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Rita Peters is 
editorial director of 
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Rita Peters

P   atience may be a virtue; however, 
in today’s “I want it now” society, 
it often is in short supply. Im-

mediate gratification is expected, be 
it a pizza delivery, customer service 
response, drug or vaccine to fight a 
pandemic. For an impatient audience, a 
slower-than-expected response can lead 
to complaints, criticism, and distrust.

Yes, I am using clichés; however, 
these adages help explain the distorted 
perception of time during the current 
pandemic, frustration with limits on 
personal freedom, and the need to tem-
per expectations for when we “get back 
to normal.” 

Time in 2020 has been skewed. It 
seems like it was yesterday—and years 
ago—that concern about the spread of 
the virus forced the closure of Pharma-
ceutical Technology’s physical offices, 
relocating the staff to home offices. In 
reality, the stay-at-home guidelines 
have been in place for five months. 

Waiting and working
Like others, I would enjoy sharing a 
meal with friends, or attending a ball-
game without worrying that the next 
person is six feet away and wearing a 
mask. Science tells me, however, that so-
cial distancing is the best defense against 
the virus. I choose to believe science. 

An Albert Einstein quote offers an ex-
cellent description of this feeling of both 
fleeting and lagging time and suggests 
an effective way to handle anxiety and 
frustrations with the ongoing global cri-
sis. “Time is relative; its only worth de-
pends upon what we do as it is passing.” 

Obviously, drug researchers are mak-
ing the most of the short time that has 
passed since the virus was first discov-
ered. The pace of research and race to 
get a COVID-19 vaccine has been ac-
curately described as unprecedented, 
surpassing previous emergency vaccine 
programs. The time from viral genet-
ic-sequence selection to first-in-hu-
man study was about two months; in 
comparison, in 2003 the Severe Acute 
Respiratory Syndrome (SARS) vaccine 
required 20 months to bring to clinic.

Meanwhile, drug companies are also 
racing to test new or existing therapies 
to treat the effects of the virus. Devel-
opment efforts that typically take years 
have been compressed into months. 
As knowledge about the virus and its 
impact on humans continues to grow, 
treatments and public health practices 
are evolving and improving with time.

For some members of the general 
public who are not familiar with public 
health practices, the stay-at-home rec-
ommendations seem draconian. For 
those not familiar with the intricacies 
of drug development and manufactur-
ing, new vaccines and treatments are 
not reaching patients fast enough. 

While the pandemic has brought 
out the best in bio/pharma science 
and technology, it has, unfortunately, 
brought out negative behavior in the 
form of miscommunication—and even 
conspiracy theories—about the virus, 
public health orders, and drug company 
motives to combat the pandemic. 

The result of this misinformation, 
whether intentional or accidental, is 
that potentially damaging information 
is presented as fact, with health implica-
tions for people who ignore public health 
advice or engage in harmful practices, as 
well as people in their communities.

Scientists from academia, govern-
ment, and industry have shared knowl-
edge and discoveries and published 
thousands of studies. This information 
sharing needs to extend to the public, in 
particular those that are accepting theo-
ries and advice that is not based on sci-
ence. And, drug companies developing 
treatments and vaccines should share 
data; they should not raise unrealistic 
expectations.

Professionals engaged in science 
and technology can help explain why 
patience is not just a virtue but a ne-
cessity. It will take science some time 
to resolve the pandemic. What we do 
during that period will determine if it 
was time well spent. PT

It’s Time  
to Listen to Science

Time sure flies, except when you  
are waiting for something to happen. 

“Time is relative; 
its only worth 
depends upon 
what we do as it 
is passing.”

—Albert Einstein
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Aclar Edge Bottles and Vials
Aclar Edge from Honeywell is a pharmaceutical packaging solution for 
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applications. Using the company’s proprietary multi-layer extrusion 
blow molding technology, Aclar Edge bottles and vials prolong shelf-
life and efficacy for liquid dosage forms while promoting user safety 
during handling and administration.

With a moisture barrier, impact resistance, and a 75% weight 
reduction versus glass, Aclar Edge bottles and vials eliminate glass 
breakage, lessen drug particulate contamination, and reduce 
transportation cost. They also decrease the risk of leachables from the 
container closure systems.

Aclar Edge bottles and vials are available in sizes from 100 mL to 
500 mL and can be configured in threaded or crimped finish.

Honeywell
www.honeywell.com/en-us
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Korsch in t roduced the X T 6 0 0 
HD Double Rotary Tablet Press, a 
tablet press intended for technical 
and chemical products with large 
formats, deeper filling depths, and 
higher compression forces. 

The tablet press is equipped with 
a punch lubrication system and opti-
mized dust extraction for continuous 
operation and 24/7 efficiency. Precompression and main compres-
sion columns provide 120 kN of compression force. The press also 
features a depth capability of 40 mm, a maximum tablet diameter 
of 35 mm, and a conversion kit for bi-layer products to allow precise 
layer weight control and separation. 

Turret options are 65 stations (19-mm max. tablet diameter), 53 
stations (25-mm max. tablet diameter), and 39 stations (35-mm max. 
tablet diameter). The tablet press includes a 19-inch touchscreen 
and a press force control system for automatic tablet weight control 
and the capability to run unattended.
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Certa Plus Pump Series
The Certa Plus pump series from 
Watson-Marlow Fluid Technology 
Group works to provide sustainable 
fluid management while offering 
lower shear, lower power con-
sumption, full traceability, and ulti-
mate cleanability when transferring 
syrups, oils, creams, and gels.

The pump series features pulsation-free product flow without ancil-
lary dampeners and improves flow meter accuracy and heat exchanger 
efficiency. The series’ low shear lessens the temperature increase of the 
pumped liquid while improving batch consistency and final product quality.

Additionally, the pump series can transfer and handle a significant 
range of products from syrups and sugar solutions to lozenge products. 
With continuous flow and suction support, the series can also maintain 
low viscous liquids such as oils, and high viscous products, such as 
creams and gels. 

The Certa Plus comes equipped with clean-in-place capabilities for 
easy integration into an aseptic fluid path. It can be wet cleaned without 
dismantling and is sterilizable and bacteria-tight to eliminate residuals 
and contamination.

Watson-Marlow Fluid Technology Group 
www.wmftg.com
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Regulatory Collaborations 
Aim to Speed Access to Drugs

T he need for treatments to com-
bat the spread of COVID-19 is 
promoting greater cooperation 

among drug regulatory authorities 
around the world. FDA officials are 
communicating more frequently with 
their counterparts in Europe, Canada, 
Japan, and other nations through es-
tablished programs and agreements. In 
addition, the International Coalition 
of Medicines Regulatory Authorities 
(ICMRA) has expanded its program 
to facilitate regular discussions among 
some 30 governmental and interna-
tional agencies. These efforts seek com-
mon approaches to clinical research 
and biopharmaceutical production 
needed to wipe out the coronavirus 
pandemic globally.

The long-standing collaboration 
between FDA, the European Com-
mission (EC), and the European 
Medicines Agency (EMA) has shifted 
to promote regulatory cooperation to 
combat COVID-19. A high-level FDA–
EMA virtual meeting in mid-June re-
viewed ongoing efforts to develop new 
therapeutics and vaccines, as well as 
the use of real-world data to inform 
regulatory decisions. A main focus 
was the challenges related to produc-
tion and rapid scale-up of potential 
vaccines and therapeutics (1).

FDA and European Union efforts 
to address COVID issues also are ad-
vancing through the work of some 30 
FDA–EMA technical expert groups 
that regularly address topics such as 
vaccine development, pharmacovigi-
lance, blood products, and drug short-
ages. Now these panels are examining 
timely topics such as interpretation of 
data supporting emergency use autho-
rization of experimental treatments, 
expanded use of real-world data to bet-
ter understand the natural history of 
the coronavirus, and the performance 
of diagnostics. These discussions often 
include regulatory authorities from 
Japan, Canada, Australia, and other 
established agencies.

In addition, FDA and EMA officials 
have extended the discussion of these 
and other topics to a broader group 
of regulatory authorities through 
ICMRA. Since March 2020, experts 
representing 25 agencies in 17 coun-
tries have participated in regular vir-
tual meetings to gain understanding 
and convergence of requirements on 
clinical trials and data standards for 
COVID-19 vaccines and therapeutics, 

plus the use of real-world evidence 
and observational studies to comple-
ment evidence from clinical trials (2). 
ICMRA members have discussed what 
preclinical data are needed to support 
proceeding to first-in-human clini-
cal trials and the importance of risk 
mitigation strategies to better protect 
research participants. These experts 
further discussed guiding principles 
for COVID clinical trials, including 
the use of master protocols, ethical 
questions related to human challenge 
trials, post-approval requirements for 
vaccines, and the need for regulatory 
f lexibility during the pandemic at a 
meeting on June 12, 2020, which was 
moderated by Janet Woodcock, direc-
tor of the Center for Drug Evaluation 
and Research (CDER), but now on 
detail to the White House Operation 
Warp Speed initiative (3).

A main goal of such interactions is 
for regulators in different regions to 
understand and accept the study de-
signs and clinical endpoints of early 
vaccine candidates, pointed out Peter 
Marks, director of the Center for 
Biologics Evaluation and Research 
(CBER), at the annual meeting of the 
Biotechnology Innovation Organiza-
tion (BIO) in June. He emphasized 
that COVID vaccine development 

“is really a global issue,” and that it’s 
important for authorities around the 
world to gain an understanding about 

“what success will look like” in bring-
ing safe and effective preventives to 
market. Because these vaccines may 
be widely used after only months—
instead of years—of testing, Marks 

Efforts by regulators seek common approaches to clinical research and 
production needed to wipe out the coronavirus pandemic globally.

Jill Wechsler
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Regulatory Watch

With more than 100 vaccine research programs look-
ing to address the pandemic, FDA officials are moving 
to clarify standards and requirements for vetting and 
approving viable preventives. The agency recently is-
sued a lengthy guidance outlining recommendations 
for documenting vaccine quality, safety, and efficacy 
in order for a product to move forward (1).

A main point of discussion is the provision that a 
vaccine should be at least 50% more effective than 
placebo in preventing the disease, a standard that 
some criticized as much too low to tackle COVID-19 
effectively. However, Peter Marks, director of the 
Center for Biologics Evaluation and Research (CBER), 
considers the 50% benchmark as hitting the “perfect 
spot,” he said in a webinar sponsored by the Alliance 
for a Stronger FDA on July 8, 2020. Efficacy lower than 
the 50% level yields a vaccine that may have very lit-
tle effect, he explained, but if manufacturers had to 
achieve an 80% effect, there might not be a vaccine 
for months. “So,” he said, “50% seems the right place.”

Marks expects that clinical trials for the first COVID 
vaccines will need to pursue a fairly traditional 
approval process, with Phase III studies enrolling 
10,000–50,000 patients in each arm. Clinical trials 
for COVID vaccines need to be done efficiently and 
quickly, but still must be randomized, blinded, and 

placebo controlled. And adaptive trials need to de-
scribe the study plan up front. Studies should aim to 
enroll a broad spectrum of the population, as it will 
be important to see the effect of a vaccine on both 
older individuals and pediatric populations, as well 
as those with immune compromised systems and 
specific health conditions.

FDA also seeks consistent, high-quality manufac-
ture of vaccine candidates to ensure product safety. 
Safety concerns often link back to manufacturing 
quality issues, Marks explained, noting that CBER 
scientists will assess product sterility and potency 
through lot release requirements and look for con-
sistency in manufacturing processes and controls 
for scale-up. Early safety studies need to enroll at 
least several thousand patients, because even a rare 
adverse event could affect thousands with a vaccine 
administered to many millions. And post-market 
surveillance will be important to track vaccine effec-
tiveness in the real world, with manufacturers fol-
lowing up for a year or longer through well-planned 
pharmacovigilance programs. “We don’t want to 
skimp here,” stated Marks.

A main objective for the agency is to instill wide-
spread confidence in any FDA-approved vaccine, a crit-
ical factor at a time of considerable vaccine “hesitancy” 

in the United States. Marks admits to being very 
scared by polls showing that up to one-third of Amer-
icans are hesitant about taking the vaccine. “People 
need to have confidence that what’s out there will be 
of high quality and safe and effective, and that we’ll 
be monitoring for any problem.” And he emphasizes 
that full transparency on the part of manufacturers is 
very important to support clear messages about likely 
vaccine side effects and acceptable risks.

The vaccine development approach mapped out 
by FDA may not produce an approved preventive 
this fall, Marks acknowledged. It will take weeks or 
months to enroll the thousands needed in clinical 
trials. And most of the current candidates will re-
quire two doses, which adds to testing timeframes. 
FDA will support efforts by manufacturers to look 
for ways to speed production. But “at the end of the 
day,” Marks stated, “we have to be able to tell the 
public that these are high quality products, and that 
corners were not cut.”

Reference
1.  FDA, Development and Licensure of Vaccines to 

Prevent COVID-19, Guidance for Industry (CBER, 
June 2020). 

—Jill Wechsler

FDA Maps Expectations for COVID Vaccine Proposals

acknowledged that clinical trials 
will need to be sufficiently large and 
widespread and early vaccine subjects 
will need to be closely monitored to 
evaluate safety effectively. And mul-
tiple vaccines may gain approval, as 
some populations may benefit from 
one preventive more than from an-
other. A common understanding of 
the need to test any emerging vaccine 
on a sufficient number to establish a 
strong safety dataset will help avoid 
later debate among authorities over 
which assays to consider or the size 
of studies needed, Marks noted.

Equitable access
Even with a high degree of interna-
tional collaboration on advancing 
vaccine development and production, 
a certain degree of “vaccine national-
ism” will affect the distribution of any 
successful preventive. Research and 
regulatory authorities recognize that 
biopharma companies and government 

health agencies will be under pressure 
to take care of their home populations 
first, but they also expect industry to 
ramp up production and form partner-
ships with other organizations to fully 
supply broader regions of the world.

Huge investments by private firms 
and government agencies are being 
made to retrofit existing facilities and 
to secure supplies of key raw materials 
to be able to produce billions of dos-
ages. At the same time, researchers seek 
strategies for producing more stable 
products that can be stored longer and 
shipped more easily, as well as formu-
lations that can provide needed protec-
tion with a smaller dose. To ensure early 
distribution of COVID vaccines in all 
regions, the World Health Organiza-
tion, the Global Alliance Vaccine Ini-
tiative, and the Coalition for Epidemic 
Preparedness and Innovation have 
formed a vaccine purchasing group 
that seeks $18 billion for a COVID-19 
advanced market commitment.

The research community also is 
looking to provide strong safety data 
in order to overcome a visible degree 
of public skepticism about the value 
of being vaccinated. If 30% or 40% of 
the population will not take this vac-
cine, Marks lamented at BIO, it may 
not be possible to achieve desired herd 
immunity on a broad basis. The larger 
concern for Marks and others, though, 
is that success in combatting COVID 
won’t come fast enough to avoid an 
even more lethal second wave at the 
end of the year.
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Ensuring a Safe and  
Robust Supply of  
Pharma Materials
Susan Haigney

The COVID-19 pandemic has raised several 
questions about the safety of the pharmaceutical 
materials supply chain. Is onshoring the answer?

In the short term, Sebastian Tomlin, 
logistics manager at Charles River, a 
contract research and development firm, 
says that time and investment in supply 
chain management and logistics opera-
tions are needed to expedite the move-
ment of materials during this crisis. “Of-
tentimes there are multiple routes that 
can be considered from a transportation 
perspective, that are sometimes over-
looked. It is even more critical to ensure 
the accuracy of documentation the first 
time around, so as not to jeopardize a 
time slot in an operation that may have 
reduced capacity,” he says. 

Keeping a sufficient supply
Badrot stresses that pharma manufac-
turers and suppliers should have plans 
in place to ensure a healthy supply of in-
gredients so they are prepared for a crisis, 
should one happen. “It should not take 
an extreme event, such as this pandemic, 
to make this a priority,” says Badrot. In 
response to the COVID-19 pandemic, he 
says, being prepared and choosing good 
suppliers are becoming popular topics 
for pharma companies. “Reliability and 

T he supply of safe and effective med-
icines is crucial for the patients that 
rely on them. Drug shortages are 

an ongoing problem that regulators and 
industry work to address on a continuous 
basis. Drug shortages may arise from a 
variety of situations, including a lack of 
sufficient supply of APIs, raw materials, 
and excipients. And the reasons for ma-
terial shortages can range from quality 
control issues at a particular facility to 
the complications caused by global crises, 
such as the COVID-19 pandemic. 

For pharmaceutical companies, the 
COVID-19 pandemic has stressed the 
need to enhance supply chains, accord-
ing to Ilan Avni, vice-president, business 
development at Wavelength Pharma-
ceuticals, a developer and manufacturer 
of APIs. “This includes prioritizing sup-
pliers with a spotless regulatory compli-
ance track record and uncompromising 
quality culture, who are continuously 

investing in improving and strength-
ening their own supply chain to assure 
uninterrupted supply,” says Avni. He 
recommends having at least two quali-
fied suppliers from different geographical 
areas and having a sufficient amount of 
key raw materials in house.

To keep the supply of pharmaceutical 
materials safe, Andrew Badrot, CEO of 
C2 PHARMA, an API manufacturer, 
believes that global quality standards 
should be strengthened, and regulatory 
audits of foreign facilities should be per-
formed without prior notice. “Still, man-
dates would need to be in place to avoid 
preferential treatment to local industry. 
For example, the recent announcement 
from China’s National Medical Products 
Administration (NMPA) suspending the 
import of Bristol Myers Squibb’s block-
buster drug Abraxane opened the door 
to two local Chinese manufacturers to fill 
the gap” (1), says Badrot. 
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redundancy of supply have become more 
than simple buzz words in procurement 
departments, and good suppliers of in-
gredients will be prioritized over less 
reliable ones,” Badrot explains. “By far, a 
cradle-to-grave supply chain with local 
starting materials, ingredients, and ex-
cipients for essential drug production will 
help to support resilient supply chains by 
removing the reliance on imports and 
driving new investments in green chem-
istry and Pharma 4.0 efforts.”

What can pharmaceutical companies 
do to ensure they have a sufficient sup-
ply of APIs and raw materials to meet 
their production demands? Maintain-
ing a high safety stock of critical APIs 
and other materials is imperative, says 
Vincent Colicchio, vice-president and 
Head–Supply Chain and External Man-
ufacturing for North America Generics 
at Dr. Reddy’s Laboratories. “Many 
pharma manufacturers and contract 
manufacturers maintain only two to 
three months of API supplies and other 
critical materials on hand.  They need to 
consider increasing the inventory levels 
to four to six months. Even though the 
investment is higher, the ability to meet 

customer requirements is critical during 
any supply chain disruption. This will 
provide companies with a competitive 
advantage and allow the business to con-
tinue,” says Colicchio.

Having a stringent process for qualify-
ing material suppliers is also important, 
according to Hamilton Lenox, senior 
vice-president, business development at 
LGM Pharma, an API sourcing and sup-
ply chain management company. “Ideally, 
to qualify manufacturers, you’d include 
an in-person visit or audit,” he says. Lenox 
also recommends having a dual-sourcing 
strategy for APIs and excipients. “If prac-
tical, we recommend having a second and 
third source identified and qualified; in 
the event something happened to your 
first one or two suppliers, you’re never 
left with just a single source.”

Understanding the supplier’s supply 
chain and looking for potential problems 
are key to de-risking the supply chain, 
says Lenox. “For example, if all your API 
suppliers are sourcing key raw materials 
from a single source or a single country 
or region, this is a risk. Diversification of 
the supply chain is critical. Another step 
is evaluating the safety stock of your sup-

pliers; some maintain three to six months, 
while others order only on an as-needed 
basis; in a single-supplier situation with 
a disruption, even three to six months 
safety stock may not be enough. Check 
your suppliers’ safety stock system to en-
sure it meets your needs,” he says.

Lenox also recommends preparing for 
changes in demand by looking for flexi-
bility in the commercial supply agreement. 

“If a single finished-dose supplier regularly 
runs at 90% capacity, maybe they can’t 
handle a surge, while one at 75% may 
have a short-term buffer to carry through 
a spike in demand,” he says. 

Sponsor companies should take a long-
term view when purchasing key starting 
materials (KSMs) and APIs sourced from 
countries such as China to be sure pro-
duction can be sustained over months, 
says Colicchio. He suggests companies 
purchase additional volumes of key APIs 
in advance. “Taking a longer-term view of 
at least six months for key APIs will allow 
companies to remain competitive instead 
of staying with three months of supply of 
key APIs, for example,” Colicchio states.

Tomlin stresses that pharmaceuti-
cal companies must have more robust 

Pharmaceutical Technology spoke with Matthew Woodcock, director of LLamasoft, 
a supply chain analytics company that assists companies in their decision-making 
and supply chain challenges, about the impact the COVID-19 pandemic has had on 
the pharmaceutical supply chain. 

PharmTech: How can pharmaceutical companies and contractors 
prepare for a crisis, such as a pandemic, when it comes to protecting the 
pharmaceutical supply chain? 

