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

Rita Peters

W ith some indicators showing 
vaccines are helping to ease 
the number of the COVID-19 

infections in some regions, many peo-
ple are asking when they will be able 
to resume previously routine activities. 
The US Centers for Disease Control 
and Prevention attempted to answer 
some questions about when it is safe 
to stop wearing a face mask for typical 
social situations in an April 27, 2021 
guidance for fully vaccinated people (1). 
The underlying message: if you are fully 
vaccinated, you can participate in more 
normal activities without wearing a 
mask compared with people who have 
not been vaccinated.

In the United States, the initial frenzy 
to secure a COVID-19 vaccine calmed 
as vaccine production ramped up to 
meet demand; as of late April 2021, al-
most 30% of the adult US population 
was fully vaccinated (2). The next con-
cern is convincing the vaccine-hesitant 
that the risks of not getting vaccinated 
far outweigh potential side effects of the 
injection. One positive sign is that as 
more people are vaccinated, more peo-
ple holding a “wait-and-see” approach 
are lining up to get vaccinated. However, 
a persistent group of approximately 20% 
said they would get the vaccine only if 
required or not at all (3).

Various statistical models suggest that 
the combined number of vaccinated 
adults and people with some immunity 
due to exposure to the virus may mean 
herd immunity is within reach for the 
US. There are warnings, also, that the 
nation can slip back and forth over this 
crucial threshold if a sufficient number 
of people are not vaccinated. 

With the virus raging in hotspots 
such as India and Brazil, however, a 
quick end to the pandemic is not in 
sight. Evolving variants threaten to set 
back advances made thus far. Some pa-
tients have lingering, and sometimes 
debilitating, effects from COVID-19. 
The task of healthcare professionals 
and pharmaceutical researchers to 
control the pandemic—and deliver 
new treatments—is not yet done.

New and repurposed treatments
In the 15 months following the initial 
outbreak of the SARS-CoV-2 virus, bio/
pharmaceutical companies launched 
more than 850 research programs for 
vaccines and treatments for COVID-19, 
including 218 vaccines, nearly 250 
antivirals, and nearly 400 treatments;  
approximately 46% were in clinical- 
phase development. Approximately 

one-third of the antivirals and 90% 
of the treatments were redirected or  
repurposed therapies (4).

Meanwhile, the National Institutes 
of Health has announced a large Phase 
III clinical trial to evaluate existing 
prescription and over-the-counter 
medicines for people to self-administer 
at home to treat COVID-19 symptoms. 
The goal is to determine treatment op-
tions for patients with mild-to-moder-
ate symptoms, who are not sick enough 
to be hospitalized, to take at home. Cur-
rently, there are no approved medicines 
that patients can take at home to ad-
dress symptoms of the disease. The trial 
will study up to seven drugs already ap-
proved by FDA for other conditions (5). 

While the public may be eager to throw 
away the masks and get back to “nor-
mal” life, the reality is that COVID-19 
will not magically go away any time soon. 
Treatments to manage the symptoms 
will be a big part of the bio/pharma pic-
ture for the foreseeable future. For bio/
pharma companies, the work goes on.

References
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PRODUCT SPOTLIGHT

Inline High Shear Mixers
Inline High Shear Mixers from 
ROSS are suitable for a wide range 
of dispersion, emulsification, and 
homogenization requirements, 
while remaining completely 
portable and explosion-proof. 
The models can be equipped 
with a NEMA 7/9 operator station 
pre-wired and mounted to the 
mobile mixer cart. The controls 
can be customized to include a viewing window for process variables 
and intrinsically safe thermocouple, which is attached to the motor’s 
internal thermal switch. Kalrez elastomers allow the mixer to be used 
in extreme-duty processes with chemically aggressive fluids. Stainless 
steel construction, sanitary tri-clamp connections, 3A stamps, double 
mechanical seal, and washdown motors are also available. 

Charles Ross & Son Company

www.mixers.com

 
 
 

Bag Dump Module for 
Bulk Solid Equipment 
Munson Machinery introduced a new 
Bag Dump Module for installation on 
the lids of bulk solid mixers, blenders, 
s ize - reduc t ion equ ipment ,  and 
storage vessels to maintain the dust 
produced when bulk materials are 
dumped manually. The self-contained, 
stainless steel module features a dust 
hood with a hinged door, a blower 
that pulls airborne dust onto the outer surface of two PTFE one-
micron pleated cartridge filters, and air nozzles that continually 
dislodge collected dust and return it to the vessel below.

Additionally, the module comes equipped with a removable, 
safety-interlocked access panel for inspection or replacement of the 
filters, an optional safety-interlocked grate that can be removed for 
access to the vessel’s interior, and pre-drilled flanges on the back 
and sides of the hood for efficient fastening to mixers, blenders, size 
reduction equipment, storage vessels, and other equipment. The 
module can also be mounted on a floor hopper to charge conveyors, 
or gravity discharge from mezzanines into process equipment or 
storage vessels.

Munson Machinery 

www.munsonmachinery.com

Automatic Balance for 
Powder Weighing
The XPR Automatic Balance by 
Mettler Toledo works to reduce 
ex p o s ure  r i s k  a n d  e n s ure 
precision and throughput while 
powder weighing in laboratories. 

The device doses from an 
enclosed head into target vials 
or capsules with openings 6 mm 
in diameter, then utilizes live 
feedback to determine a substance’s flow characteristics, while 
improving dispensing efficiency. With the ability to be operated 
inside a glove box or safety enclosure, the balance reduces airborne 
exposure risk, eliminates spill risk, and lessens the need to open 
the balance door and transfer compounds from the main container 
into a secondary container. Manual operation of the balance is also 
possible when combined with liquid dosing, eliminating scooping in 
or out to meet targets and reducing sample sizes up to 30%. 

Mettler Toledo

www.mt.com

Single-Use Biomass Sensor
Aber Instruments launched its new 
Futura neotf single-use biomass 
sensor for process fingerprinting 
for on-line monitoring and control 
of cell culture. Formulated for 
integration with Thermo Fisher 
Scientific’s single-use bioreactors, 
the Futura neotf works to support 
scale-up for biologics and vaccine 
manufacturing.  

Using capacitance measurement technolog y, the sensor 
measures biomass on-line every four seconds, is sample-less, 
enables walk-away analysis, and collects real-time data without 
removing samples from the bioreactor. When using the fingerprints 
from the sensor, scientists can maintain the critical process 
parameters and critical quality attributes of their biologics and 
vaccines from batch to batch while using data from the device 
for advanced control including, determining optimum cell harvest 
or virus infection times, improving product yield and quality, and 
reducing the cost of goods. 

Aber Instruments

www.aberinstruments.com

https://www.mixers.com
https://www.mt.com/us/en/home.html
https://www.munsonmachinery.com
https://aberinstruments.com
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FDA and Industry Move  
to Renew New Drug  
User Fee Programs

F ollowing several months of ne-
gotiations involving regulators, 
industry, and patient and con-

sumer advocates, updated programs 
supporting the development and review 
of prescription medicines are being 
readied for approval by federal agencies 
and ultimately by Congress. The fee 
programs so critical to FDA operations 
for regulating drugs and other medical 
products must be renewed every five 
years, this time in 2022, and a range 
of entities need to sign off on various 
changes and updates to the programs. 
The negotiators are finalizing “com-
mitment letters” that spell out what 
industry will pay and what policies 
and programs FDA will implement 
with those funds, to be referenced in 
implementing legislation. 

Although it may seem that there’s 
plenty of time to finalize new user 
fee packages and to gain legislative 
approval before the current authority 
expires in September 2022, there is 
pressure to move the proposals for-
ward in the next few months to meet 
this deadline. The discussions involve 
separate user fee packages for drugs 
and biologics (Prescription Drug User 

Fee Act [PDUFA] VII), generic drugs 
(Generic Drug User Fee Amendments 
[GDUFA] III), and biosimilars (Bio-
similar User Fee Act[BsUFA] III). 
The legislators usually look to autho-
rize the new fee packages as part of a 
broader bill enacting a host of projects 
and requirements for drug regulation, 
development, and marketing, possibly 
including an updated version of the 
21st Century Cures Act with provi-
sions governing clinical research and 
data disclosure. 

FDA kicked off the fee negotiating 
process for renewing PDUFA VII at 
a public meeting in July 2020. Nego-
tiations have involved subgroups for 
manufacturing and inspections, dig-
ital health and informatics, finance, 
regulatory decision tools, and pre- 
and post-market review (1). A main 
topic has been the need to increase 
fee revenues allotted to the Center for 
Biologics Evaluation and Research to 
provide additional support and re-
sources to oversee a fast-expanding 
volume of applications for cell and 
gene therapies, including expedited 
development of regenerative medicine 
therapies. And industry continues to 
press FDA for progress in hiring and 
retention of a “world-class technical 
and scientific staff” (1). 

PDUFA agreements direct the Cen-
ter for Drug Evaluation and Research 
to utilize fee revenues to streamline 
and manage multiple meetings with 
sponsors and to advance rare disease 

therapies and use of real-world evi-
dence, model-informed drug devel-
opment, and complex clinical trial de-
signs. A new program may test broader 
use of “split real-time” review of cer-
tain innovative drugs.  

The program also will continue 
support for innovative manufacturing 
technologies and efforts to address 
more clearly chemistry, manufacturing, 
and controls issues during develop-
ment. There is agreement on enhanc-
ing oversight of postmarket drug safety 
and risk evaluation and mitigation 
strategies, and to utilize more broadly 
analytics from FDA’s Sentinel Initia-
tive. An important goal is to further 
implement digital health technologies 
and bioinformation to streamline drug 
development and review. 

All these initiatives will continue to 
boost industry fees. Drug application 
fees are slated to reach $4 million over 
the five years of the program ending in 
2027, up from nearly $3 million today. 
This increase reflects the steady rise in 
the portion of FDA operations funded 
by industry user fees, which now ac-
count for about half of the agency’s 
budget for regulating drugs and bio-
logics. While some observers complain 
that this arrangement gives industry 
too much inf luence over FDA deci-
sions, Congress seems fairly content 
with the financial arrangement. And 
FDA officials maintain that increased 
reliance on fee revenues does not sway 
approval decisions. 

Updates to user fee programs that fund FDA operations  
are being finalized by industry stakeholders for approval by Congress.

Jill Wechsler

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.
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Fees for generics, biosimilars, OTCs
Negotiations also are winding up for 
reauthorization of GDUFA III, which 
was launched at a July 2020 pub-
lic meeting. After making notable 
changes in fee categories and rates 
in 2017 revisions, current discus-
sions have focused on plant inspec-
tion processes, drug master file use, 
application review goal dates, and 
enhancements to the inactive ingre-
dient database (2). Main innovations 
aim to facilitate the review of com-
plex generics, of the continued rise in 
supplements seeking post-approval 
changes, and for controlled corre-
spondence. These and other changes 
aim to achieve more application ap-
provals in the first review cycle, pos-
sibly by assessing facility status earlier 
in the review process.   

Similarly, FDA is considering revi-
sions to BsUFA III to further stream-
line the approval process and facilitate 
patient access to less costly biotech 
therapies. That discussion began with 

a public meeting in November 2020, 
where FDA officials presented their 
goals for updating the program, ac-
knowledging the need for additional 
guidance on interchangeable biosim-
ilars (3). FDA seeks to better manage 
meetings with sponsors, who want 
advisory sessions to begin earlier in 
product development. Manufacturers 
emphasized the importance of build-
ing a capable staff to manage this 
program, along with upgrading infor-
mation technology supporting BsUFA. 
Consumer advocates would like FDA 
to address how current reimbursement 
policies and misinformation stymies 
biosimilar marketing, but that may lie 
outside the user fee agreement. 

And, separately, FDA is launching 
its new user fee program for over-the-
counter (OTC) drugs, after agreeing 
to drop levies on manufacturers that 
jumped in to produce hand sanitizer 
to combat the spread of COVID-19. 
FDA included fees for such firms in its 
December 2020 publication of policies 

governing the new Over-the-Counter 
Monograph Drug user fee program 
(OMUFA), which was authorized by 
Congress in March 2020 as part of 
broader pandemic legislation. But 
an outcry from firms such as liquor 
distillers forced FDA to drop the fees 
for companies that only produce hand 
sanitizer in response to the public 
health emergency. A new fee schedule 
was published March 26, 2021 with re-
vised fees for facilities and for OTC 
products for the current year (4). 

References
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Injecting Innovation  
into Drug Packaging
Felicity Thomas

Complex formulations, personalized  
medicines, COVID-19 therapies, and 
sustainability goals are driving innovations.

tainer closure systems that meet regu-
latory requirements reduce the risk of 
leachables, provide container closure 
integrity, and minimize particulate risk.”

For Fabian Stöcker, vice-president, 
Strategy and Innovation at Schott Phar-
maceutical Systems, there is an increas-
ing trend towards unique packaging 
solutions due to the rise in distinctive 
drug formulations being developed. 

“There is simply not a ‘one size fits all’ 
approach that is feasible when consid-
ering the various aspects that must be 
fulfilled to safely store and administer 
drugs,” he says. “These requirements are 
determined, among others, by the drug 
product; for example, a highly sensitive 
drug will need a primary packaging that 
reduces drug/container interaction.”

The route of administration also plays 
an important role, Stöcker emphasizes. 
Whether the drug be injected intrave-
nously or subcutaneously, at home or 
in a hospital setting, there are various 
needs that should be considered prior to 
choosing the ‘best-fit’ packaging, he adds. 

“Moreover, packaging requirements for 
pharmaceuticals change over time as the 

I   t is estimated that the pharmaceu-
tical packaging market will experi-
ence growth at a compound annual 

rate of 6.1% during the forecast period 
of 2020–2027 (1). This growth is accom-
panied by changes in technical require-
ments and market demands that are 
driving opportunities for innovation.

According to Jens Kürten, group senior 
director, Communication and Marketing, 
Gerresheimer, there are nine megatrends 
that will both characterize and influence 
the pharmaceutical packaging market. 

“[These trends are the] rise in chronic 
conditions and an aging population, rapid 
growth in generics, better healthcare 
provision in emerging markets, growing 
urban populations and middle classes, ris-
ing costs in healthcare and stricter regula-
tory requirements, more biosimilars and 
biologics, self-medication and personal-
ized medication, growth trend in vaccina-
tions, and sustainability,” he asserts.

Market influences
“Pharmaceutical packaging requirements 
are influenced by the increasing need for 
patient self-administration and the in-
creasing number of biological therapies, 
including cell and gene therapies, as well 
as the latest developments in COVID-19 
vaccines,” says Janina Lehmann, senior 
director of Technical Customer Support, 
North America and Europe at West 
Pharmaceutical Services. Therefore, 
companies are seeking solutions that 
are more advanced and ready-to-use, so 
that the drug product quality, safety, and 
efficacy are protected, she explains.

When approaching packaging solu-
tions for injectable drug products, 
Lehmann continues, it is important to 
achieve good compatibility with the pri-
mary container. “New technologies are 
improving drug stability and minimiz-
ing drug/container interaction during 
shelf life,” she notes. “High-quality con-
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lifecycle of the drug continues,” Stöcker 
states. “In most cases, a new drug (e.g., a 
COVID-19 vaccine) is introduced to the 
market in a vial. In the mid- to long-term, 
most drugs then shift to prefillable sy-
ringes to simplify routes of administra-
tion among others.” 

A rise in demand for therapies that can 
be administered by the patient themselves 
and the expanding biological therapy 
pipeline are driving innovation in both 
containment and delivery of injectables, 
Lehmann specifies. Continuing innova-
tion in primary packaging solutions that 
are in line with serialization will also help 
to improve supply chain transparency 
and combat counterfeiting, she says.

From the machine manufacturer’s 
perspective, Andreas Mattern, director 
Product Management Pharma, Syn-
tegon (formerly Bosch Packaging Tech-
nology), reveals that the most significant 
changes impacting packaging equipment 
are mainly due to the requirement for 
smaller batch sizes. “[These batch sizes 
command] faster changeover from one 
product and one packaging style to an-
other, requiring highly flexible equip-
ment, [while] operators and products 
[must be protected] from each other to 
avoid contamination, especially in pri-
mary packaging,” he says.

Strong demand is being seen for 
comprehensive turnkey projects, adds 
Jan Deininger, group communica-
tions manager at Optima Packaging 
Group. “Projects are often realized 
using a turnkey manufacturer for fill/
finish, the isolator technology, and, if 
required, also for freeze-drying,” he 
says. “In the area of fill/finish, robot-
ics is also being used more frequently. 
Digitalization continues to offer great 
potential for a further increase of pro-
duction reliability in pharma.”

Overall, pharmaceutical packaging re-
quirements are increasing, stresses Stu-
art Brown, business development man-
ager, Sanner Group/Sanner of America. 

“Packaging solutions should be simple 
and have a high usability. They must pro-
tect the content and, in the best case, also 
provide intelligent functions to enhance 
patient adherence,” he notes. “Moreover, 
customers request more eco-friendly 

options to reduce or avoid plastic. They 
are also interested in the sustainability 
strategy of the producer.”

Pandemic demands
“The COVID-19 pandemic presents a 
unique challenge to global health and 
has strongly increased the demand for 
vaccines and therapies in health clin-
ics,” Lehmann says. “Vaccine manufac-
turers and biotechnologies companies 
are developing COVID-19 vaccine 
candidates using different technolo-
gies such as mRNA, DNA, protein, and 
viral vectors. Each vaccine has differ-
ent requirements for storage, prepara-
tion, and administration.”

As a result, it has been necessary to 
design the packaging for the vaccines 
with these specific requirements in 
mind to ensure the safety and efficacy 
of the therapeutic product are protected. 

“Several of [the COVID-19] vaccines 
require storage at ultra-cold or cold 
temperature, and multi-dose prepara-
tion,” Lehmann continues. “Advanced 
packaging solutions tailored to sensitive 
biologics such as nucleic acid and protein 
vaccines are reducing development risks 
and accelerating path to market. Agility 
in vaccine development, including the 
container closure systems, is essential to 
COVID-19 treatment, while maintaining 
quality and safety. Speed and efficiency 
in parenteral drug development will re-
main post the COVID-19 pandemic, and 
pharmaceutical companies will benefit 
from a more robust supply chain.”

Pharmaceutical packaging was al-
ready experiencing steady growth for a 
number of years prior to the COVID-19 
pandemic, reveals Stöcker, particularly 
for companies like Schott that produce 
the standard borosilicate glass vials, 
which are currently needed for vaccines. 

“Relying on standard containers and 
proven materials [such as borosilicate 
glass vials] has allowed the industry to 
speed up many processes,” he says. “It 
also appears that the pandemic will have 
an effect on the packaging market for 
some years to come, as vaccine booster 
shots will likely be needed each year.”

