
































Pharmaceutical Product Quality

by Daniel Y. Peng,” Richard Lostritto, Dafni Bika, Jean-Marie Geoffroy,
Thomas Shepard, Brian Eden, Kenneth Coté, Alpesh Patel,

Michael Choi, and Lawrence X. Yu*

*The views presented in this article by the authors do not necessarily

reflect those of the Food and Drug Administration.

This article presents summary report of the main points from the 28th IFPAC
Annual Meeting Process Capability Symposium.

he symposium, “Use of Process Capabil-
ity to Ensure Pharmaceutical Product
Quality,” was held on 23 January 2014,
in Arlington, Virginia (USA) during the
28th International Forum on Process
Analytical Chemistry (IFPAC) annual
meeting.! More than 75 participants
from worldwide innovator and generic
pharmaceutical companies, academia,
regulatory agencies, and professional societies attended this
symposium. Pharmaceutical scientists from both the innova-
tor and generic pharmaceutical industries and the Food and
Drug Administration (FDA) presented their perspectives on
the potential applications of process capability to moni-
tor pharmaceutical product quality. The panel discussion
provided an excellent source of information regarding the
challenges and opportunities when using process capability
indices. This summary report documents the main points
from the symposium and intended to stimulate further dis-
cussion on the use of process capability.
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Opening Remarks

On behalf of symposium chair Dr. Lawrence Yu (Acting
Director, Office of Pharmaceutical Science, Center for Drug
Evaluation and Research (CDER)/FDA), Dr. Daniel Peng
delivered opening remarks. Dr. Peng began with a quotation
from H. Thomas Johnson: “What you measure is what you
get. More likely, what you measure is all you'll get. What
you don't (or can't) measure is lost.”? This highlights the im-
portance of measuring the right things and measuring them
correctly. Dr. Peng emphasized that, in the past, it was usual
and customary to set acceptance criteria based on process
capability (the variability observed in the data). However,
this practice unintentionally allows manufacturers with
poor manufacturing and process controls to have products
with relatively wider acceptance criteria compared to good
manufacturing and controls with tight specifications. This
also could be one of the fundamental reasons why the phar-
maceutical industry only gets 2-3 sigma since, the specifica-
tion is set based on process capability.® To break the vicious
cycle, our view may need to be fundamentally changed so
that the role of specifications is to confirm (control) product
quality rather than process robustness. Therefore, prior to
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further discussion on process capability, it is important for
all of us to understand that acceptance criteria should be in-
dependently established based on product safety and efficacy
(patient’s needs), not process capability.

Clinically Relevant Specifications: A
Regulatory Perspective
Dr. Richard Lostritto (Acting Deputy Director for Science
and Policy and Acting Biopharmaceutics Lead, Office of New
Drug Quality Assessment (ONDQA), CDER/FDA) discussed
the regulatory perspective on Clinically Relevant Specifica-
tions (CRSs).

Dr. Lostritto first introduced the working definitions of
some vocabulary related to CRSs:

» CRS: in vitro test methods that reject batches that are
likely to exhibit inadequate clinical performance.

+ Adequate Clinical Drug Product Performance:
appropriate pharmacological action and safety for a given
drug, indication, route of administration, and patient
population.

» Equivalent Quality: equivalence between test and ref-
erence drug products based on in vitro specifications and
bridging studies.

» Bioequivalence: equivalence between test and refer-
ence drug products based on drug independent pharma-
cokinetic criteria (e.g., Cmax, Tmax, AUC).

» Clinical Equivalence: equivalence between test and
reference drug products based on drug dependent criteria
of safety and efficacy.

The longstanding problem is that end product testing is
asked to fulfill two conditions: to serve as a quality control
tool (precise and accurate manufacture) and to serve as a
predictor of in vivo performance. In the current state, there
is often not enough focused data and knowledge on this
issue to be sure that both of these conditions are met at the
time of initial approval. Dr. Lostritto stated that “This is just
an observation, not a limitation,” and he suggested that with
some thoughtful modification of development programs
with CRSs in mind, this may be achievable earlier on without
a huge increase in total work.

Today, we have additional tools to help us address this
situation, such as In Vitro/In Vivo Correlation (IVIVC), In
Vitro/In Vivo Relationship (IVIVR), Biopharmaceutics Clas-
sification System (BCS), guidance documents, modeling/
prediction software, and published research findings. The
time is right to use these tools of greater mutual benefit in
developing and implementing CRSs. There are also industry,
regulatory, and professional standards, as well as societal
expectations of quality, purity, and potency, to consider that
may reasonably transcend other less sensitive factors (e.g., a
very wide therapeutic index).
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Benefits of CRSs include: 1. reject batches with likely
inadequate in vivo performance would be rejected, 2. follow
up actions after a reject are better clarified to be patient
relevant, 3. related in vitro quality standards are more likely
to have clinical relevance, and encourages meaningful in-
novation, and 4. post-approval changes are better linked to
meaningful product performance requirements.

