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

Rita Peters

B io/pharmaceutical companies have 
demonstrated the potential of inno-
vation in response to the COVID-19 

pandemic, initiating an estimated 175 vac-
cine programs—including more than 30 
in clinical trials—and more than 500 ther-
apy studies with half at clinical stage (1). 
While these efforts largely have been 
commended, the work of scientists and 
researchers also has been subject to heavy 
scrutiny, often by people and institutions 
that are not familiar with the complexities 
of the drug development process. 

In non-pandemic times, drug com-
panies, industry suppliers, and con-
tract service organizations discuss 
how they are employing processes, 
products, or services to shorten the 
time it takes to get a drug to market. 
The typical wait time, often counted in 
years, takes longer than most patients 
and medical professionals would prefer.

The progress made in COVID-19 vac-
cine and treatment development during 
the past six months is remarkable. A 
formidable amount of work stands in 
the road ahead to continue the research 
and development; assemble the materials, 
resources, and capacity to produce the 
vaccines and therapies; and determine 
an equitable distribution system. 

In this issue, the editors take a look 
at the efforts of bio/pharma companies, 
contract development and manufactur-

ing organizations, and materials and 
equipment to address pandemic-related 
response, as well as maintain ongoing 
drug development and manufacturing 
activities amid travel, communication, 
and business disruptions.

In “Preparing Pandemic Vaccine Ca-
pacity,” Manufacturing Editor Jennifer 
Markarian reports on multi-pronged 
efforts to build out capacity for billions 
of doses of potential COVID-19 vaccines. 
The article explores how the urgent need 
for effective treatments and vaccines has 
spurred investment by drug companies, 
non-government organizations, and the 
federal government, triggering frequent 
announcements of new manufacturing 
agreements, facility expansions, and 
commitments to supply raw materials, 
drug components, and drug substances. 
The industry’s use of different vaccine 
platforms including—mRNA, DNA, 
viral vector, cell-based, and inactivated 
virus approaches—adds complexity to 
the coordination efforts. See the article 
on pages 16–20.

Drug supply debate
The quality and availability of APIs and 
other drug components, especially those 
sourced from offshore, were debated 
prior to the onset of the pandemic. Crit-
icism of US reliance on foreign manu-
facturing ratcheted up as the pandem-
ic’s impact on supply chains emerged, 
prompting government investment in a 
newly formed API manufacturer (Phlow) 
and a since-delayed investment in Kodak 
Pharmaceuticals, as well as an August 
2020 Presidential Executive Order requir-
ing the federal government to buy essen-
tial drugs from domestic manufacturers. 

While the “made in USA” debate 
plays out, API suppliers have imple-
mented new technologies, risk-based 
decision making, and increased cus-
tomer communications to maintain 
a global supply chain. Efforts are 
described in “Tracking API Quality 
During a Pandemic” on pages 22–27.

Despite the great progress and in-
vestments made to date, science-driven 
studies still need to play out; that will 
take time. Bio/pharma professionals—
trained to carefully assess risk when 
making decisions—are treading on 
dangerous ground when they allow 
outside factors to influence decisions 
that are not supported by data. 

Previously, FDA was criticized for is-
suing an emergency use authorization 
(EUA) for hydroxychloroquine (later 
withdrawn). More recently, FDA issued 
an EUA for convalescent plasma—de-
spite reservations from medical ex-
perts about the effectiveness of the 
treatment—following comments from 
the President that approval delays were 
politically motivated (2). 

Honest assessments of the potential 
pitfalls associated with developing new 
treatments and vaccines can be bitter 
pills for those demanding immediate 
answers to swallow. However, patience 
and science will provide the best medi-
cine to guide effective decisions about 
a return to normal life.

References
1.  BIO, BIO COVID-19 Therapeutic Devel-

opment Tracker, www.bio.org, accessed 
Aug. 26, 2020.
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Ultra-High Shear Mixer 
MegaShear from Ross is a 
patented ultra-high shear 
rotor/stator mixer for high-
throughput emulsification, 
dispersion, and homogeni-
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11,300 ft/min tip speed and 
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GEA has expanded, integrated, and consolidated its ConsiGma 
continuous oral solid dosage equipment, allowing fully configurable 
systems that can be connected to new or existing facilities, including 
third-party equipment. 

The newly defined ConsiGma 4.0 modules can be used to transform 
an individual unit operation (e.g., granulation) from batch to a stand-alone, 
continuous operation. The system uses advanced process control soft-
ware and the company’s newly developed Conductor 4.0 control system, 
which is compatible with supervisory control and data acquisition sys-
tems and connects to the Industrial Internet of Things. 

Although the system is configurable, standard, core elements are 
available “off-the-shelf.” Standardization or mass customization makes 
continuous manufacturing equipment more affordable for a wider range 
of users and expedites delivery.

GEA
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Surge in Cellular and Gene 
Therapies Challenges FDA

W ith nearly a thousand research 
programs for cell and gene 
therapies moving through 

the regulatory pipeline, FDA’s Center 
for Biologics Evaluation and Research 
(CBER) is struggling to monitor and 
advance these critical treatments while 
also providing advice and oversight of 
the safety and efficacy of vaccines to 
combat the pandemic. Regulatory of-
ficials predict FDA will approve 10–20 
cell and gene therapies during the next 
few years, for a total of some 40–60 
innovative products over the decade. 
Many of these treatments fall under 
FDA’s high-profile program for vet-
ting regenerative medicine advanced 
therapies (RMATs), which also calls 
on CBER’s Office of Tissues and Ad-
vanced Therapies (OTAT) to provide 
extra support for those cellular and 
gene products that meet standards for 
RMAT designation. 

At BIO’s digital annual conference 
in June 2020, OTAT Director Wilson 
Bryan outlined the “huge escalation” 
in his office’s workload prior to the 
pandemic, with a tripling of investi-
gational new drug applications (INDs) 
for gene therapies in the past three 
years. Back in January 2019, then-FDA 
Commissioner Scott Gottlieb said that 
FDA expected to receive more than 

200 INDs a year for advanced ther-
apies, building on its current total of 
more than 800 INDs for cell-based or 
directly administered gene therapies 
then on file (1). And while research 
in these categories has slowed in re-
cent months due to COVID-19, Bryan 
noted that it has been offset by manu-
facturers looking to tap cellular thera-
pies and intravenous immunoglobulin 
to combat the pandemic. 

Continued advances in this field 
were seen with the July 2020 approval 
of tecartus from Gilead subsidiary 
Kite Therapeutics, a new treatment for 
rare mantel cell lymphoma in adults 
not responding to other treatment and 
Kite’s second CAR T therapy (2). No-
vartis’ Kymriah led the field with FDA 
approval in August 2017, followed by 
three other cutting-edge treatments. 
Sarepta Therapeutics is advancing a 
gene therapy for muscular dystrophy, 
but FDA has delayed approval of Bio-
Marin’s much anticipated hemophilia 
treatment. These and other develop-
ment programs have been assisted by 

extensive guidance from FDA, as seen 
in a packet of six guidance documents 
published in January 2020. These ad-
visories finalized agency policy on 
developing gene therapies to treat he-
mophilia, rare diseases, and retinal 
disorders and on providing long-term 
follow-up for these relatively untried 
products (3). A new draft guidance 
addresses the tricky issue of when 
similar gene therapies are sufficiently 
different for the purposes of gaining 
orphan drug designation and ex-
tended exclusivity (4). Manufacturers 
and other stakeholders recently filed 
comments on this proposal, seeking 
more specific examples and infor-
mation from FDA on this important 
commercial policy.

A fairly lengthy final guidance ad-
dresses the need to provide sufficient 
chemistry, manufacturing, and control 
(CMC) information in applications,
particularly on critical quality attri-
butes and master cell banks (5). The ad-
visory describes the importance of es-
tablishing manufacturing systems able 
to scale up from initial production of
test products to commercial operation,
noted CBER Director Peter Marks at
the DIA virtual global annual meeting
in June 2020. He observed that difficul-
ties in establishing a reliable method for 
moving from laboratory production to
a viable commercial process “without
a hitch” can delay product approval.
Strategies for dealing with variability
and improved analytical methodolo-
gies can support product characteri-
zation, Marks added, as will efforts to
establish standards in this area.

Regulators strive to review flood of advanced 
treatments while also vetting COVID-19 vaccines. 

Jill Wechsler

Both CDER and 
CBER seek to recruit 
and train additional 
staff to assess 
the rising volume 
of innovative 
products.
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More resources for CBER?
For FDA to continue to oversee and advance these inno-
vative and challenging development programs efficiently, 
industry, patient groups, and research organizations are 
urging policy makers to increase CBER funding as part of 
recently launched user fee negotiations. So far, CBER has 
coped by shifting personnel and resources to meet user 
fee approval goal dates, Marks noted at the BIO confer-
ence. Some early meetings intended to assist sponsors in 
designing research programs for new therapies have had 
to be delayed or cancelled, he acknowledged, but most reg-
ulatory activities have moved forward. 

However, CBER officials acknowledge that it will be 
difficult to maintain its schedule for supporting innova-
tive therapies while also overseeing a growing number of 
COVID-19 vaccines moving into clinical trials, along with 
more new or updated vaccine manufacturing operations. 
All eyes are on FDA to fully assess the safety and quality 
of these critical preventives and to ensure the appropriate 
design and conduct of clinical studies. 

CBER currently receives only a small portion of the an-
nual user fee payments, about $135 million this year com-
pared to $680 million for the Center for Drug Evaluation 
and Research (CDER), based on a much smaller number of 
biologics license applications CBER usually reviews com-
pared to CDER (6).  

But now the surge in INDs and applications for new cel-
lular and gene therapies promises to narrow that disparity. 
Both CDER and CBER seek to recruit and train additional 
staff to assess the rising volume of innovative products and 
have been working to add some 200 agency reviewers and 
scientists to their offices. But efforts to expand staff in a very 
tight job market and through the agency’s cumbersome hir-
ing process has been difficult, and the unique skills sought 
by CBER make recruiting particularly challenging. 
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Preparing Pandemic  
Vaccine Capacity
Jennifer Markarian

Rapid scale-up to billions of doses 
requires collaborative, all-out efforts.

Manufacturers know that it is not only the 
equipment, facilities, and raw materials—
although these are necessary and require 
planning ahead—but also the knowledge 
and the expertise to run the process. Tech-
nology transfer is, thus, a crucial piece. In-
deed, the tech transfer process is already 
well underway at CDMOs.

Everyone is working at “pandemic 
speed,” says Andre Goerke, head of the 
planning and value chain management 
business unit at Lonza; Goerke also is the 
global project lead for Lonza’s efforts to 
make the active ingredient for Moderna’s 
mRNA vaccine. The overarching challenge 
is to do what needs to be done in this ac-
celerated timeline, but the team is unified 
in making it happen, he explains. “So far, 
the most significant asset has been the ex-
cellent integration of the Lonza and Mod-
erna teams into a single group working for 
a common target,” says Goerke.

Having adequate raw materials, build-
ing and staffing the facilities, and tech 
transfer are all keys to success. Flexible, 
modular facility designs allow manufac-
turers to adapt and move quickly. Goerke 
says Lonza’s Ibex facilities “have been set 

T  he biopharmaceutical industry is 
working at unprecedented speed to 
develop and manufacture vaccines 

for the COVID-19 pandemic. Among the 
challenges of a pandemic is the need to 
scale up to billions of doses, at a larger scale 
than typically needed for vaccines, from 
raw materials all the way through to the 
materials for the containers for fill/finish. 

Collaborative efforts to make a safe and 
effective vaccine against the novel corona-
virus, SARS-CoV-2, are underway around 
the world. The timeline to develop, pro-
duce, and distribute an approved vaccine 
is being dramatically compressed, and 
companies are scaling up manufacturing 

“at risk,” making the vaccines before they 
have been approved. While pharmaceu-
tical companies are bearing some of the 
risk, these efforts are being extensively 
funded by governments as well as non-
profit organizations, such as the Coali-
tion for Epidemic Preparedness Innova-
tions (CEPI) foundation and Gavi, the 

Vaccine Alliance (GAVI). In the United 
States, the federal government’s Opera-
tion Warp Speed program—a partnership 
among the US Department of Health and 
Human Services (HHS), the Department 
of Defense (DoD), and others—is invest-
ing in vaccine development and manufac-
turing, fill/finish capacity, and in capacity 
for supply of vials, needles, and prefilled 
syringes. As of August 5, 2020, more than 
$6.5 billion had been designated to flow 
through HHS’s Biomedical Advanced 
Research and Development Authority 
(BARDA) for countermeasures and $3 
billion through the National Institute of 
Health (NIH) for research (1).

Scaling up capacity
Production of the billions of doses needed 
will require manufacturing at multiple 
sites, and innovators and contract devel-
opment and manufacturing organizations 
(CDMOs) are partnering to come up with 
all the capacity that will be needed globally. 
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up with exactly this challenge in mind, to 
allow adaptation to manufacture different 
kinds of products. Adaptability allows 
us to cut construction time considerably 
compared to standard builds and gives the 
flexibility to install a broad range of manu-
facturing technology. In addition, we can 
plug into existing infrastructure, including 
services (gas, water, waste, etc.) as well as 
analytics and quality labs.”

Emergent BioSolutions says that its 
f lexible CDMO capacity deployment 
model can respond quickly to demand 
fluctuations. The company’s Bayview 
multi-suite facility in Baltimore, MD is 
designated by the US HHS as a Center 
for Innovation in Advanced Develop-
ment and Manufacturing (CIADM) 
and is designed to leverage single-use 
technologies to manufacture prod-
uct in large quantities during public 
health emergencies. The CIADM can 
accommodate various types of vaccine 
platforms that can be manufactured in 
parallel. Four independent suites allow 
products or customers to move in and 
out quickly, explains Dino Muzzin, se-
nior vice-president of manufacturing 
operations at Emergent BioSolutions. 
Platform-based equipment at the fa-
cility allows f lexibility and facilitates 
tech transfer, noted Richard W. Welch, 
vice-president of development ser-
vices at Emergent BioSolutions, in a 
presentation at BIO (2). Additionally, 
the company is adding new capacity 
at its Rockville, MD, and Canton, MA 
sites and expediting an expansion of 
its Camden facility in Baltimore, MD. 

Pursuing platforms
Several types of vaccines are being devel-
oped and tested in the hopes that at least 
one, but possibly multiple vaccines and 
of different types, will be approved. The 
industry is counting on the advantages 
of “platform” technologies, with develop-
ment and manufacturing processes that 
can use the same or similar systems and 
equipment, tailored for different vaccines. 
Such platforms allow more rapid devel-
opment and scale up and, even prior to 
the current pandemic, were predicted to 
be useful for responding to an outbreak 
caused by a new pathogen. 

mRNA vaccines 
Nucleic acid-based vaccines—based on 
messenger ribonucleic acid (mRNA) or 
on deoxyribonucleic acid (DNA)—are 
examples of platform technologies. Mod-
erna, Pfizer/BioNTech, CureVac, CanS-
inoBio, and others are making progress 
using mRNA platforms, with mRNA 
formulated in a lipid nanoparticle deliv-
ery vehicle. Inovio and others are work-
ing on DNA-based vaccines. Although 
nucleic acid vaccines have been tested in 
clinical trials, for Zika and Middle East 
respiratory syndrome (MERS), for exam-
ple, none have yet been approved for use. 

Moderna’s vaccine candidate, mRNA-
1273, is encapsulated in lipid nanopar-
ticles, and it has progressed to Phase III 
clinical trials. Moderna is building up 
manufacturing capacity, partly through 
its CDMO partner, Lonza, which is add-
ing manufacturing lines in New Hamp-
shire and in Visp, Switzerland. In an 
interview in late July, Goerke reported 
that tech transfer for the first step of the 
process has started as planned, and that 
preparation was well underway at the 
Portsmouth, NH facilities, with batches 
for the first of three process steps (the 
mRNA step) to be produced in July 2020. 

“Fit-out of our Visp facility is ongoing. We 
envisage the start of operations in Visp by 
the end of 2020,” said Goerke.

“Lonza aims to replicate the facil-
ity, equipment, and data management 
principles developed by Moderna,” adds 
David Callaert, head of global strategic 
growth investments and engineering at 
Lonza. “We plan to further strengthen 
and pragmatically ensure reliable supply 
through intense collaboration with the 
technical teams of Moderna. The aim is to 
achieve short processing times with high 
throughput. Going digital and maximiz-
ing the use of disposable equipment are 
some of the key components necessary to 
achieve these goals.”

Another CDMO partner of Moderna, 
CordenPharma, will manufacture large-
scale volumes of Moderna’s proprietary 
lipids needed to make the lipid nanopar-
ticle excipients. A challenge is the need 
to quickly scale-up by a factor of several 
hundred times the initial scale, says Mat-
thieu Giraud, director, global peptides, 

lipids and carbohydrates platform at 
CordenPharma International. “We have 
to optimize the process for large-scale 
manufacturing and, at the same time, 
transfer to our larger assets. In addition, 
the scales are so incredibly large that 
we have to leverage our entire Corden-
Pharma network to ensure a sustainable 
supply chain,” he explains. 

The company’s facilities in France, 
Switzerland, and the US are working on 
the project; at CordenPharma Colorado, 
unique high-pressure chromatography sys-
tems usually used for manufacturing pep-
tides have been reallocated for purifying 
lipids. Although making Moderna’s pro-
prietary lipid at large scale is new, Giraud 
notes that CordenPharma has a long his-
tory of large-scale production of standard 
lipids using its platform technology. Cord-
enPharma’s sister company, Weylchem 
Innotec, has been able to provide key raw 
materials for lipid production, Giraud adds. 

Quality of the lipids is crucial because 
of the high proportion of lipids in rela-
tion to the mRNA. “The quality of the 
lipids is known to affect the encapsula-
tion efficiency, liposome internalization 
by cells, and efflux rate of encapsulated 
therapeutic agents, all of which have im-
plications for drug delivery and formu-
lation shelf life. It is essential to create a 
very well-controlled process when man-
ufacturing lipids,” says Giraud.

CordenPharma is on track to meet 
Moderna’s aggressive timeline, and man-
ufacturing has started at three sites, says 
Giraud. He points to close collaboration 
between the company’s facilities, and he 
says that a rigorous risk management pro-
cess identified gaps early on, so that risks 
could be mitigated.

Pfizer and BioNTech are also making 
progress on their lipid nanoparticle mR-
NA-based vaccine candidate, BNT162; 
initial results from Phase I/II studies are 
positive, and the companies are planning a 
global Phase IIb/III trial (3). Acuitas Ther-
apeutics is providing lipid nanoparticles 
for the vaccine. If the trials go well, Pfizer 
and BioNTech plan to seek regulatory 
approval or authorization as soon as Oc-
tober 2020. Pfizer says it expects to man-
ufacture 100 million doses by the end of 
2020 and approximately 1.3 billion doses 
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by the end of 2021. The US government 
placed an order for 100 million doses, and 
the United Kingdom (UK) government 
signed an agreement for 30 million doses, 
both pending regulatory authorization or 
approval (4). Pfizer says it is building in-
ventory of existing products now to make 
room for vaccine production later. Ad-
ditionally, according to a Reuters report, 
Pfizer plans to shift some of its existing 
drug manufacturing to CDMO partners 
so that it can prepare for manufacturing 
the vaccine candidate at three facilities in 
the US and one in Belgium (5). 

CureVac in Germany is also working 
on an mRNA vaccine, CVnCoV, and 
Phase I clinical trials began in June 2020 
in Germany and Belgium. The company 
has a proprietary RNAoptimizer platform, 
which includes an end-to-end, good man-
ufacturing practice (GMP) manufactur-
ing process designed for mRNA-based 
drugs. The company is expanding its 
GMP facility and completing construc-
tion of its fourth production site in 
Tübingen, Germany. The company said 
the facility has the capacity to potentially 
supply several hundred million doses per 
year, depending on the human dose de-
fined in the clinical trials (6). 

In addition to its large-scale produc-
tion facilities, CureVac is developing a 
small-scale, portable manufacturing 

“facility” it calls The RNA Printer, which 
it envisions could be transported to out-
break regions or placed in hospitals. In 
early 2019, CEPI and CureVac announced 
a partnership to advance the automated 
equipment that can produce several 
grams of lipid nanoparticle-formulated 
mRNA, which could potentially be more 
than 100,000 doses, in a few weeks (7). 

DNA vaccines
A challenge for distribution of mR-
NA-based vaccines is the need to keep 
them frozen. Inovio’s DNA-plasmid vac-
cine candidate, INO-4800, however, is 
stable at room temperature for more than 
a year and does not require being frozen 
in transport or storage, the company 
reports (8). Inovio announced positive 
interim Phase I results at the end of June 
and had hopes to begin Phase II/III over 
the summer. The company has a propri-

etary delivery device, the Cellectra 3PSP, 
that delivers the DNA-plasmid vaccine di-
rectly into the skin. The US DoD provided 
funding for large-scale manufacturing of 
the device, and Inovio says it has produced 
initial quantities at its San Diego, CA, fa-
cility and demonstrated that the man-
ufacturing process could be transferred 
to contract manufacturers (9). An earlier 
version of the Cellectra has been used in 
clinical trials of Inovio’s DNA medicines.