Woodcock (LLamasoft): COVID-19 has demonstrated that we live in a world of 
the ‘never normal’. That is to say that there will always be unforeseen disruptions 
to the supply chain, and companies must be prepared for any eventuality. The 
traditional remedy is to hold extra inventory, in order to bridge a supply gap or a 
change in demand. As significant world events only seem to be happening more 
and more frequently, companies need to consider what level of stockpile they will 
need to maintain a constant supply of critical drugs.

However, stockpiles are no good in the mid to long-term. If organizations are 
to ensure that their supply chain is more resolute moving forward, they need to 
incorporate comprehensive risk management strategies into their supply chain 
decision-making. This should include, but is not limited to, creating optionality for 
sources of supply in case of single points of failure. 

PharmTech: What tools specifically can be used to ensure the transparency of 
the supply chain? 

Woodcock (LLamasoft): To ensure transparency across the entirety of 
the supply chain, it is imperative for companies to invest in the capabilities 
of advanced analytics. Leveraging this technology, companies can build 
organizational capability to drive decisions which allow them to cope with 
sudden shifts, such as COVID-19.

Recent advancements in analytics, algorithmic intelligence, and cloud 
computing are allowing organizations to rapidly experiment and model supply 
chains. This allows them to react quickly and effectively to supply or demand side 
shocks. Meanwhile, digital twin technology could allow companies to digitally 
replicate and test its emergency strategies. This means that in the event of a crisis 
they could efficiently organize their supply chain to produce an optimum output.

PharmTech: Has the COVID-19 pandemic impacted your services and/or the 
products you provide? 

Woodcock (LLamasoft): COVID-19 has impacted almost every supply chain 
across the globe. For many companies, this has emphasized the ‘never normal’ 
nature of the global supply chain. Today the disruption is COVID-19, but tomorrow 
it could be Brexit, or trade wars. As a result, many companies are now seeking to 
manage risk within their supply chain more effectively. For example, one leading 
medical device company is now on a journey to enable a supply chain digital twin, 
allowing them to prepare for similar disruptions in the future. We anticipate 
that this moment in history will urge other companies to do the same.

—Susan Haigney

Preparing for a Pandemic 
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plans in place to establish supply alter-
natives. “It is important here to consider 
the depth of a sponsor company’s supplier 
network, and to look more closely at alter-
nate procurement options for materials. 
This should take into consideration the 
normal lead time from order to availabil-
ity, but also the geographical location of 
the origin as transportation and export/
import regulatory compliance can have 
a negative impact on timelines for avail-
ability, particularly during unforeseen 
circumstances (such as the COVID-19 
pandemic),” says Tomlin. 

Broadening sourcing options and 
sourcing in different geographical areas 
reduces the risk of delayed materials, 
says Tomlin. “Reviewing a supplier’s 
disaster recovery plan in detail can help 
assess the level of risk associated with 
a supply chain.” Tomlin also states, “I 
think that having predetermined alter-
nate options for sourcing in different 
geographical locations, and a plan to 
implement them, can help reduce the 
risk associated with supply from a single 
geographical location.” 

Shailesh Vengurlekar, senior vice-pres-
ident, quality and regulatory affairs at 
LGM Pharma, stresses not to get caught 
up in cost. “We evaluate what we call the 
Four Rs: Reputation, Resources, Reliabil-
ity, and Regulatory History. Supply chain 
partners are business decisions and can-
not be driven only by cost because lowest 
cost doesn’t factor in hidden costs,” Ven-
gurlekar says.

Performing supplier  
inspections during a crisis
The COVID-19 pandemic has forced the 
industry to work in new ways, including 
performing virtual audits and inspec-
tions of facilities and materials suppliers. 
But how effective are these tasks when 
done virtually? “Virtual inspections can 
be useful as a supplement but can only be 
an intermittent or temporary measure. In 
no way can they replace physical inspec-
tions, nor should they become a regular 
occurrence. The reason is that there is no 
way for a virtual inspection to ensure/val-
idate compliance to GMP if they are used 
for a prolonged period or as a stand-alone 
effort,” says Badrot. 

Colicchio warns that identifying com-
pliance problems is difficult with virtu-
al-only inspections and missed problems 
could lead to supply disruptions. “Much 
can remain hidden, and virtual inspec-
tions will likely not be able to see all 
potential production, warehousing, and 
facility issues and gaps at the site.  This 
could lead to an inadequate inspection 
of an API producer that in turn could 
lead to quality problems with the API in 
a finished drug product.  The API and 
finished drug product suppliers are crit-
ical nodes in the supply chain,” he says.

While virtual inspections may work for 
already qualified suppliers, Vengurlekar 
says that when it comes to choosing new 
suppliers, virtual inspections may im-
pede the process. “In-person inspections 
let you walk around the facility, see how 
it’s maintained, check its water source 
and environmental monitoring. You can 
see the equipment to evaluate for poten-
tial cross contamination, and check lab 
spaces, storage, and warehousing. You 
cannot get that picture with a virtual 
inspection. That said, virtual inspec-
tions are suitable for previously qualified 
vendors. If you’ve already been there, a 
virtual visit is appropriate as someone 
explains a new process, since you’re just 
sharing documents and reviewing data. 
But for an initial process or facility in-
spection, you should rely on in-person 
inspection,” he says.

Testing materials
The testing of APIs and raw materials is 
crucial for ensuring that pharmaceutical 
products are safe and effective. And es-

tablishing incoming testing control pro-
tocols is necessary to be GMP-compliant, 
says Badrot. “Each company is required 
to have its own incoming testing control 
protocols to be GMP-compliant, and this 
level of testing will be fully integrated 
into the manufacturer’s quality control 
processes. When we receive incoming 
raw materials, everything is tested and 
documented according to our DMFs 
[drug master files] and CEPs [certificates 
of suitability]. In some cases where we see 
the need for extra traceability, we will 
work to develop and validate our own 
analytical methods to increase accuracy 
and reliability of our tests,” he says.

Tomlin states that materials testing is 
dependent on the project and the cus-
tomer. “From an import/export regula-
tory perspective, documentation required 
varies widely dependent upon the nature 
and final use of the material being im-
ported. From a US viewpoint, for exam-
ple, there are considerations to be made 
from a US Customs perspective, but also 
other regulatory agencies such as the 
United States Department of Agriculture 
(USDA), Centers for Disease Control and 
Prevention (CDC), FDA, and US Fish and 
Wildlife Service (FWS),” he says. 

LGM Pharma has separate procedures 
for qualified suppliers and new suppliers. 
The company requires a certificate of 
analysis (CoA), all shipping documents, 
and the material safety data sheets from 
suppliers that have already been audited 
and qualified, according to Lenox.  “With 
a new supplier or with any concerns, we 
advise our clients to do the release testing 
themselves. It can be very dependent on 
the product and the nature of the relation-
ship with the vendor—their reputation, re-
liability, qualification status,” he says. 

“If LGM Pharma had a lab to conduct 
testing, in addition to obtaining the CoA, 
I’d want to perform two tests—an identi-
fication test and an assay or potency test. 
These are valuable as part of testing re-
ceived materials,” adds Vengurlekar.

Bringing the supply onshore
The pharmaceutical industry’s reli-
ance on offshore API and raw mate-
rials manufacturers has been a topic 
of interest for several years, especially 
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when incidents such as the heparin 
contamination in 2008 cause injury 
and deaths to patients (2). And com-
plications arising from the COVID-19 
pandemic have once again put the idea 
of moving the manufacturing of phar-
maceutical ingredients from foreign to 
domestic facilities. 

In the United States, calls for bring-
ing pharmaceutical ingredient man-
ufacturing onshore have increased 
recently from some political circles. 
In May 2020, the Biomedical Ad-

vanced Research and Development 
Authority (BARDA), part of the US 
Department of Health and Human 
Services, awarded a contract to the 
newly-formed Phlow Corp. to produce 
pharmaceutical components and crit-
ical drug products in the US (3); other 
measures by the federal government to 
move production onshore have been 
met with mixed responses (4). 

While the use of foreign API and 
raw materials suppliers creates con-
cerns about quality and drug shortages 

during global crises, the dependence 
on foreign suppliers has potentially 
hurt the US pharmaceutical industry 
from a business perspective, as well, 
according to Lenox. “There is a stra-
tegic argument to be made that we in 
the US have collectively weakened our 
supply chain position. Most generic 
production, particularly of APIs, has 
moved offshore, putting us at risk. If 
COVID-19, and the potential for geo-
political disruption such as a trade war 
with China, has taught us anything, 

The COVID-19 pandemic forced the closure of businesses, offices, and man-
ufacturing establishments around the world as public health authorities 
took measures to control the spread of the virus. Triggered by the World 
Health Organization’s declaration of a global pandemic on March 11, 2020, 
research and manufacturing facilities were forced to shut down or make 
significant modifications to the operating procedures. 

In some industries—such as meat processing—the adjustments to 
process operations were made only after hundreds of employees contracted 
the virus and facilities were forced to shut down to address safety issues.

As essential industries, pharmaceutical and biopharmaceutical 
companies needed to continue ongoing research, development, and 
manufacturing of therapies for a broad range of conditions, while 
launching accelerated research programs to combat the virus.

What special risks does the SARS-CoV-2 virus pose for biomanufacturing? 
What steps are biomanufacturers taking to protect the manufacturing 
process?  What more should be done?

These questions were addressed in a webinar and survey conducted by 
the Massachusetts Institute of Technology (MIT) Center for Biomedical 
Innovation (CBI), and its two biopharmaceutical industry consortia, the 
Consortium on Adventitious Agent Contamination in Biomanufacturing 
(CAACB) and the Biomanufacturing Consortium (BioMAN), in April 2020.  

Feedback from biopharmaceutical companies, and recommendations 
for best practices, are shared in an article “The Impact of SARS-CoV-2 on 
Biomanufacturing Operations,” which is published on www.PharmTech.com.

Biologic contamination from viruses and other agents is an ongoing 
concern. The emergence of the novel SARS-CoV-2 virus requires 
biopharma operations to increase their vigilance of this threat and 
potential implications. The MIT consortia addressed potential sources 
of contamination, the need to assess risks, impact on biomanufacturing 
operations, and possible courses of action, with a special focus on advanced 
therapy medicinal products, where cells may come from patients or donors 
who may be infected with the virus.

Potential contamination sources and impact
Preventing contamination from an emerging virus starts with a risk as-
sessment to identify potential sources of the virus, potential entry into the 
manufacturing process, potential to replicate in the production cell line, 
capabilities of detection assays, and capabilities of the purification process 
remove or inactivate SARS-CoV-2. 

The authors noted that current evidence indicates a low risk for 
recombinant proteins manufactured under certain conditions; 
with signif icantly higher for products such as autologous T-cell 
immunotherapies with a large number of open operations, those that use 
cells that have been demonstrated to be permissive to SARS-CoV-2, and 
processes that lack downstream viral clearance.

Continuity of manufacturing 
While most biomanufacturing operations have continued during the 
COVID-19 pandemic, the availability of raw materials and commodity 
precursor materials, disruptions in the upstream supply chain, the health 
of employees and availability of personal protective equipment, and the 
potential disruption of services provided by outside companies were 
leading concerns. 

Other impacts on biomanufacturing operations
Beyond threats posed by the virus, the pandemic itself poses conse-
quences for biopharma companies. The authors reported that some com-
panies are experiencing a shift in priorities to address the development 
and manufacture of antiviral drugs and vaccines, which may lead to delays 
for existing product development programs. Some survey respondents 
said materials for existing drug programs have been diverted to pandem-
ic-related programs. Some companies reported changes in staffing levels. 
And, some noted that clinical trials and new drug research programs have 
been disrupted. 

Lessons learned
While the pandemic is still in the early stages, the authors asked what com-
panies were doing to prepare for the next pandemic. Maintaining formal 
programs to assess risks from emerging viruses and obtaining information 
to assess such risks are challenges, the authors report, stressing the opportu-
nity for industry collaboration to enable access to information to help manu-
facturers assess the risk to their processes. 

Read the article 
To read the article, view the COVID-19 section of www.PharmTech.com.

“The Impact of SARS-CoV-2 on Biomanufacturing Operations”
Authors: Paul W. Barone, Flora J. Keumurian, Michael E. Wiebe, Jacqueline 
Wolfrum, James C. Leung, Anthony J. Sinskey, and Stacy L. Springs

—Rita Peters

How is SARS-CoV-2 Impacting Biomanufacturing?

http:// www.PharmTech.com. 
http://www.PharmTech.com
https://www.pharmtech.com/view/the-impact-of-sars-cov-2-on-biomanufacturing-operations
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it’s that we cannot be entirely depen-
dent on an overseas supply chain. And 
we are. Even generic drug and API 
production in India is dependent on 
Chinese raw materials and key inter-
mediate supply. We need to move in 
the direction of reshoring a portion 
of the pharmaceutical supply chain. 
But it’s not going to happen overnight. 
Our domestic pharma business model 
cannot support it, as China and India 
have efficient models that keep costs 
low because they aren’t accountable to 
the same legal, insurance, and other 
impacts. Chinese industry also enjoys 
the support of its government,” he says.

So, how would moving raw material 
manufacturing onshore impact the 
supply chain? Having domestic manu-
facturing of materials and APIs would 
eliminate the reliance on imports and 
stabilize the supply chain, says Badrot. 
He warns it will increase costs, “but 
quality will also improve and most 
importantly, so will reliability and 
availability of supply in times of crisis. 
Everything has a cost, and that [is] one 
well worth paying for.”

Is moving production of materi-
als onshore feasible? Colicchio warns 
that onshoring will increase costs and 
it would take time to build or modify 
production facilities in the US to ful-
fill demand. “The cost of onshoring 
finished drug products will increase at 
least 30–40% when including produc-
tion of APIs and KSMs from US-based 
production facilities. The onshoring of 
API and KSM production presents sev-
eral issues including: high capital costs 
to build an API manufacturing facility 
with sufficient long-term capacity for 
global supply; long lead times for permit 
approvals; the higher labor cost to pro-
duce APIs in the US versus China and 
India; and the higher capital investment 
for abatement systems to minimize envi-
ronmental problems associated with API 
production,” says Colicchio.

There would also be some cost 
savings, according to LGM Pharma’s 
Vengurlekar. “China captured the US 
market by providing low cost. It could 
provide drug product manufacturing 
at less than half the cost of domestic 

production. But what Big Pharma 
didn’t anticipate, or even ignored, as 
it moved much of the supply chain to 
China and India, was issues with qual-
ity and intellectual property. They also 
didn’t consider potential hidden costs, 
such as the cost of monitoring overseas 
production. It’s a net positive to reduce 
our reliance on overseas production,” 
says Vengurlekar. 

Badrot stresses that while price and 
quality are two factors that industry 
will take into consideration when dis-
cussing the move to onshore materials 
manufacturing, those factors are not 
enough to change how things are cur-
rently done. Government mandates 
will be necessary to create significant 
change, he believes.

“Comprehensive policies and govern-
ment funded initiatives are needed to 
encourage the implementation of inno-
vative and flexible manufacturing as-
sets (which already exist) that will allow 
countries to quickly establish sustainable 
and independent manufacturing supply 
chains for essential APIs and drug prod-
ucts,” Badrot says. “At the same time, es-
tablishing economical barriers to imports, 
whether in the form of preferred access 
regulations, mandates for domestic sup-
ply, financial grants, or import duties 
would further these efforts. The approach 
could be similar to the mandates the de-
fense industry has for using locally made 
components and domestic manufactur-
ing. And though some argue this is too 
difficult or costly to implement, it is in 
fact the only responsible way forward for 
governments to establish effective poli-
cies that protect their citizens when the 
next pandemic hits.”  

Lenox agrees that government in-
tervention might be necessary to pro-
mote moving pharmaceutical material 
production onshore. “We believe gov-
ernment incentives of some form are 
needed to get companies to reshore pro-
duction, more so of APIs and raw mate-
rials than finished dose forms,” he says.

“The US must recover from its loss 
of small-scale manufacturing. The US 
should encourage this manufacturing 
industry to flourish here, to bring back 
one-product manufacturers or those 
that do a handful of products really 
well,” says Vengurlekar.

Conclusion
The safety of the pharmaceutical sup-
ply chain is of utmost importance 
during “normal” times; the COVID-
19 pandemic has illuminated potential 
pitfalls of the pharma industry’s heavy 
reliance on a global supply chain for 
critical ingredients and drug products. 
Increasing domestic production of 
APIs and other pharmaceutical mate-
rials is an option for boosting the sup-
ply and ensuring the quality of these 
materials. However, such a transition 
has a long timeline. 

But what can be done in the mean-
time? Colicchio says another option is 
increasing the safety stock of these ma-
terials. “The way to accomplish this is 
to increase the amount of the national 
stockpile and require any manufacturer 
working with the government to carry 
at least six months of finished drug 
products in the US distribution centers.  
It is important to also conduct stabil-
ity studies to extend the shelf life of the 
drug products to increase the expiration 
dating when maintaining higher safety 
stocks. This will yield a positive impact 
on the supply chain,” he says.
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is not only effective in its application 
within the formulation but is well-
suited to maximize continuous man-
ufacturing process efficiency,” he adds.

For oral solid dosage (OSD) drugs, 
excipients can have an impact on the 
physical characteristics (i.e., flow, den-
sity, homogeneity, and compactabil-
ity) of the mixture in the equipment 
during processing and ultimately at 
compression or encapsulation, notes 
Anthony Carpanzano, director of 
R&D at JRS Pharma in the United 
States. Blend homogeneity is critical 
for achieving content uniformity in 
the finished tablet, according to Mark 
Dreibelbis, associate research scientist 
with DuPont Nutrition & Biosciences. 

“Large mismatches in particle size and 
flowability between excipients and the 
API can lead to segregation, impacting 
dosage consistency and possibly lead-
ing to excursions from the therapeu-
tic window,” he explains. Inter- and 
intra-lot excipient variability should 
be understood, as well as its potential 
impact on process and product quality 
Zeleznik observes. 

“Excipients can be a double-edged 
sword for OSD continuous manufac-
turing processes,” states Krizia Karry, 
global technical marketing manager 
at BASF Pharma Solutions. “They can 
be used to improve f lowability and 
tabletability, but they may also affect 
dissolution performance if they are 
shear dependent, for example. My rec-
ommendation is to steer away from 
excipients that are very shear depen-
dent as these can lead to inconsistent 
residence time distributions, and those 
with broad particle size ranges and/or 
high specific surface area, as fines are 
more prone to gaining static charge 
and bridging,” she says.

A quality-by-design (QbD) develop-
ment program supported by an appro-
priate process analytical technology 
(PAT) strategy is essential in under-
standing and controlling excipient im-
pact on continuous manufacture and 
drug product quality and performance, 
according to Zeleznik. Lubrication 
strategies also need to be rethought not 
only with respect to the right choice of 

C ontinuous manufacturing is 
being encouraged by regulatory 
authorities as a means for im-

proving product consistency and qual-
ity while also potentially reducing cost. 
For continuous manufacturing of oral 
solid dosage drugs, excipients play 
important roles not only in the per-
formance of the formulated product, 
but also during processing. Excipients 
must address the specific needs of the 
API, such as the desired drug release 
rate, solubility enhancement, crystal-
lization inhibition, or improved API 
uniformity while also enabling pro-
cessing of the final intended dosage 
form. In the latter case, physiochemical 
properties such as flowability, density, 
particle morphology, and glass-tran-
sition temperature are crucial con-
siderations for designing an optimal 
continuous process.

For each given excipient, the impact 
on a continuous process may be small 
or substantial depending on the quan-
tity of excipient present and its differ-
ence in properties from that of the API. 
Many excipients available today are 
well suited for continuous processing, 
but there remain significant oppor-
tunities for increasing knowledge 
about the impact of material property 
changes in process output and, ulti-
mately, drug product quality.

Excipient choice has  
profound impacts

“The excipient impact on continuous 
drug product manufacture is pro-
found,” asserts Joseph Zeleznik, tech-
nical product manager for IMCD US 
Pharmaceuticals. “The proper choice 
and use level inf luence product and 
process robustness, throughput and 
yield, development and manufactur-
ing costs, and drug product quality. It 
is important that any excipient used 

Understanding and overcoming excipient variation 
are crucial for successful continuous processes.

Key Ingredients Needed  
to Drive the Success of 
Continuous Manufacturing 
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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lubricant, but the right use level and 
when it should be added. 

Several desirable characteristics
In batch manufacturing, Krizia ex-
plains, there is not too much emphasis 
placed on f low characteristics, shear, 
or electrostatics because the batch dis-
pensing process is manual (you open a 
bag and dispense into an [intermedi-
ate bulk container] IBC, or you use a 
vacuum system) and subsequent unit 
operations are discrete. “In continuous 
processing, the impact of compactabil-
ity (change in volume with force) when 
refilling materials, f lowability (how 
easy the material moves through the 
line), and shear (which also dictates 
your feeder screw set-up because you 
want to feed accurately and without 
breaking the material) must be con-
sidered, among other factors,” she says.

Overall, Zeleznik comments that 
continuous manufacture is no differ-
ent than batch manufacture regarding 
choosing the “right” excipient. “Ex-
cipient choice is predicated on several 
factors, including API physicochemical 
characteristics, targeted dose, route of 
administration, and most importantly, 
the manufacturing equipment and 
process used during continuous man-
ufacture,” he says. “Another consid-
eration in choosing an excipient is its 
multifunctionality and flexibility with 
respect to the formulation and process. 