Gerresheimer, which also produces 
borosilicate glass vials, had similar 

experiences to those elaborated on by 
Stöcker. “[The year] 2020 was marked 
by the outbreak of the COVID-19 pan-
demic, which heightened awareness and 
increased the significance of a function-
ing healthcare system, good provision 
of drugs and medical technology, as 
well as access to preventive healthcare,” 
continues Kürten. “In particular, vac-
cinations have come to the fore as a key 
means of preventing infectious diseases. 
Our products, especially vaccine vials 
made from borosilicate glass, are play-
ing a major role in the preparation and 
implementation of COVID-19 vaccina-
tion campaigns.”

Both Schott and Gerresheimer have 
confirmed increased investment in pro-
duction capacity to account to the ris-
ing demand of vials for vaccines, which 
Kürten highlights will continue beyond 
the COVID-19 pandemic as more peo-
ple take up vaccinations of all kinds. 

“The importance of vaccines and inject-
ables will increase, with annual growth 
rates of 6–10%,” he says. 

There has also been an increased de-
mand for filling and closing lines with 
high output for COVID-19 vaccines, 
adds Deininger. “Great efforts have 
been made to adapt existing filling sys-
tems for vaccine filling and to build new 
filling systems as quickly as possible,” 
he states. “The vaccine lines were de-
signed with high output rates, high fill-
ing accuracies, and isolator technology.”

For Mattern, demand for over-the-
counter drugs and nutritional sup-
plements, formulated as tablets and 
capsules, rose during the pandemic, 
in addition to a strong increase in  
demand for injectables. “[As inject-
ables] are typically packaged in vials, 
most of the initial demand was met by 
repurposing existing equipment, but 
especially for the vaccines, we assume 
there is going to be a lasting demand 
for additional processing and packaging 
capacity,” he says. 

“COVID-19 has changed the typical 
working day of everyone involved in 
pharmaceutical packaging—from the 
drug producer and contract packer to 
the packaging supplier and the equip-
ment manufacturer,” Mattern asserts. 
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“We have all experienced the need for 
faster delivery times of our core prod-
ucts (drugs, packaging, and equipment).” 

Opportunities for growth
Optimization of production will be a 
key focus for packaging producers in 
2021, reveals Brown. “[In 2020], many 
new capacities were built up, partly from 
scratch, to fulfill the increased demand,” 
he says. “When things settle back to nor-
mal again, we need to align the old and 
new capacities and identify potential for 
optimization in automation and digi-
talization, but also in performance and 
energy efficiency. At the same time, new 
solutions that are still in the development 
pipeline due to COVID-19 will be pur-
sued and hopefully launched in 2021.”

The acceleration in demand for pro-
duction and packaging of therapies 
that has been experienced as a result of 
COVID-19 has provided tremendous 
opportunities for contract manufac-
turers, Mattern specifies. “The strong 
innovation and continuous develop-
ment of the drug pipeline by origina-
tors will certainly lead to future oppor-
tunities for outsourcing, especially if 
[contract manufacturing organizations] 
CMOs install f lexible, ‘future-proof ’  
equipment,” he asserts.

Automation and digitalization are 
major trends for stakeholders in the 
pharma industry but also pose chal-
lenges. “Digitalization will still take its 
time due to the strict regulatory and val-
idation requirements in the pharmaceu-
tical industry,” Mattern notes. “However, 
the use of robots is currently increasing 
in filling and packaging operations, 
which is another step in the right direc-
tion since, according to US FDA statistics, 
human errors are responsible for approx-
imately 50% of process deviations” (2). 

In terms of the current market, 
Stöcker highlights that opportunities 
are becoming apparent to companies 
like Schott, as providers of both glass 
tubing and pharma packaging, because 
it is easier for capacities to be adjusted ad 
hoc. “Another opportunity we see is the 
rise of packaging made of high-quality 
polymer, precisely cyclo-olefin-copoly-
mer,” he says. “The material has estab-

lished itself as a suitable alternative for 
specific drugs and applications.”

There is also an increasing need for 
pharma analytics, which is creating 
both opportunities and challenges for 
packaging companies, Stöcker contin-
ues. “Chemical stability studies and E&L 
[extractables and leachables] profiles are 
becoming ever more important with new 
drugs entering the market. By working 
together closely with drug manufactur-
ers, pharma packaging companies can 
leverage their knowledge to offer the best 
fit packaging for each unique formula-
tion,” he explains.

“Special primary packaging needs for 
highly sensitive drugs, such as biophar-
maceuticals or biosimilars, the increas-
ing concern for supply chain security, 
and the need for patient self-admin-
istration represent growth areas and 
opportunities in the packaging market 
and are driving innovation,” Lehmann 
asserts. “From complex drug develop-
ment to regulatory scrutiny, and from 
changing standards to drug–device 
combination products, pharmaceuti-
cal companies must address and work 
through many considerations related to 
packaging. Partnering with a packaging 
technology supplier who can demon-
strate the suitability of the packaging 
system for its intended use early in 
drug development, will help to reduce 
development time and supply risk and 
minimize total cost of ownership.”

A sustainable future
Sustainability is not simply a corporate 
obligation but a potential growth driver, 
states Kürten. “The next 5–10 years will 
be more about sustainability than ever,” 
he says. A key target for Gerresheimer 
is to ensure that by 2023 and beyond all 
newly developed products will comply 
with ecodesign principles.

Mattern concurs that sustainability 
will be a main trend, particularly for sec-
ondary packaging, in the coming years. 

“The challenge for packaging manufac-
turers will be to develop [more sustain-
able] solutions that match the stringent 
regulatory requirements in terms of 
safety, processability, and barrier prop-
erties for pharmaceuticals,” he adds.

Even though significant advances 
have been made in sustainable packag-
ing options, such as all-paper solutions 
and bio-based materials, the pandemic 
has led to delays, in some cases, of uptake 
and implementation. “The trend towards 
more sustainable pharmaceutical pack-
aging solutions has also been hindered by 
the lack of pharmaceutical compliance,” 
Brown notes. Furthermore, increased 
development efforts need to be made by 
raw materials suppliers to provide new 
materials that are suitable for use with 
pharmaceuticals, he asserts.

Considerations over recyclability of 
materials is also necessary, Brown con-
tinues. “For example, multi-layer mate-
rials are difficult to recycle, so, we need 
to consider recycling aspects more when 
developing new packaging solutions,” 
he says. “Adjustments to pharma com-
pliance regarding sustainability efforts, 
such as the development of compliant 
sustainable materials, must and hope-
fully will come.”

“With a growing focus on environ-
mental sustainability, pharmaceutical 
companies are exploring new ways to 
design products that can be recycled 
or reused and new ways to minimize 
consumption and waste in manufac-
turing,” confirms Lehmann. “The 
pharmaceutical industry is working 
with packaging technology suppliers 
toward this goal. Continuous collabo-
ration between pharmaceutical com-
panies and packaging technology sup-
pliers is important to protect quality 
and safety of the drug product and to 
create a healthier environment during 
and post the COVID-19 pandemic.”

For Stöcker, sustainability is also an 
important issue for the future, with 
various initiatives already underway 
across the whole industry to achieve 
sustainable goals. 

Other trends
Another key trend for pharmaceuti-
cal packaging is the increasing com-
plexity of drug formulations, which is 
driving the need for analytics, Stöcker 
highlights. “In many cases, these new  

Contin. on page 23
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ated. For instance, drug-excipient compati-
bility studies are carried out with the intent 
to identify, quantify, and predict potential 
interactions (physical or chemical) along 
with the impact of these interactions on 
the manufacturability, quality, and perfor-
mance of the final drug product and pro-
cesses, says Barry Gujral, senior manager 
of quality for Thermo Fisher Scientific’s 
Pharma Services business.

Categorization of the impact of excip-
ient variability is essential, adds Brian 
A.C. Carlin, director of QbD/Regulatory 
for DFE Pharma. Performance of excipi-
ents will dominate design-of-experiment 
(DoE) studies with respect to determin-
ing the impact of the variability of excip-
ients on the product and process. “Basic 
excipients may be found to have little or 
no impact in a DoE study but can have 
significant adverse impacts during the 
finished product lifecycle due to product 
or process drift,” he notes.

Characterization methods must ad-
equately characterize material attribute 
distribution and its variability, and vari-
ous multivariate tools should be applied 
to follow and monitor excipient variability 
over a set timeframe, adds Lamesic. “Even 
though individual attributes may still stay 
within their limits, certain interactions 
can lead to quality issues. The impact of 
material attribute variability may vary de-
pending on the defined design space, and is 
highly drug product dependent,” he notes.

Strong emphasis also needs to be given 
to identifying all material attributes that 
may be critical to drug product perfor-
mance, Lamesic asserts. “The attribute may 
not be recognized or included in pharma-
copeial tests or may not be part of excipi-
ent supplier specification. It may also be a 
newly identified attribute in connection to 
a specific drug product,” he observes.

Increased clarity and understanding
Applying a QbD approach to excipients 
could help address variability and other 
quality features. “Pharmaceutical excipi-
ents are no longer inert materials; excip-
ients today are able to improve the char-
acteristics of a product’s quality, stability, 
functionality, safety, solubility, and accep-
tance to patients,” Gujral explains. “They 
can interact with the active ingredients 

A  quality-by-design (QbD) ap-
proach to drug product devel-
opment and manufacturing en-

sures that quality is considered from 
the earliest stages of the development 
process and thus built into both the 
drug product and process from the 
outset. Incorporation of excipients into 
QbD projects can be challenging, how-
ever. The innate variability of excipients 
must be factored into product design to 
ensure product robustness. In addition, 
many excipients are made by compa-
nies serving multiple markets, with 
pharmaceutical applications for their 
products often a minor portion of their 
businesses. Pharmaceutically aligned 
suppliers can support QbD projects but 
some excipient manufacturers may need 
to be educated about the QbD process 
and how it can impact them.

The impact of excipient variability
Excipients account for a significant per-
centage of the material in most traditional 
drug products. It is therefore necessary to 
understand the properties of these excip-
ients, how they can interact with the API 
and during processing, and how those 
interactions are impacted by excipient 
variability, according to Chris Moreton, 
vice-president of pharmaceutical sciences 
with FinnBrit Consulting.

Variability is particularly important. 
“Excipients,” explains Dejan Lamesic, 
scientific team leader at Catalent, “in-
herently have variable material properties 
and can show substantial polydispersity 
of their material attributes, which can be 
reflected in significant variability of drug 
product performance.” 

Much of the information needed, More-
ton notes, can be found in sources such as 
the pharmacopeias and the Handbook of 
Pharmaceutical Excipients (1), but if it isn’t 
available, the information should be gener-

Applying a QbD approach helps address 
excipient variability and other quality features.

QbD Helps Evaluate  
Excipient Variability 
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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and alter the medicament characteris-
tics. The QbD approach takes care of all 
of these factors by determining excipient 
impacts using various QbD tools includ-
ing DoE and Monte Carlo simulations 
and optimizations.”

A QbD approach can further encour-
age and motivate excipient suppliers to 
build and enhance knowledge of their 
materials and their attributes and vari-
ability in relation to specific drug deliv-
ery routes or drug products, adds Lamesic. 

“In addition,” he states, “it may foster open 
communication and exchange of specific 
knowledge between the excipient supplier 
and pharmaceutical manufacturer, thus 
providing more clarity and understand-
ing of the needs of both sides.”

A drug product’s quality target prod-
uct profile (QTPP) documents the critical 
quality attributes (CQAs) of the product 
and is refined throughout development, 
informing the final drug product speci-
fication. The critical material attributes 
(CMAs) of the excipients and the crit-
ical process parameters (CPPs) of the 
manufacturing process are key factors in 
understanding and defining the design 
space, says Iain Davidson, senior manager, 
pharmaceutical development at Vectura.

“With fixed CPPs, variability in the 
input materials can result in variability in 
the output drug product, so understand-
ing the relationship between the CQAs, 
CPPs, and CMAs is fundamental,” David-
son stresses. “An excipient control strategy 
needs to be inclusive of the specification 
and defines the wider criteria against 
which to evaluate and manage changes, 
ensuring consistent drug product per-
formance is maintained throughout the 
product lifecycle. Ongoing monitoring 
of input CMAs—and mapping these to 
drug product performance CQAs—is im-
portant in determining process capability 
and maintaining consistent drug product 
performance,” he adds.

Lamesic believes that using a QbD ap-
proach may increase the frequency and 
effort required by the pharmaceutical 
manufacturer to monitor specific excip-
ient-critical material attributes at defined 
time intervals if they are not controlled by 
the supplier specification. Moreton agrees 
that with a QbD approach, more time 

must be spent on development, but that 
time is recouped after commercial launch 
because there are fewer out-of-trend and 
out-of-specification investigations.

Improved process  
and product robustness
Excipients are chosen to add functional-
ity to drug products but have batch-to-
batch and supplier-to-supplier variability. 
A QbD approach, says Mara van Haan-
del, innovation manager at DFE Pharma, 
looks at the impact of excipient variability 
and thus allows the development of more 
robust processes and products. 

QbD, Moreton agrees, requires drug 
manufacturers to better understand 
their excipients, APIs, and unit pro-
cesses, because the more that is under-
stood, the better likely traps and pitfalls 
(adverse effects) can be anticipated and 
proactively prevented.

“The purpose of QbD is to build qual-
ity into pharma products and processes. 
During the development stage, QbD in-
corporates the compatibility of the API 
with the excipients, thus enabling robust-
ness of products and, in turn, robust pro-
cesses,” asserts Gujral. 

Incorporating excipients using a QbD 
approach sets the primary focus on deter-
mining and understanding the variability 
of their material attributes, such as par-
ticle size distribution, shape, molecular 
weight distribution, surface properties, 
substitution level, or chemical composi-
tion, adds Lamesic. “Using DoE studies 
and modeling to address excipient vari-
ability will increase the understanding of 
their impact on the manufacturing pro-
cess and the drug product, minimizing 
process variability and disturbances and 
resulting in an increase in drug product 
robustness,” he says.

For inhalation products, Davidson 
comments, the excipients used in the 
formulation are critical to the product 
performance. Having a good under-
standing of the variability of the pro-
duction processes, and therefore, the 
excipients produced—particularly over 
a prolonged timeframe or large number 
of batches—helps strengthen the under-
standing of the drug products through-
out their development.

“Building this understanding from 
the early development stages will help 
accelerate product development and 
provide a wealth of information to 
support regulatory submission,” notes 
Davidson. He also points out that solv-
ing any problems and understanding 
the design space for the input materials 
and the process conditions at an earlier 
stage in the product development will 
save both time and cost as the products 
are scaled to commercial volumes.

Thorough excipient characterization
In general, says Kristina Elena Stef-
fens, principal formulation scientist for 
Catalent, excipients should be charac-
terized thoroughly at the pre-formula-
tion phase. “Gaining deep insight by 
focusing on the excipient at a molec-
ular, particle, and bulk level is of great 
importance,” she observes. 

All drug product quality attributes, 
including physical attributes, identifi-
cation, assay, content uniformity, dis-
solution and drug release, degradation 
products, residual solvents, moisture, 
and microbial limits should be consid-
ered, according to Gujral. 

Overall, characterization methods 
should be carefully chosen based on the 
needs of the final drug product. Specific 
methods for excipient characterization 
also depend on the attributes of those 
excipients and the context for control, 
according to Carlin. For example, More-
ton notes that for oral solid dosage forms, 
particle size distribution, bulk and tapped 
densities, and flowability are important; 
for creams and ointments, the chemical 
composition may be important, along 
with physical properties such as viscosity 
and melting behavior.

Characterization methods can include 
classical solid-state characterization, such 
as X-ray powder diffraction (XRPD) and 
Fourier-transform infrared spectroscopy 
(FTIR), or methods related to surface 
characterization including wettability 
or specific surface area, and they should 
be carefully selected depending on the 
QTPP and the manufacturing process, 
according to Steffens. 

In some cases, Steffens notes that the 
certificate of analysis (CoA) of the excip-
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ient manufacturer might not cover all 
analytical needs of the pharmaceutical 
industry. In addition, the acceptable vari-
ation for CMAs of the excipient given by 
the specification might not match the 
needs of the manufacturing process win-
dow of the final drug product.

Furthermore, batch-to-batch variations 
can also occur at the bulk level, with re-
spect to excipient particle size distribution, 
bulk density, or flowability. By recording 
measurements in an internal database, 
Steffens comments that statistical evalua-
tion of variations can be conducted and a 
risk-based control strategy adopted. 

Some hurdles to incorporating  
excipients into a QbD approach
Excipient variability is the biggest chal-
lenge to incorporating excipients into 
a QbD approach. “The need to balance 
cost and time against the appropriate 
and necessary QbD approach to under-
stand the impact of excipient variability 
on product critical quality attributes is a 
constant issue,” asserts Ariana Low, prin-
cipal formulation scientist with Catalent. 

“It is not always a straightforward process 

to incorporate the study of excipient vari-
ability impact without compromising 
project timelines,” she says. 

Indeed, Gujral believes that incorpo-
rating excipients into a QbD approach to 
design quality in products and processes 
is a paradigm shift. “We need to consider 
API/excipient compatibility and develop 
the design space and control the vari-
ability of each input factor for all critical 
responses. To do so requires more time, 
money, and resources. At the end of the 
day, though, it will lead to more robust 
products and processes and avoid the cost 
of poor quality, thus transforming the so-
called challenges into opportunities.”

Low agrees. She also expects these chal-
lenges will ease over time with increased 
concentrated effort to characterize and 
understand the impact of excipient vari-
ability on the development process.

There are other challenges as well. Dif-
ferences in excipients of the same grade 
made at different manufacturing sites 
is one, according to Moreton. The exis-
tence of “unknown unknowns” also adds 
real uncertainty, says van Haandel. That 
uncertainty is magnified by the fact that 

many drug developers fail to involve ex-
cipient suppliers early enough in the de-
velopment process, she notes.

QbD for inhalation product devel-
opment can be even trickier. For these 
products, Davidson sees the QbD 
approach in excipient product devel-
opment and lifecycle management as 
a bit of a double-edged sword from a 
material supplier perspective. “While 
a QbD approach offers advantages in 
terms of clearly defined specifications 
and a framework by which to manage 
and control changes throughout the 
product lifecycle, the inhalation product 
manufacturing demands are notorious 
in that the material volume require-
ments are relatively low, while the spec-
ification requirements are very specific, 
often bespoke and challenging to meet, 
making supply of these materials high 
effort,” he explains.

Similarly, the small scale of devel-
opment batches creates issues for drug 
product developers because of the limited 
ability to fully evaluate excipient CMAs 
from a range of input batches the cost of 
purchasing and/or the logistics of storing 

In November 2020, the International Pharmaceutical Excipients Council Federa-
tion, (IPEC Federation) announced a new guide Incorporation of Pharmaceutical 
Excipients into Product Development using Quality-by-Design (1). 

