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PEOPLE & ASEPTIC PROCESS DON’T MIX N

Over the last 10 years aseptic processing equipment has been arming pharmaceutical
manufacturers with systems they need to create a true “No Man’s Land” where human
intervention and its risk are banned forever. It would be foolish to underestimate the risk
associated with aseptic drug processing. These days, drug safety, secure uninterrupted
supply, as well as regulatory imperatives dictate drug makers create intensive, pervasive
and verifiable systems to assure sterility in aseptic processing environments.

In essence drug makers are turning to containment and automated process solutions to keep
horribly contaminated humans from roaming controlled spaces and invading Pharma'’s sterile
processes. Following are insights and a few cautions from Pharma’s top experts on how to keep
your aseptic, sterile controlled space free from the number one source of contamination: People.
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Humans invading your sterile processes? Advances in aseptic processing
technologies aim to keep their risk and contamination at bay.

No Man’s Land

By Steven E. Kuehn, Editor in Chief

BEFORE THE rise of aseptic processing technolo-

gies, horribly contaminated humans, shedding clouds of
particles roamed controlled spaces, invading Pharma’s
sterile processes. Sure, gowning, booting and hair-netting
the contaminated helped tame the beasts and manage

the risk, but their presence could not be denied ... That is
until now. Over the last 10 years advancements in aseptic
processing equipment have been arming pharmaceutical
manufacturers with the defensive systems they need to
create a true “No Man’s Land” where human intervention
and its risk are banished forever.

It’s pretty hard to understate the multiple layers of risk
that need to be managed to successfully and compliantly
accomplish aseptic drug processing. Drug safety and
regulatory imperatives dictate drug makers create
intensive, pervasive and verifiable systems to assure
sterility in aseptic processing environments.

According to the Food and Drug Administration’s
(FDA) 2004 “Guidance for Industry Sterile Drug
Products Produced by Aseptic Processing — Current
Good Manufacturing Practice,” in aseptic process: “the
drug product, container and closure are first subjected to
sterilization methods separately, as appropriate, and then
brought together.”

Because there is no process to sterilize the product in its
final container, says the FDA, it is critical that containers
be filled and sealed in an extremely “high-quality”
environment. The FDA guidance generally recommends
that before final assembly the individual parts of the
final product should be subjected to various sterilization
processes. For example, says the FDA guidance, glass
containers might be subjected to dry heat; rubber closures
subjected to moist heat and liquid dosage forms subjected
to filtration. As most are aware, each of these processes

requires validation and control. To think that legitimate
sterile drug manufacturers would ignore the risks to public
health and its bottom line and willfully manufacture
nonsterile product is a stretch, but the path to perdition is
often paved with good intentions. Poorly instituted cGMP
conditions can, says the FDA, “ultimately pose a life-
threatening health risk to a patient.”

U.S. regulators note for each process there is the
potential to introduce errors that ultimately lead to
product contamination. “Any manual or mechanical
manipulation of the sterilized drug, components,
containers or closures prior to or during aseptic
assembly poses the risk of contamination and thus
necessitates careful control.”

Aseptic processes should be designed to intrinsically
minimize exposure to potential contamination hazards
that come from (relatively) routine manufacturing
operations. To achieve a high assurance of sterility,
regulators recommend drug makers take some pretty
logical steps like optimize process flow, limit the duration
of exposure of sterile product elements, provide the
highest possible environmental control, and configuring
equipment to prevent the entrainment of low-quality air
into the Class 100 (ISO 5) area.

Further, to prevent unnecessary activities that increase
the potential for introducing contaminants, FDA
guidance notes personnel and material flow, the layout of
equipment and incumbent operator ergonomics should
all be optimized to limit the number and duration of
personnel present in an aseptic processing environment.
Essentially, best practice calls for limiting the frequency
of entries and exits made into and out of aseptic
processing rooms and their critical areas, including
isolators.
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Advanced isolator technology is becoming an affordable
but higher-quality alternative to barrier systems.

To be clear, drug manufacturers now understand
that any intervention, delay or stoppage during aseptic
processing greatly increases contamination risk.

The design of equipment used in aseptic processing,
says FDA, should limit the number and complexity

of aseptic interventions by operators. “For example,
personnel intervention can be reduced by integrating
an on-line weight check device, thus eliminating a
repeated manual activity within the critical area.
Rather than performing an aseptic connection,
sterilizing the preassembled connection using
sterilize-in-place (SIP) technology also can eliminate a
significant aseptic manipulation. Automation of other
process steps, including the use of technologies such as
robotics, can further reduce risk to the product.”

Preceding the section outlining the above in its
guidance, the FDA offered a caveat noting that the
design concepts discussed were not intended to be
exhaustive (read prescriptive). They did, however,
declare “appropriate technologies that achieve increased
sterility assurance are also encouraged.” Encouragement
is one thing, but at the time, their vision of GMP-refined
aseptic manufacturing — where human interventions

become the exception rather than the rule — was a
reality challenged by many factors, driven by both
internal and external forces buffeting the industry.

Few have observed more closely the trends
driving the uptake of advanced aseptic processing
technologies than Sterling Kline, vice president of
design at IPS, a processing systems integrator that’s
been at the forefront of aseptic process design for
decades. “The trend over the past 10 years has been
very dramatic,” says Kline, “and it has been driven by
the regulatory agencies.” He explains that historically
the technology was not quite ready commercially to
enforce regulation standards: “In the past decade,
the technologies have finally caught up with where
regulators want to be in the industry.”

From a regulatory standpoint, says Kline, there are
two prime factors driving the industry currently. “One
is separation. As in separating the operators who are
the prime source of contamination from the product
and separating potent compounds from the operators.”
Kline notes that this separation is much more accessible
nowadays because of continuing development of barrier
systems that have proven, he says, to work very well.
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The most prominent being restricted access barrier
systems (RABs) and isolators, the more formidable (to
contaminants) and favored by regulators.

Josh Russell, product manager for the Life Sciences
business segment of AST, another of the industry’s most
trusted and experienced aseptic systems integrators,
echoes Kline’s assessment. “To a certain extent, there has
been somewhat of a longstanding understanding that
the agency has extended regulatory relief to the industry
in regards to integrating isolators with their aseptic
processes,” notes Russell, citing that specifically, this
relief is characterized by the amount of media fills that
drug makers can do on an annual basis.

Regardless, both Kline and Russell agree that both
RABs and isolators have become very prominent over
the past decade. “Historically,” says Kline, “there were
about 2,000 aseptic facilities of traditional design that
did not have the barriers. Over the past decade, it’s
gotten to the point where it’s down to about a thousand
of the old, traditional facilities, with isolators and RABS
making up the remainder.” The acceptance of these
straightforward technologies is now pretty much a
foregone conclusion. According to Kline it’s becoming
more and more prominent with, most if not all, new
facilities implementing isolators or
RABS. “The older technologies
are not being produced even
in third-world countries at
this point and developing
nations,” observes Kline.
“India has lagged and
is a bit behind, but has
now picked up on the
technology dramatically.”
The majority of the
facilities are isolator and
RABS controlled space, he
says, noting that there are
more RABS in India, but in
the U.S. isolators are now
beginning to really take off.

Russell and Kline agree
that developed, proven
technologies are finally
available and now more
economically accessible
by the world’s drug
processors. “It’s similar
to computers or cell
phones,” says Kline. “As the
volume goes up, the price

Mobile vapor-phase hydrogen

peroxide biodecontamination systems

like this one from Steris offer the flexibility users need
to support this critical task within aseptic processing
environments. (photo courtesy of Steris)
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becomes more affordable and the technology has become
dramatically better.” Noting that cycle times for vapor-
phase hydrogen peroxide (VHP) systems have dropped
off, typically down below two hours and that, Kline
explains, puts the turnaround time for an isolator at par
with RAB systems.

From an economic standpoint, says Kline, in most
of the Western nations the capital cost for isolators is
absolutely cheaper than RABS. The difference is slight, he
notes, because head to head, isolators cost more than RAB
containment. “But the RABS facility costs substantially
more than an isolator facility,” he says, “even where you
have very inexpensive construction, such as India.”

In particular, Russell says, offering his take on isolator
economies, “isolators can be integrated into a grade D or
class 100,000 cleanrooms. That’s substantial savings that a
pharma manufacturer that uses isolator-based technology
can really employ.” There have been several great studies
done, notes Russell, “where it’s actually shown that
end-users can save upwards of a million dollars per year
between the cleanroom cost, turnaround costs, personnel
utilization and equipment downtime; the list goes on and
on.” From an operating cost standpoint, both Kline and
Russell assert isolators are absolutely less expensive to

operate and have lower lifecycle costs, no
matter where you are in the world.