Excipients to avoid are those having 
limited performance attributes or that 
are unsuitable for continuous opera-
tions. Because of the limited feeders, 
more has to be accomplished with less.”

It is important, therefore, to develop 
a formulation with the desired func-
tionality. The flow, density, particle size, 
and electrostatic properties of excipients 
are more important in continuous pro-
cesses versus traditional batch processes, 
according to Mara van Haandel, innova-
tion manager at DFE Pharma. “During 
continuous manufacture, it is essen-
tial that product flows in a continuous 
manner in the processing units (and is 
consistently transported from one unit 
to the next), as clogging of material/ma-
terial build up can impact the residence 
time distribution,” she says. Hence, the 

“right” excipient choices have to be made 
from the start of developing a formula-
tion on a continuous process.

That can be a challenge for OSD for-
mulations because powders of various 
particle sizes and densities must be 
meter-fed into the system at the correct 
ratios and then make their way through 
the production path, notes Becca Pu-
tans, an associate chemist from DuPont. 

“Materials that have a poor flowability 
or high cohesive properties pose a risk 
of accumulating in corners, causing 
blockages, downtime for cleaning, and 
non-uniform dosage forms,” she says. 

Any excipient chosen also needs 
to demonstrate a non-segregation 
potential for the final blend. “Since 
the materials move continuously to-
gether through the unit operations, 
the mixture must stay at the correct 
ratio, otherwise the resulting dosage 
forms will not have a uniform distri-
bution of the active ingredient,” Pu-
tans adds. Therefore, excipients with 
higher f lowability, optimized density, 
morphology, and moisture content, 
low batch-to-batch variability, and 
compactability are preferred.

The physical behavior of an excipi-
ent when under shear stress is a major 
determining factor in its suitability for 
continuous processing, adds Carpan-
zano. “Excipients that perform well 
in continuous manufacturing can be 
easily fed into the process at a uni-
form rate, promote blending with the 
active ingredient and other excipients, 
maintain flow and do not break down 

Development

What is needed to help address the lack of knowledge and mechanistic under-
standing is closer collaboration between excipient suppliers and drug develop-
ers. “At the moment, excipient suppliers and pharmaceutical developers are 
still operating quite independently. Combining the knowledge and expertise 
in both domains (data insights in excipients versus performance requirements) 
will lead to more efficient development,” says Mara van Haandel, innovation 
manager at DFE Pharma. 

DFE Pharma has worked intensively with equipment suppliers to gain 
expertise and mechanistic understanding of how material properties impact 
the performance of excipients on many continuous processing units such as 
feeders, mixers, twin-screw granulators, roller compactors, and tableting 
machines, van Haandel notes. “An open two-way discussion between 
pharma companies and excipient suppliers is key—and aligned with 
[International Pharmaceutical Excipients Council] IPEC/FDA thinking—to 
ensure robust processes,” she stresses.

Collaborations among pharmaceutical manufacturers, equipment 
manufacturers, and excipient suppliers are critical to understanding the most 
impactful material and process attributes agrees. “Partnerships between 
excipient manufacturers and continuous processing equipment manufacturers 
could quickly advance the understanding of material properties and predict 
which excipients could be used in a process,” observes Mark Dreibelbis, 
associate research scientist with DuPont Nutrition & Biosciences. Meanwhile, 
dosage form manufacturers also need to have confidence that continuous 
manufacturing processes will be accepted and approved by regulatory bodies. 

“Regulatory agencies specifically have a role to play in encouraging 
the industry to work together in defining the robustness of continuous 
manufacturing and help resolve ambiguities such as establishing the 
definition for a batch (batch size), inline process controls, quality by design  
for continuous manufacturing processes, etc., improving overtime the 
quality and safety of drug products produced,” says Mark Dreibelbis. 

Collaboration could accelerate development

Select excipients 
at the start  
of formulation 
development 
for a continuous 
process.
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or compact in the mixing phase, and can be compacted into 
tablets or filled into capsules after blending,” he concludes.

Many direct compression excipients have been designed 
for use in a continuous tableting operation, according to 
Putans. The particle size and morphology have been tailored 
to provide a high level of f lowability while retaining com-
pactability. “These materials are designed to flow through 
a continuous manufacturing process with little build-up, 
while maintaining content uniformity and good final dos-
age consistency,” she observes.

In some cases, a pre-blending strategy is adopted to im-
prove flowability, such as with fumed silica when used as a 
glidant, according to Karry. “Fumed silica has a low density 
of 0.03 g/mL, which presents challenges when trying to in-
dividually dispense via loss-in-weight feeders. “To overcome 
this issue, formulators pre-blend the glidant with another 
excipient to ensure accurate feeding and good f low prop-
erties of the blend. Undoubtedly, pre-blending with silica 
is not ideal—especially in a continuous manufacturing 
setting—but it is a proven strategy for improving powder 
flowability,” she says.

“Improving f low properties with excipients is a proven 
strategy, but for troublesome low-density and/or poor wa-
ter-soluble APIs, additional unit operations have also been 
adopted to continuous platforms,” adds Karry. Twin-screw 
granulation or hot-melt extrusion excipients intended for 
preprocessing of these APIs should have wide operating 
temperature ranges and resist degradation, discoloration, 
or drastic changes in viscosity, according to Dreibelbis. 

Binder selection is also critical for continuous granulation 
processes for uptake of granulation liquid and quick dry-
ing to produce robust granules. Less hydrophilic grades of 
common binders exist to facilitate faster moisture removal 
from the resulting granules, which ultimately reduces cost 
and improves throughput, he adds.

Electrostatic challenges
Compared to batch processes, electrostatics (measured as static 
charge) is a critical piece of the puzzle for both APIs and ex-
cipients. “When a material bridge occurs due to electrostatics,” 
Karry explains, “material is likely not being fed through the con-
veying screw elements, and thus, there is no registry of weight 
change over time. This absent change triggers a control reaction 
(since feeders have Level 1 control) that involves increasing the 
screw speed to ‘try’ to dispense more material. Since the mate-
rial is stuck on the hopper, no material is fed and the result is 
a subpotent (for the case of API) or superpotent (if the case is 
for filler) blend. The blend amount produced during this time 
will depend on the total mass flowrate of the process, the mean 
residence time, the alarm limits, and the controller dead-time.” 

The problem, Karry adds, is that few options exist for ac-
curately measuring this attribute and electrostatic properties 
depend on the humidity, temperature, and contact material. 
It is therefore important when evaluating performance to 
replicate the manufacturing conditions.

van Haandel notes it is unlikely that a powder will bridge 
due to electrostatic behavior in a hopper/feeder, but due to 
the combination of wall friction and hopper/feeder f low 
mostly caused by powder consolidation and/or incorrect 
powder flow in relationship to the opening diameter.

Multifunctionality is essential
In a continuous process, ingredients need to be fed in at an 
appropriate rate and at the correct ratio. When there are 
many different ingredients, it can be challenging and costly 
to have feeders dedicated to each individual component. To 
reduce the number of feeders that must be aligned, co-pro-
cessed excipients offer an effective solution, and also reduce 
the number of variables and opportunities for variability in 
a process, according to van Haandel. 

“A single high-functionality co-processed excipient can 
accomplish the same task using only one feeder, thus en-
hancing finished product performance while keeping vari-
ability to a minimum,” Carpanzano agrees. A typical copro-
cessed excipient has a filler, a binder, and a disintegrant as 
part of its structure, as well as a low concentration of glidant 
to ensure excellent flow, according to Karry. “In addition to 
eliminating the need for multiple feeders, the use of such 
co-processed excipients simplifies the control architecture 
and control strategy for continuous processes,” she notes. 
There is also less chance of segregation of the components 
during mixing, according to Carpanzano. 
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In fact, Zeleznik asserts that multi-
functional excipients are an essential 
part of a successful, robust formulation 
and process. “While not new, co-pro-
cessed excipients offer the increased, 
multifunctional performance needed 
for continuous operations,” he says. 
DuPont, BASF, DFE Pharma, and JRS 
Pharma all offer advanced co-processed 
excipients with the f lexibility and en-
hanced multifunctionality ideal for use 
in continuous production of OSD for-
mulations. “Modifications to existing 
excipients, such as particle engineering, 
and advances in excipient performance 
through co-processing have accelerated 
the development of continuous process-
ing, and specifically, continuous manu-
facture of directly compressed tablets,” 
Zeleznik concludes.

Addressing inherent variation
Consistent performance of excipients is 
essential for continuous manufacturing. 
So is a constant feed in and out of a con-
tinuous process to ensure traceability 
and control of all critical process param-
eters. “Because excipients have inherent 
variation, it is important to understand 
the implications of this variation on 
continuous processes and thereby final 
products,” states van Haandel.

Therefore, simplification of a for-
mulation combined with the use of 
very consistent excipients is important. 
DFE Pharma is applying fundamental 
and mechanistic analyses to gain an 
understanding of the impact of poten-
tial excipient variation on continuous 
manufacturing processes and the per-
formance of final products. Using this 
knowledge in formulation development 
is essential for successful implementa-
tion, according to van Haandel. “Formu-
lations should be designed in such a way 
that they can cope with the variation 
proven in historical data and analyzed 
using multivariate statistics,” she states.

Specifically, DFE Pharma is apply-
ing multivariate analysis on all physi-
cal/chemical parameters to gain that 
needed better understanding of histor-
ical product variation and is offering 
stretch batches, or batches showing high 
multivariate variation to ensure they are 

representative of the historical product 
variation (five years of manufactur-
ing-based data), to enable formulators 
to efficiently test the impact of this vari-
ation on their formulations. 

DuPont is also analyzing critical ex-
cipient attributes, providing historical 
(four to five years) manufacturing data 
to establish inherent excipient variabil-
ity, and performing comprehensive 
multivariate analysis on many grades 
to understand the variability within 
batches and at different manufacturing 
sites, according to Dreibelbis.

Karry adds that research centers and 
companies alike have developed excipi-
ent libraries that serve as input to mech-
anistic models that predict the impact 
of raw material property changes on 
feeding accuracy, hold-up mass, mean 
residence time, and downstream drug 
product concentration. These models 
are verified with tracer experiments 
that seek to measure the change in con-
centration as a function of time and 
total mass flowrate.

Unfortunately, according to Karry, 
the selection of these tracers is not a 
trivial task, because formulators need to 
consider the strengths of their spectro-
scopic signals (near-infrared or Raman, 
typically), and their bulk properties, as 
their addition into the blend should not 
affect the bulk flowing properties that 
one intends to study. “Such a perfect 
tracer does not currently exist,” she says.

Excipients for cleaning?
Another important issue that needs to 
be addressed, according to Karry, is 
cleaning. “Taking apart, cleaning, and 
correctly reassembling every compo-

nent of a continuous manufacturing 
line is basically a work of art,” she 
stresses. “Companies that have imple-
mented continuous manufacturing 
processes agree that this task requires 
much more attention than with batch 
processes and that it has an impact on 
the supply chain because turnover times 
are greatly increased,” Karry says.

Modular equipment that can be easily 
cleaned in place has advantages, but pip-
ing, mixers, and contact parts still need to 
be disassembled for proper cleaning and 
reassembled prior to starting the next 
campaign. “An integrated line can have 
hundreds of parts, so the question we 
must ask ourselves is ‘Why disassemble?’,” 
Karry poses. With the right excipient, 
she envisions a ‘flushing’ type of clean-
ing process based on electrostatics. “The 
adequate balance of charges would pull 
everything in its path, and a non-contact 
hand-held spectroscopic device could be 
used for measuring the ‘cleanliness’ of the 
surface,” explains Karry. 

Need for a novel  
excipient approval pathway
While formulation and process chal-
lenges for continuous manufacturing 
are being addressed through advances 
in excipient technologies such as par-
ticle engineering and co-processing, a 
regulatory gap continues with novel 
excipient acceptance, according to 
Zeleznik. “New or novel excipients are 
often avoided due to the perceived risk 
associated with using a new excipient 
even when a novel excipient’s perfor-
mance could expedite drug product 
development and enhance continuous 
manufacturing processes,” he says.

There might be some changes coming, 
however. FDA is now considering a pilot 
program for novel excipient assessment 
(1). “Should this program be formalized 
and novel excipients have an acceptance 
pathway, it could do much to advance 
continuous manufacture growth going 
forward,” Zeleznik believes. 

Reference
1.  FDA, “Novel Excipient Review Pro-

gram Proposal; Request for Informa-
tion and Comments,” Federal Register 
84 FR 66669-66671. PT
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API particles below 100 nm provides a 
dramatic uplift in specific surface area 
directly correlated with dissolution 
behavior, and engineering particles in 
the 50 nm range and below increases 
the intrinsic solubility of the molecule,” 
Jones confirms.

“For bioavailability improvement, re-
ducing the particle size of an API clas-
sified as type 2a (good permeability 
but poorly soluble and dissolution rate 
limited) under the Developability Clas-
sification System (DCS) will increase its 
surface area and eventually increase the 
dissolution rate of the API, as described 
by the Noyes–Whitney equation,” con-
curs William Wei Lim Chin, manager, 
Global Scientific Affairs, Catalent. “In 
terms of manufacturability of drug 
product, the particle size of either the 
API or excipient may have an impact 
on bulk density, f lowability, blend 
uniformity, and compactibility of the 
solid dosage form. From a regulatory 
perspective, establishing particle size 
specification is of paramount impor-
tance if it is critical to a drug product’s 
performance by affecting dissolution, 
solubility, content uniformity, stability, 
or the product’s appearance.”

Manford also confirms the impact 
of particle size reduction on surface 
area, which leads to improvements in 
solubility and hence dissolution rates 
and bioavailability. “Smaller parti-
cle sizes also broaden both the route 
of administration and dosage forms 
available for the candidate molecule,” 
he notes. “For example, whereas larger 
particles are available for oral adminis-
tration only, a smaller particle permits 
the drug candidate to be considered for 
pulmonary delivery.”

Important considerations
“The particle characteristics required 
will be determined by the challenge 
the particle engineering solution needs 
to address,” says Jones. As previously 
noted, particle size reduction is key for 
improvement of a dissolution-rate-lim-
ited compound’s bioavailability; how-
ever, the particle size which the API 
needs to be will, to some degree, be 
molecule dependent, he adds.

P article engineering has inevitably 
grown in popularity over the 
years within the bio/pharma in-

dustry, not only because the number of 
challenging molecules entering devel-
opment is swelling but also as a result 
of the control of processability or criti-
cal quality attributes (CQAs) of a drug 
that can be achieved. Whether ‘bottom 
up’ or ‘top down’, particle engineering 
can optimize drug development and 
broaden the range of suitable drug 
candidates effectively.

“The main goal of particle engineer-
ing is to manipulate the properties of 
the API particles so that they are suit-
able for delivery to the target site of the 
patient,” says Fergus Manford, patent 
attorney, Vectura. “The importance 
of particle engineering is that imme-
diately following synthesis, the API 
particles are rarely in a physical form 
that is suitable for formulating with ex-

cipient into a final dose form. The API 
particles often require size reduction 
to either the micro- or nanoscale and 
might also need physical stabilization.”

The small matter of size
“Particle or crystal engineering is not a 
new science in pharma, but something 
that has been done for a very long time,” 
asserts Christian Jones, chief commer-
cial officer, Nanoform. “When an API 
is crystallized in a well-controlled 
manner, it is engineered to a defined 
specification.”

The requirement for particle engi-
neering in drug development can be 
attributed to a need to improve the 
dissolution and solubility of a mole-
cule, addressing processability issues 
in downstream manufacturing, reduc-
ing attrition in clinical trials, and con-
trolling a drug’s CQAs through par-
ticle size specification. “Engineering 

Particle engineering is a useful tool to 
manipulate API particles into a form that is 
manufacturable and deliverable to the patient.

A Great 
Manipulation: 
The Value of 
Engineering 
Particle 
Properties
   Felicity Thomas
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“Engineering API particles for re-
spiratory drug delivery will require 
particles with a median in the 1–5-mi-
cron range and typically between 1–2 
microns, with a narrow particle size 
distribution to ensure more targeted 
delivery where the particles f low to 
the target area of the lungs,” Jones 
continues. “To go deeper into the 
lungs towards the alveoli, particles in 
the sub-micron and nano range could 
be advantageous. But for lung delivery, 
size isn’t everything, as smaller parti-
cles may be exhaled out before depos-
iting effectively in the lung. The abil-
ity to engineer particles with optimal 
shape, morphology, and rugosity can 
help them to be aerodynamic, exhibit 
less agglomeration, and perform better 
when administered to the patient.”

For Manford, although the most 
important considerations for particle 
engineering are particle size, size dis-
tribution, particle shape, and particle 
surface energy, he agrees that there 
are secondary factors to consider also. 

“Secondary considerations include the 
nature of the APIs and excipients, in 
particular the morphology and surface 
properties of the starting particles, as 
well as their ability to dissipate elec-
trostatic charge and ability to control 
adhesiveness and cohesiveness,” he as-
serts. “The plasticity, hardness, brittle-
ness, and friability should also be taken 
into consideration when selecting the 
particle engineering approach. Finally, 
the hygroscopicity of the API will also 
dictate which techniques are available 
to the user.”

Particle engineering has evolved 
over the years to respond to techno-
logical advancements in milling, crys-
tallization, and particle formation, ex-
plains Chin. “The shape and surface 
properties of both the API and excip-
ient can affect how they are attached 
to each other and dictate the desired 
delivery of the drug,” he says. “This 
is especially important for dry pow-
der inhalers where the API is often 
micronized and mixed with a larger 
carrier/excipient particle.”

However, when micronizing parti-
cles to reduce their size, there is the 

potential issue of producing regions of 
surface disorder in the freshly micron-
ized material, warns Manford. 

“When an API is micronized or 
milled, mechanical energy is used to 
break up the crystals into smaller ones, 
and this energy has to go somewhere,” 
Jones explains. “The energy often re-
mains on the surface of the particles, 
raising the surface free energy of those 
particles and creating amorphous do-
mains on the crystalline material. This 
means that the API may be challenging 
to process further and formulate be-
cause of the inherent instability caused 
by the increased surface free energy.”

As a result of this surface energy, the 
API may adhere more strongly to other 
API particles and be more cohesive 
with other excipients in the formula-
tion when energy levels are elevated, 
Jones notes. “This issue can cause 
significant challenges in formulation, 
batch-to-batch reproducibility, and 
stability,” he says. “To reduce surface 
free energy of API particles, they may 
need to be left undisturbed for up to six 
months before they can be processed 
post-micronization. This is a huge in-
ventory cost for any pharma company.”

Additionally, the degree of wetting 
of a powder system by a liquid is deter-
mined by the surface energy, confirms 
Chin. “The good interaction between 
the liquid and the surface of the par-
ticle will ensure the wettability of the 
powder, and hence, its ability to dis-
solve,” he says.

When considering particle size dis-
tribution, it is better for it to be as nar-
row and as consistent as possible, con-
tinues Manford. “Conventional milling 
techniques are relatively uncontrolled, 
randomized processes, limited in their 
ability to produce a product with a 
uniform particle size distribution,” he 
notes. “Spray drying and high-pres-
sure homogenization are better suited 
to producing narrow particle size dis-
tributions, but these are both wet pro-
cesses and some candidate molecules 
might not be amenable to this formu-
lation approach.”

In working with spray drying tech-
niques, formulators need to be con-

cerned with controlling the particle 
morphology through altering the 
atomization process, spray solution 
properties, and drying kinetics to 
modify the surface properties of the 
spray-dried particles, asserts Chin. 

“Such modification will also impact 
the density, f low, and mechanical 
properties of the spray dried particles,” 
he says.

Highlighting specific challenges 
pertaining to nanometer-sized par-
ticles, Manford states that there is a 
tendency for particles to agglomerate 
to a less energetic state. “In so doing, 
the agglomeration reduces the surface 
energy, but causes an increase in mea-
sured particle size,” he adds. “To com-
bat the high surface energy produced 
whilst preparing the nanometer-sized 
particles, stabilizers are used to prevent 
agglomeration. There is, therefore, a 
tension between the desire to reduce 
the particle size with the need to use 
surface-energy reducing additives.”

“Whilst the reversion of energetic 
amorphous regions back to the crystal-
line state can dramatically increase the 
size of milled particles, the amorphous 
form actually improves the dissolution 
profile of drugs because the amor-
phous state is more readily soluble than 
the crystalline form,” Manford asserts.

Selecting the best technique
“The selection of particle engineering 
technique is largely driven by the API’s 
properties,” says Chin. “For example, if 
the API is sensitive to impact, shear, or 
high temperature at the point of colli-
sion, attrition milling is probably not 
a suitable technique. And if the API is 
inherently thermodynamically insta-
ble, any technique that induces amor-
phous regions on the particle surface 
will also not be suitable.” 

The type and severity of the chal-
lenge facing the developer is critical 
when considering which technique 
should be employed, states Jones. “If 
the developer is using a very poorly 
soluble molecule, then spray drying 
and nanomilling may not be ideal and 
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Ecolab Life Sciences PharmTech: Why is having a secondary 
biocide supplier is important?
Hoal: Precision is critical when it comes 
to pharmaceutical manufacturing. Even 
slight variations in the equipment used, 
materials sourced, or processes followed 
may result in out-of-specification products, 
non-conforming materials, and production 
downtime. Because of strict quality and 
compliance requirements, a single failure of 
a primary supplier can leave a manufacturer 
looking for an appropriate alternative 
potentially at short notice. Therefore, it is 
crucial to evaluate and qualify secondary 
suppliers in advance and have a plan in place 
to transition, if necessary. 