Viral vector vaccines
Viral vector vaccines are another plat-
form, which uses a live, attenuated 
virus as a vector or delivery vehicle for 
an antigen’s genetic code. A benefit of 
this type of platform is that the viral 
vectors are made with a standardized 
manufacturing process independent 
of the active part of the vaccine, noted 
CDMO Cobra Biologics (10). 

Vaccines made with this type of plat-
form from Merck, Johnson & Johnson, 
and CanSino Biologics have approvals 
for Ebola, and these companies are 
using their respective platforms for vac-
cine candidates against the novel coro-
navirus. China’s CanSinoBio’s viral vec-
tor vaccine for Ebola has been approved 
by China’s regulatory agency; the com-
pany’s vaccine candidate for the novel 
coronavirus uses adenovirus 5 (Ad5) 
and, as of August 9, 2020, was preparing 
to begin Phase III trials. Merck’s Ebola 
vaccine, approved by FDA in December 
2019, uses an engineered vesicular sto-
matitis virus (VSV) as the viral vector; 
Merck currently is working on a VSV-
based COVID-19 vaccine. In addition, 
Themis, which was acquired by Merck 
in June, has a platform technology that 
uses a measles vaccine vector. 

The Janssen Pharmaceutical Com-
panies of Johnson & Johnson (J&J) 
received European marketing autho-
rization for their two-dose viral vec-
tor vaccine for Ebola on July 1, 2020 
(11). The first dose of this approved 
vaccine uses Janssen’s AdVac viral vec-
tor platform, based on adenoviruses 
that are genetically modified, so they 
are non-replicating in humans. The 
AdVac platform is being used for the 
company’s investigational SARS-CoV-2 

vaccine, Ad26.COV2-S, recombinant, 
which moved into Phase I/IIa first-in-
human clinical trials in late July. J&J’s 
goal is to manufacture more than one 
billion doses, and it is scaling up man-
ufacturing capacity globally. On August 
5, 2020, the company announced that 
the US government, through BARDA, 
is committing more than $1 billion for 
large-scale US manufacturing and de-
livery of the vaccine following FDA ap-
proval or authorization (12). The com-
pany said its partnership with CDMO 
Emergent BioSolutions for drug sub-
stance, announced in April 2020, was 

“the first in a series of prospective global 
collaboration agreements designed to 
accelerate manufacturing” (13). 

The University of Oxford and Astra-
Zeneca’s novel coronavirus vaccine can-
didate (AZD1222) uses a recombinant 
adenovirus viral vector platform that has 
been used in experimental vaccines for 
Ebola and MERS. Phase II/III trials have 
started in the United Kingdom, Brazil, 
and South Africa, and are planned for 
the US, with more than $1 billion from 
BARDA for development, production, 
and delivery planned for fall 2020 (14). 
AstraZeneca has committed, so far, to 
more than two billion doses, in supply 
agreements with the UK, the US, Europe’s 
Inclusive Vaccines Alliance, CEPI, GAVI, 
and the Serum Institute of India (15). 

Preparations for large-scale viral vector 
manufacturing capacity were picking up 
speed late in 2019 as the biopharmaceutical 
industry was beginning to address short-
ages due to the rapidly growing demand for 
viral vectors from the pipeline for cell and 
gene therapies and viral vaccines. Modular 
facilities and single-use systems are seen as 
one way to build capacity more quickly (16).

Cell-based technologies
While vaccines based on mRNA, DNA, 
or viral vectors are still new, recombinant 
DNA vaccines made in cell-based biopro-
cesses are another technology that offers 
the potential for rapid scaleup and have 
been in use on the market for several years. 
For example, the Flublok Quadrivalent in-
fluenza vaccine, initially approved by FDA 
in 2013 and acquired by Sanofi Pasteur in 
2018, uses a recombinant DNA technology 
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that combines the target DNA sequence in 
a plasmid with a baculovirus (BV) DNA, 
which produces antigens in a host cell; the 
antigens are then collected and purified to 
be formulated in the vaccine. These cell-
based processes are more easily controlled 
and scaled than the traditional egg-based 
influenza vaccine production method, 
thus the recombinant DNA technology 
had been recognized for its potential as a 
response to a pandemic. 

In December 2019, Sanofi entered an 
agreement with BARDA to increase its 
domestic pandemic influenza vaccine 
production capabilities in Swiftwater, 
PA. And now Sanofi’s platform is being 
put to use for the COVID-19 pandemic; 
Sanofi and GlaxoSmithKline (GSK) are 
partnering to produce a vaccine candi-
date using Sanofi’s S-protein COVID-19 
antigen and GSK’s adjuvant technology. 

Novavax’ recombinant nanoparticle 
vaccine platform uses recombinant BV 
to infect Sf9 insect cells, which express 
the antigens that are then purified as 
multimeric nanoparticles. Although 
the company does not yet have an 
approved drug, the platform is used 
to make the company’s seasonal in-
f luenza vaccine candidate, NanoFlu, 
which received FDA fast track desig-
nation in January 2020. The platform 
is being used to make the company’s 
NVX-CoV2373 COVID-19 vaccine 
candidate, which is a stable, prefusion 
protein with Novavax’ proprietary Ma-
trix M adjuvant. 

Novavax received more than $1.6 
billion from BARDA to manufacture 
NVX-CoV2373 and to stockpile raw 
materials needed for the Matrix M ad-
juvant (17). The company is working 
with Emergent Bio to manufacture 
both its NanoFlu seasonal inf luenza 
candidate and its COVID-19 candidate 
at Emergent’s Bayview, MD, facility. 

Novavax also announced a manufac-
turing partnership with CDMO Fujif-
ilm Diosynth Biotechnologies (FDB) to 
make the bulk drug substance for NVX-
CoV2373, and FDB’s site in Morrisville, 
NC, began production in July (18). AGC 
Biologics was contracted to manufac-
ture the Matrix M adjuvant to expand 
Novavax’ capacity. 

Inactivated vaccine
China’s Sinovac is using an even more 
traditional technology of an inactivated 
vaccine for its novel coronavirus candidate, 
CoronaVac. The company is building a 
commercial vaccine production plant that 
is expected to manufacture up to 100 mil-
lion doses annually (19).

The finish line
The importance of fill/finish for vac-
cines is well known, and the supply 
chain is ramping up capacity for ma-
terials (including injection needles 
and the glass for vials) and for filling. 
CDMO capacity will be crucial in this 
stage, as well. Companies expanding 
capacity for fill/finish include Thermo 
Fisher Scientific; Emergent Bio, which 
received funding from BARDA and 
is working with four vaccine innova-
tor companies; and Catalent, which is 
ramping up to support Janssen, Mod-
erna, AstraZeneca, and others (20). 

While the world waits for the re-
sults of the clinical trials for vaccines 
to prevent COVID-19 and, hopefully, 
regulatory approval or authorization 
of one or more successful candidates, 
pharmaceutical manufacturers are 
moving ahead with manufacturing at 
commercial scale, while also preparing 
to adapt to changes that arise, as de-
velopment is also still being completed. 
The vaccine fill/finish line will, if all 
goes well, be the beginning of the end 
of the global pandemic. 
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proach to deciding what activities can 
be stopped or delayed. Stopping an 
activity may seem to be extreme, but 
taking this decision proactively, before 
the quality system slips out of control, 
is a sensible approach,” he says. 

For example, Waddington notes that 
change controls that have not yet been 
implemented could be halted without 
reducing validation effort, regulatory 
affairs work, quality control (QC) 
testing, and documentation updates. 

“Being extremely stringent with limit-
ing change controls can free up [qual-
ity assurance] QA and QC resources,” 
he adds. Similarly, improvement plans 
such as introducing new systems could 
be halted, again freeing up resources. 
While delaying compliance activities 
feels wrong, Waddington says that in 
extreme situations it can be done using 
the quality system. 

Activities that should be continued 
are those linked to batch release and 
testing. “It is important to ensure that 
there are sufficient QA/QC staff to sup-
port production activity and, if neces-
sary, to reduce planned output. Devi-
ations and out-of-specification/trend 
activities should also be performed in 
a timely manner to ensure product flow 
and also to identify any problems as 
early as possible,” observes Wadding-
ton. If action has been taken to stop 
some activities at the site and delay oth-
ers, then, he comments, some staff may 
be re-deployed to bolster frontline staff. 

“Taking a hard look at all activities 
that consume resources and applying 
a risk-assessment approach can help 
to free up some resources to bolster 
direct product fulfillment activities 
and thereby keep critical medicinal 
products f lowing to patients,” Wad-
dington concludes.

Early adoption of safety solutions
Because of the nature of pharmaceu-
tical manufacturing and the need 
to ensure both operator safety and 
product quality, extensive systems 
and procedures are already in place 
at facilities producing pharmaceutical 
intermediates and APIs, including reg-
ular use of personal protective equip-

W   ith additional safety protocols 
required in the manufactur-
ing environment, gatherings of 

large people generally prohibited, and 
onsite inspections limited due to re-
stricted travel, ensuring quality through-
out the supply chain from raw material to 
API is more challenging. API producers 
have responded rapidly, implementing 
safety protocols, leveraging digital tools 
and technologies for virtual audits and 
inspections, and generally taking a rea-
soned, risk-based approach for making 
use of available resources. 

FDA has conducted mission-critical 
inspections, assessed records remotely 
using the authority under Section 
704(a)(4) of the Food Drug & Cosmetic 
Act, and has developed a risk assess-

ment system to help the agency use 
dynamic information to qualitatively 
assess COVID-19 cases in a local area 
based on state and national data and 
make informed risk-based decisions on 
when and where to resume prioritized 
domestic surveillance inspections.

Importance of using  
a risk-based approach
In a time of crisis, risk-based decision 
making and strong leadership take 
on new meaning, according to David 
Waddington, NSF International ’s 
executive director of pharmaceuti-
cal services for Europe, Middle East, 
and Africa. “It’s simply not possible 
for companies to operate their phar-
maceutical quality systems (PQSs) 
and meet all their commitments with 
such a drastic reduction in available 
resources. Forward-thinking orga-
nizations have taken a proactive ap-

Risk-based decision-making is impacting  
all aspects of manufacturing quality from  
raw material supply to facility inspections.

Tracking API Quality  
During a Pandemic
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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ment (PPE) and good hygiene practices. 
Manufacturers, as a result, have been 
able to adapt quickly to new safety re-
quirements and ensure continued sup-
ply of critical medicines according to 
current good manufacturing practices 
(CGMPs) and other regulatory require-
ments. This compliance is happening 
despite the challenges created by tem-
porary plant shutdowns, the need for 
social distancing, and reduced on-site 
staff at a time of increasing production 
demands, complex supply chain chal-
lenges, and existing product shortages, 
according to Waddington. “It’s not 
uncommon for facilities to be oper-
ating with at least 30% less staff and 
key support functions, including QA, 
working remotely. Both companies and 
regulators are having to make some 
tough choices,” he says.

Fortunately, because API manufac-
turing is different from many other 
types of manufacturing, the need to 
exercise social distancing in these sit-
uations does not affect the nature of 
most processes, according to Jeff Ross, 
director of environmental health and 
safety for Cambrex Charles City.

“Outside of the need for social dis-
tancing, Cambrex was an early adopter 
in implementing screening protocols 
for anyone entering the site. Today, 
employees are required to undertake 
a daily temperature check in addition 
to answering a series of health ques-
tions. Any visitors to the site must also 
go through the same process and need 
to complete a formal questionnaire,” 
Ross says. Cambrex also performs job 
hazard analyses for all operational 
areas and makes recommendations 
on a variety of different elements in 
the typical workday, such as room ca-
pacities, the necessary frequency of 
sanitization, and the maximum size 
of any essential gathering.

Employee safety is always a priority 
for Thermo Fisher Scientific, and since 
the start of the COVID-19 pandemic 
the company has focused on protecting 
their health and safety while continu-
ing to serve the needs of its customers, 
according to Vice President of Drug 
Substance Quality, Ben Gerlach. “Man-

ufacturing safe APIs for medicines 
that can improve or save the lives of 
patients is both a large responsibility 
and a privilege. During the COVID-
19 pandemic, we have continued to 
ensure the safety, efficacy, quality, and 
availability of the APIs we manufac-
ture through a globally coordinated 
response, comprehensive site prepared-
ness, employee training and communi-
cation, and robust business continuity 
planning,” he comments. 

Thermo Fisher Scientific manufac-
turing sites have specifically estab-
lished increased hygiene protocols and 
tightened visitor guidelines. Stringent 
preventative measures developed in 
line with guidance from the World 
Health Organization, US Centers for 
Disease Control and Prevention, and 
local government agencies include 
restricting employee travel, encour-
aging remote work, enforcing social 
distancing, and requiring employees 
to wear masks at all times, according 
to Gerlach. For those employees who 
are on-site, the company keeps contact 
logbooks, takes employees’ tempera-
tures regularly, and employs a two-
shift system for teams in the laborato-
ries and on the manufacturing floor to 
accommodate social distancing.

“As a result of the support, flexibility, 
and discipline of our colleagues and 
supply chain partners, as well as the 
IT infrastructure available, all Thermo 

Fisher API manufacturing sites have 
remained operational since the start 
of the pandemic with continued GMP 
compliance,” Gerlach remarks. 

Maintaining close  
communication with suppliers
Key to ongoing provision of API to 
pharma customers is effective man-
agement of the supply chain, includ-
ing assurance that materials continue 
to meet the high-quality standards 
of the pharma industry. Prior to the 
COVID-19 pandemic, many API man-
ufacturers made use of international 
industry conferences to meet with their 
vendors and customers, from raw ma-
terial producers to contract research 
organizations, and contract develop-
ment and manufacturing partners. 
Travel restrictions and the prohibition 
of large gatherings, both designed to 
limit spread of the SARS-CoV-2 virus, 
have forced API producers to find 
other means of keeping track of the 
supply chain.

Despite being unable to attend major 
industry conferences in-person, rep-
resentatives of Thermo Fisher Scien-
tific have joined events virtually and 
maintained close communication with 
supply-chain partners to ensure there 
is no change in quality or availability 
of raw material, according to Gerlach. 
In addition, the company’s regional 
teams continue to closely monitor 
the COVID-19 situation, particularly 
in Asia, Europe, and North America, 
where most of its qualified suppli-
ers are located. “We also continue to 
closely track our purchase orders and 
have put a major focus on regional gov-
ernmental restrictions that could affect 
manufacturing and shipping and the 
timely availability of raw materials and 
critical equipment so there is no lapse 
in our ability to help customers bring 
important medicines to market as fast 
as possible,” Gerlach says. 

Before the pandemic ever emerged, 
Cambrex had prepared for various 
emergencies and crisis situations by 
undertaking strategic logistics plan-
ning and implementing response pro-
cesses, according to Ross. “Over the 

Development

The COVID-19 
pandemic has 
prompted both 
regulators 
and API 
manufacturers  
to assess risks  
and adjust 
processes.
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past several months, we have been 
working strategically to expand the 
supply chain globally by evaluating 
suppliers across the globe, including 
those in the [European Union] EU or 
US. Expanding our footprint and en-
suring supply chain redundancy has 
enabled us to minimize the risk of 
supply chain interruptions and work 
with partners efficiently,” he explains. 

Because of the circumstances con-
nected with COVID-19, Ross also 
stresses that it is extremely important 
to frequently engage with supply chain 
partners to ensure that Cambrex un-
derstands the impact of the pandemic 
on their businesses and any potential 
downstream effects on Cambrex’s unit 
operations that might ensue. “Video 
conferencing and more frequent com-
munications have been important for 
our continued visibility into the supply 
chain,” he asserts.

Effective communication, which 
Waddington says involves listening 
more and speaking only when there 
is something valuable to say, has en-
abled NSF International to successfully 
transition from a training, consultancy, 
and auditing service provider that op-
erated primarily face-to-face with cli-
ents to one that can now provide true 
virtual and blended learning, remote 
audits, and consultancy. “We believe 
we have achieved a truly remarkable 
transition in such a short time frame, 
as have many of our pharma industry 
clients,” he states.

Leveraging digital  
tools and technologies
That rapid transition has been made 
possible by leveraging a wide range of 
digital tools and technologies in new 
ways and to a much greater extent than 
API manufacturers and their suppliers 
and customers were previously accus-
tomed to. The most obvious change, ac-
cording to Waddington, is the reliance 
on digital meeting platforms. “We have 
seen a significant increase in the need 
and willingness for more regular video 
calls and sharing of documents and in-
formation through secure file handling 
platforms. Participants can often feel 

self-conscious to begin with, but soon 
adapt and get to grips with presenting, 
using whiteboards, interacting break-
out rooms etc.,” he observes. 

As part its digital transformation 
strategy, Thermo Fisher had already 
implemented digital tools to support 
many of its GMP processes, and many 
of these systems have proven to be 
highly beneficial to ensuring contin-
ued API quality, according to Gerlach. 
As an example, he points to the com-
pany’s SampleManager Laboratory 
Information Management System, 
which helps drive productivity, ensure 
compliance, streamline processes, and 
improve organizational efficiency. 

Thermo Fisher also uses Documen-
tum (OpenText) to store GxP docu-
mentation and manage the creation, 
amendment, approval, use, and re-
tention of all documents. “This sys-
tem provides traceability, ensuring 
data integrity and compliance to good 
documentation practices to meet our 
regulatory standards,” Gerlach notes. 
The company also uses tools to man-
age quality events and support train-
ing and virtual communication and 
systems for electronic process control 
and data analysis. Cutting-edge cam-
era and augmented reality (AR)/mixed 
reality technology is also leveraged to 
provide safe, virtual access to Thermo 
Fisher facilities. 

Cambrex has also invested heavily 
in recent years in information technol-
ogy platforms and advanced technol-
ogies that have enabled the company 
to maintain its current quality sys-
tems while allowing remote working 
for staff and facilitation of virtual 
collaboration with internal and exter-
nal stakeholders, according to Chuck 
Walker, director of regulatory compli-
ance at Cambrex’s Charles City facility. 

Examples include live broadcasting 
from Cambrex’s manufacturing sites 
and clients being able to remotely visit 
its facilities, have instant interaction 
with subject matter experts, and un-
dertake live-virtual audits. “When 
lockdown conditions were imple-
mented at our multiple sites, we saw 
immediate results from these invest-

ments in that our employees were able 
to operate as usual from remote loca-
tions; client visits became virtual; and 
we were still able to undertake internal 
and external audits,” Walker observes.

In fact, from an auditing perspec-
tive, NSF International has witnessed 
a major shift with companies allowing 
the use of camera technology within 
facilities to share images, according to 
Waddington. “This approach is a real 
game-changer as it transitions from a 
virtual ‘desktop’ audit to a true inter-
active remote audit, allowing the audi-
tor to view operations live and assess 
effective implementation of the PQS 
including remotely observing facility 
design, hygiene, and even operator be-
haviors,” he explains. 

Detailed virtual inspections
Such digital tools have also been in-
valuable for regulatory agencies during 
a period when most onsite inspections 
have been halted due to the COVID-19 
pandemic. Many agencies have histor-
ically conducted some form of remote 
risk-based review or “desktop” assess-
ment, so in some respects their current 
approach is an extension of that pro-
cess, according to Waddington. One 
additional challenge that regulatory 
authorities have had to face, though, 
is to ensure the processes they are fol-
lowing have legal standing in line with 
legislation in place in their respective 
countries. “A number of agencies, in-
cluding the [United Kingdom’s Medi-
cines and Healthcare products Agency] 
UK MHRA, have been successfully 
conducting very detailed remote in-
spections of facilities and have been 
able to follow up on for-cause audits 
and ensure remediation programs are 
progressing in line with company com-
mitments,” he says. 

The use of AR technology, Ger-
lach adds, enables Thermo Fisher to 
provide regulatory agencies unprece-
dented access to its facilities without 
them needing to be physically present. 

“Auditors can navigate through the fa-
cilities and perform factory acceptance 
tests. Remote assist provides the means 
to facilitate support both internally 
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and externally from anywhere in the 
world,” he says. “Limiting onsite visits 
helps protect both employees and vis-
itors without impeding operations or 
impacting quality,” Gerlach continues. 

“All of these solutions are made possible 
with training from the augmented exe-
cution team and tremendous collabo-
ration from our sites, vendors, clients 
and regulatory agencies,” he concludes.

