nate the need for chemical modification, 
shrinking the development timeline. 

The company has also developed 
specific carrier molecules for its mRNA 
products, including lipid nanoparticles 
(LNPs), developed in partnership with 
Acuitas Therapeutics and Arcturus 
Therapeutics). It is developing The RNA 
Printer, a mobile, automated production 
unit for rapid supply of LNP-formulated 
mRNA vaccine candidates. 

Stabilizing the pre-fusion virus form
A fourth group receiving funding from 
CEPI for application of a vaccine plat-
form technology to accelerated develop-
ment and manufacture of a COVID-19 
vaccine is located at Australia’s Uni-
versity of Queensland (UQ) School of 
Chemistry and Molecular Biosciences 
(7). Its rapid response technology relies 
on molecular clamp technology, an ap-
proach developed by UQ researchers 
and patented by UniQuest.

The molecular clamp technology is 
used to create subunit vaccines against 
class I and III enveloped viruses by 
stabilizing the pre-fusion form of viral 
fusion proteins, thus mimicking the 
protein conformation found on live 
virus and generating a strong immune 
response. A polypeptide is used to 
maintain the pre-fusion structure and 
prevent the protein from folding after 
entry into the cell. 

The platform technology, which does 
not require prior knowledge of a protein’s 
quaternary structure, therefore facilitates 
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the expression of recombinant viral glycoproteins without loss 
of native antigenicity (8). It has previously been used to produce 
chimeric polypeptides that mimic the pre-fusion conformations 
of several enveloped viruses. The goal is to complete preclini-
cal development within 16 weeks and then progress directly to 
Phase I clinical trials, with completion of that step in 10 weeks, 
followed by large-scale production of more than 200,000 doses 
in eight weeks.

For its COVID-19 vaccine, the UQ researchers created a 
first candidate in the laboratory in just three weeks (9). This 
work confirmed that the engineered vaccine candidate is 
readily recognized by the immune system and triggers a pro-
tective immune response. Plans for preclinical testing were 
underway as of late February, and the researchers hope to 
begin clinical testing by mid-2020.

Leveraging computer technology
NuGenerex Immuno-Oncology is focusing on what von Hofe 
refers to as the smallest and simplest fragments of the virus 
needed to produce an immune response. These short fragments 
of proteins are identified by a computer algorithm and can be 
made rapidly by entirely synthetic means. They are modified to 
ensure that they activate immune cells that are key in producing 
immunological memory. “While these virus fragments may not 
produce as complete a response as whole inactivated viruses, 
they basically produce a ‘memory’, so when a person treated 
with our vaccine does encounter the virus, he or she is more 

prepared to mount an effective response,” von Hofe explains. 
The technology is also a platform approach because it can be 
applied to virtually any virus that may emerge as a threat. 

Big Pharma has programs too
While these smaller biotechs have generated attention for their 
accelerated development platforms, Big Pharma companies have 
also been actively working on COVID-19 vaccine candidates. 
Both Johnson & Johnson and Sanofi are collaborating with the 
US Department of Health & Human Services (HHS).

Johnson & Johnson’s Janssen Pharmaceutical Companies 
unit is collaborating with the HHS’ Biomedical Advanced 
Research and Development Authority (BARDA) to rapidly 
advance the initial stages of Janssen’s COVID-19 vaccine de-
velopment program, which is based on its AdVac and PER.
C6 platform technologies (10). BARDA is funding accelerated 
development of a candidate into Phase I clinical trials, while 
Janssen is upscaling its manufacturing capacities.

Sanofi Pasteur, the vaccines global business unit of Sanofi, is 
also collaborating with BARDA, using its established recombi-
nant DNA technology platform to accelerate the development 
of a potential COVID-19 vaccine (11). This technology produces 
an exact genetic match to proteins found on the surface of the 
virus, which are then expressed using Sanofi’s insect (baculo-
virus) expression platform. The technology is used for Sanofi’s 
licensed recombinant influenza vaccine and a SARS vaccine 
that has been shown in non-clinical studies to be immunogenic 
and afford partial protection in animal challenge models.
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A s drug pipelines have expanded 
to include a wide range of novel, 
and sometimes difficult-to-han-

dle molecules, so too has the number 
of methods available to deliver these 
innovative therapies and drugs. Not only 
do developers need to consider the route 
of administration, but it is also necessary 
to consider solubility, bioavailability, the 
precise target of the active ingredient, 
patient convenience and safety, and re-
ducing toxicity, among other factors.

“It is now more common for formula-
tors to be presented with ‘non-druglike’ 
molecules and yet be tasked with for-
mulating them to achieve high oral bio-
availability, good pharmacokinetic prop-
erties with minimal toxicity, and good 
stability,” emphasizes William Wei-Lim 
Chin, manager, Global Scientific Affairs, 
Catalent. “The key challenges of these 
molecules can be attributed to their poor 

aqueous solubility, poor permeability, or 
in worst cases both.”

Challenging aspects
These challenging attributes of mole-
cules entering the development pipeline 
are largely associated with the increas-
ing complexity of molecules, agrees Srini 
Shanmugam, technical director, Phama 
Product Development and Manufac-
turing, Avomeen. “Formulators must 
balance targeted release profiles for 
therapeutic efficacy with patient safety 
and convenience of use,” he says. “Fur-
thermore, every drug delivery system has 
unique characteristics that come with 
specific formulation challenges.”

Developing the optimal drug delivery 
strategy for molecules that are classified 
as poorly soluble according to the bio-
pharmaceutical classification system 
(BCS)—that is those molecules in class 

II and class IV—is a major challenge 
for industry, notes Archana Akalkotkar, 
PhD, research scientist II, Charles River. 

“To come up with alternative approaches 
that are appropriate for the drugs’ phys-
icochemical properties, as well as the 
limitations of choice of excipients, which 
are safe-to-use in the intended species 
dosed during the preclinical and clini-
cal testing, has been a challenging task,” 
she states.

For Rich Shook, director, Drug Prod-
uct Technical Services and Business In-
tegration, Cambrex, there are two main 
obstacles facing developers in ensuring 
the optimal level of drug substance is 
available with a targeted window of 
transit in the gastrointestinal tract (GI). 

“One of the main obstacles is the pH de-
pendent solubility and/or degradation of 
the API, which can decrease the overall 
absorption of the drug substance and 
result in a negative impact to the in-
tended therapeutic response,” he says. 

“The other obstacle is in-vivo delivery of 
a specific therapeutic dose at a targeted 
therapeutic site in the GI tract based on 
the mechanism of action. Some drug 
substances have a topical mechanism of 
action on a disease making it important 
to ensure the release of a high dose of 
drug substance to that targeted area.”

“In terms of inhalation delivery, the 
main challenge is the diversity of mol-
ecules coming through the pipeline 
into development,” adds Sandy Munro, 
vice-president, Pharmaceutical Develop-
ment, Vectura. “Historically, the inhala-
tion space was dominated by small-mol-
ecule therapies for moderate asthma and 
chronic obstructive pulmonary disease 
treatments. These days, the interest is 
much broader both in terms of the dis-
eases that the developers are interested 
in, and also the range of molecule types.”

Available approaches
There are several approaches available 
that are in use by developers to help 
overcome the challenges associated 
with drug delivery. Approaches such as 
pH adjustment, co-solvent complexation, 
solid-dispersion, micellar formulations, 
among others, help to improve solubility, 
confirms Akalkotkar. 

The new molecules entering the  
development pipeline are bringing  
forth exciting challenges in drug delivery.

Delivering the Goods 
Felicity Thomas
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“A tremendous amount of knowledge 
has been accumulated in modern phar-
maceutics so that now there are several 
sets of in-silico guidelines correlating 
the influence of an API’s physiochemi-
cal properties on oral absorption,” adds 
Chin. “Today, formulators use data to 
make decisions about their formulation 
strategy because there is a range of sol-
ubilization techniques to choose from. 
However, sometimes it is easy to get lost 
in the choice, as data are only as valuable 
as the insights you can draw from them.”

By way of example, Chin explains 
that by combining the developability 
classification system (DCS) along with 
physiologically-based pharmacokinetics 
(PBPK) modeling, it is possible to gain 
insights into a molecule’s developability 
and the route for selection of the most 
appropriate solubilization technology. “If 
a compound is classified as a DCS IIa, it 
means that the in-vivo absorption of the 
compound is limited by its dissolution 
rate, and technologies such as particle 
size reduction, salt or co-crystal forma-
tion approaches can be employed to de-
velop simple formulations that improve 
dissolution rate,” he says. “For a DCS 
IIb compound that is limited by its in-
trinsic solubility, the preferred technol-
ogy would include lipid formulation or 
amorphous dispersion via spray drying 
or hot-melt extrusion.”

For those compounds with permeabil-
ity issues (classified as DCS III or DCS IV) 
it is a little more complicated. “As there 
are several causes of low permeability, a 
formulator will need to identify a strategy 
to either stabilize the API from degrada-
tion in gastric acid, stimulate lymphatic 
transport, inhibit P-glycoprotein (P-gp), 
prevent drug metabolism in the gut, or to 
alter the permeability of the membrane in 
the GI tract itself,” Chin continues.

According to Shook, high molecular 
weight polymer matrices or hydrogels, 
which use high molecular weight poly-
mers to blend to the drug substance, can 
create a slow eroding matrix to enable 
API passage through the GI tract. “These 
matrices can be combined with enteric 
components to resist release of the drug 
substance until it reaches a targeted re-
gion of the GI tract,” he says. 

Additionally, Shook notes that en-
teric coated tablets or multi-particulates 
can be used to overcome pH dependent 
solubility issues. “The ratio of types 
of co-polymers in the coatings can be 
modulated for a specific pH release pro-
file using in-vitro models to target an 
in-vivo release of the drug substance in 
the GI tract,” he confirms. “This ensures 
that the optimal level of drug substance 
is presented to the targeted therapeutic 
region and absorbed.”

An emerging route of oral delivery 
is in the form of oral thin films (OTFs), 
adds Shanmugam. “OTFs are polymeric 
films intended to deliver therapeutic 
moieties either locally or systemically in 
the oral cavity or through gastrointesti-
nal absorption,” he notes. “OTFs are an 
attractive novel drug delivery option and 
come in two major categories—oromu-
cosal and orodispersible. Oromucosal 
films are ‘mucoadhesives’, designed to 
stick to the inside of the oral cavity and 
release drugs slowly across the mucous 
membrane, and are fast-acting with high 
bioavailability. Orodispersible films are 
non-mucoadhesive and are designed to 
break down immediately upon contact 
with saliva.”

This mode of drug delivery is rela-
tively new and so there are limited op-
tions currently commercially available, 
none of which are generic, Shanmugam 
continues. Yet, the available OTFs do 
treat a wide range of diseases and disor-
ders and studies have shown that poorly 
soluble drugs can be incorporated into 
films (1–4). “However, as this is a stream-
lined drug delivery system relying on 
polymers to increase drug solubility, for-
mulators must explore new particle engi-
neering techniques and find innovative 
ways to solubilize OTFs and incorporate 
a wide variety of water-insoluble drugs,” 
he adds.

Within the field of inhalation de-
livery, there has been some evolution, 
explains Munro, but the traditional 
platforms, pressurized metered dose 
inhalers (pMDIs), dry powder inhalers 
(DPIs), and nebulizers, are still the main-
stay. “Even within these long-established 
routes of delivery are technology evolu-
tions,” he asserts. “For example, breath 

activated pMDIs that overcome the is-
sues associated with the coordination 
of actuation and inhalation, high-dose 
DPIs that are better able to cope with the 
demanding new molecules in develop-
ment, and smart jet nebulizers and smart 
mesh nebulizers that guide the patient 
inhalation maneuver to maximize lung 
delivery.”

Specific considerations
Patient adherence to a therapeutic reg-
imen can be particularly tricky if the 
route of administration has not been 
considered appropriately. “When target-
ing pediatric and geriatric dosing, taste 
and difficulty in swallowing can hinder 
patient compliance,” confirms Shook.

Difficulties with swallowing tablets is 
now thought to affect 37% of the popu-
lation, states Shanmugam (5). “Children, 
the elderly, and those experiencing dys-
phagia or nausea often struggle to swal-
low tablets and capsules, and, therefore, 
stand to benefit significantly from 
drugs delivered without swallowing,” he 
says. “OTFs have potential in these pop-
ulations. In fact, the growing size of the 
elderly population is predicted to drive 
the growth of the OTF market. Because 
the elderly population is more prone to 
chronic illness, the demand for safe and 
hassle-free drug delivery methods will 
only increase.”

“A multi-particulate approach can 
be used in a form of a sachet ‘sprinkle’ 
formulation with taste-enhancing in-
gredients,” asserts Shook. “This dose 
would be added to water or juice which 
the patient would then drink.” It is also 
possible to manufacture multi-partic-
ulates as a powder for oral suspension 
(POS) formula, where water is added to 
the bottles at the pharmacy and given 
to the patient as a ready-to-dose sus-
pension, he continues. “These methods 
of drug delivery help address patient 
compliance while maintaining the tar-
get drug substance in-vivo absorption 
profile,” Shook says.

“In pediatric drug development, many 
published studies have reported the ac-
ceptability and preference of certain 
dosage forms based on evidence gath-
ered in clinical trials involving chil-
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dren,” adds Chin. Providing examples, 
Chin highlights that minitablets and 
syrups have been found to be the most 
acceptable formulation for toddlers and 
infants, whereas neonates were found to 
have increased swallowability of minit-
ablets when compared with syrup (6–9). 

“For the older children, a preference for 
chewable and orodispersible prepara-
tions were observed when compared 
with multi-particulates,” he notes.

When considering therapies that are 
inhaled, the most appropriate method 
of delivery can depend on the level of 
coordination, so, for example, younger 
patients that may struggle with coor-
dination would be more suited to neb-
ulizer therapy or a pMDI used with a 
spacer, explains Munro. For older chil-

dren and adults, the delivery method 
can be more individual and based on 
patient preference, he continues, but the 
most appropriate delivery platform may 
also be driven by the technical require-
ments of the molecule.

“Smart nebulizer devices come into 
their own where there is a particu-
lar need for efficient lung delivery to 
maximize the probability of success 
for a given drug, and where the disease 
indication can tolerate the higher cost 
of goods associated with this type of 
device,” Munro says. “Sometimes this 
indication is in niche diseases such as 
idiopathic pulmonary fibrosis (IPF), or 
in particular sub-categories of a broader 
disease (e.g., severe uncontrolled 
asthma) or for a particular development 

strategy (e.g., fast to clinic development 
for a biologic).”

Discussing biologics, Chin reveals 
that the advantages these large, complex 
molecules can afford over small-mole-
cule therapies include more target-spec-
ificity and minimal side-effects, but 
delivery can be more difficult. “Oral 
delivery of biologics is far more chal-
lenging than it is for small molecules 
and because of this, biologics have con-
ventionally been delivered in intrave-
nous forms,” he says. “However, there 
are technologies available to improve 
the permeability of high-molecular 
weight biologics and to prevent gastric 
degradation (e.g., enteric coatings). In 
addition, spray drying in combination 
with certain excipients is a promising 

Development

When ensuring effective drug delivery, developers must not consider the 
drug and the delivery vehicle completely separately. Formulation ingre-
dients have the potential to interact with the delivery device, such as an 
autoinjector, and potentially negatively impact the ability for the device to 
deliver the required dose as expected.

To learn more about the potential issues that may arise from interactions 
between drug formulation ingredients and delivery devices, Pharmaceutical 
Technology spoke with Fran DeGrazio, chief scientific officer, Strategy & 
Science Integration, West Pharmaceutical Services.

Potential impact
Pharm Tech: How can drug components, excipients, and/or combinations 
of these ingredients impact delivery systems?

DeGrazio (West): Over the past several years, there have been multiple 
cases of challenges with autoinjector function over time. An example of one 
of these challenges is extrusion variability, which can lead to increasing 
delivery times. Extrusion is the force required to maintain plunger move-
ment once it starts down the syringe barrel. The regulatory expectation of 
understanding essential performance requirements (EPRs), such as delivery 
time and delivery volume, means that EPRs must be evaluated during the 
development process. This expectation has led multiple pharmaceutical 
companies to identify problems with function that can occur with certain 
combinations of drug formulations and drug solutions. The issues arise due 
to the prefilled syringe system in the autoinjector, not the autoinjector 
itself. The autoinjector is consistent in applied force to move the plunger 
down the glass barrel of the syringe; it cannot adapt to variability in the 
barrel of any kind. The need for consistency means that the function of the 
syringe cannot vary. The drug–device combination product must deliver 
consistently over shelf life to assure safe and effective patient use.

Understanding is key
Pharm Tech: Why should formulators and developers take these potential 
interactions into consideration? What sort of complications may arise from 

these interactions further along the development cycle and ultimately for 
the end users, for example?

DeGrazio (West): It is expected that drug formulators ensure the chem-
ical and physical stability of a drug product. It is also expected that the EPRs 
of the drug–device combination product are met. This means developing a 
product that performs as required for the drug/patient application. If drug 
formulators do not understand the final delivery format and develop a drug 
product only with consideration of its efficacy, they may find variability 
with EPRs as they move to later stages of development. If a complication is 
not identified until the Phase III stability program, this delay could force the 
drug formulator to conduct a root cause investigation, which, in turn, may 
require reformulation of the drug product or switching to another prefilled 
syringe system/autoinjector combination product. This type of complica-
tion being discovered late in development would extend the development 
timeline substantially.

Best practices
Pharm Tech: Are there best practices that you would advise for formula-
tors and developers to employ to avoid the potential issues that may arise 
from ingredient/excipient interaction with delivery systems and ensure 
consistency with the formulated product?

DeGrazio (West): We have determined a best practice to be the eval-
uation of the drug product vehicle design space, which considers various 
excipient combinations with the chosen prefilled syringe system. To im-
plement this best practice, we have designed a program that models the 
potential interactions among the drug solutions and the prefillable system, 
and then confirms results through pertinent analytical testing. Employing 
this kind of program early in development provides clear direction on the 
best combination with which to move forward and provides the data to 
support the decision. 