PharmTech: When might customers 
need to rely on a secondary supplier? 
Hoal: One example could be using a 
secondary supplier in tandem with a primary 
supplier. We often see this for universally 
supplied materials like 70/30 isopropyl 
alcohol (IPA) that are used at a high rate and 
critical to operations. From a formulation 
standpoint, these offerings may be very 
similar from supplier to supplier; however, 
the quality (in terms of site of manufacture, 
format, packaging, or water quality) may 
differ and should thus be considered. 

A pharmaceutical manufacturer may also 
need to rely on a secondary supplier 
because of regulatory change or a market 
stressor, which can be unpredictable and 
cause gaps in the global supply chain. 
During the recent COVID-19 pandemic, for 
instance, disinfectants were in high demand 

in the personal and commercial sectors. The 
demand put stress not only on disinfectant 
manufacturers, but also on their raw material 
suppliers. In such cases, pharmaceutical 
manufacturers may have to turn to secondary 
suppliers to ensure continuity of supply.  

Reliance on a secondary supplier may also 
be necessary if the primary supplier fails 
to meet the market’s needs due to natural 
or man-made disasters. Manufacturers 
without a secondary supplier in place may 
find their supply is abruptly interrupted. 

The use of a secondary supplier should 
not be reactionary; it should always be 
proactive. It is important to remember that 
disinfectant efficacy testing takes longer 
than a couple of days or weeks. Being 
proactive can save valuable time and 
ensure that manufacturing is not affected.  

PharmTech: How do you recommend 
sourcing a secondary biocide supplier? 
Hoal: Tapping into internal resources is 
a great place to start. Counterparts from 
your company based in other regions may 
be able to refer you to suppliers that have 
already been qualified or are approved in 
your company’s internal supply chain and 
quality system(s), which may expedite the 
qualification process. In the interim, the 
sister site’s validation could also serve to 
support regulatory expectations. 

Discuss reputable suppliers with industry 
colleagues or consider suppliers that support 
industry groups. Suppliers with an established 
reputation for thought leadership within the 
industry are more likely to be equipped with 

the experience and technical resources to provide support 
through the evaluation and implementation of their products. 

Last, Internet searches are an option, but assess suppliers 
to ensure they have the products, resources, and level of 
quality needed to support your operations. 

PharmTech: What information should you gather 
when selecting a secondary supplier?   
Hoal: Suppliers are often evaluated on quality, product and 
service offerings, availability, business continuity, and, of 
course, cost. For secondary suppliers, all these aspects 
should also be considered. 

A secondary supplier must be responsive and have a 
comprehensive portfolio with a robust supply chain. Stability 
of supply is paramount to ensure reliability. A secondary 
supplier must be reputable. The quality of product should 
be equivalent to that of the primary supplier’s and meet the 
standard of quality for the operation. 

A supplier should also be prepared with a comprehensive 
data set to provide insight into the product’s efficacy. 
Disinfectant validation studies are costly in terms of money 
and time. They usually take 6 months to 1 year to complete 
and put pressure on quality control resources. A supplier 
with experience in providing disinfectant validation support 
can help ease this burden.

In addition, a secondary supplier should be able to 
provide timely, knowledgeable training and advice on 
best practices and safe handling of products. An added 
benefit is a supplier that has regional resources to provide 
tailored support for customers. 

PharmTech: What is a comprehensive portfolio? 
Hoal: Selecting a secondary supplier with a comprehensive 
portfolio simplifies vendor management because multiple 
solutions are provided by one reliable supplier. An example 
of a biocide supplier with a comprehensive portfolio is 
one that can provide 1) production process cleaning and 
disinfectants for product contact surfaces (e.g., clean in 
place/clean out of place), 2) a cleaning and disinfection 
program for GMP areas (e.g., alcohols, detergents, 
biocides, and sporicides), and 3) hand-hygiene programs. 

PharmTech: What other attributes should a secondary 
supplier demonstrate? 
A secondary supplier should understand the industry they 
support, keeping their customers supplied with critical 
materials and components. They must truly understand the 
quality standards and regulatory constraints of the industry 
they serve. Cleaning and disinfectant products should be 
intended for use in a GMP environment so as not to contain 
chemicals or particulates that could contaminate or taint 
GMP-manufactured products. Disinfectant manufacturing 
facilities should operate under a Quality Management 
System to ensure batch-to-batch consistency. Products 
should be supported by appropriate validation data to 
demonstrate effectiveness and be supplied with certificates 
of analysis or conformity. The supplier should also have 
processes to ensure that any changes to formulation, 

specification, or method of manufacture that may affect 
the quality of the product are communicated to customers. 

PharmTech: How important is it for secondary suppliers 
to understand industry regulatory requirements? 
Hoal: Disinfectant used in GMP environments should be 
registered with the appropriate regulatory bodies. Registered 
products have a defined label claim and product-use 
requirements. When recommending a product, the supplier 
should consult with the customer on the intended use and 
a product’s efficacy and mode of action. In addition, a 
supplier should be aware of regulatory trends and changes 
within the industry to help meet customers’ needs. 

PharmTech: What steps should you take to qualify a 
secondary biocide supplier? 
Hoal: Qualification often involves having a potential supplier 
complete a quality questionnaire or Supplier Audit. Attention 
should be given to environmental controls of the supplier’s 
manufacturing and/or packaging areas; qualification of 
sterilization process and sterility testing; quality and design of 
the water system; control and quality of starting materials and 
packaging components; and their quality management system. 

It is prudent to have an implementation plan in place to ease 
the transition if a secondary supplier will be used. The end 
user should 1) consider all aspects that must be addressed 
in change management, 2) have a plan in place for how the 
site can convert to a secondary supplier, and 3) perform as 
many actions as possible before a change is needed, such 
as prequalifying the supplier and evaluating product efficacy. 

The qualification process may differ depending on the 
biocide and intended use of the chemistry. For disinfectants, 
such as 70/30 IPA, a secondary supplier may be able 
to provide a formulation that is very similar to that of the 
primary supplier, but the end user must still evaluate the 
differences between the offerings and assess the impact 
to their operations. The evaluation should include product 
format and presentation, procedural changes, production 
quality, and review of certificate of analysis. The evaluation 
should be documented, and the rationale for selection of 
the secondary supplier should be justified. Any differences 
from the primary supplier’s offering should be reviewed, and 
potential risk to operations evaluated.

For disinfectants other than 70% alcohols, the same or 
similar formulation may not be available from a secondary 
supplier. To meet regulatory expectations, the end user must 
demonstrate the suitability and effectiveness of biocides in the 
specific manner they will be used, usually through validation. 
This is arguably more important for proprietary biocides and 
sporicidal agents because the efficacy of the disinfectant and 
its use in the facility must be evaluated before implementation. 
The end user should also consider residue profile, compatibility 
on material surfaces, and health and safety.

For alcohols, biocides and sporicidal agents, the end user 
should devise a plan for how the products will be implemented. 
Having a plan in place before it is needed will save critical 
time and minimize risk when a manufacturer must rely on a 
secondary supplier.

W hen a primary biocide supplier has an unexpected decrease in inventory, a 
manufacturer can be left to urgently seek an appropriate secondary supplier. In 
this interview with Pharmaceutical Technology, Madison Hoal, global technical 

consultant at Ecolab Life Sciences, explains why it is crucial that manufacturers evaluate 
and qualify a secondary biocide supplier and have a plan in place to transition if necessary. 
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support regulatory expectations. 
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of supply is paramount to ensure reliability. A secondary 
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be equivalent to that of the primary supplier’s and meet the 
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A secondary supplier should understand the industry they 
support, keeping their customers supplied with critical 
materials and components. They must truly understand the 
quality standards and regulatory constraints of the industry 
they serve. Cleaning and disinfectant products should be 
intended for use in a GMP environment so as not to contain 
chemicals or particulates that could contaminate or taint 
GMP-manufactured products. Disinfectant manufacturing 
facilities should operate under a Quality Management 
System to ensure batch-to-batch consistency. Products 
should be supported by appropriate validation data to 
demonstrate effectiveness and be supplied with certificates 
of analysis or conformity. The supplier should also have 
processes to ensure that any changes to formulation, 

specification, or method of manufacture that may affect 
the quality of the product are communicated to customers. 

PharmTech: How important is it for secondary suppliers 
to understand industry regulatory requirements? 
Hoal: Disinfectant used in GMP environments should be 
registered with the appropriate regulatory bodies. Registered 
products have a defined label claim and product-use 
requirements. When recommending a product, the supplier 
should consult with the customer on the intended use and 
a product’s efficacy and mode of action. In addition, a 
supplier should be aware of regulatory trends and changes 
within the industry to help meet customers’ needs. 

PharmTech: What steps should you take to qualify a 
secondary biocide supplier? 
Hoal: Qualification often involves having a potential supplier 
complete a quality questionnaire or Supplier Audit. Attention 
should be given to environmental controls of the supplier’s 
manufacturing and/or packaging areas; qualification of 
sterilization process and sterility testing; quality and design of 
the water system; control and quality of starting materials and 
packaging components; and their quality management system. 

It is prudent to have an implementation plan in place to ease 
the transition if a secondary supplier will be used. The end 
user should 1) consider all aspects that must be addressed 
in change management, 2) have a plan in place for how the 
site can convert to a secondary supplier, and 3) perform as 
many actions as possible before a change is needed, such 
as prequalifying the supplier and evaluating product efficacy. 

The qualification process may differ depending on the 
biocide and intended use of the chemistry. For disinfectants, 
such as 70/30 IPA, a secondary supplier may be able 
to provide a formulation that is very similar to that of the 
primary supplier, but the end user must still evaluate the 
differences between the offerings and assess the impact 
to their operations. The evaluation should include product 
format and presentation, procedural changes, production 
quality, and review of certificate of analysis. The evaluation 
should be documented, and the rationale for selection of 
the secondary supplier should be justified. Any differences 
from the primary supplier’s offering should be reviewed, and 
potential risk to operations evaluated.

For disinfectants other than 70% alcohols, the same or 
similar formulation may not be available from a secondary 
supplier. To meet regulatory expectations, the end user must 
demonstrate the suitability and effectiveness of biocides in the 
specific manner they will be used, usually through validation. 
This is arguably more important for proprietary biocides and 
sporicidal agents because the efficacy of the disinfectant and 
its use in the facility must be evaluated before implementation. 
The end user should also consider residue profile, compatibility 
on material surfaces, and health and safety.

For alcohols, biocides and sporicidal agents, the end user 
should devise a plan for how the products will be implemented. 
Having a plan in place before it is needed will save critical 
time and minimize risk when a manufacturer must rely on a 
secondary supplier.

W hen a primary biocide supplier has an unexpected decrease in inventory, a 
manufacturer can be left to urgently seek an appropriate secondary supplier. In 
this interview with Pharmaceutical Technology, Madison Hoal, global technical 

consultant at Ecolab Life Sciences, explains why it is crucial that manufacturers evaluate 
and qualify a secondary biocide supplier and have a plan in place to transition if necessary. 
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another technique, such as Controlled 
Expansion of Supercritical Solutions 
(CESS), may be required,” he states. 

“However, if it is only incremental sol-
ubility improvement that is required, 
then spray drying and nanomilling 
may suffice.”

For neutral compounds, or those hav-
ing weakly ionizable groups, crystal engi-
neering is an approach to produce drug 
particles as an alternative to salt forma-
tions, notes Manford. “And the desired 
route of administration would certainly 
influence the selected technique,” he 
adds. “Pulmonary drug delivery requires 
a small and consistent particle size dis-
tribution, which is best achieved using a 
fluid energy mill (jet mill).”

“For respiratory drug delivery, the 
appropriate technique will depend on 
whether the API is stable with respect 
to mechanical attrition, and whether it 
is the delivery device that is going to be 
the driver for improving drug product 
performance or the particles,” contin-
ues Jones. “There are many complex 
and over-engineered inhalers on the 
market that are designed to compen-
sate for the poor properties of the API 
particles in the formulation and be-
come a strong barrier to entry for any 
generic competitor. If drug developers 
in this space used perfectly engineered 
particles from a solution-to-particle 
approach where the right character-
istics were built into the particles, it 
may be possible, in theory, to have very 
simple devices delivering these drugs, 
because the particles would have supe-
rior formulation performance. Alter-
natively, by coupling high performing 
particles with high performance de-
vices, it could be possible to have su-
per-performing products for patients.”

As some APIs are very expensive and 
are only available in limited quantities 
during the early stages of development, 
there needs to be awareness of how much 
material will be lost with the particle en-
gineering technique, Manford explains. 

“Jet milling in particular is not well suited 
to milling small amounts of expensive 
material due to a combination of inter-

nal surface loss and inefficiencies in the 
collection vessels,” he says.

However, Chin continues, choosing a 
specific particle engineering technique 
over another generally relates to how a 
predictive correlation can be achieved 
between process parameters, individual 
particle properties, and bulk particle be-
havior. “This correlation is critical as it 
will help the formulators to optimally 
design processes and formulations,” he 
says. “If the technology is already well 
deployed internally at the outsourc-
ing partner’s/developer’s site, then the 
choice is relatively easy. Beyond that, 
the choice will then boil down to ex-
pertise, the level of understanding, and 
the availability of capacity at commer-
cial scale of that particular technology.”

The value of outsourced services
“Incorporating new drug candidates into 
a specific dosage form presents numer-
ous technical challenges,” asserts Man-
ford. “It is essential that the potential of 
these candidates be adequately assessed 
as quickly as possible; there is no benefit 
in spending money on a candidate that 
will fail during clinical development.”

However, to adequately assess each 
candidate, there is a requirement to de-
velop a unique formulation that can ef-
fectively reflect any therapeutic potential 
that the candidate may offer, Manford 
notes. Therefore, there is the potential for 
companies to waste a significant amount 
of time and money in trying to micron-
ize and formulate problematic candidates, 
or for companies to disregard promising 
candidates due to limited formulating 
experience, he adds.

“This assessment is precisely where 
[contract development and manufac-
turing organizations (CDMOs)] can 
add value,” Manford says. “CDMOs 
offer their clients immediate access 
to years of expertise and know-how 
acquired by working with a range of 
molecules. Many CDMOs also pro-
vide access to proprietary technolo-
gies and niche equipment necessary for 
achieving these optimal formulations, 
thereby providing a further competi-
tive advantage at a time-critical stage 
in product development.”

In concurrence, Chin specifies that 
the role of the outsourcing partner is to 
ensure enhanced productivity and cost 
efficiency while also improving quality 
so that program milestones can be met. 

“Drug innovators expect outsourcing 
partnerships to offer advanced exper-
tise that will help provide a de-risked 
and accelerated path to clinic and mar-
ket. For this to happen, it is important 
for outsourcing partners to have inte-
grated capabilities, from formulation 
development to commercial manufac-
turing, including analytical and pack-
aging services,” he asserts. 

Jones notes the differences between 
providing top-down or bottom-up ser-
vices. “When outsourcing drug devel-
opment that requires a top-down parti-
cle engineering solution, the developer 
should always consider whether the 
outsourcing partner has both drug sub-
stance and drug product manufacturing 
in house,” he says. “This capability will 
enable them to have a better control of 
the input material for the micronization 
process and the output material from 
the same process.” 

If the API crystallization process is 
not very well controlled and the API 
is obtained from a single source, there 
is the potential for variability in drug 
product quality, Jones explains. Further 
along the process, at the micronization 
stage and then mixing stages, any po-
tential variability will then be amplified 
exponentially, leaving the formulator 
with a highly variable drug product and 
potential batch failures.

“When outsourcing drug develop-
ment that utilizes a ‘solution to particle’ 
[bottom up] engineering process, the 
developer does not need to be concerned 
about drug product variability due to 
quality of input material,” Jones contin-
ues. “The API can come from multiple 
sources providing it has a similar purity 
and quality specification, and the end 
crystallization process is less of a concern 
as the API material will be dissolved and 
recrystallized. This provides the drug 
developer with more certainty of a con-
trolled formulation strategy and reduces 
the risk of batch failures, which can be 
highly expensive.” PT

Contin. from page 26 
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of process performance and product 
SQIPSE. Stage 3 includes post-valida-
tion activities such as continuous pro-
cess verification.

Regulatory considerations
Regulatory agencies such as FDA and 
the European Medicines Agency (EMA) 
have issued regulations and guidance 
for PV (1,2). The biopharmaceutical 
industry is recommended to follow the 
highest standards per Parenteral Drug 
Association (PDA) technical guidance 
as possible (3–7). For example, PDA’s 
TR60 (7) can be used as a guide to plan 
and execute key PV activities, such as 
shown in Figure 1.

 In addition, the International Coun-
cil for Harmonization (ICH) brings the 
regulatory authorities and the man-
ufacturing industry together with a 
published series of guidelines on viral 
safety (Q5A R1) (8), cell line develop-
ment (Q5B) (9), stability testing of drug 
substance)/drug product (Q5C) (10), the 
concept of quality by design (Q8 R2) 
(11), risk management (Q9) (12), qual-
ity systems and knowledge management 
(Q10) (13), and drug substance devel-
opment and manufacture (Q11) (14) to 
support PV. 

In 2011, FDA published Process Vali-
dation: General Principles and Practices 
that outlines the general PV principles 
and approaches for the manufacture of 
human and animal drug and biological 
products (1). It guides a manufacturing 
validation campaign (i.e., three consec-
utive production batches from indus-
trial application) at commercial scale to 
demonstrate process performance qual-
ification (PPQ). PPQ uses the pre-set 
operating parameters, controls, equip-
ment, and facilities established after 
process characterization (PC) and early 
and late-stage clinical batch production 
data. The aim of the PPQ campaign is 
to effectively and repeatedly manufac-
ture consistent drug substance, which 
should meet the predefined specifica-
tions and quality attributes.  

However, unavoidable challenges 
are often faced by sponsors and their 
contract manufacturing organizations 
(CMOs) during process validation. 

P rocess validation (PV) is the col-
lection and evaluation of data 
from the process design stage 

through commercial production that 
establishes scientific evidence that a 
manufacturing process is capable of 
effectively and consistently delivering 
quality product (1, 2). The manufac-
tured drug substance must meet its pre-

determined acceptance criteria and/or 
specification for safety, quality, identity, 
purity, strength, and efficacy (SQIPSE). 
PV integrates a variety of disciplines 
from process development (PD), engi-
neering, industrial pharmacy, analyt-
ical development (AD), microbiology, 
statistics, manufacturing, regulatory 
affairs (RA), quality control (QC), and 
quality assurance (QA). 

In this article, the authors share 
opinions and strategies for a mono-
clonal antibody (mAb) PV from a RA, 
AD, QC, PD, and manufacturing per-
spective. Figure 1 outlines PV activities 
across three stages. The first is the 
prerequisite stage. Stage 1 focuses on 
raw material qualification, cell line de-
velopment, fermentation, purification 
PD and characterization, analytical 
method development and qualifica-
tion, risk assessment, documentation 
management, and equipment and fa-
cility fit. Stage 2 involves validation 

Regulatory, analytical, and process 
concerns must be taken into account.
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Challenges may arise from slight dif-
ferences in production scale, facilities, 
and/or equipment between clinical and 
commercial manufacture. For example, 
commercial facilities from a selected 
CMO may have multiple large-scale 
bioreactors, but each bioreactor may 
have subtle differences from one an-
other in configuration and/or design. 
What is the PPQ campaign strategy 
to validate the bioreactors? Would the 
campaign consist of multiple runs in 
each bioreactor to enable the product to 
be commercially manufactured in any 
one of them? One approach would be to 

perform three batches in one bioreactor 
and a confirmatory run in each of the 
other bioreactors if there are subtle dif-
ferences between bioreactors. A justifi-
cation should be made to determine the 
bioreactor utilization strategy for com-
mercial production based on the PPQ 
data. It is recommended that sponsors 
confirm their strategy with the applica-
ble health authorities through a meeting 
or written correspondence before filing 
a marketing application. 

Analytical considerations
Method validation is performed to 

confirm that the analytical procedure 
employed for a specific test is suitable 
for its intended use; the methods for 
in-process samples need to be qualified 
at a minimum, and DS release tests 
need to be validated. 