Cambrex deployed virtual live tour 
technologies throughout its facilities 
when lockdown and restricted access 
conditions became applicable. “These 
technologies have enabled both client 
audits and regulatory audits to con-
tinue,” Walker says. “Although we have 
not had any direct regulatory requests 
during this period at our Charles City 
[Iowa] facilities, many of our other sites 
in different locations have successfully 
undertaken virtual audits, and we are 
fully prepared for live virtual audits if 
needed here at Charles City,” he notes.

Innately prepared
In fact, Walker believes that the API in-
dustry in the United States is innately 
equipped to manage the COVID-19 
pandemic given the governing force be-
hind employee protections with US Oc-
cupational Safety and Health Adminis-
tration’s industrial standards. “Because 
safety is already so deeply engrained in 
our daily operations, along with engi-
neering controls, we have been able to 
operate confidently knowing we are 
protecting our employees and product 
simultaneously,” he asserts. 

API manufacturers have also invested 
in expanding capacity for specialized 
intermediates and APIs in recent years, 
which has also contributed to the abil-
ity of contract service providers to meet 
growing demand during the pandemic. 
Thermo Fisher, for instance, invested 
more than $800 million to increase ca-
pacity and meet rising demand for bio-
logics, cell and gene therapies, and drug 
products. “These global and strategic 
investments have ensured that lack of 
capabilities, capacity, or supply is never 
a reason medicines are delayed in reach-
ing patients,” Gerlach asserts. “We con-
tinue to protect our colleagues on the 

manufacturing floor and in our testing 
laboratories and warehouses by adher-
ing to strict safety measures and require-
ments. At the same time, we remain 
flexible, creative, and vigilant to ensure 
API quality and supply as we continue 
to work to bring medicines to market 
as fast as possible for customers and the 
patients they serve,” he concludes.

Silver lining?
As horrible as the COVID-19 pandemic 
has been and continues to be, it, like 

all crises, has presented opportunities 
for improvement as well. “If there is a 
silver lining to the current situation, 
it will lie with those employees who 
stepped forward for their colleagues 
and found creative ways to get things 
done. Or it may lie in the cross-train-
ing of employees for new or expanded 
roles,” Waddington states. For instance, 
he points out that key decisions around 
product quality may be delegated closer 
to the unit operation, which should re-
sult in efficiency gains. PT
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PharmTech: Why would a company 
need a Clean Carton for its product?
Johnson: The reason that we work with 
the Clean Carton product—and the reason 
we came up with the concept—is that 
we see a lot of products going into our 
folding cartons that are sterile. And the 
device that these products are held in 
may not hold up well if there were to be a 
chemical or migratory property that might 
cause an issue with what’s being filled into  
the product.

So I think it’s almost an “insurance policy” 
for companies to grasp rather quickly. 
We call it a “recipe,” so that we have the 
product available. And it’s routinely tested, 
so we have confidence in the product itself.

PharmTech: What causes migratory 
issues?
Johnson: As I mentioned, the product 
may be filled in, for example, a low-
density polyethylene bottle. Low-density 

polyethylene is used quite frequently in the 
eye-care industry and is a porous material: 
anything that’s migratory, such as a VOC, 
can easily migrate into the product. This 
can cause leaching and impurities, which 
have been noted in tests at manufacturers 
and have actually caused recalls.

PharmTech: Can you give an example of 
this problem?
Johnson: The eye-care industry uses low-
density polyethylene often—in approximately 
80% of their products—because it’s a 
squeezable material, and a lot of eye-care 
applications are squeezed into the eye. 
Therefore, the eye-care industry is somewhat 
stuck using a low-density polyethylene.

What’s happened in those products is that 
as companies are doing their protocols, 
they may find that there’s an impurity. And 
they will notice the impurity when testing a 
batch, so then that batch is kicked out as 
an impure product.

What that means is that companies then 

have to reconcile that batch, which may cause a recall. It 
sets off a bunch of alarms. And when companies research 
every aspect of their own facility to make sure that they 
are clean, sterile, and that everything’s pure, they go to the 
secondary package to look at the carton, the pressure-
sensitive label, and the package insert.

And guess what? When printing, a lot of times in the past 
the print has been done with UV inks, and UV inks need a 
photo initiator to make the ink cure—it’s similar to a two-
part epoxy with a hardener and glue. The photo initiator 
in this case is usually the culprit. It’s been identified in the 
past that those photo initiators are what cause migratory 
or VOC issues in secondary packaging.

PharmTech: What kinds of chemicals are you 
referring to?
Johnson: The first chemical I want to mention is 
benzophenone, and it became an issue at least 10 years 
ago. Benzophenone is a crystal-clear photo initiator 
used for many years in UV inks, and the reason it was a 
predominant chemical is that a) it’s crystal clear and b) it 
was inexpensive.

However, an organization in Switzerland developed what is 
known as the Swiss Ordinance, which actually came about 
as a function of Nestlé testing products that had direct 
contact with chocolate. The Swiss Ordinance is used by 
chemical and ink companies to identify products that may 
be migratory and that may have VOCs in them.

So they listed these products in three very simple categories: 
A, B, and C. Listing something as an A product means 
that it’s acceptable; it can be used in direct contact with 
food and in drug packaging. A B product isn’t ruled 
out, but it’s questionable. And a product that’s listed  
as C—benzophenone, for example—is a known  
migratory issue.

Benzophenone was the first one identified. But six years 
ago, another family of products—and there are many—
was identified. This was Darocur, a photo initiator that has 
caused the same leaching concerns. And Darocur was a 
kind of replacement at the time for benzophenone.

But here’s the thing: You can’t pick and choose these 
products in your facility. You can’t say, “Today we’re going 
to run benzophenone, and tomorrow we’re going to run 
benzophenone-free.” This is because benzophenone, 
Darocur, or any of these photo initiators will leach onto the 
actual press (the press rollers and the plates) and can be 
transmitted even if you’re running a water-based product 
or something free of UV.

Consequently, you have to make a commitment. And 
Colbert made the commitment many years ago to be free 
of benzophenone and free of Darocur. Also, we look very 
closely at the Swiss Ordinance to make sure that we’re not 
using products that might be listed in the B or C category.

PharmTech: Are package inserts susceptible to 
this issue?
Johnson: Yes, they are, and that really was hard to 
find. However, about two years ago, another eye-care 
manufacturer noticed some impurities, immediately looked 
at the roll label and carton, had those tested, and came up 
with absolutely nothing.

It turns out that there was a package insert that was 
used—it might have been a promotional package insert 
that was thrown in—and that insert was found to cause the 
impurity that leached into the end product.

It’s not uncommon for that to happen. I have seen it in 
the animal healthcare industry as well, where leaching 
was found and caused by a paper package insert. And 
what Colbert Packaging has done to help alleviate that as 
a concern, and to mitigate the risk, is run all soy-based 
inks that are non-UV and, essentially, water-based soy 
products. So we have really done what we can to keep the 
carton, the label, and the package insert pure and free of 
VOCs and migratory chemicals.

Packaging meets high standards for low migration.

No pharmaceutical or personal-care manufacturer wants a recall on its hands, especially 
not if that recall is caused by the packaging. The components of which—namely inks,
coatings, and adhesives—can harbor odors, volatile organic compounds (VOCs),

and other substances that can migrate from the secondary packaging into the products 
that the packaging is designed to protect.

When those substances show up during testing protocol, they can bring a manufacturer’s 
operations to a halt and precipitate costly product losses, which is why companies 
increasingly insist on packaging that meets high standards for low migration, low odor, 
and low VOCs.

Nobody knows this better than Lon Johnson, vice president of sales and marketing 
at Colbert Packaging Corporation. Pharmaceutical Technology sat him down for a
conversation about the role of secondary packaging in ensuring sustainability and safety, 
and how Colbert’s One Clean Carton® technology passes the test—literally.
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cause an issue with what’s being filled into  
the product.

So I think it’s almost an “insurance policy” 
for companies to grasp rather quickly. 
We call it a “recipe,” so that we have the 
product available. And it’s routinely tested, 
so we have confidence in the product itself.

PharmTech: What causes migratory 
issues?
Johnson: As I mentioned, the product 
may be filled in, for example, a low-
density polyethylene bottle. Low-density 

polyethylene is used quite frequently in the 
eye-care industry and is a porous material: 
anything that’s migratory, such as a VOC, 
can easily migrate into the product. This 
can cause leaching and impurities, which 
have been noted in tests at manufacturers 
and have actually caused recalls.

PharmTech: Can you give an example of 
this problem?
Johnson: The eye-care industry uses low-
density polyethylene often—in approximately 
80% of their products—because it’s a 
squeezable material, and a lot of eye-care 
applications are squeezed into the eye. 
Therefore, the eye-care industry is somewhat 
stuck using a low-density polyethylene.

What’s happened in those products is that 
as companies are doing their protocols, 
they may find that there’s an impurity. And 
they will notice the impurity when testing a 
batch, so then that batch is kicked out as 
an impure product.

What that means is that companies then 

have to reconcile that batch, which may cause a recall. It 
sets off a bunch of alarms. And when companies research 
every aspect of their own facility to make sure that they 
are clean, sterile, and that everything’s pure, they go to the 
secondary package to look at the carton, the pressure-
sensitive label, and the package insert.

And guess what? When printing, a lot of times in the past 
the print has been done with UV inks, and UV inks need a 
photo initiator to make the ink cure—it’s similar to a two-
part epoxy with a hardener and glue. The photo initiator 
in this case is usually the culprit. It’s been identified in the 
past that those photo initiators are what cause migratory 
or VOC issues in secondary packaging.

PharmTech: What kinds of chemicals are you 
referring to?
Johnson: The first chemical I want to mention is 
benzophenone, and it became an issue at least 10 years 
ago. Benzophenone is a crystal-clear photo initiator 
used for many years in UV inks, and the reason it was a 
predominant chemical is that a) it’s crystal clear and b) it 
was inexpensive.

However, an organization in Switzerland developed what is 
known as the Swiss Ordinance, which actually came about 
as a function of Nestlé testing products that had direct 
contact with chocolate. The Swiss Ordinance is used by 
chemical and ink companies to identify products that may 
be migratory and that may have VOCs in them.

So they listed these products in three very simple categories: 
A, B, and C. Listing something as an A product means 
that it’s acceptable; it can be used in direct contact with 
food and in drug packaging. A B product isn’t ruled 
out, but it’s questionable. And a product that’s listed  
as C—benzophenone, for example—is a known  
migratory issue.

Benzophenone was the first one identified. But six years 
ago, another family of products—and there are many—
was identified. This was Darocur, a photo initiator that has 
caused the same leaching concerns. And Darocur was a 
kind of replacement at the time for benzophenone.

But here’s the thing: You can’t pick and choose these 
products in your facility. You can’t say, “Today we’re going 
to run benzophenone, and tomorrow we’re going to run 
benzophenone-free.” This is because benzophenone, 
Darocur, or any of these photo initiators will leach onto the 
actual press (the press rollers and the plates) and can be 
transmitted even if you’re running a water-based product 
or something free of UV.

Consequently, you have to make a commitment. And 
Colbert made the commitment many years ago to be free 
of benzophenone and free of Darocur. Also, we look very 
closely at the Swiss Ordinance to make sure that we’re not 
using products that might be listed in the B or C category.

PharmTech: Are package inserts susceptible to 
this issue?
Johnson: Yes, they are, and that really was hard to 
find. However, about two years ago, another eye-care 
manufacturer noticed some impurities, immediately looked 
at the roll label and carton, had those tested, and came up 
with absolutely nothing.

It turns out that there was a package insert that was 
used—it might have been a promotional package insert 
that was thrown in—and that insert was found to cause the 
impurity that leached into the end product.

It’s not uncommon for that to happen. I have seen it in 
the animal healthcare industry as well, where leaching 
was found and caused by a paper package insert. And 
what Colbert Packaging has done to help alleviate that as 
a concern, and to mitigate the risk, is run all soy-based 
inks that are non-UV and, essentially, water-based soy 
products. So we have really done what we can to keep the 
carton, the label, and the package insert pure and free of 
VOCs and migratory chemicals.

Packaging meets high standards for low migration.

No pharmaceutical or personal-care manufacturer wants a recall on its hands, especially 
not if that recall is caused by the packaging. The components of which—namely inks,
coatings, and adhesives—can harbor odors, volatile organic compounds (VOCs),

and other substances that can migrate from the secondary packaging into the products 
that the packaging is designed to protect.

When those substances show up during testing protocol, they can bring a manufacturer’s 
operations to a halt and precipitate costly product losses, which is why companies 
increasingly insist on packaging that meets high standards for low migration, low odor, 
and low VOCs.

Nobody knows this better than Lon Johnson, vice president of sales and marketing 
at Colbert Packaging Corporation. Pharmaceutical Technology sat him down for a
conversation about the role of secondary packaging in ensuring sustainability and safety, 
and how Colbert’s One Clean Carton® technology passes the test—literally.

“

”

And what Colbert Packaging has 

done to help alleviate that as a 

concern, and to mitigate the  

risk, is run all soy-based inks 

that are non-UV and, essentially, 

water-based soy products.

Colbert Packaging an independent family-owned business since 1959, provides safe, smart, and sustainable

paperboard solutions to meet pharmaceutical and healthcare packaging challenges.
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very sensitive to water activity, or head 
space humidity, such as microbiota, it 
is possible to specify and guarantee a 
very narrow humidity range to provide 
longer shelf life, especially if mois-
ture-protective packing is being used. 

Moreover, as microbiota normally 
requires enteric protection these cap-
sules are also optimized for enteric 
coating or coating for targeted release. 
A capsule that already provides a cer-
tain degree of enteric protection could 
be another option, dependent on the 
specific needs of the therapeutic entity 
or formulation. In summary, there is 
no reason to exclude any type of for-
mulation in a capsule dosage form. 
Working closely with the capsule sup-
plier and using their expertise and ca-
pabilities throughout development and 
manufacturing is encouraged.

Beneficial features
PharmTech: What beneficial features can 
capsules offer over other dosage forms?

Stegemann (ACG): The most important 
thing is that you first establish a com-
prehensive target product profile (TPP). 
This should also include the targeted 
patient profile and should take into 
account, that according to the Inter-
national Council on Harmonization 
(ICH) Q8 guideline, ‘in all cases, the 
product should be designed to meet 
patients’ needs and the intended prod-
uct performance’ (1). These TPPs will 
guide you in selecting the best dosage 
form for the specific product.

Looking at the actual industrial and 
regulatory trends, some particular cap-
sule features are gaining importance. 
For example, 60% of new drug launches 
in 2019 by the FDA were designated in 
one or more expedited categories of fast 
track, breakthrough, priority review, 
and/or accelerated approval (2). The 
very tight timelines in development 
favor the use of simple, yet effective, 
capsule formulation development. 

Increasing focus on a special pop-
ulation, such as pediatric or geriat-
ric patients, require a higher number 
of different dose strengths, easy to 
swallow forms like sprinkles, and, 
to address the issue with increas-

C apsules are a common oral solid 
dosage form and are produced in 
a variety of shapes, materials, and 

sizes. The popularity of capsules can be 
somewhat attributed to the ease and sim-
plicity of their manufacture, particularly 
when compared with other forms. An-
other benefit of capsules is the potential 
of shorter development times, which is 
an ever-increasing priority for developers.

To find out more about the impor-
tance of capsules in drug development, 
innovations that have occurred to the 
dosage form over time, and the specific 
challenges facing developers looking to 
use this dosage form, Pharmaceutical 
Technology spoke with Sven Stegemann, 
head of Global Scientific Business De-
velopment, ACG.

Suitability specifications
PharmTech: What specific formulations 
are suitable for use in capsules?

Stegemann (ACG): The performance 
of any pharmaceutical drug product 
is the result of its single components 
and the materials that are going into 
the formulation, the processing, and, 
finally the packaging. If you under-
stand the material properties and the 
processing parameters, you can basi-
cally use any formulation in capsules 
today, be it powder, granule, pellet, 
semi-solid, or liquid. 

The capsule formulation can serve 
oral administration as a single dose, as 
sprinkles on soft food, or as an orally 
inhaled dry powder. With the develop-
ment and introduction of new capsules 
made from polymers, such as hydroxy-
propyl methylcellulose (HPMC), it is 
now possible to provide a capsule with 
very specific characteristics that can 
broaden and simplify the use of cap-
sules in product development. To give 
an example, for therapeutics that are 

Tight development timelines and  
accelerated approval pathways favor  
simple, cost-effective capsule formulations.

Capsule Innovations: 
Speeding Up  
Drug Development
Felicity Thomas
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ing polypharmacy, the provision of 
f ixed-dose-combination products. 
Without compromising on the release 
characteristics, multiparticulates (e.g., 
pellets, mini-tablets) manufactured at 
large scale, can be customized to serve 
any of these populations and needs by 
capsule filling. Different sizes, color 
combinations, and imprints will make 
these customized products unique. Or, 
take for example, inhalation drug ther-
apy, where capsule-based dry-powder 
inhaler (DPI) products are the most 
cost-effective form, and can be man-
ufactured on standard capsule filling 
equipment that is available around 
the world.    

Disadvantages to consider
PharmTech: Are there specific disad-
vantages of capsules over other dos-
age forms?

Stegemann (ACG): As for any dosage 
form, there are advantages and dis-
advantages that need to be balanced 
against each other during the TPP 
process. Probably, the most signifi-
cant disadvantage occurs when for-
mulators are initially requested to 
develop a tablet formulation. When 
this dosage form is not feasible due to 
technical reasons, the formulators are 
then requested to push the formulation 
into a capsule. Even though it might 
work, the formulation is normally sub-
optimal for capsules, leading to a lot 
of issues along the commercial phase, 
which is then perceived as a general 
capsule dosage form problem.

Another disadvantage is that for a 
high dose formulation, the capsule size 
might become prohibitive. In my expe-
rience, patients generally do not want 
to accept larger, brick-like tablets and, 
as a result, tend to crush the tablets or 
capsules for administration. For cases 
where the largest (size #000) capsule 
might be required, why not instead 
consider employing a sprinkle formu-
lation, which can be administered with 
soft food that the patient prefers?

Accelerating development
PharmTech: How can capsules aid in speed-
ing up drug development timelines?

Stegemann (ACG): More than 25 years 
ago, when I began my career in capsule 
science, there was a collaborative effort 
that led to the formation of group ba-
sics for capsule formulations (3), which 
are absolutely still valid today and have 
substantially evolved with new types 
of capsules and excipients. Not sur-
prisingly, drug in a capsule alone, or 
a simple blend, is still the preferred 
approach for the first-in-human trials. 
The majority of these Phase I formula-
tions are already achieving the desired 

performance and remain in capsules 
for the fast track or breakthrough ther-
apies through to the market. 

And to be a little bit provocative, 
we as pharmaceutical scientists pre-
fer more challenging formulation 
programmes than applying a simple 
blending and encapsulation process. 
However, with the increasing cost 
pressure, it is inevitable that we will 
be increasingly questioned regarding 
the over-engineering of products in 
development.    
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Soft versus hard gel
PharmTech: What are the advantages 
and disadvantages of soft gel versus 
hard gel capsules?

Stegemann (ACG): This question sug-
gests that I can use soft gel or hard gel 
for any type of formulation and that 
these dosage forms are interchange-
able from a technical standpoint, 
which is not necessarily true. How-
ever, looking at the liquid-filled prod-
ucts on the market in soft and hard 
gels, we see very different portfolios. 
For example, soft gels are suited for 
hydrophilic liquids, but they are not 
suited for hot melt products. Hard 
capsules can also be filled with com-
binations of liquids and solids, like 
pellets, smaller capsules of tablets. 
Only oily formulations are suitable 
for both soft and hard gels. 

With regard to the capsule poly-
mer, pharmaceutical soft gels are still 
gelatin-based, while liquids and hot 
melts can be filled in a hard capsule 
made of gelatin or HPMC. Whereas, 
the shell composition of soft gels can 
be adapted to tailor the shell to cer-
tain formulations. When we consider 
all of this, we are talking about two 
distinct and complementary tech-
nologies and dosage forms, that can 
generally not be interchanged with-
out reformulation.

Substantial innovations
PharmTech: Are there any significant 
innovations in capsule formulations 
that you believe have impacted indus-
try or will in the near future?

Stegemann (ACG): Pharmaceutical sci-
ences will continue to be one of the 
highly dynamic sciences. There are 
many innovative formulations and 
drug delivery technologies under in-
vestigation, and only clinical evidence 
and real-world data will give us the 
final answer. 

One of the areas where we see 
substantial innovation right now is 
in the field of enhanced therapeutic 
entities, so-called 505(b)(2) or hy-
brid applications. Known drugs are 
being reformulated using advanced 
drug delivery technology to achieve 

a better ‘effectiveness’ (efficacy under 
real-world conditions) and drug safety, 
by reducing medication errors. 

Many innovations are taking place 
in the field of capsule-based DPI. The 
delivery of high drug doses and large 
biomolecules, enabled by particle en-
gineering (e.g., spray drying), provide 
new avenues to treat now life-threat-
ening diseases, such as cystic fibrosis. 