Barry Gujral, senior manager of quality for Thermo Fisher Scientific’s Pharma 
Services business  says the goals of the guide are to introduce quality by design 
(QbD) and pharmaceutical formulation development concepts to excipient 
manufacturers and suppliers; explain how changes in pharmaceutical formulation 
practices due to the introduction of QbD impact excipient manufacturers 
and suppliers; help excipient manufacturers and suppliers understand what 
excipient users will likely require when applying QbD principles during product 
development; and explain to excipient users and regulatory agencies what may 
or may not be possible when considering the impact of excipient variability in the 
application of QbD principles during product development.

The QbD guide provides, according to Brian A.C. Carlin, director of QbD/
Regulatory for DFE Pharma, a framework for addressing uncertainties and special 
cause variation, and also provides an improved definition of a critical material 
attribute (CMA), a frequently misunderstood concept. In conjunction with the 
2016 IPEC QbD sampling guide (2), the new QbD guide will help bridge the 
understanding gap between excipient users and excipient makers/suppliers, adds 
Chris Moreton, vice-president of pharmaceutical sciences with FinnBrit Consulting. 

The consistent framework and common understanding for suppliers and 
customers will link together drug substance understanding and the product 
development guidance from the International Council for Harmonisation and 

regulatory authorities, observes Iain Davidson, senior manager, pharmaceutical 
development at Vectura.

The IPEC QbD guide draws the attention of excipient users and suppliers/
manufacturers to the importance of the incorporation of excipient variability 
into QbD and creates a platform for discussion, according to Ariana Low, 
principal formulation scientist with Catalent. “The advice brings excipient 
manufacturers/suppliers and formulators closer together to discuss and tackle 
excipient variability, which can only add robustness to current drug product 
development methods,” she says. It may also, Low adds, pave the way for 
regulatory body mindset change to lead to the re-classification of excipients as 
functional ingredients and not only as inactive ingredients.

One of the most important things the new IPEC QbD guide will do is build the 
close working relationship between the excipient suppliers and their customers 
that is essential to the successful development of robust pharmaceutical 
products, according to Davidson. “Collaboration between pharma companies 
and excipient suppliers to share data on excipient variability is crucial,” agrees 
Mara van Haandel, innovation manager at DFE Pharma. Everyone needs to 
think beyond the certificate of analysis, she adds. DFE Pharma, for instance, 
provides stretch batches and historical data to support customer QbD studies.
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the required quantity of material needed 
to support a QbD approach, according to 
Davidson. “The alternative is to use small-
er-scale excipient batches that may not be 
fully representative of the final commer-
cial-scale materials, with the resulting 
development drug product batches run-
ning the risk of not being representative 
of subsequent clinical and commercial 
materials,” he says. 

Opportunities for  
flexibility and innovation
On the positive side, however, Davidson 
believes that from the drug product man-
ufacturing perspective, having a QbD ap-
proach in excipient product development 
and lifecycle management offers a more 
efficient product development pathway 
with greater assurance regarding manu-
facturing robustness, a reduction in prod-
uct variability, a reduced risk of rejects 
and recalls, and a more efficient and pro-
active issue resolution and a structured 
change management framework.

Steffens agrees that knowledge of the 
critical influencing factors can help to 
implement manufacturing strategies that 
are not fixed to rigid formulations and 
process settings, making the pharmaceu-
tical industry flexible in reacting to ex-

cipients’ batch-to-batch variations. QbD, 
adds Gujral, is an emerging idea that 
offers pharmaceutical manufacturers 
increased self-regulated flexibility while 
maintaining tight quality standards and 
real-time release of drug product. 

Better communication  
and collaboration crucial
Low notes that the multitude of choices 
of excipients from various suppliers 
using different processes confounds the 
application of QbD in product devel-
opment. “Some of these variations may 
also be unknown to the formulator (i.e., 
not listed in the pharmacopeial speci-
fications), and it is important to bridge 
the knowledge gap through intense 
discussions with excipient suppliers, 
which currently is often overlooked in 
the development process,” she says.

Moreton’s perspective is that no one 
knows it all. “Excipient manufacturers 
know far more about their excipients 
than appears in their promotional mate-
rials. However, some of this will not be 
disclosed unless there is a confidentiality 
agreement in place. It comes down to bet-
ter two-way communication,” he states. 

Davidson provides one example of 
successful collaboration. The most 

commonly used excipient in dry pow-
der inhalers is lactose monohydrate. 
Lactose suppliers have worked closely 
with the regulatory authorities for many 
years to build a comprehensive specifi-
cation for inhalation-grade lactose that 
goes well beyond the pharmacopeial 
testing, and includes impurities, protein 
content, and amorphous content.

“Because the particle size distribution 
remains the most critical parameter to 
control, drug developers work closely 
with excipient suppliers to understand 
the analytical procedures used for re-
lease testing and any offset in the results 
of analyses seen at the receiving facility 
due to differences in equipment, meth-
ods, or sites to in turn understand any 
analytical variability and ultimately 
the variability in the excipient itself,” 
Davidson observes. This collaboration, 
he concludes, allows the targets for the 
range of batches needed for a QbD ap-
proach to be set so that the batches are 
truly different, rather than within the 
scope of the variability.
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complex drugs enter the market in 
smaller batches as the patient group is 
smaller than with blockbuster drugs. 
This is where we see great potential for 
ready-to-use containers,” he says.

Ready-to-use containers are trend-
ing, Mattern agrees, with more equip-
ment available to provide the flexibility 
required to process presterilized sy-
ringes, vials, and cartridges. “There will 
always be a need for ‘runner machines’ 
processing drugs at high volumes and 
low cost,” he states. “But for the emerg-
ing medicines with lower production 
volumes, the need for flexibility in both 
packaging container and lot size will, in 
many cases, be of a higher priority than 
optimized costs.”

Personalized medicine and novel 
therapies are impacting the pharma-

ceutical industry in general, asserts 
Deininger. “[These] drugs represent a 
particularly high financial value and 
are complex to produce, which chal-
lenges the filling technology in vari-
ous ways,” he says. “Also, the share of 
approved drugs to treat rare or ‘orphan’ 
diseases has increased. This also influ-
ences the requirements for filling and 
closing machines. Small batches require 
high system flexibility as well as fully  
automated and fully safeguarded pro-
cesses. Under these conditions and 
with these technologies, even small, 
very valuable batches can be processed 
very efficiently.”

“Packaging development has become 
an integral part of pharmaceutical drug 
development and manufacturing. The 
increasing need for ready-to-fill con-
tainer closure systems compatible with 
different, modular filling lines will fur-
ther drive packaging innovation,” Leh-

mann summarizes. “The COVID-19 
pandemic has strengthened the collab-
oration between the pharmaceutical 
industry, packaging technology suppli-
ers, and regulatory authorities, creating 
a solid network for speed and efficiency 
in development and supply of safe and 
effective medicines in the future.”
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Development challenges
A constant challenge facing pharma 
companies developing vaccines is the 
wide range of potential pathogens that 
could cause serious illness, explains Kai 
Lipinski, chief scientific officer of Vib-
alogics. “Great strides have been made 
over the years to develop and com-
mercialize effective vaccines for a wide 
range of infectious diseases,” he adds. 

“However, there are still particular ill-
nesses that remain difficult to prevent 
or treat, such as HIV, malaria, norovirus, 
tuberculosis, and Zika virus.”

Particularly when trying to develop 
vaccines for difficult to treat illnesses, 
development obstacles can arise due to 
the inherent properties of the respon-
sible organism, Lipinski continues. 

“Organisms displaying high rates of an-
tigenic shift, such as RNA viruses in-
cluding influenza and even the recent 
coronavirus (COVID-19), pose one 
such challenge,” he notes. “Antigenic 
shift of organisms yields frequent new 
variants, which develop very quickly, 
subsequently requiring surveillance, 
identification, and recomposition of 
the modified vaccine antigen or strain, 
often with a seasonal cyclicality.”

As vaccines are derived from patho-
gens, there are myriad antigen or target 
types to identify and select for devel-
opment, emphasizes Phadnis. “Each 
type has its own degree of safety and 
efficacy,” she says. “To add to the com-
plexity, non-live vaccines need to be 
combined with adjuvants (carriers) to 
induce immune response and slow re-
lease. Target/antigen selection is com-
plicated further by genetic diversity 
across strains, including post-infection 
evolution and geographic variability.”

A key challenge in vaccine devel-
opment for Anissa Boumlic, head of 
global vaccine and plasma segments, 
bioprocessing, within the life science 
business at Merck KGaA, is the fact 
that there is not a singular manufac-
turing template available to be widely 
used. “Manufacturers need to adapt 
constantly to tackle new pathogens 
and, sometimes, under tight deadlines,” 
she says. “A number of processes need 
to be optimized to increase scalability, 

V accines are known to be hugely 
important in maintaining global 
public health and minimizing 

the impact of infectious diseases world-
wide. Despite their worth, vaccines 
are subject to intense scrutiny, and, 
due to the fact that they are intended 
for large patient populations—includ-
ing healthy patients and infants—the  
assurance of their safety, prior to  
approval and administration, is of 
paramount importance. 

According to recent market research, 
the vaccines market is expected to grow 
at a compound annual rate of 14.7% for 
the forecast period of 2020–2026 (1), the 
growth of which has been accelerated 
by the recent COVID-19 pandemic. 

“Heightened by the recent COVID-19 
outbreak, vaccine innovation has be-
come a top priority worldwide,” con-

firms Elham Blouet, strategic portfo-
lio manager, Roquette—a specialist in 
plant-based ingredients and provider of 
pharmaceutical excipients. 

“In recent years, a paradigm shift 
has been observed in the way vac-
cines are being developed,” says Sm-
ruti Phadnis, biopharma marketing 
manager at Agilent. “The focus on 
disease-causing pathogens has been 
well integrated with intensive studies 
on human immunity. This research 
has opened doors to allow advances 
against complex noncommunicable 
diseases as well as cancers. However, 
inherent challenges, such as antigen 
selection and genetic diversity, need to 
have a broader immune response that 
includes T-cell protection, and alterna-
tive routes of vaccine delivery still exist 
during vaccine development.”

Vaccine development is inherently challenging; 
however, in light of the COVID-19 pandemic, 
innovations have been prioritized, leading  
to accelerated development processes.

Overcoming Vaccine 
Development Challenges
Felicity Thomas
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robustness, efficiency, and cost. Addi-
tionally, formulations of certain vac-
cines need to be improved to increase 
efficacy and stability while ensuring 
patient safety, and facilitation of dis-
tribution and access.”

Lipinski concurs that, in addition to 
the challenges associated with vaccine 
candidate discovery, companies need 
to develop vaccines that are stable, can 
be stored, and administered in a vari-
ety of climates to ensure widespread 
distribution and use. “For example, 
emerging countries often lack appro-
priate facilities for vaccine storage at 
sustained sub-zero temperatures at 
or near the point of treatment, which 
can pose issues in launching vaccina-
tion programs that require cold-chain 
storage,” he says. “With this in mind, 
developers are challenged to devise 
vaccine formulations capable of being 
stored and transported at tempera-
tures that don’t restrict their wide-
spread use. Formulations must also 
allow for in-use stability, in the brief 
window between removal from stor-
age and administration. They must be 
able to remain stable in tropical envi-
ronments, where temperatures might 
exceed 30 °C.”

“Lyophilization or spray drying of 
vaccines can provide stability during 
transport and introduce alternate vac-
cine administration routes,” continues 
Phadnis. “Packaging is also heavily 
impacted by liquid vaccines. Dura-
bility of glass vials at very low tem-
peratures and permeability of plastic 
vials has complicated the packaging  
decisions as well.”

Since the beginning of the pan-
demic, the bio/pharma industry has 
been under pressure to produce stable 
formulations for effective vaccines in 
accelerated timescales, Blouet asserts. 
Moreover, the drive for a COVID-19 
vaccine has occurred during a period 
of increased basic scientific under-
standing, such as in genomics and 
structural biology, supporting a new 
wave of vaccine development and pro-
duction, she says.

“As well as bringing about much 
needed innovation in a historically 

conservative field, [COVID-19] has 
also raised questions about whether 
conventional vaccines—developed by 
attenuating or inactivating the respec-
tive pathogen—are enough in today’s 
landscape. Although mostly successful 
in the past, these established methods 
may not always be suitable or even 
feasible in outbreak situations because 
they simply don’t allow for the fast re-
sponse required,” Blouet reveals.

Overcoming barriers
There are numerous tools that have 
been developed to help accelerate 
vaccine development, and novel tech-
nologies and platforms are emerging. 

“Manufacturing platforms, such as 
viral vectors, virus like particles, and 
messenger RNA, allow a reduction in 
process development time once estab-
lished,” Boumlic remarks. “Systematic 
methodologies such as design of ex-
periments (DoEs) and quality-by-de-
sign (QbD) have demonstrated the 
ability to increase process robustness 
and scalability.”

Processing has been simplif ied 
through the implementation and 
availability of single-use and filtra-
tion technologies, Boumlic continues. 
These tools have enabled an increase 
in speed of development and are easy 
to use. Boumlic also notes, however, 
that f lexibility in scale, technologies 
to manufacture different modali-
ties, more process simplification, and 
modernization are areas that require 
improvement still.

According to Phadnis, in addition to 
single-use technologies, automation for 
high throughput and robust analytical 
assays are necessary for rapid turnover 
during development and manufactur-
ing of vaccines. “Automation technol-
ogies can speed up vaccine research 
as well as the manufacturing process 
by efficiently reducing manual errors. 
Automation also gives the f lexibility 
of scaling up or down depending on 
the external demand. Simultaneous 
high-throughput workflows supported 
by robotic automation can swiftly gen-
erate consistent data across samples 
and users,” she says. 

Using robust analytical assays for 
the characterization and validation 
of vaccine components, and to mea-
sure potency, are critical for inducing 
immunogenicity, Phadnis empha-
sizes. “Right from antigen selection 
and functionality testing at labora-
tory level to its final manufacturing, 
an integrated workf low of several 
analytical methods is required to en-
sure efficacy and safety of the vaccine,” 
she notes. “Innovations in mass spec-
trometry (MS) and capillary electro-
phoresis (CE) combined with in-line 
detection methods, such as high-per-
formance liquid chromatography 
(HPLC), provide high sensitivity, se-
lectivity, and accuracy for multidi-
mensional analysis of samples. This 
innovation aids robust monitoring 
and control of key attributes of vac-
cines during development and enables 
a quick and reliable decision-making 
process during product development 
and manufacturing.”

For Blouet, the critical role of func-
tional excipients, specifically cyclo-
dextrins, is gaining interest for those 
in vaccine development seeking to 
overcome formulation challenges and 
produce a safe and efficacious vaccine 
quickly. “Cyclodextrins are a family 
of oligosaccharides produced from 
starch using enzymatic conversion,” 
she states. “2-hydroxypropyl-beta-cy-
clodextrin (HPβCD), in particular, is 
reaching into therapeutic biologic pro-
cesses, final formulations, and delivery 
of vaccines, and is being used in some 
promising new areas where work is still 
at a very early stage.”

“To shorten formulation develop-
ment timelines, accelerated tempera-
ture predictive modeling is key,” adds 
Lipinski. “However, this requires 
robust and well-designed analyti-
cal assays to assess a formulation’s  
performance.”

Stability issues
Both physical and chemical stability 
of vaccines are ongoing formulation 
challenges, notes Blouet, particularly 
given the novel technologies being 
employed and demand for increased 
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shelf-life for convenience and cost-ef-
ficiency. “Physical and chemical insta-
bilities may lead not only to the loss of 
biological activity, but also potentially 
to the formation of products that det-
rimentally affect toxicity and immu-
nogenicity,” she says. 

Using adenoviruses as an example, 
Blouet highlights that a “robust for-
mulation, with precise optimization 
of buffer type, pH, and specialized ex-
cipients, are critical to ensure stability 
over a wide range of conditions. But 
options for addressing stability chal-
lenges in adenoviral vector formula-
tions are limited to those few excipi-
ents approved for parenteral use.” Here, 
she emphasizes the utility of HPβCD, 
which is already approved for existing 
commercial formulations.

“At the same time, a key challenge 
in recombinant subunit vaccines is 
their stabilization for delivery,” Blouet 
continues. “These are typically pro-
tein-based and very few approved 
excipients are available to formula-
tors working in this area.” Again, she 
emphasizes HPβCD as a potentially 
useful excipient to stabilize subunit 
vaccine proteins.

“Certain vaccines are less stable 
than others depending on their in-
herent properties,” specifies Boumlic. 

“For example, viruses or mRNA can 
be degraded through the process and 
a number of approaches need to be 
considered to minimize product loss—
gentle purification, specific reagents, 
degradation inhibitors, stabilizers, de-
livery vehicles, and so on.”

It is imperative that the stability of 
process intermediates, or the product 
matrix as it moves through the manu-
facturing process, be understood and 
addressed, emphasizes Lipinski. “As 
downstream purification processes 
can span multiple days, a vaccine that 
is sensitive to the process itself, or 
cannot be subjected to freezing due 
to freeze-thaw processes, will present 
complications or limitations,” he says. 

“Developers must link drug substance 
and drug product manufacture, often 
within one facility, or within the lim-
itations of the stability of the fresh 

(unfrozen) product, which can pose 
issues with often desired manufactur-
ing flexibility.”

Combinatorial platform excipient 
banks can be used to speed up formu-
lation development while overcoming 
stability issues, Lipinski states, which 
involves developing each vaccine in 
the same design space to optimize sta-
bility while reducing time-to-market.  

“Vaccine technology platforms (ma-
terials, processes, formulations) can  
also be used to minimize the develop-
ment time for new products, as this ap-
proach offers considerable advantages 
where one universal formulation creates 
efficiencies that can be utilized across 
new products minimizing changes and 
allowing for a more predictive develop-
ment paradigm,” he adds.

QbD and DoE-based principles, 
supported by orthogonal analytical 
methods, are significant when opti-
mizing and streamlining the assess-
ment of formulation stability, Lip-
inski remarks. “As an example, using 
physicochemical analytical methods 
to assess formulation performance as 
an indicator for infectious titer in the 
case of live-attenuated vaccine devel-

opment can potentially reduce develop-
ment timelines,” he says. “If sufficient 
knowledge is not available in-house  
to perform formulation stabi lity  
studies to a high standard and with 
minimal delay, collaboration with  
experienced [outsourced service  
providers] is vital.”

The majority of commercia l ly 
available vaccines are formulated as 
liquids, which, if kept in cold tem-
peratures, can maintain their potency 
for about three years, asserts Phadnis. 

