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technologies is escalating to meet new demands

by Nigel Walker, Managing Director,
That’s Nice LLC / Nice Insight

he hottest news in pharmaceutical

equipment purchasing is the signif-

icant increase in equipment bud-
gets from 2013 to 2015 — a whopping 69%,
according to Nice Insight’s 2016 Pharma-
ceutical Equipment Annual Survey of 489
pharmaceutical and biotech industry pro-
fessionals worldwide involved in purchasing
new systems and technology.[1] Dramatic
industry changes are the key drivers of the
increasing demand for faster, safer and

more versatile equipment.

The survey shows that more than one-third
(36%) of those involved in equipment buy-
ing decisions now have an annual budget of
$50 million to $100 million, and another 21%
have a budget of more than $100 million for

equipment purchases. A quarter of the re-

spondents have authorized spending limits
of $250,000 and more, and 37% have limits
of $100,000 to $250,000.

Respondents were mainly from biopharma
companies (45%) and branded pharma com-
panies (27%), primarily from North America
(41%) and Asia (40%), with the majority
from large pharma (46%) and mid-sized
companies (38%). Most hold managerial or
executive positions in their respective de-
partments and have a sound technical and
commercial understanding of their pharma-
ceutical equipment categories. Nearly all
respondents (90%) support internal process-
es for specification and purchase of process
and production technologies, and more than
three-quarters are authorized to approve

capital equipment purchasing.
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INDUSTRY CHANGES SPUR
EQUIPMENT DEMAND

The increased spending for equipment and
technology is based on dramatic changes
in the pharmaceutical and biotechnology
industry along with fierce competition. This
industry transformation is driven by pres-
sures to lower costs and increase productiv-
ity and pipelines. Likewise, pharmaceutical
equipment needs across the supply chain
are evolving, from the discovery stage to
packaging of final products. Major drivers
of the change include mergers and acqui-
sitions resulting in capacity changes, the
globalization of pharmaceutical supply
chains, and changing pipelines requiring

equipment innovation.

Over the last decade, the industry has seen
the rise of biotechnology-derived drugs
(the fastest-growing sector of the phar-

maceutical industry) and smaller-volume

Less than $10M

Annual Equipment

Purchasing Budget

11%

S100M+ Don't Know

www.PharmaManufacturing.com

niche drugs, as well as new cell-culture
techniques and biomanufacturing formats.
Niche and targeted therapies call for small-
er-scale, more diverse types of production,
and many new biologics need specialized
manufacturing. In the pharmaceutical sci-
ences area, there has been an increase in
poorly soluble drugs, requiring additional

processing steps.

There is also a growing interest in continu-
ous processing for the manufacture of both
APIls and pharmaceutical finished products.
The main drivers seem to be simplification
of scale up and flexible batch sizes to match
demand. The equipment scale does not
change — only the running time changes

when the dynamic steady state is reached.
Continuous bioprocessing is emerging as

a new trend in biopharmaceutical manu-

facturing, and the demand is likely to spur

$10M to $50M $50M to $100M

28%

Increase

36%

Changes in Equipment

21%

Remain the Same

4%

Decrease Unsure

25% 4% 1%

Budget 2013 to 2015

69%

There was a significant increase in purchasing
of pharmaceutical equipment budget over
the 2-year period from 2013 to 2015.
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additional development of this technology,
according to a recent survey by BioPlan
Associates. The industry’s desire for con-
tinuous bioprocessing innovation is more
focused on downstream than upstream

processes.[2]

Equipment suppliers are responding to

the industry demands for newer types of
equipment and technologies that are more
efficient, less costly, safer and able to meet
new industry needs and more rigorous
regulatory guidelines. Some of the key
trends impacting equipment purchasing for
pharmaceutical manufacturing and bio-
processing are: broader use of single-use
technology, continuous small-molecule
and biopharmaceutical manufacturing, and
equipment for potent substances and per-

sonalized medicine.

Single-use technology, widely used in
biopharmaceutical drug development, is
increasingly being used in larger, even
commercial scales in the production of
biologics. These flexible systems can reduce
operating costs and capital expenditures as
they replace traditional, more costly tools
such as chromatography columns and stain-

less-steel skids.

The major advantages of continuous man-
ufacturing are that it results in more con-

sistent products and processes, consumes
fewer resources, minimizes waste and low-

ers operating costs.

www.PharmaManufacturing.com

WHAT DRIVES

PURCHASING DECISIONS?

The leading driver of pharmaceutical equip-
ment purchase decisions, as ranked by 36%
of respondents, is reliability, which is de-
fined as the seller gives the impression the
company is stable, reliable and dependable.
Next, in order of rank, are process integrity
(equipment is manufactured and packaged
in compliance with stringent rules), cus-
tomer service and total cost of ownership,
which is the ideal asset purchase price

with efficient cost of operation. Equipment
efficiency and post-sale support are lower

in priority.

For most buyers, improving quality and en-
suring sterility as well as satisfying market
demand are the leading factors influencing
their equipment purchases. Other important
drivers are an increase in capacity to meet
the growing demand for existing products,
the need to improve equipment effective-

ness and upgrade to newer equipment.

Ironically, while quality is the leading influ-
encer of purchasing, product and system
quality is also the main source of dissatis-
faction. The next highest-ranking sources

of dissatisfaction are product durability and
reliability, followed by poor customer ser-
vice, cost overruns and insufficient technical

expertise of sellers.

The majority of buyers have in-house clin-

ical and commercial-scale manufacturing
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Pharmaceutical
Processing Equipment

93%

Fill /Finish & Packaging Equipment Laboratory Equipment

Interest in Purchasing

Equipment and Systems

T7% 87%

(61%) and packaging capabilities (68%). The
primary types of dosage forms they man-
ufacture are oral solid dosage and liquid
(64% each).

When evaluating equipment providers,
most buyers consider manufacturing and
process integrity the most important at-
tributes. About half of those who make or
influence purchasing decisions consider the
following attributes of providers important:
providing good product lifecycle manage-
ment, customer service, the ability to sup-
port equipment troubleshooting, the ability
to inspect and test equipment and good
communication and transparency. Other
close-ranking considerations are the ability
to view an equipment model and examine
its features and the reputation of the equip-

ment provider.