ISOLATOR ADVANCEMENTS
Russell characterizes isolators as the
“Cadillac” when it comes to protect-
ing the product from contamination.
The game changer, he says, is
the isolator’s ability to be bio-
decontaminated using VHP.
“That repeatability, being
able to decontaminate the line
quickly and consistently, offers
end-users a great advantage
over traditional aseptic process
lines with RABS integrated
onto them.”

Both Kline and Russell say
they rely on isolator solution
builder SKAN, to create the

VHP-enabled isolator systems
they need to satisfy their
customers’ decontamination
requirements. “SKAN,” says Russell,
“has really developed the technology
and its practical implementation. For
example, SKAN is able to guarantee a
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six log bio-burden reduction within two to three hours. That
is a huge improvement (in terms of isolator decontamination
technologies) from even five years ago, where oftentimes it
took anywhere between eight to sixteen hours for isolators of
similar size and shape.”

Vapor-phase hydrogen peroxide decontamination has
become extremely popular because it’s been recognized
for its efficacy, compatibility and flexibility, as well as
its utility. Arthur B. Papineau, VHP solutions manager
for STERIS Corp., finds that regulatory trends, as
well as global health crises are responsible as well.

“I think that there is a lot more focus right now on
infection prevention in general given the FDA’s current
investigations into the Pharmaceutical Compounding
market and USP 797 as well as with the heightened
awareness caused by the Ebola outbreak with the
potential of other outbreaks,” explains Papineau.

STERIS first introduced VHP to the market in 1991
and since then, the technology’s effectiveness, Papineau
explains, has helped it expand into other markets: “We
actually see a push for the technology into aseptic-type
food and beverage packaging, particularly for dairy
products and especially most things in foil or pouches
not requiring refrigeration.” To Pharma, it seems, the
technology has been heaven-sent. According to Papineau,
“VHP has been embraced by the aseptic processing
community due largely in part to its ease/robustness in
validation and re-validation; high level of effectiveness
against organisms; wide range of material compatibility;
ambient condition process; and a process that is safe for
both the environment and user.

The other area of great interest,
he says, is in the application of
VHP for the terminal sterilization
of prepackaged medical
devices, especially pre-filled
syringes. Terminal sterilization
has never been
practical for most
pharmaceuticals for
obvious reasons.

“This solution,” says
Papineau, “offers

Isolators and highly inte-

grated process technologies

within, including advanced

robotics and automation, are
dramatically reducing the risk

of contamination in aseptic processing
operations.

(photo courtesy of AST)
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users a tremendous amount of design flexibility for their
facility, manufacturing processes and validation protocol.
It is only achievable because of the low temperature and
material compatibility of the VHP process.”

AST’s Russell offers this bit of color commenting on
how biotechnology products are really starting to flourish
and fill today’s drug pipeline — and that is fueling
demand for advanced VHP capabilities. “Biotechnology
drugs really have a lot of unique properties that have to
be safeguarded against as you manufacture them. Most of
these biologics are proteins and monoclonal antibodies,
which are sensitive to vapor phase hydrogen peroxide.”
Russell explains some manufacturers need to safeguard
the products against the oxidizing aftereffects of VHP.

He says isolator vendors are now coming up with rapid
VHP technologies using catalytic converters and other
methodologies that introduce VHP into the chamber to
quickly decontaminate the chamber, but also as quickly
aerate and diminish residual VHP levels down to 30 parts
per billion or less.

“In the past three to four years,” Kline says, “the greatest
advance in isolator technology [has been] the introduction
of catalytic converters,” a technology initiated by SKAN he
says. “Now all of the companies are using it,” says Kline.
The issue with the vapor hydrogen peroxide sanitization
comes with the aeration cycle, which can take a long period
of time to cycle the exhaust operation completely. Kline
explains that during the exhaust cycle operators are trying
to get the VHP out of the machine and exhaust it out, but
that can cause the pressure differential in the room to go

negative, which, like the longer cycle
time is not desirable. Catalytic
converters speed up cycle
time.” For biologic products,
the catalytic converter is a
tremendous improvement to
aseptic operations, says Kline.
Are there any other
isolator technologies worth
mentioning? Kline points
to isolators now being
engineered for clinical scale
operations: “There now is a
modular isolator, SKAN has
one and other companies
are now introducing them
as well. That drops the
price, so if you can reproduce
a module, it drives the cost
down and makes it much more

affordable.”
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A number of prominent Pharma technology suppliers, including Bosch, are creating affordable,
standardized solutions to meet the increasing demand for isolators.

PROCESSING FLEXIBILITY
Faster decontamination cycles from advanced VHP offer
drug makers a number of operational economies, but
Russell maintains just as important is the flexibility com-
panies need from their aseptic processing lines to address
a variety of high-value, low-volume drugs — as Russell
put it, “personalized in nature.” However, that is not
to say that drug companies processing parenterals and
other common compounds in commercial volumes aren’t
clamoring for the flexibility advanced aseptic processing
technologies can deliver. “These lines need to be highly
flexible, able to adapt to both current manufacturing
needs and regulatory demands, as well as be able to fore-
cast and address future manufacturing and new regula-
tory challenges that they may be faced with. Especially
with fill line purchases — often multi-million-dollar
system integrations — it’s key that these systems are able
to address the long-term needs of the organization.”
Kline mentions isolator modularity as a path to aseptic
process line flexibility and cost efficiency — a well-
understood technical response to the often “bespoke”
and expensive nature of filling and other systems
custom-engineered to create a site-specific solution. The

availability of effective, mass-produced off-the-shelf
technologies are making an affordable difference and
manufacturers are also following suit, designing fill-finish
and similar systems to fit into relatively standardized
isolator real estate. “We’ve actually put a freeze dryer in
one of the modules,” says Kline, extrapolating that aseptic
drug processors could use one for staging, for example. “A
number of companies have done that ... so if somebody
buys a single module for one application, there is nothing
to prevent someone from buying three or four modules
and put them together for a specific process; regardless,
it’s still cheaper than building custom filling lines.”

AST says it clearly sees the trend towards clinical scale
isolators as well as the implantation of interchangeable
filling machines. “We’re definitely seeing that there are a
lot of advantages to having a standard isolator platform
like the SKAN PSI, which stands for pharmaceutical safety
isolator.” Russell says SKAN has cut out the backside of
the isolator to allow for docking different trolleys with
traditional filling equipment into the isolator. “What that’s
done, according to Russell, “is it’s really driven down the
cost of technologically advanced isolators. But systems
integrators may not be getting all the flexibility they can



Advances in Aseptic Processing

affordably purchase,” Russell explains. “What you're
buying is a flexible isolator, but a not-so-flexible filler. What
AST is doing is putting together the best of both worlds by
combining a flexible filler with a flexible isolator.” Russell
explains that such a scheme allows the end-user to have a
single trolley that performs all the fill-finish operations for
vials, syringes and cartridges, and then it can be removed
with another trolley for other activities placed within the
isolator and used. One simple advantage of this is that the
operators can remove the filling system trolley from the
isolator for maintenance. “That way,” says Russell, “you
don’t have to do it within the clean space of the isolator.”

Isolators work phenomenally well with the traditional
filling lines, says Kline, in terms of keeping operators away.
He explains that it’s not just putting an isolator on an old
filling line: “The technology of all the filling [systems]
companies have gone up dramatically in the last few years.
The filling lines are much narrower — a design feature so
that people can reach with the gloves to all the appropriate
locations inside the filler.”

Kline also points out that the electromechanical,
automated aspects of filling, capping — essentially
technologies that manipulate and convey products to and
through process operations — have improved as well.
“From that standpoint, there’s not the glass breakage
or the tippage that we had years ago,” says Kline, so
[there’s been] incredible improvement, which reduces the
interventions that folks have to do.”

Regardless, even if manual interventions are required,
the increasing implementation of isolators means operators
are doing it through gloves and not by opening doors.
“Another great advancement in isolators that help in terms
of the turnaround and also for cleaning from one product
to another,” says Kline, “is single-use product contact parts.
Kline explains that by installing pre-sterilized contact
parts, the cost savings can be significant. According to
Kline “probably 90 percent of our customers that we design
facilities for use this technology, so it’s driven the cost of
the single-use disposable contact parts down dramatically
and reduces the cleaning time.” Kline says that for potent
products, it’s really the only way to go. “You don't risk
contaminating one product with the next product — the
technology has worked out incredibly well.” Talking about
potent products, Kline notes isolators have now transitioned
into formulation operations. “When you're formulating
potent products, all the additions into the tanks, etc., are
done through isolators at this point and provide a much
safer environment for operators.”