—Felicity Thomas

Avoiding Negative Drug–Device Interactions 
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method for the stabilization of biologics 
that are usually formulated as liquids.”

For Akalkotkar, targeted drug de-
livery approaches are more suitable 
for oncology drugs. “These approaches 
help reduce the risk of side effects,” she 
adds. “Continued research is ongoing 
in this field to develop novel thera-
peutic modalities. Examples include, 
magnetic nanoparticles, pH sensitive 
carriers, and conjugated polymers.”

In great demand
“Novel drug delivery systems offering 
impactful solutions for the develop-
ment of new or improved therapeutics 
are in great demand currently, and are 
highly sought after by pharmaceutical 
companies,” says Shanmugam. “In the 
next 5–10 years, we will see a push to-
ward such systems that address a broad 
range of clinical and patient objectives, 
including higher efficacy and bioavail-
ability enhancement, better safety, and 
improved compliance.”

Therefore, as a result of industry 
demands, Shanmugam believes that 
OTFs will grow in importance thanks 
to the dosing capabilities, packaging, 
and film stability advantages they 
offer. “Also,” he continues, “OTFs that 
are now being developed to enhance 
solubility can become instrumental in 
delivering poorly soluble new molec-
ular entities to pediatric and geriatric 
populations, as well as in extending the 
lifecycle of such medications that are 
approaching patent expiration.”

For Shook, the development of nano-
technology will be critical for develop-
ers to be able to deliver large and small 
molecules to a specific site of treatment. 

“Nanotechnology will ensure that the 
therapy is introduced and actively ini-
tiated at the right time and place to dis-
rupt the disease with precision,” he adds.

The role of connectivity in under-
standing patient behavior and adher-
ence to medications is important for the 
future, according to Munro. Addition-
ally, he explains that complex combina-
tion products and smart formulations 
will be vital for the inhalation space.  

“Alongside the traditional small-mol-
ecule monotherapy products in devel-

opment, there are complex combina-
tion products, large molecules, and 
biologics,” Munro concludes. “All of 
these new molecule types are bringing 
fresh challenges in terms of formula-
tion and the range of doses that may 
need to be delivered.”
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T ablet manufacturing is evolving, 
and the use of highly potent active 
pharmaceutical ingredients (HPA-

PIs) is increasingly prevalent. The inhala-
tion of hazardous, airborne particulates 
can represent a real risk for those oper-
ating the equipment used to compress 
final tablets. It is due largely to these facts 
that the concept of contained tableting 
equipment is gaining prominence in 
pharmaceutical manufacturing facilities. 

Any discussion of containment involv-
ing pharmaceutical tablet compression 
is likely to include a number of common 
acronyms. The following are some of 
those most commonly encountered:

• Occupational exposure banding 
(OEB) is a process whereby APIs are 
assessed and categorized for toxico-
logical concentration. 

• Occupational exposure limit (OEL) is 
an upper limit on the acceptable con-
centration of an airborne particulate 
API, in terms of the risk associated 
with an individual’s exposure to the 
API, usually expressed as a value of 
micrograms per cubic meter (µg/m³).

• Permitted daily exposure (PDE) is the 
amount of a specific active substance 
for which the occurrence of an ad-
verse effect is unlikely in an individ-
ual exposed to this dose, or to lower 
values, for a lifetime (1).

• Personal protective equipment 
(PPE) is clothing, respirators, etc. 
used to create a protective barrier 
between operators and potentially 
toxic substances.

Figure 1 depicts the various topics of 
consideration that come into play when 
operator safety is considered. A product 
should be initially assessed for the amount 
of dust it is capable of creating, as well as 
the amount of highly active substance it 

contains relative to its overall dosage (i.e., 
dilution). The manufacturer will also need 
to decide what protective measures to take 
with regards to the operator—which may 
well include the use of PPE—and how 
it will quantify the risk levels associated 
with a particular product (i.e., measure-
ment protocols). Finally, after determin-
ing that a particular product does, in fact, 
constitute an exposure risk for the operator, 
consideration may be given to the use of 
specialized technology that includes fea-
tures specifically designed to contain dust 
or allow for precleaning prior to breaching 
containment, for example, thereby mitigat-
ing the risk factors.  

Different end users will employ dif-
ferent strategies for protecting their 
equipment operators, but what remains 
constant across manufacturers is a legal 
obligation for taking such measures. 
Containment solutions must ensure that 
established limit values for highly active 
ingredients can be reliably maintained 
during the manufacturing process. The 
International Society for Pharmaceutical 
Engineering (ISPE) Containment Man-
ual acts as a guidepost for technical solu-
tions pertaining to hazardous substance 
handling in pharmaceutical facilities and 
can provide further information (2).  

OEB and OEL 
Figure 2 depicts the relationship between 
OEB bands and OEL or PDE limits, illus-
trating how equipment users can identify 
the level of containment to be considered 
for various applications. It is important 
to mention that while the OEB and OEL 
categories do quantify limit levels, their 
interpretation and the way that various 
end users will seek to achieve operator 
safety can be highly variable.

Safety guidelines
Different containment requirements ne-
cessitate a wide array of equipment needs, 
and many tablet press vendors offer op-
tions that are suitably configurable. It 
is imperative to note that containment 
projects are inherently complicated, 
both from an equipment and facilities 
perspective. Consider the following steps. 

Evaluate the API. The first step is to de-
termine if a particular active ingredient 
is potentially hazardous enough to those 

Risk levels should be considered when  
designing equipment to enhance operator safety.

Understanding 
Containment for Tableting 
Matt Bundenthal

Manufacturing

Matt Bundenthal is director  
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working with it, such that it warrants the 
use of contained equipment in the first 
place. There are differing philosophies 
on how best to approach such situations, 
which can include the avoidance of the 
ingredient all together (essentially a fool-
proof approach), the use of PPE alone (the 
least effective approach), or something in 
between. Figure 3 illustrates this continuum.

Quantify the risk. Once a determination 
has been made that an ingredient does 
have associated risks, it is time to define 

them. The OEB data shown in Figure 2 
are the rule of thumb for pharmaceuti-
cal manufacturers seeking to quantify a 
risk level. These categories, when con-
sidered in addition to the drug load for a 
particular product (i.e., the ratio of active 
ingredient to the overall dosage or dilu-
tion), will lead to greater clarity in terms 
of what level of equipment containment 
is actually necessary. 

Although the scope of this article does 
not allow for a detailed exploration of 

personal protective equipment (PPE), it 
should be noted that those having the most 
experience with compressing highly active 
substances generally elect to use some form 
of PPE, regardless of the efficacy of the con-
tained system being utilized. PPE can be 
important given the fact that with virtually 
all contained systems, final cleaning will 
still include manual steps.

Choose a qualified vendor. Identify 
equipment manufacturers that can meet 
your needs and who, ideally, have a proven 
track record with such applications. Asking 
for surrogate test results is a good way of 
vetting for this purpose. Qualified vendors 
will not only perform such testing, but also 
offer systematic methodology for scientif-
ically matching a specific containment 
target (when one has been clearly stated) 
to a well-defined equipment system. This 
testing can bolster internal risk-assessment 
processes the end user conducts under 
ISPE’s Standardized Measurement of 
Equipment Particulate Airborne Concen-
tration guidelines (3), as the methodology 
itself will result in a standardized, objective, 
and reproducible determination of a spe-
cific system’s capabilities.

Select containment-specific features and 
attributes. Identify the level of contain-
ment the press will need to maintain and 
select the options necessary for reaching 
that goal. For example, an ingredient 
with an OEL level of 50 µg/m³ (OEB 3) 
will commonly require less containment 
than one with a level of 8 µg/m³ (OEB 4).

If a particular set of containment-re-
lated requirements necessitate dry-clean, 
low-dust production only, then a press 
fitted with glove- and rapid transfer ports, 
as well as need-specific process equip-
ment, may prove to be the ideal fit. Glove 
ports typically utilize fail-safe technology 
that prohibits the operator from gaining 
access while a press is running. When 
the machine is in a static state, the ports 
provide access to the interior of the press 
for simple operations such as cleaning a 
punch tip or changing a fill cam, without 
breaching containment. A rapid-transfer 
port allows for either introducing a small 
component into the press or removing it, 
similarly without a breach. Utilizing split-
valve technology for charging the press, 
in addition to high efficiency particulate 

Manufacturing

Figure 1. Areas to consider for protecting the operator during tablet production with 
potentially hazardous ingredients.

Figure 2. Occupational exposure limits (OEL) and permitted daily exposure (PDE) can 
be corresponded to occupational exposure bands (OEB). 
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air (HEPA) filtration and dust-tight discharge chutes, applica-
ble models that are correctly configured can potentially provide 
containment levels of approximately 5 µg/m³ (i.e., the middle of 
the OEB 4 band).  

Hazardous active ingredients necessitating wet cleaning, where 
the press will run itself through various wash and rinse cycles (i.e., 
wash-in-place systems), are often classified at the higher levels of 
the OEB 4 band and into OEB 5 or above. Such press systems are 
far more complex and are designed to introduce various forms 
of water and detergent into the machines. This set-up allows for 
the binding of airborne particulates with water molecules, which 
are then drained away before access doors are opened. Integrated, 
internal spray wands may be available, with which the operator 
can essentially pre-clean the compression zone prior to letting 
the automated wash system perform its function. For OEB 5 
applications, process equipment such as de-dusters, metalcheck 
units, and quality control testers may be installed in separate but 
connected isolators, ensuring that the entire tableting system is 
fully contained and safe. When tackling these products that war-
rant higher levels of containment, sophisticated air management 
systems are available that provide automated safeguards against 
risk factors, such as power loss, and maintain predetermined set 
points (i.e., vacuum) across variable run conditions. The caveat to 
the latter approach is that project costs are generally much higher, 
as related equipment and facility considerations are proportion-
ately more complex.

Act early. Due to this inherent complexity of containment proj-
ects, whether they necessitate dry- or wet-cleaning, they always 
present challenges extending beyond those of a non-contained 
endeavor. It is therefore strongly recommended that end users 
identify their equipment vendors as far in advance as possible. 
Making a selection early will allow for the commencement of 

project-critical dialogue between the end user and their chosen 
supplier. It should also be worth noting that contained presses 
often have lead-times of up to 50% longer than their non-con-
tained counterparts. 

Safety is the goal
The sole purpose of investing in contained compression equip-
ment is to ensure the safety of one’s operators. Nothing else 
could, or should, be of more paramount importance. Take the 
time to properly identify potential risk factors, methodically 
match those factors to suitable equipment, and create a safer, 
more efficient working environment. 
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I n the biopharmaceutical industry, 
quality and consistency are two of 
the most important attributes for any 

manufacturing process. In downstream 
bioprocessing, quality is dictated by sep-
aration purification unit operations such 
as filtration and chromatography. 

Chromatography, the key purification 
unit operation in biologics synthesis, re-
quires precise monitoring of column in-
tegrity and efficiency. Chromatography 
columns consist of packed resin or media 
that separate the solution’s components 
based on chemical or physical properties 

such as size, charge, hydrophobicity, or 
affinity. As the chromatography column 
is cycled, the degradation of the resin 
ligand or fouling of the column can de-
crease the consistency and effectiveness 
of the purification process.

Transition analysis is commonly used 
to evaluate the condition, degradation, 
and efficacy of the chromatography col-
umn (1–3). Step change transitions in 
the column input solution, measured by 
conductivity or ultraviolet (UV) detec-
tion, are evaluated and reported as key 
performance indicators (KPIs). Typically, 
the height equivalent of a theoretical plate 
(HETP) and asymmetry (1,2) are the 
KPIs most frequently used to characterize 
chromatography column performance. 

HETP defines the separation efficiency 
of the chromatography column, while 
asymmetry evaluates the normality of 
each peak to indicate the amount of peak 

fronting or tailing, either of which can re-
sult in reduced product quality and purity. 
These KPIs are helpful for monitoring 
column integrity and efficiency because 
higher HETP and abnormal asymmetry 
values, deviations from a value of 1.0, in-
dicate resin degradation and signal po-
tential batch failure. This article describes 
how data analytics can be used to cleanse 
input data, conduct transition analysis, 
create online dashboards, and develop 
predictive models to trend these KPIs 
over time. It also highlights alternatives 
to HETP and asymmetry that can be 
used to measure the separation efficiency 
and the normality or tailing of peaks (3). 
 
Challenges
There are a number of challenges in-
volved with developing transition anal-
ysis calculations, however. One prob-
lem is data quality. Transition analysis 
measures subtle changes in data trends. 
To identify and quantify these changes, 
the data must be collected at a suffi-
cient frequency and the sensors must 
be accurately calibrated. 

Process data are typically linearly 
interpolated between stored values, 
which does not accurately represent a 
transient state where the step change 
occurs, particularly when there is ad-
ditional noise in the data. Calculating 
accurate KPIs often requires filtering 
algorithms to more precisely capture 
the transient shape of the data. In addi-
tion, it can be difficult to work with the 
complex differential equations needed 
for HETP calculation because they re-
quire moment analysis. 

Moment analysis requires solving 
a nested set of equations and relies not 
only on the column data, but also on the 
added contextualization of the time pe-
riod where the transition occurs. Identi-
fying the transition periods automatically 
from continuously flowing time-series 
data to perform differential calculations 
across those time periods is challenging.

Furthermore, a considerable amount 
of time (i.e., many hours or days) is typ-
ically needed to conduct the analysis 
and alert operators of imminent col-
umn failure. Traditionally, these com-
plex calculations have been performed 

Advanced analytics and modeling can be used 
to predict downstream failures, allowing for 
corrective action before batches are lost. 

Using Online  
Transition Analysis to 
Predict Chromatography 
Column Failure 
Joe Reckamp

Manufacturing

Joseph Reckamp is an analytics 
engineer at Seeq Corp., where 
he specializes in pharmaceutical 
applications. He received BS and MS 
degrees in chemical engineering from 
Villanova University and has worked at 
companies that include GlaxoSmithKline 
and Evonik.



GEMÜ SUMONDO®

Single-Use Diaphragm Valve
 

Areas of Application:

•	 Pharmaceutical,	biotechnology	and	
	 cosmetics	industries

•	 Medical	systems

 
Features:

•	 Manual	and	Pneumatic	actuators

•	 2-way,	Right	angle,	and	Zero-static 
	 T	body	configurations

•	 Sizes:	1⁄4˝,	3⁄8˝,	1⁄2˝,	3⁄4˝,	1˝ 

•	 ASME	hygienic	clamps	and	
	 hose	barb	connections

•	 Quick	release	clamp,	tool	free	
	 actuator	to	body	change	out

•	 Media	pressures	up	to	72	psi	

•	 Optional	compact	positioners	for	
	 proportional	control,	switches,	and	 
	 stroke	limiters

•	 Validation	Guide	available

3800 Camp Creek Parkway • Building 2600 • Suite 120

Atlanta, GA  30331 • info@gemu.com • Tel: 678-553-3400                                         

www.gemu.com

PharmTech202004_GEMU_page.indd   1 3/24/2020   8:46:39 AM

https://www.gemu-group.com/en_US/


40    Pharmaceutical Technology APRIL 2020  PharmTech .com

off line using mathematical software, 
which often results in excessive time 
to insight. As a result, operators must 
often react to column failure after it 
has happened, rather than being able 
to monitor columns and predict failure 
before it takes place.

Process analytics can be used to 
speed up the transition analysis pro-
cess by allowing operators to connect 
directly to process data and perform 
calculations in real time. These data are 
typically stored in a process historian or 
an SQL database. Advanced analytics 
applications can set up live connections 
to data historians or SQL databases to 
view data and perform calculations like 
transition analysis as soon as the data 
are stored in the database. Live connec-
tions to the data enable the application 
to automatically find transition periods 
on set criteria, such as a shape or value, 
and to set KPI calculations that are exe-
cuted upon completion of the transition 
period.

A number of pharmaceutical companies 
have used advanced analytics applications 
to remove outliers and cleanse conductiv-
ity data prior to transition analysis, dra-
matically improving the effectiveness of 
HETP trends over time by ensuring data 
quality. Data must be collected at a suffi-
cient frequency and may require cleansing 
to remove outliers (e.g., signals generated 
when a sensor is not in use), or filtering to 

smooth out any noise in the signal. Transi-
tion analysis requires differential equations 
to quantify the change in conductivity with 
respect to volume over the entirety of the 
transition period. 

As a result, HETP and asymmetry re-
sults can vary significantly depending on 
the frequency of the data and the type of 
interpolation used between data points. If 
data are not handled properly, false column 
failure alerts may be generated, or actual 
column failures may be missed. 

The need for data cleansing
Chromatography column data requires 
cleansing prior to transition analysis 
calculations to remove outliers, focus 
calculations on only the transition 
time periods, and smooth the data. 
While numerous filtering algorithms 
exist, selecting an appropriate filter 
that accurately identifies and captures 
step changes, such as one using the 
Loess method, is important for tran-
sition periods. 

These techniques make HETP cal-
culations more consistent by isolating 
relevant data and removing noise, en-
abling engineers and scientists to in-
crease the precision and rigor of tran-
sition analysis calculations, focusing 
calculations on only the transition 
time periods and smoothing the data. 
These three techniques make HETP 
calculations more consistent by isolat-

ing relevant data and removing noise, 
enabling engineers and scientists to in-
crease the precision and rigor of tran-
sition analysis calculations.

The KPIs monitored in transition analy-
sis are expected to have low variation while 
the column is intact. But noise or inappro-
priate data sampling frequency can result 
in significant changes in the transition 
analysis KPIs that may falsely trigger col-
umn failure alerts. Data cleansing is used 
to enable effective monitoring of column 
health by reducing the dependence of the 
KPIs on the data sampling parameters. 

Creating an online dashboard
Transition analysis is most effective when 
calculations are performed automatically, 
online to minimize delay between data 
collection and access to calculation results. 
Results can then be shared with operators, 
who can prescribe actions such as regen-
erating the resin or repacking the column 
when the HETP or asymmetry values are 
out of specification to avoid quality devia-
tions and lost batches. Using an advanced 
analytics application, these goals can be 
achieved by performing the transition 
analysis calculations and displaying the 
results in an online dashboard (Figure 1). 