Challenges to developing and implementing CRSs in-
clude: 1. an organic and multicultural resistance to change,
2. to be there at initial approval may require some shift in
development focus, and 3. uncertainty in the balance of op-
portunity costs to gains.

Dr. Lostritto presented four case studies to illustrate the
benefits of and challenges to setting up clinically relevant
dissolution specifications for immediate release and extend-
ed release products. He closed with a view of future develop-
ments in CRSs: 1. CRSs are needed in the modern world, 2.
the benefits of CRSs are worth investing in, 3. compartmen-
talizing the problem on a risk basis can facilitate progress,
4. CRSs will exploit and in turn further stimulate other
advances such as quality by design (QbD), and 5. consider
more supportive data to support CRSs at initial submission.

Use Process Capability to Ensure
Pharmaceutical Product Quality
Dr. Daniel Peng (Senior Product Quality Reviewer/QbD
Liaison, Office of Pharmaceutical Science, CDER/FDA)
gave an overview on how to use process capability to ensure
pharmaceutical product quality. Dr. Peng first introduced
the definition and calculation formula of the four process
capability indices according to the ASTM E2281 standard
guide.* Dr. Peng then discussed the difference between
process capability indices (Cp and Cpk) and process perfor-
mance indices (Pp and Ppk). Process performance indices
(Pp and Ppk) account for the overall variability in the system
and do not require the process to be in a state of statistical
control. Hence, process performance indices address how
the process has performed and cannot be used to fore-
cast future batch failure rate. On the other hand, process
capability indices (Cp and Cpk) only account for the inherent
variability (noise) due to common cause of a stable process.
It represents the potential (theoretical) capability (i.e., how
well a given process could perform when all special causes
have been eliminated). In order to evaluate if the process
reaches a statistical control state and estimate the inherent
variability, Shewhart control charts and the eight Western
electric rules are often used.*® Dr. Peng then further dis-
cussed different types of control charts and used examples to
illustrate their uses in the pharmaceutical industry.

To facilitate the discussion and collect industry feedback,
Dr. Peng used questions to ask the audience’s opinion on
the potential applications of these process capability indices
during the product development stage, process scale up/
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technology transfer/process qualification stage, and routine
commercial manufacture stage. The general consensus is that
process capability indices can be a powerful tool during late
stage commercialization (e.g., technology transfer, process
qualification, and routine commercial manufacture). During
the development stage, the preliminary index has its limita-
tions due to limited batches and equipment scale. Dr. Peng
also shared a case study in which the Agency performed a
process capability analysis of eight generic products and their
Reference List Drug (RLD) of an anti-epilepsy drug product.
The batch release data of the annual stability batches (ranged
between 10 and 18 batches based on data availability) were
collected. All generic products and the RLD met current

USP quality standards. However, process capability indices
provided quantitative metrics by which to rank manufactur-
ing process performance and help FDA focus its surveillance
efforts on the manufacture sites that had the lowest per-
formance (especially when the Ppk 95% confidence bound
was below 1). Dr. Peng also proposed a vision that it may

be possible to use these indicators as “Real-Time Quality
Surveillance” tools to monitor process performance—similar
to how credit card companies monitor abnormal transactions
nowadays—in the future with advances in IT infrastructure.

Finally, Dr. Peng summarized the advantages of the process
capability indices: 1. it considers not only the process mean
and variability, but also considers these in relation to the
specification that is established based on patient needs (safe-
ty and efficacy), 2. it is quantitative and action enabling, 3. it
can apply to cross sectors (brand, generic, OTC, and biotech
products), and 4. no additional testing is required since the
commercial batch release data are available at the manufac-
ture site per current regulations. Hence, Dr. Peng believes
process capability indices provide a simple and powerful tool
by which to ensure product quality and process robustness
while not adding too much burden to industry to implement
the tool.

Product Robustness: Reducing Variability
and Ensuring Delivery of Superior Quality
Products to Patients
Dr. Dafni Bika (Vice President, Global Manufacturing Sci-
ence and Technology, Bristol-Myers Squibb) provided an
innovator pharmaceutical company perspective on how to
use process capability indices as a tool by which to drive
operational excellence at Bristol-Myers Squibb (BMS).
Dr. Bika started the presentation by describing that
“process robustness is the ability of a

of the implementation are still needed.