WHAT TYPES OF EQUIPMENT
ARE BUYERS PURCHASING?
Nearly all buyers (93%) are interested in
buying new pharmaceutical processing
equipment for formulation and manufac-

turing of small-molecule pharmaceuticals.

www.PharmaManufacturing.com

Biopharmaceutical
Processing Equipment

81%

Cleanroom Equipment

69%

A majority (81%) is focused on buying
biopharmaceutical-processing equipment,
reflecting the changing product pipe-
lines. Also, 87% are interested in pur-
chasing laboratory equipment and 77%
are looking to buy fill/finish and packag-

ing equipment.

The Nice Insight Survey focused on three
segments of pharmaceutical equipment:

processing, bioprocessing and packaging.

PROCESSING EQUIPMENT

For solid-dose processing, tableting and en-
capsulating equipment are the most wide-
ly purchased equipment. Purchased less
frequently, blenders, counting equipment,
form/fill and seal equipment and high shear
mixers are the focus of about one-third of

equipment buyers.

For semi-solid dose purchases, mixers/stir-
rers/blenders, heating and cooling equip-
ment and homogenizing equipment are of
greatest interest to buyers. And for liquid
doses, filtration equipment is what nearly

half of buyers seek.
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BIOPROCESSING EQUIPMENT

The most sought-after upstream biopro-
cessing equipment are incubators, gener-

al bioprocessing equipment and mixers/
blenders/millers. To a lesser degree, buy-
ers are acquiring cell culture biological
shakers, tank equipment, disposable and
stainless-steel bioreactors at the same
purchasing rate, and disposable bioprocess-

ing equipment.

Half of the purchasing representatives who
focus on biopharma products purchase
purification and filtration equipment, and
fewer buy disposable equipment (39%),
separation equipment (38%) and chroma-

tography systems and equipment (36%).

PACKAGING EQUIPMENT

Aseptic filling and sealing/capping equip-
ment for vials, syringes, ampoules and other
devices is the leading type of new equip-
ment purchased for primary packaging.
About one-third are interested in buying
aseptic blow-fill-seal equipment for eye
drops, blood and intravenous liquids, as
well as unit dose form-fill-seal equipment,
inspection systems and product assembly

lines for inhalers and patches.

For secondary packaging, nearly half of
buyers purchase labelers and printers.
About one-third are interested in bulk
packaging equipment, serialization equip-
ment, end packaging and tamper-evi-

dent solutions.

www.PharmaManufacturing.com

MANAGING SURPLUS

EQUIPMENT

The rising pace of company consolidation in
recent years and changing types of pro-
cessing and manufacturing has resulted in
considerable surplus equipment, driving
growth for the used equipment market. Of-
ten the equipment can be re-used or repur-
posed to meet current needs. Selling equip-
ment that is no longer used will typically
recover some of the capital expenditure,
depending on the type and condition of the
machine as well as the cost of removing it.
Many companies and contract service pro-
viders are turning to highly reputable, reli-
able used equipment dealers to help them
determine the best strategies and provide

support for selling and buying equipment.

In the 2016 Nice Insight Equipment Annual
Survey, 69% of those involved in equipment
purchasing pursue equipment investment
recovery primarily for equipment that is out
of date, as well as surplus, idle and redun-
dant equipment. The main types of surplus
equipment are fill/finish and packaging
(41%) and liquid processing (35%), followed
by solid dose processing and semi-solid
dose processing at 29% each. The top two
reasons for surplus equipment are that the
machine is outdated or the buyer seeks

an upgrade.

INCREASE IN OUTSOURCING
Contract service providers have been con-

solidating and ramping up their capabilities
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to meet the changing requirements of spon-
sor companies that are increasingly out-
sourcing to achieve further cost savings and
gain access to specialized technologies and
capabilities. Industry companies are seeking
service providers with advanced technical
capabilities and equipment, greater auto-
mation, and the ability to produce potent

compounds and controlled substances.

The 2016 Nice Insight CRO and CDMO
Outsourcing Surveys[3] saw a big jump in
expenditure by pharma and biotech com-
panies for contract services. Most compa-
nies spend $51 million to $100 million on
outsourcing and another 28% spend more
than $100 million, whereas the previous
year, the vast majority spent $10 million to
$50 million for outsourcing services. And
sponsor companies are increasingly seek-
ing longer-term relationships with a service
provider, such as a partnership or preferred

provider relationship.

References
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WHAT LIES AHEAD?

One of the emerging trends in biopharma-
ceutical manufacturing is 3D bioprinting. In
the future, 3D printing promises drugs print-
ed on demand, custom doses and unique
dosing forms, personalized printed oral
tablets and even the creation of living tissue.
And cost may no longer be a barrier to pro-
ducing niche medicines. In 2016, the integrat-
ed Tissue and Organ Printing System (ITOP)
was introduced, where scientists were able
to grow a human structure in the shape of an
ear. To make the ear functional, the inves-
tigators engineered microchannels to help
guide nutrient flow and mimic the function
of a vasculature network for printed cells.[4]
Imagine if the promises of this technology
become reality in a decade or more; how will
it impact pharmaceutical manufacturing and

equipment — and patient treatment?

To learn more about Nice Insight and individual annual

studies mentioned in this article, visit www.niceinsight.com.

facturing-in-000].
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Catalent.

SUCCESSFUL

TECHNOLOGY

TRANSFERS

To select an external manufacturing site,
one should look beyond cost; culture fit,
technical expertise, and flexibility are
important criteria as well. Learn more
about Catalent’ s systematic approach
for tech transfers from Mike Valazza,
Vice President Business Development,
Drug Delivery Solutions at Catalent
Pharma Solutions.

IS THERE A RIGHT TIME TO FIND A
MANUFACTURING PARTNER?

A sponsor company must decide where a
novel product will be manufactured long
before it files for regulatory approval. If
it does not have the capability, including
specialized equipment, the space or
capacity to manufacture it in house,
or believes that a third party is better
placed to deliver what it is looking for,
then it is important to bring experts
from the outsourcing partner onto the
development team as soon as possible.
This will enable the outsourcing partner
to review all the pertinent information,
develop a flexible solution and prepare
its own staff for the imminent technology
transfer process.

WHAT ARE THE SELECTION CRITERIA
FOR A MANUFACTURING PARTNER?

Aside from technological proficiency
and the supply chain factors, perhaps
the most critical consideration to ensure
success is the cultural fit including,
for example, whether the partner's
process innovation skills can benefit
the product development. If a particular
drug delivery platform would be the
best way to deliver the drug to patients,
then a partner skilled in that particular
format would clearly offer an advantage.