Looking toward microbiome re-
search and the microbiota as the 
therapeutic entity, capsules will be 
the preferred choice and become a 
functional excipient, protecting the 
sensitive microbiota from moisture, as 
well as gastric juice, and releasing it at 
the defined site of the intestinal tract. 

Regulatory considerations
PharmTech: Are there specific regula-
tory considerations surrounding cap-
sule formulations?

Stegemann (ACG): Capsules are well-
known and, regulatory-wise, a well 
described and accepted dosage form. 
Nevertheless, regulatory science con-
tinues to drive towards more global 
quality standards, digitalization, and 
patient focus and centricity. If we just 
look to digitalization, we see global 
efforts to combat falsified or substan-
dard medicines by tagging and tracing 
each box and, soon, each dosage form 
from the factory through to the pa-
tient. The increasing focus on patients 
and patient centricity stems from the 
patient’s growing awareness as one of 
the most important factors in achiev-
ing the therapeutic outcomes.

Starting with the geriatric popula-
tion, the European Medicines Agency 

(EMA) has put forward another re-
f lection paper on the pharmaceutical 
development of medicines for use in 
the older population (4), followed by 
an FDA initiative of patient-focused 
drug development (5). All these reg-
ulatory and industrial initiatives re-
quire much more trans- and multi-
disciplinary collaboration, including 
the pharmaceutical supply industry. 
The next generation of capsule prod-
ucts to serve these emerging regula-
tory and industrial requirements will 
definitively benefit from co-develop-
ment, if not co-creation, in close part-
nership with capsule manufacturers.  

Pandemic response
PharmTech: What impact has the 
COVID-19 pandemic had on capsule 
formulation, if any?

Stegemann (ACG): As a result of SARS-
CoV-2, the pharmaceutical industry 
will go through a complete rethink of 
the pharmaceutical supply chain and 
the relationship with suppliers over the 
next two to three years. The revival 
of more regional and f lexible manu-
facturing, as well as further govern-
mental cost pressure, will raise several 
questions on investments into efficient 
manufacturing infrastructure. This 
manufacturing adjustment will be an-
other opportunity to consider capsules 
due to the simplicity and flexibility in 
capsule product manufacturing and 
other innovative approaches, such as 
continuous manufacturing. 
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which areas are allowed to change 
(such as assembly features) and which 
areas have to be locked down early 
(such as drug contacting features), as 
well as when features must be locked 
down to protect the integrity of the 
data being generated throughout the 
device development lifecycle.

It’s important to point out that there 
are perspective differences between a 
commercial manufacturing team and 
a product development team. When 
building products in commercial man-
ufacturing, devices are built with the 
expectation that if the components and 
assemblies are produced to specifica-
tion, then the performance require-
ments of the device will be met for the 
intended use population. In product 
development, however, the need for 
product may come before the design 
or manufacturing processes are well 
established or controlled.  There are 
more nuances associated with ensuring 
the design and the drug formulation 
will successfully work together in these 
early builds.

For instance, there may not be time 
or value in performing process valida-
tion for early builds when the design is 
still evolving. This situation requires a 
flexible but compliant quality manage-
ment system to work with stakeholders 
on a risk-based approach to controlling 
early device builds. In addition, how 
users will use the product must be 
assessed. This means getting device 
samples into users’ hands to study how 
they interact with them in the context 
of specific environments. If it’s deter-
mined that there are points of confu-
sion that could lead to use errors and 
harm, regardless of drug performance, 
the design team will need to make ad-
justments to the design.  By the time a 
product gets to commercial manufac-
turing, all of these types of questions 
have been answered by a robust design 
development process.

PharmTech: What are some of the 
concerns for choosing materials for 
the device in a drug–device product? 
Do you need to evaluate potential in-
teractions between the device and the 
user or between the drug and device? 

D esigning and then manufactur-
ing a drug–device combination 
product is a complex process that 

must take into consideration variables 
in manufacturing the drug delivery de-
vice, such as an inhaler or an autoinjec-
tor, as well as interactions between the 
drug and the device. Phillips-Medisize, 
a Molex company, has both clinical 
and commercial manufacturing facili-
ties for drug–device combination prod-
ucts, and the company is expanding its 
Global Innovation and Development 
site in Struer, Denmark by adding a 
dedicated unit for manufacturing de-
velopment. Pharmaceutical Technology 
spoke with the company’s experts: 
Justin Westendorf, product develop-
ment manager; Bryan Moris, director 
of Global Pre-Production Quality; and 
Chris Conger, director of Connected 

Health Device Technology, about some 
of the best practices in manufacturing 
drug–device combination products.

Development best practices
PharmTech: What are some of the best 
practices in moving from clinical man-
ufacturing to commercial manufac-
turing of a drug–device combination 
product? 

Westendorf (Phillips-Medisize): During 
the design development process, there 
must be a good partnership and en-
gagement between the device develop-
ment team, formulation development 
team, clinical team, and the regulatory 
team. When scaling from building 
500 units to 10,000 units to 10 million 
units, the device design can often un-
dergo significant evolutionary changes. 
All stakeholders need to be aligned on 

A device manufacturing process 
must be carefully designed in  
the early stages of development  
to ensure success in commercial manufacturing. 

Manufacturing  
Drug–Device  
Combination Products
Jennifer Markarian
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Westendorf (Phillips-Medisize): Physical 
interaction with a user is one concern. 
It’s important to understand the in-
tended use and use environment and 
make sure you’ve identified how the 
user will interact with the product. 
You should consider which product 
components may interact with the us-
er’s hands, skin, mouth, nasal passages 
and other areas of the body.  Materials 
need to be assessed for the potential 
risks they may pose to the user.  

Drug interaction also must be con-
sidered—especially for inhalers, where 
you have very small, often organic, 
charged molecules that are f lowing 
through a pathway that’s typically 
plastic and may also be charged. These 
types of interactions can have an im-
pact on how—and how much—of the 
drug exits the device.  It’s also import-
ant to understand the chemical inter-
actions to make sure nothing from the 
components could leach into the drug 
or change its chemistry. 

Manufacturing is also a consider-
ation. Every component will be man-
ufactured via some means (e.g., ma-
chining, injection molding) and likely 
be assembled using some technology 
(e.g., adhesive, laser welding).  A key 
variable in material selection is the 
compatibility between the material, 
the desired manufacturing method, 
and assembly to other components in 
the device.

Early in the design development 
process, you identify candidate mate-
rials. But then you must use tools and 
evaluation techniques to gain confi-
dence in those candidate materials. It’s 
here you may realize you need to make 
a material change, perhaps because 
structural performance is lacking or 
clinical performance is falling short, 
or it could be you’re simply having a 
hard time making a device component 
with that material.

‘Material selection’ isn’t an event that 
happens, but rather a maturing of the 
design and better understanding of the 
materials and how they interact with 
the drug and the patient and how suit-
able they are for the intended manufac-
turing processes. This understanding 

improves as you progress through later 
stages of the development and verifi-
cation testing process to reach a point 
where you’ve demonstrated the compo-
nent materials meet performance and 
manufacturing requirements.

Controlling quality
PharmTech: What are some best prac-
tices for quality assurance (QA)/quality 
control (QC) of drug-delivery device 
manufacturing? What are some of the 
factors that need to be tested that are 
unique to a drug delivery device? 

Moris (Phillips-Medisize): When it 
comes to drug delivery devices or 
combination products, it ’s real ly 
about control—control of the prod-
uct and control of the components 
going into it. A high level of control 
is required, but that can mean many 
different things. It could refer to ad-
ditional levels of training or processes 
and procedures that are well-vetted 
to ensure control over the drug it-
self, whether it needs to be filled into 
a container or in containers that are 
already prefilled. 

A high degree of control is para-
mount when going from clinical man-
ufacturing to commercial manufactur-
ing. Designing processes and having 
conversations up-front based on best 
practices for controlling the device 

and the drug, from both a clinical and 
volume manufacturing standpoint, 
are important. For example, if you’re 
working with different dosages, you 
want to ensure a unique vial labeling 
or color-coding system exists to help 
minimize the potential for a mix up.

You also need to ensure a fool-proof 
shift from labor-intense, detailed, 
and manual clinical processes to au-
tomated commercial processes. The 
process must be carefully designed 
from the beginning, so that when it 
does ramp up and a product goes to 
many global commercial sites, you’re 
set up for success. Because, ultimately, 
you’re designing a product for com-
mercialization. 

The fact is, there will be variations 
in the production of the device—from 
device development to the manufac-
turing process to final refinements in 
commercial manufacturing. That’s 
why it’s important to uncover, on the 
front end, where variation can occur 
and how that variation might impact 
drug delivery performance. Then 
it’s crucial to take that a step further 
by characterizing how the variation 
that’s expected in commercial man-
ufacturing will impact drug delivery 
performance. Skipping this character-
ization step can negatively impact the 
investment around, and commercial 
success of, the device.

PharmTech: What are some of the 
risks for a drug delivery device that 
should be considered in manufacturing? 

Westendorf (Phillips-Medisize): The 
biggest risk to commercial manufac-
turing is the investment and effort—or 
lack thereof—made in design develop-
ment and the manufacturing develop-
ment that should occur in parallel to 
development.  If you spend time focus-
ing on de-risking the technology piece, 
but not much time finding sources of 
manufacturing variation and de-risk-
ing them during design development, 
you’re passing residual risk into the 
commercial environment, where a 
combination of variations in manu-
facturing processes is unavoidable.

There can be an investment impact, 
especially pertaining to schedule and 

Manufacturing

“A high degree 
of control [of 
the product and 
components] 
is paramount 
when going 
from clinical 
to commercial 
manufacturing.”

—Bryan Moris



Pharmaceutical Technology SEPTEMBER 2020    35

price. When collaborating with cus-
tomers to construct a design develop-
ment proposal, it’s therefore important 
to understand their approach to risk-
based decisions and what they consider 
important. Some are more willing than 
others to accept a certain amount of 
residual risk and deal with those po-
tential repercussions in commercial 
manufacturing, in favor of speedier 
outcomes. So, it comes down to col-
laboration and building a strategy to-
gether to determine how much time 
and effort will be spent identifying 
user, technology, and manufacturing 
risks. Both parties will need to decide 
on either a ‘fast’ approach, in which 
the customer agrees to accept trans-
ferring more risk, or a more thorough 
approach that draws risk down further 
during design and development, even 
if that takes more time. 

Connected devices
PharmTech: What are some consider-
ations for designing and manufactur-

ing a drug delivery device that is con-
nected to the Internet? 

Conger (Phillips-Medisize): For con-
nected drug delivery devices, you in-
troduce design and manufacturing 
techniques beyond what are needed 
for a typical mechanical device. Two 
additional considerations require sig-
nificant attention in the design process: 
validation of the software that goes 
into the device and managing the cy-
bersecurity of the device.

Validation is typically done against 
the ISO standard, IEC 62304 (1), 
which encompasses the process of 
managing sof tware development 
through the entire lifecycle, from the 
beginning of development through 
the end of the market life of the de-
vice. Our development and manage-
ment processes conform to this stan-
dard, which tells us how to develop 
the device, how to document the 
development, and how to test it and 
validate the device so that it meets all 
requirements. 

Device cybersecurity requires as much 
attention as validation. Once a device is 
connected, the potential for malicious 
remote device intervention remains a 
threat. For this reason, FDA has issued 
detailed guidance on how to approach 
device security, which includes taking 
a risk-based approach to both the soft-
ware and hardware of the device (2). Risk 
assessments should be conducted to de-
termine what could go wrong or where 
vulnerabilities exist, and then correlated 
to how serious the consequence is of each 
identified risk. If it’s determined to be a 
serious risk, the mitigation you must 
enact to prevent the risk becomes signif-
icant. On the other hand, if the potential 
risk is not very high, the effort to mitigate 
is much less significant.

References
 1. ISO, IEC 62304:2006, Medical device 

software—Software life cycle processes 
(May 2006). 

 2. F DA ,  “C y b ers e c u r i t y,”  w w w.fd a .
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N 
asal drug delivery provides an attractive option for 
local and systemic delivery of many therapeutic 
agents. This type of drug delivery is non-invasive, 
painless, and is amenable to self-administration. 

It also avoids pre-systemic metabolism due to the hepatic 
first-pass effect, as well as intestinal enzyme inactivation 
and gastric acid degradation (1–4). Nasal delivery is also a 
preferred route of administration when faster onset of ac-
tion is required (e.g.,in the treatment of acute pain, emesis, 
and other chronic conditions) (5). This route has also been 
explored for brain drug delivery (6–8). 

Solutions are usually the first formulation choice for nasal 
delivery, but novel drug delivery systems (e.g., nanoparticles, 
microspheres, liposomes, and dry powders) are also being 
pursued (9–12). 

Despite the progress that has been made in various for-
mulations,intranasal administration of high dosage, poorly 
water soluble drugs remains challenging. Limited solubility 
is one problem, especially at relatively small volumes (100–
150 µl) of dosage forms to be administered intranasally, and 
nasal administration also poses constraints with the choice 
of excipients (e.g., solubilizers, surfactants) that can be used 
in the formulation. 

Solution formulations pose their own inherent challenges, 
including limited chemical and microbiological stability, 
whereas nanoparticles, microspheres, and liposomes are 
associated with low drug loading, lack long-term stability, 
and are difficult to scale up (8, 13, 14). Of all these formula-
tion approaches, powders can be most conveniently used to 
deliver high dose, poorly water soluble drug molecules intra-
nasally. However, they are limited by poor wettability, poor 
f low, and high cohesiveness that hinders their handling, 
dosing and aerosolization for intransal deposition (10, 12). 
In addition, permeation enhancers may often be required 
to improve their permeability through nasal mucosa (15). 

Nanosuspensions, defined as dispersion of crystalline 
particles below 1000 nm dia. in aqueous media, can be used 
as an alternate formulation strategy for intranasal delivery 
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Assessment of  
Nanosuspension Formulation  
for Intranasal Administration

This article summarizes research that is underway 
to develop a stable nanosuspension of celecoxib 
(CXB), a drug that is poorly soluble in water. Its 
goals are to assess the impact of a drug’s particle 
size distribution (PSD) on its pharmacokinetic (PK) 
parameters following intranasal administration 
in rats, and to evaluate the feasibility of 
using an in-line high shear homogenizer 
(IHSH) to prepare CXB nanosuspensions. 
Tests were performed to characterize an 
optimized prototype formulation based on 
PSD, crystallinity, pH, osmolality, and shelf-life 
stability. The suspensions were tested for PK 
parameters following intranasal administration 
in adult male Sprague–Dawley rats (n=6/group). 
The study showed that intranasal administration 
of nanosized particles demonstrated significant 
benefit when compared with micron-sized particles 
for achieving rapid Tmax (i.e., the amount of 
time that a drug is available in the body at the 
maximum concentration). Nanosized particles 
showed better partial areas under the curves 
(integrals of curves that describe the variation of a 
drug’s concentration in blood plasma over time). 

Sandeep S. Zode, Rajesh Patil, Piyush Gupta, Rajasekhar 
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of poorly water soluble drugs. Nanosuspensions require 
minimal concentration of stabilizers (e.g., surfactants, poly-
mers, or both), thus they are often referred to as “carrier-free” 
drug delivery systems (16–18). 

Nanosuspension formulations do not contain toxic solubiliz-
ers or cosolvents and enable a higher rate of drug dissolution and 
increased apparent solubility (16, 19), as well as increased adhe-
siveness to the surface/cell membranes (17), which can be helpful 
in increasing the retention of particles onto the nasal mucosa. 
They also facilitate higher drug loading (20), which is particu-
larly advantageous in nasal formulations, due to the limitations 
of dose volume, and enable more targeted drug delivery (6,14).

Extensive information is available on nanosuspensions (16, 
18). The research discussed in this article aims to develop a sta-
ble nanosuspension of a poorly water-soluble drug and assess 
the impact of its particle size distribution (PSD) (micron- vs. 
nano-sized) on pharmacokinetic (PK) parameters following 
intranasal administration in rats. CXB, which has an aqueous 
solubility of 5 μg/mL and logP of 4.01, was selected as the model 
drug. Another goal for the research was to evaluate feasibility 
of using an in-line high shear homogenizer (IHSH) to prepare 
CXB nanosuspension. A systemic study on the absorption en-
hancement of drug nanosuspensions via a nasal route has not 
been previously reported, while this study also documents the 
first use of scalable IHSH to prepare nanosuspensions of a drug. 

Materials
CXB was purchased from Hetero Drugs Ltd., based in Vi-
sakhapatnam, India. Egg lecithin (Lipoid E80) and sodium oleate 
were purchased from LIPOID GmbH, based in Germany. Poly-
oxyethylene-polyoxypropylene block copolymer 188 (Poloxamer 
188), Polyvinylpyrrolidine K17 (PVP K17), Polyethylene Glycol 
300 (PEG-300), D-α-Tocopheryl polyethylene glycol 1000 succi-
nate (Vitamin E TPGS), Macrogol (15)-hydroxystearate (Solutol 
HS15), and polyoxyethylene 20 sorbitan monooleate (Polysorbate 
20) were purchased from BASF GmbH, Germany. Sodium citrate 
dihydrate was procured from Merck, Germany. All other chemi-
cals were of analytical-grade or the highest purity grade available.

Methods
CXB suspensions were prepared in two stages. First, coarse CXB 
suspension was obtained by controlled precipitation of CXB 
using anti-solvent addition. Antisolvent addition uses a solvent 
in which the compound of interest is less soluble. Using a mix-
ture of solvent and antisolvent can help result in better control 
of crystal size in precipitation. In the second stage, the coarse 
suspension was processed using a high-pressure homogenizer 
(HPH) to obtain CXB micro- and nano-suspensions. The details 
of each process step are discussed in the following.

Stage I: Preparation of CXB coarse suspension. Briefly, 5g CXB was 
dissolved in 30 mL of absolute ethanol to get clear homogenous 
solution. This solution was then added to 300 mL of 1 % w/v 
aqueous solution of sodium citrate (the ratio of organic to aque-
ous phase was 1:10 v/v). The addition was carried out in a drop-
wise manner using a 10-mL syringe under overhead stirring at 

1000–1500 rpm as shown in Figure 1. This ultimately resulted in 
the precipitation of CXB in an aqueous solution of sodium citrate. 
The coarse CXB suspension was then filtered using a 0.2-µm 
polyvinylidene difluoride (PVDF) membrane filter (Millipore, 
India). The CXB particles were then washed multiple times 
with 100 mL of 1% sodium citrate solution to remove ethanol 
from the formulation. Finally, the CXB bed was re-suspended in 
aqueous vehicle containing a combination of different stabilizers 
(discussed in detail in subsequent sections) to get a final volume 
of 100 mL. The strength of the CXB suspension thus obtained 
was 50 mg/mL (i.e., 5% w/v), which will be referred to hereafter 
as coarse suspension of CXB.

Stage II: Preparation of CXB micro- and nano-suspension. The coarse 
CXB suspension (50 mg/mL) was then placed in a high-pressure 
homogenizer (HPH) (GEA Niro Panda 123, Japan) to obtain 
CXB microsuspension and nanosuspension. The microsuspen-
sion was obtained using one HPH cycle at 1000 bar pressure, 
while the nanosuspension was obtained using two pre-homog-
enization cycles at 500 bar followed by thirty cycles at 1000 bar. 
The product temperature was maintained at 10 ± 5 ºC through-
out the process. 

In-line high shear homogenizer (IHSH). In another batch, IHSH 
(Megatron MT 3000, Kinematica, Switzerland) was used instead 
of an overhead stirrer to prepare a coarse suspension of CXB. 
The purpose of this step was to evaluate the feasibility of using 
IHSH for controlled precipitation of CXB in Stage I. The IHSH 
consists of two stainless-steel containers, which function as res-
ervoirs, one containing 900 mL of aqueous phase suspension (1 
% w/v sodium citrate in water) and another containing 90 mL 
organic phase of suspension (15 g CXB dissolved in 90 mL eth-

Figure 1. Preparation of a coarse suspension of 
celecoxib (CXB) using overhead stirrer (Stage I).

1. Overhead stirrer blade
2. Aqueous phase (1% w/v sodium citrate)
3. Organic Phase (ethanol with dissolved CXB)
4. Needle for addition of organic Phase to aqueous phase
5. Coarse precipitate of CXB (oberved as affrefates)
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anol). The aqueous phase was kept in circulation mode and the 
organic phase was added to it via an injection port, as shown in 
Figure 2. The addition was carried out at a controlled flow rate of 
1–2 mL/min near the rotor and stator blade moving at 18000 rpm. 

The entire assembly was provided with water-jacketed facility 
to keep the product temperature at 10 ± 5 °C. The CXB precipi-
tate obtained at the end of this step was processed (as previously 
discussed) to obtain coarse CXB suspension 50 mg/mL, which 
was subsequently processed using Stage II to obtain CXB micro-
suspension and nanosuspension. 