According to Russell, process flexibility sprouts from
the fertile soil of contemporary technological advances in
automation, control and robotics. “We’re seeing a couple

»
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different approaches. The approach that AST has adopted
is leveraging robotics — to create a truly flexible aseptic
platform. We use a robot to be able to fill and finish, pre-
sterilize vials, syringes and cartridges. It’s ideally suited for
companies that are looking for the ability to fill multiple
formats in a low- to mid-volume production setting.”

LOWER RISK, HIGHER REWARD

When it comes to advances in aseptic processing technol-
ogies, the cost curve is being driven down and along with
that, a lot of risk. Drug makers need to a have very high
degree of confidence in the sterility of their processes,
and technology is making that happen. “Yes, absolutely,”
agrees Kline, “and risk is the key driving word here.
Everything in terms of designing aseptic facilities is
based on risk management. One could drive to zero risk,
but your costs go up exponentially, thus it’s not a viable
project. The economics don’t work out; there is a delicate
balance to be maintained,” says Kline.

Kline explains that beyond segregation (FDA’s term)
regulators are seeking high levels of isolator contained
process line integration. “It’s not just the filler. It’s isolating
transport to capping machines, or the conveying into and
out of loading and unloading of freeze dryers. They’re
looking for fully isolated manufacturing in a continuous
process via tunnels.” He explains that traditional back-
end process systems and operations like vial washing,
then manually transferring vials to drying and transport
to the filler is becoming a thing of the past. “So the risk
has dropped off dramatically through separation and
integration, and the cost of the technology has now
dropped dramatically. It’s also reduced the number of
operators. So there are significantly fewer operators on an
isolator filling line or a RABS traditional line.

The conversation with Kline and Russell continued,
ranging from the upside and downside of blow-fill-seal
technology and the numerous benefits of creating highly
collaborative relationships with both the users and the
aseptic processing technology builders. Risk is also being
driven out by advances in production-related control
and automation, as well as information systems and
remote monitoring and service via the cloud. Aseptic
manufacturing environments are also being well managed
by similar applications of advanced control technologies
across building automation and HVAC elements of
controlled space. Ultimately, it is the systems integrators’
task to deliver on regulators’ vision for efficient, cost-
effective and safe aseptic drug processing, and drug
maker’s equal need to achieve the same to stay in business.
For sure, AST and IPS are creating a no man’s land in
controlled Pharma space, and that’s how it should be. @
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Robots are an ideal platform to perform the highly accurate, repeatable
operations demanded by aseptic processing operations

Ascent of the Robots

By Steven E. Kuehn, Editor in Chief

JOSH RUSSELL, AST’s Life Science project manager,
has been an advocate for advancing aseptic processing
through the use of robot technology for years, writ-

ing about its benefits and exploring their application in
their customer’s solutions. According to Russell, aseptic
manufacturing generally entails often repetitive activity
that requires a high degree of reproducibility in order to
create a high-quality product. He asserts that robots are
the ideal platform to perform the highly accurate, repeat-
able operations demanded by aseptic processing opera-
tions. These non-organic automatons have the distinction
of being able to operate where no man should or can.
“This becomes particularly important in applications that
require containment of highly active and potent com-
pounds.” Not only that, but our electromechanical friends
won’t ever shed the clouds of particulates humans do
because they generate no viable and extremely low levels
of non-viable particulates, making them ideal for ISO 5
aseptic environments.

“What we’ve seen in particular is that more robotics’
manufacturers are coming to the table to offer truly
viable solutions to this challenge,” says Russell. Most
importantly, life science oriented designs that are VHP
“proof” are now available. “Staiibli Robotics is there —
with a complete line of six axis robotic arms compatible
with vapor phase hydrogen peroxide decontamination.
With Statibli’s wide portfolio of VHP compatible
robotic systems solutions providers like AST don’t
have to compromise on payload and reach because
the system exist for us to provide the optimal solution
with our products.” He says suppliers offer robots that
can complete the span of automated tasks required
by commercial aseptic processing; robotic options for
everything from aseptic vial processing to lab automation
to freeze dryer loading and unloading applications.

Commercially available robotic automation is well

10

developed and extremely accurate with repetitive pick-
and-place maneuvers and precise positioning tasks

and Russell agrees. “Absolutely they do, and it’s being
expanded. For example, we like to use robotics for
manipulating syringes and cartridges. We found that it
offers several advantages to that process that just aren’t
found in traditional filling lines.” He notes that other
companies, like Kawasaki, have introduced a seven-axis,
stainless steel VHP compatible robot. “It provides even
more flexibility than what we’ve seen in the past,” says
Russell. “Other companies have been developing their
own robotics for their own solutions. We’ve just seen the
market really proliferate with a lot of various options that
are geared to meet the challenges within the industry.”

For example, Denso recently announced the
introduction of its new compact, high-speed, VS-050
six-axis aseptic robot. It features an ISO 5 cleanroom
rating and incorporates specially designed coverings,
for applications, says the company, where intensive
biocontamination control is required.

Peter Cavallo, robotics sales manager for DENSO
Products & Services Americas, explains, “We created
the VS-050 aseptic robot because of rapidly increasing
demand in the pharmaceutical, medical and life
sciences sectors. Now our customers in those areas with
sterilization requirements can benefit from the high
speed and other outstanding features of the VS Series.”

Denso’s robot offers a protective outer coating and
sealed joints that allow the VS-050 to be safely sterilized
with hydrogen peroxide or UV light. According to the
company, the smooth, rounded exterior of the robot
keeps dirt, dust or other contaminants from adhering
to its surface. Among other things, Denso internally
embeds wires up to the flange and locates the control-
cable connector at the bottom of the robot, further
streamlining the arm and facilitating cleaning.
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Robots are ideal for when potent compounds need to be handled in isolator containment. They also do not shed particles like humans and achieve ISO

5 standards.

Russell says the economics are right and right now.
“I would say that integrating the robotics into life-
science aseptic applications is very affordable, especially
when you take it in the context of not having dedicated
automation that would be required to perform the
same assembly task or application.” He says that it’s
actually even more affordable, especially given the
amount of flexibility and adaptability that robots can
provide. “There’s less complication. In terms of aseptic
manufacturing, they’re easy to clean, easy to program,
highly repeatable and reproducible.” He explains that

when lines have many isolators, robots can eliminate
the ergonomic challenges associated with traditional fill
lines if glove ports are not adequately planned prior to
isolator integration. “And then you can decontaminate
them very, very simply by articulating them during the
bio-decontamination process.”

Programmability is advancing, too, and Russell notes
that in terms of the systems that AST provides, they go to
great measures to make sure that they integrate robotic
technologies that truly allow end-users to be able to
support and program the equipment on their own.
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Super-rivals glass and plastic
square off for patient safety

Clash of the Titans

By Steven E. Kuehn, Editor in Chief

SPECIFYING THE best material to serve the primary
packaging requirements for a given pharmaceutical
used to be pretty easy, considering there was virtu-

ally only one champion to call on: Glass. Glass was
Pharma’s packaging Superman, a hero with well known
virtues; strength, purity and transparency. For millen-
nia there were few materials out there that could rival
glass’s dominance and reputation.

Glass as a material has been around for a long time,
but it wasn’t until about the Ist century BC, that glass
blowing was discovered in the Middle East. This
advancement created the industry. Glass vessels could
now be mass produced, and more economically than
pottery vessels.

And the rest is history as they say. During the ensuing
millennia, glass as a packaging material came to
dominate the world’s food, beverage and pharmaceutical
industries; there simply were few or no alternatives.

That is, until scientists started uncovering the attributes
of organic polymers found first in naturally occurring
substances like gum and shellac, then later developing
chemically modified materials like galvanized rubber and
nitrocellulose. By 1900 the first synthetic plastic Bakelite
was developed by Belgian chemist Leo Baekeland.
Advances came quickly after that with the likes of BASF,
ICI and Dow bringing commercial/industrial ready
polymers to market beginning in the "20s.

As we reach the midpoint of this century’s second
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decade, material scientists continue to hyper-refine
plastics and glass to enhance positive attributes and
mitigate less-than-desired attributes relative to Pharma
application and commercial/industrial scale economies.
The market for pharmaceutical packaging has become
immense and is showing no signs of slowing down;
leading market research firms predict demand in the U.S.
will grow about 5 percent a year and reach ~ $22 billion
by 2018, representing about a third of the global market
which Freedonia Group pegs at $66 billion by 2017 and
growing at 6.4 percent annually.