First, after data have been cleansed, 
context is added by identifying the 
phase transitions, using a manufac-
turing execution system (MES) or 
through analytical techniques to detect 
all similar data profiles in the conduc-
tivity signal. Some chromatography 
equipment, such as in multicolumn 
continuous chromatography, contains 
data from multiple columns. Changes 
in other signals, such as the differential 
pressures across each column, can be 
used by advanced analytics applica-
tions to associate transitions with each 
respective chromatography column.

A similar approach can be used for 
single column chromatography if the 
column is cycled numerous times. Both 
HETP and asymmetry calculations can be 
performed using the transition periods for 
each column. HETP is often calculated 
using moment analysis (3) to describe 
the change in conductivity over column 
volume during each transition period. 
Asymmetry is estimated by comparing 

Manufacturing

Figure 1: Online dashboards allow operators and experts to monitor multiple 
chromatography columns in near real-time by displaying HETP (height equivalence of a 
theoretical plate)  and Asymmetry KPIs, along with chromatography peak overlays. 
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the change in column volume between  
left and right sides of the conductivity 
transition peak. These calculations can be 
performed using a formula in an advanced 
analytics application.

Immediate access to results
While transition analysis can be per-
formed in other calculation programs, 
the complexity of the calculations often 
results in significant delays between 
when data are generated and when re-
sults are found. In addition, the calcula-
tion process entails extracting data from 
historians, inserting the data into a cal-
culation program, and communicating 
the results as separate steps. Any delays 
in this process can result in missed col-
umn failures, leading to lost or reworked 
batches, reducing product yield and 
resulting in millions of dollars in lost 
product. Advanced analytics applications 
streamline this workflow by connecting 
directly to data in  leading historians 
and other databases, performing the cal-
culations automatically as new data are 
collected, and communicating results 
through auto-updating dashboards.

Pharmaceutical companies have uti-
lized advanced analytics applications 
to monitor chromatography column 
health by creating online production 
dashboards to monitor HETP and 
asymmetry. As a result, these compa-
nies have realized savings of up to 10 
hours per week per unit when perform-

ing transition analysis calculations, 
with further financial benefits gained 
by applying predictive maintenance to 
limit unplanned downtime and subse-
quent decreases in batches produced. 
Tracking HETP and asymmetry over 
time or batches enables corrective ac-
tion prior to column failure. 

Advanced analytics applications en-
able subject matter experts to access 
process data, define the equations for 
transition analysis, and build models 
to forecast predicted HETP and asym-
metry values. Predictive maintenance 
models of time series data utilize a 
time component to predict usage of 
the equipment. With transition analy-
sis, an equation can be written to count 
the total run time of column usage 
since the last resin regeneration, and 
to then extrapolate that run time data 
into the future based on current utili-
zation using formulae in an advanced 
analytics application. Multivariate re-
gression, such as principal component 
analysis, enables the extrapolation of 
the regressed model to predict future 
values or predict equipment mainte-
nance periods. With transition anal-
ysis, these models help users predict 
HETP and asymmetry values based on 
the run time of the current utilization 
of the chromatography columns and 
other process variables such as f low 
rates or concentrations (Figure 2). Pre-
dictive models can be used to forecast 

an appropriate maintenance window 
prior to column failure. Performing 
online transition analysis with predic-
tive modeling can thus reduce down-
time, product quality deviations, and 
lost batches.

Alternatively, scientists and engi-
neers can use alternatives to transition 
analysis such as TransWidth and Di-
rectAf (3). Trans Width is a measure of 
the separation efficiency or resolution 
of the peak, which is calculated from 
the change in volume across the tran-
sition period. DirectAf indicates the 
normality or tailing of the peak, which 
is calculated as the average volume dif-
ferentials by comparing the beginning 
and end of the transition period at six 
points for each transition, and it can be 
used in place of asymmetry. 

TransWidth and DirectAf have been 
shown to be less influenced by noise in 
the data and thus may be more robust 
metrics for detecting column integ-
rity and efficiency. These techniques 
have allowed Just–Evotec Biologics to 
detect resin degradation and replace 
the resin prior to subsequent batches.  
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Figure 2: Transition analysis HETP (height equivalence of a theoretical plate) and asymmetry values can trend toward column failure over 
extended periods of time. Models can be applied in an advanced analytics application to predict the amount of time until column failure. 
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PharmTech: What is ParvuletTM?

Maheshwari: Parvulet is useful for 
administering therapies to patients who 
may find taking conventional dosage 
forms to be difficult. These patients may 
include infants, young children, geriatric 
patients, and others who prefer to take 
their medication in a semi-solid form. The 
technology encompasses a solid dosage 
form that can be in either a powder or a 
tablet that is gelable upon adding a small 
amount of water. This gel matrix has the 
consistency of a soft food and can be 
easily consumed by the patient.

PharmTech: Can you give us some 
more background into Parvulet and 
how it works?

Boltri: For many valid reasons, most drugs 
are currently administered using solid forms 
such as tablets and capsules. However, 
it is known that the deglutition process 
comprises of a preparatory phase in which 
the food bolus is chewed and wetted with 
saliva to a defined texture and rheology to 
activate the natural deglutition reflex.

It is not by chance that foods consumed 
by nearly all cultural groups tend to be soft 
in texture—porridge, rice pudding, quinoa, 
apple sauce, and Italian polenta, just to 
name a few. Therefore, it can be argued 
that human beings are not designed to 
swallow solid objects.

Parvulet starts out as a solid formulation, 
tablet or granules, then turns into a soft 
food by simply adding a few milliliters of 
water and waiting 20–30 seconds. It is 
important to note that no other human 
intervention is needed after water is 
applied, which further reduces the risk of 
human error or misuse. 

This delivery design represents a major 
paradigm shift in oral drug administration.

PharmTech: What are the applications 
of this technology and how is it helpful?

Maheshwari: The main application of 
this technology is the ease of therapy 
administration, and patient compliance. 
Based on the current choices on the 
market, if a child needs medicine, one 
would either use a runny liquid formulation 

such as solutions, suspensions, syrups, or solid dosage 
formulations such as capsules and tablets. Liquids are 
often difficult to handle, have stability issues, are bulky 
to carry, and can be bitter. Needless to say, there are 
difficulties in administration of such products to children, 
as well as concerns about accuracy of administered dose. 

Similarly, solids are not a preferred option either, as small 
children and even young adults do not prefer to swallow 
pills and capsules. Crushing these dosage forms can 
either alter their performance or impart bad taste and smell 
once crushed. With Parvulet and Adare’s decades-long 
expertise in taste masking, we can develop products that 
are compact solids, easy to carry, and when intended to 
administer, these solids can be converted to soft food-like 
texture in a spoon or a small bowl and administered to the 
patients. The given dose can be precise and thus perform 
as intended.

Additionally, bitter-tasting drugs can be easily administered 
as well as with Parvulet. Various flavors and colors can 
be included to make the dosage more acceptable by the 
patients and children.

PharmTech: What makes this technology innovative 
or unique?

Boltri: Produced using a conventional manufacturing 
process, Parvulet leverages the natural swallowing 
mechanism by mimicking the texture and the consistency 
of natural food bolus, which is a simple but powerful 
concept. This technology overcomes current practices 
such as crushing tablets, opening capsules, and mixing 
the powder with food or a thick food vehicle such yogurt, 

jam, or pudding—all of which could impact product stability 
and dissolution properties.

Parvulet can be easily combined with Adare Microcaps®, 
a technology that uses microencapsulation to secure taste 
masking by preventing bitter drugs to be released in the 
mouth. The combination of these technologies generates 
a dosage form that can improve patient compliance and 
adherence to the therapy, which maximizes overall efficacy.

PharmTech: Does this technology have any 
limitations? And if so, what are they?

Maheshwari: One major limitation is acceptance from 
various drug developers and prospective partners. 
Undoubtedly, whenever there is a new technological trend, 
there are initial hurdles with acceptance and promotion of 
that technology, which results in a lag phase. However, 
once the initial development hurdles are cleared and 
a regulatory path is more clearly defined, the product 
concept should consequently be deemed useful and 
accepted by the end user.

PharmTech: What are the regulatory implications 
and needs regarding this application?

Boltri: It is important to recall recent FDA draft guidance 
on the use of liquids and soft foods as vehicles for drug 
administration, which states that only those liquids and soft 
food demonstrated to have no appreciable effect on drug 
product performance should be proposed as vehicles (1).  
It also states that consideration should be given to the 
complexity of the preparation procedure (1).  

If the sponsor anticipates the use of liquid or soft foods as 
vehicles for drug administration during drug development 
or even during their market approval, data from in-vivo and 
in-vitro studies should be submitted. 

Considering this, Parvulet’s technology is well-equipped to 
match the requirements of this guidance. In fact, the swallowing 
vehicle is built into the formulation and can be designed to 
prevent any impact on the biopharmaceutical properties.

Reference
1. FDA, Use of Liquids and/or Soft Foods as Vehicles for 

Drug Administration: General Considerations for Selection 
and In Vitro Methods for Product Quality Assessments, 
Draft Guidance for Industry (Rockville, MD, July 2018).

New oral dosage technology offers a solution to patients 
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I 
mpurities in pharmaceutical products are defined as 

“substances in the product that are not part of the API 
itself or the excipients that are used to manufacture the 
drug product” (1). These impurities are unwanted chem-

ical entities that remain with the API or finished drug prod-
uct and may develop during manufacturing or upon storage. 

An impurity can be inorganic or organic. In some cases, 
impurities can be residual traces of solvents that are used 
in synthesis or manufacturing. During routine drug prod-
uct testing using general chromatographic methods such as 
high-pressure liquid chromatography/ultraviolet (HPLC/
UV) or gas chromatography/flame ionization detection (GC/
FID), discovering an unknown impurity triggers investiga-
tions and specialized testing in order to answer several basic 
questions about the unknown, including:

• What is it?
• Is it toxic?
• How much of it is present?
• Where is it coming from?
Answering these questions can be difficult without access 

to specialized instrumentation and analytical techniques 
that can provide structural information about the unknown, 
allowing a useful toxicological assessment to be made.  

Classifying impurities
The impurity may be classified either as a degradation prod-
uct resulting from chemical reaction of the API during man-
ufacturing and storage, or as a foreign substance that was 
introduced into the product by contamination or adultera-
tion. Classification of impurities permits the development 
of adequate control measures to minimize unwanted im-
purities in the final product. It is important to note that the 
presence of an impurity, in and of itself, is not necessarily 
problematic. The introduction of trace levels of impurities is 
inevitable during the manufacturing or storage of pharma-
ceutical products. In fact, scientists expect impurities to be 
present, hence the requirement that any and all of them be 
identified and controlled and their presence and concentra-
tions monitored. In many cases, the presence of an impurity 
may not pose any safety, quality, or efficacy issues for the 
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Identifying the Structure of 
an Unknown Impurity in a 
Topical Gel 
Jerry Neal, Jerry Mizell, Richard Durham, and Matt Casteen

It is not uncommon for pharmaceutical analytical 
chemists to observe unknown impurities during 
routine drug product testing using general 
chromatographic methods such as high-pressure 
liquid chromatography/ultraviolet or gas 
chromatography/flame ionization detection. 
Discovery of an unknown impurity triggers an 
investigation, along with a shift in priorities from 
routine to more specific specialized testing in 
order to be able to answer key questions about 
the impurity. This case study highlights analytical 
instrumentation and techniques that were used 
to identify an unknown impurity detected during 
routine release testing of a topical gel drug product.
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drug product. In theory, however, the presence of any impurity 
could influence the efficacy and safety of the finished product. 
At the very least, impurities confer no therapeutic benefit. In 
the worst case, they can be toxic. Several authorities, including 
the International Council for Harmonization (ICH) and FDA, 
regulate impurity levels in all pharmaceutical products.

Ensuring the purity of an API or finished drug product re-
quires identifying, quantifying, and controlling any impurity 
once it has been observed. An impurity can be controlled by 
establishing appropriate control methods at all points where 
they enter or form during the manufacturing process. Ac-
cording to ICH guidelines on impurities in new drug sub-
stances and new drug products (1), identification of impuri-
ties below the 0.1% level is not necessary unless the potential 
impurities are expected to be unusually potent or toxic.  

Materials and methods
This case study used the following analytical instrumentation 
and techniques to identify an unknown impurity that was 
detected during routine release testing of a topical gel drug 
product. The impurity was detected by a validated HPLC/
UV method with a known impurity profile (Table I) and was 
out of specification for the product. The following analytical 
methods were used: 

• Liquid chromatography–mass spectrometry/quadru-
pole time-of-flight (LC/MS/Q-TOF)

• Gas chromatography mass spectrometry / electron 
impact mass spectrometry (GC/MS EI/MS)

• Fraction collection
• Infrared spectroscopy.

Results and discussion
After detecting an unknown impurity during routine release 
testing, a pharmaceutical company requested that investiga-
tional testing be performed on its topical gel drug product to 
identify the impurity and determine whether it was an API 
degradation product, a process impurity, or a contaminant 
that had been introduced during the manufacturing process. 

The HPLC/UV chromatographic impurity profile of the 
topical gel release lot is shown in Figure 1. When compar-
ing the known impurity profile (Table I) to the HPLC/UV 
chromatogram (Figure 1), scientists observed that a single 
unknown impurity eluted past Impurity 11 (55.7 min.) at 
approximately 71 minutes. Other chromatographic peaks 
that were observed eluting after the unknown itself were 
considered evidence of impurities from solvents that were 
used to prepare the sample for HPLC testing and considered 
to be blank-related.  

Outlining the process
One of the most challenging problems encountered is the 
identification of unknowns at trace levels in pharmaceu-
tical drug products. This is due mainly to the significant 
differences in detection limits for each analytical technique 
that is used to confirm unknown impurities. In this case, the 

first step in identifying the unknown impurity was testing the 
drug product by LC/MS using Q-TOF detection.  This method 
provides key information about the identity of the unknown by 
generating highly accurate mass data. Having highly accurate 
mass information for the unknown significantly reduces the 
number of possible molecular formulas or compound identities 
generated by the molecular formula software. 

While this testing provides key information about the un-
known, it does not always provide positive identification of the 
unknown, because hundreds of compounds may share the same 
molecular formula.  Additional experimental data are needed to 
rule out other compounds and eventually identify the unknown. 
With this impurity, the mass (M+1) of the unknown was deter-
mined to be 447.3476 from Q-TOF LC/MS experiments (Figure 2). 

Peer-Review Research

Table I: Unknown impurity profiles for topical gel using high-
pressure liquid chromatography (HPLC) and ultraviolet (UV) 
detection.

Impurity 
Retention 

time 
(in minutes)   

Relative 
retention 

time 
(in minutes)

Molar 
response 

factor

Molecular 
weight

Impurity 1 6.7 0.128 0.43 138.16

Impurity 2 32.2 0.614 0.99 314.42

Impurity 3 33.1 0.630 1.26 316.44

Impurity 4 34.8 0.636 0.67 314.42

Impurity 5 41.8 0.797 0.57 316.44

Impurity 6 43.7 0.800 0.57 316.44

Impurity 7 44.3 0.810 1.36 316.44

Impurity 8 51.3 0.940 --- 220.35

Impurity 9 53.7 0.983 1.63 300.44

Impurity 10 54.1 0.990 1.36 300.44

API 54.6 1.00 --- 300.44

Impurity 11 55.7 1.02 1.66 300.44
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Figure 1: High-pressure liquid chromatography (HPLC) 
chromatogram of unknown impurity in a topical gel.
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Using the unknown’s accurate mass information and the mo-
lecular formula generator, the unknown was determined to have 
the molecular formula C28H46O4. The exact mass calculation 
for the molecular formula was 446.3396. 

Using the exact mass from the Q-TOF LC/MS experi-
ments and the molecular formula, scientists performed a 
National Institute of Standards and Technology (NIST) da-
tabase search and identified a total of 88 potentially match-
ing species within the database, with the top search result 
being diisodecyl phthalate (DIDP) (2). 

Knowing the impurity’s exact mass and having a molec-
ular formula from the LC/MS data is invaluable in helping 
narrow down its identity from hundreds of potential com-
pounds with the same molecular formula. Other analytical 
techniques must then be used to rule out or confirm the 
impurity’s structural identity.  

One disadvantage of using LC/MS data is that database 
libraries with searchable mass spectral data do not exist. 
However, extensive searchable database libraries are avail-
able for GC/MS testing. Thus, the next step in identifying 
the unknown was to test it by GC/MS. Obtaining electron 
impact (EI) mass spectra of the unknown would allow for 
positive identification with a database match.

The LC/MS Q-TOF experiments indicated that the unknown 
was potentially identifiable as diisodecyl phthalate, which is vol-
atile and thermally stable enough to be detected by GC/MS. A 
potential problem associated with GC/MS testing, however, was 
the fact that, if the unknown proved not to be DIDP, it might not 
be sufficiently volatile to be detected by GC/MS.

In addition, if the unknown were not present at a high enough 
concentration, it would not be possible to obtain electron impact 
mass spectra of sufficient quality to search against the database 

library. To enhance the probability of performing a successful 
GC/MS run, scientists prepared a concentrated sample of the 
drug product to ensure that the impurity could be adequately 
detected, since the sensitivity of the various analytical tech-
niques used to confirm identity can vary significantly.

Multiple injections of both dilute and concentrated sample 
were made onto an HPLC/UV system to generate a chromato-
graphic profile similar to that in Figure 1. The HPLC eluent 
from multiple injections was collected for approximately one 
minute on either side of the expected retention time of the im-
purity. The fractions were combined and further concentrated 
at least 10,000-fold to ensure adequate sensitivity for detection. 
Injections of the concentrated solution were made on the GC/

Figure 2: HPLC Spectra. HPLC is high-pressure liquid 
chromatography, LC is liquid chromatography, MS is mass 
spectroscopy, and EI is electron impact. A. LC/MS +EI product 
ion scan of unknown in a topical gel eluting at approximately 71 
minutes. B. LC/MS +EI product ion of unknown in a topical gel 
eluting at approximately 71 minutes (M+1 = 447.3476). 