ICH Q2 (R1) provides traditional 
guidance for analytical procedure 
validation of chemical and biological 
drugs (15). ICH is also working on Q14 
Analytical Procedure Development 
(16), which is expected to be available 
in 2021. FDA published guidance on 
analytical procedures and methods 
validation in 2015 (17) providing rec-

Manufacturing

Process 
development Process design

Process 
qualification 

and validation

Commercial 
manufacture

Monitoring and 
improvement

Stage 1 Stage 2 Stage 3

ICH Q8 (R2): Development

ICH Q9: Quality Risk Management

ICH Q10: Quality Systems/Knowledge Management

ICH Q11: Development and Manufacture of Drug Substances

Gene cloning, clone selection, clonality
Cell line stability and productivity, research 
cell bank and master cell bank creation
Cell culture development (viable cell density, 
productivity, product quality) viability
Harvest process development (recovery, 
product quality)

Media sterile verification
Equipment/utility/facility validation 
IQ, OQ, PQ for bioreactor and harvest

Continuous process 
verification

Process development, planning
Process characterization (DOE), in -process 
hold, resin /membrane lifetime, proven 
acceptable range
Bioburden/endotoxin control, viral clearance 
(VC) ( 2 viruses), impurity clearance
DS fill/freeze/thaw/storage

Unit operation validation
Full panel VC study, process control strategy 
(in-process control), risk assessment, 
process consistency, at-scale 
buffer/intermediate mixing, hold, & stability 
studies, equipment/utility/facility validation 

Ongoing process 
monitoring and/or 
revalidation 

Assay development and qualification 
Formulation development 
Reference standard establishment 
Protein characterization and stability studies 
Critical quality attribute identification

Assay validation and specification 
establishment
Stability and degradation pathway 
Drug substance freeze/thaw/
shipping (i.e., temperature/rate) 

Method lifecycle 
management
Method revalidation

Stage

RA/
QA

AD/
QC

DSP

USP

Prospective validation: a study completed prior to licensing 
Concurrent validation: using data collected during ongoing commercial manufacturing 
Retrospective validation: for previously approved products that have a significant manufacturing history

Strat-
egy

Figure 1. Process validation incorporates regulatory affairs (RA), quality assurance (QA), upstream process (USP), downstream 
process (DSP), analytical development (AD), and quality control (QC); ICH is International Council for Harmonization.
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ommendations on how method valida-
tion should be performed and the data 
that should be submitted when filing a 
new drug application, abbreviated new 
drug application, or biologics license 
application. The United States Pharma-
copeia (USP) general chapters describe 
method validation (USP <1225>) (18), 
method verification (USP <1226>) (19), 
and method transfer (USP <1224>) (20), 
and address portions of the lifecycle but 
do not consider it holistically. Based on 
three stages of process validation, the 
USP Council of Experts in 2016 pro-

posed a new general chapter <1220> 
for lifecycle management of analytical 
procedures to address the procedure 
lifecycle (21). 

It is highly recommended that a 
systematic method robustness study 
be performed during the development 
stage. The procedures should be in 
sufficient detail so that a competent 
analyst can reproduce the necessary 
conditions and obtain results within 
the acceptance criteria. For biological 
testing, a reference material (RM) is 
required. The primary RM should be 

from lot(s) representative of produc-
tion materials and needs to be char-
acterized extensively for qualification. 
The working RM should be calibrated 
against the primary RM (i.e., a two-
tier approach). The primary RM and 
drug substance that are representative 
of commercial material are usually 
used for method validation. For each 
analytical procedure, there should be 
a continual assessment of the system 
suitability test results to verify the 
method is suitable for use. 

At the PV stage, all analytical pro-
cedures should already be validated. 
After validation, the analytical pro-
cedure lifecycle management should 
begin using method monitoring (see 
Figure 2 and Table I). Figure 2 illustrates 
an individual-moving range (IR) con-
trol chart for a cell-based potency 
assay that is used to assess method 
performance. The RM value is tracked 
against its nominal assigned value, 
which is set as “0.0”. Figure 2 demon-
strates how RM data fluctuate during 
routine stability testing. In Figure 2, the 
violation of rules 1, 2, and 5 starting 
from data point 42 is the direct result 
of a RM requalification where the pro-
tein concentration was approximately 
5% higher than the previous qualified 
value. The root cause was reference 
material being diluted approximately 
5% less for each analysis, and subse-
quent values all increased accordingly. 
Issues identified help to establish a ro-
bust analytical lifecycle management 
program from Stage 1 to Stage 3.

Cell line and 
upstream considerations
PC plays an important role for PV. 
Pre-characterization focuses on histori-
cal data review, risk assessment, qualifi-
cation of the scale-down model, fermen-
tation, and AD method qualification. 
PC studies concentrate on impurity 
clearance, design of experiment (DoE) 
studies for key and critical process pa-
rameters (KPP, CPP), and critical qual-
ity attribute (CQA) assessment. CQAs 
will define the CPPs, which directly im-
pact the quality of the product. Figure 
3 illustrates the relationship between a 

Figure 2. Individual moving-range (IR) control chart for method monitoring of 
a cell-based assay. LCL is lower control limit; UCL is upper control limit; µ0 
is the target.

Table I. Process validation (PV) specific analytical activities.

PV Stage Analytical Activities

1

• Establish initial quality target product profile (QTPP) 
specifications

• Method development and qualification
• Establish first reference material (RM) 
• Develop two-tiered RM toward commercialization
• Start formal stability studies
• Initiate method monitoring program to track method 

performance utilizing RM stability testing data

2

• Analytical method validation using representative drug 
substance

• Monitor method performance for stability testing 
• Troubleshoot and perform analytical development 
• Perform extended characterization of RM 
• Update QTPP
• Establish analytical lifecycle management plan

3

• Conduct statistical analysis, models, and lifecycle 
management

• Finalize QTPP for regulatory license applications
• Method revalidation and comparability study
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program’s target product profile (TPP), 
quality TPP (qTPP), and CQAs.

A cell-line development effort is the 
foundation of any biologics manufac-
turing program. The decisions made 
during this stage, listed in Table II, have 
far-reaching effects on further develop-
ment options and on validation plans. 

The choice of production host, cell 
line generation, and raw materials used 
in the process is critical. It affects how 
straightforward the future validation 
process will be. The authors recom-
mend using a proven Chinese hamster 
ovary (CHO) cell line (e.g., CHO-K1, 
CHO-S, or DG-44) from a supplier 

with a well-documented clone lineage 
and safety test records, as noted in 
Table II. Chemically defined and/or an-
imal-origin free media should be used 
to reduce the burden of safety testing 
and improve batch consistency. A me-
dium or feed from a supplier that has 
submitted a Type II Drug Master File 

Manufacturing

TPP
Indication and usage
Route of administration
Dosage and administration
Clinical studies
Adverse reactions
References

QTPP
Concentration
Dosage form
Container closure
Shelf-life (stability) and
storage condition

Strategic positioning
Unmet medical need
Technology platform

Patient-specific needs
Indication size 
Intended use in clinical setting

CQA
Safety
Identity 
Purity 
Potency

Target biology
Molecule-specific 
knowledge base
Development data

Figure 3. Defining target product profile (TPP), quality target product profile (QTPP), and critical quality attributes (CQAs) 
for biologics process validation. 

Table II. Considerations for cell line development and banking.

Stage Attribute Consideration Comments

Cell-line 
development

 Host
Regulatory 
experience

Chinese hamster ovary cells and murine myeloma (NS0) are 
commonly used with little routine batch testing requirement after 
master cell bank (MCB) characterization.

Host engineering Documentation
If host engineering is with transgene expression, thorough 
documentation and lineage for safety assessment is required.

Raw materials
Media, feeds, and 
components

If animal-origin components have to be used, a separate risk 
assessment and testing is required before regulatory filing.

Product quality
Monitoring throughout 
screening

Use analytical methods to monitor product quality as part of screening 
decisions. Genetic characterization can de-risk clone stability.

Clonality
Assurance (limiting 
dilution) vs. evidence

Use direct evidence (e.g., plate imaging) to assess monoclonality; 
assurance by statistical means is more time-consuming but 
acceptable if required.

Clone stability Study design
Study should span the intended in-vitro cell age for MCB, working cell 
bank (WCB) generation, and seed train at largest intended GMP scale 
(typically 60–80 cell generations) by qualified scale-down model.

Cell-banking 
system

Tiering System
MCB and one WCB are expected to be manufactured and qualified 
for use at the time of licensure.

Testing and 
Characterization

Assay compliance
Bank release and routine requalification should use methods accepted 
by regional health authorities where clinical studies are expected to 
take place.



Pharmaceutical Technology AUGUST 2020    35

would be ideal as the details of media 
composition, raw materials, and man-
ufacturing are available. It is worth the 
effort to properly isolate a production 
cell line and generate direct evidence of 
monoclonality to avoid a complicated 
statistical argument, or for remedial 
characterization work of an MCB later, 
as noted in Table II.  

The upstream PD (USPD) and man-
ufacturing are not only for process 
development and PC but also for data 
trending from historical manufactur-
ing batch production. A key point is 
using the qualified scale-down model 
to demonstrate relevant and/or pre-
dictive behavior at commercial scale 
with a risk-based approach in mind 
(see Table III). 

Failure mode and effects analysis 
(FMEA) is adopted to rank process in-
puts by integrating PC and production 
data for process criticality based on a 
risk-based approach (ICH Q9) (12). 
This analysis systematically assesses 

risks based on severity, occurrence, 
and detectability from raw materials, 
the process, product quality, manu-
facturing, equipment, and business 
practices. FMEA exercises also help to 
determine process targets and ranges, 
such as non-key process parameters 
(nKPPs), KPPs, CPPs, normal oper-
ating ranges (NORs), and proven-ac-
ceptable ranges (PARs). A nKPP is a 
parameter that may not impact process 
performance or product quality, while 
a KPP is a parameter that influences 
process performance, but many not 
impact product quality. A CPP is a pa-
rameter that impacts quality attributes 
and must be well controlled. 

Downstream process considerations
Downstream process validation strat-
egies are also focused on raw material 
selection, process consistency, process 
control, safety, product purity, and 
quality (see Table IV). After PD, PC, 
and clinical-stage batch production, 

process set-point, operating range, 
and in-process control strategy can 
be evaluated and established based on 
product SQIPSE. Detailed PV activities 
are listed in Table IV, such as performing 
at-scale buffer and intermediate mix-
ing and hold time studies to ensure the 
solution homogeneity, stability, and ex-
piry setting; intermediate quality and 
drug substance content uniformity 
should be thoroughly evaluated and 
determined. It is a common practice 
to validate viral clearance and resin 
lifetime from a qualified scale-down 
model. It is crucial to validate manu-
facturing utilities, facility, equipment, 
and automation at commercial scale 
from late-stage clinical trials.

Conclusion
For a mAb process and manufactur-
ing PV, the authors recommend that 
a cross-functional team be formed 
including project management, PD, 
AD, manufacturing, manufactur-

Table III. Considerations for upstream process characterization (PC) and process development (PD).

Stage Attribute Consideration Comments

Process 
development (PD)

Raw 
material

Media, feeds, and 
components

If animal-origin components have to be used, a separate risk 
assessment and testing is required before regulatory filing.

Bioreactor 
design/scale

Glass/stainless 
vs single use 
bioreactor platform

Single-use bioreactors provide in-built scalability and convenience, 
but may not meet needed commercial scale requirements. Validation is 
inherently simpler if single-use fluid path is maintained.

Process 
characterization 
(PC) 

Scale-down 
model 
qualification

Model choice
Ideally use a well-characterized bench-scale hardware set well-aligned with 
the commercial-scale hardware. Prior data comparing scales is helpful.

Scaling parameters

Determine which parameters are scale dependent and which are not, then 
how each scale-dependent parameter will be adjusted (e.g., agitation).  
Any hardware differences (e.g., bioreactor) between scales should be 
treated as scale-dependent.

Parameter 
equivalency

Different analyses may be appropriately justified for different variables 
(pre-set ranges ± standard deviation, two one-sided equivalency test, 
response surface design, etc.).

PC and 
process 
validation 
(PV) 

Study design

For PC, a combination of one-factor-at-a-time and multivariate designs 
is recommended using design-of-experiment principles.  Follow-up 
studies to better resolve the edge of failure or determine response 
curvature may be needed.
For PV, a master study plan and study protocol should be drafted, 
reviewed, and approved prior to process performance qualification (PPQ).

Risk-mitigation and 
process criticality 
determination

Assess quality and safety impact associated with scale, equipment 
(i.e., bioreactor size and geometry), and manufacturer (i.e., contract 
manufacturing organization) from failure mode and effects analysis. 
Determine key process parameters (KPPs), non-KPPs, critical process 
parameters, normal operating ranges, and proven acceptable ranges 
based on PD, PC, and historical manufacturing data for PV support. 
These ranges are then tested and codified during PPQ.
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Manufacturing

ing science and technology, QC, QA, 
RA, and counterparts from CMOs 
if CMOs will perform commercial 
production. Historical data from PD, 
PC, and clinical manufacturing batch 
production play a crucial role in PV 
design and execution. The ultimate 
goal is that the validated manufactur-
ing process consistently produces high 
quality drug substance that meets the 
product SQIPSE.
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Table IV. Downstream process validation considerations.

Validation Key consideration

Raw materials, buffers, 
intermediates, and drug 
substance/drug product

• Use multi-compendial grade chemicals and non-animal derived raw materials if possible
• Buffer mixing and hold before process validation execution
• Drug substance mixing and homogeneity study

Chromatography

• Establish control strategy for pH, conductivity, temperature, process time, load capacity, flow 
velocity, solution volume, peak-cut criteria 

• Assess process performance, bioburden/ endotoxin control, cleaning, regeneration, and storage 
• Maintain column bed height, flow velocity, packing efficiency from different scales 
• Ensure raw data traceability from process validation master study plans, protocols, and reports 

Ultrafiltration/diafiltration 

• Validate feed flux, transmembrane pressure (TMP), process time, impurity clearance, yield, 
and product quality 

• Validate membrane and hardware (i.e., tank, pipe, skid) and software 
• Perform post-validation monitoring for TMP profile, post-diafiltration osmolality, aggregates, 

normal water permeability, bioburden, or endotoxin for continuous improvement

Resin and membrane lifetime 
validation

• Assess resin lifetime at small scale prospectively and verify it at production scale for load 
capacity, chromatographic profile, height equivalent to the theoretical plate, product purity, 
yield, impurity carry-over, bioburden/endotoxin

• Assess membrane reusing at small scale and verify it at production scale for process 
reproducibility, product purity, yield, cleaning, and storage

Viral clearance

• Follow International Council for Harmonization (ICH) Q5A (R1) guideline 
• Use reprehensive production batch material qualified scale-down model for this study 
• Assess impact from viral media spiking prior to the viral spiking study
• Design the study protocol and execute it for biologic license application filing (i.e., four 

viruses, new vs. aged resin, worst-case scenario)
• Perform low pH viral inactivation at worst case, such as high end of pH, low end of 

temperature, and low end of hold time
• Perform viral filtration at worst case such as lower concentration, higher volumetric load ratio, 

higher transmembrane pressure, longer hold time before buffer chase 

Equipment, facility

• Validate equipment and facility design for purification (chromatography, viral filtration, and 
bulk filtration area segregation)

• Validate column, skid, computer software compliance, tank, mixer, pipe, tubing, pump, cold 
room, and freezer 
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Mark Demesmaeker, head of data an-
alytics at Sartorius Stedim Biotech. In 
2020, Demesmaeker notes, biologics 
will account for more than 25% of 
the pharmaceutical market, at a time 
when smaller volumes, higher product 
turnover, demands for lower cost of 
goods sold (COGS), improved product 
quality, and reduced time to market or 
clinic have become the norm. Factor-
ing in the specialized requirements for 
personalized medicines, such as gene 
and cell therapies, and the introduc-
tion of more biosimilars, he says, and 
a more data- and analytics-driven ap-
proach is fast becoming “a cornerstone 
for future success” in biopharma devel-
opment and manufacturing. 

While investing in better automation 
and analytics, manufacturers can take 
advantage of modular, pre-validated, 
and pre-tested single-use equipment, 
bioreactors, and chromatography sys-
tems that include built in electronic 
batch record (EBR) and manufactur-
ing execution system (MES) function-
ality. They can also utilize off-the-shelf 
modeling programs and improvements 
in single-use equipment automation.

Partnerships or acquisitions in-
volving equipment vendors and pro-
cess-control and software suppliers 
are helping to drive change. Today, all 
process-equipment vendors have allied 
with leading automation and control 
companies. For instance, Cytiva (for-
merly GE Healthcare Life Sciences) has 
connected its FlexFactory single-use 
platform to a Figurate distributed 
control system (DCS) since 2015.  The 
company has formed partnerships 
with Rockwell, Emerson, and Siemens 
to bring plug-and-play automation to 
ppstream bioreactors and downstream 
chromatography scaleup for compa-
nies that might not be able to invest in 
foundational MES or EBR software on 
an enterprise level.

Recently, some of the greatest ad-
vancements have been made in auto-
mation for single-use technology, says 
Kevin Seaver, executive general man-
ager of Cytiva’s automation and digi-
tal division. He recalls the early days 
of single-use equipment development 

O ver the past few years, the “4.0” 
suffix has become widely used 
(and, some might argue, hyped) 

in the pharmaceutical industry and 
beyond. Reflecting the extension of 

“Manufacturing 4.0” principles to bio-
pharm, Biopharma 4.0 (1) centers 
around the use of sensors, process 
analytics, and real-time data. This 
approach allows integrated networks 
comprising the Industrial Internet of 
Things (IIOT)  to capture, store, and 
analyze information from separate 
sources, and present it in optimal form. 
The result is improved cross-func-
tional collaboration, predictive main-
tenance, and efficiency. 

The operating systems required 
already exist. Combined with use of 
cloud computing, artificial intelligence, 
and technologies such as virtual and 

augmented reality, the principles be-
hind BioPharma 4.0 are expected to 
decrease scale-up costs and timelines, 
improve manufacturing efficiency and 
quality control, and allow more effec-
tive models to be built for predictive 
maintenance and training.

Some manufacturers are piloting 4.0 
approaches that are already yielding 
benefits for both small-molecule and 
biopharmaceutical operations (2,3). 
Others are still grappling with “3.0” or 
even “2.0” challenges, and integrating 
the digital silos and islands of automa-
tion that remain within their operations. 

For the biopharmaceutical indus-
try, whose processes are more com-
plex than those for most small-mol-
ecule drugs, adopting Biopharma 4.0 
principles can help manufacturers 
address “formidable” challenges, says 

Even though many companies are at early stages 
of digital automation, more are evaluating 
BioPharma 4.0 tools and leveraging built-in 
automation to speed scale-up and boost efficiency. 

Skipping Steps to 
BioPharma 4.0 
Agnes Shanley 
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at Xcellerex, and working with sensor 
vendors and tubing welders on solu-
tions. Today, the company can provide 
Figurate products that have already 
been tested and validated, to allow sys-
tems to work better together, enabling 
shorter implementation time for cus-
tomers, he adds. “We have made sure 
that Figurate products are connected 
to platforms such as Rockwell Plant-
PAx, Emerson’s Delta V and Siemens 
PCS7,” says Joe Makowiecki, enterprise 
solutions director of business devel-
opment at Cytiva. “Using automated 
FlexFactory approaches allows users 
to incorporate EBR or scheduling soft-
ware. This reduces cost, provides an 
audit trail and releases batches faster. 
It also lets them use not only manu-
facturing but materials data,” he adds.

Another important change has been 
the move to different types of model-
ing, which has become vendor agnostic.  

“This process is become more ‘off the 
shelf ’ with the goal of making it easier 
for end users to scale up without hav-
ing to run extensive designs of experi-
ments,” says Seaver. 

In this same spirit, Sartorius in-
troduced the third generation of its 
BIOSTAT STR single-use bioreactor, 
which runs the new Biobrain automa-
tion platform, designed to enable quick 
and easy system configuration. The 
system features integrated and redun-
dant single-use sensors that provide 
real-time data to measure and control 
critical process parameters such as 
pH, dissolved oxygen, viable biomass, 
glucose, lactate, and foam. “Non-in-
vasive measurements save set-up time, 
prevent interface issues and reduce the 
need for off-line manual sampling to 
enhance batch-to-batch consistency,” 
says global consultant Kevin McHugh. 
Users can incorporate feed controls, 
bleed controls, and connectivity to 
Repligen’s XCell ATF cell-retention 
devices to increase cell density and 
productivity, he says. Connection to 
Umetrics SIMCA, meanwhile, allows 
them to harness multivariate modeling 
and control, enabling them to predict 
yield and optimal harvest time points 
at the early stages of the perfusion pro-

cess. The system can be directly inte-
grated locally via a control tower or 
with a data historian, or more broadly 
via DCS platforms from Emerson, Sie-
mens, or Rockwell.

As they explore off-the-shelf solu-
tions, more companies are also invest-
ing in improved analytics and process 
control, and investigating more of the 
building blocks of Biopharma 4.0. In 
scale-up, process intensification is 
driving the use of more advanced an-
alytics. “About 30% of new molecules 
moving into clinical manufacturing 
will be implementing intensified pro-
cessing in upstream or downstream 
operations,” says Andrew Bulpin, head 
of process solutions at MilliporeSigma. 
As a result, most companies realize that 
they need to upgrade their process 
analytics and automation. “Today’s 
processes already produce in excess 
of 1 billion data points per run, and 
with the adoption of intensified pro-
cessing technologies with advanced 
sensor technologies and enhanced 
data capture capabilities, the volume 
of data and information gathered per 
batch is exploding,” Bulpin notes. Ad-
vanced analytical tools are required to 
ingest, normalize, analyze, and enable 
decision making at high volume and 
speed, he says.

Applying Biopharma 4.0 concepts
Currently, every key industry organi-
zation, from the International Society 
for Pharmaceutical Engineers (ISPE) to 
BioPhorum, has a Biopharma 4.0 ini-
tiative underway. January 2020 marked 
the official start of the Biopharma 4.0 
Alliance, a partnership between the 
National Institute for Biotechnology 
Research and Training (NIBRT) in Ire-
land and the Boston Consulting Group. 