Another consideration is the increase in
treatments utilizing potent APIs and the
inherently more difficult manufacturing
process and controls these require; this
requires a partner with capabilities and
experience with potent compounds from
development to commercial supply.
Equally, if the drug itself has delivery
issues, perhaps because it is extremely
insoluble, then it may be beneficial
to work with an experienced partner
with capabilities and experience in
solving bioavailability or release profile
problems, or which can offer proprietary
delivery technologies.

CHALLENGES IN TECH TRANSFERS
& STRATEGIES TO OVERCOME
THESE CHALLENGES

Underestimating the impact, even
of seemingly minor differences in
processing equipment between research
and manufacturing groups, is perhaps
the most overlooked cause of unexpected
delays during technology transfer. Even
minor differences in any of the ancillary
or support equipment can result in a
technology transfer processing series (a
batch or a number of batches) that does
not achieve the expected results.

As we become a more globalized
pharmaceutical industry the excipients
in the formulation can be subtly different
from region to region. An excipient
that meets the USP standard in the US,
might not meet the criteria in Europe
or in Japan, and that may affect release
profiles. With respect to the API, the
particle size distribution of the APl in a
small batch can be different than that
of commercial quantities. As processes
become more automated on the larger

|
%
\)

scale batches, one may end up with a
completely different form of the API
that can affect the overall release of the
product. The information needed to be
tracked properly to ensure the product
and the process can be reproduced.

The effective transfer of analytical
methods is an important consideration
as well. It is vital that representatives
from analytical groups in the research
and manufacturing functions spend time
carefully discussing the methods before
the transfer takes place to minimize the
chances of a problem occurring further
along the development process.

WHAT DOES A SUCCESSFUL TECH TRANSFER
LOOK LIKE WITHIN CATALENT?

We look at the process through a
series of technical gates. Early on, we
look at the actual strategy, the work
that needs to be done. We work with
our partners to develop the transfer
and execution strategy, as well as to
pull together submission data. After
commercialization, we look back to see
what could have been done differently or
better, learn from that, and apply that to
future projects. A successful technology
transfer is looking at the product and the
process as if it's our own, applying good
science, working with clients to make
good decisions, launching the product,
and meeting all the goals that we set out
to achieve at the beginning.

Discover more solutions at www.catalent.com
GLOBAL + 1888 SOLUTION (765-8846)

Eu + 800 8855 6178

solutions@catalent.com
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resources aren’t allocated to =2 -%
identify the root cause on a significant failtre: p

creates the opportunity to implement an RCFA program.

By Anil Agrawalla, CMRP, Life Cycle Engineering

our clean steam generator system

stops and alarms. Production halts;

operations quickly calls main-
tenance. Maintenance jumps into action
and determines that the bearing seized in
the feed water pump. A bearing order is
expedited through procurement, mainte-
nance efficiently makes the repair the next
morning, and the production team runs
tests before putting the system back into
operation. Corrective actions are created
to ensure that the bearing is stocked in the
MRO storeroom, and to double frequen-
cy of the pump’s preventive maintenance.

The senior leadership team is satisfied with

the response and corrective actions, and

Notification Clarification Analysis

praises the team for limiting the production

delay to just 24 hours.

Does this scenario sound familiar? A criti-
cal piece of equipment fails and the facility
scrambles to get the system back to opera-
tion. Corrective actions are implemented to
reduce future failures, but are done without
asking why the equipment failure occurred.
Resources aren’t allocated to identify the
root cause on a significant failure like this,
yet resources are dedicated to other issues
that don’t seem as important to the busi-
ness. This gap creates the opportunity to
implement a Root Cause Failure Analysis
(RCFA) program.

Evaluation Verification Documentation
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Implementing an RCFA program at a phar-
maceutical manufacturing site can be a
large undertaking, especially for failures
that don’t affect product quality. Site re-
sources and priority are given to investiga-
tions for quality-related issues due to the
strict nature of FDA and regulatory require-
ments for issues that can impact a patient’s
health. Non-quality-related investigations
can significantly impact business but of-
ten don’t get the same scrutiny as quali-

ty investigations.

Including non-quality-related failures in a
well-planned RCFA program can bring sub-
stantial value to the company. Three factors
are key to program success when imple-
menting an RCFA program in a pharmaceu-

tical environment:

* Having a well-defined process that pro-
vides a strong foundation / framework

¢ Aligning the RCFA program with the
existing quality investigation process

to help ease the introduction to the

www.PharmaManufacturing.com

site and reduce the resources required
for implementation

« Communicating the program value to
senior leadership and the rest of the site
to achieve site-wide adoption and en-

sure persistency.

A six-step RCFA process will provide the
needed framework. Alignment with the
existing quality investigations occur within

each step.

STEP ONE: NOTIFICATION

The notification step is a pre-defined set
of triggers that initiate an RCFA investi-
gation whenever a failure event results in
significant loss to the facility. As a general
note, an RCFA program can investigate
any type of significant event. For the scope
of this program, events are intended for
equipment-related failures. Although the
initial failure symptoms experienced are
equipment-related, these failures may end

up having root causes that are not directly

attributed to the equipment.

Failure OSHA Maint Cost >
Event Recordable? X Dollars?
> Low Equip. Unsched. Repetitive > 3
OE? Downtime? Minor Stops? Required

No RCA
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The triggers used to initiate an RCFA inves-
tigation should encompass all aspects of
the business including major safety inci-
dents, environmental violations, product
quality issues, high maintenance costs, and
production downtime events. The triggers
should look for single, significant failure
events as well as smaller, repetitive failures
that occur frequently. Though a single,
smaller failure would normally not be inves-
tigated, the chronic and repetitive nature
can lead to a significant cumulative cost

to the company. The type of trigger and

its trigger level need to be customized for
each company. The triggers should be set
so that the cost of the root cause investi-
gation is less than the business cost experi-

enced by the company.

The Quality, Safety, and Environmental
departments may already have their own
investigation triggers for failure events
that have a quality or safety effect. Since
the process, tools used and goals of those
investigations are similar to ones used in
an RCFA program, a separate analysis is
generally not needed. A maintenance or
reliability employee trained in the site’s
RCFA program should join the existing in-
vestigation process to help with identifying
and mitigating the root causes. High main-
tenance repair costs and production down-
time can have a significant financial impact,
so both of these can be triggers for an in-
vestigation. Triggers for chronic events can

include repetitive causes that are trended

www.PharmaManufacturing.com

in the CMMS’s failure coding, or excessive
stoppages noticed on the production floor

during production runs.