Table II: Conditions used for gas chromatography/mass 
spectrometry/electron impact (GC/MS/EI) testing.
Gas chromatograph: Agilent 6890N

Analytical column:
Agilent DB-1ms capillary column 30 m x 0.25 mm, 

0.25 µm (P/N: 122-0132)

Injection port type: Split / Splitless

Injector temperature: 290 °C

Injection mode: Split

Split ratio: 5:1

Carrier gas type: Helium at 1.2 mL/minutes

Oven program:
60 °C for 0.5 min. to 300 °C at 20 °C

held for 17.5 minutes.

Mass spectrometer: Agilent 5975 Inert XL

Transfer line temp.: 300 °C

MS temp.: 230 °C (Source); 150 °C (Quad)

MS mode: Electron Impact (EI), Scan

Scan range: 50–500 atomic mass units (amu)

Solvent delay: 3 minutes

Autosampler: Leap Technologies PAL Combi-xt

Cycle: Gas chromatography – injection (GC – Inj.)

Syringe: 10 µL

Sample volume: 1.0 µL

Air volume: 0 µL

Pre Cln Slv1: 3 strokes

Pre Cln Slv2: 0 strokes

Pre Cln Spl: 2 strokes

Fill volume: 5 µL

Fill speed: 2 µL/second.

Fill strokes: 5

Pullup del: 5 seconds.

Inject to: GC Inj1

Inject speed: 50 µL/second

Pre Inj Del: 500 ms

Pst Inj Del: 500 ms

Pst Cln Slv1: 3 strokes

Pst Cln Slv2: 0 strokes
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MS using the conditions outlined in Table II. GC/MS results 
(Figure 3) confirmed that concentrated unknown electron im-
pact (EI) mass spectra were consistent with the best database 
match for DIDP and the exact mass obtained by LC/MS Q-TOF 
experiments. Scientists used infrared spectroscopy to test the 
concentrated impurity, and the results further supported the 
probability of the unknown being DIDP. Fourier Transform-In-
fra-Red (FT-IR) spectra of the unknown did not contain spec-

tral elements that contradicted the mass spectroscopy data and 
were also consistent with NIST reference spectra of diisodecyl 
phthalate (Figure 4).

As a final confirmation, a known standard of DIDP was pre-
pared as a marker at multiple concentrations to estimate the 
concentration of unknown observed in the sample. The DIDP 
markers, along with a sample preparation, were injected using 
the original HPLC/UV assay conditions (Figure 5).

Peer-Review Research

Figure 3: Gas chromatography/mass spectrometry (GC/MS) electron impact (EI)  results.  
A. GC/MS EI total ion chromatogram of concentrated unknown.  
B. GC/MS EI spectra of concentrated unknown.  C. Best database match - Diisodecyl Phthalate (DIDP).

Figure 4: A comparison of Fourier-Transform-Infra-Red (FT-IR) spectra A and B.   
A. Concentrated unknown impurity   B. National Institute for Standards and Technology (NIST) spectra for diisodecyl phthalate (DIDP).
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Evaluation of all the experimental data collected from the 
investigational experiments demonstrated that the unknown 
impurity detected in the topical gel drug product during release 
testing was DIDP (Figure 3c). 

It should be noted that commercially available DIDP actu-
ally is a mixture of two phthalates. The other component is 
diisononyl phthalate (DINP). DIDP is composed of a complex 
mixture of branched C9-C11 isomers containing mainly C10  
isomers of C28H46O4. Significant amounts of toxicological 
data for DIDP are available for review (3).  

DIDP is one of eight individual phthalate esters that the US 
Environmental Protection Agency (EPA) has deemed appropriate 
subjects for developing assessment and management strategies. It 
is the main plasticizer used for polymers in wire and cable 
applications. It also is used in anti-corrosion and anti-foul-
ing paints, sealing compounds, and textile inks (4). Major 
identified sources of DIDP internationally include food and 
pharmaceutical packaging as well as printing inks (5).  DIDP 
also is used as an additive in the production of plastics to 
make them more flexible. 

In this case, the source of the impurity was not definitely 
determined; however, scientists believe it was unlikely to be a 

degradation product of the API, since the molecular weight of 
DIDP is higher than that of the API. Instead, the impurity was 
most likely a contaminant that resulted when the API or drug 
product came in contact with a source of plastic that was in-
troduced during the manufacturing process. To date, no other 
batches of this drug product have contained this impurity. 
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director of analytical services; Richard Durham, PhD, is chemistry, 
manufacturing and control (CMC) quality liaison; and Matt Casteen, 
BS, is team leader, all with Metrics Contract Services.

Figure 5: High-pressure liquid chromatography (HPLC) and ultraviolet (UV) overlay (markers and unknown).  
Reflects results for diisodecyl phthalate (DIDP) markers and a sample of topical gel unknown.
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C leaning validation for biologics, par-
ticularly those that are manufac-
tured in commercial stainless-steel 

equipment, has always been tricky. One 
worrisome issue has been the potential 
loss of product as the result of the cleaning 
process. Cleaning processes can degrade 
protein molecules, and biologic products—
such as therapeutic antibodies—have 
been known to degrade and denature 
under extreme conditions, such as high 
heat and high or low pH. This can often 
result in loss of pharmacological activ-
ity. Yet, the cleaning of biomanfacturing 
equipment often requires that equipment 
surfaces be exposed to extreme pH and 
temperatures to ensure sterilization.

FDA cleaning requirements
FDA expects manufacturers to have writ-
ten procedures on how their cleaning 

processes will be validated (1), and ex-
pects the validation procedure to specify 
the personnel responsible for performing 
and approving the validation study. Com-
panies must also indicate staff members 
who will be responsible for establishing 
the acceptance criteria for the validation 
and the timing for when revalidation will 
be required. 

The agency further expects compa-
nies to prepare specific, written clean-
ing validation protocols before carrying 
out studies that they expect to perform 
on each piece of manufacturing equip-
ment. The written protocols should 
address important issues, such as the 
company’s sampling procedures, the 
analytical methods that will be used, 
and the sensitivity of those methods.

Fortunately, advances in analytical 
technology have made it possible to 

detect even very low levels of residue 
left behind from manufacturing and 
cleaning processes, according to FDA. 
However, when residue or contamina-
tion is not detected, that may be due 
to a limitation in the sensitivity of the 
analytical method used. 

Absence of detectable levels of res-
idue or contamination is not itself a 
guarantee that a piece of equipment 
or the entire manufacturing system is 
clean. Because of this, the agency rec-
ommends that companies challenge the 
analytical method used for detection by 
combining it with sampling methods. 
This allows manufacturers to show that 
contaminants can still be recovered 
from equipment surfaces after cleaning. 
After all, a negative test (i.e., where no 
contaminants are detected) could be 
due to poor sampling technique.

Sampling techniques are important 
for determining contamination levels, 
and FDA accepts two general types: 
direct surface sampling and rinse 
solutions (1). Direct surface sampling 
allows accessible but hard-to-clean 
areas to be evaluated, so that data can 
be used to establish an acceptable res-
idue or contamination level per given 
surface area. 

Dried residue, or residue that is 
insoluble, can easily be sampled by 
physically removing it. However, FDA 
has cautioned manufacturers that, in 
order to do direct sampling, they must 
first determine early on in their clean-
ing validation program what type of 
sampling material they will use and 
how the material will affect test data 
because there is potential for the sam-
pling material to interfere with testing. 

For the rinse sample method, ad-
vantages include use of a larger sur-
face area for sampling and ability to 
test inaccessible systems (e.g., ones 
that cannot be routinely disassembled). 
However, the residue or contaminant 
may not be soluble, or may be ob-
structed by the physical structure of 
the equipment. As a result, evaluation 
of any system’s cleanliness should not 
rely solely on evaluation of the rinse 
solution, but rather evaluation of the 
equipment itself. The rinse solution 

Because conventional cleaning methods can risk 
product loss, biopharmaceutical manufacturers 
are often reluctant to use PDE/ADE limits to 
validate cleaning processes.

Alternative Cleaning 
Validation Methods 
for Biologics
Feliza Mirasol
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should not simply be tested for water 
quality, but rather for the presence of 
specific contaminants. 

Data must be recorded and docu-
mented during the sample testing pro-
cedures. Testing uncleaned equipment 
will establish what an unacceptable 
result would look like when indirect 
testing methods are used. 

Where alternative 
methods are justified
Alternative cleaning validation methods 
involve using a gauge other than permit-
ted daily exposure (PDE) or acceptable 
daily exposure (ADE), or changing the 
limits set by regulators for these stan-
dards. It has been argued that protein 
molecules are degraded by the cleaning 
processes used to meet PDE or ADE 
limits (2), which has led to a search for 
alternative cleaning validation methods. 

In the European Medicines Agency’s 
(EMA’s) guideline on setting health-
based exposure limits (3), the agency 
states that it would be acceptable to use 
approaches other than PDE/ADE lim-
its to determine health-based exposure 
limits, provided that the alternative ap-
proaches are “adequately and scientifi-
cally” justified. EMA also understands 
that, because the cleaning methods for 

“therapeutic macromolecules and pep-
tides” can result in the degradation or de-
naturation of those molecules due to their 
exposure to extreme heat and/or pH, “the 
determination of health based exposure 
limits using PDE limits of the active and 
intact product may not be required” (3).

The worst-case product
Loss of biological product during 
cleaning processes can be costly, and 
especially challenging when a com-
pany is testing its cleaning validation 
method on a potentially new biologic 
product. To help mitigate expensive 
losses, companies may look for alter-
natives to their molecule that they can 
use as a “worst-case product” scenario 
for their cleaning validation methods. 

In one study, a worst-case product 
scenario was tested for the cleaning 
validation of brolucizumab (4), No-
vartis’ Beovu, prior to its approval by 

FDA in October 2019 for treating wet 
age-related macular degeneration (5). 
In the study, five molecule candidates 
for worst-case product were subjected 
to cleanability and solubility tests, 
with the caveat that a worst-case prod-
uct must be more difficult to clean 
than the actual biologic product. This 
would ensure that acceptable cleaning 
settings would be established for the 
bioreactor when manufacturing the 
actual biologic product (4). 

Going through this exercise helped 
the researcher demonstrate the mul-
tidisciplinary nature of cleaning val-
idation, which is one aspect of good 
manufacturing practices (GMP) reg-
ulations that is still not well under-
stood or gets little attention (4). FDA’s 
requirements largely focus on the need 
to record and document all steps used 
in cleaning processes. To that end, a 
company must be meticulous in its 
cleaning validation documents, in-
cluding defining the equipment that is 
cleaned as well as the equipment used 
in cleaning processes; demonstrating 
understanding of the given drug’s 
properties; and describing analytical 
methods used to determine the level 
of cleanliness (or presence of con-
taminants). Sample residue collection 
from surfaces must also be recorded. 
The overall approach to cleaning val-
idation, therefore, requires expertise 
in various disciplines and cooperation 
among those disciplines.  

Recognizing residues
Air-liquid residues can be detrimental for 
biologics manufacturing and can come 
from a variety of sources, including hy-
drocarbons, polymers, mineral silicates, 
lubricants, and siloxanes (found in valves, 
gaskets, and tubing) (6). Hydrocarbons 

such as steramide, erucamide, and 
oleamide, are mold-release agents used 
to prevent caking of powders. They are 
often used in manufacturing the bags 
(e.g., those used for storage and transport) 
and biologics equipment. 

Polymers such as nylon, polytetra-
f luoroethylene, and silicone are nec-
essary components of equipment used 
in raw material manufacturing and are 
also used in bags or containers meant 
for raw material storage. These sub-
stances can be a source of raw material 
impurities. Likewise, mineral silicates, 
lubricants, and siloxanes can also be 
sources of raw material impurities, 
all of which can appear in bioprocess 
preparation tanks (6). 

Common cleaning approaches that 
pharmaceutical manufacturers use to 
combat these residues include increas-
ing spray (e.g., employing a rotating spray 
device), raising cleaning temperature to 
around 75 °C–85 °C, and using a for-
mulated cleaning agent. In addition, the 
industry may increase the concentration 
of the cleaning agent and/or use an oxi-
dizing cleaning agent or a detergent addi-
tive combined with an alkaline cleaning 
solution (so long as temperature is kept 
between 50 °C and 65 °C) (6). 
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Pharmaceutical Technology: In 
the past decade, what changes  
have occurred in the immuno-
oncology pipeline?

Saffell-Clemmer: There have been several 
changes in the oncology pipeline. Ten years 
ago, chemotherapy with cytotoxic small 
molecules was the only pharmaceutical 
option available for the treatment of cancer. 
A big change occurred in 2010 when 
the first immunotherapeutic for cancer 
received regulatory approval. Since then, 
therapies have continued to become more 
targeted to specific patient populations 
within indications. 

The types of immunotherapeutic products 
have also evolved. Products now include 
monoclonal antibodies and different 
variations such as bispecific antibodies, 
fusion proteins, and antibody–drug 
conjugates. In the United States alone, 
more than 1,800 immunomodulator 
therapies are in active development today.

Pharmaceutical Technology: How have 
these changes made production in a 
multiproduct facility more attractive?

Saffell-Clemmer: The increase in 
targeted therapies has led to decreased 
numbers of units per product. This can 

make production in a dedicated facility 
less practical. Outsourcing to a contract 
manufacturing organization that may have 
more experience in handling complex 
biologic products has its benefits. It is 
a good option for improving efficiency, 
getting to product launch faster, and 
reducing costs.

Pharmaceutical Technology: What 
is the greatest risk to using a 
multiproduct facility?

Saffell-Clemmer: There are definitely 
concerns about cross-contamination, 
which can be a risk for any type of 
pharmaceutical manufacturing in a 
multiproduct facility. However, this risk can 
be avoided through good facility design and 
a robust approach to cleaning validation.

Pharmaceutical Technology: Can a 
line used to produce cytotoxic drug 
products be used for noncytotoxic 
products?

Saffell-Clemmer: Yes, absolutely. Good 
cleaning validation practices, combined 
with appropriate engineering and 
procedural controls, make it possible to 
manufacture cytotoxic and noncytotoxic 
products in the same facility.

Pharmaceutical Technology: What are some 
best practices for facility controls to prevent  
cross-contamination?

Saffell-Clemmer: State-of-the-art engineering controls are 
really important. These can prevent cross-contamination 
among products as well as protect employees who are 
working at the facility. At Baxter BioPharma Solutions’ 
facility in Halle Westfalen, Germany, for instance, we use 
isolators and restricted access barrier systems, which are 
equipped with separate HVAC and air exhaust systems.

We also try to automate tasks as much as possible. These 
types of tasks include automated lyophilizer loading and 
unloading, automated capping, and automated inspection 
to reduce human interactions and potential for exposure. 
It also reduces any potential for tracking product into 
nonproduct areas.

In addition, any filled and sealed vials are passed through 
an automatic decontamination process where they are 
rinsed prior to packaging. We also use product-dedicated 
filling equipment and single-use disposable products to 
prevent cross-contamination.

Pharmaceutical Technology: Are engineering 
controls alone enough to prevent cross-
contamination?

Saffell-Clemmer: No, absolutely not. As with any other 
operation at a pharmaceutical manufacturing facility, it is 
critical to have a comprehensive risk-based program. This 
is clearly spelled out by the European Medicines Agency, 
which has excellent guidance for determining health-based 
exposure limits for residual active substances.

The health-based exposure limit is the permissible daily 
exposure. It is critical to conduct a risk assessment before 
introducing any new product into a shared facility. The 
risk assessment should account for the permissible daily 
exposure as well as properties of the active pharmaceutical 
ingredient and its formulation. For example, the solubility of 
a particular product may make it more difficult to clean or 
remove from a surface.

This risk assessment determines—before it is introduced—
if a new product is suitable for the facility and if it represents 
a worst case for its product type at that manufacturing 
unit. If the new product is not a worst case, it can be 
safely manufactured and cleaned using processes that are 
already validated and in place at that facility.

If the new product is a worst case, then the facility has 
an opportunity to create a plan for cleaning process 
development and validation. That plan must be executed 
prior to introduction of the new product to protect the other 
products at the facility.

Pharmaceutical Technology: What are the 
components of a cleaning validation program?

Saffell-Clemmer: First, as I mentioned, it is important to 
understand the health-based exposure limit (permissible 
daily exposure) for a particular product. Once we know 
what that limit is, it can be used to calculate an analytical 
limit, which would be applied to any final samples taken 
from the equipment for testing.

Sampling is typically done either by swab sampling, 
where a swab is used to interact with the surface of the 
equipment, or by rinse sampling, where a specific volume 
is poured over the surface of the equipment. Before 
testing, we account for variables such as the area that will 
be swabbed, as well as the volume that the swab will be 
placed in. We also need to understand things such as the 
surface area of the equipment.

After performing this calculation to understand what level 
of product we could potentially be testing for, we need to 
develop a test method with sufficient sensitivity. When 
that method becomes available, additional testing must 
be done to show that the product can be recovered from 
product contact surfaces.

We do that by spiking the product on to samples of 
product contact surfaces such as stainless steel or glass. 
Cleaning validation requirements must be established by 
understanding the process; determining critical process 
parameters; and incorporating knowledge of the equipment 
design, how frequently the equipment will be used, and 
whether the equipment is product dedicated.

A manufacturer that really understands its equipment 
knows which areas will be more difficult to clean and 
should receive particular attention during the cleaning 
validation process. After that is understood, a performance 
qualification of the cleaning process will be delineated 
in a protocol, which will include a description of sample 
locations and procedures. For example, the protocol may 
state that a procedure must be executed a minimum of 
three times in three different runs. Then, the samples 
acquired during this procedure will be tested for product 
residue using the validated method.

In addition to that process, it is really important to include 
a hold time for dirty equipment so that it is known if the 
product is more difficult to clean after a specific time period. 
It is also critical to monitor the cleaning validation process.