“However, freeze-thaw cycles can lead 
to immediate loss of potency,” she 
stresses. “Alternate formulations such 
as lyophilization and spray drying 
are being considered for alternative 
administrative routes as well as for 
ease of distribution and stability of 
the vaccines. However, dehydration 
needs antigen-protective excipients 
such as a combination of amino acids 
and glucose derivatives to replace the 
water molecules.”

Route of administration
“The route of administration has a 
significant impact on the develop-
ment pathway of a vaccine,” Lipinski 
asserts. “Oral vaccines, such as those 
utilized for poliomyelitis or rotavirus, 
offer a number of advantages when it 
comes to development compared with 
parenteral products.” However, oral 
administration is not suitable for all 
vaccine candidates.

Administering vaccines nasally can 
also provide advantages over the more 
traditional parenteral approach, such 
as the avoidance of needles, ease of ad-
ministration, and convenience for re-
spiratory diseases, Lipinski continues. 

“One further delivery device being 
utilized is the micro-needle-based 
vaccine,” he says. “This [route] over-
comes patients’ syringe needle anxiet-
ies while providing further benefits in 
its ease of use, and lack of cold chain 
distribution and storage need, due to 
its solid-state nature. This technology 
can also be self-administered by pa-
tients. However, sufficient production 
capabilities and capacities for such 
products are not available yet.”

The COVID-19 
pandemic has 
presented 
industry with 
significant and 
unprecedented 
challenges in 
terms of vaccine 
development; 
however, 
opportunities have 
also arisen.



28    Pharmaceutical Technology MAY 2021  PharmTech .com

The majority of vaccines are deliv-
ered intramuscularly with other routes 
including subcutaneous, intradermal, 
oral, or nasal, confirms Boumlic. The 
administration route of choice is de-
termined by the type of vaccine being 
developed (i.e., whether the vaccine is 
adjuvanted or not) and whether the 
efficacy versus side effects can be bal-
anced, she adds. 

“The route of administration will  
inf luence the process to meet the  
associated safety requirements or to 
trigger sufficient immune response. 
For instance, injected vaccines will 
need to be sterile, and this can impact 
process design and cost efficiency,” 
Boumlic says. “Certain vaccines  
will need to be injected in high quan-
tities to be efficacious and, therefore, 
this will impact the dimensions of 
the process (more volumes to han-
dle, more scalability chal lenges).  
Messenger RNA vaccines need to be 
delivered in lipid nanoparticles to re-
main protected and be translated to 
antigens.”

The route of vaccine administration 
is dictated by the formulation and  
potency requirements, notes Phadnis. 

“Technologies that enable lyophiliza-
tion, spray drying, and use  of inert 
stabilizers in the form of lipids and 
nanoparticles are being developed 
for ease of administration and distri-
bution of the vaccines,” she reveals.  

“A careful optimization of stabilizers 
as well as different formulation pa-
rameters during the first stage of vac-
cine product development should be 
done along with antigen screening and  
validation.”

“A glaring constraint with inject-
able delivery systems for large-scale  
vaccine programs is a complete re-
liance on cold storage, which di-
rectly escalates operational costs and  
diminishes market reach,” empha-
sizes Blouet. “For example, to ensure 
that each patient benefits from the  
injectable vaccine, meticulous logis-
tical planning is required to success-
fully maintain the cold chain at every  
step, often involving collaborations 
with supply chain partners.”

A paradigm shift
The COVID-19 pandemic has presented 
industry with significant and unprece-
dented challenges in terms of vaccine 
development; however, opportunities 
have also arisen. “Historically, vaccines 
took about 10 years of development to 
reach the market and were mostly re-
stricted to affected areas,” states Phad-
nis. “With the COVID pandemic, we 
have seen a paradigm shift in shorten-
ing the vaccine development process to 
less than a year. mRNA vaccine tech-
nology to make highly potent and safe 
vaccines was a breakthrough during 
this pandemic. This technology was 
implemented for the very first time in 
commercial vaccines.”

Additionally, the fact that the pan-
demic has raised questions about 
whether or not conventional vaccines 
are sufficient in today’s landscape has 
challenged developers to push the 
boundaries of vaccine development, 
Blouet notes. “Rapid development and 
accelerated large-scale vaccine man-
ufacture are both critical factors in 
outbreak situations, key to combatting 
pandemics and protecting individuals 
worldwide by getting solutions to mar-
ket faster,” she says. “To get vaccines to 
market quicker and overcome complex 
formulation challenges, more develop-
ers than ever are moving away from tra-
ditional vaccine development models.”

For Boumlic, the pandemic has 
demonstrated the requirement of stan-
dardized vaccine manufacturing and 
has highlighted the need for expanded 
capacity to ensure biopreparedness. “A 
clear trend is the development of plat-
forms that can be easily adjusted for 
new targets. Using recent technologies, 
such as viral vectors and mRNA, sin-
gle-use technologies and tapping into 
contract manufacturing organization 
capacity has also been beneficial to in-
crease productivity and will shift vac-
cine development and manufacturing 
in the future,” she says.

“One key development that has proven 
useful during the pandemic and will 
change the way we operate in the fu-
ture is the creation of vaccine platform 
technologies,” concurs Lipinski. “The 

advantage of such a platform approach, 
in the example of adenoviral vector 
platforms, is that the different vaccine 
products are, with the exception of the 
disease-specific transgene, the same. 
This shortens the production timeline 
for a number of reasons, as the producer 
cell bank and expression technology are 
already in place and the vaccine design 
tools and manufacturing infrastructure 
are already established. Moreover, for-
mulation and stability data are available 
from products previously developed 
with the same platform technology.”

Furthermore, collaboration by all 
stakeholders has been highlighted as 
crucial during the COVID-19 pan-
demic, Lipinski emphasizes. “Greater 
collaboration should continue into the 
future. Not only will it support national 
governments in preparing for future 
outbreaks, but it will also allow knowl-
edge-sharing between businesses and 
academia to devise the technology and 
infrastructure needed to develop treat-
ments more quickly,” he says.

“As mentioned before, the inherent 
challenges would remain as different 
pathogens emerge,” Phadnis concludes. 

“However, the rapid development of the 
COVID vaccines and their usefulness 
to control the pandemic has given us 
hope for a better future in vaccine  
development.”

Disclaimer from Agilent
For research use only. Not for use  
in diagnostic procedures. Agilent 
products are NOT authorized for 
COVID-19 testing, diagnosis, treat-
ment, or mitigation. Agilent has not 
validated a product to detect the novel 
coronavirus.
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in tablets that fully disintegrate in the 
mouth with a sip of water before swal-
lowing, eliminating the impact of tablet 
size on swallowing,” he says. 

The technology could also be used 
to combine multiple drugs to reduce 
pill count. In addition, notes Gilmore, 
Aprecia has begun working with various 
clients to extend ZipDose technology to 
payloads having modified-release parti-
cles, which could have various benefits, 
such as enabling lower frequency of dos-
ing for certain medicines.

In February 2021, Glatt and Aprecia 
announced a collaboration to combine 
Glatt’s multiparticulate technologies, 
produced using its f luidized bed tech-
nology, with Aprecia’s 3DP manufac-
turing systems. “We see interesting 
opportunities in the field of ODTs and 
multiparticulate systems,” says Philippe 
Tschopp, head of business development 
at Glatt Pharmaceutical Services. He 
notes that multi-unit pellet system 
(MUPS) formulas are rarely used in 
ODTs, but that this use would open up 
the ability to address swallowing issues. 

“Incorporating multiparticulates in 3DP 
tablets gives the opportunity to have a 
fast dissolving ‘transport agent’ with 
the full flexibility of multiparticulates 
in dosing and dose combinations, with 
controlled-release profiles by functional 
coating of the multiparticulates.” An-
other benefit of combining 3DP and 
multiparticulates is enabling a flexible 
dosing regimen to adapt to patients’ 
needs without manipulation by the pa-
tient or caregiver, suggests Tschopp.

“Use of multiparticulates allows us 
to expand the range of drug delivery 
options from the final dosage form in 
order to include modified release func-
tionality.  It addresses formulation de-
sign in modular fashion, by providing 
certain functionality at the particle level 
and providing additional functionality 
at the finished dosage form level,” adds 
Thomas West, vice-president of phar-
maceutical development at Aprecia.

Combining  
multiparticulates and 3DP 
A unique aspect of 3DP manufactur-
ing is that it eliminates the mechanical 

P harmaceutical manufacturers use 
a wide range of technologies, such 
as tablet coating, fixed-dosage  

combination drug products, multi-
particulates, and orally disintegrating 
tablets (ODT), to make it easier for differ-
ent patient populations to take their med-
icines. “Addressing barriers to adherence, 
such as pill burden, dosing frequency, and 
ease of administration, are necessary to 
ensure treatment success for many thera-
pies and indications,” says Chris Gilmore, 
CEO of Aprecia Pharmaceuticals. 

Aprecia has applied its three-dimen-
sional printing (3DP) manufacturing 
technology to create an orally disintegrat-
ing dosage form for patient populations 
that have difficulty swallowing conven-
tional tablets or capsules. Gilmore says 
that conventional ODT formulations are 
limited by dose load, taste, and disinte-
gration time, and that Aprecia’s ZipDose 
technology overcomes these limitations. 

“The majority of available ODT formu-
lations contain less than 50 mg of active 
ingredient due to overall product weight 
limitations,” notes Gilmore. “These lim-
itations also hinder the ability to add 
other inactive ingredients to improve 
mouth-feel and taste.” Gilmore says that 
Spritam (levetiracetam tablets), the first 
commercial application of the ZipDose 
technology, can achieve higher dose 
strengths—approved strengths range 
from 250 mg up to 1000 mg tablets. “In 
standard tablets, such dose strengths 
would be among the largest tablets or 
capsules and still need to be swallowed 
wholly intact. For example, the size of 
the most commonly dispensed 1000 mg 
tablet is 23 mm by 10 mm. The length ex-
ceeds the maximum size recommended 
by the FDA for generic tablets. For per-
spective, this tablet has a length as long 
as a nickel’s diameter. But in ZipDose 
tablets, these strengths can be achieved 

Aprecia and Glatt investigate  
manufacturing technologies to widen the 
formulation design space for oral delivery.

Combining Multiparticulates 
and 3DP for Patient-Centric 
Dosage Forms
Jennifer Markarian



Pharmaceutical Technology MAY 2021    31

stress on the tablets due to the com-
pressive forces needed in conventional 
tablet production. In Aprecia’s patented 
binder-jetting 3DP manufacturing sys-
tem, tablets are built layer by layer—
this process of adding layers to create a 
product is why 3DP is also called “addi-
tive manufacturing” in some industries.

“Incorporation of multiparticulates into 
3DP tablets overcomes the issue of tradi-
tional MUPS tablets as there are no com-
pression forces applied to the film coated 
pellets that could deform and destroy the 
functional coatings and therefore alter the 
release profiles,” explains Tschopp.  

“Avoiding mechanical stresses on the 
multiparticulates helps protect the mul-
tiparticulate integrity until it reaches 
the patient and reduces the risk of dose 
dumping for modified-release dosage 
forms,” agrees West. “The biggest chal-
lenge of multiparticulates in tableting 
is the act of compaction, which initially 
causes localized friction (heat) and then 
deformation or fragmentation of the 
pellets or coating. Cracks or other im-
perfections in the pellets on the surface 
can alter the dissolution profile, making 
it challenging to have a batch-to-batch 
consistency.”

Another novel benefit of 3DP is blend 
consistency. When feeding multipartic-
ulates and excipients into a conventional 
tableting press, there is a tendency for 
demixing, says Tschopp. The system for 
feeding multiparticulates into the 3DP 
process is more controllable; it is im-
portant to have consistent quality of the 
pellet population, but Tschopp says this 
is achievable. He says that pellets should 
be consistent in size and, depending on 
the dosing device, in weight or bulk den-
sity. Tschopp explains that pelletization 
equipment, such as Wurster technology 
or Glatt’s micropelletizing technology 
(MicroPX), can produce a narrow particle 
size distribution, a smooth surface area 
and, if needed, small particle sizes.

In Aprecia’s additive manufactur-
ing process where the tablets are built 
layer by layer, this method of tablet 
forming provides a greater degree of 
localized control than in conventional 
tablet presses, adds West. “For example, 
the design of a 3DP tablet can include 

regions of greater or lesser binding 
based upon the regional density of liq-
uid droplets. [Because] a 3DP tablet is 
built layer by layer, the regional droplet 
density may be tailored within each 2D 
‘slice’ of the tablet design,” he explains. 
The primary considerations for this 
manufacturing platform are material 
uniformity (i.e., avoiding segregation) 
and wetting and drying in the open-bed 
process. “Multiparticulates are larger 
and generally f low better than finer 
powders, but there are fewer excipient 
options for size-matching in blends. 
The material should be amenable to 
water-alcohol exposure for short peri-
ods and drying at 40–60 °C,” he notes. 

Recirculation is another parameter to 
be tested during process design. “Open-
bed systems collect and refeed the un-
printed powder, so the potential impact 
of these conditions must be evaluated 
through repetitive exposure with the 
scaled batch size in mind,” says West.

Although much of Aprecia’s commer-
cial work has used dry powder blends, 
West says the company has now proven 
the capability of incorporating gran-
ulated APIs and functionally coated 
particles, such as drug-layered beads, at 
small scale on the commercially avail-
able open-bed platform. Gilmore adds 
that Glatt and Aprecia’s joint projects 
are underway, and multiparticulate 
ZipDose demonstrator tablets will be 
available in the coming months. 

Investigating other 3DP systems
Aprecia is also developing a patent-pend-
ing printing platform in which tablets 
are formed, using binder jetting directly 
in a blister-package cavity, rather than 
free-standing on the open bed. This 
platform further expands the capability 
of what types of materials can be used in 
3DP manufacturing, because the wetting 

and drying requirements are less strin-
gent than in the open-bed system, and 
desegregation is less of a concern. This 
process also eliminates recirculation. 

“The in-cavity systems do not have recir-
culated powder, providing absolute pre-
cision in dosing the multiparticulates in 
measured amounts,” reports West.

“In the in-cavity platform, we’re look-
ing at a wider range of material inputs 
and the ability to incorporate both sin-
gle and multi-material inputs in a single 
dosage form,” West adds. For example, 
the in-cavity printing system can use two 
powder blends as inputs. “This multipow-
der approach can allow separate addition 
of a multiparticulate payload and of the 
other excipients used to build the prod-
uct. Direct wetting of the payload can be 
avoided in some instances,” he says. 

“We are also working on a new product 
design that allows for dry, ambient fill-
ing of virtually any payload into a rapidly 
disintegrating unit. That approach yields 
true minimum process stress for pay-
loads such as multiparticulates, because 
it avoids direct wetting, vapor exposure, 
and oven exposure,” notes West. This 
product design is achieved using open 
bed 3DP with certain downstream mod-
ifications.  Aprecia expects to disclose 
more about it later this year.

Although Aprecia is looking at these 
alternative 3DP systems and designs, the 
company continues to enhance its open-
bed binder-jetting process. A collaboration 
with the non-profit research group, Battelle, 
announced in December 2020, will focus 
on formulation and production break-
throughs in the binder-jetting process de-
sign for pharmaceutical applications, says 
Jae Yoo, senior vice-president and chief 
technology officer at Aprecia Pharmaceu-
ticals. “[This work will seek to] expand for-
mulation capabilities, reduce formulation 
time, streamline supply chains, reduce sta-
bility risks and requirements, increase pro-
duction throughput, eliminate production 
waste, and enhance flexibility,” says Yoo.

The objective of all these novel man-
ufacturing technology combinations is 
to enable formulators to design better 
products and expand the possibilities 
for patient-focused dosage forms, con-
cludes Gilmore. PT

Additive 
manufacturing 
builds a tablet 
layer by layer.
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COVID-19 vaccines that are now being 
used globally to prevent COVID-19, 
only Russia’s Sputnik V—which also 
comes in frozen liquid form—actually 
uses traditional vial freeze drying.  

In the end, it’s a question of capacity. 
It would take three years for the industry 
to have enough capacity to lyophilize 300 
million vials of product, says Alina Alex-
eenko, professor of chemical engineering, 
aeronautics, and astronautics at Purdue 
University and cochair of LyoHUB, a 
consortium of users and equipment and 
services vendors which was established 
four years ago to promote best practices 
and establish a roadmap for the future of 
this technology. 

Fellow co-chair and Purdue professor 
Elizabeth Topp, who is also chief science 
officer at the Dublin, Ireland-based Na-
tional Institute of Biopharmaceutical 
Research and Training (NIBRT), agrees.  

“Global lyophilization capacity wouldn’t 
allow us to process a billion vaccines a 
year, and stability testing is another hur-
dle. If you’re pushing a vaccine out the 
door in nine months for emergency use 
authorization, you clearly won’t have 
time to do a shelf stability study on a ly-
ophilized formulation and guarantee 18 
months stability,” she says. 

However, new analytical methods and 
process development strategies promise to 
improve processing and simplify distribu-
tion, administration, and the cold chain. 

“We can expect to see more lyophilized 
vaccines in the future,” says Steve Nail, se-
nior LyoHUB scientific advisor who was 
formerly a Purdue professor and is now 
principal scientist at Baxter Biopharmaceu-
tical Solutions, a CDMO in Bloomington, 
Ind.  However, he says, the equipment used 
to process the materials will look quite dif-
ferent from the traditional stainless steel 
lyophilizers, with heat-transfer fluid cir-
culating through shelves. 

Lyo: up for disruption
“The technology is up for disruption,” 
says Alexeenko. She notes that inno-
vative drying processes (e.g., spray- 
freeze drying [both continuous and 
non-continuous]; spin freezing; thin- 
film freezing; and microwave drying), 
show promise to simplify the process-

T he past year has been a busy one for 
vendors and contract development 
and manufacturing organizations 

(CDMOs) that provide lyophilization 
equipment and services. On the bulk ly-
ophilization side, demand for lyophiliza-
tion for antibody-drug conjugates (ADCs), 
monoclonal antibody therapies (mAbs) 
for COVID-19, and some of the raw 
materials used in COVID-19 vaccines 
has been growing, says Scott Ross, global 
product specialist for bulk lyophilization 
with W.L. Gore and Associates.  

The company’s Lyoguard trays are 
being used in the production of mAbs; 
diagnostics tests for COVID-19 virus or 
antibodies; and some of the key raw ma-
terials used in messenger RNA (mRNA) 
vaccines, including synthetic oligonucle-
otides, adjuvants, and lipid nanoparticles, 
he says.“For ADCs, lyophilization is likely 
to become a de facto standard,” Ross says, 
noting that operator safety concerns and 

the need to reduce turnaround times at 
CDMOs are driving use of contained tray 
systems. In addition, real-time monitor-
ing of temperature and other parameters 
is becoming routine, he says.