The alliance is working with 17 dif-
ferent software, control, and equip-
ment vendors as well as biopharma-
ceutical manufacturers on real-world 
Biopharma 4.0 use cases. A demon-
stration center (Photo) is now up and 
running to introduce more industry 
professionals to the concepts involved.   

A number of biopharma equipment 
vendors have introduced products that 

directly apply Biopharma 4.0 concepts. 
Sartorius Data Analytics, for instance, is 
launching a modern data-science plat-
form for process development and data 
management, and to support the trend 
to open-source data modeling (e.g., using 
the Python coding language) and hybrid 
modeling, which blends statistical and ki-
netic and metabolic modeling techniques, 
says Demesmaeker. 

MilliporeSigma has launched the 
Bio4C Software Suite, which combines 
process control, analytics, and plant-
level automation, allowing users to vi-
sualize, analyze, and control the entire 
manufacturing process and individual 
operational units, enabling enhanced 
process control and insights, says 
Bulpin. ProcessPad, another recent 
introduction, is designed to help users 
acquire, aggregate, and analyze data 
from equipment, paper and electronic 
records, and facility databases, to au-
tomate the generation of continuous 
process verification reports. 

 
Emphasis on Raman sensors
On the sensor level, MilliporeSigma in-
troduced Raman spectroscopy sensors 
and accompanying software to provide 
real-time process analytics across mul-
tiple critical process parameters via 
in-line measurement. Sartorius also 
rolled out the BioPAT Spectro sensor 
platform, which allows users to inte-
grate Raman spectroscopy into ambr 
15 and 250 development platforms as 
well as Biostat STR development, pilot, 
and production systems, says McHugh.

In reactor modeling, McHugh says, 
techniques such as tip-speed scaling 
are being replaced by more advanced 
and holistic approaches that weight 
many factors at the same time (e.g., 
power-per-volume, gas transfer, car-
bon dioxide stripping, eddy size, shear 
stress, and volume effects) for the en-
tire duration of the process. 
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O 
ne of the biggest challenges encountered by newly 
developed drugs is poor aqueous solubility (1). Set-
ting up robust-strategies for improving solubility 
and, thus, bioavailability demands expert knowl-

edge and significant time and efforts, all of which are very 
costly. In recent years, however, micro- and nanometer-di-
ameter fibers have emerged as a feasible approach to de-
liver these poorly water-soluble drugs. Thanks to their high 
surface area to volume ratio they seem to be appealing for 
applications requiring fast drug release or for improving ap-
parent drug solubility. Among the existing rapid fabrication 
methods for these fibers, electrospinning and centrifugal 
spinning are the most versatile. However, while the electro-
spinning has already revolutionized different fibrous sys-
tems for pharmaceutical and tissue engineering applications, 
centrifugal spinning has proven to be a far more affordable 
technique with high yield and low cost (2–7). 

In this study, an in-house customized and simple cen-
trifugal spinning system was used (8) that had been further 
modified with laser micro-drilling of circa 5-μm uniformly 
distributed perforations. Investigations of the processing 
parameters needed to produce solidified fibers of Zein 
protein blended with natural polymers of xanthan gum or 
arabic gum were conducted. The potential of drug loading 
into these fibers and the effect on its dissolution/release in 
vitro were also studied using hydrochlorothiazide (HCT) 
as a model drug. 

As the use of biopolymers, such as polysaccharides and 
proteins, is a widely-discussed topic toward positive con-
tribution to the environment owing to their availability 
and biodegradability, Zein, xanthan gum, and arabic gum 
were used to form these fibers. Zein is a proteinous material 
sourced from corn that is biocompatible and used currently 
for novel applications in drug delivery systems and scaf-
folds. Zein is also a cationic and non-polar material with 
film-forming ability (9). Efforts such as crosslinking Zein 
or mixing it with anionic materials, or even using electro-
spinning techniques, have shown expanded applications to 
deliver drugs and bioactive materials (10–11). However, the 
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Fabrication Modulation of 
Zein-based Fibers for Oral 
Delivery of Hydrochlorothiazide

Fabrication of natural polymers and biomaterials 
is often a challenging task given the complexity 
of their chemical structures and the requirements 
needed by delicate technique(s) used to 
combine and reshape these materials into a 
useful application. In the present study, a simple 
centrifugal method is suggested for combining 
Zein protein with xanthan or arabic gums to 
prepare a suitable bed of microfibers that 
can host a poorly water-soluble drug, such as 
hydrochlorothiazide. By varying the dwelling 
speed of centrifugation for these blends at a set 
temperature with an appropriate solvent system 
consisting of ethanol, distilled water, and citric 
acid, microfibers were produced in an average 
diameter range of 3.3 μm–6.7 μm. These fibers 
were characterized for their compatibility using 
thermogravimetric analysis and modulated 
temperature differential scanning calorimetry and 
were visualized using scanning electron microscopy. 
The findings have shown general good miscibility/
homogeneity. Although future investigations 
may further explore features of this system for 
oral drug delivery, it is hoped that this work will 
help establish a simple and scalable fabrication 
method for these types of blended compositions.

Esra’a Albarahmieh, Mohammad Khanfar, and Emad Alzubi
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research on using centrifugal spinning on this material is 
believed to shed light on the technique’s unique fiber-for-
mation ability, with careful modulation, to the point where 
a simple, high yield, and overall low-cost production plat-
form suitable as a drug delivery system can be developed. 
Whereas, arabic gum and xanthan gum are anionic poly-
saccharides that are expected to mix with Zein in an elec-
trostatic manner (12–13). 

Arabic gum is naturally derived from acacia species 
(plant) and is characterized by its water solubility and min-
eral composition, which consists of calcium, magnesium, 
and sodium, which have been used widely in drug delivery 
applications (14–16). Xanthan gum is an extracellular prod-
uct from bacterial fermentation (Xanthomonas campestris) 
with pseudoplastic rheology and self-assembly in aqueous 
solutions, which has also been used in healthcare products 
in pharmaceutical and biomedical fields (17–19). HCT, a 
diuretic agent, was selected as a model drug because it is a 
weak acid with two pKa values at 7.9 and 9.2 and is generally 
considered poorly water soluble or slow to dissolve (20–22). 
Therefore, incorporation into micro or nanofibers, in prin-
ciple, may be beneficial to enhance its apparent solubility 
and, thus, bioavailability.   

Materials and methods
Materials. Zein and HCT were purchased from Sigma-Al-
drich (United States [US]). Xanthan gum (Xantural 75) was 
obtained from CP Kelco (US). Arabic gum (Acacia) was pur-
chased from BDH Chemicals (United Kingdom [UK]). Dou-
bly distilled water was used throughout this study, absolute 
ethanol was purchased from Fisher-Chemicals (US), and 
citric acid was purchased from Normapur VWR.

Methods. This section decribes the centrifugal spinning 
technique used on the investigated mixtures to produce fibers. 
Solutions or dispersions of Zein–arabic gum or Zein–xan-
than gum were used to form a slurry-like structure. This was 
achieved by adding Zein into a hydroalcoholic solvent system 
and mechanically stirring at 500 rpm to form a vortex. Arabic 
gum or xanthan gum was then added gradually. Citric acid 
was added after nearly one hour of mixing, and the solution 
or dispersion was heated to 30 ºC for 10 minutes, then fed 

directly into the in-house customized 3-mL spinneret cup. 
The formulations and processing conditions are presented in 
Table I. These parameters were devised based on three main 
criteria: forming a uniform solution/dispersion, emptying the 
spinneret cup completely, and to produce fibers that can be 
easily solidified and collected at room temperature for further 
investigations. The viscosity was evaluated with a Brookfield 
viscometer (LV, Brookfield Ametek, US) using an LV-64 spin-
dle and by directly immersing the solution/dispersion into the 
spindle. The rotation rate was adjusted to 100 rpm at 30 ºC 
over an approximately five-minute duration. A Teflon spin-
neret, designed as a cylindrical cup (3-cm diameter) with per-
forations of 5 μm distributed evenly on four sides, was used 
by fitting onto a chuck of programmable spin coater (G3P-8, 
Specialty Coating Systems, US). The resulting microfibers 
were stored in wax paper under phosphorous pentoxide for 
at least six hours prior to any characterization. 

Using general characterization, the centrifugal spun and 
dried fibers were evaluated thermally using thermogravimet-
ric analysis (TGA) and modulated temperature differential 
scanning calorimetry (MTDSC). A Netzsch TGA (TGA209 
F1 Libra, Netzsch, Germany) was used to detect their thermal 
decomposition by subjecting approximately 10-mg samples 
to a heating step from 30 ºC up to 500 ºC at a heating rate 
of 10 ºC/min. Samples were housed in open aluminum pans, 
and a dry nitrogen gas was purged at f low rates of 20 mL/
min and 10 mL/min through the furnace and TGA head, 
respectively. All measurements were performed in triplicates. 
Data were analyzed using ProteusR-61 Software.

Modulated temperature differential scanning calorimetry 
(DSC) measurements were carried out using TA Instrument 
DSC equipped with a refrigerated cooling system (Q20, TA 
Instruments, US) and calibrated using indium for tempera-
ture and enthalpy calibration. An additional heat capacity 
calibration was performed using aluminum oxide. An am-
plitude of ±0.21, period of 80 seconds, and underlying heat 
rate of 1 ºC/min were used. The samples were subjected to 
two steps in this method. The first step was equilibration at 

-70 º C and isothermal heating for five minutes, followed by a 
second step of heating to the selected final temperature. In all 
cases, the glass transition temperatures (Tgs) were taken at the 

Table I. Fiber-producing formulations (without and with hydrochlorothiazide [HCT], termed as placebo and medicated, 
respectively) from centrifugal spinning of heated mixtures (30 ºC) of 70% solvent(s) in wt.% concentrations and ratios 
of solids in 30% by weight spun at 3000 rpm using different dwelling times.

Formula type

Ratios of solids in 30 wt.% Solvents ratio in 70 wt.%
Dwelling 

time (sec.)

Zein
(Z)

Arabic gum
(A)

Xanthan 
gum
(X)

HCT Citric acid
Absolute 
ethanol

Distilled 
water

ZA-Placebo 7 3 - - 1 6 3 90

ZA-Medicated 3.5 1.5 - 5 1 6 3 30

ZX-Placebo 7 - 3 - 1 6 3 120

ZX-Medicated 3.5 - 1.5 5 1 6 3 60



42    Pharmaceutical Technology AUGUST 2020  PharmTech .com

midpoint of the transitions, whereby the melting transitions 
were derived mainly from the peak temperature; both from 
the total heat flow signals that have shown identical signals 
to the reversing ones. All measurements were performed in 
triplicate. 

 Morphological features of these fibers were investigated 
using scanning electron microscope (SEM). While the sur-
faces of these samples were imaged straightforward, the cross 
sections were obtained after submerging them into liquid ni-
trogen to reduce the effect of cutting on the samples’ integrity. 
Samples were examined after mounting onto stubs using dou-
ble-sided tape and a gold-coated mini-sputter coater (SC7620, 
Polaron, UK). The micrographs were captured using Tescan 
SEM (vega3, Tescan, Czech Republic) with an acceleration 
voltage of 10 kV and an approximately 6-mm working dis-
tance. Stigmatization was applied occasionally to improve the 
quality of these images.

In-vitro dissolution/release studies of the resultant micro-
fibers were performed and compared to the powdered HCT 
(average particle size of circa 800 μm) with equal content of 
the drug. Samples were incubated in 100 mL of phosphate 
buffer (pH 6.8) at 37 ºC using mini paddles (DT70, Erweka, 
Germany) rotated at 50 rpm. Samples (5 mL) were withdrawn 
at specified time intervals and analyzed using an ultravio-
let–visible spectroscopy (UV–Vis) spectrophotometer (UV-
1800, Shimadzu, Kyoto, Japan). Samples were filtered using 
0.22-μm filter-syringes and analyzed spectrophotometrically 
at 316 nm. This wavelength was selected to have minimal in-
terference with potential leaching of other components used 
in the formulae. The study was performed in triplicate, and 
the cumulative mean was calculated.

Results and discussion
The challenge taken up in this work is to find the proper com-
bination of the selected biopolymer materials to produce mi-
crofibers while relying on the applied centrifugal forces of their 
fed and fixed volumes. Therefore, while the speed of mixing 
and duration was controlled with an aim to empty the filled 
spinneret, the chemical composition of the used solvent system 
was adjusted to produce uniform solution or dispersion of these 
mixes and to harden the resulting fibers. Citric acid has been 
shown to aid in solidifying the Zein solutions and, therefore, 
was used in all the studied combinations. As shown in Table I, 
Zein was used with arabic gum or xanthan gum as the main 
materials in 70% solvent solutions. Citric acid volume was ad-
justed to be used at minimal amount to allow collection of only 
the solidified microfibers at room temperature. This is related 
to the expected cross-linking activity on Zein (10). The speed 
of spinning was fixed after preliminary investigations at lower 
speeds and fixed dwelling time. The studied formulations that 
have been jetted efficiently from the spinneret were evaluated for 
their viscosities. It was found, as seen in Figure 1, that the selected 
speed of 3000 rpm during spinning has been used with different 
mixing or dwelling times, which correlate well (R2 > 0.95) with 
the viscosities, regardless of the type of materials composition 

in the formulations used. This suggests that a speed of 3000 
rpm is robust to the type of materials used, and dwelling time 
can be modulated in a proportional manner, according to the 
viscosity of the resulting solution or dispersion, as deduced by 
the linear equation illustrated in Figure 1. Furthermore, addition 
of the drug HCT to the Zein/xanthan or arabic gum mixtures 
reduced the viscosity and processing time. This could be at-
tributed to potential plasticizing effect of HCT.

Imaging experiments by SEM on the produced fibers have 
shown that the diameter was circa 3–6 μm, and, therefore, the 
studied combinations with the applied processing parameters 
were said to produce microfibers as shown in Figure 2. In this 
figure, it has been demonstrated that mixing Zein with either 
arabic or xanthan gum produced a web of aligned fibers. The 
loading of HCT did not affect the appearance of these fibers; 
however, the diameter has been shown to decrease. This could 
be explained by the observed improvement of the materi-
als’ flow (Figure 1) and thinning of the ejected fibers from the 
spinneret holes. Interestingly, the drilled holes of the spinneret 
have a diameter of almost 5 μm; fibers of circa 3 μm were suc-
cessfully produced. In link with Figure 1, arabic gum combined 
with Zein has lower viscosity than the corresponding Zein and 
xanthan gum combination. This could further explain that the 
arabic gum–Zein combination has a narrower diameter and, 
thus, might be associated with higher surface area compared to 
the Zein–xanthan gum blend, especially when loaded with the 
studied drug (i.e., HCT). It is noteworthy that cross-sections of 
these fibers were difficult to obtain and to image without de-
stroying the web structure. However, recovery of these samples 
from liquid nitrogen produced the useful images illustrated in 
Figure 2, which allows for the postulation that the Zein–arabic 
gum-based formulations form hollow fiber webs compared to 
Zein–xanthan gum-based fibers, which seem to have a more 
congealed appearance.

Thermal characterization of these microfibers further our 
understanding about the blend homogeneity. As shown in Fig-
ure 3, the inflection point that marks the first derivative of the 
major weight-loss event, or degradation as a function of tem-
perature, varies according to the drug loading and, to a lesser 
extent, the polymeric composition. For example, placebo formu-
lations that did not have HCT have been observed to have one 
major degradation event, an almost 60% loss from its original 
weight, in the range of approximately 200 ºC–300 ºC. However, 
loading of the drug in a composition containing either Zein–ar-
abic gum or Zein–xanthan gum combination resulted in early 
decomposition at around 185 ºC, with approximately 25–40% 
weigh loss. Overall, it could be plausibly argued that addition 
of the drug decreased thermal stability whereby Zein-xanthan 
gum-based fibers are more stable than Zein–arabic gum. This 
could be related to more enhanced absorption of xanthan gum 
(anionic) into Zein (cationic) structure compared to arabic gum. 

Furthermore, modulated temperature DSC was used to 
detect weak transitions, especially the ones which could be 
masked by water desorption by the resultant microfibers. The 
total heat flow signals are shown in Figure 4, where they effec-
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tively represent the transitions extracted from reversing heat 
flow signals with respect to the glass transition temperature. 
This could prove proper drying of the studied fibers. In Fig-
ure 4, HCT was characterized with a melting endotherm at 
around 267.1±0.9 ºC (n = 3), which was designated the melt-

ing peak temperature. HCT, when loaded into Zein–arabic gum, 
produced fibers with a solid solution environment in which one 
glass transition temperature was detected at around 27.8±0.9 ºC 
(n = 3; measured as the mid-point). This indicates that HCT 
increased blend homogeneity of Zein–arabic gum, which oth-

Figure 2. Representative scanning electron microscopy images of centrifugal-spun formulations of (A) Zein-arabic gum (ZA)-
based fibers, (B) Zein-xanthan gum (ZX)-based fibers. (C) and (D) show the cross-section appearance of sliced ZA-based 
and ZX-based fibers, respectively, after full immersion in liquid nitrogen. (E) The average diameter of microfibers prepared, 
with composition presented in Table I (n ≥ 20; all measurements reported as Mean±SD). 

Figure 1. The measured viscosity of the spun formulations (see Table I) using a Brookfield viscometer at 100 rpm and 
30 ºC. (n ≥ 3; all measurements reported as Mean±SD). 
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Figure 3. Representative thermogravimetric analysis weight loss profiles of (A) Zein–arabic gum(ZA)-based fibers 
without (solid-line) and with hydrochlorothiazide (HCT) (dashed-line) and (B) Zein–xanthan gum(ZX)-based fibers 
without (solid-line) and with HCT (dashed-line); all heated at 10 ºC/min to 500 ºC. (C) Major weight loss percentage 
as a function of the detected first derivatives with and without HCT.

Peer-Review Research
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Figure 4. Representative modulated temperature differential scanning calorimetry total heat flow signals of (A) Zein–
arabic gum (ZA)-based fibers without (placebo) and with hydrochlorothiazide (HCT) (medicated), (B) Zein–xanthan 
gum (ZX)-based fibers without (placebo) and with HCT (medicated), and (C) HCT in standard aluminum pans. The 
underlying scan rate was 1 ºC/min with a modulation amplitude of ±0.21 ºC and a period of 80 seconds.
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erwise was characterized with two amorphous populations at 
around 152.3±0.8 ºC and 37.1±1.2 ºC (each n = 3; Tgs measured 
as the mid-point). In comparison, Zein–xanthan gum fibers 
showed an amorphous population at around -6±0.6 ºC(n = 3; Tg 
measured as the mid-point) and a melting endotherm at around 
184.2±2.1 ºC measured at the peak temperature, indicating 
crystalline materials. However, once again HCT increased the 
homogeneity of this mixture, and melting point was depressed, 
though not likely attributed to the crystalline drug. In addi-
tion, the glass transition temperature was lowered to be around 

-28.9±0.5 ºC, indicating enhanced miscibility.
In the aforementioned view of the morphological features 

and compatibility of the fabricated microfibers, it does make 
sense to align these data with their performance. In-vitro disso-
lution studies conducted at conditions that mimic buccal cavity 
conditions of approximately 37 ºC and 6.8 pH may contribute 
directly towards their oral applications. As shown in Figure 5, 
three in-vitro dissolution profiles were observed. Compared 
to the crystalline pure drug (i.e., HCT); microfibers based on 
Zein–arabic gum showed superior and almost complete drug 
release within six hours. This indicates that this formulation 
may enhance apparent solubility of HCT. However, this could 
be attributed to at least three aspects of these microfibers. Firstly, 
the diameter of these fibers are the narrowest among the fab-
ricated microfibers, with an average of circa 3 μm. This could 
explain relatively faster release compared to circa 5 μm of Zein–
xanthan gum-based microfibers, which was manifested after 

four hours of the experiment. Secondly, the hollow-like interior 
of these fibers may imbibe the dissolution media easily into the 
structure and impart enhanced dissolution of the HCT. Thirdly, 
it is the inherent supersaturation nature of the solid solution sys-
tem detected in the Zein–arabic gum composition, which may 
lead to the improvement of apparent solubility of hydrophobic 
drugs such as HCT. Though the drug seems not to recrystal-
lize over the duration of the experiment for 24 hours, further 
experiments toward non-sink conditions may be carried out to 
elucidate the potential stability of these microfibers. 