This is not a one and done activity. Rather, the qualification 
studies should be repeated on a regular basis—often annually—
for the worst-case product in any single product class. 

The increase in targeted oncology therapies has led to 
fewer units per product, making production in dedicated 
facilities less practical.

O utsourcing complex biologic products to an experienced contract manufacturing 
organization can improve efficiency and reduce costs. Measures to prevent 
cross-contamination make it possible to manufacture cytotoxic and noncytotoxic 

products in the same facility, according to Wendy Saffell-Clemmer, lead scientist and senior 
director at Baxter BioPharma Solutions. Pharmaceutical Technology recently sat down with 
Saffell-Clemmer to discuss the advantages of manufacturing immuno-oncology therapies 
in multiproduct facilities. She also offered some strategies to overcome potential risks and 
discussed cleaning process development and validation.
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organization can improve efficiency and reduce costs. Measures to prevent 
cross-contamination make it possible to manufacture cytotoxic and noncytotoxic 

products in the same facility, according to Wendy Saffell-Clemmer, lead scientist and senior 
director at Baxter BioPharma Solutions. Pharmaceutical Technology recently sat down with 
Saffell-Clemmer to discuss the advantages of manufacturing immuno-oncology therapies 
in multiproduct facilities. She also offered some strategies to overcome potential risks and 
discussed cleaning process development and validation.
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M anufacturers of pharmaceutical 
excipients often serve other 
markets in addition to the 

pharmaceutical industry. The excipient 
qualification process, quality systems 
supporting excipient manufacture, and 
regulatory scrutiny associated with 
pharmaceutical excipients offer confi-
dence to potential customers in other 
regulated industries that the pharma-
ceutical excipient grade material could 
be qualified to meet their needs. The 
reality, however, is that significant dif-
ferences often exist between regulated 
industry requirements, and neither  

suppliers nor customers can assume a 
single material qualification can meet 
every markets’ requirements.

Many ingredients used as pharma-
ceutical excipients have applications in 
dietary supplement or food ingredient 
markets. The common sugar alcohol, 
mannitol (HOCH2(CHOH)4CH2OH), 
for example, can be used as a pharma-
ceutical excipient, a non-dietary ingre-
dient in dietary supplements, or a food 
additive. Mannitol monographs are 
accessible in the United States Phar-
macopeia’s National Formulary (USP–
NF), European Pharmacopoeia (Ph.
Eur.), and Japanese Pharmacopoeia (JP), 
as well as the Food Chemicals Codex 
(FCC) and the European Union (EU) 
Food Additive regulations (Reg. (EU) 
231/2012). Mannitol, with its sweet 
taste and pleasant mouthfeel, may 
serve the same purpose in confection-

aries, chewable dietary supplements, or 
oral medications. 

Each market application, whether 
food, dietary supplement, or pharma-
ceutical, has its own requirements, and 
although some of the requirements 
may overlap, pharmaceutical excipient 
manufacturers must understand and 
implement the requirements relevant 
to the intended uses before supplying 
into the aforementioned applications. 
Similarly, manufacturers of food ad-
ditives and/or non-dietary ingredients 
need to understand and implement 
pharmaceutical requirements prior to 
supplying mannitol for drug product 
use. It is incorrect to assume that ma-
terials meeting food additive and/or 
non-dietary ingredient standards will 
also meet pharmaceutical excipient re-
quirements. Likewise, it is also incor-
rect to assume that product approved 
for use as a pharmaceutical excipient 
will automatically comply with food or 
dietary supplement requirements. 

FDA’s food additive definition (1) 
does not include generally recognized 
as safe (GRAS) substances; however, 
all food ingredients (including food 
additives, GRAS substances, and 
non-dietary ingredients for dietary 
supplements) are held to the same 
good manufacturing practice (GMP) 
requirements. For the sake of brevity, in 
this article, food additives, GRAS sub-
stances, and non-dietary ingredients for 
dietary supplements will be referred to 
collectively as food ingredients. Phar-
maceutical excipients will be referred to 
as excipients.

Excipient, dietary supplement, and 
food ingredient markets are regulated, 
having requirements for quality man-
agement systems with material specifi-
cations and qualifications. Some mar-
kets have voluntary GMPs and other 
certification programs as discussed in 
the following. While there is consid-
erable overlap in requirements for the 
different markets, there are also signifi-
cant differences. No single quality man-
agement system or certification scheme 
satisfies the demands or requirements 
for all three markets, and some ap-
plications may have market-driven 

With ingredients sold to multiple markets, excipient 
manufacturers must understand the different 
regulatory requirements for pharma vs. food.

Comparison of 
Pharmaceutical Excipients 
and Food Ingredient 
Requirements
Luke Grocholl, Priscilla Zawislak, R. Christian Moreton, and 
Katherine L. Ulman

Quality

Luke Grocholl is regulatory affairs expert–
pharma food materials, MilliporeSigma; 
Priscilla Zawislak is global regulatory 
affairs advocacy manager, DuPont;  
R. Christian Moreton is principal, FinnBrit 
Consulting; and Katherine L. Ulman is 
principal, KLU Consulting.
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requirements not considered for the 
other applications. Table I lists pertinent 
guidelines and certification programs 
mentioned in this article.

GMP requirements
There are well-established GMP stan-
dards for regulated markets. For ex-
cipients, the NSF/IPEC/ANSI-363 and 
EXCiPACT excipient GMP standards, 
or the Joint International Pharmaceuti-
cal Excipient Council–Pharmaceutical 
Quality Group GMP guide for pharma-
ceutical excipients should be followed. 
In contrast to food ingredients, phar-
maceutical products are not limited to 
the oral route of administration. For 
non-oral routes of administration, ad-
ditional GMP requirements are based 
on intended uses. 

Food GMP conditions are manda-
tory for food ingredients. In Current 
Good Manufacturing Practice, Hazard 
Analysis, and Risk Based Preventative 

Controls for Human Food (2), FDA re-
quires that all food must be manufac-
tured in compliance with food GMP 
requirements. Finished dietary sup-
plements are subject to Current Good 
Manufacturing Practice in Manufac-
turing, Packaging, Labeling or Holding 
Operations for Dietary Supplements (3) 
dietary supplement GMP requirements; 
non-dietary ingredients are subject to 21 
Code of Federal Regulations (CFR) 117 
Part B (2) like all food ingredients.

 The manufacture of chemical and 
mineral food ingredients may vary 
considerably from production require-
ments for agricultural food ingredients.  
Similar to excipients, food ingredients 
are often manufactured in chemical or 
mineral manufacturing facilities. 

As such, it is not always clear to 
these manufacturers how to apply food 
GMP requirements to food ingredients. 
For this reason, the International Food 
Additives Council (IFAC) developed a 

GMP guide (4) for the food ingredient 
industry. Similarly, the Global Food 
Safety Initiative (GFSI) recommends 
the Food Safety Systems Certifica-
tion FFSC 22000, Safe Quality Food 
Institute, or International Featured 
Standards as applicable food safety 
schemes for the manufacture of (bio)
chemicals. The FSSC 22000 is based on 
ISO 22000 Food Safety Management 
requirements and adds additional el-
ements appropriate to food ingredient 
manufacturers. Regardless of the cer-
tification standard used, application 
of food ingredient GMPs is sometimes 
quite different than for finished foods.  
Appropriate controls for food ingredi-
ents are based on identified and poten-
tial material hazards. 

Although some quality management 
systems (i.e., GMPs) for excipients may 
exceed requirements needed to meet 
food ingredient GMPs, it is incorrect to 
assume excipient GMPs meet all food 
ingredient requirements. It is often 
easier to obtain acceptance of a food-
grade material for use as a pharmaceu-
tical excipient than for an excipient to 
comply with food regulatory require-
ments. Like excipients, food ingredi-
ents must undergo rigorous toxicologi-
cal and safety evaluation prior to being 
approved for use in food; however, ex-
cipients, unlike food ingredients, may 
be evaluated based on their intended 
route of administration. In addition, 
whereas direct contact equipment and 
packaging supplies for excipients must 
be qualified based on the excipient 
being handled—including verification 
activities and identification of poten-
tial risks—food contact materials must 
follow FDA rules limiting the types of 
materials that can be used.

Table II illustrates some of the differ-
ences between food ingredient and ex-
cipient GMP requirements. 

Other regulatory requirements
In addition to GMPs, food ingredients 
and excipients are subject to other reg-
ulatory requirements including the 
following:

• California Safe Drinking Water 
and Toxic Enforcement Act of 

Quality

Table I: Sources for guidelines and certification programs, food and 
pharmaceutical excipients.

Guidance/guidelines Website

NSF/IPEC/ANSI 363–2016 Good Manufacturing 
Practices for Pharmaceutical Excipients

ansi.org

EXCiPACT Certification Standards for 
Pharmaceutical Excipient Suppliers:  
Good Manufacturing Practices,  
Good Distribution Practices

excipact.org

Joint International Pharmaceutical Excipient 
Council–Pharmaceutical Quality Group 
Good Manufacturing Practices Guide for 
Pharmaceutical Excipients

ipec.org

Food Chemicals Codex foodchemicalscodex.org

International Food Additives Council foodingredientfacts.org

The Global Food Safety Initiative mygfsi.com

Food Safety Systems Certification 22000 fssc22000.com

Safe Quality Food Institute sqfi.com

International Featured Standards ifs-certification.com

ISO 22000 Food Safety Management iso.org

World Anti-Doping Agency wada-ama.org

International Council for Harmonization ich.org

http://ansi.org
http://excipact.org
http://ipec.org
http://foodchemicalscodex.org
http://foodingredientfacts.org
http://mygfsi.com
http://fssc22000.com
http://sqfi.com
http://ifs-certification.com
http://iso.org
http://wada-ama.org
http://ich.org
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1986 (commonly ca l led Prop 
65) for the reporting of known  
carcinogens

• Pesticides and potential pesticide 
residue

• World Anti-Doping Agency
• Bovine spongiform encephalop-

athy/Transmissible spongiform 
encephalopathy (6) reporting  
requirements 

• Applicable USP general chapters 
(for excipients)

• Applicable FCC general chapters 
(for food additives).

Excipients and food ingredients 
require analytical testing, often de-
scribed in published monographs. Al-
though there may be some overlap in 
attributes, test methods, and specifi-
cations described in the monographs, 
significant differences often exist.

For instance, food and food in-
gredients’ heavy metal requirements 
typically focus on arsenic, cadmium, 
mercury, and lead. For pharmaceuti-
cal products, elemental impurities (7) 
are emphasized, which does not apply 
directly to excipients, but rather, to the 

final dosage form of which the excipi-
ent is a component. As of Jan. 1, 2018, 
heavy metals specifications were no 
longer required for excipients in the 
United States and European markets 
unless specific metals are included 
in the excipient’s monograph. Excip-
ients have requirements for residual 
solvents (8); however, in the United 
States, no specific residual solvent re-
quirement for food ingredients exists. 
This is not to say that there is no con-
sideration for solvents in food ingre-
dients. When appropriate, food safety 
risk due to potential residual solvent 
should be evaluated.

Regulatory agencies, such as FDA, 
sometimes inspect excipient and food 
ingredients facilities for cause; how-
ever, only food ingredient manufac-
turing facilities are required to regis-
ter with FDA under the Bioterrorism 
Act of 2002 (9). Under the Food Safety 
Modernization Act (FSMA), food in-
gredient facilities are subject to addi-
tional FDA requirements intended to 
protect against intentional adultera-
tion (10). FSMA requirements include 
implementing a food defense plan tar-
geted at preventing intentional adul-
teration intended to do mass harm 
to the public and food fraud mitiga-
tion programs targeted at protecting 
against economically motivated adul-
teration. Although similar intentional 
adulteration concerns may exist for 
excipients, a written plan to address 
intentional excipient adulteration is 
not explicitly required. 

Importers of food ingredients must 
confirm foreign suppliers comply with US 
food requirements per the Foreign Sup-
plier Verification Program (FSVP) (11). 
FSVP requires food ingredient import-
ers to verify that their suppliers have 
controls in place for meeting US food 
safety requirements, including imple-
menting supplier verification activities 
to mitigate risks identified for each im-
ported food. There is no corresponding 
regulatory requirement to verify GMP 
of foreign manufacturers of excipients. 
Pharmaceutical customers should eval-
uate the risks associated with imported 
excipients.

Table II:  Key differences between food ingredient good manufacturing 
practices (GMPs) and excipient GMPs.

Food ingredient GMPs Excipient GMPs

Primary focus: Identify and control 
hazards.

Primary focus: Verify process controls are 
sufficient to reproducibly produce excipi-
ents of consistent quality.

Written food safety plan available at 
all food facilities, which includes the 
preventive controls for identified food 
safety hazards.

Assessment of risks is required; however, 
a single documented risk assessment plan 
is not required. 

Identity of preventive controls qualified 
individual (PCQI) responsible for:

• Preparation of the food safety plan
• Validation of the preventive 

controls
• Reanalysis of the food safety plan

No equivalent requirement.

Activities can be managed by shared 
responsibility. Quality unit is responsible 
for oversight, but responsibility can be 
delegated.

Quality unit independent of 
manufacturing is responsible for:

• Approval of documents that impact 
product quality

• Approval of significant changes* 
that may impact excipient quality

• Approval of suppliers
• Release of finished excipient
• Approval to reprocess and/or 

rework
• Approval of returned excipient for 

resale
• Review and approval of 

manufacturing, packaging, 
labeling, and testing records prior 
to approval. 

Minimum personnel gowning/hygiene 
defined in regulation.

Personnel gowning/hygiene determined by 
risk assessment.

Allergen control plan required.
Allergen control is customer driven but not 
required by GMP.

Documented recall plan, which must 
include conditions and process for 
informing the public.

Documented recall procedure; public no-
tification is not required.

*Significant change is defined as “any change that has the potential to alter an excipient’s 
physical, chemical or microbiological property from the norm, and/or that may alter the 
excipient’s performance in the dosage form” (5).
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Material origin considerations
Because ingredients used in any of these 
markets could be derived from raw 
materials of natural origin, additional 
restrictions to prevent exploitation of 
endangered species (12,13) need to be 
considered. There are also more spe-
cialized requirements to address illegal 
logging (14) intended to protect vulner-
able environments (15). In addition to 
controls on f lora- and fauna-derived 
materials, conflict mineral concerns 
require supply chain control on some 
inorganic materials (16,17). These con-
ventions and regulations are impacted 
by material origin and harvesting for 
excipients and food ingredients.

Consumers also may want food in-
gredients to have attributes that are not 
defined by safety or quality. Despite 
the lack of scientific evidence, “natural,” 

“organic,” and “genetically modified or-
ganism (GMO)-free” are all perceived 
as “healthier” and verification can add 
significant consumer-recognized value 
to food ingredients. Although there is 
no regulatory definition of “natural” 
for most food ingredients, flavors have 
a clear regulatory definition (18). The 
United States Department of Agricul-
ture (USDA) regulates organic claims, 
labeling, and practices (19). Further-
more, USDA defines the requirements 
on labeling bioengineered foods: food 
containing bioengineered genetic ma-
terial, which consumers commonly 
associate with GMO (20). 

Consumer demands for natural, or-
ganic, and GMO (bioengineered food) 
are less likely for dietary supplements 
and currently are very limited for ex-
cipients. Although sustainable and 
fair-trade supply chain verification 
may be very important for foods, sim-
ilar concerns for dietary supplements 
or pharmaceuticals are less likely.

Some consumers desire vegan or veg-
etarian ingredients, and certain regions 
such as India (21) require vegetarian 
labeling on food products. These same 
consumers typically do not hold phar-
maceuticals to the same requirement.

Religious considerations
Religious requirements for food are very 
clear to the extent that in some countries 
these requirements are written into law. 
Kosher and halal are the most common 
religious requirements, and recognized 
religious agencies provide detailed re-
quirements on meeting these standards. 
Many religious scholars recognize ko-
sher/halal alternatives are not available 
for all pharmaceuticals; however, the 
pharmaceutical’s benefits are medically 
necessary and may have no suitable alter-
natives. As such, although halal or kosher 
ingredients may be desirable for pharma-
ceutical excipients, acceptance by patients 
is not a strict requirement, particularly 
when there is no suitable halal or kosher 
alternative. There may be other religious 
dietary requirements, and the degree to 
which they ascribe those to dietary sup-
plements or drug products may vary.

Summary
Although there may be considerable 
overlap in quality management sys-
tems and material specifications/re-
quirements for substances sold for 
use as food ingredients, non-dietary 
ingredients, and excipients, many sig-
nificant differences remain. No single 
quality management system or certi-
fication scheme satisfies ingredient 
requirements for the three markets. 
Therefore, manufacturers who supply 
into two or more of these markets need 
to understand and implement quality 
management system requirements to 
meet each of the markets they serve.
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P roper storage and transport tem-
peratures for drugs, especially 
biologics, are essential to protect 

product efficacy and patient safety. “As 
strong growth continues across the 
global pharmaceutical industry, the 
sub-category of temperature-controlled 
products is surging ahead—growing at 
twice the rate of the industry overall,” 
said David Williams, president of Pel-
ican BioThermal in a press release (1).

Joe Cintavey, product specialist at 
W.L. Gore, agrees, noting, “The pipe-
line of biologic drugs in development 
are becoming more temperature-sensi-
tive, resulting in an increase in storage  
of bulk drug substance at frozen tem-
peratures (-40 to -70 °C).” 

Rory Davidson, Business Devel-
opment Manager at Almac Pharma 

Services, adds that labeling, packing, 
and distributing cell and gene therapy 
products often requires products to 
be stored and processed at ultra-low 
temperatures (-20 to -80 °C), with the 
products only being defrosted imme-
diately prior to use. “If these products 
are not kept in exact conditions, they 
become unusable. We have seen some 
cases of product becoming unusable 
within a minute of being out of frozen 
conditions and so we need to be able 
to handle and process product at these 
ultra-low temperatures as quickly and 
efficiently as possible,” notes Davidson.