Indeed, glass and plastic have become Pharma
packaging’s superheroes — both working tirelessly to
safely deliver medicines to a world plagued by evil-doing
disease. But as our heroes pursue this common cause,
packaging’s dynamic duo have also become super rivals.
However, as far as superhero-to-superhero conflicts are
concerned, this one only goes so deep. Suppliers and users
understand that any packaging decision is led by the
formulation of the drug and ultimately patient safety.

GLASS, THE PROVEN DEFENDER

In an extensive American Pharmaceutical Review blog
titled “Pharmaceutical Glass Containers: Proven Solu-
tion for Primary Parenteral Packaging” Gerresheimer
Glass Inc.’s technical and quality managers noted that in
2012, market share for primary packaging of injectables
was approximately 98 percent, representing 23 billion
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primary containers for parenterals.
According to Gerresheimer, for the
storage of parenterals, borosilicate
Type I glass is the material of choice.
Borosilicate glass was developed to
have superior chemical and temper-
ature properties compared to soda-
lime glass; it has a stable matrix
that reduces thermal expansion and
resists chemical attack. It is inert,
chemically stable and nonporous.

SCHOTT Pharmaceutical
Packaging, the industry’s leading
glass supplier, says it delivers 9
billion containers per year and that
includes ampoules, vials and both
glass and polymer syringes. “We are
working in the pharma industry, so
we abide with all regulations,” says
Anil Busimi, head of global product
management syringe business at
SCHOTT, “which our customers
— like the Pharma companies —
have to ensure that their products
are produced as per specifications
and GMP. I think we follow all the
rules.” At the same time, says Busimi,
SCHOTT ensures Pharma quality
standards are met by its suppliers.
“SCHOTT is a major producer of
glass tubing, [a pre-fabrication form]
which is used for [Pharma’s] primary
packaging containers.

The use of glass pharmaceutical
containers remains pervasive,
especially for the thousands of
well-known, broadly administered
and increasingly generic injectable
drugs. Materials and production
systems are well understood, and in
the context of large commercial drug
manufacturing operations, there
are hundreds of GMP compliant
and validated fill-and-finish lines
operating out there and a host of
reliable glass container suppliers
with established supply chains. Data
on compatibility and drug/material
interactions are both plentiful and
accessible to all drug developers
and Drug Master Files are kept by
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Glass (shown here) continues to dominate the prefilled syringe market, but advanced polycarbon-

ate plastics have great potential. SCHOTT is manufacturing those as well to provide its customers

with whatever material suits their needs best.

regulators. SCHOTT notes that having
the technological expertise to support
current products when problems

come up helps sustain the company
and glass’s dominance in the category.
SCHOTT"s scientific advisor Dan
Haines explains that, “because most of
our products are components within
other systems, there can be interface
problems. Sometimes there are drug
interaction problems. So having the
technical expertise to help ... is very
important.” SCHOT'T provides this
support through its pharma services
group as does Gerresheimer and other
glass container manufacturers. “In

the pharmaceutical industry, it’s a
[relatively] slow evolution from one
drug platform to the next, says Haines,
“so there’s quite long lead time, which
is good. But on the other hand, you
pretty much have to have rock-solid
solutions when going from the current
generation to the next generation.”

DELAMINATION,

GLASS’S KRYPTONITE

For the most part, and over the

last century or so, glass remained
impervious to most issues having to
do with compatibility. Most formula-
tors took it almost for granted. Most
compounds were just fine being con-
tained by glass, but as newer drugs,
including biologics with aggressive
chemistries introduced, manufac-
turers were confronted with qual-
ity issues stemming from chemical
reactions between the glass surface
and the drug chemistry known as de-
lamination. According to SCHOTT,
between 2006 and 2011 some 100
million pharmaceutical vials were
recalled due to glass delamination
issues. Delamination became Glass’s
kryptonite, exposing its (seemingly)
one true vulnerability. At its likely
nadir, 2010, glass flakes were discov-
ered in nine different drug products



Advances in Aseptic Processing

resulting in immediate recalls; 30 million vials in one
case. Although the phenomenon was recognized as far
back as the ’50s, the dramatic uptick in recalls forced the
industry to react. Unfortunately, recalls continue, with
several announced just this year.

The problem with glass delamination, say SCHOTT,
Gerresheimer and others is that it may take years to
manifest itself. The chemistry behind glass attack by
water-based liquids is mainly driven by ion exchange and
dissolution.

Gerresheimer says glass delamination is a well-
known phenomenon, recognizing that even “upscale”
Type I containers are prone to delamination under
certain circumstances. Regardless, glass pharmaceutical
container manufacturers, as well as industry associations
(PDA for example), and regulators all have been
galvanized to act and address this serious problem. Over
the last several years a number of extensive, thorough
studies have been conducted to understand the root
causes of delamination and to find ways to eliminate the
problem. In its 2011 “Advisory to Drug Manufacturers:
Formation of Glass Lamellae in Certain Injectable
Drugs,” the FDA published that the following conditions
were associated with delamination:

« Glass vials manufactured by the tubing process (and

thus manufactured under higher heat).

« Drug solutions formulated at high pH (alkaline) and

with certain buffers (citrate and tartrate).

o Length of time the drug remains exposed to the inner

surface of the container.

« Drug products with room temperature storage

requirements.

o Terminal sterilization has a significant effect on glass

stability.

The tendency of delamination to occur with a
pharmaceutical vial made of tubular glass strongly
depends, says SCHOTT, on how the process is controlled
during forming. Volatile components like boron and
sodium evaporate while the bottom of the glass is being
formed. As the production process continues, these
substances produce inhomogeneous spots on the glass
surface near the bottom that are generally more susceptible
to delamination. Active control of this process is possible
if the quality of the glass surface and its tendency to

experience delamination are monitored during production.

According to SCHOTT, this marked the starting point for
a new way to test the risk of delamination.

FIND IT OUT FASTER
SCHOTT’s analysts developed a test that allows
pharma glass packaging manufacturers to determine
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delamination risk within a few hours by applying
threshold values. To start the test, the glass surface is
gradually attacked locally. Vials removed from the line
are stressed inside an autoclave at a temperature of 121
C. In the past, vials were subjected to visual inspec-
tions with a stereomicroscope after autoclaving in
steam. This method, says SCHOTT, has been replaced
by more efficient and effective atomic absorption spec-
troscopy, a far easier method that can be performed
during routine production operations. SCHOTT has
received a patent for its in-process Delamination
Quicktest, which monitors a threshold value of sodium
during manufacturing. To conduct the test, the subject
vials are filled with water so the zone where delami-
nation normally occurs is covered slightly. Sodium is
extracted inside the autoclave and the amount is deter-
mined through atomic absorption spectroscopy. This
level correlates with the probability that the vial being
inspected will experience delamination eventually.
The bottom line is that SCHOTT and its glass
container-making peers, in association with drug
makers have worked extra hard to eliminate this issue.
Whether through enhanced and refined manufacturing
techniques, coatings or better controlled preparation, fill-
and-finish operations, delamination of glass containers is
becoming less of a threat to operations and supply.

BETTER EARLIER THAN LATER

Tony Pidgeon, applied technology director for finished
dose at Patheon explains that from a contract manu-
facturers’ standpoint, their role is to guide primary
packaging choices so that regardless of material choices,
all aspects of packaging risk are managed to foster all
desired outcomes. “The first thing we do is determine
what our client’s product profile is, in other words ‘what
are they trying to do’ with their product,” says Pidgeon,
explaining that for many customers, the main motivation
is to get the product into its trial in a predetermined time
frame, so speed is essential. Often, he says, that means
trying to piggyback on existing technologies.

For the drug owner, the decision is based on the fact
that glass vials are readily available and for the most
part a no-brainer. “People know how to use them,” says
Pidgeon. “There’s an awful lot of data out there about
them; people tend to [choose] a Type I glass — they
take that as being considerable quality and assume
that from a compatibility point of view that that will
be fine. Extractable and leachables — to be honest,
even delamination isn’t really considered at the earliest
stage. I must say personally I do, but it depends on the
formulations they are coming to us with.”

amanufacturing.co
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In talking about delamination, says Pidgeon “the
general rule of thumb that I tend to follow is that as long
as you don’t have extremes of pH, then you’re normally
going to be okay.” Regardless of drug formulation, at the
beginning stages of the packaging discussion Pidgeon
recommends doing comprehensive risk assessment
from the very beginning. “That risk assessment will
then dictate — or certainly guide — the direction in
which you need to go. In other words, do you need to
do the standard or get involved with the suppliers of the
components themselves?” Pidgeon cautions that just
because it’s been done before, the chemistry is similar,
etc., doesn’t mean one’s risk associated with packaging
is mitigated. “You need to put that risk assessment in
place. I suggest you need to do at least some work there,
which is obviously unique to your own product,” says
Pidgeon. “But if it’s a generic, for example, and there’s
something very similar out there, your risk assessment
may well suggest that your other data is sufficient.
Personally, I would probably be a little bit cautious of
this part. I would probably want to have at least some
complementary data there, but I would let the risk
assessment guide me.”