Selection of stabilizers for CXB suspension. Different surfactants/sta-
bilizers were evaluated to obtain CXB particles of nano size with 
narrow polydispersity index (PDI). Among many, PVP K30, Tween 
80, Poloxamer 188, Solutol HS15, Lipoid E80, and TPGS were evalu-
ated as stearic stabilizers. Sodium oleate was evaluated as a charge-
based stabilizer, and sodium citrate was used as a hydrotropic agent. 
Dextrose was added as an osmotic agent. 

Characterization of CXB suspension. Particle size analysis – CXB micro-
suspension was characterized using optical microscopy (ECLIPSE, 
50iPoL, Nikon Metrology NV, Germany). Briefly, the 5µL suspen-
sion was mounted on a clean glass slide, covered with glass cover 
slip, and observed under optical mode under 50X magnification. 
Approximately 300 particles were counted (n = 3), and the average 
particle size was reported. 

The CXB nanosuspension was first characterized using dynamic 
light scattering (Malvern Zetasizer ZS Nano). Briefly, 0.1 mL of CXB 
nanosuspension (50 mg/mL) was diluted to 10 mL with 0.6 % w/v 
solution of Poloxamer 188, mixed well using vortex for one min-
ute, and the sample was then analyzed. Three measurements were 
taken per sample and results were checked for reproducibility of 
Zavg value and PDI.

Powder X-ray diffraction (PXRD). Intermediate CXB particles (ob-
tained as precipitate in stage I) and the final CXB suspension 
(obtained in stage II) were filtered through 0.45-µ nylon filter 

paper. The CXB particles obtained on the filter paper were al-
lowed to dry at 40 °C overnight in a vacuum oven. 

The dried CXB was then subjected to PXRD analysis using a 
PXRD diffractometer (Bruker Karlsruhe, Baden-Wurttemberg, Ger-
many). The CXB, prior to drying, was used as a reference sample. 
The samples were scanned over an angular range of 3° to 40° 2θ at 
a step size of 0.02° and scan rate of 1 s/step. The data were analyzed 
using DIFFRAC plus EVA software (Bruker Karlsruhe, Baden-Wurt-
temberg, Germany).

Differential scanning calorimetry (DSC). Original (“as received”) 
CXB and dried CXB suspension formulations were analyzed by 
DSC (Q1000, TA Instruments, Delaware USA, data analysis with 
Universal Analysis, version 4.4A). The device was equipped with 
a refrigerated cooling accessory, RCS90. Dry nitrogen, at 50 mL/
min, was used as the purge gas. Prior to analysis, the instrument 
was calibrated for temperature and heat flow with high-purity in-
dium used as a standard. Approximately 3–5 mg of CXB powder 
were weighed in a Tzero aluminum pan and hermetically sealed. 
The sample was then heated from 30 °C to 290 °C  at a heating 
rate of 10 °C/min. The analysis was carried out in triplicate.

High-pressure liquid chromatography (HPLC). HPLC (Shimadzu Cor-
poration, Kyoto, Japan) was used to quantify the CXB content in 
the prepared formulations. Class VP (Release 6.10) software was 
used to collect and analyze the resulting data. A Beta basic phenyl 
column (Particle size: 5µm, 250 × 4.6mm, Metachem, Torrance, 
CA) was used for separation, and the peak area was detected at 
a wavelength of 248 nm using a diode array detector. The flow 
rate was 1.5 mL/min, and an injection volume of 20 µL was used. 
The total run time was 45 minutes. The mobile phase consisted 
of  Phase A, 2.7 gm of potassium dihydrogen phosphate dissolved 
in 1000 mL of water, and the pH was adjusted to 3.0 with ortho-
phosphoric acid. Phase B was methanol. 

The gradient profile (including equilibration) used was: 55% 
A–45% B (v/v) for 0.01 min; 55% A–45% B to 51% A– 49% B in 

1. Reservoir containing aqueous phase       
    (1% w/v sodium citrate solution)
2. Reservoir containing organic phase         
    (CXB dissolved in ethanol)
3. Aqueous phase kept on circulation mode
4. Peristaltic pump controlling flow of the 
    organic phase
5. Injection port (addition of organic phase to 
    aqoues phase)
6. Rotor and stator blade
7. Regulator to control speed of the rotor and 
    stator blade
8. Coarse precipitate of CXB

Outlet

Inlet

Figure 2. Schematic presentation of an in-line high shear homogenizer (Megatron MT3000) used to prepare coarse 
suspension of celecoxib (CXB), Stage I.
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25 min; 51% A– 49% B to 15% A– 85% B in 2 min. and held for 
10 min., then back to 55% A–45% B in 3 min and held for 5 min. 

The samples were prepared using tetrahydrofuran as diluent 
1 and a methanol-water mixture (70:30) as diluent 2 in a ratio of 
20 diluent 1 :80 diluent 2. The calibration was performed in the 
linearity range of 1-32 µg/mL. 

Stability studies . Short- vs. long-term stability. Short-term or prelim-
inary stability (i.e., one month) and long-term stability (i.e., 12 
months) studies were carried out for different compositions of 
CXB nanosuspension at 2–8 ⁰C and 25 ⁰C/60% relative humidity 
(RH). Briefly, 3 mL suspension was filled in 5-mL clear United 
States Pharmacopeia (USP) type-I glass vials. The vials were closed 
with bromobutyl rubber closers, crimped with aluminium flip off 
caps, and placed in stability chambers (Newtronic walk-in stability 
chamber, India). The suspensions were then evaluated for ease of 
redispersibility upon gentle inverted and upright shaking; PSD, 
size distribution; pH (using a pH bench-top meter, Orion star A211, 
Thermo Fisher Scientific, Waltham, MA USA); osmolality (using 
the Osmomat 030D device, Gonotec, Meß- und Regeltechnik 
GmbH, Germany); and for the amount of CXB in the formulation.

In-vivo studies. Healthy young adult male Sprague–Dawley rats 
weighing 240–260 g were used in animal studies. The rats were 
housed in a cleanroom kept at 21–25 °C, with RH of 50–60%, 
and a constant 12-h light/dark cycle. Guidelines established by 
the Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA) were followed in this study, 
and the protocol was approved by Suven Life Sciences’ Institutional 
Animal Ethics Committee (IAEC approval No. PK-PRO-701-13) 
in Hyderabad, India. 

CXB suspensions (micro- and nano-suspension) were adminis-
tered intranasally to rats under brief isofluorane anaesthesia using 
PE10 tubing connected to a Hamilton syringe. Rats were kept in a 
supine position with their nostrils facing upwards. Approximately 
25 μL of the formulation was administered to each nostril within 
45 seconds (21). Blood samples were collected pre-dose, and at time 
intervals of 0.03, 0.08, 0.25, 0.5, 1, 2, 4, 6, 8, and 24 hr. At each 
time point, roughly 0.2 mL of blood was collected into the tube, 
which contained the anticoagulant, heparin. Blood samples were 
centrifuged at 5000 rpm for 5 min, and plasma was harvested and 
stored at -70 °C until analysis. Plasma CXB levels were estimated 
using fit-for-purpose liquid chromatography (LC)-mass spec-
trometry (MS)/MS methods. PK parameters were estimated by 
non-compartmental analysis (NCA) using Phoenix WinNonlin 
6.3 software.

As an internal standard, 22.5 µL plasma was sampled and 
mixed with 150 µL acetonitrile containing 1.0 µg/mL diclofenac. 
The resulting sample was subjected to vortex for 1 min,  and then 
to centrifugation at 10,000 rpm for approximately 10 min at a 
temperature of 10 °C ± 1 °C. The supernatant clear solutions were 
transferred to labeled vials, and about 2.0 µL of the sample solu-
tion was injected to chromatographic column (XBridgeTM C18 
3.5 µm 4.6*100 mm). The mobile phase consisted of A: 10 mM am-
monium formate (0.2% formic acid v/v) and B: Acetonitrile. The 
gradient profile (including equilibration) was used: 60% A–40% 
B (v/v) for 0.01 min and held for 0.19 min.; 60% A–40% B to 5% 

A– 95% B in 1 min and held for 1.5 min; 5% A– 95% B to 60% 
A–40% B in 2.51 min and held for 1 min. The total run time was 
3.5 min, and a flow rate of 1.2 mL/min was used. The calibration 
was performed in the linearity range of 10.74–10744.24 ng/mL.

Results and discussion
Preparation and optimization of CXB nanosuspension. Nanosuspension 
stabilization is the most critical part of the formulation and a 
prerequisite for formulation development. CXB nanosuspension 
was prepared and optimized using various stabilizers (e.g., sur-
factants and polymeric stabilizers). Surfactants act by coating 
the nanocrystal surface, thereby wetting them and reduce their 
aggregation on storage. The mechanism cited for improved sta-
bility of the nanosuspension is to provide repulsive forces among 
the drug nanoparticles, either by electrostatic or steric stabiliza-
tion (16, 22). The electrostatic stabilization can be provided by 
adsorbing ionic surfactants or charged polymers, whereas steric 
stabilization can be provided by adsorbing the nanoparticles 
with non-ionic surfactants/polymers such as hydroxypropyl 
methylcellulose (HPMC), Hydroxypropyl cellulose (HPC), PVP, 
and copolymers such as Pluronics (18, 23). Generally, the best 
combination of both approaches will enable optimal stabiliza-
tion. Stabilizers from each category were evaluated alone and 
in combination to prepare CXB nanosuspension.

Table I shows different formulation compositions that were 
evaluated for generation of CXB nanosuspension. The results of 
particle size analysis are shown in Figure 3. Combinations of non-
ionic surfactants  (e.g., polysorbate 20, Solutol HS15) and polymeric 
stabilizers (PVPK17 and PEG 400) lead to generation of CXB 
nanocrystals with Zavg in range of 600–800 nm with high PDI of 
0.34-0.38 (formulation A and B). 

Next, the other non-ionic surfactants (Vit E TPGS and Polox-
amer 188) were tried in combination with phospholipid based 
surfactant (Lipoid E80). The combinations led to generation of 
CXB nanocrystals with Zavg of 500–670 nm and reduced PDI 
to 0.2–0.3 (formulation C, D, and E). The reduced particle size 
and narrow PDI could have resulted from the combined effect 
of charge and steric stabilization of CXB nanoparticles (23). Li-
poid E80, which is an ionic stabilizer, is expected to impart a 
negative charge to the CXB particle surface due to presence of 
phosphatidylserine and inositol. On the other hand, Poloxamer 
188 and TPGS, both being non-ionic surfactants, stabilize the 
nanocrystals by stearic hindrance (23).

A critical analysis of the formulations C, D, and E revealed that 
Poloxamer 188 had a significant impact on PSD when it was used 
in combination with Lipoid E80. Removing the Poloxamer, as in 
formulation D, showed increased Zavg and PDI compared to for-
mulation C and E. Concentration of Poloxamer was another im-
portant factor governing PSD. Increasing the Poloxamer concen-
tration above 0.6 % w/v resulted an increase in Zavg (from 542.9± 
4.8nm to 916.3 ± 5.9 nm, formulation E vs F). This could be due to 
aggregation of CXB nanocrystals due to the formation of bridges 
between the polymeric chains covering the nanocrystals and the 
excess polymeric chains present in solution. The formulations C, 
D, and E were used for further optimization.
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Preliminary stability studies revealed that formulation C, D, 
and E led to formation of non-dispersible albeit at the cost of in-
creased particle size as shown in formulation G and H (Figure 3). 
This underscored the need to replace TPGS with an alternative sta-
bilizer in formulations that contained Poloxamer and Lipoid E80. 

Sodium citrate was used as an alternate stabilizer to TPGS. 
Sodium citrate may act as a hydrotropic agent because it enables 
improved wettability of CXB in the aqueous media (24) and it 
may function as a flocculating agent and provide controlled 
flocculation of the nanosuspension, thus improving long-term 
storage stability (25). 

Addition of sodium citrate (Formulation I) not only brought 
down the Zavg (581nm) but also led to the formation of easily 
re-dispersible stable nanosuspension. This research documents 
the use of sodium citrate as a hydrotropic agent for the first 
time, which not only reduced PSD but significantly improved 
the stability of liquid nanosuspensions. As a result, Formulation 
I was selected as the prototype formulation, and the formulation 
composition was used to prepare the microsuspension, study 
the impact of IHSH, and characterize the solid form of CXB 
and assess long-term storage stability. 

Impact of an IHSH on CXB particle size. The particle size of starting 
material (as obtained in coarse suspension of CXB) may have 
a significant impact on the size of nanocrystals prepared using 
milling processes such as HPH or media milling (26). It was hy-
pothesized that use of high shear or high stirring speed in Stage 
I may lead to controlled PSD of precipitated CXB particles. This 
ultimately led to further particle size reduction and narrower PSD 
of the nanosuspension prepared during Stage II. Therefore, the 
overhead stirrer was replaced by the IHSH in Stage I to prepare 
the coarse CXB suspension. Use of an IHSH enabled high shear as 
well as high stirring speed, with the rotor and stator blade moving 
at 18,000–20,000 rpm (see Figure 2). Moreover, the IHSH was run 
on automatic mode with continuous in-line precipitation of CXB 
and kept on continuous circulation mode throughout the process. 

Microscopy revealed that precipitated CXB particles obtained 
using an IHSH were smaller (5–10 µm in diameter) and more 
uniform compared to those obtained using the overhead stirrer 
(15–20 µm, data not shown). Further, the IHSH-processed ma-
terials showed minimum aggregation of precipitated particles. 
This may have been due to in-line precipitation and continuous 
circulation mode of aqueous phase compared to static behavior 
of the aqueous phase under overhead stirrer (Figure 1 vs. Figure 2). 
The coarse CXB suspension thus obtained using IHSH was pro-
cessed further using Stage II to obtain the CXB nanosuspension. 
The reduced PSD of precipitated CXB particles ultimately led to 
significant size reduction. The Zavg was reduced from 581.0 nm to 
365.3 nm, whereas PDI was reduced from 0.31 to 0.22 (formulation 
I vs J, Figure 3). This clearly shows that a high stirring speed of 18000 
rpm and the high shear provided by the rotor and stator head in 
an IHSH have a significant impact on particle size. 

An in-line high shear homogenizer, the Megatron MT 3000 
has a liquid circulation capacity of 10–15 l/min and is capable of 
providing rotor speeds of up to 30,000 rpm (27). Thus, the process 
is more practical and scalable than the overhead stirring process. 
Although ample research has been performed on nanosuspensions 
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Figure 3. Zavg and PDI results for celecoxib formulations.

Table I. Formulation compositions evaluated for generation of celecoxib (CXB) nanosuspension.

Composition
Concentration (% w/v)

A B C D E F G H I J

Ingredients

Celecoxib 5 5 5 5 5 5 5 5 5 5

PVP K17 2 - - - - - - - - -

Polysorbate 20 2 - - - - - - - - -

Solutol HS15 - 2 - - - - - - - -

PEG 400 - 3 - - - - - - - -

Lipoid E80 - - 1.2 4.25 4.25 4.25 4.25 4.25 4.25 4.25

Poloxamer 188 - - 0.6 - 0.6 2.14 0.6 0.6 0.6 0.6

Vit E TPGS - - 0.5 1.7 1.7 1.7 - - - -

Sodium citrate - - - - - - - - 1 1

Sodium oleate - - - - - - 0.187 - - -

Dextrose - - - - - - - - 5 5

Water q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s.
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that were prepared using the antisolvent approach, applicability of 
these processes is limited by the formulation’s scalability. 

Solid state characterization. PXRD and DSC were used to confirm 
the solid form of CXB present in nanosuspension formulation. 
CXB exists in four different polymorphic forms, of which form 
III is the most stable (28). Figure  4 shows PXRD pattern obtained 
for as received CXB (pure form III), precipitated CXB, placebo 
(obtained by physically mixing dried excipients in proportion used 
in formulation I), and CXB nanosuspension. 

Both precipitated CXB and CXB nanosuspension formula-
tions showed PXRD patterns similar to that of as received CXB. 
Presence of a characteristic crystalline peak at the 2θ value of 5° 
indicated the presence of CXB form III in nanosuspension (28). 
This confirmed that no polymorphic transformation was observed 
either during the precipitation step (Stage I) or during HPH (Stage 
II). Furthermore, the presence of a single melting endotherm at 
161.81 °C (midset) in DSC thermograms confirmed the presence 
of polymorphic form III in CXB nanosuspension (Figure 5).

Stability evaluation of CXB nanosuspension formulation. Preliminary 
stability studies (data not shown) revealed that all nanosuspension 
formulations except I showed formation of non-dispersible cake 
on storage at 2–8 °C and 25 ⁰C/60% RH at the end of one month. 
Composition I was found stable for three months at 25 ⁰C/ 60% 
RH and for 12 months at 2–8 ºC. Figure  6  shows the stability profile 
of Formulation I obtained at 2–8 °C. Further, the composition 
showed CXB content in the range of 100 ± 5 % with insignificant 
increase in total impurity at the end of 12 months. The suspension 
showed osmolality of 330 ± 20 mOsmol/Kg. 

Here, the formation of non-dispersible cake by composition 
I at 25 ⁰C/60 % RH could have been due to the generation 
of free fatty acids caused by the degradation of Lipoid E80, 

coupled with coalescence of lipoidal vesicles observed at high 
temperature (29). Research has shown that Lipoid E80-stabi  
lized itraconazole suspension is stable at 5 ⁰C in contrast to 
50 ⁰C (29). This was further supported by a slight decrease in 
the pH of the CXB nanosuspension on stability due to genera-
tion of free fatty acids in the formulation. The decrease in pH 
was rapid at 25 ºC/60% RH compared to 2–8 ºC, with overall 
pH remaining above 5 at both stability conditions (Figure 7). 
Further, the dissolved content of CXB in stable nanosuspen-
sion formulation determined using HPLC showed that CXB 
dissolved up to 2 mg/mL, which remained constant at all 
stability time points. This clearly indicate that the Ostwald’s 

0
10 20 30 40

2 Theta

20000

40000

60000

R
el

at
iv

e 
In

te
n

si
ty

(a)

(b)

(c)

(d)

Figure 4. Powder x-ray diffraction pattern for (a) pure 
celecoxib (CXB), (b) Placebo (mixture of excipients 
(Composition I), (c) precipitated CXB in Stage I and (d) 
CXB nanosuspension formulation (Composition I).

Figure 5. Differential scanning calorimetry thermograms for celecoxib nanosuspension formulation (Composition I).
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ripening was very low, thereby leading to formation of stable 
nanosuspension at 2–8 °C.  

In-vivo evaluation . CXB microsuspension (particle size of 3 ± 2 
um, Figure 8) and nanosuspension (Zavg of 365.3 ± 3.5 nm), both 
prepared using formulation composition I, were used for in-vivo 
studies.  Results from rat PK studies revealed that the particle 

size of the administered suspension significantly impacts the PK 
parameters following intranasal delivery. For the same dose, the 
nanosuspension formulation demonstrated significantly (P<0.01) 
superior Tmax value (3 hours) compared to microsuspension for-
mulation (6 hours) (Table II, Figure 9). Further, the nanosuspension 
have better partial AUC (i.e. area under the curve, which describes 
variation in a drug’s concentration in blood plasma over time) 
compared to microsuspension following intranasal delivery.

The particle size may have significant impact on dissolution 
kinetics, thereby affecting the total amount of dissolved drug at 
the site of administration. Nanocrystals, by virtue of their ability 
to increase apparent solubility, improve dissolution, and increase 
permeability, may lead to faster onset of action compared to mi-
crosuspension (30). Studies have shown that the rate and extent of 
CXB dissolution is an inverse function of particle size (31). 

The study demonstrated a dramatic increase in the rate 
and extent of dissolution for CXB nanosuspension stabilized 
by Tween 80 compared to micronized CXB. Interestingly, the 
slope of the dissolution profile was significantly different for 
the nanosuspension in the first 10 minutes and became almost 
equal for both formulation at a later stage. Other experiments 
reported similar results, wherein CXB nanosuspension showed 
significant increase in dissolution velocities (more than 80% 
drug dissolved) compared to coarse CXB powder (27.9% drug 
dissolved) in the first 10 minutes (31). 

From the perspective of intranasal drug delivery, the dif-
ference in the rate and extent of dissolution of CXB in first 
10 minutes becomes significant because the overall residence 
time of the formulation in the nasal cavity is approximately 
15–30 minutes. Any dissolution within this period allows 
more drug to be available in solution form, thus facilitating 
the absorption process. 

The authors of the study explain that the nanosuspension 
of CXB demonstrated a higher surface-to-volume ratio that 
enables hydration over a larger surface area, thus offering a 
greater potential for increased drug dissolution (30).In these 

Figure 6. Stability profile for celecoxib (CXB) nano-
suspension formulation (Composition I) stored at 2-8 °C.