Packaging trends
In addition to the growing number 
of temperature-sensitive products, 
three trends are driving the need 
for temperature-controlled packag-
ing, according to a survey by Pelican 
BioThermal. First, quality demands 
increase as more sensitive products 

bring logistics complexity and greatly 
expanded risk. Yet, while awareness of 
temperature-controlled requirements 
is high, the survey shows temperature 
excursions happen frequently (1). 

Second, the distribution range is ex-
panding as products move further and 
through more climatic zones. More 
than half of survey respondents (51.8%) 
regularly ship products internationally, 
creating an increasingly complex web 
of local, regional, and international 
connections that require a broad range 
of transport modes (1). 

The third trend identified in the 
survey is the need to optimize the total 
cost of ownership (TCO) due to relent-
less competition and margin pressures. 
A full 70% of survey respondents agree 
that TCO is “important” or “very im-
portant,” while 10% consider only basic 
packaging costs and transport rates. 
This exploration of TCO is spurring in-
terest in reusable containers, with 79% 
of survey respondents saying reusable 
containers—though more expensive 
than single-use containers—are worth 
the investment. More than one-third of 
respondents (37.6%) are already using 
reusable rental programs in their cold-
chain logistics operations, and 25% are 
actively exploring this option (1).

As a result, validated, off-the-shelf, or 
customized protective packaging op-
tions continue to evolve for all tempera-
ture ranges, including controlled room 
temperature, refrigerated, frozen, and 
cryogenic. “The challenge is optimizing 
the design, materials, and components to 
minimize overall size and weight of the 
shipping solutions,” says Mark Barakat, 
general manager of Cryopak, a subsidiary 
of Integreon (formerly TCP Reliable). He 
continues, “Achieving peak performance 
while minimizing size, weight, and cost is 
typically contradictive.” Cold-chain engi-
neering experience and tools like thermal 
modeling software and testing equip-
ment play important roles in optimizing 
temperature-controlled packaging. 

Meeting requirements
There is also strong demand for more 
sustainable designs, including re-use 
programs to reduce the carbon foot-

More sustainable and functional packaging 
protects temperature-sensitive drugs. 

Packaging  
Preserves the Cold Chain
Hallie Forcinio

Operations

Hallie Forcinio is packaging editor at 
Pharmaceutical Technology,  
editorhal@sbcglobal.net.
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print. Interest in temperature-con-
trolled packaging also is being impacted 
by changing regulations and standards. 
For example, “Temperature profiles is-
sued by ISTA [International Safe Transit 
Association] have changed within the 
past five years,” reports Barakat. 

“Regulations governing these types 
of highly sensitive products are grow-
ing stricter,” adds Adam Tetz, director 
of worldwide marketing at Pelican 
BioThermal. “For example,” he says, 

“China has become particularly strict 
and requires real-time tracking on all 
pharmaceutical shipments.” 

Many local governments want to re-
duce or eliminate the use of expanded 
polystyrene foam (EPS), a common in-
sulating material, because it is rarely recy-
cled. “California and New York are limit-
ing the amount of EPS foam that can be 
delivered into their states,” says M. Ryan 
Corbin, director of marketing at Kodia-
kooler. These requirements are forcing 
makers of temperature-sensitive drugs 
and biologics to look for alternatives. 

In addition to insulation, tempera-
ture-controlled packaging includes 
single-use and reusable parcel and pal-
let shippers, thermal pallet covers, and 
phase-change materials. Sometimes, 
customized designs are needed, espe-
cially for products that will experience 
particularly hostile conditions or need 
to be maintained at cryogenic tempera-
tures. Regardless of the application, 
optimized temperature-controlled 
packaging depends on the answers 
to three questions: Where is it being 
shipped? What temperature must be 
maintained? How long does that tem-
perature need to be maintained? In ad-
dition, “Seasonal temperature changes 
can substantially affect the internal 
facility environment and shipping en-
vironment,” warns Joe Luke, vice pres-
ident of sales and marketing for Reed-
Lane, a New Jersey-based provider of 
contract packaging services.

Testing
To ensure packaging will perform as 
specified, Cryopak tests it against ex-
treme ambient temperature profiles in 
its ISTA-certified lab following proto-

cols and internal standard operating 
procedures. “Our shipping systems are 
then qualified with repetitive testing to 
assure consistency and performance 
repeatability,” explains Barakat. “The 
real shipment is then monitored with 
temperature data loggers to prove op-
erational performance and quality as-
surance,” he concludes. 

To test the durability of reusable, pas-
sive thermal packaging systems, Pelican 
BioThermal is developing a mechanical 
test method. In addition to mimicking 
the real-world use environment, the 
test method also allows assessment of 
the impact of dynamic use on thermal 
performance. Tetz reports that results 
are promising. He says, “The test stan-
dard would give pharmaceutical man-
ufacturers even more confidence in 
choosing reusable thermal packaging 
over single-use options to reduce costs 
and advance environmental initiatives.” 

“Current standards assess parcel ther-
mal packaging systems during one in-
tense shipment from point A to point 
B,” explained Bill Mayer, director of 
research and development at Pelican 
BioThermal. “Throughout the devel-
opment of this new test method, we ad-
dressed the challenges of exposing sys-
tems to the multi-leg and multi-mode 
shipping route and more of an average 
trip with parcel thermal packaging used 
multiple times” (2).

Cold-chain options
Innovations in temperature-controlled 
packaging center on sustainability, 
performance, and cost. To improve 
sustainability, OptumRx, a pharmacy 
care services provider, has transitioned 
from rarely recycled foam packaging 
to recyclable packaging made from 
renewable cotton-based Kodiakotton 
from Kodiakooler, which was recently 
acquired by Airlite Plastics. The Ko-
diakotton insulating material is biode-
gradable, compostable, reusable, and 
recyclable. OptumRx projects the new 
packaging will save millions of gallons 
of water, pounds of carbon dioxide, 
and kilowatt-hours of energy (3). “Op-
tumRX has had great success with our 
sustainable products,” reports Corbin. 

“Part of the initiative is ongoing educa-
tion for their consumers on the benefits 
of recyclable materials,” he adds. 

In addition to Kodiakotton liners, 
Kodiakooler offers the patented Kwik-
pack system. This is a bundled kit of 
two Kodiakotton liners with an easy-
to-remove, recyclable band. The liner 
bundle cuts insertion time and results 
in a packout-ready shipper in less than 
six seconds (4). 

Fiber-based options, which can be re-
cycled in the corrugated or waste-paper 
streams, also are popular. To address this 
market, Thermo Fisher Scientific has de-
veloped the Invitrogen Paper Cooler. The 
100% paper alternative to EPS foam cool-
ers meets thermal requirements for over-
night shipments (5). Another paper-based 
product, ClimaCell insulation from Tem-
perPack, is designed to replace EPS insula-
tion and reduce packaging waste. In addi-
tion to being recyclable in the corrugated 
stream, the ClimaCell material protects 
temperature-sensitive shipments for up 
to 80 hours. The material also is mois-
ture-resistant and can be customized with 
printed graphics/messages (6). 

Another player in the insulation mar-
ket, va-Q-tec, has opened a US headquar-
ters and production facility in Langhorne, 
PA, to manufacture its small boxes and 
containers. The location also serves as a 
rental and repair station. The company, 
which is headquartered in Germany, 
specializes in vacuum insulation panels 
and phase-change materials that offer 
five-day temperature protection without 
the need for external energy sources. A 
rental service business offers a fleet of 
cold-chain containers and boxes (7).

Reuse is possible with the AcuTemp 
Plus Series of shippers from CSafe Global 
through its Repaq program. Proprietary, 
high-performance ThermoCor vacu-
um-insulated panels control payload tem-
peratures. Simple to deploy, the shippers 
are available in multiple sizes and tem-
perature profiles with integrated track-
and-trace options (8). 

Although reusable packaging has 
gained ground, one-way shippers remain 
a viable choice and continue to evolve. 
AeroSafe Global, a supplier of reusable 
shippers, has added a disposable option 
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to its portfolio. The A20 insulated shipper 
is designed to serve shipments needing 
protection for 24 to 48 hours. It is fully 
prequalified to ISTA 7D summer and 
winter profiles. Minimal components 
simplify packouts (9).

Gore Sta-Pure flexible freeze contain-
ers from Gore PharmBIO Products are 
designed to protect high-value bulk drug 
substances from container breakage or 
leakage during frozen handling. “Tra-
ditional single-use bags are constructed 
from materials that typically become 
brittle when exposed to temperatures 
below -40 °C, which can lead to cracks or 
leaks in the bags,” explains Cintavy. The 
proprietary high-strength fluoropolymer 
material used for the Sta-Pure flexible 
freeze containers is durable after freez-
ing at -86 °C (-123 °F) and offers the con-
venience and scalability of a single-use 
system that efficiently uses freezer space. 
In addition to durability, the container’s 
chemically inert, biocompatible, high-pu-
rity fluoropolymer composite film has a 
low extractables profile (10).

Gore Sta-Pure flexible freeze contain-
ers come in sizes from 50 mL to 12 L with 
tubing and connector options to meet 
different pharmaceutical and bioprocess 
applications. A hard-shell carrier is avail-
able for easier handling. If carbon diox-
ide or oxygen permeation is a concern, 
an optional, vacuum-sealable, secondary 
barrier wrap minimizes ingress (11).

Reed-Lane recently added cold stor-
age (2–8 °C) capabilities and a dedicated 
climate-controlled room for vial and 
ampule kitting at its packaging facility 
in Wayne, NJ. Temperature and humidity 
sensors constantly monitor the cold stor-
age area to document conditions and en-
sure there are no product-damaging tem-
perature excursions. “Most crucially, our 
environmental monitoring solutions are 
able to provide email alerts should any 
specified environmental conditions be 
exceeded,” says Luke. He explains, “Ad-
ditional sensors are deployed to provide 
alerts pertaining to  ... power outages, 
which would result in an immediate on-
site power generator startup to maintain 
specified temperature continuity.” 

The dedicated room for kitting tem-
perature-sensitive products includes 

space for labeling vials and ampules and 
assembling them with other components 
such as printed literature. Its location ad-
jacent to the cold storage area minimizes 
intra-facility travels and exposure to tem-
perature excursions. 

Introductions from Pelican BioTher-
mal include a new version of its ProEn-
vision web-based asset management 
track-and-trace software, which allows 
integration of its CoolPall Flex bulk 
shipper into the Internet of Things. The 
CoolPall Flex shipper serves refrigerated, 
frozen, and room temperature ranges. A 
high level of flexibility allows the system 
to address different time, weight, and 
payload requirements. 

For cryogenic products, SAVSU Tech-
nologies has expanded its portfolio of dry 
vapor shippers, which maintain biologic 
payloads at -196 °C during storage and 
transport. Positioned between the DV4 
and the DV10 shippers, the DV7 unit 
offers seven days of thermal autonomy 
and a more compact form factor with 
a payload capacity similar to the DV10 
shipper. With its smaller size, the DV7 
shipper is easier to handle and store and 
less expensive to ship (12). 

Cryoport Express Advanced Therapy 
Shippers from Cryoport have been devel-
oped to meet demand from biopharma 
customers and in anticipation of more 
stringent government regulations. The 
shippers are dedicated to human use 
and certified as such. Validated to ISTA 
3A and 7E Transportation Standards, a 
new vapor plug design further doubles 
the holding time if shippers are mis-ori-
entated during transit. The shippers 
also provide complete traceability of use 
history and assurance that each dewar 
is requalified for each trip for physical 
suitability, cleanliness, liquid nitrogen 
capacity, and shipment hold times. Val-
idated cleaning processes reduce the risk 
of cross-contamination during use, deliv-
ery, and distribution (13). 

Future possibilities
Sustainability continues to be a major 
driving force with suppliers and users 
of temperature-controlled packaging. 
As a result, work continues on devel-
oping designs that meet performance 

requirements that will be more re-
newable, recyclable, reusable, and/or 
compostable. Kodiakooler, for exam-
ple, is working on biodegradable EPS 
foam. “We are constantly looking for 
ways to reduce the carbon footprint 
of temperature-controlled packaging 
materials,” says Corbin. 
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Pharmaceutical Technology: Why is 
data integrity so important, and why 
is there such a focus on data integrity 
compliance by regulators?
Haack: In the pharmaceutical industry 
especially, every variable measured creates 
data that serve as the basis for important 
decisions such as quality decisions like 
batch release. During past GMP inspections, 
regulators identified a number of violations 
in data manipulation and other data issues. 
These problems have led to the current 
focus by regulators on data compliance.

Pharmaceutical Technology: What 
major violations were found during 
inspections?
Haack: Several types of violations can 
occur. A major one is that data are not fully 
and accurately documented. In addition, 
we often find that critical deviations (such 
as operating steps not correctly followed) 
are not investigated, or perhaps there is 
no user management or access control. 
It can also be the case that data are not 
recorded contemporaneously.

Pharmaceutical Technology: Given 
those examples, what should be done 
to avoid violating data integrity in  
daily processes?
Haack: The ALCOA principles should be 
followed, for both paper and electronic 
documentation. The ALCOA principles 
provide everything needed to be fully 
compliant.

The acronym ALCOA is defined by the US 
Food and Drug Administration and relates 
to data, whether paper or electronic. It 
stands for five principles: 

• Attributable

• Legible

• Contemporaneous

• Original

• Accurate. 

These simple principles should be part of 
your daily data life cycle and data integrity 
initiatives.

Pharmaceutical Technology: How can a computerized 
laboratory instrument be helpful?
Haack: As humans, we unfortunately make mistakes. 
Automation reduces manual errors and increases 
efficiency tremendously. In addition, access and user 
management helps control role-based usage and 
provide traceability together with an audit trail because 
each audit trail entry must be traceable to the individual 
responsible for creating, changing, or deleting the record. 
A computerized instrument also allows safe transfer of 
electronic data, as well as storage with restricted access 
to avoid data manipulation.

Pharmaceutical Technology: What should be taken 
into account when buying a new instrument?
Haack: The instrument should include technical controls 
to fulfill 21 CFR Part 11 requirements. Of particular 
importance, instruments should include audit trails, user 
and access control management, electronic signatures, 
and safe data transfer and handling.

Furthermore, it should be possible to automate work 
processes as much as possible on the instrument to 
avoid manual errors. Sartorius offers small applications, 
called QApps, for this purpose that can be loaded onto 
the balance. These reloadable application programs 
guide the user step-by-step through specific workflows. 

It is thus guaranteed that the procedures described in 
the corresponding standard operating procedures are 
observed at all times.

Pharmaceutical Technology: What exactly is meant by 
safe data handling?
Haack: Safe data handling means ensuring that stored 
data are safe and secure, without manipulations, from the 
beginning throughout the entire lifecycle of the data. It is 
important for an instrument to enable easy and safe data 
transfer into a LIMS or ELN system, as well as fallback 
(temporary storage) if the connection is lost.

Pharmaceutical Technology: How can an instrument 
be integrated into a LIMS/ELN?
Haack: An instrument can be integrated into a LIMS/ELN in 
a variety of ways. In particular, bidirectional communication 
with an open protocol (especially “REST Webservice” via 
LAN or WLAN) allows for direct integration. The biggest 
advantage in this scenario is the elimination of middleware 
that would otherwise increase costs and efforts. Other 
possibilities are to directly generate files, such as PDF, 
on the balance, which enables direct and paperless 
documentation in a document management system. 
Although this method does not offer the same possibilities 
for further processing as the transfer of measured values 
including all metadata, like the REST Web service, but it 
can often be implemented easier and faster in a first step.

Laboratory instruments can be key to safeguarding  
data integrity.

Data integrity in the analytical laboratory is an area of increased focus for regulators 
such as the FDA. Standalone instruments, in particular, have special requirements. 
These are especially important if the instrument will be integrated into a networked 

laboratory. Pharmaceutical Technology recently sat down with Heiko Haack, Specialist 
Manager of the Lab Weighing Division at Sartorius, to discuss data integrity challenges and 
what to consider when buying a new laboratory instrument.

“

”

A computerized instrument  

also allows safe transfer of 

electronic data, as well as storage 

with restricted access to avoid 

data manipulation.

Sartorius is a trusted partner for the biopharmaceutical industry and laboratories. The company provides essential 
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pioneering and setting the standards for single-use products that are currently used throughout all biopharmaceutical 

manufacturing processes. Sartorius empowers scientists and engineers to simplify and accelerate progress in life science 

and bioprocessing, enabling the development of new and better therapies and more affordable medicine.
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with restricted access to avoid 

data manipulation.

Sartorius is a trusted partner for the biopharmaceutical industry and laboratories. The company provides essential 

products, technologies, and expertise to produce biopharmaceuticals reliably and efficiently. Sartorius has been 

pioneering and setting the standards for single-use products that are currently used throughout all biopharmaceutical 

manufacturing processes. Sartorius empowers scientists and engineers to simplify and accelerate progress in life science 

and bioprocessing, enabling the development of new and better therapies and more affordable medicine.

Skórzewiak/stock.adobe.com



72    Pharmaceutical Technology APRIL 2020  PharmTech .com

D
U

N
C

A
N

A
N

D
IS

O
N

 -
 S

TO
C

K
.A

D
O

B
E

.C
O

M

T he bio/pharmaceutical industry is a 
global network that ties together an 
array of developers, manufacturers, 

and suppliers. Bio/pharmaceutical com-
panies, therefore, may source APIs and 
excipients from companies thousands of 
miles away. This global aspect of the in-
dustry, naturally, creates a complex supply 
chain that could leave patients vulnerable 
if not properly overseen. The discovery 
of nitrosamine impurities, including 
N-nitrosodimethylamine (NDMA) and 
N-nitrosodiethylamine (NDEA), found 
in angiotensin II receptor blocker (ARB) 
medicines (1) in 2018 is an example of 
how ingredient issues can affect patients 
and the supply chain and the importance 
of testing ingredients. Now, the global 
COVID-19 coronavirus pandemic has 
the potential to disrupt supply chains, 
site inspections, and other activities as-

sociated with supplier qualification and 
oversight. 