A process map of the Notification step,
shown in the figure on page 11, displays

an example set of triggers. As the figure
shows, there is a clear definition and level
for each trigger, which reduces the ambigu-
ity of when an RCFA should be triggered.
The success factor for this first step of the
RCFA program is to ensure that the rest of
the facility is aware of the RCFA program
and its triggers. All employees, from opera-
tors to directors, are responsible for iden-
tifying equipment failures that trigger an
RCFA investigation and notifying the RCFA

process owner.

STEP 2: CLARIFICATION

Clarification entails the gathering of infor-
mation necessary to analyze the failure
events. Once an RCFA is triggered, an
RCFA facilitator should be quickly assigned
to gather any evidence or data related to
the triggered event before the evidence
disappears. The evidence can range from
physical parts, data logs, manufacturing
batch records or interviews from employees
involved in the event. It is critical for the
RCFA facilitator to be skilled in investiga-
tion techniques, particularly those involv-
ing interviewing personnel. The facilitator
should be able to gather factual event
information without alienating the inter-

viewees. These techniques are often taught
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Implementing an RCFA program at a pharmaceutical

manufacturing site can be a large undertaking,
especially for failures that don’t affect product quality.

through the Quality department for quality
investigations, and can be utilized to train
the RCFA facilitator.

During this step, the RCFA facilitator is also
responsible for identifying cross-functional
team members needed for the investiga-
tion. The cross-functional team — of varying
expertise and departments — is led by the
RCFA Facilitator. This team should review
the failure event and determine information
and evidence required for the investigation.
The facilitator should log the team member
responsible for collecting evidence and the
due date. Finally, the RCFA team should
quantify the business cost of the failure
event being analyzed. Assigning the failure

event a monetary value helps explain the

Types of Cost

effect of the failure to the senior leadership
team and others at the company. A sample
list of cost factors are listed in the table
below, and should be used to calculate the
cost of the failure. In addition to the cost of
the failure, the facilitator should also log the
costs and time spent during the investiga-
tion. This cost will be used to show the total
cost of the investigation, and will be com-
pared to the benefit achieved from mitigat-

ing future failures.

STEP 3: ANALYSIS

In the analysis step, the team uses their
problem-solving tools to identify the root
causes. Certain investigations require a
more complex RCFA method due to their

complexity. A fishbone analysis may be

Maintenance Labor for repair

Expediting Costs for Parts/Material

Material/Parts used for Repair

Lost Production Capacity

Outside Vendor/Repair Costs

Cost of Environmental Violations

Lost Production Labor due to standby

Cost of Injuries / Loss Time of Work

Lost Production Material/Product Costs

Product Quality Defects

Additional Overtime needed

Other

eBOOK: Facilities and Operational Investment 13



used for a simple failure event, whereas a
fault tree analysis would be more appro-
priate for a complex failure event. These
problem-solving tools used in root cause
investigations are similar to those used for
quality investigations. Using common prob-
lem-solving tools will reduce the resources
needed to train team members, since train-
ing for quality investigations at a pharma-
ceutical facility are usually well-documented
and already implemented. In addition, senior
leaders will be able to easily understand the
analysis results due to their previous expo-

sure to these problem-solving tools.

A key aspect of the analysis is that all
assumptions and hypotheses should be
proven to be true or false by actual data. A
root cause cannot be considered actionable
unless it has been validated. Each hypoth-
esis and assumption should be logged, and
an action should be identified to help prove
its validity. If no method exists to prove

its validity, that assumption or hypothesis
needs to be clearly identified on the prob-

lem-solving tool.

The final output from this step is the identi-
fication of all the root causes that led to the
failure event. Depending on the complexity
of the event, there could be a single root
cause, or there could be multiple contribut-
ing root causes that combined to cause the
failure event. These causes can be classified
as three different types: physical root, hu-

man root and latent root.

www.PharmaManufacturing.com

Physical roots are contained in the phys-
ical evidence gathered after failure, and
are related to the physical failure mech-
anism rather than being the true root
cause. An example is a pump failure cause
by a seized roller bearing that was over-
greased. While the seized bearing was

the physical cause of the failure, it doesn’t
address the human behavior that led to the

over-greasing.

The human root refers to inappropriate
human intervention that led to the failure.
In the seized bearing example, the human
root cause could have been — not following
the SOP for greasing bearings. This hu-
man oversight doesn’t tell us why the SOP
wasn’t followed. Usually there is a systemic
issue causing the SOP to not be followed,

which leads into the third root type.

Latent roots ask why the human action
was allowed or wasn’t properly detected
or prevented. In the same example, the
employee may not have followed the SOP
because he wasn’t adequately trained on
the SOP, or the SOP task wasn’t specific
on how to properly grease the bearing.
While any of the three types of root causes
can be addressed for correction, the latent
root is the most effective root to develop
corrective actions for preventing future
occurrences. It addresses the system-

ic issue, rather than looking at a specific
employee’s error or the physical effects of

a failure.
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Quantifying the value of these corrective
actions will help convey the importance of their

implementation to the senior leadership team, and
increase their acceptance of the RCFA program.

STEP 4: CORRECTIVE

ACTION EVALUATION

In this step, the team determines corrective
actions for each of the root causes iden-
tified during the analysis, and determines
their financial feasibility. A cost-benefit
analysis will help determine which correc-
tive actions, once implemented, will provide
the most value to the company. Quantifying
the value of these corrective actions will
help convey the importance of their imple-

mentation to the senior leadership team,

Types of Corrective Action

Implementation Costs

and increase their acceptance of the RCFA
program. The table below shows examples
of costs and benefits to consider when eval-

uating each corrective action.

Once corrective actions have been selected, a
metric should be identified to measure the ef-
fectiveness of each corrective action’s results
and to quantify the benefit of the corrective
action. The metrics should directly correlate
the corrective action’s ability to reduce the

direct effect originating from the root cause.