Issues with vial lyophilization
As it has lifted demand for bulk lyophiliza-
tion, the COVID-19 pandemic has also 
highlighted deficiencies with vial-based 
lyophilization, a process that has seen few 
changes in the past 50 years. By offering 
a powdered form of vaccine that could be 
shipped at ambient temperatures and re-
constituted at the point of administration, 
lyophilization could have simplified the 
distribution of new vaccines. 

This is especially true for COVID-19 
vaccines based on mRNA, which must 
be transported and stored as frozen 
liquids at extremely low temperatures, 
then mixed and manipulated before 
patients can be injected. Of the five 

Breakthroughs in analytics and alternatives to 
traditional freeze drying promise to reshape 
biological development and the cold chain.

Beyond Lyophilization
Agnes Shanley 
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ing, transportation, and distribution of 
biopharmaceuticals and vaccines.

Lyophilization poses challenges, par-
ticularly for some proteins. A number of 
stresses are associated with freezing and 
freeze drying, as well as with agitation 
and phase interfaces, says Nail.  Another 
problem is the fact that lyophilization 
involves very slow cooling, at a rate of 
one degree Kelvin per second, says Bill 
Williams, a professor at the University of 
Texas and inventor of the thin-film freez-
ing process, which he developed years ago 
at the Dow Chemical Co. 

TFF Pharma licensed his technology 
and commercialized it in 2019. Williams 
and his team, with corporate and US 
government funding, are now focusing 
on research designed to optimize use of 
thin-film freezing to improve the process-
ing and delivery of biologics, including 
vaccines, along with the cold chain. Some 
of the problems that can occur with lyo-
philization are due to ingredients within 
vaccine formulations. As Williams notes, 
80% of all existing vaccines use aluminum 
hydroxide adjuvants. If these ingredients 
freeze and then melt, particles can then 
aggregate, affecting both vaccine immu-
nogenicity and activity, he says. 

Faster freezing
However, Williams notes, slow freezing is 
another challenge with lyophilization that 
affects vaccine activity. “When the freez-
ing rate is 100 to 1000 times faster than it 
is for traditional lyophilization, as it is in 
thin-film freezing, the integrity of protein 
materials is maintained,” he says. 

Using thin-film freezing, the vac-
cine can either be reconstituted at the 
point of use, or administered via nasal 
or pulmonary delivery, he says. Cur-
rently, Williams’ lab is working with 
TFF Pharma and more than 25 different 
pharma companies on research that is 
formulating liquid mAbs, mRNA lipid 
nanoparticles, and other bioformula-
tions into thin-film powders that can 
be delivered to the lungs. The company 
recently worked on a reformulation of 
remdesivir as an inhaled dry powder, 
and in July 2020, completed Phase I of 
a clinical study that studied formulation 
of voriconazole as an inhaled powder.

Protein destabilization is another issue 
with lyophilization. Although research 
has studied the mechanics of chemical 
destabilization, which occurs as the result 
of reactions such as deamidation, oxida-
tion, and chain cleavage or “clipping,” the 
science behind physical destabilization 
processes such as aggregation is not yet 
fully understood, says Topp. “Aggrega-
tion is hard to control because it is part 
of the protein folding problem. We don’t 
really understand how proteins fold, and 
we don’t understand how they aggregate 
either,” she says. 

Solid-state hydrogen deuterium ex-
change (HDX), an analytical method that 
is being used in research at Purdue and 
NIBRT, allows proteins to be studied in 
the solid state at high resolution, and is im-
proving understanding of protein stability, 
says Topp.  “A lot of what seems to drive the 
performance of these materials has to do 
with the hydrogen bonds that help make 
up the structure of the proteins, and the hy-
drogen bonds between the protein and the 
matrix that surrounds it. HDX interrogates 
the hydrogen bond network, and, so far, 
results suggest that the better the network, 
the more stable the material,” she says. 

Evidence suggests that aggregation may 
be driven by partial protein unfolding. In 
the future, Topp says, this research might 
yield a metric that would reveal how well 
folded each individual protein is, which 
could help determine whether a partic-
ular biopharmaceutical formulation will 
perform well or not, whether it is made by  
lyophilization or another process. 

In addition, Topp notes, research sug-
gests that measurements made with HDX 
correlate closely with the stability of the 
protein in storage. “If we can characterize 
these materials and the environment that 
the protein sees with sufficient resolution, 
then maybe we can start to replace time 
consuming 18-month to two-year stabil-
ity studies with advanced analytical char-
acterization,” she says. 

This approach would likely start with 
comparability protocols and then move 
to other parts of regulatory filings. “Sta-
bility studies impede all kinds of process 
changes and improvements. We hope 
that we can put tools in place to change 
that,” Topp says. 

Not only HDX but nuclear magnetic 
resonance (NMR) spectroscopy and 
neutron back scattering can be ad-
vanced to study stability. “In order for 
progress to be made, companies need 
to adopt newer technolgies and include 
them in regulatory filings, to put the 
technology in front of regulators and 
the industry,” she says.  

Protein characterization smackdown
In a lighter vein, Topp envisions a “sol-
id-state protein characterization smack-
down,” in which the three methods 
would be used to analyze a blinded sam-
ple of a lyophilized protein such as an 
mAb, and results then compared. The 
method or combination of methods 
that best correlated with storage stability 
would then be deemed the winner(s).  

On a smaller scale, similar work eval-
uating solid-state HDX has already been  
done with Roche Genentech. In this case, 
however, HDX measurements were taken 
for blinded samples of four different mAb 
formulations, and the results were then 
compared to results of 2.5 years of stabil-
ity data that had already been gathered for 
the same formulations.  In two weeks, the 
HDX came up with the same rank order 
of results as stability testing, Topp says. 

“HDX measurement metrics showed 
nearly perfect correlation with aggrega-
tion during mAb storage,” she recalls. 

Purdue and NIBRT have also been 
working on projects supported by the 
National institute for Innovation in 
Manufacturing Biopharmaceuticals 
(NIIMBL) that use HDX. This research 
has evaluated the impact of process 
changes as well as the use of alternative 
drying methods on stability.

LyoHUB was never intended to be a 
research consortium. Its first goal  was 
technology road mapping (i.e., discerning 
ways to revitalize the technology), and 
another primary activity has been dis-
seminating best practices to improve use 
and design of lyophilization equipment. 

“The fact is that there is a lot of poor prac-
tice going on in the industry, due to a lack 
of understanding of the fundamentals of 
heat and mass transfer,” says Nail. 

Manufacturing

Contin. on page 57
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D 
etermination of probability of meeting content 
uniformity (CU) is part of process validation of 
unit dosage forms. ASTM E2709–09 (1) provides 
standard procedure for calculation of lower bound 

(LB) probability of passing multiple-stage tests, such as uni-
formity of dosage units (content uniformity) and dissolu-
tion (immediate release). ASTM E2810–11 (2) procedure is 
dedicated to content uniformity and also provides tables for 
determining probability as not less than (NLT) 95%. The In-
ternational Society for Pharmaceutical Engineering (ISPE) (3) 
also publishes the same kind of tables for content uniformity. 
However, the final conclusion is only that the probability is 
not less than 95% (i.e., no exact numerical value). The tables 
or exact probability values may be composed or computed 
as required by validation scientists using SAS, R, or even 
MS Excel programs (4,5). However, it is the validation unit’s 
responsibility to keep in mind that calculation on those pro-
grams will also require spreadsheet validation. 

One point of concern is that using probability of meeting 
CU alone may lead to releasing future batches with relatively 
low conforming rate. For example, using the CU probability 
limit NLT 95% may lead to releasing few batches with lot 
coverage of 98.40% (Figure 1) (i.e., more than 1% of the batch 
will exceed the working acceptance range of 85–115% of 
label claim [% LC]). Furthermore, if the probability limit is 
established at NLT 90%, the lot coverage may be decreased 
to 97.93% for CU (Figure 1) where the situation is even worse. 
It may be acceptable, however, if it is demonstrated that all 
of the dosage units are still within the absolute range of 75–
125% LC. So the probability limit NLT 95% may be used as 
it was as far as another acceptance criterion such as working 
lot coverage limit is properly applied where it does guarantee 
that the absolute range requirements are met. 

Lot coverage (6) (e.g., CU data) may be defined as the 
proportion (p) or percentage (P) of the dosage units in the 
batch that falls between 85 and 115% LC calculated using the 
upper and lower bounds for mean and standard deviation 
(SD) as applicable (see Figure 2). In this article:
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Determining the Best Estimate 
of Probability of Passing 
Multiple Stage Tests:  
Part 1–Content Uniformity

This article introduces a practical approach to 
determining the best estimate for probability 
of passing uniformity of dosage units (content 
uniformity) using Probability vs. Lot Coverage 
Charts and Tables constructed using simulated 
probability and lot coverage (LC1) data. The 
best estimation concept is to demonstrate that 
the probability estimates, especially for those 
approaching 100%, are slightly different (deviated) 
from the exact calculated values by not more than 
(NMT) the statistically acceptable deviation limits.
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• Lot coverage over 85–115% of LC 
is denoted as LC1, where their 
working acceptance limit of NLT 
99.00% is introduced. 

• Lot coverage over 75–125% of LC 
is denoted as LC2, where their 
working acceptance limit of NLT 
99.90% is introduced. 

For CU, the minimum correspond-
ing LC2 for LC1 NLT 99.00% is 99.999%. 
Its justification is illustrated in Figure 3, 
where release of batches with higher 
conforming rate is guaranteed. 

This article introduces a practical 
approach to determination of the best 
estimate for probability of passing uni-

formity of dosage units (content unifor-
mity) using probability vs. lot coverage 
charts and tables constructed using 
simulated probability and lot coverage 
(LC1) data. The best estimation con-
cept is to demonstrate that the prob-
ability estimates, especially for those 
approaching 100%, are slightly differ-
ent (deviated) from the exact calculated 
values by NMT the statistically accept-
able deviation limits. 

Simulation study on  
probability vs. lot coverage (LC1)
The shortcut to find out correlation 
between probability and LC1 statis-
tics is to conduct a series of simulation 
study trials. The two data generated are 
plotted to construct charts to see their 
relationship. Reliability of the charts is 
to be demonstrated through reproduc-
ibility of the chart features (i.e., abil-
ity to produce at least three identical 
features). The key data (two decimal 
places) are selected, arranged and tab-
ulated in Table I and Table II. Prior to use 
of the tables, all of the tabulated data 
are compared with the computed values 
(probability) and their deviation (differ-
ence) results are reviewed and found ac-

Peer-Review Research
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Figure 1. Probability vs. lot coverage chart: content uniformity (n = 30).

n = 30
M = 99.50
S = 3.22

ZU = (USL-µ)/s ZL = (LSL-µ)/s

ZUU = (115-100.96)/4.11 = 3.42

ZLU = (85-100.96)/4.11 = -3.88

PU = P(3.42)-P(-3.88) = 99.96%

ZUL = 4.13 ZLL = -3.17

PL = P(4.13)-P(-3.17) = 99.92%

Lot Coverage = MIN(PU,PL) = 99.92%

SUB = F1.S = 4.11

MUB = M+F2.S = 100.96

MLB = M-F2.S = 98.04

F1 = 1.277 (n = 30)
F2 = 0.454 (n = 30)

In Excel: P(4.13)-P(-3.17) = NORMSDIST(4.13)-NORMSDIST(-3.17) = 99.92%

Figure 2. Lot coverage 1 calculation example: content uniformity (n = 30)

F
IG

U
R

E
S

 C
O

U
R

T
E

S
Y

 O
F

 T
H

E
 A

U
T

H
O

R
.



Pharmaceutical Technology  MAY 2021    39

ceptable where the maximum and and 
minimum values, provided below the 
tables, are 0.006% and 0.000%, respec-

tively (n = 30). If the tabulated data have 
four decimal places, all the deviations 
would be zero (0.000%). This confirms 

that the tabulated data are completely 
correct. The probability estimation ex-
amples are demonstrated in Table III. 

All of the charts and tables in this 
article are constructed from data gen-
erated by simulation study trials using 
MS Excel program (.xlsm). For example, 
Figure 1 is constructed from LC1 data for 
probability values fixed at 90% and 95%. 
While Figure 4 is vice versa from proba-
bility data for LC1 values fixed at 99.00 
and 99.50%. 

Probability vs. lot  
coverage (LC1) relationship
The relationship between probability 
and LC1 is illustrated in Figure 4 and Fig-
ure 5 using simulated data as earlier dis-
cussed. Note that 98.84%, 97.55%, and 
97.44% in the two figures are arranged 
in different sectional views. Some crit-
ical data from Figure 5 are tabulated in 
Table I and Table II  for critical data from 
separate trials (covering relevant valida-
tion sample sizes n = 30/70 and 60/140), 
where these data can be used for esti-
mation of probability values. Table IV is 
intended to evaluate for acceptability 
between the estimated and computed 
values (i.e., demonstrate that the max-
imum percentage deviations are sat-
isfactorily acceptable). For estimation 
example (see Table III), because LC1 is 
99.35% (CU, n = 30), probability esti-
mate is 98.90%, while computed value 
is 99.29%, and deviation is 0.39%. 

Note that when examining Figure 1 
and Figure 4, the solid line curves do not 
look smooth (even in ‘smoothed line’ 
mode of the program). This is due to the 
fact that the AV formula (
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] is more than 101.5 or less 
than 98.5, use the reference value [M] 
equal to 101.5 or 98.5, respectively, no 
matter what the mean value is). This 
will result in lower biased probability 
values, especially when CU sample 
means are approximately 101.50 or 
98.50% LC (7). 

Estimation of probability  
using probability vs. LC1 table
To estimate the CU probability one 
must follow the scenario thusly: if 

Table I. Probability–content uniformity (CU) vs. lot coverage (LC) data table:  
N = 30 and 70.

Descriptions Probability CU (%): n = 30

CU mean (% LC)
95.00 96.00 97.00 98.00 99.00 100.00

105.00 104.00 103.00 102.00 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.84 98.46 98.07 97.69 97.44 97.55

99.125 99.26 99.00 98.73 98.45 98.26 98.32

99.250 99.57 99.41 99.23 99.04 98.90 98.94

99.375 99.78 99.69 99.58 99.47 99.38 99.39

99.500 99.91 99.86 99.81 99.75 99.70 99.70

99.625 99.97 99.95 99.93 99.91 99.89 99.89

99.750 99.99 99.99 99.99 99.98 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.006%, minimum = 0.000%.

Descriptions Probability CU (%): n = 70

CU mean (% LC)
95.00 96.00 97.00 98.50 99.00 100.00

105.00 104.00 103.00 101.50 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.66 98.26 97.84 97.43 97.47 97.78

99.125 99.14 98.86 98.57 98.25 98.27 98.49

99.250 99.50 99.32 99.12 98.90 98.90 99.05

99.375 99.74 99.64 99.52 99.37 99.37 99.46

99.500 99.89 99.84 99.78 99.70 99.69 99.73

99.625 99.96 99.95 99.92 99.89 99.88 99.90

99.750 99.99 99.99 99.98 99.97 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.005%, minimum = 0.000%.

Figure 3. Lot coverages 1 and 2 relationship: content uniformity (n = 30).
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mean is 99.5 and LC1 99.35 (SD = 
3.9726) with the light blue (see Table 
III) as the estimation area with 4 

probability data, then you will find 
out the minimum, which, in this case, 
is 98.90% (i.e., the probability esti-

mate is NLT 98.90%). This implies 
that when mean is between 99 and 
100 and LC1 is between 99.25 and 
99.50, the estimate result is the same 
(i.e., 98.90%). It is unavoidable that 
the estimated (minimum-based) and 
computed (exact) values may often be 
different (deviated). 

The approach to achieving accept-
ability of deviation magnitude is by 
generating critical deviation values 
(determined at 95% and 50% cover-
ages) using the simulated deviation 
data (N = 20,000 for each sample size), 
summarizing those values in Table IV 
and Figure 6, and evaluating whether or 
not they are acceptable. From Table IV 
(for example), the 95% coverage point 
(critical value) is 0.60% (n = 30) (i.e., 
the deviation values NMT 0.60% will 
occur 95% of the time, which is ac-
ceptable [i.e., 5% of the data (1000 
out of 20,000) are between 0.60% and 
0.82%]). Because no calculation is 
used, the term ‘estimation’ is applied 
rather than ‘calculation’ of probability 
in this article. 

Probability and lot  
coverage (LC1) distributions
Sampling distribution of probability 
statistics (data) generated using sam-
ple size n = 30 is illustrated in Figure 7, 
which supposes that lot CpK for CU 
data is 1.33. Meanwhile, sampling 
distribution of LC1 data generated 
using the same sample size (n = 30) is 
also illustrated in Figure 8. From those 
average data (probability and LC1) in 
Table V, where some data are repro-
duced from the two figures, one may 
apply the summarization that lot CpK, 
on average, is NLT 1.33 if the LC1 av-
erage (from all process performance 
qua l i f icat ion/process va l idat ion 
(PPQ/PV) batches) is NLT (e.g., CU, 
n = 30) 99.43%. Therefore, in addition 
to acceptance criteria in each PPQ/PV 
batch, this average requirement for all 
PPQ/PV batches may need to be ap-
plied accordingly. 

In Figure 7, sampling plan 1 using 
n = 30 looks justified because the 
probability value at 95% (probability 
limit) has a distribution coverage up 

Table II. Probability–Content uniformity (CU) vs. lot coverage (LC) data table: 
N = 60 and 140. NLT is not less than. SD is standard deviation.

Descriptions Probability CU (%): n = 60

CU mean (% LC)
95.00 96.00 97.00 98.50 99.00 100.00

105.00 104.00 103.00 101.50 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.69 98.29 97.88 97.44 97.45 97.75

99.125 99.16 98.88 98.59 98.26 98.26 98.47

99.250 99.51 99.33 99.14 98.90 98.89 99.03

99.375 99.75 99.64 99.53 99.38 99.37 99.45

99.500 99.89 99.84 99.78 99.70 99.69 99.73

99.625 99.96 99.95 99.92 99.89 99.89 99.89

99.750 99.99 99.99 99.98 99.97 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.009%, minimum = 0.000%.

Descriptions Probability CU (%): n = 140

CU mean (% LC)
95.00 96.00 97.00 98.00 99.00 100.00

105.00 104.00 103.00 102.00 101.00 100.00

L
o

t 
co

ve
ra

g
e 

1
(8

5
–1

15
%

 L
C

)

99.000 98.55 98.13 97.71 97.44 97.56 97.90

99.125 99.07 98.77 98.47 98.26 98.33 98.58

99.250 99.45 99.26 99.06 98.91 98.94 99.11

99.375 99.71 99.60 99.48 99.38 99.39 99.50

99.500 99.88 99.82 99.76 99.70 99.70 99.75

99.625 99.96 99.94 99.91 99.89 99.88 99.90

99.750 99.99 99.99 99.98 99.97 99.97 99.97

99.875 100.00 100.00 100.00 100.00 100.00 100.00

100.000 100.00 100.00 100.00 100.00 100.00 100.00

Deviation test results: Maximum = 0.005%, minimum = 0.000%.