Sponsor companies and manufac-
turers are responsible for ensuring the 
components they use are safe and effec-
tive. FDA has cited companies for fail-
ing to test their incoming API and raw 
materials “to determine their identity, 
purity, strength, and other appropriate 
quality attributes” (2). According to a 
spokesperson for IPEC-Americas, spon-
sor companies must verify the quality of 
materials, which includes qualification of 
the supplier through on-site good manu-
facturing practice (GMP) audits and/or a 
third-party GMP certification. Incoming 
materials should have their identifica-
tion verified and the quality department 
should give its approval to release the 
materials for use. This includes perform-
ing—at a minimum—an identification 

test, and may include other tests neces-
sary to ensure the quality for the intended 
use as per 21 Code of Federal Regulations 
211.84(d)), advises IPEC-Americas.

Risk assessments of both suppliers and 
materials should also be performed, ac-
cording to IPEC-Americas, with a specific 
focus on the intended use of the material. 
The risk assessment should also evaluate 
possible concerns with efficacy, variabil-
ity, safety, and quality. And this evaluation 
should not end with the risk assessment. 
The sponsor should “[establish] a process 
for continued monitoring of the supplier 
and the quality of incoming materials,” 
according to IPEC-Americas. 

Qualifying suppliers
How do sponsor companies choose and 
monitor material suppliers to ensure the 
ingredients they are purchasing are fit for 
purpose? Linda Evans O’Connor, vice 
president and chief of staff at Lachman 
Consultant Services, Inc., suggests that 
sponsors start by obtaining information 
from the supplier about its capabilities 
and compliance history through a ques-
tionnaire. Material samples should also 
be obtained to determine if they are fit for 
their intended purpose. Site audits should 
be performed, and quality agreements 
should be put in place, she says. Finished 
product trials should be performed if the 
materials meet the requirements. Batches 
should then be tested for stability. Peri-
odic monitoring of the supplier should be 
performed with data reviewed on a pre-
defined basis in addition to performing 
surveillance audits, according to O’Con-
nor. IPEC-Americas stresses, however, 
that an appropriate risk assessment can-
not be performed without onsite audit 
information.  

Susan J. Schniepp, executive vice-pres-
ident of post-approval pharma and dis-
tinguished fellow, Regulatory Compli-
ance Associates, says that companies 
should begin the qualification with an 
onsite audit. “Once the audit is performed 
and any identified concerns resolved, the 
two parties, purchaser and supplier, can 
enter into a quality agreement. After the 
quality agreement is approved, the pur-
chasing company can start the process 
of ‘qualifying’ the supplier. This qualifi-

Risk assessments, audits, and good 
communication between sponsor and  
supplier are key elements of supplier oversight.

Being Vigilant  
in Supplier Oversight
Susan Haigney

Operations
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cation usually involves testing of the ma-
terial to confirm the supplier’s certificate 
of analysis (CoA) is accurate and develop 
a history that demonstrates the ability of 
the supplier to continually provide a suit-
able product,” says Schniepp.

The supplier should then be placed on 
an approved supplier list, according to 
Schniepp. “The initial qualification for 
a supplier to be considered an approved 
supplier usually involves complete confir-
matory testing on the first 10 lots of ma-
terial received and then a periodic check 
and confirmation by the purchaser of the 
entire testing regimen listed on the CoA 
received from the supplier.”

Performing audits
Peforming audits of material suppliers 
is key for ensuring the quality of mate-
rials, but how often should these audits 
be performed? O’Connor suggests that 
a risk-based approach should be used to 
determine when and how often a supplier 
is audited. “Many factors can go into the 
risk model, such as type of material (e.g., 
API, excipient, sterile, non-sterile, com-
plex dosage form, etc.), location, past reg-
ulatory or audit history, recalls, quality of 
incoming goods, complaint history, im-
portance to the business of the materials 
(i.e., Is this an API for your blockbuster 
drug and lack of supply would have a 
material impact on the business?). A 
minimum frequency per material type 
should be defined (i.e., for an API, every 
two years),” O’Connor says. 

IPEC-Americas agrees. “Whether the 
supplier is an excipient manufacturer, 
contract manufacturer, distributor, or 
service provider (e.g., a contract testing 
lab), the initial audit frequency should be 
based on results from the initial supplier/
excipient risk assessment along with any 
additional mitigation measures identified. 
Based on on-going monitoring, a sponsor 
company should determine whether to 
adjust the audit frequency.”

A quality risk management plan is 
key, agrees Schniepp. Frequency of au-
dits should be based on the criticality of 
the material and the past performance of 
the supplier. “This plan should identify 
supplier vulnerability (i.e., single source, 
secondary supplier, etc.), which should 

help determine audit frequency. The 
quality agreement should reflect the risk 
plan but there should always be a contin-
gency to allow for-cause audits as needed. 
Laboratories used by either the supplier 
or the purchaser should be audited and 
included as an element of the risk plan,” 
says Schniepp.

Auditing under difficult circumstances. 
Having a consistent and properly exe-
cuted audit program is paramount to 
maintaining the timeliness and integ-
rity of the supply chain, says Schniepp. 

Audits, and the information obtained 
during them, allow one to assess a sup-
plier’s risk, especially during crises such 
as the COVID-19 pandemic. “Having 
the baseline knowledge of your suppliers’ 
operations will help assess where critical 
resources need to be allocated during a 
crisis period. While not ideal, audits can 
still be performed on suppliers through 
the use of questionnaires and video con-
ferencing. If visuals are required for the 

Contin. on page 76
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Event Overview

Technological enhancements in peptide discovery and synthesis 
are emerging to meet the increasing number of incidences of 
cardiovascular and metabolic diseases. However, targeted 
delivery of peptide drugs within the therapeutic range remains 
a significant challenge for the biopharmaceutical industry. 
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commercialized therapeutic peptides.
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delivery barriers. Both aspects are crucial to de-risk pharmaceutical 
development and increase the success rate of first-in-human trials 
using innovative approaches.
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supplier assessment, the use of an elec-
tronic device or video streaming options 
could be employed. Bottom line, to keep 
the supply chain viable during crisis 
mode we need to think outside of our 
normal operating procedures and expe-
riences,” says Schniepp.

If travel is limited due to global situations 
such as the COVID-19 epidemic, O’Con-
nor suggests getting creative. “For example, 
performing a virtual audit, while not ideal, 
is a possibility, and would require cooper-
ation of the sponsor and the manufacturer. 

Document review and interviews can be 
performed remotely. Companies could 
even look at virtual facility tours using 
appropriate technology. However, these 
types of audits are not ideal, and shouldn’t 
replace on-site audits. Another solution is 
to partner with a local company that has 
the local resources to perform the on-site 
portion of the audit. This will allow on-site 
audits to occur even when international 
travel bans are in effect,” says O’Connor. 

The role of CoAs
CoAs provide manufacturers with de-
tailed information about materials in-

cluding material manufacturer, quality 
testing information, specifications, batch 
numbers, and other information (3). FDA 
has been known to cite companies for 
incomplete or incorrect information on 
CoAs (4). So, how reliable are these doc-
uments and how much emphasis should 
sponors put on them when it comes to 
ensuring material quality?

O’Connor suggests that sponsor 
companies create a library of CoAs or 
labels so they can verify that the infor-
mation is correct. “Also, maintaining 

Manufacturing APIs and the Supply Chain
Pharmaceutical Technology spoke with Jens Andersson, purchasing director 
at Cambrex Karlskoga, about the best way to ensure the security of the bio/
pharmaceutical materials supply chain. 

PharmTech: What is the contract manufacturing organization’s (CMOs) 
responsibility in ensuring the quality of materials they use in the production 
of APIs?

Andersson (Cambrex Karlskoga): Cambrex prefers to take full 
responsibility for ensuring the quality of the raw materials that are used in 
our manufacturing processes. Ultimately, we are responsible for the quality 
of the final API produced at our sites and ensuring that it meets customers’ 
specifications. Therefore in our opinion, it makes sense that we take the 
responsibility to source raw materials of the correct quality to undertake 
the campaign or product. We also find this process to be quicker and more 
cost-effective than if the end customer undertakes the sourcing and sends 
material to us, as we can use our own supplier network and can use suppliers 
with which we have a well-established relationship without having to 
necessarily qualify new suppliers. 

PharmTech: What are the steps and/or best practices for qualifying 
suppliers? 

Andersson (Cambrex Karlskoga): There are several steps that are 
undertaken when we qualify suppliers, with the first being to evaluate 
the quality of raw materials against the specifications to ensure that they 
meet both the stated purity and the demands of the project we intend to 
use the materials for. Then we send questionnaires to the suppliers that 
cover a wide range of topics, from quality to health and safety practices, as 
well as environmental policies and responsibilities, and ethical guidance of 
the company. If needed, audits are carried out on-site by our QA [quality 
assurance] specialists for suppliers of raw materials with critical impact on 
the final product quality, such as the main building blocks of the final API.

PharmTech: How often should suppliers be audited? 
Andersson (Cambrex Karlskoga): For critical raw materials and services 

we re-evaluate suppliers every two years. We carry out on-site audits every 
two to three years depending on how critical the raw material or service is; 
however, audits can also be initiated outside of the regular schedule for other 
reasons, such as quality or supply issues.

PharmTech: What additional challenges do high-risk materials pose? 
Does the oversight of these suppliers intensify?

Andersson (Cambrex Karlskoga): The main challenge is that for 
suppliers of critical raw materials we need to make a much more thorough 
initial qualification and risk assessment. This can be time consuming and, at 
times, it can be difficult to get the data and information needed. At Cambrex, 
we do have a robust supplier network where we have been able to establish 
strong relationships over a number of years that mitigates this risk.

PharmTech: When there have been reports of suppliers falsifying 
certificates of analysis (CoAs), how can a pharma company or contractor be 
sure the information they are receiving from a supplier is correct? Is this why 
testing of materials is important?

Andersson (Cambrex Karlskoga): For critical raw materials, we will 
always carry out our own analyses to confirm the vendor’s CoA and ensure 
the quality of the material. For less critical raw materials such as common 
solvents or regularly used bulk acids and alkalis from reliable and trustworthy 
vendors, goods can be received only on CoA, but we will undertake random 
tests to ensure the CoAs.

PharmTech: What should a pharma company or contractor do when FDA 
puts a supplier on import ban? Should companies have a backup plan to 
prevent product shortages? 

Andersson (Cambrex Karlskoga): A company needs to be proactive and 
should always aim for dual sourcing capabilities for critical raw materials, 
so that any risk of supply is minimized. A risk assessment should always be 
carried out to evaluate the danger of interrupted deliveries.

PharmTech: What has the recent NDMA impurity issue taught the 
industry about materials quality and the importance of testing materials?

Andersson (Cambrex Karlskoga): Given that the situation with the 
NDMA is still ongoing, it is too early to say what lessons need to be learned 
from it. However, in 6–12 months the situation will hopefully be clearer, 
allowing for a detailed review to take place and evaluation of any future risks 
to be made. It is paramount that patient safety is the highest priority so the 
industry as a whole has a duty to ensure that decisions are made that do not 
compromise this in any way, and that any oversights that have been made 
previously do not happen again.

—Susan Haigney

Operations

Contin. on page 83 

Operations — Contin. from page 73
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I n nearly all other manufacturing 
technologies, cost considerations 
dictate that continuous production 

will be the rule. But in bioprocessing, 
the normal evolution from batch to 
continuous operations has not moved 
as quickly as many had expected. 

Continuous processing upstream 
has been around for decades as perfu-
sion (e.g., fiber-based perfusion biore-
actors for fused-cell hybridoma culture 
in the 1980s). But that’s essentially the 
only continuous-adapted upstream 
unit process, with such things as cul-
ture media and additives preparation 

still done in batch processing. In some 
respects, perfusion has overall been a 
commercial failure. Sales of the lead-
ing alternating tangential f low (ATF) 
perfusion systems from leading sup-
pliers, after more than 15 years, are 
under $20 million. And continuous 
processing downstream is still largely 
lacking and, where implemented, 
involves just a few of the many unit 
processes involved in downstream 
processing. Multi-column, counter-
current, and other variations of con-
tinuous chromatography units are 
just starting to enter the market. The 
classic and still predominant approach 
to bioprocessing, both upstream and 
downstream, remains batch process-
ing, with manufacturing batch fluids 
essentially moving incrementally en-
masse from one process step and set 
of equipment to the next. 

Downstream processing continues 
to create bottlenecks in production, 
and improvements in batch processing 
are not really emerging. Therefore, the 
industry continues to seek solutions 
from innovators for better continuous 
processes that offer further process 
intensification and lower costs. In fact, 
70.6% of bioprocessing professionals 
are either testing continuous biopro-
cessing downstream technologies or 
considering them. This is up from 68% 
based on data from our 2016 Annual 
Report (1). 

According to BioPlan’s 17th Annual 
Report and Survey on Biopharmaceu-
tical Manufacturing Capacity and 
Production (2), there has been a slow 
increase in assessment of the various 
continuous bioprocessing options 
over the past five years, and the data 
support ongoing interest in the com-
ing year (see Figure 1). Approximately 
55% of facilities surveyed are actively 
or informally evaluating continuous 
processing technologies in the com-
ing year. 

Although there are a number of 
technologies providing process inten-
sification and continuous purification 
steps, it appears that more robust con-
tinuous chromatography technologies, 
such as simulated moving bed (SMB) 
and periodic countercurrent chroma-
tography, are generally not yet ready 
yet for commercial-scale adoption 
(other than adoptions performed using 
single-use upstream equipment gener-
ally limited to 2000-L scale).

Outsourcing and  
continuous bioprocessing 
Contract manufacturing organizations 
(CMOs) are often on the leading edge 
of new technology adoption.  For con-
tinuous bioprocessing and process in-
tensification, BioPlan’s Annual Report 
shows that significantly more CMOs 
will be testing these technologies over 
the next 12 months (53% of CMOs will 
be evaluating downstream options, vs 
38% of biomanufacturing facilities).  
On the upstream side, again it is the 
CMO outsourcing organizations that 
are seeking better products and more 

But are innovations sufficient to increase 
adoption? CMOs are demanding better 
continuous bioprocessing options.

Biomanufacturing: 
Demand for Continuous 
Bioprocessing Increasing
Eric S. Langer

Outsourcing

Eric S. Langer is president and 
managing partner at BioPlan Associates, 
Inc., a biotechnology and life sciences 
marketing research and publishing firm 
established in Rockville, MD in 1989; 
elanger@bioplanassociates.com,  
+1 301.921.5979.
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improvements.  More CMOs than 
biomanufacturers (40% vs 28%) are 
indicating they want vendors to focus 
greater efforts on developing continu-
ous upstream technologies (1).    

Budgets for adoption  
of continuous bioprocessing
BioPlan’s annual report for 2020 also 
evaluated adoption of bioprocessing 
technologies based on new technology 
purchases. When evaluating new ex-
penditures, industry decision-makers 
were asked about new technologies 
they were budgeting for. Of the nearly 
20 technologies identified, the top 
technologies this year included sin-
gle-use bioreactors (noted by 45.9% of 
respondents), followed by cell culture 
media including optimization, and then 
continuous bioprocessing (upstream), 
and continuous bioprocessing (down-
stream), according to preliminary data. 

BioPlan data in general indicate that 
the direction of the industry is more 
toward single-use novel devices, those 
that allow rapid transitioning from 
project to project, and options for con-
tinuous bioprocessing. Some of these 
technologies also support the increas-
ing demand for biologics that may be 
called for in smaller quantities. 

Figure 2 shows the economic com-
mitment decision-makers are focus-
ing on continuous bioprocessing, as 
evidenced by companies’ top three new 
expenditures including both upstream 
and downstream continuous biopro-
cessing equipment, which was noted 
by a robust 25.9% and 16.5% response 
from decision-makers. 

Trends making continuous  
bioprocessing attractive
Several technological advances and 
related trends are making continuous 
bioprocessing attractive. Some estab-
lished bioprocessing facilities are being 
retrofitted and upgraded for more con-
tinuous operations. 

There are many benefits to operating 
bioprocesses continuously rather than 
in batch mode, with many of these 
similar and complementing those of 
single-use and modular systems:

Outsourcing

Figure 1: Facilities evaluating continuous bioprocessing (downstream) technologies in 
the next 12 months (2016–2020).

Figure 2: New expenditures, 2020.

Figure 3: Single most important biomanufacturing trend (2014–2020) (Selected Findings).
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• Reduced costs: Operating continuously allows use of 
significantly smaller-scale equipment, with a smaller 
volume bioreactor.

• Increased productivity: Because much of the biopro-
cessing equipment is operated continuously, there is 
little need for large transfer/storage vessels and no halts 
between processes. Bioprocessing thus tends to move 
much more smoothly. 

• Improved quality: Biological molecules are expressed 
continuously, and compared to batch culture, continu-
ous culture tends to be more controllable, less intense 
and stressful, including less shear and media nutrient 
levels kept constant. 

• Increased flexibility: Continuous manufacture enables 
more adaptability and efficient facility utilization, sim-
ilar to the advantages of single-use devices. Bioprocess-
ing also becomes much more portable, and facilities 
more cloneable. 

Many upcoming continuous bioprocessing technolo-
gies are very novel. For example, a single 50-L bioreactor 
is expected to be able to manufacture the same quantity 
of product, often at better quality, comparable to a 5000-L 
bioreactor over the same time period. Case studies and 
other reports of such performance will further promote 
rapid adoption. There will be increasingly rapid adoption 
of single-use systems for new commercial manufacturing 
over the next five years; and continuous bioprocessing, 
particularly upstream processing, is expected to follow a 
similar trajectory. Use of continuous bioprocessing is likely 
to further increase with the arrival of more hybrid systems 
that use bolt-on-type technology, which retrofit components 
unit operations for existing systems. Other conventional 
downstream continuous adaptable technologies, such as 
centrifugation, will also see increasing adoption in coming 
years. Potentially revolutionary capillary fiber perfusion 
bioreactors and other new technologies, including those 
for downstream processing, will be likely coming online 
and be more widely adopted for commercial manufacture 
over the next 10 years.