Pidgeon explains that early packaging risk assessment
may prompt deeper inquiry — and involvement of
packaging suppliers so customer’s needs can be better
met — in the name of patient safety. “We would speak
to West, for example,” says Pidgeon, “tell them that our
plant is using this product with this kind of formulation
and then we would work together to get the client the best
service possible.”

No surprise that West agrees. “Our core business
relates to helping pharmaceutical and biotech companies
select the appropriate packaging materials for injectable
drugs,” says West’s vice president of marketing and
innovation, Graham Reynolds. “We are currently
participating in some way with all the top 35 biologics.
We work closely with customers at all levels.”

West is also very concerned with all issues that affect
drug safety and efficacy. “This area of extractables
and leachables has probably become more critical in
the last two years as regulatory agencies look for more
information on that subject,” says Reynolds. West says
they work with customers to make sure they have the
appropriate container solutions period.

To get there, says Reynolds, “the first phase [includes]
some element of prescreening work ... to select the
appropriate materials. That can be done either by us in
our laboratories — we have a pretty extensive laboratory
in-house where we can do that testing on behalf of
customers,” notes Reynolds, adding that many of West’s
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customers have that capability internally. “It really
depends on the sophistication and the capabilities of
the drug company that we are working with.” Reynolds
explains that this prescreening exercise narrows down
the choices, which may include a glass solution and a
plastic solution using West’s Daikyo Crystal Zenith
cyclic olefin polymer: “Often companies will test a CZ
solution and a glass solution.”

Other fundamentals, like how the product will be filled
and handled, need to be considered, says Reynolds. “Is it
in a vial or prefilled syringe? For instance, if a prefilled
syringe is going to go into a mechanical autoinjector, you
want to make sure to take into account the viscosity of
the drug. What forces are going to be necessary? What
speed of injection is needed? At that stage, you need to
really be considering not only the extractable, leachables
and compatibility, but what is the optimal containment
system to give the best result for the final drug delivery?
That opens up a whole new world of — do [ want
glass? Do I want CZ? Do I want break resistance? Am I
concerned about particles?”

Who gets involved in these discussions? “At that stage,
there might be multiple people involved, depending on
the complexity of the customer and their approach,” says
Reynolds. “Typically formulation scientists would be
involved to select the materials. You may have packaging
development people there saying T want it in a vial or
syringe or a cartridge, and what the dose volume would
be, for instance. What we’re finding now is that even at
that early stage, the device people are involved.” Kevin
Cancelliere, West’s marketing director adds, “there are a

Catalent’s new aseptic parenteral container brings advanced
plastic Blow/Fill/Seal technology to one of Pharma’s hottest

categories, injectables.
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number of key stakeholders involved in our discussions.
We are also seeing considerable interest from marketing.
A lot of brand managers are very much interested in the
type of primary containers to see if it can get them a
competitive advantage in the marketplace.”

For West, both Reynolds and Cancelliere say they
are seeing a stronger trend toward plastic, prefilled
syringes. “It’s no doubt that the gold standard legacy
is glass containers, but we are seeing a dramatic
increase [in the specification of plastic] because of the
emergence of the new biologics and the costs associated
with them,” says Cancelliere. “Drug companies are
very concerned with that expensive biologic and how
it interacts with primary containers and components.
We are seeing an uptick and we really think that
these trends are going to continue to grow over time.”
Part of the challenge says Cancelliere, is overcoming
people’s comfort level with glass. “Plastic containers
are still relatively new. I think as people become more
comfortable with them and see the benefits of plastic,
we're likely to see an increase in demand.”

Prefilled syringes represent one of the fastest-growing
packaging and drug delivery segments in Pharma.
According to a report published by Transparency
Market Research “Prefilled Syringes Market (Glass and
Plastic) — Global Industry Analysis, Size, Volume,
Share, Growth, Trends and Forecast, 2013-2019,” the
demand is being fueled by the advantages associated
with prefilled syringes, including eased administration,
reduced risk of cross contamination, less opportunity
for overfill, simplified handling and ultimately better
patient outcomes. In 2012, the global prefilled syringes
market, says Transparency Market Research, was valued
at $2.09 billion and is expected to grow at 13.3 percent
from 2013 to 2019, reaching an estimated value of $4.98
billion in 2019.

“We’ve actually been manufacturing pre-filled syringes
for many years,” says Patheon’s Pidgeon. “This year we are
validating a brand-new state-of-the-art, pre-filled syringe
line at our site in Monza, Italy. It’s a big investment for
the company and that’s where plastics are going to be
coming in.” Pidgeon explains that while he’s aware that
glass is still the most popular amongst Patheon’s clients,
plastics and co-polymers are moving up fast.

SCHOTT’s Busimi says his company is working hard
to meet the needs of this market. “Definitely we see
growth in the prefilled syringe markets,” says Busimi.
“Having both products in our portfolio with glass and
polymer allows us to understand our customer needs and
requirements, and then help them try to find the right
solution in our portfolio.”

16

PLASTIC IS FANTASTIC

For parenteral, sterile injectables in vials and syringes,
glass remains dominant, but advanced plastic materi-

als like West’s CZ are making real headway; SCHOTT’s
move to supply advanced polymer syringes is their hedge.
One market research firm noted that market growth for
plastic prefilled syringe technologies will be double that
of glass from 2013 to 2019. But, as far as the pharmaceuti-
cal packaging’s universe goes, plastic has clearly become
the material of choice across the vast majority of general
pharmaceutical container forms. Think about it; most
solid dose drugs in quantities of 50 or more come in plas-
tic bottles with those annoying but necessary child-proof
caps. Most sterile liquids, saline, water for infusion, etc.,
come in plastic bags or bottles, not to mention the bulk
supplies of the same.

SUPER INNOVATION

Drug innovation is driving packaging innovation and
this is most apparent in the area of dispensing/dosing
accuracy, patient compliance and other drug delivery
technologies. Whether it’s a prefilled multi-dose insulin
injector or a dose-metering and counting COPD therapy
inhaler, plastics are truly the only choice for designers
and engineers fabricating these devices. What’s interest-
ing to note is that for some of these devices the medicine
is contained in a cartridge — a market niche that both
plastic and glass are vying for, but a category where
there’s a good chance a relative newcomer to the scene,
plastic Blow/Fill/Seal (BFS), may soon come to dominate.

In 1963, Gerhard Hansen invented and built
the first BFS machine; by May of 1964 he founded
rommelag in Switzerland and began to sell his products
internationally. The innovation was profound. In a
single automatic process, BFS creates containers from
thermoplastic granules which are blown into a mold,
then inserts the liquid contents (fill) and then closes and
seals the container.

Among its biggest advantages, BFS technology does not
require the cleaning and sterilization processes that are
essential in other kinds of container production and fill-
and-finish operations. To provide maximum security in
the aseptic packaging of sterile liquids, creams, ointments
and vaccines, BFS machines can be equipped with
additional modules for quality assurance and monitoring
as well as aseptic systems for automatic cleaning and
sterilization of lines that come into contact with products.

Customers throughout the world, say rommelag,
quickly recognized the advantages of plastic
containers, and other enterprising entrepreneurs
recognized it as well, including Weiler Engineering
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who licensed the technology and brought it to the U.S.
in the ’70s. Its origins may soon be legend because BFS
has the potential to truly dominate; not only across
most sterile liquids, but for most parenteral injectables
as well. Tim Kram, general manager for rommelag
USA noted that worldwide interest in the technology
is growing, fueled by drug shortage fears that everyone
knows are mitigated by high-performing quality
management and risk regimes as well as process
excellence — something that BFS sterile, class 100
containment brings to fill-and-finish lines.

Describing its rising popularity, Kram points out
that in U.S. markets inhalation drugs account for
more than 2 billion units, ophthalmic drugs account
for 1 billion units and IV solution bottles (worldwide)
account for 2.5 billion units. According to Chuck Reed,
marketing director for Weiler Engineering, Weiler has
machines in over 35 countries producing a wide range of
pharmaceutical products which include “everything from
generic medicines to vaccines to oral, respiratory therapy,
ophthalmic, nasal, otic and nutraceutical applications,”
says Reed. The market, he says, is growing in every sector
due to (among other things) the increasing interest in the
sustainability of the BFS process. Citing its low carbon
footprint, recyclable base material, high utility efficiency,
Reed notes all of these contribute to the success of BFS,
not to mention a large movement away from glass, “which
continues to be a driver,” he says.