Figure 4. Probability vs. lot coverage chart: n = 30 (cross-section view).
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to 88.72% (approaching 90%). For n 
< 30 such as 20, 95% probability has 
the coverage up to approximately 64%, 
which is rather low and not justified, 
while that for n = 60 has the distribu-
tion coverage up to 99.92%. This sug-
gests that the minimum sample size n 
= 30 is justified for the CU sampling 
plan. However, it also depends on po-
tency strengths (of dosage units), ma-
chine speeds, and batch sizes where the 
sampling/testing plan involved may be 
n = 60/140 rather than 30/70. 

Summary on estimation  
of probability values
The step-by-step brief procedure for 
probability estimation is as follows: 

• Compute lot coverage (LC1) value 
as demonstrated in Figure 2 and 
Table VI, LC1 limit: NLT 99.00%.

• Determine probability estimate 
using Table I, Table II, and Table III.

• After successful PPQ/PV batches, 
LC1 average may be used to deter-
mine whether or not lot CpK on 
average is NLT 1.33 as tabulated 
in Table V. Use of probability esti-
mate average is not recommended 
because it is the estimated, not the 
exact value. The probability esti-
mate average data in Table V are 
intended for information only.

Sampling plan 
The sampling plan (SP) involved in 
this article is sampling plan 1 (SP1–1xL 
is to take 1 unit from each of L loca-
tions throughout a dosage forming 
process such as tablet compression or 
capsule filling), while sampling plan 2 
is much more complicated in calcula-
tion (SP2–nxL is taking n units [n > 1] 
from each of L locations). To facilitate 
ease of calculation, it is possible that 
SP2 can be designed such that nxL is 
composed of nx(1xL). For example, in 
CU, if SP2 is 7x10 (nxL), instead of 
taking seven units from each of 10 lo-
cation points (snapshot sampling), one 
may take one unit every few seconds 
(may be longer or shorter depending 
on machine speed) from the process 
until seven units are collected (i.e., 
seven units from each ‘location range’ 

Table III. Estimation examples: N = 30 and 70. CU is content uniformity. LC1 
is lot coverage 1. NLT is not less than. SD is standard deviation.

Descriptions
Example # 1 (n = 30)

Mean = 99.50%, LC1 = 99.35%
Example # 2 (n = 70)

Mean = 103.25%, LC1 = 99.35%

CU mean (% LC) 99.00 99.50 100.00 104.00 103.25 103.00

LC
1 

(8
5

–1
15

%
 L

C
)

99.250 % 98.90 - 98.94 99.32 - 99.12

99.350 % - 98.90 - - 99.12 -

99.375 % 99.38 - 99.39 99.64 - 99.52

Example # 1: Probability is estimated to NLT 98.90% (may be rounded 
to 99%). Computed probability result is 99.29% using mean = 99.5 and 
SD = 3.9726 (0.39% deviation).

Example # 2: Probability is estimated to NLT 99.12% (may be rounded 
to 99%). Computed probability result is 99.49% using mean = 103.25 
and SD = 3.7181 (0.37% deviation).

Table IV. Critical probability deviation values. LC is lot coverage.

Lot coverage  
1 range (%)

Sample 
sizes (N)

Probability deviation (%)

Maximum
95% 

coverage 
point

Average
50% 

coverage 
point

Minimum

99.00–100.00

30 0.82 0.60 0.16 0.03 0.00

60 0.93 0.21 0.06 0.04 0.00

70 0.77 0.17 0.05 0.03 0.00

140 0.67 0.18 0.06 0.05 0.00

In a series of simulation trials (N = 20,000 for each sample size), individual 
deviation data are generated under condition that mean and LC1 data are 
between 95.00–100.00% LC and 99–100% respectively. ‘95% coverage 
point’ is the maximum value of 95% of 20,000 data (19,000) ranking from the 
minimum 0.00%. ‘50% coverage point’ is described in the same manner. 
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Figure 5. Probability vs. lot coverage chart: n = 30 (side-section view).
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[short interval sampling]). Continue 
until 10 location ranges are complete. 
So each of the 10 sample containers 
will contain seven units (practically, 
at least seven units) individually and 
sequentially taken where the testing 
plan may follow SP1. 

For coated bulk tablets in coating 
machines (coating is finished) or bulk 
containers, SP1 can be performed 
more easily because the coated tablets 
are uniformly distributed during the 
coating process. So even if SP2 is per-
formed, the samples themselves would 
not practically differ from those in 
SP1. The samples taken may be tested 

for content uniformity as required if 
the amount of samples is sufficient. 

Case study
Content uniformity: A set of content 
uniformity data (n = 30) has mean 
(M) and SD (S) of 102.40 and 2.95% 
LC, respectively. Determine the prob-
ability of passing content uniformity 
as follows: 

• Compute the upper bound (UB) 
and lower bound (LB) for mean 
and UB for SD, following Figure 2 
and Table VI (F1 = 1.277, F2 = 0.454): 
UB for mean = 102.4+0.4544x2.95 
= 103.74, LB for mean = 102.4-

0.4544x2.95 = 101.06, UB for S = 
1.2772x2.95 = 3.77.

• Compute lot coverage 1 (LC1): 
ZUU = (115-103.74)/3.77 = 2.99, 
ZLU = (85-103.74)/3.77 = -4.97, 
Z U L = 3.70, Z LL = -4.26, and 
LC1 result = MIN(P(2.99)-P(-
4.97),P(3.70)-P(-4.26)) = 99.86% 
(using basic Excel formula (for 
example), P(2.99) = NORMS-
DIST(2.99) = 99.86%). 

• Determine probability estimate: 
Estimate result is 99.98% (see gray 
area in Table I), while the com-
puted result is 100% (99.998%). 

• Conclusion: Passed. Because 
LC1 and probability estimate are 
99.86% (limit NLT 99.00%) and 
100% (rounded from 99.98%; limit 
NLT 95%), respectively. If the 
LC1 average of PPQ/PV batches 
is 99.80% (limit NLT 99.43%; see 
Table V), then the lot CpK, on av-
erage, is NLT 1.33. 

• Note: When determining whether 
or not to use ISPE’s ASTM E2709/
E2810 tables, consider that if the 
mean is 102.4, then the SD (limit) 
will be 3.841, meaning the prob-
ability will be determined to be 
NLT 95% because the given SD 
(2.95) is less than the limit (3.841) 
(i.e., no numerial result). 

• For information: If the CU average 
(mean) limit in acceptance crite-
ria is, say, 95–105% LC, then the 
percentage lot coverage for mean 
data (n = 30) may be computed 
in the same manner using UB for 
SM (SM: S for mean data) equal to 
3.77/30^0.5 or 0.69. The LC for CU 
mean result is 96.64% (i.e., at least 
96.64% of CU mean data [n = 30] 
stay within 95 and 105% LC). 

Conclusion
Batch quality performance cannot be 
judged by using only a probability of 
passing uniformity of dosage units 
(content uniformity) test or any other 
multiple-stage tests, but should also 
involve batch-conforming rate (such 
as lot coverage) tests, as long as the 
products are of dosage unit type. Pass-
ing 95% probability limit sometimes 
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Figure 6. Probability deviation distribution: n = 30. CU is content uniformity. 
NMT is not more than.
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less than.
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fails to pass the 99% lot coverage 
(LC1) limit, as evidenced by Figure 1 
and Figure 4. However, the probability 
limit (95%) can be used as long as the 
LC1 limit (99%) is also established in 
validation acceptance criteria. 

Validity of probability estimation 
may be supported by critical devia-
tion values (i.e., acceptance limits) 
tabulated in Table IV. Average value 
requirements relevant to LC1 pa-
rameters may be applied to evaluate 
whether or not lot CpK on average 
is NLT 1.33. Where applicable (i.e., 
LC1 results NLT 99.00%), the prob-
ability deviations are subject to the 
acceptance limits (critical values) as 
tabulated in Table IV and illustrated in 
Figure 6. Because it appears that the 
more the LB or estimated probability 
approaches 100%, the more the devi-
ation approaches 0% (which can be 
proven as determined in Table I, Table 
II), the probability estimation can now 
be said to meet the requirement for 
best estimation. 
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Lot Coverage (85-115% LC) Distribution (Simulation Test)

Simulated Data (k = 120000): Lot Coverage (LC) Average = 99.43%,
LC Max = 100%, LC Min = 90.29%, N = 3600000, n = 30,
Lot CpK = 1.33, Lot Coverage NLT 98.18% = 95.00%

7.25%

Figure 8. Lot coverage (LC1) distribution (content uniformity): n = 30. NLT is 
not less than.

Table V. Lot coverage (LC1) and probability average based on Lot CpK 1.33. PPQ/
PV is process performance qualification/process validation. NLT is not less than.

Average values based on lot CpK = 1.33

Sample size (n) 30 60 70 140

Lot coverage (LC1) average (%) 99.43 99.83 99.87 99.95

Probability average (%) 97.86 99.93 99.97 100.00

Note: The average values may be used as acceptance criteria. For ex-
ample, (1) probability average of 5 PPQ/PV batches is 98.50% (n = 30). 
This implies that lot CpK on average is NLT 1.33, (2) lot coverage (LC1) 
average is 99.98% (n = 60), so lot CpK on average is NLT 1.33. Since 
probability in this article is estimate value, so it is not recommended. 
LC1 is to be used instead. Gray area is for information only.

Table VI. Lot coverage (LC1) and probability average based on Lot CpK 1.33. 
PPQ/PV is process performance qualification/process validation. NLT is not 
less than.

Descriptions
Conversion factors

Content uniformity (CU)

Sample size (n) 30 60 70 140

Conversion factor F1 1.2772 1.1789 1.1632 1.1094

Conversion factor F2 0.4544 0.2966 0.2709 0.1827

Note for F1 and F2

With 90% joint confidence interval (90% JCI, 1-sided), upper bound for standard de-
viation (SD, S) is computed using the formula: 

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

 

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

With 90% JCI; 2-sided, upper and lower bounds for mean are computed  
using the formula:

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

and 

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

!"#$%&
!
"#$%!&'!(!)%*))*+,%!$-%!.%+$%+/%!*.!0#11#2.'!333!*+4!56+6575!8*17%.9!:)#864%4!;%1#2!$-%!$*;1%.9!
*)%!<3<<=>!*+4!<3<<<>!)%.:%/$68%1?!@+!A!B<C3!!
!
"#$%!D'!E3!*+4!'()*$&++!0#)!/)6$6/*1!4*$*!0)#5!.%:*)*$%!$)6*1.!@/#8%)6+,!E!
!
"#$%!B'!F-6.!6.!$-%!+%2!%G7*$6#+'!!!" # $% & '($ ) *+!
!
"#$%!H'!F-%!+%2!#+%'!'(!
!

"#$%!I'!F-%!+%2!#+%'!,!" # -./ & 01 2#$%&'()*
+3 4 , # 5*4 ,!

!

"#$%!='!F-%!+%2!#+%'!5* # -./ & 01 2#$%&'()*
+3 !

!
"#$%!J'!F-%!+%2!#+%'!%!"6%," # '( 7 8-*)-*)#$%&./+.,!"9:/ # '( 7 5+4 , # % 7 5+4 ,!
!
"#$%!K'!F-%!+%2!#+%'!5+ # 8-*)-*)#$%&./+.4 5*9:/!
!
!
!
!
!

See calculation example in Figure 2.

Gray area is for information only.
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edge of analytical technology develop-
ment. Drug manufacturers, contract 
manufacturing and research organiza-
tions, instrument suppliers, and regula-
tors must therefore work together to ad-
vance capabilities for protein analytics to 
ensure the rapid development of safe and 
effective biotherapeutics.

Rising complexity  
and the need for speed
Biologics continue to rise in use as ther-
apeutics, especially in cases where small 
molecules have not fully addressed 
diseases, such as oncology. This rise 
has, according to Trevor Jones, head of 
marketing for analytical chemistry at 
MilliporeSigma, highlighted the need 
for easily integrated characterization 
and quality control methods that can be 
seamlessly integrated and transferred 
among sites. 

“Speed and accuracy are the drivers,” 
Jones asserts. “Increasing the speed of 
assays to approach real-time release and 
increasing precision or repeatability of 
experiments provide greater data qual-
ity assurance. Structure-function rela-
tionship is always key to understanding 
performance and setting specifications.” 

In addition to increasing the speed 
of workf lows, Ulrik Lytt Rahbek, 
vice-president of assay, analysis, and 
characterisation with Novo Nordisk, 
notes that automating sample workup 
and workflows and increasing the reso-
lution and sensitivity of analytical tech-
niques are additional drivers.

For mAbs, platform characteriza-
tion methods have been established. 
More complex biologics such as multi- 
specific antibodies introduce significant 
complexity, with the number of differ-
ent charge variants—many of which 
can be undesirable from a safety and 
efficacy standpoint—increasing expo-
nentially, according to Susan Darling, 
senior director for capillary electro-
phoresis (CE) and biopharma product 
marketing with SCIEX. “Many of the 
assumptions made about mAbs don’t 
apply to multi-specifics, and defined 
analytical tests are needed that provide 
as much detail for as many parameters 
as possible,” she says. 

W hile monoclonal antibodies 
(mAbs) still dominate the bi-
ologics drug market, many 

novel therapeutic modalities are in 
the biopharma pipeline, with some al-
ready commercialized. Many of these 
next-generation therapeutics present 
new requirements with respect to ana-
lytics. Accelerated approval designations 
create further challenges with respect to 
shortened development timelines.

Protein characterization is an evolving 
and critical application for the biopharma 
industry that enables the evaluation of 
critical quality attributes (CQAs) such 
as identity, potency, purity, and stability, 
according to Anis H. Khimani, senior 
strategy and product portfolio leader for 
life sciences at PerkinElmer. “Analytical 
technology platforms that can help bio-
pharma companies deliver on CQAs and 
create reproducible and robust methods 

of development and validation are im-
portant,” he states.

Proteins are large and complex mol-
ecules that require methods with high 
sensitivity, accuracy, and specificity, 
adds Patrick Tishmack, general manager 
of AMRI’s West Lafayette, Ind., facility. 
The characteristics of such large mole-
cules challenge the capabilities of most 
analytical methods, which then push 
the limits of available technology. “Pri-
mary, secondary, and tertiary structure, 
as well as purity and potency, are critical 
performance characteristics to be deter-
mined for protein biologics. Aggregation 
and immunogenicity are also critical is-
sues to address. Protein impurities that 
are similar to the molecule of interest 
require techniques with sufficient selec-
tivity to differentiate and separate them. 
Small-molecule impurities require tech-
niques that maintain reliability over a 
wide molecular weight range,” he says.

As a result, the biopharma industry is 
pushed to innovate and be at the cutting 

Mass spectrometry and automation are growing in 
importance but further improvements are still needed.

Evolving Analytical 
Technology Unravels 
Protein Characteristics
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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The life sciences industry perpetually has been faced with a set of 
mutually exclusive options: move quickly or move safely. Companies 
could either take their time developing products to ensure high quality, 
or they could move to market quickly and take the risk of missing a 
quality problem. Fortunately, the technology now exists that allows 
companies to move quickly without compromising safety and quality. 

The abilities of artificial intelligence (AI) are usually so aggrandized 
that it can be hard to imagine AI playing a humbler role in quality 
management. However, that’s exactly what connected quality data 
offers. And this isn’t a case of a machine taking over a human’s job—at 
least, not any job a human wants to be doing. AI can’t innovatively 
improve quality, but it can investigate corrective and preventive actions 
(CAPAs) with minimal, or no, human involvement. It can similarly 
pinpoint the root cause of the most common complaints, tell if training 
is effective, and the exact combination of materials and workers to 
increase production. 

In most cases, these tasks can be done quicker and more efficiently 
by AI. This alone means companies can move faster while maintaining 
quality. One of the problems with any innovation is not knowing exactly 
how it’s going to turn out. Unforeseen consequences have a way of 
derailing seemingly cutting-edge ideas. Companies that use advanced 
analytics don’t have to learn the hard way because applications with 
the right data can tell them what will happen before they implement 
anything. Ideas that once seemed too risky to try can be put to the test 
quickly with no risk before any investment is made.

Key Learning Objectives
By attending this webinar, attendees will learn:

• How data can be used to identify, investigate, and      
  close a CAPA.
•  The role of AI/advanced analytics in quality processes.
•  How to use risk based monitoring and clinical CAPA to ensure 

compliance
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Other increasingly complex modal-
ities include fusion proteins, bioconju-
gates, recombinants, nanobodies, and 
oligomeric structures, as well as newer 
approaches such as lipid nanoparticles, 
mRNA, and exosomes. Outside of the 
traditional biotherapeutics, there are 
the gene therapies that use viral vec-
tors comprising 70 proteins and their 
encapsidated transgene that all re-
quire analytical characterization and 
development of their product quality 
attributes, according to Scott Berger, 
senior manager of biopharmaceutical 
markets with Waters Corporation.

“As these modalities enter the market, 
the challenge to assess CQAs and char-
acterize them becomes more difficult. 
The challenge is to develop methods 
that are suited to the assessment of very 
high concentration drug substances, 
highly-glycosylated species, complex 
formulations/excipients, and even al-
ternative approaches to traditional host-
cell protein (HCP) coverage,” observes 
Todd Stone, senior manager of analyti-
cal development at Catalent.

Not only are new analytical meth-
ods required for the more diverse 
format of protein molecules, the 
chemistry, manufacturing, and con-
trols (CMC) development cycle has 
decreased from approximately two 
years to less than six months, accord-
ing to Gang Huang, senior vice-presi-
dent of analytical sciences and clinical 
quality control for WuXi Biologics. To 
support CMC development within this 
compressed timeline, faster and higher 
throughput analytical methods are 
needed to meet such challenges. He 
adds that development of process an-
alytical technologies (PAT) is essential 
to support continuous processing with 
real-time analysis solutions.

In addition, comments Berangere 
Tissot, director of biochem method 
establishment and biologics charac-
terization with Eurofins BioPharma 
Product Testing, material availability 
is becoming an issue. “Protein char-
acterization takes place at all steps 
within the drug product cycle and for 
many different reasons. Whether it is 
the first [investigational new drug] 

(IND)-enabling characterization or 
a reference-standard qualification 
post-commercialization, characteri-
zation data are embedded in any reg-
ulatory submission but are generally 
the last items to get checked off the 
list. The amount of material left to 
perform these characterization assays 
is therefore often limited, and the time 
allocated to get the results is inversely 
proportional to the depth of the re-
sults required,” she explains.