Figure 7. pH of the celecoxib (CXB) nanosuspension 
formulation on storage stability.

Figure 8. Microscopy images of celecoxib microsuspension observed under 400X magnification. The suspension 
revealed average particle size of 3 ±2 µm.

Peer-Review Research



Pharmaceutical Technology  SEPTEMBER 2020    43

studies, even though particle size significantly affected the 
Tmax of CXB, other parameters such as Cmax and AUC re-
mained similar in both formulations. This may be due to 
drainage of the unabsorbed drug from the nasal cavity into 
the gastrointestinal tract, where absorption for both the for-
mulation remains similar. However, statistically significant 
differences (P<0.01) were observed in the partial AUCs of 
the formulations as in Table II. 

Conclusion
The present study aimed to develop a stable nanosuspen-
sion of CXB and assess the impact of CXB particle size on 
its nasal absorption. Use of controlled precipitation and 
the selection of stabilizer played significant roles in ob-
taining stable CXB nanosuspension. These studies record 
the first documented use of a readily scalable in-line high 
shear homogenizer for controlled precipitation of CXB, and 
sodium citrate, a hydrotropic agent as a stabilizer. Results 
suggest that nanosized CXB particles are better suited for 
intranasal delivery than micron-sized particles, because the 
smaller particles promote rapid drug absorption and help 
in achieving relatively rapid Tmax and better partial AUCs. 
These findings are important in improving formulations for 
treatments that manage acute conditions such as pain and 
emesis. The concept can be evaluated for other poorly water 

soluble drugs similar to CXB, and promises to be an area of 
interest for future research.  
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Figure 9. Drug concentration versus time profile 
of celecoxib (CXB) in plasma following intranasal 
administration (A) Group 1: CXB microsuspension, (B) 
Group 2: CXB nanosuspension.

Table II. Pharmacokinetic parameters of celecoxib (CXB)
formulations following intranasal administration.

PK Parameters CXB Micro-suspension
CXB Nano-
suspension

Cmax(ng/mL) 1887 ± 359 1707 ± 307

Tmax(hr)* 6 (4-8) 3 (2-6)

AUC0-2hr (hr*ng/mL) 1339 ± 270 1538 ± 577

AUC0-t (hr*ng/mL) 21948 ± 3017 19675 ± 1236

PK parameters were expressed as Mean ± SD; *Tmax is represented as 
median (minimum-maximum).
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mulation is amenable to maintaining 
proper fill weights, asserts Gregory 
Sacha, senior research scientist, Bax-
ter BioPharma Solutions. “Sterility of 
the product can also be maintained 
and achieved,” he says. “The moving 
parts of the equipment, such as com-
pressors, are located in an equipment 
maintenance area on the other side of 
the aseptic manufacturing area. This 
keeps the area clean and reduces intro-
duction of foreign particles.”

A further advantage of lyophiliza-
tion lies in the fact that the process re-
quires low temperature and so is suit-
able for heat sensitive drug substances 
or those prone to degradation from 
hydrolysis, Morbey continues. “Other 
advantages include the ability to recon-
stitute to the desired concentration at 
the time of use and reducing shipping 
costs due to lower finished product 
weight compared to liquid products,” 
he notes.

A challenge for lyophilization is that 
not all molecules are stable as freeze-
dried solids. “For example, some ceph-
alosporins remain amorphous and are 
less stable than when in the crystalline 
form,” stresses Sacha.

For Morbey, a major disadvantage 
of freeze-drying is the development of 
appropriate formulations that are suit-
able for lyophilization. “Not all liquid 
formulations are suitable for lyophiliza-
tion,” he confirms. “The appropriate 
buffers, cryoprotectants, bulking agents, 
and tonicity modifiers need to be care-
fully selected to provide both stability 
to the formulated drug substance and 
properties suitable for lyophilization.”

“Volatile compounds, such as ace-
tate buffers, can be removed by high 
vacuum, which can result in changes 
of the final product pH,” notes Sacha. 
Additionally, he specifies that not all 
solutes can be dried to a form with an 
acceptable appearance. “For example, 
formulations prepared with high salt 
concentrations have low melting points 
and are difficult to freeze-dry,” he says.

Development of the lyophilization 
cycle can also be challenging, requir-
ing extensive expertise, particularly for 
turnkey projects, highlights Reuter.

L yophilization is a well-established 
technique within the bio/pharma-
ceutical industry and is a necessity 

for certain drug products that include 
unstable ingredients, require longer 
shelf-lives, or are temperature-sensi-
tive. The lyophilized drug market is ex-
pected to grow at a compound annual 
rate of approximately 7%, according 
to market research, mainly driven by 
increasing regulatory approvals for 
lyophilized formulations (1).

“The primary benefit of lyophiliza-
tion is improved product stability,” 
explains Andrew Morbey, associ-
ate director of process development, 
LSNE Contract Manufacturing. “This 
can manifest as additional shelf-life at 
frozen, refrigerated, or ambient storage 
conditions or as equivalent stability at 
an increased storage temperature. In 
many cases, this eliminates the need 

for cold chain shipping and storage, 
reducing risk during manufacturing.”

Advantages and disadvantages
Stephan Reuter, managing director, 
Optima Pharma in Gladenbach-Morn-
shausen emphasizes that the greatest 
advantage of lyophilization is the stable 
formulation result, which subsequently 
impacts the success of a development 
program. “The development of drugs 
is a very costly and time-consuming 
process, and always runs the potential 
risk of not being successful,” he says. 

“Many substances would not be sta-
ble without freeze-drying technology, 
which creates a durable product and 
retains effectiveness.”

Additionally, as the formulation is 
filled as a liquid, there is compatibil-
ity with almost all filling lines and 
little variability occurs as a liquid for-

The general principle of lyophilization has hardly 
changed, but significant advances have occurred 
in process and product attribute understanding. 

Advancing Understanding 
of a Traditional Technique
Felicity Thomas
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Each cycle is unique to the formula-
tion and requires expertise to ensure 
product quality, agrees Morbey. “Most 
cycles are 24 to 96 hours; however, some 
products require conditions that extend 
the cycle length beyond 192 hours. A 
consistent challenge to lyophilization is 
the expertise required to develop a cycle 
appropriately to fit both equipment and 
product limitations,” he states. “Some 
lyophilization cycles are not suitable for 
commercial scale lyophilizers because 
there is little consideration for refrig-
eration capacity, system capabilities, 
or variation in equipment capabilities. 
Without the awareness of these chal-
lenges, there could be considerable im-
pact to the product.”

Traditional technique but  
advancing process understanding

“There have been few changes to lyo-
philization equipment, but there have 
been large changes in understanding 
and conducting the lyophilization 
process,” remarks Sacha. “For example, 
process development was achieved by 
trial and error and, in some cases, it 
still is. However, today process devel-
opment is often approached using the 
first principles of heat and mass trans-
fer to understand the process.”

Understanding the process involves 
a thorough thermal characterization 
of the formulation so that the failure 
point during primary drying can be 
known, continues Sacha. Additionally, 
an understanding of the capability of 
the equipment, determining the heat 
transfer coefficient for the specific 
vial, and determining the resistance to 
mass transfer of the drying solid are 
required. “The data are used to develop 
a design space for primary drying that 
identifies the most efficient process 
conditions, as well as the conditions 
that may lead to failure of the product,” 
Sacha adds.

Morbey agrees that despite the lack 
of changes in the lyophilization pro-
cess over the past 15 years at a commer-
cial scale, the laboratory and academic 
settings have seen great advances in 
the understanding of each individual 
step of the process and the impact 

on product critical quality attributes 
(CQAs). “These advancements in-
clude controlled nucleation to improve 
the thermal treatment phase,” he says. 

“Understanding of container specific 
heat transfer coefficients, mass f low 
and heat f lux, and implementation of 
process analytical technology (PAT) 
devices to aid in primary and second-
ary drying end point determination 
have supplemented the development 
of the drying phases of lyophilization.”  

Significant advancement toward the 
automatic loading/unloading systems 
have been seen throughout the sup-
porting manufacturing activities, Mor-
bey continues. These advancements 
have limited the need for operator in-
tervention and, hence, mitigated risks 
to sterility. And, isolator technology 
has also advanced, he adds.

“The development of freeze-drying 
technology is based on product devel-
opment, since freeze-drying has a mas-
sive influence on the product. There-
fore, innovations must be adapted to 
product development,” reveals Reuter. 

“This reasoning is why the general 
principle of freeze-drying has not 
changed in the last 30 to 40 years, but 
freeze-dryers have become faster and 
more effective. They are more accu-
rately adjustable, and alternative, more 
environmentally friendly refrigerants 
are increasingly being used.”

It is possible to drastically reduce 
processing time by building a primary 
drying design space based on the first 
principles of heat and mass transfer, 
emphasizes Sacha. “Data obtained 
through this design space can also 
be used to support deviations in shelf 
temperature and chamber pressure 
that may occur during routine pro-
duction,” he says. “The technique also 
demonstrates that the company has a 
good understanding of the equipment 
and how the formulation can affect 
processing conditions.”

“The simulation of processes during 
freeze-drying and their influence on 
each other can give a better under-
standing of the process itself,” adds Re-
uter. “The integration of the products’ 
properties in the simulation, which 

has to be freeze-dried, allows im-
provements in the process by predict-
ing what the product quality attributes 
will be at the end of the freeze-drying. 
So, nowadays it is theoretically possible 
to define lyophilization process param-
eters with very high accuracy. If the 
freeze-drying parameters are defined 
correctly, the entire process achieves 
the best efficiency.”

However, verification and qualifi-
cation of the process are still required, 
Reuter continues, which leads on to 
the instrumentation. “A number of 
new sensors are available now on the 
market to monitor and control the 
lyophilization process with very high 
accuracy,” he explains. “Through these 
sensors it is possible to save time and 
energy, and, hence, make the process 
more efficient.”

The majority of equipment advance-
ments were created to aid in the develop-
ment, optimization, and characterization 
of lyophilization cycles so that it would 
be possible to effectively transfer cycles 
to commercial-scale equipment, em-
phasizes Morbey. “Most drug product 
manufacturers do not have the luxury 
of performing lyophilization cycle devel-
opment activities on the intended com-
mercial-scale freeze-dryer. Therefore, a 
comprehensive understanding of the 
product’s characteristics and equipment 
is required to ensure product quality is 
maintained when scaling up to commer-
cial-scale production,” he says. “Product 
characterization using modulated differ-
ential scanning calorimetry and freeze-
dry microscopy is now standard practice. 
New technologies are being developed to 
supplement these tests and better under-
stand the product.” 

Equipment process improvement 
for analytical technologies include 
tunable diode laser absorption spec-
trometry, heat f lux measurements, 
end of primary drying determination, 
and in-line mass spectrometry, Morbey 
continues. “Implementation of these 
technologies during the development 
phase, in most instances, has increased 
the overall time, energy, and cost of 
development services. However, the 
benefit is realized through seamless 
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transitions from development scale to 
production scale,” he notes. “Complete 
process and product understanding 
following quality-by-design principles 
takes time; however, a standardized 
approach for lyophilization cycle de-
velopment together with experienced 
scientists capable of utilizing the avail-
able PAT devices can streamline the 
development process.” 

Biologics and  
highly potent compounds
An additional growth factor for lyo-
philization is the rising proportion of 
biologics in development pipelines. “The 
industry evolution toward biologics is 
making the need for lyophilization more 
prevalent,” confirms Morbey. “Many bi-
ologics are not stable in solution and, as 
such, need to be lyophilized.” 

Morbey iterates that there are even 
some instances where lyophilized bio-
logic drug products form aggregates on 
stability. In such cases, it is necessary 
to revisit the formulation and add sur-
factants or additional excipients so that 
the aggregation is inhibited. Formula-
tion scientists should be able to build 
upon previous experiences to inform 
development activities prior to the is-
sues arising, he notes. 

“The high cost for biologic drug sub-
stance development and manufacture 
translates to smaller drug product 
batch sizes in order to reduce risk. For 
lyophilization development scientists, 
this enforces the importance of for-
mulation and cycle development to 
ensure minimal product loss,” Morbey 
stresses. “Some high-volume paren-
teral manufacturers may be accepting 
of 90–95% yield from 200,000+ unit 
batches when producing 30 million 
units a year. For low volume, high-
value lyophilized biologics every dose 
is important. Unnecessary manufac-
turing line loss and rejects caused by 
inadequate lyophilization practices are 
not acceptable.”  

For Sacha, the increased need for 
lyophilization as a result of the rising 
proportion of biologics will be a long-
term effect unless combinations of 
excipients are developed that can offer 

the same, or better, stability improve-
ments as freeze-drying. “The challenge 
with freeze-drying biologics is that 
they can be sensitive to the stresses 
of freezing and drying” he says. “This 
issue requires study of the biologics’ 
sensitivity to interfacial interactions 
and loss of residual moisture to deter-
mine if certain protective agents are 
needed in the formulation.”

Turning the attention to highly po-
tent compounds in general, Reuter 
notes that the processing of such phar-
maceuticals puts special demands on 
the cleaning concept and construction 
of pharmaceutical plants so that safety 
of both the product and human life can 
be assured. “It is, therefore, important 
to develop a comprehensive and holis-
tic process for the filling and processing 
of highly potent substances, including 
comprehensive pressure and wastewater 
concepts, for example,” he adds.

“Many of the highly potent molecules 
are both poorly soluble in aqueous solu-
tions and unstable in solution. There 
have been a rising number of requests 
to lyophilize formulations that consist 
of 100% organic solvent or co-solvents,” 
Morbey says. “Lyophilization of organic 
solvent systems provides unique chal-
lenges to the development program 
and its equipment. The handling of the 
formulation and compatibilities of the 
material contact and equipment, need 
to be fully understood.”

Additionally, the development scien-
tist must comprehend how to remove 
the organic solvents from the cake to 
residual levels without affecting other 
product quality attributes, asserts 
Morbey. “Hopefully, the trend towards 
higher value biologics and highly po-
tent drugs translates to an increased 
understanding of the importance of 
the development activities. As qual-
ity-by-design approaches prove their 
worth, we expect this trend to continue 
well into the future.” 

Pandemic impact
Despite the fact that not all vaccines 
need to be freeze-dried, there is an 
overall positive impact on the demand 
for lyophilization happening as a re-

sult of the current pandemic situation, 
highlights Reuter. “Freeze-drying is the 
best way to safely and quickly achieve 
a successful formulation and facilitates 
the transport of pharmaceuticals to 
warmer regions,” he says. “Whether this 
is a long-term trend, however, cannot be 
assessed at this point in time.”

“In the short term, product stability for 
the COVID-19 vaccines will not be an 
issue in developed countries with cold 
supply chain capabilities because doses 
will likely be administered rapidly after 
manufacture,” Morbey adds. “However, 
with the potential for additional waves 
of the virus and the unknown approval 
timeline, it will be critical to stockpile 
both vaccines and therapies in order to 
have product available to meet future de-
mand. I am quite confident that many 
vaccines are currently being simulta-
neously developed as both a liquid and 
lyophilized dosage form.”

The same principle applies to proven 
anti-viral products, Morbey asserts. “If 
the liquid presentation is stable for 12 
months but the lyophilized presenta-
tion is stable for four years, the current 
demand does not require more than 12 
months of shelf-life,” he explains. “How-
ever, once the pandemic is under con-
trol, shelf life may become prohibitive 
for maintaining stockpiles to combat 
new outbreaks. For under-developed 
countries without cold supply chain 
capabilities, stable lyophilized vaccine 
and therapies are needed.”

Sacha remarks on the development 
of mRNA platforms, which are not nec-
essarily very stable in solution at room 
temperature. “These platforms may 
require cold storage that creates chal-
lenges for effective distribution around 
the world,” he states. “There is a potential 
that lyophilization can simplify the sup-
ply chain for these vaccines and facilitate 
widespread, global vaccination efforts.”

A further impact of COVID-19 is in 
the form of manufacturing capacity, 
which is being exhausted, continues 
Morbey. “Government agencies have 
acted quickly to buy manufacturing 
capacity from large contract manu-
facturers to support mass production 
of vaccines,” he says. “With reduced 
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liquid manufacturing capacity, drug developers can look to 
lyophilized presentations as a first step instead of a last resort.”

Trends gaining traction
Two trends are particularly important in Morbey’s opinion to 
continue gaining traction within the industry—understand-
ing the importance of product specific lyophilization cycle de-
velopment, and standardization of lyophilization equipment 
capabilities, controls, and PAT. “Cycle development is critical 
to ensure product quality and is dependent on the formulation 
characteristics and freeze-dryer capabilities,” he notes. “Tech-
nologies exist to fully characterize and understand product 
characteristics and develop cycles appropriately. When cycles 
are implemented on out-dated equipment or poorly controlled 
equipment, all the development and optimization efforts can 
be thrown out the window.”

Increasing system complexity, efficiency, and flexibility is 
a primary trend for Reuter. “As a result, there is an impulse 
to implement new technologies in the lyophilization system, 
for example PAT tools—not only for process monitoring but 
moreover for process control, making the process parameters 
adjustable within an allowable range,” he says. “Through better 
process understanding it is possible to significantly reduce the 
freeze-drying process duration and in combination with highly 
flexible fill/finish systems, small batches with rapidly changing 
container types, formats and ingredients can be processed.”

Another trend highlighted by Sacha is a reduction in the 
size of the lyophilizer itself so that efficiency can be increased. 

“Smaller lyophilizers may be needed to accommodate smaller 
volumes of product,” he states. “Biologic formulations are typ-
ically processed in smaller volumes than for many small mol-
ecule formulations and the formulations are quite expensive. 
Operating with smaller equipment will reduce loss of material 
and may improve handling of the product.”

Replacing currently used refrigerants with more environ-
mentally friendly ones is also a consideration of Reuter. “Fur-
thermore, investigating and implementing alternative heat 
sources, such as infrared or microwave, may also improve 
system efficiency and make lyophilization more attractive,” 
he comments. “For some lyophilized products, continuous 
manufacturing can be beneficial and spray freeze-drying has 
a positive future for certain application fields.”

“Manufacturing of lyophilized dosage forms is a tried and 
true process for organizations with this expertise. Significant 
changes are not needed; however, continuous improvement 
of equipment controls, PAT devices, and implementation of 
process understanding at commercial scale will lead to im-
provements in lyophilization practices industry wide,” Mor-
bey concludes. “With the right equipment, quality systems, 
and development expertise, the lyophilization process is a 
low-risk operation with significant benefits to the product.”

Reference
1.  Coherent Market Insights, “Lyophilized Drugs Market Analysis,” 

coherentmarketinsights.com, Market Report, July 2019. PT

syntegon.com/numbers

We take responsibility for everything we do. Our 
service employees make sure you get the support you 
need. Straightforward, quick and right there with you 
– ranging from support during product innovations and 
commissioning to after-sales service. Our portfolio 
continues to grow - and helps take you further!

Supporting 
the global 
fi ght against 
Covid-19

https://www.syntegon.com/numbers/en/


50    Pharmaceutical Technology SEPTEMBER 2020  PharmTech .com

Analytics

S
U

K
JA

I P
H

O
TO

 -
 S

TO
C

K
.A

D
O

B
E

.C
O

M

transfer. In the US, FDA’s guidance (1) 
on analytical method transfer is part 
of the agency’s overall guidance on 
method development, validation, and 
lifecycle management. For method 
transfer, FDA recommends perform-
ing comparative studies to evaluate 
accuracy and precision, and assess-
ing inter-laboratory variability across 
originating and receiving laboratories. 
For stability-indicating methods, both 
types of sites analyze forced degrada-
tion samples, or samples that contain 
pertinent product-related impurities. 

In Europe, the European Commis-
sion, Health and Consumers Director-
ate-General (2) guidelines outline that 
a method-transfer protocol should in-
clude, but not be limited to, identifica-
tion of the relevant test method(s) and 
testing to be performed, standards and 
samples to be tested, special transport 
and storage conditions, and acceptance 
criteria (2). The acceptance criteria 
should be consistent with the method 
validation and align with International 
Council for Harmonization (ICH)/and 
International Cooperation on Harmo-
nization of Technical Requirements for 
the Registration of Veterinary Medical 
Products (VICH) expectations.

ANVISA’s guidance outlines expec-
tations for the validation of analytical 
and bioanalytical methods (3). AN-
VISA considers a method transfer to 
be successful as long as precision, spec-
ificity, and linearity are evaluated.