The symposium, “Use of Process Capability to Ensure Pharmaceutical
Product Quality,” was held on 23 January 2014, in Arlington, Virginia
(USA) during the 28th International Forum on Process Analytical Chem-
istry (IFPAC) annual meeting. This symposium provided an opportunity
for pharmaceutical scientists to discuss the potential applications of
process capability indices to ensure product quality. Various presenta-
tions from both the innovator and generic pharmaceutical industries
and the Food and Drug Administration (FDA) were included. The panel
discussion provided an excellent source of information regarding the
challenges and opportunities when using process capability indices.
This summary report documents the main points from this symposium:
1. clinically relevant specifications (CRSs) are needed in the modern
world, and are worth investing in because of their benefits, 2. process
capability indices can be a powerful tool by which to ensure drug
product quality and process robustness, 3. case studies from both the
innovator and generic pharmaceutical industries demonstrated that
process capability indices can be an useful tool by which to drive op-
erational excellence and ensure delivery of superior product quality, 4.
use of process capability indices should always go hand-in-hand with
enhanced scientific understanding, and 5. some technical and culture
challenges in implementing these tools still exist. Hence, further discus-
sion and broadly engaging industry and other stakeholders on details

process to demonstrate acceptable
quality and performance while toler-
ating input variability.” Then, Dr.
Bika discussed that product robustness
is a holistic and comprehensive strategy
at BMS that is used to ensure product
quality, compliance, and uninterrupted
supply. The process capability concept is
therefore applied across the value chain
from raw materials to manufacturing
processes and distribution to reduce vari-
ability from different sources (materials,
equipment, methods, processes, etc).
Process robustness monitoring plans

are applied to many new, growth, and
mature products. This is supported by
automated data gathering and analysis
at the growth and launch manufacturing
sites with future technology implemen-
tation planned for most sites. Product
robustness and process capability analy-
ses also have been extended to analytical
methods, equipment, distribution, and
selected external manufacturers. BMS
has updated its business processes and
quality systems and engaged employees
in developing the required skills and set-
ting the expectations.
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Dr. Bika then discussed the application of process moni-
toring plans and data analysis (including process capabil-
ity) across all stages of validation lifecycle, with emphasis
on early and routine commercial manufacturing (Stage
3).” Product performance across the network is tracked by
leading indicators (e.g., process capability) and resulting
business outcomes such as reduction of product recalls,
batch rejections, and investigations. Dr. Bika also presented
specific process monitoring examples, robustness improve-
ment cases, and future applications.

Dr. Bika concluded that even with some challenges that
exist, the return on investment is evident and manifests
itself every day across BMS'’s manufacturing network in
savings from yield and cycle time improvements, avoidance
of rejects, write offs, and time lost on investigations. It also
continues to building an engaging and proactive culture
where monitoring data and related metrics are used to an-
ticipate and prevent manufacturing issues.

Control Charting Drives Value Creation

by Identifying Opportunities for Reducing
Product Defects and Confirming Enhanced
Performance*

*Dr. Jean-Marie Geoffroy and Thomas Shepard from Ho-
spira were not in attendance to deliver their presentation
due to unforeseen conflicts.

Dr. Jean-Marie Geoffroy (Vice President Quality, Pharma-
ceutical Engineering and Analytical Services, Hospira) and
Thomas Shepard (Director of Manufacturing Science and
Technology, Hospira) prepared a case study on how control
charting drives value creation by identifying opportuni-
ties for reducing product defects and confirming enhanced
performance.

Control plan strategies for parenteral drugs and their
containment are evolving with the industry’s regulatory envi-
ronment. The ability to use leading indicators to predict field
performance remains our industry’s best option for reducing
customer and patient risk. This case study is one example of
how mature product control plans can be developed using the
concepts of QbD and how overall quality can be improved.

The overall strategy for controls is structured to progres-
sively monitor critical response variables that indicate the
performance and quality of the 1V container. Control is
obtained by identifying critical parameters that correlate to
the overall quality of the product, then monitoring the pa-
rameters, and finally acting on changes in parameters. Each
phase of product maturity requires control planning and is
part of an overall control strategy. The phases of product
maturity are raw components, in-process preassemblies,
pre-sterile product, and finally released product. The histori-
cal performance of each phase is used to generate baseline
control parameters and limits.
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The control plan for mature products starts with the lag-
ging variable and moves upstream to define design Critical
Quality Attributes (CQA) for the product, and progresses to
Critical Control Parameters (CPP) for the manufacture and
incorporates the component CQA. Component CPP was not
included in this study.

Phase 1: identify primary areas of field performance and
monitor for variance over time with Pareto analysis and
control charting.

Phase 2: online process inspection is trended by lot to indi-
cate overall capability of the process to produce defect-free
containers. Defects at the form fill seal pre-sterile inspection
were identified as a leading indicator for field performance.