Conclusion
Zein–arabic gum and Zein–xanthan gum microfibers were 
successfully produced using a simple centrifugal spinning 
technique. Modulation of the spinning time as a function of 
the selected composition viscosity was employed at a robust 
investigated speed to produce these fibers. The resulting bio-
polymer platforms were capable of incorporating HCT in mi-
crofiber web-like structures that had an average diameter in 
the range of approximately 3 μm–5 μm. Thermal properties of 
these combinations revealed good miscibility of the drug, es-
pecially in the Zein–arabic gum platform. The results suggest 
that Zein–arabic gum microfibers loaded with HCT have the 
potential to improve the apparent solubility of the HCT and to 
achieve release in a reasonable time, likely due to high surface 
area, porosity, and solid solution structure. Therefore, it is sug-
gested that it can serve as simple yet efficient buccal/oral drug 

Figure 5. Comparative in-vitro dissolution profiles of hydrochlorothiazide (HCT) as received (open circles-grey-solid 
line) and from centrifugal-spun microfibres based on Zein–arabic gum (ZA–HCT, solid-black line) or based on Zein–
xanthan gum (ZX–HCT, dashed-black line) at the same loading in phosphate buffer solution (pH 6.8) at 37.0±0.1 ºC. 
Each data point represents the Mean ±SD of three measurements. See Table I for composition.  
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delivery system, which will be explored further in the future, 
with prime focus on its physical stability. 
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For most dosage forms to be thera-
peutically effective, APIs must be ab-
sorbed into a body’s circulatory sys-
tem, normally through the GI tract as 
mentioned earlier, for the drug to be 
transported to the targeted site. The 
dissolution and absorption process, 
therefore, contribute to the drug’s bio-
availability, and it is in understanding 
this multi-step process that a proper 
in-vitro dissolution testing method 
can be developed.

Selection of appropriate in-vitro con-
ditions, including media (e.g., solvent) 
and hydrodynamics, can simulate in-
vivo conditions. However, conditions 
that are optimal for quality control 
purposes may not be applicable for es-
tablishing in-vitro/in-vivo correlation 
(IVIVC) (relationship between in-vitro 
properties and in-vivo response). This 
may make it necessary to establish two 
dissolution tests, one to meet develop-
ment objectives and another to meet 
regulatory demands (3).

Common analytical methods
Dissolution tests should be robust and 
reproducible and should have the abil-
ity to discern changes in product per-
formance. Typically, the characteristics 
of a drug’s dosage form dictate what 
specific dissolution testing technique 
should be used; however, industry test-
ing standards are given by the United 
States Pharmacopeia (USP) (2).

USP describes four apparatus setups 
for dissolution testing techniques:

• Apparatus 1 comprises a vessel (can 
be covered), a motor, a metallic drive 
shaft, and a cylindrical basket. 

• Apparatus 2 comprises the assembly 
in Apparatus 1 but adds a paddle el-
ement (blade). 

• Apparatus 3 comprises a set of cy-
lindrical glass vessels flat at the bot-
tom, a set of glass reciprocating glass 
cylinders, inert fittings, nonsorbing, 
nonreacting screens, that cover the 
tops and bottoms of the glass cylin-
ders, and a motor and drive assem-
bly to move the cylinders.

• Apparatus 4 comprises a reservoir 
and pump for dissolution medium, a 
flow-through cell, and water bath (2).

D issolution testing is an important 
aspect of drug development, allow-
ing drug developers to determine 

the stability of a drug as well as providing 
in-vitro analysis of the drug’s behavior. 

For solid oral dosage forms, disso-
lution testing is a requirement, nec-
essary for detecting physical changes 
in an API as well as in the formulated 
product (1). Furthermore, including 
this analytical test early in the drug 
development lifecycle can allow drug-
makers to optimize the drug’s release 
in a particular formulation.

With oral administration, drug 
absorption from a solid dosage form 
depends on the release of the active 
substance and its ability to be absorbed 
through the gastrointestinal (GI) tract 
of the patient. These two critical steps, 
solubilization and absorption, make 
in-vitro dissolution studies relevant pre-
dictors of a drug’s in-vivo performance. 

In-vitro dissolution tests for solid oral 
dosage forms (e.g., tablets, capsules) are 
thus used to assess lot-to-lot drug prod-
uct quality, guide the development of 
new formulations, and ensure continu-
ing product quality and performance 
after changes in formulation, manufac-
turing processes, manufacturing scale 
up, and manufacturing site (1).  

A major issue in drug development 
is the need to enhance the level of drug 
in the patient and the availability of the 
drug to be absorbed by the patient’s body 
to have the intended therapeutic affect for 
which it was made. The challenge has 
always been that, without correct opti-
mization of drug levels and solubility, a 
drug may not have sufficient therapeutic 
effect. Whereas, too high drug levels and 
solubility can conversely lead to adverse 
events or toxicity in the patient. These 
factors make dissolution testing crucial 
to the drug development process. 

Dissolution testing is an important aspect of drug 
development as it provides stability parameters 
and helps predict drug behavior in-vivo. 

Defining Drug Stability 
with Dissolution Testing 
Feliza Mirasol



48    Pharmaceutical Technology AUGUST 2020  PharmTech .com

Dissolution testing has also histori-
cally been used for quality control, in 
R&D applications to detect the effects 
of critical variables in the manufactur-
ing process, and for comparative in-vi-
tro/in-vivo studies (3). 

The challenge of poor solubility
Poorly soluble drugs are another chal-
lenge to dissolution testing, particularly 
when the dosage form is meant to be an 
immediate-release formulation. Chal-
lenges to testing the dissolution of poorly 
soluble drugs include developing an 
appropriate test method, validating the 
method, demonstrating that the method 
is appropriately discriminatory, and deal-
ing with the potential of an in-vivo/in-vi-
tro relationship or correlation (4).

With poorly soluble drugs, the ex-
tent of drug release tends to be low, 
and it is common that the dosage from 
cannot be fully dissolved. Addition-
ally, the rate at which drug is released 
is too slow, which hinders attainment 
of meaningful data from dissolution 
testing. Some approaches to improving 
the dissolution of poorly soluble drugs 
have been studied (4). 

To start, increasing the volume of 
the dissolution solution helps to opti-
mize the maximum dissolvable dose. 
Other approaches include changing 
the dissolution medium to another 
solution/compound that increases the 
solubility of the compound or reducing 
dissolution sink requirements. In addi-
tion, nonaqueous solvents can be used 
if appropriate. Media that has been 
known to improve saturation solubility 
include biorelevant media, surfactants 
with mixed micelles, and certain non-
aqueous media, in addition to water. 

Dissolution data for  
regulatory consideration
Dissolution testing has increasingly 
become an important tool in regu-
latory decision-making over a drug, 
especially generic drugs. The testing 
can be used to waive requirements for 
in-vivo bioequivalence studies, for ex-
ample, in addition to its role in deter-
mining formulation development, in 
monitoring manufacturing processes, 

and its use as a quality control test. It 
also plays a role in predicting the po-
tential for dose-dumping in the case 
of a modified-release drug product if 
taken with alcoholic beverages. In-vi-
tro dissolution testing can reduce the 
regulatory burden on FDA as well as 
alleviate the need for human studies 
that may be unnecessary for generic 
drug development. At the same time, 
the quality of the generic drug product 
would not be impacted (5).  

FDA’s guidance (1) on dissolution 
testing discusses the Biopharmaceutics 

Classification System (BCS), which is 
based on API solubility and permeabil-
ity. According to the guidance, highly 
permeable drugs are classified as Case 
1 for high solubility and Case 2 for low 
solubility APIs. APIs that have low 
permeability are classified as Case 3 
for high solubility and Case 4 for low 
solubility. The classification serves to 
provide a basis for setting up in-vitro 
dissolution specifications for the test 
and can also provide a basis for predict-
ing in vivo/in vitro correlation behavior.

The development of dissolution tests 
for a generic drug product must take 
into consideration the official meth-
ods and standards described by USP, 
while ensuring that the testing method 
is robust and can be reproduced in 
daily operations. The method should 
also be transferrable between labora-
tories. Finally, the test method must 

have the capability of distinguishing 
any changes in solubility behavior or 
drug properties that may affect the end 
product’s performance in vivo (5).  

If there is an absence of an avail-
able USP method appropriate for the 
generic drug in question, a dissolu-
tion testing method can be developed 
following FDA guidelines or recom-
mendations (6). In its guidance, FDA 
explains three categories under which 
dissolution specifications for generic 
products should be established: 

• A USP drug product dissolution 
test is available

• A USP drug product dissolution 
test is not available, but a disso-
lution test for the reference listed 
new drug application (NDA) drug 
product is publicly available

• A USP drug product dissolution 
test is not available, and a disso-
lution test for the reference-listed 
NDA drug product is not publicly 
available (1).

As shown, setting dissolution speci-
fications for generic drugs depends on 
whether or not an official compendial 
test exists for the drug product and 
what dissolution test was employed for 
the reference drug.

Even if an FDA-recommended 
method is not sufficient or fitting 
for a drugmaker’s specific API/prod-
uct, then the generic drugmaker can 
develop its own dissolution method 
(5). In the end, FDA requires compre-
hensive dissolution testing data in the 
drug’s application as part of the generic 
drug review process. 
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for Human Use (ICH) Q7 guidance, 
raw materials are starting materials, 
reagents, and solvents that are used 
in either the production of an inter-
mediate or an API (2). Whereas, an-
cillary materials are defined by the 
United States Pharmacopeia (USP) 
as reagents and materials used in the 
manufacturing process of ATMPs that 
are not present in the final product (3).

“The process of manufacturing an 
advanced therapy is a complex train 
of unit operations, many of which 
are just now beginning to be bun-
dled into closed systems,” continues 
Zylberberg. “Regardless of how far 
down the path of system closure and 
automation we go, starting material 
integrity and consistency will remain 
critical, as one cannot sterilize the 
final drug product. Ensuring batch-
to-batch consistency and sterility of 
raw and ancillary materials is para-
mount for ensuring the production of 
a safe, efficacious, and cost-effective 
advanced therapy.”

As a result of the critical nature of 
raw and ancillary materials in ATMP 
manufacturing, a secure supply chain 
is imperative, notes Leistler. “A delay 
in delivery or change in product qual-
ity could lead to delays in production, 
not only increasing costs but also 
putting precious patient samples in 
jeopardy,” he says. “Because the global 
demand for high-quality good man-
ufacturing practice (GMP) raw and 
ancillary materials is rapidly grow-
ing, as more promising cell therapies 
approach market authorization and 
commercialization, a reliance on well 
prepared suppliers and negotiation on 
supply agreements for critical raw and 
ancillary materials are recommended.”

Regulatory challenges
Regulatory guidance documents for 
raw and ancillary materials are, es-
sentially, recommendations rather 
than guidelines and are not aimed 
at the manufacturers of the raw and 
ancillary materials but the manufac-
turer of the advanced drug product. 

“All current regulations and guidance 
documents assign ultimate responsi-

T he global cell and gene therapy 
market is predicted to grow sig-
nificantly by 2024, according to 

market research (1). Drivers for this 
growth include an increasing preva-
lence of chronic diseases, expansion 
in available clinical evidence proving 
efficacy and safety the therapies, new 
product launches, regulatory favor, and 
enhanced manufacturing expertise (1).

The manufacture of cell and gene 
therapies and advanced therapeutic 
medicinal products (ATMPs), however, 
is particularly sensitive and requires a 
comprehensive understanding of the 
materials used in the manufacturing 
processes to ensure a safe and qual-
ity finished product. “The quality, 
safety, and efficacy of cell therapies 
and ATMPs are critically inf luenced 
by the raw and ancillary materials 

used in the manufacturing process,” 
explains Bernd Leistler, vice-president 
production, CellGenix. “Successful cell 
therapy manufacturing is therefore de-
pendent on the use of high quality raw 
and ancillary materials.”

Essential components
“The terms ‘raw material’ and ‘ancillary 
material’ have been used interchange-
ably in different geographies, but they 
refer to different classes of starting ma-
terials—including cells, recombinant 
proteins, and growth media, among 
others—used in the development and 
manufacture of advanced therapies,” 
says Claudia Zylberberg, CEO of 
Akron Biotechnology. 

According to the International 
Council for Harmonization of Techni-
cal Requirements for Pharmaceuticals 

Efforts are already underway to harmonize 
standards and regulatory approaches for 
testing of raw and ancillary materials,  
but continuous improvement is required.

Regulating Raw  
Materials Testing
Felicity Thomas
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bility for quality and suitability of the 
raw and ancillary materials to the user 
(cell and gene therapy [CGT] manu-
facturer),” adds Leistler. “Therefore, 
the CGT manufacturers need to work 
in close cooperation with their sup-
plier to get support.”

As a result of the onus for quality 
and suitability of raw and ancillary 
materials being placed on the therapy 
manufacturer, most decide to perform 
identity and purity testing as control 
tests, asserts Leistler. “Potency testing 
for raw and ancillary materials is more 
difficult, especially as there is a large 
variability and poor comparability of 
the available biological assays,” he says.

“Standardization of raw and ancil-
lary materials testing is required, and 
reference materials may be needed 
in some cases,” confirms Zylberberg. 

“Both elements, standardization and 
reference materials, will bring much 
needed regulatory harmonization and 
expected consistency.”

Additionally, geographical discrep-
ancies can make regulatory consider-
ations more complex. “Each region has 
its own regulatory agencies that view 

cell and gene products and ATMPs 
under different lenses,” states Zyl-
berberg. “The harmonization that we 
have seen in the biopharmaceutical 
world through ICH has yet to emerge 
for the advanced therapy industry.” 

Nevertheless, Zylberberg remarks 
that efforts to harmonize standards, 
especially those around raw and an-
cillary materials, are gaining momen-
tum. “These efforts are being pursued 
through pharmacopeia (principally 
US, European Union, and Japan) as 
well as International Organization 
for Standardization (ISO), which uses 
a consensus-based approach, and 
other supranational entities,” she says. 

“The Standards Coordinating Body 
(SCB) for Regenerative Medicine (4) 
has been coordinating these efforts 
within different standard setting or-
ganizations globally to ensure that 
different aspects of the industry and 
the manufacture of these ATMPs can 
be covered appropriately.” Some of the 
latest work being performed by SCB 
includes the coordination of working 
group discussions on the potential 
standardization of chain of custody/

chain of identity identifiers and efforts 
into the standardization of tissue en-
gineering terms (4).

In concurrence, Leistler emphasizes 
that various initiatives are being wit-
nessed regarding the harmonization of 
regulatory guidelines for raw and an-
cillary materials. “ISO issued the first 
global guidance for raw and ancillary 
materials suppliers and users—ISO 
Technical Standard 20399 (5)—which 
has currently been processed into an 
ISO standard to improve global reach 
and acceptance,” he confirms.

Another initiative has involved the 
Alliance for Regenerative Medicine 
(ARM), which approached the Euro-
pean Directorate for the Quality of 
Medicines (EDQM) about the possibil-
ity of setting up a certification scheme 
for raw materials according to European 
Pharmacopoeia (Ph. Eur. 5.2.12) (6), adds 
Leistler. “This initiative is of critical im-
portance because compliance to this 
general chapter is already demanded by 
regulators,” he says. “Hence, a certifica-
tion scheme would ease the regulatory 
burden for CGT manufacturers.”

Furthermore, the European Medi-
cines Agency (EMA) is evaluating the 
possibility of introducing a master file 
system, continues Leistler. “Drug mas-
ter files (DMF) for raw materials are 
currently only available in the US and 
Japan,” he notes.  

Cost of regulatory discrepancies
The global pharmacopeias have differ-
ent structures and procedures, which 
can lead to compendial variances 
regarding testing requirements for 
critical raw materials, asserts Leistler. 

“This can be prohibitive on the path 
towards global compliance and global 
availability of a new CGT,” he says. 

“Therefore, raw materials and ancillary 
materials should be chosen for which 
all global regulatory expectations have 
been considered in their set of quality 
parameters and release specifications.”

Further explaining the discrepan-
cies facing advanced therapy manufac-
turers, Zylberberg raised the example 

Operations

The success of an advanced therapy develop-
ment program can be impacted by the raw and 
ancillary materials supply chains. A relationship 
between materials suppliers and developers 
is, therefore, of great import. As such, Pharma-
ceutical Technology asked Claudia Zylberberg, 
CEO of Akron Biotechnology, and Bernd Leistler, 
vice-president production, CellGenix, to provide 
some practical tips for a successful partnership.

Close relationship
“The relationship between ancillary materials 
suppliers and advanced therapy developers 
should be more intimate than an arms-length 
relationship,” explained Zylberberg. “There 
needs to be a close partnership between the 
two in order to create opportunities for im-
provement on both sides.”

Open dialogue
“It is important to build a trustful partnership 
with your supplier and share forecasting infor-
mation to prevent supply issues,” said Leistler. 

“The need for data and documentation on the 
ancillary materials employed in a developer’s 
manufacturing process is increasing, which 
requires greater openness and dialogue between 
parties,” added Zylberberg. “It is important to 
maintain an open dialogue, ensuring that issues 
are addressed early on, and both parties work 
together to meet common goals.”

Security of supply
“Security of supply is a critical issue for advanced 
therapy developers. It is imperative to ensure 
that your ancillary materials provider can scale 
alongside you and provide the regulatory sup-
port you need,” emphasized Zylberberg. “This 
is a two-way street, as developers must provide 
accurate forecasts and clear directives regarding 
testing and documentation requirements to en-
sure timely delivery and support.”

“In this regard, it is advisable to set up supply 
and quality agreements for critical raw and 
ancillary materials,” confirmed Leistler.

—Felicity Thomas

Practical tips for a successful partnership for raw and ancillary materials

Contin. on page 56
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ment assess data-integrity risks asso-
ciated with stand alone (i.e., non-en-
terprise) computerized analytical data 
acquisition and processing software. It 
is meant to be used with systems that 
generate data kept in non-transient data 
storage. It would not, for example, be 
used for transient data storage (e.g., for 
non-computerized pH meters and the 
like). Its developers expect this tool to 
help harmonize the process for per-
forming data-integrity risk assessments 
across the pharmaceutical R&D analyt-
ical community. 

They also hope that the new risk-as-
sessment tool will promote standard-
ization and harmonization, allowing 
instrument and software vendors who 
sell into the pharmaceutical R&D ana-
lytical marketplace to better understand 
the sector’s expectations and to meet the 
needs of their customers. This article 
will describe the tool in greater depth.

Emphasis on a risk-based approach
Recent regulatory guidances, partic-
ularly those from FDA and MHRA, 
place considerable emphasis on the im-
plementation of risk-based approaches 
to ensuring data integrity. For exam-
ple, the FDA guidance explicitly notes 
that CGMP regulations and guidance 
allow for “flexible and risk-based strat-
egies” to prevent and detect failures to 
ensure data integrity. In similar spirit, 
the MHRA guidance describes a risk-
based approach to data management 
that includes the assessment of “data 
risk, criticality, and lifecycle.”

The MHRA guidance spells out how 
to perform a risk assessment specific 
to a particular data acquisition and 
processing system, suggesting that all 
processes that produce data or from 
which data are obtained be mapped out 
so that each of the formats is identified. 
The objective is to identify controls, the 
criticality of the data, and the inherent 
risks involved with each of them.

Assessing the risk of lack of data 
integrity is seen as driving compli-
ance and, if necessary, remediation. 
For example, while audit trail review 
is often considered an essential part 
of ensuring data integrity, the same 

I n 2014 through 2016, inspections of 
pharmaceutical facilities revealed a 
pattern of repeated failure to follow 

data integrity requirements established 
in the current good manufacturing 
practices’ (CGMP’s) predicate rules 
and regulations in 21 US Code of Fed-
eral Regulations (CFR) 211 (1) and other 
international regulations. Global reg-
ulators took a number of enforcement 

actions against manufacturers. Since 
that time, data integrity, particularly 
for electronic data, has become an area 
of increased regulatory focus in the 
pharmaceutical industry. 

In March 2018, the UK’s Medicines 
& Healthcare Products Regulatory 
Agency (MHRA) issued guidance and 
definitions on this topic (2), and FDA 
published guidance the following De-
cember, in the form of Questions and 
Answers (3). These documents followed 
guidances issued by the World Health 
Organization (4) and the Pharmaceuti-
cal Inspection Convention/Pharmaceu-
tical Inspection Co-operation Scheme 
(PIC/PICS) (5). 

A working group of the International 
Consortium for Innovation and Qual-
ity in Pharmaceutical Development 
(IQ) has developed a risk-assessment 
tool to help professionals working in 
pharmaceutical research and develop-

A data-integrity risk assessment tool has been 
developed for use with standalone R&D data-
acquisition and processing software. 

Assessing Data  
Integrity Risks in  
an R&D Environment 
Julie Lippke, Joseph Mongillo, Thomas Cullen, Chase Waller, Katria 
Harasewych, Zahid Muhammad, and John Bennett
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guidance clarifies that risk assess-
ment should determine a documented 
audit trail review as part of routine 
data review.

Given the complexity of audit trails 
for any electronic system, practi-
tioners generally prefer to implement 
technical controls that will reduce or 
eliminate the need for audit trail re-
view. Generally, however, when tech-
nically feasible, the goal must be to 
prevent a data-integrity failure. 

 In cases where this is not techni-
cally feasible, data collection and re-
view is required to demonstrate that 
data integrity has been maintained. 
In rare cases in which an action can 
neither be prevented nor detected, a 
procedural control may (in some lim-
ited cases) be appropriate.

Any step taken to mitigate a data 
integrity risk should be assessed to 
determine its appropriateness in the 
context of the criticality of the gap be-
tween desired and actual practice. The 
MHRA defines critical risks as those 
that would potentially allow data or 
metadata to be “deleted, amended 
or excluded without authorization.”  
FDA’s guidance echoes this empha-
sis, highlighting the importance of 
data integrity throughout the CGMP 
data life cycle, from creation, through 

modification, processing, mainte-
nance, archival, and on through re-
trieval, transmission, and disposition 
after the period required for data re-
tention ends.