For rommelag, Kram says, customers break out
this way: 40 percent branded, 35 percent CMO and 25
percent Generic, a spread that may indicate that certain
segments are more compelled to adopt the technology’s
cost and quality efficiencies than others, especially those
developing sterile, liquid medicines. Reed notes that
“the BFS process provides a significant cost advantage
over glass. A complete BFS container is typically less
than 1/3 the cost of a similar glass format.” Due to the
flexibility in container design, Reed explains, “BFS is
becoming a preferred format for many combination
products due to the changes in device designs.
Additionally, BFS can simplify the manufacturing steps
to make the end device more cost effective.”

Purveyors of our other super packaging hero, Glass, say
their customers stay with glass because their processes
are validated and for anything new, there are tons of
data to draw from to support compliance and risk-
management regimes. “The risks and costs associated
with validating a new product [with glass],” says Kram,
“are better known in the U.S. than with BES technology.”
It is understandable, he concedes, that people want to
stay with the process that they know. “Thus we try to get
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onto the packaging option list for new products. We have
an extensive knowledge about compatibility that we can
offer to new customers, along with test containers made
from a selection of plastic resins. Once past compatibility
(not guaranteed), the process for validation is similar.”
There is no difference in validating plastic resins in the
same application, says Kram, “the difference stems from
the different product regulatory requirements, that is,
non-aseptic (preserved) products, aseptic products and
terminally sterilized products.”

Pharmaceutical manufacturers are embracing
the technology. For example, says Kram, Nephron
Pharmaceuticals in Columbia, South Carolina, is
expanding into injectable drugs with a BES ampoule.
An early adopter was AstraZeneca, which began
integrating the BFS process into its nose-drop
production environment, installing a rommelag
machine in the 1980s. By the 1990s the company ramped
up BFS operations in Westborough to support the
commercialization of its Pulmicort asthma medication,
delivered via an ampoule inserted in a nebulizing device.

Both rommelag and Weiler’s marketing and BFS
technology development spawned companies that
at first demonstrated the technology to potential
clients, but over time evolved to provide BES contract
manufacturing services. Catalent (formerly ALP with
a shared history with Weiler) offers its customers
extensive aseptic, glass-free BFS filling-solution
capabilities and capacity with experience providing
development through commercial scale manufacturing
support covering single- and multi-dose solutions
across complex emulsions and suspensions. Since its
inception, the company’s owners have continuously
invested in the facility; currently the 500,000 sq. ft.
plant encompasses a total of 38 BFS lines. Since 2011,
says Catalent, it’s invested approximately $40 million
in capital enhancements and are planning to add
another $40 million to further expand and improve
operations over the next three years. In September,
Ritedose, formerly rommelag’s sister business Holopac,
announced a $110 million expansion to its Columbia,
South Carolina, facility, planning to add another
80,000 sq. ft. to support enough capacity to meet
growing demand, says the company.

Yes, glass and plastic are Pharma packaging’s
superheroes, but while they are rivals, they continue
to develop their respective technical and material
attributes to cope with the ever-changing pharmaceutical
manufacturing landscape in an effort to win the hearts
and minds of drug makers and help fight the battle for
patient safety. @
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There are a number of areas where interpreting published information
and applying it in the real world has proven to be problematic

Uncommon Sense in
Process Simulations

By James Agalloco, Agalloco & Associates

THE ASEPTIC process simulation (or media fill test)
has been a compliance expectation for aseptic process-
ing operations since the 1980s. Industry guidance from
the Parenteral Drug Association (PDA), Pharmaceutical
and Healthcare Sciences Society (PHSS), International
Standards Organization (ISO), Food and Drug Admin-
istration (FDA), European Medicines Agency (EMA)

and Pharmaceutical Inspection Cooperation/Scheme
[PIC/S] regulatory outlines have endeavored to establish
the “what” and “how” of their execution. The PDA’s latest
guidance outlined the subject in a comprehensive manner
addressing all of the major elements of the simulation
design and execution.” It might be expected that given
the extent of the available content, that no controversies
or confusion would exist regarding process simulations.
Unfortunately, that is not the case. There are a number of
areas where interpreting the published information and
applying it in the real world has proven to be problematic.

ANAEROBIC MEDIA FILLS

The sterility test uses two media, Soybean-Casein Digest
Medium (SCDM) and Fluid Thioglycollate Medium
(FTM), to mimic the potential growth conditions pres-
ent in the human anatomy. Early guidance documents
on process simulation indicated that both media were

to be used in evaluating an aseptic process. More recent
guidance has largely eliminated FTM from consider-
ation recognizing that true anaerobic conditions cannot
be attained in the vast majority of conventional aseptic
filling operations — even those with inert gas purges
and/or lyophilization. Anaerobic conditions (oxygen
levels NMT 0.2%) can only be attained in isolator sys-
tems with a total inert gas environment. For all other
installations, SCDM should be the only media used, and
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oxygen should be substituted for inert gas. This ap-
proach will detect facultative anaerobes, which are the
only microbes capable of growth in FTM.

CONTAINER SIZE

Standard practice in the design of process simulation is to
bracket the vial sizes normally processed on an individual
filling line. Thus, a filling line used for 1, 2, 3, 5, 6, 10, 12
and 15 mL would ordinarily use the 1 and 15 mL vials

in the simulation. Consider, however, that several of the
containers might differ only in height, thus the 3 mL vial
might have a higher center of gravity than either the 1

or 2 mL containers and be more susceptible to tipping
over requiring added human intervention. Its inclusion
in the media fill program design is essential to support
the added activity necessary. The smaller 1 mL vial might
present its own set of unique difficulties and also warrant
inclusion. The preferred approach would include both the
1 and 3 mL vials representing the lower end of the range.
Size alone should not dictate the simulation design.

CONTAINER/CLOSURE HANDLING

As noted, the selection of process simulation test
components is commonly driven by container size.
Handling considerations have recently been given men-
tion to ensure that those components requiring added
handling for proper feeding are considered. In order

to make such a determination, data must be gathered
on the performance of components on the filling line.
Filling batch records should require the collection of
intervention data in a manner that allows for the iden-
tification of those components that cause the highest
frequency of corrective interventions on the filling line.
This must extend to both containers and closures, and
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perhaps their combination to ensure that the program
design incorporates the materials that create the need
for greater operator intervention.

INTERVENTIONS

The core concerns in all manned aseptic processes are

the activities performed by the operators. As the gowned

operators are universally acknowledged to be the pre-

dominant source of microbial contamination in the entire

activity, it stands to reason that everything the operator

comes into contact with is placed at risk. There are three

categories of operator activity in aseptic processing:

« set-up — the preparation of the line from individually
sterilized components

« inherent interventions — the activities required to oper-
ate the line, i.e., component replenishment, environ-
mental monitoring, etc.

« corrective interventions — the steps taken in response to
a system failure, i.e., vial breakage, stopper jam, etc. 1112

There are important considerations to be taken in

each of these areas that would benefit from clarification.

The specifics of each activity should be reviewed from

a microbial contamination potential, operator safety

and cGMP conformance perspective to provide a “best

practice” approach to their execution.

vw.pharmamanufacturing.co

LINE SET-UP

The task of assembling/positioning and adjusting the
individual sterilized filling parts should be considered
a specialized and singular inherent intervention. Its ex-
ecution by an experienced operator is the first aseptic
step in the process and often entails extensive interac-
tion with sterilized materials. The steps taken to ready
the line for use should be detailed and the operator
proficient in the entire sequence. The last portion of
the set-up includes: introduction of container/closures;
confirmation of their proper feed through the line;
adjustment of fill weights/volumes, closure placement/
seal force; and removal of the set-up units. Preference
should be given in equipment design and selection to
filling equipment that simplifies any aspect of the set-
up to reduce the interventional activity. Environmental
monitoring should be performed during the set-up,
and personnel monitoring upon completion.

INHERENT INTERVENTIONS

There are tasks involved in operating a filling line that
cannot ordinarily be eliminated in which the opera-
tor must interact within the critical zone. These tasks
are ordinarily repetitive and/or periodic in nature and
include: feeding components, taking environmental
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samples, operator breaks, etc. The execution of inherent
interventions should be performed in a singular manner
by all operators. The operators’ location, hand place-
ment, speed/sequence of execution and all other aspects
of them should be nearly identical on each execution re-
gardless of the operator. A parallel can be drawn to the
first ball thrown in each frame in bowling. Regardless
of who is throwing the ball, it must arrive in the 1-2 or
1-3 pocket to achieve the ‘best practice’ result of a strike.
Allowing operators to perform inherent interventions in
different ways invites contamination as compared to the
“best practice” procedure they have been instructed on.