Novel, rapid methods are a lso 
needed in the research/discovery phase 
where thousands of highly complex 
molecules must be quickly analyzed for 
various properties and assessed for de-
velopability, according to Maria Wendt, 
head of US large-molecule research and 
global head of digital biologics plat-
form at Sanofi. “More functionality is 
demanded from single molecules to 
afford multi-targeting products. Even 
so, protein characterization assays for 
these complex molecules need a cer-
tain throughput while still providing 
important individual molecular infor-
mation. Melanie Fischer, group leader 
for assays and analytics at Sanofi, adds 
that “a comprehensive analytical tool-
box composed of high-throughput 
compatible assets complemented with 
lower throughput high quality assays is 
thus key to success to react to the grow-
ing zoo of multi-specific drugs.”

Complexity and speed  
can create challenges
The complexity of new modalities also 
makes their production, purification, 
and characterization more difficult 
than traditional mAbs, according to 
Wendt. These products, according to 
John Rogers, director of chemistry 

and biochemistry, protein and cellu-
lar analysis, Thermo Fisher Scientific, 
require extensive characterization 
for structural and chemical modifi-
cations, assessment of host cell and 
other contaminants, and identifica-
tion of reference standards and meth-
ods. “These efforts are often limited 
by an inability or incompatibility of 
existing systems to meet the charac-
terization needs,” he observes. 

Conventional purity methods such 
as CE and high-performance liquid 
chromatography (HPLC), for instance, 
which are used to quantify product-re-
lated variants and impurities, have been 
powerful tools but suffer from relatively 
low resolution and insufficient sensitiv-
ity for the detection of low-abundant 
protein product variants, particularly 
in the analysis of multi-specific anti-
bodies containing new variants such as 
chain-mispairing and other closely re-
lated post-translational modifications 
(PTMs), notes Huang.

Existing methods may also not allow 
characterization of proteins within 
complex mixtures, such as in the case 
of gene therapy products comprising 
both proteins and oligonucleotides, ac-
cording to Tissot. “For this new class 
of products, the data sets are more 
complicated and there are no platform 
methods, controls, or reference materi-
als in place yet. Therefore, characteri-
zation of these new products requires 
a different perspective on the existing 
toolkit, with more controls built into 
methods and more optimization re-
quired,” she remarks. 

Drug formulations, meanwhile, are a 
complex mix of APIs, excipients, buffers, 
and depending on the mode of delivery, 
adjuvants, lipid carriers, emulsifiers, and 
surfactants. “With each novel formula-
tion component, new analytical meth-
ods are needed to detect and evaluate 
their effects on the stability, immuno-
genicity, efficacy, and safety of the drug,” 
comments Bettina Kehoe analytical de-
velopment scientist with Catalent. 

In addition, for many new analyti-
cal and characterization techniques, in 
fact, the maturity is often at prototype 
level, and additional development is 
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required to implement new methods 
that have demonstrated robustness for 
higher throughput of sample analysis, 
according to Rahbek. “Technology is 
either moving too fast or too slow,” adds 
Tissot. “Some assays are still using old 
technology that needs to be improved, 
such as Edman sequencing, while com-
plex instrumentation is being intro-
duced that only provides meaningful 
information in an academic research 
environment,” she explains. 

Darling comments that the most 
common challenge customers are hav-
ing in the development of new protein 
characterization methods is ensuring 
sufficient reproducibility and robust-
ness. This can often mean that expo-
nentially more effort must be invested 
in achieving the reliability necessary for 
the analysis of drugs that are injected 
into humans. “With the wide range 
of newer, highly complex and diverse 
modalities, that goal is becoming more 
critical to reach,” she says. 

Furthermore, new methods may not 
be adequately scalable and may require 
unique skills, instrumentation, and 
software, Rogers adds. Adopting new 
methods requires dedication of signifi-
cant time to understanding any new ap-
plication theoretically as well as specific 
issues around successful day-to-day 
operation, agrees Andrew Hanneman, 
a scientific advisor at Charles River. 
The appropriate setting (quality control, 
process development, characterization, 
etc.) for new methods may also not be 
initially obvious. As diverse biologics 
and formulations move from academic 
laboratories toward commercialization, 
there is also continuous need for up-
dated analytical methods and instru-
mentation, according to Kehoe.

Specific issues outlined by Jones 
include reagents for sample prepara-
tion and sample isolation/purification 
and derivatization, which can cause 
poor reproducibility and development 
of reference standards can be difficult 
due to limited availability. Biologics 
with newer mechanisms of action will 
require novel approaches to cell-based 
assays. Antibody-drug conjugates and 
protein capsids in viral vectors present 

their own unique sets of requirements 
with respect to understanding how spe-
cific properties affect functionality.

Regardless of whether protein char-
acterization is needed for a conven-
tional mAb or new therapeutical mo-
dality, choosing the appropriate set of 
orthogonal analytical techniques is 
crucial and challenging, because one 
or two methods are rarely sufficient to 
adequately characterize a biologic, ac-
cording to Tishmack. 

Consolidating assays carries risk 
too, though, says Tissot, because each 
individual technique for character-
izing a protein—or a more complex 
biologic—has inherent bias that could 
lead to a mis-estimation or misleading 
assignment of quality attributes when 
combined with other methods. “Some 
consolidation can happen, but the only 
way to overcome the need for speed is to 
develop better interpretation software, 
because interpretation is often the most 
complex and lengthy part of a charac-
terization study,” she asserts.

The need to conduct numerous or-
thogonal techniques to ensure full 
protein characterization is a challenge 
not only due to time and resource de-
mand, but also from compliance and 
data management perspectives. “Ad-
dressing software challenges from a 
compliance perspective is critical to 
meet regulatory guidelines,” Khimani 
observes. He points to electronic re-
cords and signatures, as well as strong 
security and audit trails, as hallmarks 
for 21 Code of Federal Regulations 
(CFR) Part 11 compliance. For charac-
terization methods that may end up as 
quality control assays in the absence of 
equally specific or equally performing 
quality control-friendly assays, Tissot 

notes that more may need to be done 
from a method-readiness standpoint 
than is usually performed on purified 
proteins, particularly with respect to 21 
CFR Part 11 considerations. 

The large amounts of data generated 
by the array of analytical technologies 
used for protein characterization, while 
welcome, is also presenting another layer 
of challenges. “Many organizations are 
struggling with both the volume of data 
and the capacity to leverage it fully in 
service of their drug-development goals, 
Bill McDowell, group leader and head of 
analytics at Abzena, observes.

“We have found that while our clients 
ask for their data in raw form, some of 
them just do not have the infrastruc-
ture in place to use, manage, and store 
it properly. It may be that the industry 
needs to lend even more scrutiny to 
data handling and sharing practices 
with labs and services providers while 
adopting a more common base of stan-
dards and technologies to suit the cur-
rent and emerging needs of biophar-
ma’s developers,” McDowell concludes.

Some resistance to change
Innovation and its adoption are linked 
to confidence in the measurement, as-
serts Colette Quinn, marketing man-
ager for biopharmaceuticals at Waters 
Corporation. One way to build that 
confidence, she says, is to introduce new 
methods to various places within the 
workflow. There tends, Tissot agrees, to 
be less opposition to new characteriza-
tion techniques for new quality control 
methods. “Because characterization re-
lies on scientifically sound principles, it 
is up to the applicant (and its providers) 
to demonstrate that the method used or 
that the technology used is suitable for 
use and scientifically sound,” she notes. 

Fortunately, regulators realize that 
protein characterization as quality 
control is an emerging field and, there-
fore, are flexible when it comes to the 
development of new tools and methods, 
according to Jones. “Drug manufactur-
ers are often conservative in their ap-
proach to new methods because of the 
uncertainty it might cause in approval 
delays. We have found, however, that 
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regulators are open to novel approaches 
so long as they are scientifically sound 
and meet validation and/or qualifica-
tion criteria,” he comments. 

The key to successful adoption of 
new analytical methods by regulators, 
according to Huang, is demonstrating 
that they are not only scientifically 
sound and robust, but also capable of 
generating reliable results and useful 
for defining control strategies. New 
methods should, he adds, be devel-
oped to analyze certain CQAs that 
are not covered by the existing panel 
of methods or otherwise be superior 
with respect to performance (accuracy, 
sensitivity, reliability, etc.). Ideally, 
says Khimani, they should also offer 
a broader applicability from discovery 
through development, including down-
stream process monitoring and quality 
assurance/quality control.

For more novel approaches such as 
multi-attribute monitoring (MAM), also 
known as quantitative peptide mapping, 
the emerging technologies teams within 
regulatory bodies often act as bridges, 
enabling companies to collaborate with 
regulators to build confidence and best 
practices for employing those methods, 
according to Berger. This approach has, 
he says, allowed many companies using 
MAM approaches to work toward de-
ploying them beyond development and 
into clinical lot release.

There is also, however, Darling adds, 
the need to build consensus within the 
industry as a whole before any new 
method is widely adopted. First the 
consensus must be established between 
scientific experts at various biopharma 
companies; wider consensus can then 
only be built through back-and-forth 
with different groups within the various 
regulatory authorities. “Achieving criti-
cal mass is a slow process. Most compa-
nies vet a new technique or method for at 
least a year or two before moving it into 
quality control,” she says.

For regulators to accept new technol-
ogies for CMC-based characterization 
analysis, they need to see demonstration 
of equivalency or superiority of the new 
method for its intended purpose, Berger 
says. “Significant crossover studies may 

be required to demonstrate these out-
comes, as assays in characterization not 
only document normal product varia-
tion, but are often employed for stability, 
forced degradation, and process devel-
opment studies that give rise to a wider 
variety of product variants, often at low 
levels,” he comments. 

Contributing factors leading to slower 
adoption of new analysis and character-
ization techniques include the need to 
invest in new equipment and build up 
necessary competencies, and the time 
delay for projects compared to what is 
possible using conventional methods, 
most notably due to the need to demon-
strate comparability to current methods, 
according to Rahbek.

In addition, Darling points out that 
if an existing method is part of a regu-
latory filing for a global product, then 
both the old and new methods will need 
to be performed until all of the regula-
tory agencies approve the new method, 
which can take years. “Not surprisingly, 
there have to be compelling reasons and 
significant benefits for a drug maker to 
switch to a new method for a commer-
cial product,” she says.

Resistance to adopting new analytical 
techniques for development candidates is 
often tied to the need to adhere to strict 
program timelines, according to Robert 
Vaughan, associate principal scientist in 
Catalent’s analytical development group. 
He also notes that there is additional risk 
associated with adopting less-established 
technologies given the added cost and 
potential for unanticipated method-spe-
cific challenges that might be encoun-
tered during development.

“Furthermore,” Vaughan adds, “adop-
tion of any new method that requires 
specialized equipment would require 

training analysts in both process devel-
opment and quality control, acquiring 
systems for both groups, integration 
into a regulatory-compliant data man-
agement system and subsequent valida-
tion. Redundancy of equipment is also 
important to maintaining timelines 
should one system go down, which can 
significantly increase the cost. When 
benchmarked against established plat-
form methods that have a history of suc-
cess within a regulatory environment 
(albeit lower resolution), the added time 
and cost can be a significant barrier.”

Rogers agrees. “Many companies al-
ready have investments in proprietary 
and/or established methods that would 
require significant commitment and 
investment to replace. There also may 
be questions regarding the validation 
requirements, and often there is a fun-
damental resistance to change that must 
be overcome as well,” he says.

Adding to the challenge is the fact 
that the benefits of new and improved 
methods may not initially be obvious 
prior to testing in one’s own labora-
tory, according to Hanneman. “In a 
fast-paced industry where experience 
is highly-valued, experienced devel-
opers may need to choose familiar ap-
proaches for expediency, presenting a 
barrier to adoption,” he observes. 

Incentives for adoption  
of new methods, too
It should be noted, though, that because 
the increasing number and diversity of 
new modalities is creating the need 
for new analytical methods, there is a 
growing level of incentive to adopt new 
techniques for these new biologics in 
particular. “All of these biotherapeutics 
would benefit from the use of orthogo-
nal approaches that can help to reduce 
bias toward one method or one result,” 
Quinn asserts. 

“Scientists tend to gravitate towards 
solutions with which they are most 
comfortable, and although data might 
be collected along the way, inserting 
a number into a cell on a spreadsheet 
can be a lost opportunity,” says Quinn. 

“Instead, the goal should be to increase 
confidence and look for trends that 
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could save time when future studies are 
conducted. In addition to asking what 
has changed, it is important to consider 
whether that change matters. To answer 
both questions truly requires an orthog-
onal approach,” she asserts.

In addition, Quinn notes that by link-
ing outcomes, the values from these sys-
tems can possibly become predictors of 
the next set of tests. As an example, she 
points to linking chemical outcomes like 
those determined via LC separation with 
native ion mobility or biophysical data 
such as differential scanning calorimetry 
and ultimately extending this informa-
tion into interpretation of binding assays.

Berger adds that with the recent 
progress in International Council for 
Harmonisation guidelines Q12 and Q14 
there is greater potential for more flex-
ibility in analytical methods used for 
product analysis, which is aligning well 
with the growing interest in pursuing 
more formal analytical quality-by-de-
sign method development approaches. 

“The power of platform methods to ac-
celerate COVID-19 molecule develop-
ment and the benefits of systematically 
optimizing these methods is becoming 
very clear,” he says.

A few unique challenges
The complexity of biologic products and 
the need for comprehensive characteri-
zation creates some unique challenges 
for analytical scientists. Despite all of 
the advances in mass spectroscopy and 
other methods, there is still opportunity 
for further improvement.

For instance, there is a significant 
need for alternative approaches to HCP 
characterization and clearance during 
purification, according to Vaughan. 

“HCPs are a unique challenge given their 
complexity and diversity, and they pose a 
significant risk to any protein therapeu-
tic given the potential of certain HCPs to 
impact product stability and immunoge-
nicity of patients,” he says. 

Enzyme-linked immunosorbent as-
say-based approaches used currently 
have high sensitivity against a single 
target, but there are thousands of HCPs 
present in the initial harvest, which 
have the potential to vary between lots. 

Mass spectrometry (MS), Vaughan 
believes, is well-poised to fill this gap 
given its ability to both identify and di-
rectly quantify individual HCPs with 
both high sensitivity and accuracy.

Quantif ication of polysorbates 
(PS20 or PS80) in protein therapeutic 
formulations is another area in which 
advances in analytical techniques 
are still needed, according to Kehoe. 

“Regulators have recently started to in-
crease the detail required of drug for-
mulations, and the analytics for char-
acterization of polysorbates is lagging 
behind,” she observes.

Glycosylation analysis remains a 
challenge as well. “Analysis of the N- 
and O-glycan profiles of any molecules 
but mAbs is an arduous task,” Tissot 
remarks. “Most of the methods are 
either highly quantitative or highly 
qualitative and there is no real happy 
medium where you can safely assign 
structures and report relative percent-
ages in one go without major bias,” she 
explains. The ability to use LC-MS 
with electron capture dissociation/
electron transfer dissociation is an im-
provement, but most of the workflows 
and techniques remain in the academic 
realm to date.

The bi/mult i-va lent nature of 
multi-specif ics bears the risk of 
self-association that can result in poor 
high-concentration solution behav-
ior, according to Fischer. She believes 
high-throughput predictive assays to 
assess colloidal stability of biothera-
peutics early on are a key advantage 
in the discovery of multispecific drugs. 
Similarly, the analytics of mispairing, 
in particular when compound num-
bers are high—in discovery but also in 
cell line development—is a challenge. 

Here again, Fischer notes that compat-
ible MS approaches are important for 
effective analyses of samples with in-
creasing compound numbers. “We have 
made some advances on these fronts at 
Sanofi,” she says.

Rogers also points to the need for 
tools and workflows for efficient pro-
tein variant screening and structure 
determination across a broad molecular 
weight range, amino acid misincorpora-
tion, characterization of intact proteins 
and protein complexes, characteriza-
tion of low-abundance PTMs (natural 
or introduced by the manufacturing 
process), and the characterization 
and quantitation of specific proteo-
forms. “Workflows utilizing CryoEM, 
[ultra-high mass range] (UHMR)-MS, 
and complementary tools and software 
are of great interest to structural biology 
researchers in academia and industry 
because they offer great potential for 
improved screening, characterization, 
and understanding of protein structure 
and proteoforms,” he states.

The rapid emergence of viral and 
nanoparticle-based delivery has cre-
ated the need for methods that ad-
dress questions of composition (e.g., 
lipid profiling), as well as measures for 
proper assembly of these macrostruc-
tures (e.g., empty/partial/full analysis 
for the biotherapeutic molecule), ac-
cording to Berger. The acceleration of 
gene and cell therapies reinforces and 
extends these needs.

In addition to developing capabil-
ities in advanced MS techniques to 
address such challenges, Waters is 
working with emerging technology 
companies such as MegaDalton Solu-
tions to bring new technologies like 
charge detection-MS into the com-
mercial realm. The company is also, 
Berger notes, investing significantly 
in new generations of HPLC and ul-
tra-performance liquid chromatog-
raphy/ultra-high performance liquid 
chromatography chemistries and con-
sumables for the next generation of 
size- and charge-based separations for 
application to new modalities because 
these methods will also play a key role 
in routine analysis. PT
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Consulting Services, Parexel. A robust 
solution to manufacturing problems 
instead of a quick fix is important, says 
Coats. “Depending on the activities re-
quired, a long-term plan may need to be 
created with ongoing updates provided 
to the regulators.”

To further understand the situation, 
Steve Lynn, vice-president of Pharma-
ceuticals, Regulatory Compliance Asso-
ciates, suggests that companies conduct 
their own investigation into the cited 
deficiency and follow the problem man-
agement system defined in the compa-
ny’s quality management system (QMS). 

“Further I’d suggest that when defining 
the problem statement that the company 
think breadth, as well as depth. Don’t just 
fix what is right in front of you. Think 
critically about what else may have a 
problem and how far back you need to 
dig to adequately bracket off whatever the 
problem may be. The CAPA/compliance/
improvement plan should indicate all the 
areas that are deemed out of compliance 
and should address the immediate ac-
tion the company will take to correct the 
violation and identify the plans they are 
developing to prevent the violations from 
happening in the future,” says Lynn.

An internal investigation should deter-
mine which product batches are impacted 
and if any additional products are also 
affected, notes Srinivasan. “Depending 
on the degree of severity of deficiency, 
take appropriate measures to quarantine/
segregate affected batches as needed. If 
distributed batches are impacted, assess 
and determine if a field alert is to be filed 
with [an FDA] District Office. Conduct 
a health hazard analysis to determine if 
there is an impact to patient safety and/or 
effectiveness,” she suggests.