Discussion of the tool
The risk assessment tool is divided into 
a number of sections, each of which is 
briefly discussed below. 

System control and access. This section 
contains a set of questions that deal 
with access controls for users, adminis-
trators, and others. It describes expec-
tations related to the implementation 
of different access levels and varying 
permissions. In situations where it is 
necessary to assign system administra-
tor access to lab personnel, appropriate 
justification should be provided (e.g., 
ensuring that technical and procedural 

controls are in place to prevent the 
modification or deletion of files and 
settings). Time and date stamps and 
time zones are also discussed, as are 
steps that can be taken for the preven-
tion of unauthorized access.

Data protection, controls, and regula-
tory compliance. The focus of the data 
protection, controls and compliance 
section is on restricting the ability to 
delete or modify data. It also defines 
and discusses true copies of data and 
encourages the definition of the com-
plete data (raw file, process file, etc.), 
including storage location, system con-
figuration, and data flow.

Audit trails, metadata, and data review. 
The questions in this section focus on 
the completeness and appropriateness 
of audit trails, and the required review 
of data and metadata.  FDA defines an 
audit trail as being a secure, comput-
er-generated, and time-stamped elec-
tronic record that allows the course of 
events leading to a data-integrity fail-
ure (e.g., the creation, modification, or 
deletion of an electronic record) to be 
documented and analyzed. 

FDA guidance uses a high-perfor-
mance liquid chromatography (HPLC) 
run as an example, stating that the audit 
trail should include user name, date/
time of the run, the integration param-

Quality/Regulations

Figure 1.  A brief excerpt from the data integrity tool.
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eters used, and any reprocessing details. 
It also states that the system audit trail, 
including system administrator ac-
tions, should be periodically reviewed.

Archival, retrieval, back-up, disaster re-
covery, and contingency plans. The ques-
tions in this section focus on ensuring 
that electronic data are enduring, com-
plete, and secure from modification or 
loss. The electronic data (including 
associated metadata) should be in the 
original format or in a format that is 
compatible with the original format.

Electronic signatures. The questions 
in this section focus on the use (where 
necessary) of electronic signatures, 
which should ensure attributability to 
the specific person who signed the doc-
ument electronically.

Guidance on using the template
The risk-assessment tool consists of a 
summary, followed by a tabular pre-
sentation as depicted in Figure 1. The 
entire tool is available on the IQ Con-
sortium web site (6). The expected re-
sponses to be filled into these sections 
are described below. The summary 
section should contain an overall 
evaluation of the acceptability (from 
a data integrity standpoint) of the 
system under study. This evaluation 
should take into account any mitiga-
tions and interim actions identified in 
the risk assessment.

In addition, users may find it conve-
nient to describe (in general terms) the 
configuration of the system, including 
the data storage location and any data 
safeguards that are associated with it 
(e.g., if the data are written to a drive to 
which the user does not possess rights 
to modify or delete files). Other mitiga-
tions that apply to multiple lines in the 
assessment may also be conveniently 
discussed in the summary section and 
the summary section referenced in the 
affected lines.

Description of the columns
Questions. The first column contains 
a list of data-integrity requirements, 
each phrased as a question for which 

“yes” is the desired response. Options 
include yes, no, and not applicable 

(NA). These questions are designed 
to prompt a thorough investigation of 
the system at hand. As mentioned, the 
questions are phrased such that the de-
sired response is “yes.” It is important 
to note that the assessment should be 
performed against the system (includ-
ing the hardware, software, and any 
governing procedures) as it currently 
exists. If the system does not meet the 
expectation described in the question, 
a response of “no” should be selected. 

In rare instances, a response of N/A 
may be appropriate. For example, one 
question asks whether libraries are 
included in the data backup. For soft-
ware that does not utilize a library 
search, this question would properly 
be answered N/A.

Guidance. The Guidance column 
provides additional context for, and 
clarification of the questions. In some 
cases, it also provides suggestions on 
potential mitigations.

Comments and mitigation of risk. The 
final column can be used to describe 
the manner in which the system meets 
the requirement (in the case of a “yes” 
answer). When the “no” response is 
selected, it should be used to describe 
the manner in which the risk therein 
identified is mitigated. 

There also may be the scenario 
where a “no” response is selected with a 

rationale for why the risk is considered 
acceptable.  Finally, in the case of an 
N/A response, the context which ren-
ders the question not applicable should 
be explained.

Next steps, other potential uses
The IQ working group is publishing this 
risk assessment tool to facilitate data-in-
tegrity risk assessments and promote stan-
dardization and harmonization of practice. 
However, its developers believe that it may 
be useful in other applications as well.  

For instance, pharmaceutical firms 
may find it helpful to use the tool (or a 
subset of it) when evaluating instrument/
software systems to aid in purchasing 
decisions. Similarly, instrument vendors 
may find it useful in understanding the 
needs and expectations of the pharma-
ceutical industry. 

The tool may also be useful in manag-
ing third-party laboratories and vendors 
who service equipment and in drafting 
technical quality agreements with them.  
Finally, it is expected that implementation 
of the tool will aid pharmaceutical firms 
in internal harmonization and bench-
marking, across sites within a company.
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It can also be a key differentiator among 
CMOs/CDMOs.

Here is what pharmaceutical and 
biopharmaceutical companies should 
make sure to discuss when talking 
with CMOs/CDMOs about cold chain 
expertise.

Cost efficiency
Price is a factor that often drives 
conversations and weighs heavily 
against other important considerations 
in decision-making. Price considerations 
are important, especially in light of 
rising cost pressures in the pharma and 
biopharma industries, but they should 
extend beyond the price of temperature-
controlled packaging to also consider risk 
mitigation. As many companies have 
experienced, it is far better to do it right 
the first time than to pay to do it again.

There are several ways to reduce costs 
of temperature-controlled packaging. 
One example could be if a large pharma 
company was able to reduce bulk 
shipping thermal packaging costs by a 
significant amount by switching from 
single-use thermal boxes and active 
systems to reusable pallet shippers and 
reusable parcel boxes. A global network 
of service centers, network stations, and 
drop points also minimizes costly delays 
associated with global shipping logistics 
and ensures pre-conditioned, ready-to-
load units are available on tight timelines.

The costliest delay to consider, 
however, is temperature excursions. If 
a thermal packaging container doesn’t 
adequately protect a drug product, loss 
of product and significant impact to 
timelines can cost millions.

Before discussing temperature 
excursions in greater detail, here are a few 
specific questions to ask CMOs/CDMOs 
about cost efficiency of temperature-
controlled packaging:

• What product do you use for 
temperature-controlled packaging? 
Are the products single-use or 
reusable?

• Does the vendor you use for 
temperature-controlled packaging 
have locations near your facilities? 
How quickly can they deliver a pre-
conditioned, ready-to-load product 

M odern medicine is a marvel. New 
therapies provide promise to slow 
or cure diseases once considered 

terminal, technology allows companies to 
manufacture life-saving drugs en masse, 
and individualized therapies are more of 
a reality than ever. The pace of change is 
rapid and creates an ever-evolving and 
complex pharmaceutical supply chain 
that can feel impossible to navigate.

One of the best ways to reduce 
complexity is to standardize as many 
processes—or pieces of the supply 
chain—as possible. A pharmaceutical 
or biopharmaceutical company’s 
contract manufacturing organizations 

(CMOs) and contract development 
and manufacturing organizations 
(CDMOs) are critical partners in this 
work. They have an opportunity to 
offer unique value by standardizing 
more than just the drug development 
and manufacturing processes, instead 
offering end-to-end expertise. 

As pharmaceutical and biopharma-
ceutical companies engage in conver-
sations with CMOs/CDMOs about ca-
pabilities and how they work to reduce 
complexities in the supply chain, they 
should not forget to include cold chain 
expertise in the conversation. Cold 
chain expertise is essential to protect 
pharmaceutical and biopharmaceutical 
companies from financial loss and to 
bring a product to market without delay. 

Conversations with CMOs/CDMOs 
about capabilities and how they work to 
reduce complexities in the supply chain should 
focus on cost efficiency, temperature excursions, 
and sustainability.

Evaluating CMO/CDMO 
End-to-End Expertise: 
The Importance of 
Standardizing Cold Chain
James Klingelhoefer 

James Klingelhoefer is director of 
sales, Americas, at Pelican BioThermal.
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to your doorstep? How, in turn, has 
this helped you standardize your 
cold chain processes?

• Does the vendor you use charge for 
reverse logistics?

• How does your cold chain vendor 
help support global shipping 
requirements?

Temperature excursions
On the surface, temperature control 
seems easy. But temperature control 
is complex when one considers the 
global, and often outsourced, nature 
of pharmaceutical supply chains. Drug 
products have unique requirements for 
temperature control packaging, and 
newer biologic drug products have 
different requirements than those 
in the past. Additionally, an active 
pharmaceutical ingredient (API) may 
have a different temperature requirement 
than the resulting drug product. 
That means different temperature 
requirements at different points in the 
supply chain. Now add keeping a product 
at the right temperature in transit.

Arguably, the guaranteed ability to 
keep a product at the right temperature 
during shipment is the most important 
cold chain consideration. An excursion 
during a bulk shipment can have a 
devastating impact on any drug product 
delivery. It can push a clinical trial back 
six or more months, cause significant 
financial loss, and delay delivery of a 
critical therapy to a patient in need.

In conversation with a CMO/CDMO, 
pharmaceutical and biopharmaceutical 
c omp a n ie s  s hou ld  m a k e  s u re 
cold chain offerings meet specific 
temperature needs—chilled, frozen, 
or controlled room temperature—
and that preferred vendors’ products 
do not have a history of temperature 
excursions. Certain technologies 
provide stronger control than others, 
including phase change technology 
and vacuum insulated panels.

Specific questions to ask:
• What cold chain technology do you 

use or recommend? Why?
• W hat  a re  t he  temper at u re 

specif ications for cold chain 
products you use or recommend? 

Does that meet the requirements 
for your products?

• Does this product have a history of 
any temperature excursions?

• Are these products regularly used 
in the pharma and biopharma 
industries?

• How long have these products been 
around?

Sustainability
In 2008, Amgen, a global leader in 
biotechnology, published formal 
sustainability plans (1). Amgen is not 
alone in its efforts. Companies like 
Merck, Eli Lilly, and others also have 
large-scale sustainability initiatives 
(2,3). Sustainability is a hot topic of 
conversation across industries, and 
consumers are more aware than ever of 
how brands contribute to sustainability. 

It is not enough anymore to practice 
sustainability solely through business 
and manufacturing processes a 
company controls. Consumers expect 
brands focused on sustainability 
to ensure sustainability practices 
throughout their supply chains. This 
means working with vendors that meet 
or exceed sustainability standards 
set within individual pharma and 
biopharma companies.

One obvious consideration for 
sustainability within the cold chain 
industry is whether temperature-
controlled packaging is recyclable. 
However, a move from single-use 
packaging to reusable packaging helps 
reduce overall carbon footprint and 
carbon emissions. A global network of 
service centers, network stations, and 

drop points has this same impact—less 
travel for a product to arrive at a CMO/
CDMO doorstep or back to the thermal 
packaging provider for refurbishment 
and reconditioning. 

Specific questions to ask:
• Does the vendor you use for 

temperature-controlled packaging 
have sustainability practices in 
place? How do they focus on 
sustainability?

• Does the vendor you work with 
offer reusable and rental products? 
If it is necessary to use single-use 
products, are the components 
recyclable? 

• W hat  happens  to  wa s te  i n 
t he temperat u re-cont rol led 
manufacturing facilities? Is it 
recycled? How?

• Does the vendor you use have a 
global network that minimizes 
travel of temperature-controlled 
packaging to and from your 
facilities?

CMOs/CDMOs are inva luable 
partners. They allow pharma and 
biopharma companies to focus on drug 
discovery and marketing and outsource 
specialized drug development and 
manufacturing, which reduces overall 
costs. However, consolidation within 
the CMO/CDMO industry is common 
and makes it challenging to understand 
unique points of differentiation across 
CMOs/CDMOs.

With more outsourcing to CMOs/
CDMOs, creating an even more complex 
supply chain, it is more important than 
ever for these partners to offer end-to-
end services—including cold chain—
and provide greater value. Investing the 
time to find and work with a partner 
that offers end-to-end services may take 
more time up front, but it will save more 
time and money in the development and 
manufacturing processes.

References
1.  Amgen, “Environment,” amgen.com, July 

21, 2020.
2.  Merck, “Environmental Sustainability 

Overview,” msdresponsibility.com, July 21, 
2020. 

3.  Eli Lilly, “Environmental Sustainability,” 
lilly.com, July 21, 2020. PT

One of the best 
ways to reduce 
complexity is to 
standardize as 
many processes—or 
pieces of the supply 
chain—as possible.



56    Pharmaceutical Technology AUGUST 2020  PharmTech .com

of ancillary materials derived from 
human plasma, which are subject to 
different regulatory testing require-
ments depending on the geographic 
region in which they are being used. 
“The need to adjust testing to match 
requirements set by several different 
competent authorities raises costs 
and increases complexity for man-
ufacturers,” she states. “Employing 
GMP-compliant ancillary materials 
saves advanced therapy developers 
time and money because batch-to-
batch consistency allows for greater 
planning and simplifies manufactur-
ing. Nonclinical-grade material may 
lack batch-to-batch consistency and 
the safety profile necessary once a de-
veloper enters the clinic, raising costs 
and increasing risk.”

Additionally, if the choice of appro-
priate raw and ancillary materials is 
made at a late stage of clinical devel-
opment, costs can be significantly im-
pacted, confirms Leistler. “This cost 

increase is primarily driven by the 
need to perform time-consuming clin-
ical comparability studies to prove the 
raw material changes do not alter the 
final cell therapy product. This [step] 
is mandatory at a late stage in clinical 
development,” he stresses.

Continuous improvements
As the market demands increase for 
advanced therapies, raw and ancillary 
materials must also be areas of con-
tinuous improvement, where further 
compliance and increased regulatory 
requirements will come into force as a 
result of the fact that ATMPs cannot 
be sterilized, asserts Zylberberg. “The 
cost associated with raw and ancillary 
materials and the improvements sup-
pliers may make could easily be ab-
sorbed by creating more transparent 
relationships between sponsors and 
suppliers,” she says.

“Each group of raw materials has its 
own challenges and hurdles and it is 
important to understand and address 
those as the industry matures,” con-

cludes Zylberberg. “The regulatory 
agencies creating a framework around 
them will help the manufacturing of 
ancillary materials to always be ahead 
of the curve.” 
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Another approach is to research virtual training and conference 

options offered by external organizations. Many trade organizations 

have converted their conferences and training topics to virtual 

offerings covering a wide variety of topics. Many of these 

organizations offer the option of listening in real time or to taped 

recordings. Some of these venues are free, and some require a 

registration fee. The sessions are usually 90 minutes in length, and 

many offer an opportunity to ask the speakers questions through 

a chatroom feature. If you are unable to listen to the webinar live, 

you may have the option to purchase a recording of it and listen 

to it at your convenience. The recorded option offered with these 

webinars can be valuable for training employees who work on the 

second and third shifts. The companies offering these webinars 

advertise them well in advance of the event and often send out 

multiple reminders. The advertising for the webinars highlights 

who will be speaking, their qualifications, what they will cover in 

the training, and what you will learn as a participant. In addition, 

they will also make recommendations on who should attend so you 

can determine if this is appropriate training for your employees. In 

some cases, the webinar may offer continuing education credits 

for attending. This information should be printed out and used to 

demonstrate the appropriateness of the training.

Finally, you might consider using some employees who are not 

working remotely to lead some small-group internal training during 

their shift, employing a train-the-trainer concept. This satellite 

training can be led by a qualified, trusted, and trained employee 

representative that has the knowledge and expertise determined 

by their experience and job performance as determined by you. As 

with all other training, these discussions should be documented in 

your training system as well as the rationale for the selection of the 

designated trainer.

The bottom line is even though people are working remotely, and 

in-person training may not be feasible, there are still opportunities 

to ensure employees receive the required training to meet your 

company’s training expectations. You should sign up to receive 

emails from companies and organizations that offer online training, 

review them to determine if they are applicable to your operations, 

determine who should attend from your company, and make sure 

you document their attendance for their training record.
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Q.I am in charge of training activities for my 

company. Company policy requires all 

employees receive annual good manufacturing practice (GMP) 

training. Since many employees are working from home during the 

pandemic, I am struggling with how to deliver effective training, 

and I want to rewrite the policy to eliminate this requirement. Is 

annual GMP training a regulatory requirement, and can I eliminate 

this requirement and still be compliant with the regulations?

A.It is important to maintain training for employees even 

during highly challenging circumstances. In the United 

States, the regulatory expectation for training is defined in 21 

Code of Federal Regulations (CFR) 211.25, which states, “Each 

person engaged in the manufacture, processing, packing, or 

holding of a drug product shall have education, training, and 

experience, or any combination thereof, to enable that person to 

perform the assigned functions. Training shall be in the particular 

operations that the employee performs and in current good 

manufacturing practice [CGMP] (including the current good man-

ufacturing practice regulations in this chapter and written proce-

dures required by these regulations) as they relate to the employ-

ee’s functions. Training in current good manufacturing practice 

shall be conducted by qualified individuals on a continuing basis 

and with sufficient frequency to assure that employees remain 

familiar with CGMP requirements applicable to them” (1). 

In Europe, EudraLex Guidelines for Good Manufacturing 

Practice for Medicinal Products for Human and Veterinary Use 

has similar requirements specified in Volume 4, Part 1, Chapter 

2, which states, “The manufacturer should provide training for 

all the personnel whose duties take them into production and 

storage areas or into control laboratories (including the technical, 

maintenance, and cleaning personnel), and for other personnel 

whose activities could affect the quality of the product.” The 

guideline also states, “Besides the basic training on the theory 

and practice of the quality management system and Good 

Manufacturing Practice, newly recruited personnel should receive 

training appropriate to the duties assigned to them. Continuing 

training should also be given, and its practical effectiveness 

should be periodically assessed” (2). The regulatory expectation 

is that companies continue to provide “a high level of assurance 

that manufacturers comply with CGMP and that products meet 

specifications,” even during exceptional times (3). 

To ensure that training requirements are adhered to and 

your compliance posture is not jeopardized, I recommend you 

start by triaging your employees. Those employees in critical 

roles should be your first priority to receive the necessary 

training in a timely manner. Employees in less critical roles 

could receive the training at a later time or maybe receive a 

truncated version of the training. Remember to document your 

decision in a well thought out and justified rationale. 

The next hurdle to overcome is to determine the most 

effective way to deliver the training without wasting critical 

resources. This can be accomplished in a variety of ways. 

On-line training programs have been used to train remote 

employees for years. These programs have the capability of 

allowing the instructor to tape the information and embed 

questions into the presentation that must be answered before 

that trainee can continue. This is a great way to train people 

and measure the effectiveness of that training. It also allows 

the employee to complete the training as their schedule 

allows. If you decide to utilize this approach, you need to be 

sure to set a date for completion of the training and monitor 

the results of responses so you can follow up on employees 

that may need some additional explanation or understanding 

of the concepts included in the training. Another approach 

would be to deliver the training as a webinar using a multiple 

person meeting app. You can prepare and distribute the 

information you will cover in the training, schedule a 

meeting time, deliver the training, and take questions from 

the employees during the webinar. If you have multiple 

manufacturing shifts, you can schedule a training session 

during each shift to make it easier for second- and third-shift 

employees to receive the training. 

Training During a Pandemic

When in-person training may not be feasible, there are still opportunities to ensure employees receive 
the required training, says Susan J. Schniepp, distinguished fellow, Regulatory Compliance Associates.

It is important to maintain 
training for employees 

even during highly 
challenging circumstances.

Contin. on page 57
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2020 PDA/FDA 
Joint Regulatory 
Conference
Registration is now open for the leading 
pharmaceutical industry event – 
now being offered in an all-virtual format!

The 2020 PDA/FDA Joint Regulatory Conference will build on a reputation of excellence 29 years in the making. Join 
regulatory and industry leaders for this important virtual event, focusing on the theme, The Future is Now: Effective Quality 
Management and Robust Manufacturing.

Take advantage of all the crowd favorites, including insightful presentations on the evolving regulatory landscape, the 
always-popular Center and Compliance Updates, and a session where U.S. FDA regulators will answer questions from 
attendees – all from the comfort of your home or office. Breakout sessions will address a variety of timely topics in three 
concurrent tracks: Quality Management; Manufacturing, Design, and Control; and Emerging Trends and Innovation. 

Sessions will incorporate thought-provoking presentations and enlightening case studies on issues such as:

• Quality assurance in 2020

• Using risk management 
to reduce the risk of drug 
shortages

• Best practices for supply chain 
management

• Vaccine development for 
infectious diseases

• Using data analytics to 
monitor and improve 
manufacturing processes

• Lifecycle process validation 

There will be plenty of opportunities for virtual networking with presenters and other attendees through live Q&A, along 
with a virtual exhibit hall showcasing the latest products and solutions to benefit your organization.

Don’t miss the premier pharmaceutical quality conference of the year!

Emerging Trends
            Manufacturing 
      Design & Control   

Innovations
Quality Management

https://www.pda.org/global-event-calendar/event-detail/2020-pda-fda-joint-regulatory-conference
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