Types of Corrective Action
Implementation Benefits

Maintenance labor

Reduced production downtime

Maintenance material/parts

Energy reduction

Lost production due to scheduled downtime

Reduced environmental fines

Engineering costs

Reduced capacity losses

Outside vendor costs

Reduced overtime labor premiums

Training costs

Reduced quality losses

Procedure development costs

Capital avoidance

Policy change costs

Reduced part usage

Additional cost to implement on other assets

Reduction in PMs / SOPs

Additional benefit from implementing on other assets
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STEP 5: VERIFICATION

The verification step ensures that the cor-
rective actions are implemented promptly,
and validates that the corrective actions
are as effective as expected. Prior to imple-
mentation, the corrective actions and anal-
ysis work should be presented to a gov-
erning body that can critique and review
the analysis. This governing body should
consist of senior leadership, technical man-
agers and any other pertinent employees
who are familiar with the RCFA investiga-
tion. The goal is to validate the analysis and
identified corrective actions, and to acquire
appropriate funding for implementing the
corrective actions. Once approved, the
RCFA Facilitator should track the correc-
tive actions assigned to team members and
provide them with a realistic due date. The
facilitator will ensure that the corrective
actions are complete and have satisfied the
expected return on investment. The team
should also review if the corrective actions
can be applied to similar systems within

the facility.

STEP 6: DOCUMENTATION

The last step of the RCFA process, docu-
mentation, includes the final reporting of
the results, storage of documents and com-
municating results of the RCFA program.
Each investigation should conclude with a
final report. Aligning the report style with
an existing report style from quality investi-
gations will help the company speak a com-

mon investigation language. These reports

www.PharmaManufacturing.com

should be made available in a central digital
repository that is accessible and searchable
by all site employees. If possible, the CMMS
can be used to link the investigation, the
analysis and the corrective actions. Along
with a final report, the RCFA facilitator
needs to communicate any success stories
with the rest of the site. Marketing these
results will help display the importance and
value of the effective RCFA program. Ideal-
ly, the repository will also allow for trending
and analysis of root cause failure categories

to help identify systemic issues.

Part of the documentation step is mea-
suring your program and looking for op-
portunities to improve. Key Performance
Indicators (KPIs) are used to share the
status and value of the RCFA program. The
KPIs should be used to measure and trend
behaviors within the RCFA program, indi-
cate the current snapshot of the program,
and show the program’s overall value. An
example of a behavioral KPI is the Percent-
age of Trigger Notifications Received within
1 day of the Failure Event. A low percentage
shows that the rest of the site isn’t quickly
notifying the RCFA team, which means that
there is low visibility, low importance, and/
or low level of acceptance of the RCFA
program. Another behavioral KPl example
is the Percentage of RCFA Investigations
Started within 2 Days of Notification. A fail-
ure event’s data and information disappear
very quickly, so it is important that RCFA

investigations start promptly to ensure the
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integrity of the evidence. Examples of KPls
that show a snapshot of the program status
are percentage of RCFA investigations
open and completed, and the percentage
of corrective actions that are in progress,
completed or denied. A final metric, used to
show the value of the RCFA program, is the
return on investment of the RCFA Program.
This ROI metric incorporates all the costs
incurred by the investigation, including the
cost of the investigation itself and imple-
mentation cost of the corrective actions,
compared to the realized costs savings
and/or cost avoidance of the corrective

actions that were implemented.

PERMANENT SOLUTION

FOR REDUCING RISKS

Setting up a process to investigate
non-quality issues at a pharmaceutical

site can be a challenge due to the priority
given to FDA and regulatory compliance
events. However, the company can reduce
risk, avoid costly failures and increase their
manufacturing output by implementing an
RCFA program to investigate failure events
that aren’t related to quality. Focusing on
three factors — process, alignment and
communication — will ensure a successful

implementation of an RCFA program at
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your pharmaceutical facility. A well-defined
process provides the strong foundation the
program needs to become a permanent
solution for reducing future risks. Aligning
the RCFA program with the quality inves-
tigation process helps gain efficiencies

in tools utilized, training and resources
required. This alignment also helps ease
the introduction to the site and increase
management’s acceptance of the program
due to their familiarity with the existing
problem-solving concept. Communicating
the value of the RCFA program is the final
key factor in a successful implementation.
Highlighting success stories, sharing key
performance indicators and communicat-
ing the program’s value in a simple dollars
and cents valuation will assure site-wide
awareness and sustain the adoption of the

RCFA program.
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Planting

the Seed
for Speed

iBio’s commercial-scale

Manufacturing.com

biotherapeutics manufacturing =~ --*
facility built speed and flexibility into every step — from

initial design and construction to daily operations

By Karen Langhauser, Chief Content Director

ou probably won'’t find a lot of

presidents of successful contract

manufacturing organizations glee-
fully operating the forklift inside the manu-
facturing plant, but Barry Holtz is no ordi-
nary leader — which is quite fitting because

iBio is no ordinary biopharma facility.

“Anyone can build monuments,” says Dr.
Holtz. “But the fun comes in seeing them in
action — being the one to push that green
button. Building systems that work is the

greatest reward.”

The iBio facility is a testament to what can
be accomplished when efficiency is built
into the design from the start. Formerly
operated by Caliber Biotherapeutics, the
Bryan, Texas, facility was designed, con-

structed and fully functional in less than 18

months from groundbreaking. The facility
boasts meticulous design considerations
ranging from concepts as simplistic as
locating parking lights across the street to
avoid insect infestation to the sophistication
of an automated, multilevel growing envi-

ronment that uses proprietary LED lighting.

The 139,000-square-foot building, con-
veniently located in the “bio-corridor”
abutting the campus of Texas A&M Uni-
versity, was developed with funding from
the Defense Advanced Research Projects
Agency (DARPA) as part of the Blue Angel
project. The Blue Angel project focused
on new ways to produce large amounts of
high-quality, vaccine-grade protein in less
than three months in response to emerg-
ing biological threats. iBio’s proprietary

plant-made pharmaceutical technology was

eBOOK: Facilities and Operational Investment 18



www.PharmaManufacturing.com

IBio scientists engineer vectors containing
the target sequence within a viral replicon.
The vector is transferred to an Agrobacte-
rium host that efficiently introduces target
DNA to the plant cell nucleus.

The viral replicon directs the production of
large amounts of target-specific messenger
RNA in plant cells, which is translated into
protein by the plant’s own machinery for
several days.