Adding to the different analytical 
method-transfer recommendations 
are guidance documents published by 
the International Society for Pharma-
ceutical Engineering (ISPE), the United 
States Pharmacopeia (USP), and the 
World Health Organization (WHO). 
ISPE recommends that, ideally, at least 
two analysts at each lab independently 
analyze three lots of product in tripli-
cate; which results in 18 different exe-
cutions of the assay method (8). USP’s 
<1224>, which discusses compara-
tive, co-validation, and revalidation 
approaches to method-transfer test-
ing, recommends that testing be per-
formed on homogeneous lots of target 
material (9), while WHO lists possible 

M ethod transfers are required 
to enable critical medications 
to reach global markets. Chal-

lenges exist due to staggered submission 
timelines, different health authority 
requirements (e.g., from FDA [1] in the 
United States, the European Medicines 
Agency [EMA] [2] in the European 
Union, and the Brazilian Health Reg-
ulatory Agency [ANVISA] [3]), and 
varied importation standards and test-
ing requirements. In China (4), Russia 
(5,6), and Mexico (7), for example, test-
ing on imported medicines must be 
performed by government agencies or 
government-approved laboratories. In 

other cases, the testing must be per-
formed locally in the country involved 
(e.g., in Brazil, Peru, Chile, Argentina, 
Korea, and Japan). Given extended 
method-transfer timelines, discrete ma-
terial batches are often used for each 
site transfer. This practice can lead to 
duplicated efforts (e.g., in authoring new 
test protocols and generating new orig-
inating laboratory data across multiple 
methods throughout product lifecycles). 

New approaches to analytical method 
transfer are being evaluated to help 
streamline the overall transfer and 
site-certification process. This article 
examines one solution: standardized 
method-transfer kits, designed to im-
prove sustainability and consistency for 
site-to-site comparisons. It also reviews 
and summarizes global regulatory guid-
ance for analytical method-transfer. 

A number of different regulatory 
guidance documents recommend dif-
ferent approaches to analytical method 

Method-transfer kits help simplify analytical 
method transfer for global site certifications.
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experimental designs and acceptance 
criteria for test methods to account for 
the variability and sensitivity of the 
method and the specifications for the 
quality parameter (10).

Despite differences in site-certifica-
tion guidance, it is essential that compa-
nies develop a robust method-transfer 
strategy that will consistently generate 
comparable data across laboratories. 
From the authors’ experience, and as 
noted in a position paper on the transfer 
of analytical methods (11), a better over-
all prediction of consistent longer-term 
method performance is ensured by 
testing one or two representative and/
or range-challenging batch(es) with 
an increased number of testing setups 
rather than performing fewer setups 
with an increased number of batches. 

Without advanced planning, sam-
ple procurement, protocol authorship, 
and approval are time consuming and 
laborious, and can threaten project 
timelines. Method-transfer kits were 
designed to contain centrally-man-
aged batch(es) of representative ma-
terial (inclusive of matrix consider-
ations such as strengths and impurity 
profiles), as well as pre-defined and 
approved protocols to use for method 
transfers throughout the product 
lifecycle. The authors tested the kits, 
and this article describes the process 
as well as the results they observed.  

Definition of method-transfer kit 
A method transfer kit (MTK) includes 
representative materials to facilitate com-
parison of method performance across 
multiple laboratories during the product 
lifecycle. In addition, an MTK defines the 
setups, conditions, and acceptance crite-
ria for the given batch across the origi-
nating and all receiving laboratories. Per 
WHO (10), FDA (1), USP <1224> (9), and 
EMA (2) guidance, protocols are estab-
lished prior to method transfers and have 
pre-defined acceptance criteria. Much 
has been written about the process used 
to establish acceptance criteria, which is 
beyond the scope of this article (11–13). 
Using the MTKs, pre-approved originat-
ing and receiving laboratory protocols are 
associated with and leveraged for the first 
transfer and all those in the future. 

Once originating laboratory data are 
generated, the MTK benefits begin to be 
seen. The originating laboratory data are 
generated once, and the MTK material 
stability data are leveraged for multiple 
transfers within the stability period. For 
each analytical property, the stability 
period is defined as the time when the 
material must be comparable to the first 
originating laboratory data set. It does 
not mean that the material simply meets 
the shelf-life specification. 

During method transfer, each receiv-
ing laboratory will perform the same 
evaluations on the same material, with 

the same criteria for comparison to re-
sults from the originating laboratory. 

Method-transfer kits provide more 
control over sample variability to allow 
focus on assessment of method perfor-
mance between originating and receiv-
ing laboratories, regardless of when the 
transfer occurs. MTK samples can be 
leveraged to enhance the understand-
ing of control strategy at each receiving 
site as well. For example, incorporation 
of a representative degraded sample can 
demonstrate that correct results can be 
generated both at release and throughout 
the product lifecycle. 

When the receiving laboratory ana-
lyzes a degraded sample that its staff has 
never seen before, it affords an opportu-
nity for them to discuss potential impu-
rities and degradation chemistry with 
subject matter experts using tangible 
samples. Discussion of the degradation 
mechanisms, if they are known, can assist 
with troubleshooting before, during, and 
after transfer activities. 

Establishing a method-transfer kit
Figure 1 outlines the key steps to es-
tablish and maintain method transfer 
kits. First, there must be an under-
standing of sample numbers required 
per kit and the total number of kits 
required. For a typical small-molecule 
drug product, the analytical test meth-
ods may include those attributes that 
are listed in Table I. To determine the 
sample numbers required, the num-
ber of samples required to execute 
each method should be considered in 
the broader context of feasibility and 
method training studies, and the num-
ber of independent setups required to 
demonstrate equivalence or statistical 
comparability between the originating 
and all receiving labs. 

In the hypothetical example out-
lined in Table I, the number of tablets 
required to execute a single setup of 
the method is 20 tablets. However, 
when performing the method trans-
fer itself, due to multiple replicates 
for each setup and testing in both the 
originating and the receiving sites, 140 
tablets will ultimately be  required for 
training and six setups at one receiv-
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Figure 1. Steps to establish and maintain a method-transfer kit (MTK). 
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ing site. Table I indicates the minimum 
number of tablets required in this sit-
uation. Providing samples for training 
and transfer activities in a single MTK 
simplifies shipments and performance 

tracking, beginning with training and 
continuing throughout the transfer. 

If there are multiple doses, it may be 
necessary to establish the same number 
of samples for each dosage strength. Al-

ternatively, a bracketing strategy may 
be used, in which high- and low-dose 
strengths are leveraged to qualify the 
receiving laboratory, provided there is 
enough confidence in the methods and 
formulations that mid-range doses behave 
in a manner similar to high and low doses. 

For example, dissolution might have 
different release profiles for each strength. 
In this case, a dissolution MTK might be 
required for the intermediate doses, but 
an assay or uniformity of dosage units 
(UDU) test at the middle dose might not 
be required if working solutions are of 
comparable concentrations. 

Finally, the total number of method 
transfers that may occur within the pro-
jected shelf life of the MTK should be 
considered. In the hypothetical example 
in Table I, if 10 method transfers to dif-
ferent sites are projected, at least 4000 
tablets should be placed into MTK in-
ventory. One option involves packaging 
enough dosage units in a single MTK to 
satisfy feasibility and site certification for 
all quality attributes. Another alternative 

Table I. Hypothetical method-transfer requirements.

Analytical attribute

Number of 
samples required 
per execution of 

the method

Number of samples 
required for 

method feasibility

Number of samples 
required for method 

transfer per site

Description NA NA NA

Assay/uniformity of 
dosage units

20 20 120

Impurities 5 5 30

Dissolution 6 6 36

Water 5 5 30

Microbial testing
120

(depends on 
tablet mass)

Not applicable 120

Total (minimum for transfer 
and feasibility)

~400
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is to tailor the kits based on individual 
analytical attributes. In the latter case, a 
kit would be defined to accommodate 
enough materials to qualify a laboratory 
on a single attribute. For example, mi-
crobial testing is often performed by a 
separate laboratory group than that for 
chemical testing. Separate kits eliminate 
sharing of materials at the receiving lab 
(a possible source of cross-contamina-
tion). In another example, an impurities 
method-transfer kit might contain an 
impurity-enriched sample in addition to 
a typical sample that might contain very 
few, if any, impurities. Alternatively, an 
in-situ preparation could be provided to 
force the sample to degrade artificially 
(e.g., via exposure to acid, base, perox-
ide, heat, or light), or impurities could 
be provided to spike into the sample, if 
such a mix is not already part of a sys-
tem suitability mixture. For these cases, 
the protocol defines the method of 
preparation to drive MTK consistency. 

Determining storage conditions
Stability data generated in early clinical 
development are leveraged to define rep-
resentative sample MTK storage condi-
tions, to maintain product integrity and 
stability in cases where receiving labora-
tory results are comparable to originating 
laboratory results. Generally, to provide 
the greatest long-term stability, more 
conservative packaging and storage con-
ditions are applied to MTKs. For exam-
ple, to extend expected shelf life for drug 
product materials that must be stored at 
ambient temperatures, for MTKs, prod-
uct might be packaged in glass bottles, 
placed in a secondary laminated foil liner 
for additional light/moisture protection, 
and stored under refrigerated conditions. 

For drug products that are normally 
stored at refrigerated temperatures, fro-
zen or deep-frozen storage can also be 
considered to enhance product shelf life. 
For example, with protein pharmaceu-
ticals, it is important to avoid storage 

at the drug product formulation’s  glass 
transition temperature (14–16).  It is also 
important to avoid thermal cycling, to 
minimize the formation of impurities 
during sample handling. Finally, it has 
been beneficial to provide acceptable 
short-term alternate storage conditions 
on the MTK label based upon existing 
material stability knowledge (e.g., ac-
ceptable storage of transfer kits for up to 
one month at ambient conditions during 
transfer for drug products that are stable 
and normally stored at ambient condi-
tions). Such label information can ease 
the laboratory operation and address 
compliance considerations when han-
dling such MTK samples.

Kits for large molecules 
Special considerations are required for 
materials that change during routine 
storage (e.g., large molecules, peptides, 
and inherently unstable small mole-
cules) when more conservative storage 
conditions are not possible. The deg-
radation rate itself, depending upon 
severity, could pose problems when 
comparing mean results for method 
transfer and could be so severe that 
the MTK approach may not add value 
without alternative comparison options. 
In the case of a room-temperature, rela-
tively unstable small molecule that may 
be stored at more conservative condi-
tions, the specification may allow for 
an end-of-shelf-life specification that 
permits substantial degradation while 
maintaining efficacy. 
In the case of a refrigerated complex 
biologic that may be stored at more 
conservative conditions, the specifica-
tion may allow for an end-of-shelf life 
specification that permits a change in 
the molecule’s heterogeneity while still 
maintaining its efficacy. In this scenario, 
the receiving laboratory may demon-
strate that its staff can accurately quan-
titate relevant analytical properties (e.g., 
assay and impurity for small-molecule 
drug products or charge heterogeneity 
for complex biologics) on a sample that 
has degraded near the specification 
limit in order to demonstrate capability. 

Assuming Arrhenius degradation 
kinetics, a good sample to use for such 
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Figure 2. a) First method-transfer workflow, and b) Method transfer after 
the first method transfer completed (note that no originating laboratory 
activities are included). MTK stands for method-transfer kit. 
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a transfer would be one that has com-
pleted six months of an accelerated 
stability study at 40 oC/75% relative 
humidity, depending upon the degra-
dation rate. This sample should closely 
resemble a sample near its expiration 
date. Having “impurity-rich” samples 
in an MTK can be extremely helpful.

Method transfers using MTKs
Once MTK materials have been estab-
lished in the appropriate quantities, and 
stored in a manner that ensures their 
stability, method transfer activities can 
begin. Minimal benefit will be realized 
from the first method transfer (see Figure 
2a); however, subsequent transfers show 
that central storage and distribution of 
representative materials is very efficient.

Collaborating with the team’s statis-
tician, the analytical chemist working 
on the method transfer generates pro-
tocols that establish the experimental 
plan, along with the acceptance criteria. 
MTKs are then provided to both orig-
inating and receiving laboratories so 
that the receiving laboratory can begin 
feasibility studies while the originating 
laboratory executes the official transfer 
activities. The receiving laboratory can 
execute the official transfer after the fea-
sibility studies have been completed and 
reviewed by the originating laboratory. 
After both laboratories complete the ex-
periments, analyze and review the data, 

and write the final transfer report, the 
real MTK benefits will be seen in the 
second and later transfers (see Figure 2b). 
For each subsequent transfer that uti-
lizes the same MTK, the method-trans-
fer process becomes more streamlined. 

While storage conditions for the MTKs 
are intended to provide extended stability, 
the materials should be re-evaluated pe-
riodically to confirm continued stability 
and suitability for use. Initial re-evalua-
tion dating may be defined based upon 
existing stability data. For example, 
three-year development data under long-
term conditions in addition to accelerated 
stability and/or other stressed conditions 
might be used to justify at least an initial 
three-year re-evaluation period. Risk-
based predictive stability models could 
also be considered to assess overall sta-
bility and propose initial re-evaluation 
dating requirements. At the end of the 
re-evaluation period, expanded product 
stability knowledge management can be 
utilized to justify accepting the originat-
ing data package without change for an 
extended stability period. If an appro-
priate data set does not exist, the MTK 
material will be re-evaluated by the orig-
inating laboratory using stability-indicat-
ing methods. Re-evaluation tests are de-
pendent on registered product analytical 
properties as well as properties that have 
potential to change over time. 

For small-molecule solid oral dosage 

forms, potency is consistently included in 
re-evaluation plans. Other tests depend 
on historical product trends and may in-
clude water, purity, dissolution, or other 
properties that have been demonstrated 
to have potential to change on stability. 
For complex biologics such as monoclo-
nal antibodies, biopotency; monomer 
purity by size-exclusion chromatogra-
phy, charge heterogeneity, reduced and 
non-reduced purity by capillary electro-
phoresis sodium dodecyl sulfate; and crit-
ical excipients are consistently included in 
re-evaluation plans. Successful re-evalu-
ation test results can result in a decision 
to extend the dating for MTK material. 
MTK material with an undesirable 
change can result in retiring the material.

Documentation is necessary as part 
of re-evaluation planning. Documents 
should be saved in a format that is con-
trolled with revision history. In accor-
dance with ICH Q7 (17), as additional 
information is learned about the product, 
the re-evaluation strategy may be revised 
to extend or reduce dating and to add or 
remove characterization tests.

Case studies
In the authors’ experience, MTKs have 
allowed transfer time to be reduced 
from just over two months to ap-
proximately one month (per method). 
Additionally, when using MTKs, the 
benefits of avoiding the need to con-
tinually identify suitable transfer 
samples, generate meaningful accep-
tance criteria, and complete thorough 
protocol reviews cannot be overstated. 
Furthermore, MTKs stored in a central 
location with staff who have in-depth 
knowledge of import/export com-
pliance requirements can be shipped 
efficiently to speed transfer initiation. 

For the first small-molecule MTK, 
tablet kits were shipped to seven loca-
tions in Europe, Asia, North America, 
and South America. Specialty micro-
bial MTKs were supplied twice for mi-
crobial method verifications. 

Because a single batch of material 
was supplied to last for an extended 
time period, method performance 
comparisons could easily be made 
across different times, high-pressure 

Figure 3. Example method-transfer kit (MTK) results from the originating 
laboratory and seven different receiving sites.
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liquid chromatography (HPLC) col-
umns, mobile-phase batches, media, in-
strument types, capillaries, cartridges, 
and labs to determine assay consis-
tency or variability for each method 
or property. In addition, results from 
certifications across sites may aid in 
proactively preventing bias or reducing  
method variability. 

The originating site data set was pow-
ered with additional testing (n=8 setups 
in duplicate versus n=6 setups in dupli-
cate for all receiving labs) to better cap-
ture anticipated method variability for 
method-transfer assessments. Originat-
ing laboratory data, along with method 
validation accuracy and precision data, 
were used to establish acceptance crite-
ria for the transfers. 

Results showed no statistically signif-
icant difference between the originating 
laboratory and each of seven receiving 
sites over a three-year period. These 
data demonstrate that both the overall 
average results and the setup variability 
for each laboratory were in alignment 
with the originating laboratory data 
package, and each receiving laboratory 
was successfully certified through anal-
ysis of the same MTK materials over a 
three-year period (see Figure 3). 

 In a second small-molecule MTK 
example, assay results demonstrated 
no statistically significant difference 

between the originating laboratory and 
each of four receiving sites (Figure 4). 
While Site 3 met all acceptance criteria, 
the laboratory had higher variability 
and a lower average than observed at all 
other sites. This did not happen with the 
first example, suggesting that it might 
be a good idea to review site implemen-
tation experiences a bit more closely to 
identify sources of variability, such as 
those from sample preparation, and to 
monitor post-transfer data more closely. 

Conclusion
A systematic approach was outlined 
to select, store, and distribute rep-
resentative material and to generate 
robust method-transfer protocols to 
improve method transfers and make 
the site-certification process more 
efficient. In addition, MTK transfer 
data were provided that proactively 
demonstrated the scientific advantage 
of understanding whether a receiving 
laboratory may have a systematic bias 
or increased variability in its results.
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thereby establishing the foundation for 
subsequent articles in the series. The 
purpose and content of pharmacopoe-
ias is presented, and it is noted that the 
pharmacopoeias impact drugs and their 
ingredients throughout the entire product 
lifecycle. Additional important points are 
also introduced: a company must comply 
with “current” pharmacopoeia require-
ments, meaning a company must mon-
itor and implement updates published 
by the pharmacopoeias; and a company 
must comply with applicable pharmaco-
poeia requirements and also with their 
approved drug product registrations, so 
that a company must address the com-
plexity of these compliance challenges. 
The information provided in the first arti-
cle is useful for enabling engagement and 
discussion among the many stakeholders 
within a company who are impacted by 
pharmacopoeia requirements, ensuring 
a common understanding across the var-
ious functions, and helping to avoid the 
risks associated with non-compliance.

Why Pharmacopoeia  
Compliance Is Difficult
The second article (2) provides a compre-
hensive, end-to-end framework to help bio/
pharmaceutical companies better under-
stand the external and internal challenges 
that make pharmacopoeia compliance 
difficult. Among the external challenges 
are the lack of broad harmonization of 
pharmacopoeia requirements around 
the world and the significant number of 
new and revised requirements that are 
routinely published. Internal challenges 
for companies include the lack of broad 
understanding of the need for and the 
complexity of remaining compliant. En-
hanced awareness provided by the second 
article can facilitate the establishment and 
maintenance of collaborative partnerships 
among internal stakeholders to help ad-
dress the compliance challenges.

A Brief History of Pharmacopoeias:  
A Global Perspective
Today, there are as many as 40 pharmaco-
poeias published around the world. Their 
history, presented in the third article of 
the series (3), reveals a common purpose, 
which is to support the health of the pop-

C ompliance with requirements pub-
lished by pharmacopoeias around 
the world is a legal and regulatory 

requirement in those countries and regions 
in which the pharmacopoeia is applicable. 
This fundamental principle is presented at 
the beginning of a series of 12 articles (1–12) 
published to increase the understanding 
of this far-reaching and complex situation 
and to give practical guidance on ad-
dressing pharmacopoeia compliance. The 
articles appear in three online Regulatory 
Sourcebook eBooks and can be accessed 
through a dedicated webpage (13) with 
individual links to each of the 12 articles.

The detailed information in the articles 
provide important compliance consider-

ations for the bio/pharmaceutical industry, 
including innovator, generic-drug, virtual, 
and start-up companies who discover, 
develop, manufacture, and distribute 
small-molecule drug products, biothera-
peutic products, and vaccines, as well as 
the drug substances and excipients used 
in these products.

This current article provides an over-
view and summary of key points from the 
series—in effect, a narrative table of con-
tents—intended to bring greater awareness 
to the availability of the articles, which can 
help provide guidance for this important 
pharmacopoeia compliance work.

Why Pharmacopoeia  
Compliance Is Necessary
The first article in the series (1) provides 
the legal and regulatory basis for the fun-
damental principle of pharmacopoeia 
compliance in the United States, Eu-
rope, Japan, and many other countries, 

Processes, people, and tools are needed  
to comply with the pharmacopoeia  
and approved drug product registrations.

Pharmacopoeia Compliance:   
A Practical Guide
J. Mark Wiggins and Joseph A. Albanese

J. Mark Wiggins is owner and 
compendial consultant with Global 
Pharmacopoeia Solutions LLC. Joseph 
A. Albanese is the director of Analytical 
Strategy and Compliance at Janssen 
Research and Development, LLC.
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ulation through consistent standards for 
medicines. Many, including the United 
States Pharmacopeia, British Pharmaco-
poeia, and more recently, the European 
Pharmacopoeia, were established to har-
monize the content and remove incon-
sistencies between the various pharmaco-
poeias which then existed. Regional and 
international initiatives continue even 
today, with global pharmacopoeia stan-
dards being one potentially beneficial out-
come. The global and historical perspective 
is helpful in understanding the complexity 
and challenges of pharmacopoeia monitor-
ing and compliance.