 Understanding the impact of all fac-
tors on products is essential to determine 
how the CAPA plan will be developed, 
says Linda Evans O’Connor, vice-presi-
dent, chief of staff, Lachman Consultant 
Services, Inc. “How are you going to as-
sess product that might already have been 
manufactured, tested, submitted, and/or 
released, and could this potentially be a 
systemic issue, and if so, how will you 
address the issue across products, equip-
ment, systems, facilities, sites, etc.?” says 

W hen FDA oversight detects vi-
olations of current good man-
ufacturing practices (CGMPs) 

at a drug manufacturing facility, the 
owner is expected to respond with a 
corrective and preventive actions (CAPA) 
plan outlining steps to remedy the prob-
lem. The timeliness and thoroughness 
of this response—as well as implemen-
tation, documentation, verification, and 
monitoring to remedy the problem—are 
crucial to ongoing production and the 
safety of the drug product. 

A key component of an effective quality 
system, a CAPA plan should identify and 
investigate product and quality problems 
and indicate actions needed to correct 
and/or prevent those problems from re-
occurring. Delayed, rushed, or incomplete 
responses can doom initial remedial ac-
tions, leading to a succession of ongoing, 
unresolved problems, and additional 
scrutiny from FDA.

Understand the situation
When FDA identifies a CGMP violation 
and calls for a CAPA, the facility owner 
should have two primary concerns: re-
sponding to the agency and identifying 
actions to ensure product quality and 
safety. Aloka Srinivasan, principal and 
managing partner, Raaha LLC, recom-
mends companies first acknowledge the 
agency’s request in writing and commit 
to a timeframe for providing the CAPA 
plan. Then, says Chris Moreton, partner, 
FinnBrit Consulting, companies should 
invest time to fully understand the re-
quest and the situation and determine 
the cause of the deficiency and necessary 
actions to resolve the problem. 

“Make sure the citation is understood, 
and have a teleconference with [the] reg-
ulatory body, if necessary, to fully under-
stand the citation and any expectations of 
a desired corrective action,” says Heath 
Coats, principal consultant, Regulatory 

Understanding an FDA corrective and preventive 
actions request is step one in developing a robust 
plan to address CGMP deficiencies. 

Responding to  
FDA CAPA Requests
Susan Haigney
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O’Connor. “Even if one or more elements 
is not applicable, it may be important to 
state why they are not applicable. What 
interim controls are you going to put in 
place if the actions are not immediate?”

Gathering the CAPA team
Quality consultants recommend 
that the CAPA plan be developed by 
members of the department directly 
associated with the CGMP deficiency, 
as well as quality departments and 
other related departments, according 
to O’Connor. One person with over-
all responsibility for the plan should 
manage the process and “orchestrate” 
interrelated CAPAs. 

The quality team should always be 
involved with CAPA plans, agrees Coats. 

“When CAPAs are created for operational 
groups within a company, an owner of 
the CAPA within the operational group 
should be identified. Any support groups 
that will play a role in execution of the plan 
should be involved at least from a resource 
planning standpoint. Regulatory affairs 
personnel may need to be involved if, for 
example, updates on a long-term CAPA 
need to be submitted to regulatory bodies.”

The nature of the CAPA may deter-
mine the personnel involved, says Sri-
nivasan, with quality, manufacturing, 
regulatory, engineering/maintenance, 
validation, technical services, and project 
management teams typically participating. 

“However, a company should be flexible re-
garding who should be part of the CAPA 
planning depending on the nature of the 
preventive action anticipated,” she says. 

Some experts suggest a wider scope 
of participation is important. “A good 
CAPA/compliance plan needs to be de-
veloped by the employees involved in the 
process and systems that are under scru-
tiny so they understand the issues and the 
appropriate changes can be implemented. 
The more employees understand the com-
pliance concerns, the more effective the 
plan will be when it is being implemented,” 
says Susan J. Schniepp, Distinguished Fel-
low at Regulatory Compliance Associates.

Developing the CAPA plan
Once the deviation has been internally 
investigated and a team assembled, the 

CAPA plan can be developed. The devel-
opment of the plan should not be rushed, 
and the CAPA should be broad and fully 
address the problem, says O’Connor. 

A key decision is if more than one 
CAPA is needed to address the problem. 
One overarching CAPA plan with multi-
ple CAPA subsections; or each problem 
may have its own CAPA, which are then 
tied together under one compliance plan, 
says Seyed Khorashahi, executive vice 
president, Regulatory Compliance Asso-
ciates. “Either way the important issue is 
that the changes are linked together and 
monitored so the company has a full un-
derstanding of the overall compliance of 
their processes/systems,” he says.

“In my experience I’ve seen firms han-
dle this both as one CAPA—one action 
or multiple actions captured on one 
CAPA. When using a system involving 
multiple actions per single CAPA, will 
all actions need to be completed before 
the CAPA can be closed? How will the 
multiple actions be managed and linked 
to the CAPA? These are topics to be con-
sidered as a company develops its CAPA 
policy,” says Coats.

Moreton advises that different manu-
facturing processes may require different 
approaches to developing the CAPA. “Re-
training of the operators will be a com-
mon theme, but all processes are different, 
and there will be difference between API 
manufacture and product manufac-
ture, and between sterile products and 
non-sterile products,” he says.  Certain 
areas of consideration may be impacted 
by different processes, says Srinivasan, 
and some processes such as sterilization 
may need a closer look to see if requali-
fication is required or there is potential 
impact on other product batches or man-
ufacturing processes. 

While different manufacturing pro-
cesses may require different changes, the 
basic CAPA elements should be consis-
tent throughout systems and process, 
says Lynn. “For example, if your CAPA 
changes a standardized process for one 
manufacturing process, you need to 
ensure it doesn’t cause issues with other 
manufacturing processes. There are 
many perspectives on what constitutes a 
good CAPA system, but the reality is the 

quality and thoroughness of the investi-
gations ultimately drive the effectiveness 
of the CAPA. Thinking through the issue 
from beginning to end and detailing what 
other processes may be affected, then doc-
umenting your rationale for changing or 
not changing something will help you 
make the right decisions,” Lynn says.

Schniepp recommends a three-phased 
approach to developing a CAPA. “Phase 
one would be evaluating/remediating 
and implementing changes to fix the 
issue. Phase two should define how the 
changes implemented will be monitored 
and improved, and phase three should de-
fine what the mature state of the system 
will offer in the way of continuous process 
improvements,” she says.

A CAPA plan should include the fol-
lowing elements, according to Coats:

• A statement of the problem to be 
addressed

• A development plan of actions to be 
taken, such as risk assessments

• A list of resources and operational 
groups involved in performing cor-
rective actions

• A timeline for the corrective actions
• A list of documentation that will be 

developed during corrective actions
• Criteria for measuring the CAPA’s 

effectiveness
• A list of preventive activities to en-

sure the event does not reoccur.
Khorashahi adds that tools that will 

be used to investigate root cause of the 
problem should be defined, and critical 
thinking should be used to develop po-
tential changes to processes. “The com-
pany should include the measurements 
or metrics they will use to continually 
monitor the processes and systems to 
make sure they are maintained in a 
state of compliance. A really well-writ-
ten CAPA plan will also include some 
discussion on continuous process im-
provements as the processes and sys-
tems mature,” says Khorashahi.

Implementing the CAPA plan
Correcting CGMP deficiencies in a 
timely manner is important, but the 
time it takes to implement a CAPA de-
pends on a variety of variables including 
the type of CAPA and the deficiency it-
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self. Writing and revising standard op-
erating procedures and retraining staff 
are also factors, says Moreton. 

The complexity of the problem also 
plays a role, according to Lynn. Correc-
tive actions, such as adding an additional 
signature line to an existing verification 
document, may take little time to carry 
out. “Other changes are more complex 
and may take additional time to imple-
ment. Keep in mind that a seemingly 
simple change in an SOP [standard op-
erating procedure] with a long CAPA 
date also raises a flag and could yield 
questions on why it’s taking so long to 
do a simple task. If the task isn’t as simple 
as it appears, it is highly suggested that 
the rationale for the timing be recorded 
in the CAPA,” says Lynn.

If the CAPA requires new equipment 
or facilities, implementation will take 
longer than just updating a procedure, 
says O’Connor. “This is where interim 
controls come into to play. It is not un-
common for very large CAPAs to take a 
year or more, but if the company is con-
tinuing to produce for the US market, 
then there needs to be other controls in 
place,” she says.

While the time to complete a CAPA is 
dependent on the depth and extensive-
ness of corrective actions and can vary 
significantly from a few days to several 
months, companies should avoid set-
ting unrealistic timelines for the CAPA 
that cannot be met or close a CAPA to 
meet a due date, says Srinivasan. And 
commitments should not be provided 
to FDA that are not vetted or are not 
feasible for commercial production, she 
recommends. Time frames that are too 
short and are impossible to meet—as 
well as those that take too long—are 
not acceptable to regulatory authorities, 
note multiple experts; missing a CAPA 
commitment date is a sign that the re-
mediation is not going well.

Time is not the only concern when it 
comes to CAPAs. The effectiveness of a 
CAPA plan should be verified and mon-
itored with effectiveness checks, which 
assure the issue has been addressed.  

“Let’s say a change is implemented to 
fix an observation that there were too 
many repeat deviations generated from 

one specific process step. Once the in-
tended change to fix the process is im-
plemented, the deviation system should 
be monitored to see if the repeat devi-
ation has been remediated,” says Kho-
rashahi. “This monitoring should be 
done over a period of time. In essence, 
the company is performing real-time 
effectiveness checks and continuously 
monitoring the process. This is a de-
sired state for maintaining compliance.” 

“It is often useful as well to have an in-
dependent party assess the CAPAs and 
the effectiveness at a point in time after 
the CAPAs have been implemented,” 
says O’Connor.

Companies should thoroughly follow 
through with a CAPA, says Srinivasan, 
and a solution should be confirmed 
through verification and close-out of 
the CAPA. Opening another CAPA to 
continue an uncompleted CAPA should 
also be avoided, says Coats. 

Changes to the plan
If new information about the deviation 
or process is discovered after a CAPA 
is developed and sent to FDA, the plan 
should be revised. “Any CAPA plan that 
is carved in stone will only result in the 
company continuing to get observations 
of non-compliance,” says Lynn. 

“CAPAs can be flexible, but it is cru-
cially important to update the agency 
as soon as you have made a decision to 
change the CAPA, with an explanation for 
why it changed. The explanation should 
be reasonable and scientifically based, and 
the new CAPA needs to at least address 
the original observation,” says O’Connor.

“[CAPA] plans should be living docu-
ments and change as needed depending 
on new information discovered during 
the CAPA process. If the company had 
committed to ongoing updates to the 
regulatory agency as part of the origi-
nal response, then the changes should 
certainly be communicated,” says Coats. 

“The bigger issue is to ensure the compa-
ny’s quality system has a mechanism to 
introduce, review, and approve the change 
to a CAPA plan. Therapeutic efficacy 
and patient safety should always dictate 
whether a change to a CAPA plan would 
be required,” says Coats.

A company’s quality system should 
include processes—management review, 
internal audits, periodic procedural re-
views, annual product reviews, and en-
vironmental monitoring—to review and 
adjust the CAPA on an ongoing basis. 

Assuring compliance
Effective CAPA plans assure regulators 
that the company has corrected devia-
tions and prevented future occurrences, 
and the agency expects a timely response 
to citations such as Form 483 reports.

“If an extensive corrective action is 
planned, the firm should acknowledge 
the CAPA requirement in the initial 
Form 483 response, indicate the CAPA 
is under development, and provide a 
commitment to submit the proposed 
CAPA in a follow-up response within 
a reasonable time (i.e., no more than 
two weeks later),” says Srinivasan. 

“Any initial CAPA submitted should 
include milestones (timeline) for pro-
viding progress reports to the Agency, 
the timing of which depends on the 
actions needed.”

As the CAPA implementation process 
progresses, routine updates should be 
provided to FDA, according to Schniepp, 
including completed commitments, those 
still in progress, and changes that may be 
needed to the original plan. “Providing 
data that demonstrates that the completed 
commitments remediated the problem 
should be provided as direct evidence 
the process/system was effectively reme-
diated,” says Schniepp.

“The verification portion of a CAPA 
provides the assurance the CAPA is work-
ing, and the periodic milestone reports 
submitted to the agency provides the 
reporting required. There is a possibility 
that FDA will revisit to assure the CAPAs 
are being followed,” says Srinivasan. “The 
amount of vigilance on part of FDA de-
pends on the severity of the deficiencies 
noted. The agency may make a special re-
turn visit to verify implementation of spe-
cific CAPAs. In most cases, FDA will wait 
until the next GMP inspection to review 
the CAPA progress.  But be assured the 
agency investigators will have the CAPAs 
in hand to double check the information a 
company provided during their visit.”  PT
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LyoHUB’s latest best practices paper 
focuses on the formulation of lyophilized 
products, but validation and equipment 
qualification are areas that will be updated 
soon, says Alexeenko. LyoHUB is actively 
facilitating research and the adoption of 
new technologies and advanced analyt-
ics and equipment among its 25 member 
companies. To advance this goal, the orga-
nization opened up a new demonstration 
laboratory in 2019 to allow its members to 
work with new process equipment and an-
alytical systems.

Process analytical technology (PAT) 
remains an area of focus. One technology 
being developed is smart vials, wireless 
sensors that would go into each individ-
ual vial being lyophilized and measure 
such data as temperature, pressure, and 
extract lyophilization rate, and commu-
nicate the information back to the freeze 
drier, says Alexeenko. 

“This is important because, in lyo-
philization, batches are qualified, and a 
whole batch can be trashed if something 
goes wrong in just one or two vials. This 
sensor allows individual vials to be moni-

tored, providing more control,” says Topp. 
The vials can also be used to measure and 
control ice nucleation and to understand 
its dynamics. “This is the one area in ly-
ophilization where things happen very 
quickly, and we need to better understand 
and control that process,” Alexeenko says. 
Another method that is being studied in 
projects at LyoHUB’s new demonstration 
facility is in-situ residual gas analyzer 
mass spectroscopy, a technology that 
Purdue has been using since 2018. The 
method enables the study of problems that 
can occur in freeze drying when compo-
nents in a formulation decompose and a 
pH shift or other issues result.  It can de-
tect parts-per-millon-level changes in the 
composition of the gas during lyophiliza-
tion, and then allow them to be correlated 
to process changes.  

The first applications of the technol-
ogy used ammonia, but Nail is working 
on a project that uses organic co-sol-
vents, typically required when process-
ing poorly soluble drugs. This work will 
study the time course release of ethanol 
vapor from product, which has been 
shown to have a critical influence on 
product reject rates. 

Process modeling
Other projects are focusing on improv-
ing sensors and process modeling. “You 
can’t do one well without the other,” says 
Alexeenko. In process modeling, LyoHUB 
members are working on a virtual ther-
mocouple, which uses high speed comput-
ing and high-fidelity methods to model 
heat transfer, not only in porous materials 
but also in and between glass containers, 
and between glass and plastics containers 
(e.g., SiO2-type vials). The project com-
bines noninvasive measurement and 
process modeling so that the temperature 
within the vial can be reconstructed with 
a much higher level of detail, says Alex-
eenko.  A new area of interest is microwave 
heating using volumetric electromagnetic 
rather than conductive heat transfer. So 
far, the method has been found to reduce 
impact on large biomolecules.

Nail notes increased industry interest 
in applying lyophilization technology to 
human stem cells. In 2020, Alexeenko 
says, Purdue researchers developed ly-
ophilization processes for use with the 
mRNA and CRISPR Cas9 reagents that 
are used in some COVID-19 diagnostic 
testing kits. PT
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Q.Some 10 years ago, we implemented an 

electronic quality management system. Over 

the years, we have added some modules (e.g., 

for change control and deviation management). The system 

documentation was amended as changes happened. In a recent 

audit, we were given an observation: “Your system description 

does not meet regulatory expectations.” We are still unsure what 

is expected from us as we presented the system description 

given to us by the vendor, plus the validation documentation. 

A.The regulatory authorities understand the importance 

of computerized systems in a modern pharmaceutical 

environment. They also understand the complexity of such 

systems and that these systems are likely to change over 

time. For that reason, companies must maintain an inven-

tory of their automated systems, detail whether these sys-

tems are GxP-relevant, and if so, if these are validated. This 

is the very basis expected by the regulators. To understand 

the intended use of each system, a system description is 

also required. Your auditors found your system descrip-

tion deficient. You mention that you provided the system 

description written by the system manufacturer. This, I 

believe, is the key issue of concern.

Annex 11 of the European Union’s regulations state in 

paragraph 4.3: “An up-to-date listing of all relevant systems 

and their [good manufacturing practice] GMP functionality 

(inventory) should be available. For critical systems an 

up-to-date system description detailing the physical and 

logical arrangements, data flows and interfaces with other 

systems or processes, any hardware and software pre-

requisites, and security measures should be available” (1).

Every company using the system will have dif ferent 

physical and logical arrangements, for example: 

• You may have 50 users, whereas another company 

may have 5000 users.

• You may not have implemented any interfaces to 

other systems, whereas other users may have linked 

their system to other software packages.

• You may use the system for GxP relevant 

documentation, whereas another company may only 

use it for non-GxP purposes.

Therefore, each company’s system description wil l 

be unique. The manufacturer can only provide a generic 

description, which can of course be the basis for your 

individual one. 

You also mention that you do have additional pieces of 

information about the system, which can be found in the 

validation documents. That may be so, but these pieces of 

information are not consolidated, interlinked, or otherwise 

logically connected to fulf i l l  the requirements of the 

regulations, which call for an up-to-date system description 

for critical systems. Your system is obviously critical as you 

use it for GxP-critical processes.

I t  doesn’t  mean that  you shou ld  copy/pas te  a l l 

the information that can be found in your validation 

documentation or elsewhere, into a document called 

‘system description’. It is perfectly acceptable to provide 

the relevant links. A system description could therefore be 

structured like this:

• System description. In a few sentences describe the 

name, origin, and intended use of the system (e.g., by 

installed system module [in your case documentation, 

change, and deviation management])

• System history. Describe the key milestones in the 

lifecycle of this automated system.

• Technical information and system validation. In a few 

sentences describe what system version is installed 

where and when it was last validated.

• References. Here you provide the links to all the 

relevant documentation.

 Following this advice, you should be able to prepare your 

system description, and I hope you will also find it a useful 

exercise as it will help you find all relevant information 

faster in future.

Reference
 1. European Commission, EudraLex Vol 4, Annex 11 “Computer-

ised Systems” (EC, 2011). PT

Computerized System  
Descriptions–How Hard  
Can It Be?

System documentation should include a system description, history, validation information, 
and references, according to Siegfried Schmitt, Vice President, Technical at Parexel.

https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-4/annex11_01-2011_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-4/annex11_01-2011_en.pdf
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