Continuous processing  
trends in bioprocessing 
When respondents were asked about their ‘single most’ im-
portant biomanufacturing trend, or operational area on 
which the industry must focus its efforts, upstream and 
downstream continuous bioprocessing declined dramat-
ically over the past six years, from 9.1% to 1.25% for up-
stream, and 10% to 4.7% for downstream continuous bio-
processing (Figure 3). 

While this might imply that interest in continuous bio-
processing is waning, combined with the increased expen-
ditures in the area, it suggests that continuous bioprocessing 
is becoming a more mainstream bioprocessing area, and 
therefore, less trend-relevant, thus, the lower trend ‘score.’ 
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Implementation of  
continuous bioprocessing
Although this is beginning to change, 
implementation of continuous biopro-
cessing is and has been slow (see Figure 
4). At best, a few unit process/steps 
both up- and/or downstream have 
been implemented as continuous by a 
minority of facilities. Some commer-
cial biopharmaceutical products that 
essentially require perfusion’s gen-
erally milder/less intense processing 
conditions, including Factor VIII (the 
largest recombinant molecule biophar-
maceutical) and coagulation factors, 
have been manufactured for decades 
using perfusion (other products use 
continuous centrifugation). 

BioPlan studies have shown approx-
imately 5% of bioreactors that are over 
desktop-size use perfusion, mostly 
for feeder, not production, bioreactors. 
There is more adoption of perfusion for 
early stage vs. large/commercial-scale 
manufacturing. BioPlan studies have 
shown that few processes are scaled-up, 
particularly for commercial good man-
ufacturing practice (GMP) manufacture, 
using perfusion in continuous upstream 
bioprocessing CP USP. Perfusion adds 
considerable mechanical complexity and 
regulatory uncertainties (i.e., it is avoided 
for GMP manufacturing, expert staff are 
needed, etc.), as well has having limited 
equipment options and universal indus-
try inertia restraining adoption.

Large-sca le cont inuous down-
stream processing, particularly chro-
matography operations, remain rare. 
Even where continuous downstream 
processing has been implemented, it 
involves at best only one or few out 
of the usual multiple chromatogra-
phy and other downstream process-
ing unit processes/steps having been 
implement as continuous. 

Survey data suggests that biopro-
cessing professionals may believe 
continuous processing is more ready 
for broad adoption for more unit pro-
cesses than it currently is. Notably, 
continuous processing equipment 
manufacturers and users report that 

many of the problems long associ-
ated with perfusion and continuous 
bioprocessing have been resolved in 
recent years through the application 
of innovative technologies, includ-
ing new developments in single-use 
equipment. 

On the other hand, perfusion pro-
cessing is now significantly less com-
plex, less prone to contamination, and 
more readily scalable than previously. 
Negative assessments from within the 
industry of continuous perfusion fed-
batch processing overall may reflect a 
lack of direct exposure or experience 
with continuous technology.

In BioPlan’s annual report, for ex-
ample, key areas where most respon-
dents reported they perceive perfusion 
as presenting more concerns (vs. fed-
batch) included:
• Process operational complexity 

(perfusion noted by 72% as more 
operationally complex vs. batch)

• Contamination risks
• Upstream development and char-

acterization time
• Process development control 

challenges
• Process development general 

challenges
• Validation challenges
• Need for greater process control
• Cell line stability problems
• Ability to scale-up process.

Interestingly, while approximately 
76% believe downstream continuous 
bioprocessing will be a long time in 
coming, 66% believes that perfusion 
systems will be adopted by most bi-
oprocessing facilities. This shows the 
expectation that continuous biopro-
cessing is here for the long haul, but 
widespread adoption may not be in 
the near future. 
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Figure 4: Perspectives on continuous bioprocessing and process intensification 
(Selected Data) (2).

Survey data 
suggests that 
bioprocessing 

professionals may 
believe continuous 
processing is more 

ready for broad 
adoption for more 

unit processes than 
it currently is. 
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a relationship with suppliers is key. Any-
thing unusual needs to be flagged,” says 
O’Connor.

Building trust between the sponsor 
and supplier is important, agrees IPEC-
Americas. “A robust supplier qualifica-
tion program, including an onsite GMP 
assessment of a supplier, by either the 
sponsor or a qualified third party, and 
development of a partnership with the 
excipient supplier are necessary to es-
tablish and build trust in the validity of 
their CoA.”

Annual confirmation testing of CoA 
results is also necessary, says IPEC-
Americas (5). “Full testing of an excipient 
is required until a robust supplier study 
has been completed and a reduced testing 
program has been approved. Only once 
trust has been established can the spon-
sor move to a reduced testing program. 
However, identification testing is always 
required to ensure the identity of incom-
ing materials.”

To establish that the quality testing 
information included in the CoA is ac-
curate, incoming materials must be 
tested against the requirements in the 
CoA, Schniepp insists. “The best way to 
ensure the CoA is accurate is through 
complete testing. In cases of falsification 
of the CoA, results testing is mandatory 
to make sure the material is suitable for 
use; however,  it must be coupled with 
a review of the supplier’s overall quality 
system. Even if the material meets the 
testing qualifications listed on the CoA, 
it may not be suitable for use due to other 
potential GMP violations that might be 
present at the supplier facility,” she says.

“In the case of falsification, the pur-
chaser should be concerned with data 
integrity issues that lead to the falsifi-
cation in the first place. If a purchaser 
suspects a supplier is falsifying the re-
sults on a CoA they need to initiate a for-
cause audit and quarantine the suspect 
material until they can confirm it was 
satisfactorily manufactured following 
cGMP expectations. Passing test results 
does not confirm compliance to cGMPs,” 
Schniepp explains.

The role of CMOs
Many drug sponsors engage contract 
manufacturing organizations (CMOs) to 
conduct drug production steps. So what 
is the CMOs responsibility in ensuring 
that materials are safe and effective? 

O’Connor says that while both spon-
sors and CMOs share responsibilities, 
the sponsor has the “ultimate” respon-
sibility of its supply chain. “Sponsors 
and CMOs share responsibilities, but 
the selection, qualification, and over-
sight of suppliers is the sponsor’s re-
sponsibility, whereas day-to-day test-
ing is generally the CMOs/CDMOs, 
although sometimes that goes to the 
sponsor as well. The sponsor has ulti-
mate responsibility for the entire sup-
ply chain, so even if it delegates part of 
that responsibility to the CMO/CDMO, 
it is ultimately responsible.” 

Sponsors must ensure that they have 
signed agreements in place with any 
CMOs and/or CDMOs they are using 
that identifies the responsibilities of each 
party when it comes to ensure the quality 
of materials, according to a spokesperson 
for IPEC-Americas.

Both sponsors and CMOs/CDMOs 
must have an active role, according to 
Schniepp. “The specific level of involve-
ment of the sponsor may depend on 
the confidence they have in the CMO/
CDMO organization. The CMO/CDMO 
should make sure they involve the spon-
sor in decisions involving material quality 
so the sponsor is aware of the impact on 
their product,” says Schniepp.

Ensuring quality is about vigilance
Maintaining a safe supply chain is cru-
cial in the bio/pharmaceutical industry. 
The efficacy and safety of the materi-
als used in drug products is of utmost 
importance. And it is the sponsor’s re-
sponsibility to ensure the quality of all 
materials used in their products. Spon-
sors must not rely on others to ensure 
quality, says O’Connor. Also, not all 
suppliers should be treated the same. 

“Clearly, some suppliers have greater 
risk than others, either based on the 
product type, location, etc. These sup-
pliers should receive more scrutiny,” 

she says. Sponsors also must not cut 
corners or do what is convenient, says 
O’Connor. For example, she notes, it 
is inconvenient, but necessary to audit 
suppliers in China and India. In addi-
tion, sponsors should also not make 
supplier decisions based on price or 
availability instead of quality and 
safety, says IPEC-Americas. 

Communication is key to supplier 
oversight, says Schniepp. “Both parties 
need to be willing to talk as frequently 
as needed to address issues before they 
manifest into a disruption in the supply 
chain. The frequency of these conver-
sations are not necessarily defined in a 
quality agreement. They are important 
in establishing an open relationship 
between the supplier and the purchaser 
so issues can be solved before supply 
chain disruption occurs. Not all prob-
lems can be solved through the terms 
included in the quality agreement and 
both parties must be willing to work 
outside the defined ‘communication 
schedule’ of the quality agreement to 
avoid unnecessary supply-chain inter-
ruptions.”
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products on manufacturing lines that are more than 30 years 

old and the analytical results rely on outdated methodology (5).  

The age of the line usually indicates that the processes being 

run on those lines are non-automated and require human driven 

steps. In these situations, it is critical a company demonstrates 

it has a quality mindset because of the human/product 

interface. The best way to address this issue in an inspection 

is to demonstrate that the company has a plan to update its 

facility over time. The plan should indicate what needs to be 

updated and a timeline for implementation.

Investigations/CAPA
The need for a robust investigation/CAPA process is clearly 

defined in global regulations, but it seems the industry still 

struggles with conducting and documenting root cause when 

it comes to investigations based on FDA 483 observations 

(6). The purpose of an investigation is to identify the root 

cause of a deviation and take appropriate action to correct 

the issue across the manufacturing/product line. The best 

way to demonstrate proper control of this process during 

an investigation is to ensure you have a robust investigation 

process, which routinely identifies root cause and that once 

the correction is made, it does not recur (7). The ability to 

demonstrate this depends on the understanding and training of 

the people involved in the investigation process and data that 

shows the problem was addressed and solved (8, 9).

Risk management 
Every company should have a quality risk management 

plan (10). A well-written and well-implemented quality risk 

management plan is an integral and valuable element of an 

effective quality system. Quality risk management plans are 

important because they help improve a company’s ability to 

provide quality product to patients. They are contingency plans 

with identified actions that help to ensure a continuous supply 

of product to the market that meets the expectations of being 

safe, effective, and available. They are dynamic documents that 

require integration into and data inputs from all departments 

in order to be successfully implemented at a company (11). 

Having the plan available for discussion and demonstrating a 

knowledge of the plan, how it is incorporated into the culture, 

and making sure it is revised as needed to reflect current 

practices is critical to having a successful outcome should you 

be audited on this topic.

The bottom line is that the regulatory landscape is changing, 

and it is conceivable that companies will begin to be audited on 

programs and process that are more subjective than tangible. 

To be prepared for an audit that touches on the intangibles of 

a functioning quality management system, companies 

should begin to formulate programs and systems that 

address the aforementioned topics.
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Q.I am preparing my site for an audit and have prepared 

and trained our employees on the usual topics (training 

program, standard operating procedures [SOPs], change 

control, etc.). I am concerned that this traditional approach 

may not be enough in the current regulatory environment. Can 

you offer some guidance into other issues I should focus on in 

preparing for the audit?

A.This is a great question and shows an insight into the 

changing regulatory landscape. I think it will be critical 

in the coming years to focus on addressing certain intangible 

topics during routing regulatory audits. These topics should 

be addressed as part of your company’s overall improvement 

plans and programs. 

I would focus on the following topics as a part of preparing for 

any routine audit: data integrity, quality culture, aging facilities, 

investigations/corrective actions and preventive actions (CAPA) 

and risk management. I am of the opinion that these topics 

will become routine areas of focus for regulatory inspections 

regardless of the affiliation of the regulatory authority 

performing the audit. These topics are not new to the industry. 

There has been much discussion on their impact on drug 

shortages. It is my opinion that developing robust programs 

addressing these issues and incorporating them into everyday 

routine operations will improve the drug shortage situation, 

improve a company’s operating performance, and improve the 

outcome of regulatory inspections for the company. 

FDA has been publishing guidance on these issues over 

the years, and now as the agency gets ready to finalize the 

New Inspection Protocols Project (NIPP), it is time to revisit 

some of these recommendations and implement some 

of the advice offered. The intent of the NIPP program (1) 

is to provide inspectional assessments to support tracking 

and improvement of performance across pharmaceutical 

manufacturers and products and enhance the production, 

utility, and consistency of the establishment inspection 

reports.

Data integrity
Every company should have a program to address data integrity 

issues that includes guidance on what data integrity is, how to 

recognize it, how to prevent violations, consequences for violating 

the company’s data integrity policy, etc. The program should also 

address the frequency and effectiveness of employee training on 

this topic. The program should demonstrate an understanding of 

regulatory expectations as well as an explanation of how those 

expectations are incorporated into the data integrity program. The 

program needs to go beyond the concepts of ALCOA (attributable, 

legible, contemporaneous, original, accurate) and include the 

four new attributes in ALCOA+ (complete, consistent, enduring, 

available) (2, 3). 

Quality culture
The concept of quality culture came about with the introduction 

of quality metrics. FDA introduced the concept of collecting 

quality metrics in 2013 (4). Since that time, the industry and 

regulatory authorities worldwide have embraced the idea that 

in order to rely on the metrics collected, the company needs to 

have a culture that supports an open, transparent reporting of 

“deviations, errors, omissions and aberrant results at all levels of 

the organization, irrespective of hierarchy” (3). There has been 

work done by the Parenteral Drug Association and Uni-versity of 

St. Gallen suggesting the there is a correlation between mature 

quality attributes and quality culture behaviors. To address the 

issue of a quality culture during a regulatory inspection, the 

company should be able to demonstrate their quality system is 

functional and identifies gaps so the company can implement 

changes to ensure continuous improvement.

Aging facilities
Aging facilities are of concern because they can lead to 

drug shortages. It is hard to achieve compliance to current 

regulatory expectation when manufacturing new and novel 

Critical Knowledge  
for Preparing Audits

Addressing data integrity, quality culture, aging facilities, investigations/corrective actions and preventive 
actions, and risk management is key when conducting audits, says Susan J. Schniepp, executive vice-
president of post-approval pharma and distinguished fellow, Regulatory Compliance Associates.

Contin. on page 85 



When evaluating your product against a reference standard, questions arise.  
Give yourself a cushion of confidence.

When you need expert advice or seek a training course to help 
you with our reference standards, you’ll always have access 

 to answers when you need them — with USP.

When you have questions, we have answers

Move forward with more confidence: Contact USP.
1-301-881-0666 | usp.org/chemical-medicines-PT

04012020

Value 
beyond 
the vial

https://www.usp.org/chemical-medicines?utm_source=PharmTech&utm_medium=print&utm_campaign=VBV&utm_content=fullpage


your partner for the development & 
manufacturing of gene therapy

Comprehensive solutions. Advanced technologies. Better biologics.™    
us + 1 888 SOLUTION (765-8846)  eur 00800 8855 6178  biologics.catalent.com

© 2020 Catalent, Inc. All rights reserved.

deep & extensive expertise 
in aav viral vectors

fast & f lexible process 
development

secure clinical through 
commercial facilities

commercial-ready 
aav processes

Catalent Paragon Gene Therapy is your most qualified and capable 
partner for the development and manufacturing of your gene therapy, 
next-generation vaccine or oncolytic virus. Our deep experience and 
technical expertise in viral vectors combined with our ever-expanding 
clinical through commercial manufacturing capacity, will provide 
you with full life cycle support of your life-saving therapeutic. 

catalent has 
acquired 

masthercell 
a global leader 
in cell therapy

PT.indd   1 3/23/20   5:41 PM

https://biologics.catalent.com

	PT0420_Cover_DigitalEdition
	PT0420_FP_COV2
	PT0420_FP_03
	PT0420_004_Masthead
	PT0420_FP_05
	PT0420_006-008_TOC
	PT0420_FP_07
	PT0420_006-008_TOC
	PT0420_FP_09
	PT0420_010_FTE
	PT0420_FP_11
	PT0420_012_Product Spotlight
	PT0420_FP_13
	PT0420_014-015_RegWatch
	PT0420_016-021_CoverStory_Trends_Markarian
	PT0420_FP_17
	PT0420_016-021_CoverStory_Trends_Markarian
	PT0420_FP_19
	PT0420_016-021_CoverStory_Trends_Markarian
	PT0420_022-026_Development_Vaccines_Challener
	PT0420_FP_23
	PT0420_022-026_Development_Vaccines_Challener
	PT0420_FP_25
	PT0420_022-026_Development_Vaccines_Challener
	PT0420_FP_27
	PT0420_028-033_Development_DrugDelivery_Thomas
	PT0420_FP_29
	PT0420_028-033_Development_DrugDelivery_Thomas
	PT0420_FP_31
	PT0420_028-033_Development_DrugDelivery_Thomas
	PT0420_034-037_Manufacturing_Tabletting_Fette
	PT0420_FP_35
	PT0420_034-037_Manufacturing_Tabletting_Fette
	PT0420_038-041_Manufacturing_Chromatography_Seeq
	PT0420_FP_39
	PT0420_038-041_Manufacturing_Chromatography_Seeq
	PT0420_FP_42
	PT0420_FP_43
	PT0420_044-049_PeerReview_Metrics
	PT0420_FP_45
	PT0420_044-049_PeerReview_Metrics
	PT0420_050-051_Analytics_CleaningValidation_Mirasol
	PT0420_FP_52
	PT0420_FP_53
	PT0420_054-060_Quality_Excipients_IPEC
	PT0420_FP_55
	PT0420_054-060_Quality_Excipients_IPEC
	PT0420_FP_57
	PT0420_054-060_Quality_Excipients_IPEC
	PT0420_FP_59
	PT0420_054-060_Quality_Excipients_IPEC
	PT0420_FP_61
	PT0420_FP_A62
	PT0420_FP_A63
	PT0420_FP_A64
	PT0420_FP_65
	PT0420_066-069_Operations_Packaging_Forcinio
	PT0420_FP_67
	PT0420_066-069_Operations_Packaging_Forcinio
	PT0420_FP_70
	PT0420_FP_71
	PT0420_072-076_SupplyChain_Oversight_Haigney
	PT0420_FP_74
	PT0420_FP_75
	PT0420_072-076_SupplyChain_Oversight_Haigney
	PT0420_077-079_Outsourcing_Langer
	PT0420_081-083_SpringShowGuide
	PT0420_AsktheExpert
	PT0420_FP_COV3
	PT0420_FP_COV4