Once the plants have been infiltrated

with agrobacteria, the viral sequences of
the launch vectors, along with the cloned
target sequences, are massively ampli-
fied through the action of virally encoded
enzymes. Translation of these recombi-

nant viral vector mRNAs can result in the

5. The plants accumulate high levels of tar-

6. The plant biomass is harvested, homoge-

iBio Plant-Based Technology: How it Works

accumulation of gram quantities of target
protein per kilogram of fresh plant tissue in

less than a week.

get protein in their leaf and stem tissue.
This expression of recombinant protein

is termed “transient” expression because
the target gene sequence is expressed as
protein for a fixed period of time, and the
foreign genes are not incorporated into the
plant chromosome to result in the creation

of transgenic plants.

nized and clarified to produce an extract
containing the protein of interest. Proteins
are further purified as required using conven-

tional separation and chromatography steps.

licensed to Caliber for the project, which Additionally, iBio recently announced the
demonstrated successful use of the technol- successful application of its plant-based
ogy on a commercial scale. technologies to achieve the first milestone

in its commercial development agreement

In January 2016, iBio, together with inves- with AzarGen Biotechnologies for the de-
tors Eastern Capital Limited, purchased the velopment and manufacture of an improved
Caliber facility and formed iBio CMO — a surfactant protein for the treatment of neo-
contract manufacturing organization for natal respiratory distress syndrome (RDS).

the development, scale-up and large-scale
manufacturing of biologicals. THE TECHNOLOGY

iBio’s primary research, development and

This summer, the U.S. FDA granted Orphan manufacturing system employs vacuum-in-
Drug Designation to iBio’s lead investiga- filtrated Nicotiana benthamiana plants —
tional biotherapeutic product, iBio-CFBO3, tobacco relatives indigenous to Australia
for the treatment of systemic sclerosis. — grown in a fully contained, hydroponic
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Each G-CON POD is served by its own independently controlled, redundant HVAC system.

system for transient expression of recom-
binant proteins. In plain English, once the
plants have been infiltrated with agrobacte-
ria, the bacteria hijacks the protein-making
functions of the plant and the plant leaves
replace a traditional bioreactor, becoming a
“protein factory.” The plant biomass is then
harvested and the resulting extract is puri-
fied through a downstream process similar
to what you’d see in a typical biopharma

facility. (See sidebar on page 19.)

The iBio CDMO facility can grow over 4
million plants hydroponically as “in pro-
cess inventory” and can deliver over 300
kilograms of finished therapeutic protein
per year if run at full capacity. Technology

transfer and scale-up is vastly simplified

because the need to adapt cell lines to the
scale of the bioreactor is eliminated in the
plant-based process. Simplification also
equates to customer cost-savings. As a
CDMO using proprietary plant-made bio-
pharmaceutical development and manufac-
turing technologies, iBio can take a poten-
tial protein into commercialization faster
and more cost-effectively than traditional
CDMOs. A recent, in-depth, technoeconom-
ic peer-reviewed paper reported the cost
of goods for a monoclonal antibody was
estimated at $160/gram at a yearly produc-
tion rate of 300 kg per year. Economical
production at this smaller scale is difficult in
CHO. And yet, the great majority of mAbs
coming forward have smaller total produc-

tion requirements, between 10-120 kg.
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Higher environmental temperature unifor-
mity is achieved with LED lights, at a much
lower energy input. Lights are also low volt-
age and waterproof.

SMART DESIGN

The building was designed in a parametric
building information management (BIM)
and estimation model using advanced
three-dimensional, computer-aided-design
(CAD) systems. The BIM process involves
creating digital representations of the
physical and functional characteristics of
the facility. Several sophisticated software
systems, such as D-Profiler (a parametric
3D CAD-based estimating tool), Revit ob-
ject-based 3D CAD design system, Navis-
works for ‘in silico’ design conflict resolution
and Synchro Design timeline planning were

utilized. This “virtual construction” allowed

www.PharmaManufacturing.com

the design team to work out design prob-
lems and inefficiencies prior to actual con-
struction. The 3-D design software enabled
the team to visualize concepts and simulate

how the designs would perform.

COLLABORATIVE DESIGN

The manufacturing facility project was
design-build. Design-build, often seen as

a faster, more cost-effective alternative to
traditional design-bid-build methods, en-
ables the design-build team to work under
a single contract with the project owner to
provide design and construction services.
“One entity, one contract, one unified flow
of work from initial concept through com-
pletion — thereby re-integrating the roles
of designer and constructor,” explains the

Design-Build Institute of America.

The project design team was led by Beck
Architecture, with pre-construction and
construction teams from Beck Group. The
design group also included EEA Engineer-
ing (mechanical and process) and a team
from G-CON Manufacturing — the makers of
autonomous, cleanroom PODs. Beck Archi-
tecture was the owner of the BIM model.
The design group worked directly with the
mechanical and electrical contractors, Britt
Rice Electric and Garrett Mechanical, who

were also familiar with Reuvit.

During the build, the lead architect, lead
mechanical engineer, CAD specialists in

Revit, Navisworks, and Synchro were onsite
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IBio’s LED lighting provides 166 percent more

photic energy on plants than conventional
lighting, for 66 percent of the energy cost.

as was the iBio QA team and Barry Holtz
himself. This onsite collaboration, accord-
ing to Holtz, allowed the team to “process
change orders in hours instead of days and
design many of the systems ‘on the fly’ —
including the proprietary lighting (which
was being developed during the build) and
the laminar flow wall optimization. “The de-
sign-build process, combined with the skill
of the team and direct participation of the
owners, allowed this technical achievement
to be made real and operational in record
time,” reflected Bryan Jones, principal and

lead architect, The Beck Group.

BUILDING IN PROCESS EFFICIENCY
The facility’s vertically designed, space-ef-
ficient grow rooms feature 14 levels of
racks of N. benthamiana plants growing
under iBio’s proprietary LED lights. Due to
the 40-foot height of the ceilings and the
need for plants to be maintained at uniform
temperatures, the grow rooms had to be
constructed as horizontal laminar airflow
rooms — in fact, the facility boasts the two
largest laminar flow systems in the world.
The growing rooms circulate very large
volumes of air with low temperature differ-

entials over the 100 feet between the walls

and can maintain a temperature differential

of less than +/- 2 degrees F.

EEA Consulting Engineers were enlisted

to assist in the construction of perforated
plate supply and return air plenum walls
on each side of the grow rooms. Compu-
tational Flow Dynamics (CFD) modeling,
which uses computational software to vi-
sualize how gas flows, was used to design
specific perforation patterns and prove the
concept would work prior to installation in
the field.

iBio jointly designed its own custom LED-
based lighting array fixture with an LED
lighting provider. LED lighting provides
multiple advantages over standard fluores-
cent lighting. Most importantly, it enables
higher environmental temperature uniformi-

ty at a much lower energy input.