The frequency present in inherent intervention should
be considered flexible. Where a filling machine has
demonstrated outstanding weight/volume control, the
interval between weight sampling can be lengthened.
Similarly, superior environmental control might provide
an opportunity for less frequent invasive environmental
monitoring. Automated equipment such as in-line weight
checkers and electronic adjustment can replace operator
interventions for both sampling and adjustment of fill
weight, in much the same way the introduction of the dry
heat tunnel can eliminate the need for operator transfer
of vials depyrogenated in a dry heat oven.

2]
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CORRECTIVE INTERVENTIONS

The need for corrective interventions is largely driven by

faults in the system. These can be the result of several fac-

tors including: inadequate equipment, deficiencies in the
set-up, and component handling (resulting from lax qual-
ity standards). Corrective interventions are never desirable
and their incidence rate in any lot can vary substantially
given the number of potential causes for them; they are
also variable with respect to the location and severity.
Consider the following scenarios relating to a fallen
vial and the expected operator corrective intervention:

« Vial falls over — Remove the vial, leave everything else
on the line alone to the extent possible.

« Vial falls over and breaks — Remove the vial and glass
fragments; remove any other potentially impacted vials.

« Vial falls over, doesn’t break, but spills — Remove the vial,
any other potentially impacted vials and remove liquid.

« Vial falls over, breaks and spills liquid — Remove the
vial, glass fragments, any other potentially impacted
vials, and remove the liquid.

Each of these interventions might be performed differ-

ently on different parts of the fill line. It should be im-

mediately evident that corrective interventions have to be

approached with greater flexibility in mind. The operators
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will need flexibility in dealing with corrective activi-
ties, and their training/execution must provide for more
general guidance. The procedures for corrective interven-
tions should be more principle-based to allow adaptation
to varying circumstances.

One aspect of wrong-headed corrective interventions
is a mandate for the removal of a specific number
of units or clearance of a specific zone. Blanket
statements of this nature should be avoided, because
they can result in increasing the duration/risk of an
intervention by mandating more operator activity in
the critical zone. The direction should be to remove
the least number of units possible focusing only on
those that are potentially impacted. If a single vial
falls over or has a misaligned stopper, its removal may
be sufficient to correct the fault. Removing adjacent
units only serves to increase the risk of contamination
to additional units. Holding to that practice suggests
that the entire line be cleared one unit at a time, which

nan

This can be supported in interventions/number of units,
intervention/time or interventions/batch. If the corrective
interventions are properly recorded in routine operation,
their inclusion at the proper frequency is straightforward.
The criticality of interventions in aseptic processing and
their simulation is such that the following bear repeating.
« Interventions always mean increased risk to the patient.
« There is no truly safe intervention
« Interventions are to be eliminated if at all possible; if
they can’t be eliminated, then their frequency should
be reduced as far as possible; simplified with respect to
their execution in all instances.
o The “perfect” intervention is the one that is designed out
or eliminated from the process!

DURATION

The length or duration of a media fill has always been
a point of regulatory concern. In the 1970s, media
fills rarely exceeded 3,000 units.! When the statisti-

The set-up and inherent interventions associated with the media fill
should be virtually identical to those in routine filling.

is clearly an absurd response to a minor failure. The
incidence rate for all corrective interventions should
be recorded for each lot with continuous improvement
practices defined to reduce the rate over time.

The last consideration of corrective interventions that
needs to be considered is whether a particular corrective
intervention should be simulated at all. There may be
instances where the execution procedure represents a
contamination potential that is excessive. Just because
something can be done, doesn’t mandate that it should. It
might be preferable to terminate any filling process when
an extraordinary situation presents itself rather than
undergo some heroic measures to execute it once, and
then endeavor to support it over time.

Addressing interventions in media fill programs
is actually quite simple. The set-up and inherent
interventions associated with the media fill should be
virtually identical to those in routine filling. The only
differences that would arise with these should be the
result of the process simulation itself: media introduction,
replacement of inert gases with compressed air, etc.

With respect to corrective interventions, the process
simulation should incorporate these (real or simulated)
at a rate that matches that observed in routine filling.
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cal implications of using an acceptance criterion of a
maximum 0.1% contamination rate were understood,
media fills started to exceed 4,700 units. The FDA’s
2002 draft Aseptic Processing Guideline brought an
increase to 5,000 units.”* More recently, there have
been EMA and FDA expectations for media fills that
exceed the maximum batch size allowed on the line.
This premise behind these increasing size simulations
is apparently rooted in the regulatory belief that the
microbial conditions on the line slowly deteriorate over
the course of the fill such that units filled at the end of
the batch have a higher potential for contamination.
There is ample evidence that this is not the case, and
if one considers the fundamentals of aseptic process
system design why such a concern is incorrect.” The
typical manned aseptic filling line whether conven-
tional or RABS is designed to continuously eliminate
contamination by the unidirectional downward flow
of air through the critical zone. There are no reports of
microbial contamination trending upward during an
operational day, and clear support to the contrary. The
appropriate duration for a process simulation should
be longer than the operators’ continuous presence in
the fill room, or 5,000 units — whichever comes first.

\anufacturina.c
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INCUBATION TEMPERATURE

One of the more puzzling aspects of process simulation
execution is the continued use of 2 different (20-25°C and
30-35°C) incubation temperatures for seven days each

for the filled units. The trouble lies in the dichotomy of
the temperature sequence. Industry surveys beginning in
1980s indicated that the industry was split almost equally
among firms that incubate first at 20-25°C and then at 30-
35°C, and those that began at 30-35°C and then switched
to 20-25°C. The arguments posed for doing this in either
fashion are largely theoretical. Noting this, PDA sug-
gested and FDA agreed to the use of a single temperature
between 20-35°C with an allowable range of +2.5°C.”
Using a single temperature simplifies the execution,
eliminates the need for large incubators and more closely
mimics what occurs with many products anyway. The
persistence of the antiquated practices across the industry
is puzzling given the operational advantages and regula-
tory acceptance of a single temperature.

PARTICIPATION

Perhaps the most confusing aspect of all with respect to
media fill execution is that of operator participation. The
FDA’s 2004 aseptic guidance includes the following:

“All personnel who are authorized to enter the
aseptic processing room during manufacturing,
including technicians and maintenance personnel,
should participate in a media fill at least once a year.
Participation should be consistent with the nature of each
operator’s duties during routine production.””

On the surface, this seems completely clear. However,
what exactly does “participation” in this context mean?
For those individuals that do not perform interventions
in the critical zone, the expectation is actually excessive.
To mandate that supervisory personnel participate to the
same extent they routinely do means they should stand to
the side and little else. For other gown-qualified personnel
sanitization staff, instrument mechanics and so on, that
do not intervene on an operating line they should also be
exempted from any direct involvement in the media fill
program. That leaves the set-up personnel (if different from
the operating staff), line operators and environmental
monitoring staff (if present) as those whose participation is
necessary to meet the regulatory expectation.
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The implementation of the regulatory desire is still not
without some difficulty. In a single line facility, with a
staff of four, two media fills would afford ample repetitive
opportunity for the four operators to perform each of
the permitted interventions without difficulty. Applying
the guidance to a larger plant is far more complicated.
Consider the following real world parenteral facility —
eight filling lines, two operating shifts and approximately
50 line operators. Ignoring the participation concern,
the facility would perform 32 media fills per year (8
lines X 2 shifts X 2 fills per year = 32). If there are 10
interventions to be included and they are performed
on average five times each in the media fill, then 1,600
total interventions would be performed each year.
Considering the 50 qualified operators, that converts to
an average of 3.2 interventions per operator per year!
Those 3.2 interventions would in theory support each
operator’s participation on all lines for all of the different
interventions. The confidence provided by this approach
is clearly compromised and an alternative approach is
necessary. Increasing the number of media fills to match
the intervention numbers performed in the smaller
facility would require 400 media-fills-per-year levels and
is not a realistic alternative.

The most appropriate means to address participation
at larger sites is reliance on procedural conformance.

If the means to execute the intervention is sufficiently
detailed and the operators well trained in the procedure,
then the aseptic process should be considered adequately
qualified despite every operator not having performed
every intervention on every line multiple times. As

the individual operators can be gown-qualified and
separately demonstrated to be proficient in the aseptic
techniques necessary, their participation is assured
through the procedural controls.