Global Pharmacopoeia Standards: 
Why Harmonization Is Needed
Building on information in prior arti-
cles, the fourth article (4) provides some 
industry perspective on the benefit of 
harmonization or convergence of phar-
macopoeia standards around the world. 
When the standards are not aligned, the 
differences increase the cost and com-
plexity of compliance. The concepts of 
the “ideal pharmacopoeia” and “compen-
dial globalization” are presented as po-
tential models to help achieve consistent 
and appropriate quality requirements for 
medicines worldwide. Concluding the 
fourth article, readers are asked to imag-
ine a world where there is no need for 
translation, because the pharmacopoe-
ias are all saying the same thing. Global 
pharmacopoeia standards would help to 
support the availability of medicines with 
consistent quality for patients worldwide.

Harmonization Efforts 
 by Pharmacopoeias  
and Regulatory Agencies
There are many pathways to achieve har-
monization, and several approaches are 
currently underway. The pharmacopoeias 
and regulatory agencies around the world, 
in collaboration with their stakeholders, 
have been actively and successfully work-
ing toward harmonization for quite some 
time. The fifth article in the series (5) de-
scribes what has been achieved in this area 
so far and what is yet to come. Among the 
topics covered are the Pharmacopoeial 
Discussion Group and the International 
Council for Harmonization (ICH), with 

particular attention given to the ICH Q3 
topic on impurities and Q4B on the inter-
changeability of selected pharmacopoeia 
text. Contributions of the World Health 
Organization are also described, which 
include their convening of the Interna-
tional Meetings of World Pharmacopoeias 
and the resulting establishment of Good 
Pharmacopoeial Practices to encourage 
harmonization of compendial standards. 
Also discussed is the successful collabora-
tion between the bio/pharmaceutical in-
dustry and the pharmacopoeias to achieve 
prospective and informal harmonization 
of new monographs for drug substances 
and products.

Revision Process for 
 Global/National Pharmacopoeias
As noted in the first article (1), a com-
pany must comply with “current” com-
pendial requirements, which introduces 
the need to monitor and implement up-
dates published by the pharmacopoeias. 
The revision processes used by the phar-
macopoeias and their associated sched-
ules for publication of proposed and of-
ficial updates are detailed in the sixth 
article (6). Designating pharmacopoeias 
as either “global” or “national”, based 
on regulatory acceptance, can help give 
visibility to some of the differences be-
tween their processes. This in turn can 
assist individual companies in focusing 
their compendial work on those activi-
ties that help ensure compliance.

Surveillance Process for Industry: 
Monitoring Pharmacopoeia Revisions
The surveillance process used by the in-
dustry is driven by the revision process 
and publication schedules of the pharma-
copoeias. The seventh article in the series 
(7) takes a detailed look at industry pro-
cesses to monitor the significant volume of 
changes published and to achieve on-time 
compliance with updated requirements. 
Monitoring the pharmacopoeia updates 
provides an opportunity to respond to pro-
posed changes and provide input that may 
potentially impact the decision on whether 
and how the updates proceed. Practical 
guidance is presented in the context of a 
compendial affairs organization within a 
bio/pharmaceutical company. There is also 

an exploration of the additional people and 
tools necessary to establish effective, effi-
cient, sustainable, scalable, and successful 
processes for addressing the challenges of 
pharmacopoeia compliance.

Monograph Development:  
Why and When to Participate
As noted above, responding to proposed 
updates in the pharmacopoeias provides 
an opportunity for a company to poten-
tially influence the outcome. There is an 
opportunity for even more proactive ad-
vocacy through a company’s participation 
in the process to develop new and revised 
monographs. The eighth article of the se-
ries (8) presents many considerations to 
aid a company in determining whether 
or not to submit a monograph proposal. 
Additional considerations are provided 
on the most appropriate timing for a 
submission, from the perspective of both 
the pharmacopoeia and the company. 
The potential for achieving harmonized 
monographs is also discussed. The article 
makes it clear that the answers to these 
questions on monograph development 
may not be the same for all companies, or 
products in the portfolio.

Monograph Development:  
How to Participate;  
How to Harmonize
Having explored in the eighth article (8) 
the considerations of whether and when 
a company should submit a monograph, 
once decided, there are additional practi-
cal points to consider. These include how 
to navigate the process of working with 
a pharmacopoeia and how to approach 
prospective or informal harmonization 
of the monograph through collaboration 
with multiple pharmacopoeias. These 
additional points are described in the 
ninth article (9), which also includes de-
tailed considerations of which groups in 
a company should have the responsibility 
to submit the monograph and what spe-
cific information and materials are neces-
sary to support monograph development. 
Taken together, the eighth and ninth arti-
cles provide a comprehensive set of tools 
to enable a company to understand and 
successfully execute the monograph de-
velopment process.

Quality/Regulations
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A Practical Approach  
to Pharmacopoeia Compliance
Compliance with pharmacopoeia require-
ments that are applicable in a particular 
country, and also with product registra-
tions as approved in countries around the 
world, is a significant challenge for bio/
pharmaceutical companies. Effectively 
addressing differences between the phar-
macopoeia and approved registrations can 
be complex. The tenth article of the series 
(10) tackles the specific compliance chal-
lenge that occurs when a new monograph 
is published in the pharmacopoeias for 
a drug substance or drug product in the 
company’s portfolio. Possible options are 
provided to deal with differences in lim-
its and methods between the monograph 
and the previously approved registration. 
This practical guidance can help a com-
pany align on the best overall compliance 
strategy for a given situation.

A Case Study in  
Pharmacopoeia Compliance:  
Excipients and Raw Materials
The tenth article (10) dealt with externally 
based compliance challenges, driven by 
decisions made by the pharmacopoeias 
during the monograph development 
process. There are other compliance chal-
lenges that are internally based, resulting 
from decisions made by one functional 
area in the company without consider-
ation of the broader impact to other func-
tional areas throughout the organization. 
One such example can be found with raw 
materials and excipients, where a consis-
tent, cross-functional approach is needed 
to ensure the appropriate selection, sourc-
ing, testing, and filing of the materials 
used to manufacture bio/pharmaceutical 
products in a global environment. This 
case study is explored in the eleventh ar-
ticle (11), with principles and strategies 
provided to help companies ensure com-
pliance with applicable pharmacopoeia 
and regulatory requirements.

Pharmacopoeia Compliance:  
Putting It All Together;  
What Is on the Horizon
The final article of the series (12) at-
tempts to summarize and pull all the 
various threads of the individual ar-

ticles together into one consolidated 
picture of pharmacopoeia compliance. 
A holistic view is provided for the roles, 
responsibilities, activities, and other 
considerations, which are necessary 
to ensure compliance across the bio/
pharmaceutical industry. The article 
continues with a look ahead at topics 
that will likely result in further evo-
lution in the pharmacopoeias around 
the world. Some of the future trends 
explored are: new approaches to spec-
ifications, including those for complex 
biotherapeutics; the use of analytical 
quality by design and continuous man-
ufacturing; concerns with impurities, 
such as N-Nitrosamine contamination; 
and the growing importance of national 
pharmacopoeias from around the world, 
for example those in China, Russia, and 
Brazil. This look into what is on the 
horizon can help companies prepare for 
the inevitable changes in the pharmaco-
poeias and ensure the continued supply 
of quality medicines to patients globally.

Conclusion
The need for pharmacopoeia compli-
ance and the challenge of achieving it 
are explored in detail throughout the 
series of articles, which are intended 
to bring greater visibility and under-
standing of this fundamental principle 
to the bio/pharmaceutical industry. The 
articles present many facets of the pro-
cesses, people, and tools necessary for a 
company to comply with the pharma-
copoeia as well as their approved drug 
product registrations. The articles re-
f lect the continuing evolution of the 
pharmacopoeias, their requirements, 
and the need for harmonization to 
achieve truly global standards.

Along with the understanding and 
assistance provided to those who per-
form the work, the articles have the ad-
ditional goal of helping to ensure the 
continued availability of medicines 
with consistent quality. Meeting the 
necessary compliance requirements 
for these medicines ensures meeting 
the needs of patients around the world, 
regardless of where the patients live, 
where the medicines are manufactured, 
or which pharmacopoeias may apply.

Acknowledgment
The authors gratefully acknowledge 
the contribution of Susan J. Schniepp 
for her technical review and helpful sug-
gestions during the preparation of this 
series of articles.

References
1.  J.M. Wiggins and J.A. Albanese, “Why 

Pharmacopoeia Compliance Is Necessary,” 
Pharmaceutical Technology Regulatory 
Sourcebook eBook, 28–34 (September 2019).

2.  J.M. Wiggins and J.A. Albanese, “Why 
Pharmacopoeia Compliance Is Difficult,” 
Pharmaceutical Technology Regulatory 
Sourcebook eBook, 36–42 (September 2019).

3.  J.M. Wiggins and J.A. Albanese, “A Brief 
History of Pharmacopoeias: A Global 
Perspective,” www.PharmTech.com (Sep-
tember 2019).

4.  J.M. Wiggins and J.A. Albanese, “Global 
Pharmacopoeia Standards: Why Har-
monization Is Needed,” Pharmaceutical 
Technology Regulatory Sourcebook eBook, 
43–47 (September 2019).

5.  J.M. Wiggins and J.A. Albanese, “Harmo-
nization Efforts by Pharmacopoeias and 
Regulatory Agencies,” www.PharmTech.
com (September 2019).

6.  J.M. Wiggins and J.A. Albanese, “Revi-
sion Process for Global/National Phar-
macopoeias,” Pharmaceutical Technol-
ogy Regulatory Sourcebook eBook, 17–25 
(December 2019).

7.  J.M. Wiggins and J.A. Albanese, “Surveil-
lance Process for Industry: Monitoring 
Pharmacopoeia Revisions,” Pharmaceu-
tical Technology Regulatory Sourcebook 
eBook, 26–37 (December 2019).

8.  J.M. Wiggins and J.A. Albanese, “Mono-
graph Development: Why and When to 
Participate,” Pharmaceutical Technology 
Regulatory Sourcebook eBook, 14–23 
(March 2020).

9.  J.M. Wiggins and J.A. Albanese, “Mono-
graph Development: How to Participate; 
How to Harmonize,” www.PharmTech.
com (March 2020).

10.  J.M. Wiggins and J.A. Albanese, “A Practi-
cal Approach to Pharmacopoeia Compli-
ance,” Pharmaceutical Technology Regula-
tory Sourcebook eBook, 24–32 (March 2020).

11.  J.M. Wiggins and J.A. Albanese, “A Case 
Study in Pharmacopoeia Compliance: Ex-
cipients and Raw Materials,” www.Pharm-
Tech.com (March 2020).

12.  J.M. Wiggins and J.A. Albanese, “Phar-
macopoeia Compliance: Putting It All 
Together; What Is on the Horizon,” Phar-
maceutical Technology Regulatory Source-
book eBook, 34–42 (March 2020).

13.  Pharmaceutical Technology, “Pharma-
copoeia Compliance Series,” PharmTech.
com (September 2019). PT

https://www.pharmtech.com/view/why-pharmacopoeia-compliance-necessary-0
https://www.pharmtech.com/view/why-pharmacopoeia-compliance-necessary-0
https://www.pharmtech.com/view/why-pharmacopoeia-compliance-difficult-end-end-compendial-framework
https://www.pharmtech.com/view/why-pharmacopoeia-compliance-difficult-end-end-compendial-framework
https://www.pharmtech.com/view/brief-history-pharmacopoeias-global-perspective-1
https://www.pharmtech.com/view/brief-history-pharmacopoeias-global-perspective-1
https://www.pharmtech.com/view/brief-history-pharmacopoeias-global-perspective-1
https://www.pharmtech.com/view/global-pharmacopoeia-standards-why-harmonization-needed-0
https://www.pharmtech.com/view/global-pharmacopoeia-standards-why-harmonization-needed-0
https://www.pharmtech.com/view/global-pharmacopoeia-standards-why-harmonization-needed-0
https://www.pharmtech.com/view/harmonization-efforts-pharmacopoeias-and-regulatory-agencies-1
https://www.pharmtech.com/view/harmonization-efforts-pharmacopoeias-and-regulatory-agencies-1
https://www.pharmtech.com/view/harmonization-efforts-pharmacopoeias-and-regulatory-agencies-1
https://www.pharmtech.com/view/revision-process-globalnational-pharmacopoeias
https://www.pharmtech.com/view/revision-process-globalnational-pharmacopoeias
https://www.pharmtech.com/view/revision-process-globalnational-pharmacopoeias
https://www.pharmtech.com/view/surveillance-process-industry-monitoring-pharmacopoeia-revisions-0
https://www.pharmtech.com/view/surveillance-process-industry-monitoring-pharmacopoeia-revisions-0
https://www.pharmtech.com/view/surveillance-process-industry-monitoring-pharmacopoeia-revisions-0
https://www.pharmtech.com/view/monograph-development-why-and-when-participate
https://www.pharmtech.com/view/monograph-development-why-and-when-participate
https://www.pharmtech.com/view/monograph-development-why-and-when-participate
https://www.pharmtech.com/view/monograph-development-how-participate-how-harmonize
https://www.pharmtech.com/view/monograph-development-how-participate-how-harmonize
https://www.pharmtech.com/view/monograph-development-how-participate-how-harmonize
https://www.pharmtech.com/view/practical-approach-pharmacopoeia-compliance
https://www.pharmtech.com/view/practical-approach-pharmacopoeia-compliance
https://www.pharmtech.com/view/practical-approach-pharmacopoeia-compliance
https://www.pharmtech.com/view/case-study-pharmacopoeia-compliance-excipients-and-raw-materials
https://www.pharmtech.com/view/case-study-pharmacopoeia-compliance-excipients-and-raw-materials
https://www.pharmtech.com/view/case-study-pharmacopoeia-compliance-excipients-and-raw-materials
https://www.pharmtech.com/view/pharmacopoeia-compliance-putting-it-all-together-what-horizon
https://www.pharmtech.com/view/pharmacopoeia-compliance-putting-it-all-together-what-horizon
https://www.pharmtech.com/view/pharmacopoeia-compliance-putting-it-all-together-what-horizon
https://www.pharmtech.com/view/pharmacopoeia-compliance-series
https://www.pharmtech.com/view/pharmacopoeia-compliance-series


Pharmaceutical Technology SEPTEMBER 2020    65

Agilent .................................... 63

Allegheny Bradford 

   Corporation .........................15

Almac Group.......................... 45

Bioserv Corporation ...............13

Cambrex .................................. 9

Cascade Chemistry .............. 27

Catalent ................................. 68

Coating Place .......................... 7

Colbert Packaging ........... 28–29

DATWYLER  

   Sealing Solutions ................ 55

IKA Works, Inc. .......................51

LGM Pharma .......................... 31

LIGAND..................................... 3

Lonza...................................... 57

Mission Pharmacal  
   Company ............................ 59

Pace Analytical .......................61

PDA .........................................11

Perfex ..................................... 21

Pfizer CentreOne....................17

ROSS Mixers .................... 23, 65

Samsung Biologics .................67

Sartorius Stedim  
   Biotech GmbH ...................... 2

Syntegon  
   Technology GmbH .............. 49

Thermo Fisher Scientific ....... 47

USP–Chemical  
   Medicines Program ............ 25

Veltek Associates, Inc ............. 5

Vitronic ................................... 53

Wavelength Pharma ............. 35

Ad Index
COMPANY PAGE COMPANY PAGE

Mixing/Blending/Drying

MANUFACTURING/PROCESSING EQUIPMENT

MARKETPLACE

1-800-243-ROSS
 www.HighShearMixers.com

Scan to learn more.
 
Try our mobile app:
mixers.com/web-app
 

HIGH SHEAR 
MIXERS

World’s Widest Selection,
Single Stage to Ultra-High Shear!

PT_CHARLES ROSS & SON_0118_6739150.pgs  01.10.2018  01:49    ADVANSTAR_PDF/X-1a  blackyellowmagentacyan

Bristol Myers 
Squibb and 
Dragonfly 
Therapeutics 
Form $475-Million 
Immunotherapy 
Deal
Bristol Myers Squibb and 
Dragonfly Therapeutics 
announced on August 
17, 2020 that they have 
entered into a $475-million 
definitive agreement for the 

global exclusive license to 
Dragonfly’s interleukin-12 
(IL-12) investigational 
immunotherapy program, 
including its extended 
half-life cytokine DF6002, 
a monovalent IL-12 
immunoglobulin Fc fusion 
protein for anti-tumor efficacy.

Through the agreement, 
Bristol Myers Squibb will 
handle the development 
and commercialization 
of DF6002 and its related 
products worldwide, including 
strategic decisions, regulatory 
responsibilities, funding, and 
manufacturing, a Bristol Myers 
Squibb press release said. 
Dragonfly will obtain $475 
million in near-term upfront 
payments and is eligible to 
receive performance-based 

development, regulatory, 
and commercial milestone 
payments, along with 24% on 
royalties on worldwide net sales.

Source: Bristol Myers Squibb, 

“Dragonfly Therapeutics and 

Bristol Myers Squibb Announce 

Exclusive Global License for 

Dragonfly’s IL-12 Investigational 

Immunotherapy Program,” Press 

Release, Aug. 17, 2020. 

J&J to Acquire 
Momenta 
Pharmaceuticals 
for $6.5 billion
Johnson & Johnson (J&J) 
announced on August 
19, 2020 that it has 
entered into a definitive 
agreement to acquire 

Momenta Pharmaceuticals, 
a biotechnology company 
based in Cambridge, MA, for 
$6.5 billion.

According to a press release, 
the deal is expected to close 
during the second half of 
2020. Until then, Momenta 
will operate as a separate and 
independent company.

“Programs such as 
nipocalimab have the 
potential to improve the lives 
of countless patients suffering 
from autoimmune and fetal 
maternal diseases,” said Craig 
Wheeler, president and CEO of 
Momenta, in the press release.

Source: Momenta, “Momenta 

Enters Definitive Agreement 

with Johnson & Johnson,” Press 

Release, Aug. 19, 2020. 
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Q.We recently performed a detailed assessment 

of our computer systems for compliance with 

the applicable regulations, especially 21 Code of 

Federal Regulations Part 11 (1). The aim was to remedy critical 

systems first, if any gaps were found. However, almost all 

systems ended up in the critical category and many of these have 

compliance gaps. We do not have the resources to address all of 

these now, so how can we prioritize?

A.Your approach to perform a review and apply a risk assess-

ment (RA) is commendable and correct. As you did not pro-

vide details about the criteria in your RA and how you weigh them, 

my answer has to be generic as this is a common issue when it 

comes to computer systems.

The principles of computer systems validation (CSV) are not 

dissimilar to process validation. To validate a process, you need 

to have qualified equipment. Similarly, for CSV, you need to have a 

qualified infrastructure. Once this is in place, you can then validate 

software for business purposes. This allows you to focus your 

compliance assessment on the software.

The next step is to perform a straightforward triage (see 

Figure 1).

Next comes the risk assessment, and in order to do this 

logically and compliant, we should follow regulatory guidance. 

FDA guidance states, “The extent of validation studies should be 

commensurate with the risk posed by the automated system” 

(2). Guidance from the Medicines and Healthcare products 

Regulatory Agency (MHRA) in the United Kingdom states, 

“Validation effort increases with complexity and risk (determined 

by software functionality, configuration, the opportunity for user 

intervention and data lifecycle considerations)” (3). The key word 

here is complexity. When you look through your inventory of 

computerized systems, you should be able to at least make a 

distinction between simple and complex systems, such as a Karl 

Fischer titrator and a chromatography data management system.

The regulations demand that your validation is for the intended 

use of the computerized system. The intended use should be 

documented or referenced in the system inventory. All too 

often, companies fail to document the intended (i.e., actual) use 

of the system. For example, an electronic quality management 

system may have many modules, but you may only be using the 

documentation management and the training module. When you 

assess your system for compliance, make sure that you assess 

these modules specifically, instead of a whole range of installed, yet 

not used, modules. 

Now you should have been able to identify the critical systems 

and the gaps in compliance based on intended use. It is generally 

possible to categorize the remediation effort for eliminating these 

gaps into short-, medium-, and long-term activities. A short-term 

solution may be to stop using a particular instrument; a medium-

term solution may be an upgrade of the software or a revalidation 

exercise; and a long-term measure could be the replacement of a 

piece of automated equipment.

Coming back to your question, you may want to review 

your approach to assessing your systems and verify you really 

understand each item’s intended use based on the above 

recommendations. This should leave you with a much more 

manageable task in hand.

References
 1. CFR Title 21 Part 11 Electronic Records; Electronic Signatures. 
 2. FDA, Data Integrity and Compliance with Drug CGMP, Questions 

and Answers, Guidance for Industry (CDER, CBER, December 2018). 
 3. MHRA, ‘GXP’ Data Integrity Guidance and Definitions (MHRA, 

March 2018). PT

Computer Systems Validation– 
a (Un-)Manageable Task?

An assessment can identify the critical systems and the gaps in compliance  
based on intended use, says Siegfried Schmitt, vice president technical, Parexel.

Figure 1.Simple compliance assessment for automated 
systems.
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