The facility’s novel LED lighting system has
proven to reduce germination and pre-in-
filtration growth time from 6 weeks to 5
weeks, as well as reduce energy costs. “A
photon is a terrible thing to waste,” jokes
Holtz, as he points out that the LED lighting

provides 166 percent more photic energy

eBOOK: Facilities and Operational Investment 22



on plants than conventional lighting, for 66

percent of the energy cost.

All downstream processing occurs in
G-CON’s groundbreaking GMP manufac-
turing POD technology. The completely
self-contained units, which are equipped
with air bearings that enable them to be
easily moved into place, provided a truly
flexible, cost-effective approach to con-
struction. The POD shells were transported
to the iBio site by flatbed truck and moved
in and connected to the building in only a

matter of hours.

The PODs provide iBio with “ultimate
flexibility,” says Holtz, enabling rapid
reconfiguration of the downstream pro-
cesses without disruption of the ongoing
operations in the facility. The PODs offer a
complete control system, utilizing Rockwell
ControlLogix programmable logic control-
lers. Each POD is served by its own inde-

pendently controlled redundant heating,
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ventilating and air-conditioning system.
The PODs recapture and reuse heated and
cooled air from their hosting facility for

enhanced energy efficiency.

HANDS-ON APPROACH

Under the careful supervision of Holtz

and his team, every detail of the facility
was scrutinized, optimized and custom-
ized. “In this business, your hands need to
be connected to your head,” says Holtz.
Coming from a world-renowned pioneer in
plant-made pharmaceuticals who also got
behind the wheel of the bulldozer during
groundbreaking, this sentiment couldn’t be

more believable.

The resulting execution of an 18-month
build is a shining example of design innova-
tion, rapid facilities systems integration and
highly efficient construction management
— with the added bonus of the ability to
develop medical countermeasures to rapid-

ly respond to biothreats and outbreaks.
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Three La
of HVAC
Optimization

HVAC systems hold the key to
energy efficiency in pharma

By Alaina Bookstein, Optimum Energy

harmaceutical manufacturing fa-

cility executives increasingly face

demands to cut operational costs
and drive down energy and water use to
meet corporate sustainability goals. Heat-
ing, ventilation and air conditioning (HVAC)
systems are a natural place to look for such
savings: these systems typically account for
65 percent of the energy used in pharma-
ceutical manufacturing facilities, according
to research by Lawrence Berkeley National
Laboratory, and chilled water plants con-
sume large amounts of water every day.
Optimizing HVAC systems to minimize
energy and water use clearly has enormous

financial and sustainability benefits.

HVAC efficiency projects, however, often
fail to deliver on their promise. In environ-

ments where maintaining precise ambient

aManufacturing.com

conditions is essential to product quality,
even new, state-of-the-art HVAC systems
lose operational efficiency after installa-
tion. System operators, faced with pressing
operational needs, understandably will take
control, overriding set points and sacrific-

ing efficiency.

The HVAC efficiency upgrades that succeed

aim for system-level optimization (mechan-

ical systems working at peak effectiveness,
all the time) rather than simple individual
component efficiency. The engineers at

Optimum Energy have broken down this

approach into three laws of optimization:

1. Measurement comes first. Without an
accurate measure of energy use by each
piece of equipment in the system, it is
impossible to accurately predict and re-

port the impact of varying conditions on
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the system. In other words, if you can’t
measure it, you can’t optimize it.

Focus on the system. If an optimization
plan focuses on installing the most effi-
cient pieces of equipment without con-
sidering how to maximize performance
of the whole system, it won’t capture
the total available efficiency. Holistic,
automatic optimization of HVAC sys-
tems typically increases energy effi-
ciency by an additional 10 to 25 percent
over just installing new equipment.
Optimization must be automatic,
dynamic and continuous. To achieve
maximum efficiency, optimization must
be a real-time dynamic process, not a
static set-and-forget process. Opera-
tional control of a pharmaceutical man-
ufacturing plant or research laboratory
must be based on real-time inputs and
adjustments. Without that data and au-
tomation, you cannot fully optimize the
HVAC system while maintaining strict

environmental conditions.
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Following these laws can lead to impressive
results. For example, Amgen’s Thousand
Oaks campus in southern California im-
proved its average efficiency rating by 33
percent and saved $990,000 and 11 million
kWh annually by optimizing three chiller
plants and upgrading its building automa-

tion system (BAS).

The facility installed Optimum Energy’s
OptimumLOOP technology, which works
through the BAS to continuously and dy-
namically adapt the chilled water plant’s
operations to conform with fluctuating
loads, weather and occupancy conditions. A
connection to the cloud-based OptiCx soft-
ware platform increased visibility into plant
operations, which revealed that a lead plant

was operating extremely inefficiently.

Pharmaceutical facility directors can wring
savings out of even the most demanding
environments — with new or existing equip-

ment — by following the laws of optimization.
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Taking your processing capabilities to the next level is a strategy for
success; one that often demands upgrading equipment to meet new
production goals and future requirements. For immediate access to
the best technologies at the right price while maximizing returns from
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you optimize operations while recovering equipment value through
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Penny WISE
With capital spending on the _--"'--
rise, readers prioritize innovation geared

toward increasing speed and efficiency

By Karen Langhauser, Chief Content Director

anufacturing pharmaceuticals has cess through a strategy of careful capital

traditionally been a capital-inten- expenditure (CapEx) investment with an

sive endeavor, given its require- eye on increased capacity, speed and effi-
ment of highly specialized, highly regulated ciency, in an effort to shake the most out of
manufacturing and processing equipment. their manufacturing assets.

Pharma’s leaders continue to pursue suc-

The Pharmaceutical Manufacturing editorial

Regarding manufacturing operations, what most often team recently queried its readers for the

are your top day-to-day operational goals? . . .
¥ p cay Y op 9 third time in an effort to understand more

Increasing production clearly how CapEx is being managed where
II..II..II. 8% they work, and the spending priorities that
Boosting overall efficiency support their operational strategies.