The execution of process simulations is an essential
part of the sterile product compliance demonstration.
The details of their execution have been addressed in
industry guidance documents, however the structure of
those documents precludes detailed examination of the
methods as afforded here. @

Editor’s Note: For the complete list of references associated with this

article visit: www.pharmamanufacturing.com

amanufacturing.co
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Fewer headaches, reduced complexity
and flexibility come with the territory

Single-Use Efficiencies
in Room-to-Room
Fluid Transfer

By Tony Butler, manager, Single-Use Applications AdvantaPure

FOR BIOPHARMA manufacturers, the challenge is
clear: quickly and efficiently transfer materials aseptically
from one physical area to another, while minimizing the
risk of contamination and maximizing efficiency and cost
effectiveness. This is especially true for cGMP facilities
adapting single-use technology as an operating platform
over traditional stainless-steel piping systems. A clear
solution to this challenge, however, is more elusive.

TRADITIONAL OPERATIONS

Hard piping transfer lines require intensive, costly, time-
consuming cleaning and validation, with a potential
negative impact on productivity and manufacturing flex-
ibility. Hard piping is also challenging to expand or up-
grade, involving the task of installing each port through
a bulkhead. Putting multiple lines of tubing through a
standard single-tube port without breaching isolation
can be an engineering and maintenance headache, and
each new connection adds another potential trouble spot.
Lastly, aseptic cleaning involves water consumption and
the frequent use of specialized chemicals, which may have
a significant environmental impact.

Using tanks and totes for physical transfer avoids some
of these problems but generally replaces those problems
with others — the risk of leaks and damage, for example,
as well as the chore of attempting to wipe down or clean
a filled bag inside a mobile tote bin. Tank and tote-based
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systems are also labor intensive, vulnerable to human
error and can be difficult to scale up efficiently.
Traditionally, biopharma manufacturers have accepted
the time, labor and monetary costs of FDA-compliant
aseptic fluid transfer across isolation barriers using
dedicated hard piping, multiple flow-path transfer panels
or movable tanks. Manufacturers have had to recognize
that downtime is inevitable when ensuring aseptic hard
piping transfer — they cannot move product through
piping and clean the piping at the same time — and that lost
production is an ever-present risk with tank-based systems.
At the same time, manufacturers have accepted the
idea that moving multiple lines of fluid across an isolation
barrier, via a single port, is difficult and an invitation to
trouble, as is rapidly transferring large fluid volumes.
Finally, manufacturers have found it challenging to
develop systems that are appropriate for a wide variety of
clean zone environments.

A WELCOME ALTERNATIVE

The development of single-use components for mate-
rial transfer has given biopharma manufacturers a
welcome alternative to maintenance-intensive hard
piping systems or transfer using tanks or totes. Single-
use components support environmental initiatives, lean
manufacturing principles and cost effectiveness, while
ensuring aseptic material transfer.
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The concept behind single-use fluid
transfer tubing is essentially what the
term itself implies: After each transfer
operation, the tubing components are
discarded and replaced with new, sterile
tubing. This ensures that materials
are always flowing through an aseptic
environment, protecting the biopharma
materials from contamination risk while
eliminating the need for time-consuming
and resource-intensive cleaning and
sterilization. Single-use components
reduce or eliminate the need for specialty
cleaning chemicals, which must be
stored and handled as dictated by MSDS
documentation.

It’s well known that single-use
components can help a facility increase its
flexibility and sprint capacity to respond to or anticipate
changes to production systems. That’s because single-use
components are designed to be disassembled quickly and
easily for rapid discard and are also convenient to install
and configure.

As a result, single-use systems are far simpler to modify,
expand or relocate than any dedicated hard-piping
system. The ideal single-use system can be installed and
taken down by facility staff with minimal training or
experience and no specialized tools because intuitive and
straightforward connections and seals are involved.

High-quality single-use components present
manufacturers with a choice of materials to work
with: platinum-cured silicone or TPE (thermoplastic
elastomer). Both materials are designed to be discarded
after only one aseptic pass-through of biopharma product
between clean rooms. Additionally, the materials have
undergone extensive physical, chemical and biological
testing and meet USP Class VI, FDA, ISO, European
Pharmacopoeia and 3-A standards.

BEYOND CLEANLINESS AND SAFETY
The adoption of single-use tubing presents manufacturers
with fresh tubing for each material transfer. But the ad-
vantages of single-use components go beyond cleanliness
and safety. Single-use components can greatly increase
flexibility and the ability of manufacturers to antici-
pate changing needs. For example, dedicated single-use
manifold assemblies are ideal for adding multiple fluid
flow lines through a single port without compromising
isolation barrier integrity.

This eliminates the need for ports with its multiple
moving parts while minimizing the maintenance that
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Figure 1. Single-use systems allow aseptic transfer of

fluids through walls and floors via portals as shown.

would otherwise be required to ensure the integrity of
an in-wall, pass-through system. Unlike hard piping,
single-use components require no welding, and a
facility’s staff can install or reconfigure a single-use
system usually with minimal training.

Ideally, single-use systems permit the aseptic transfer
of fluids through walls or floors regardless of thicknesses
and will accommodate multiple lines of fluid through
a single wall portal. Purge ports can be incorporated
into single-use system portals to reduce the risk of
cross-contamination. Purge ports introduce filtered air
to create a positive flow through the portal. The system
should be able to incorporate purge ports within a single
portal along with multiple tubing apertures.

A dependable material for portal assemblies, end
caps and hygienic union clamps has proven to be 316L
stainless steel, which one single-use manufacturer uses
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to fabricate all metal components
involved in its pass-through system.
For the tubing itself, unreinforced,
platinum-cured silicone tubing

is highly effective, versatile and
gamma stable. The low-volatile
material is cleanroom produced,
undergoes comprehensive testing,
and meets all relevant standards for
critical applications in biopharma,
nutraceutical, cosmetic and food
manufacturing facilities.

TPE tubing for biopharma
operations is also available, addressing
the need for gamma stable, weldable
and heat-sealable transfer tubing
without silicone oils. The ideal
biopharma grade TPE tubing will
maintain its physical properties
through sterilization processes, resist
kinking in confined spaces, remain
translucent for visible product flow
and maintain its material integrity
with no gummy residue.

The ability to create single-use
molded manifold assemblies is also
crucial to efficient and reliable fluid
transfer. Single-use assemblies are
well suited to sampling and storage
applications; facilities should be able
to choose between platinum-cured
silicone and biopharma grade TPE.
Single-use systems should also offer
a choice between aseptic or open
connector configurations, single- or
double-isolation barriers and user
process adaptability.

Sizing is another area in which a
range of options is important. The
variety of potential applications and
processes means that users should be
able to choose from an equally wide
range of standard tubing sizes, from
inside diameters as small as 0.03” up
to 1” or more.

The greatest flexibility would be
attained with portal sizes from 2” to
12” available as standard and custom
fabrication of larger sizes to extend
the spectrum of applications for
single-use tubing.

While the right single-use transfer
system for any facility will provide
secure and efficient material flow,
many manufacturers would probably
say that the flexibility of single-use
systems has been equally valuable
in their applications. The ability
to install, disassemble or modify
a single-use pass-through system
in minutes, without specialized
tools or techniques, adds enormous
value to the system and helps a
facility become virtually “future
proof” — able to adapt quickly to
change. One system, for example,
allows users to both install and
disassemble a pass-through assembly
in a few straightforward steps. The
changeover quickly makes the facility
ready for a new direction in its
processes — much more quickly than
an equivalent change could be made
to a hard-piping or a tank system.
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EXPECT FLEXIBILITY

Wall pass-through single-use sys-
tems for fluid transfer are well-suited
to today’s fast-changing biopharma
industry. Single-use components
provide an aseptic environment for
each process without costly and cum-
bersome sterilization and validation
procedures required with hard piping
or other traditional transfer systems.
Single-use requires no CIP chemicals
to use and dispose of and no extensive
use of water. It’s leaner than tank and
tote transfer and minimizes the use
of resources — human, financial and
natural — offering a smaller carbon
footprint. Finally, single-use systems
offer unsurpassed flexibility in deal-
ing with process changes and can
retrofit easily into existing operations.
Exploring single-use concepts can lead
to changes that make any facility’s pro-
cesses leaner and more adaptable. @
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ASEPTIC PROCESSING:
Origins to Current Day Technology

Understanding the history of aseptic manufacturing helps us to
better understand the correct choices today.

This presentation includes:
e A pictorial history and technology evolution of aseptic processing
e Personnel’s role in contamination

e Making the best choices for today and for tomorrow

PRESENTED BY JAMES AGALLOCO, AGALLOCO & ASSOCIATES  PRESENTATION LENGTH: 16 MINUTES, 09 SECONDS

http://www.brainshark.com/pharmamanufacturing/vu?pi=z18z1409jfz9Qtsz0
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