]

Improving product quality

. .. STILLRISING

The pharmaceutical industry has report-

Keeping aging assets operational

Illll..l 050  ed capex spending to be on the rise since

2013. There has been a significant increase

Administering paper-based compliance and monitoring regimes

.IIII 20.3% in equipment budgets from 2013 to 2015 —
Just getting the darn batch finished and released in fact, a whopping 69 percent, according
I..I 153%  to the Nice Insight’s 2016 Pharmaceutical
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Given your current facility/operational profile, how
would you generally characterize your production assets
and manufacturing systems?

Current, up to date,
End of their lifecycle \ meetir}g-global
and increasingly productivity and

costly to maintain quality standards
operational
excellence

47.5%

Dated, but well
maintained and cost-
effective to operate

Equipment Annual Survey of 489 global
pharmaceutical and biotech industry pro-
fessionals involved in purchasing new sys-

tems and technology.

Pharmaceutical Manufacturing’s surveyed
readers indicated that the trend has con-
tinued in 2016. Almost 63 percent of sur-
veyed readers report that from FY 2015 to
FY 2016, capital spending on production
assets/technologies and process systems at
their companies is increasing. Only 17 per-

cent reported a decrease in spending.

Specifically, when readers were asked to
rate their company’s capital spending/in-
vestment performance over the last year in
terms of improving production infrastruc-
ture, more than 50 percent described it

as “cautious, but adequate, keeping pace

www.PharmaManufacturing.com

with professed productivity, safety and
quality-associated initiatives.” Twenty-four
percent gauged it to be “ample and a high
priority, focused on meeting present and

future business goals.”

With confirmation that pharma is indeed
investing in capital expenditure, where do
their investment priorities lie? A lot seems
to depend on daily operational goals. Lead-
ing the pack is the desire to boost overall
efficiency (69.5 percent), followed closely
by improving product quality (50.8 percent)
and increasing production (45.8 percent).
While the FDA might be slightly disappoint-
ed that quality improvements did not come
out on top, they can rest easy knowing that
very few respondents prioritized (perhaps
lightheartedly) “just getting that darn batch

finished and released.”

In their quest to achieve these day-to-day
goals, more than 86 percent feel process
innovation and improvement is important or

very important to their organization.

THE CURRENT SITUATION

When asked how they would character-

ize their company’s production assets and
manufacturing systems, readers generally
had good news to report. More than 40
percent reported assets and systems to be
up-to-date, meeting global productivity and
quality standards; and 47.5 percent say they
are dated, but yet well-maintained and cost

effective to operate.
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So when it’s time to invest, on what sort of
shop floor systems are companies spend-
ing the most capital dollars? Higher speed,
higher-capacity processing systems and
equipment to meet increasing product
demand or new product production is in
the lead (35.6 percent), followed by adding
process analytical technologies to existing
lines to understand critical processes better

(23.7 percent).

OPEX SHIFT

Industry trends reveal that to better man-
age the costs and expenses associated with
drug manufacturing, operations managers
are looking for innovative ways to shift from
traditional capital expenditure models and
turning to operational expense models in
pursuit of operational improvements and
new or extra capacity. In fact, about 2/3 of
surveyed readers agree that this is a strate-
gy worth pursuing, while 22 percent report
this trend to be increasing at their plants, as
they seek partners and suppliers that sup-

port this operational/financial necessity.

Those who agree this strategy is worth
pursuing are applying their manufactur-
ing-related OpEx dollars mostly toward IT
systems/infrastructure (48.6 percent) and
late-stage development production (40

percent).
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Industry trends reveal that to better manage the costs
associated with drug manufacturing, managers are
looking for innovative ways to shift from traditional
CapEx models and turning to operational expense
models in pursuit of operational improvements and
new/extra capacity. Do you agree that this strategy is
worth pursuing?

WHO ANSWERED

Representing manufacturing’s most import-
ant roles, the survey attracted individuals
from all operational levels —from executive
leadership to plant floor operatives. Of all
respondents, nearly 83 percent have re-
sponsibilities that include supporting inter-
nal processes associated with the specifi-
cation/purchase of process and production
technologies. The survey found that 66
percent of respondents have spending au-
thority in their current roles. More than 42
percent are authorized to spend more than
$100,000.
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ompany

Companies looking to purchase
manufacturing equipment have choices

uying through original equipment manufacturers
B (OEMs) often means long lead times and higher
prices, which may not be necessary, nor acceptable for
many manufacturing needs. Previously used or surplus
pharmaceutical, nutraceutical, chemical, and plastics
equipment used in production can also be found for
sale, and in inventory, from qualified used equipment
dealers. In fact, some of these pieces have never been

used, or were installed, but never used in production.

A good used equipment dealer typically automatically
gives a prospective buyer, who knows what they need,

a competitive purchasing deal. Likewise, for those who
need more guidance, an established dealer will be up to
date on what’s current, what’s new, what you may need,
or what controls and requirements are available for your
specific manufacturing needs. Large companies often em-
ploy in-house scientists that develop products and teams
to transfer that knowledge into production. Smaller or

less established companies may not have those assets.

To that end, an established equipment dealer can work
closely with small and medium-sized companies to
find solutions uniquely suited to their needs. And some
dealers already have established agreements with
those larger companies to find a home for their surplus
equipment. Equipment customers of every size are
experiencing a shift in equipment needs with changes
in technology and demand. New ingredients, formu-

lations and batch sizes can significantly change what

they need to create high-quality, effective products,

thus freeing up machines.

Buying used equipment cuts down on the time it takes
to get into production. For example, new machines
can have long lead times, anywhere from eight to 16
weeks, depending on the make and model. Used equip-
ment, already in a dealer’s inventory, is often ready for
delivery and can reduce the time an owner-operator
might spend working out the kinks of new machines.
Only in recent years have companies come

to view pre-owned equipment as acceptable. Nowa-
days nearly every company either, at least considers

or actually purchases used equipment. The quality of
pre-owned equipment and the expertise of a qualified
dealer in selecting the right machine for the right job

have gone a long way in changing that.

Cleveland-based Federal Equipment Company works
with customers to, not only find the ideal machine, but
often at 60- to 70-percent lower cost than new. With
more than 50 years of experience in the processing
equipment industry, Federal Equipment is a leader in
asset management and supply chain support. Federal
Equipment Company’s 800,000 square feet of ware-
house space spans 12 buildings. Its 8,000-piece catalog
of equipment runs the gamut from chemicals and
plastics to pharmaceuticals, which includes nutritional
product and vitamin manufacturing equipment. Learn

more at www.fedequip.com
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