Phase 3: identify if average performance or product con-
sistency is the primary driver for pre-sterile defects. Aver-
age performance of the container is defined by the design of
the device, while the degree of variability in the container is
dependent upon the overall compounded variability of the
process as measured by temperature, equipment alignment,
pressure, and component performance variability. Com-
pounded variability was identified as a leading indicator for
pre-sterile defects.

Phase 4: identify areas of contribution to compounded
variability. Unscheduled process interruption (equipment
failure, intermittent operator intervention, process readjust-
ment, etc.) and component dimensional variability were
identified as primary contributors to process variability.

The interrelationship between component and unscheduled
process interruption was observed when the process steady
state was disturbed by a disruption in component supply or
placement.

A continual improvement project was initiated to standard-
ize component placement and add upstream component
dimensional monitoring at the component supplier. Imple-
mentation of the project resulted in a reduction of unsched-
uled process interruption. Effectiveness of the improvement
was then monitored and was substantiated by a significant
improvement in field performance. By using an integrated
control plan of leading performance variables to provide
indicators for field performance productivity, overall quality
was improved.

Process Capability Applications: Mylan’s
Perspective

Brian Eden (Vice President, Global Operational Excellence,
Mylan Inc. (absent due to business travel)) and Kenneth
Coté (Operational Excellence Leader, North America Techni-
cal Operations, Mylan Inc.) described the applications of
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Process Capabilities - Cp and Cpk -
Generic Industry Perspective
Dr. Alpesh Patel (Vice President, Global Regulatory Affairs,
Amneal Pharmaceuticals of NY LLC) described Amneal’s
generic industry perspective on the current status and
practices of using process capability indices to improve drug
product quality over product lifecycle.

Dr. Patel started his presentation by quoting from
Socrates, “The unexamined life is not worth liv-
ing.” He modified the quotation to be “An unexamined
manufacturing process is not worth implement-
ing” to remind the audience how important it is to control
the process to the target with minimum variation. Then, Dr.
Patel discussed the definition in process capability indices
in layman language by using the parable of parking a car
(mean and variability) into a garage (fixed specifica-
tions) to help the audience understand the concept. Fur-
ther, Dr. Patel discussed a process capability roadmap based
on Amneal’s current practice. To illustrate the roadmap, Dr.
Patel first shared a case study for a transdermal patch pro-
cess understanding of the coating step: 1. perform initial risk
assessment to select potential high-risk process parameters,
2. conduct multivariate studies using formal experimental
design to identify critical process parameters (CPPs), 3.
optimize CPP ranges to achieve the desired product perfor-
mance with minimum variability, and 4. demonstrate pro-
cess robustness by using the statistical process control tools
(individual control charts, Xbar-Range charts) and process
capability analysis (Cp and Cpk). Then, Dr. Patel shared
another case study for an oral tablet compression unit op-
eration process understanding and control by using batch-
to-batch tablet weight data as part of continual improvement
to demonstrate process capabilities during product lifecycle
management. Dr. Patel concluded that “Process Capabil-
ity indices (Cp/Cpk, Pp/Ppk) are excellent tools that can be
used during development and throughout product lifecycle
to ensure the drug product quality.”

Process Capability: Understanding the
Science and the Statistics

Dr. Michael Choi (General Manager, Johnson & Johnson
HyangNam Pharmaceutical Plant, Korea) gave a presenta-
tion on how to link QbD to process capability using science
and statistic tools (e.g., process capability indices).

First, Dr. Choi gave a brief introduction on process ca-
pability and discussed the benefits and limitations of using
process capability indices in manufacturing process control.
Then, Dr. Choi shared an example case study for tablet drug-
layering process understanding and how science and process
capability tools can be used to improve process robust-
ness." A process capability equation is derived from the first
principles for a precision tablet coating process to illustrate
the scientific and statistical relationship between the critical
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quality attribute composite assay, material attributes, and
process parameters. By isolating the “true” process capabil-
ity from the overall process capability, the “noise” (from
sampling, analytical methods, etc.) can be quantified. If the
“noise” is a significant portion of the overall process capabil-
ity, opportunities exist to improve the overall process ca-
pability by examining and reducing this “noise.” The “true”
process capability may be improved by adjusting the process
according to the mechanistic relationship.

Dr. Choi further discussed the potential applications of
process capability indices in risk assessment and control
strategy establishment. For example, process capability
indices and scientific relationships can be used to assign
objective values to the severity, probability, and detectabil-
ity for failure mode and effects analysis (FMEA)-type risk
assessments. Dr. Choi concluded that the use of process ca-
pability indices should always go hand-in-hand with process
understanding. This provides a better way by which to link
QbD to process capability and yield superior product quality.

Panel Discussion

How do we establish clinical relevant specifica-
tion, for example, dissolution specification, for a generic
product that generally does not have as much clinical data
as the new drug during Phase 1-3 clinical studies?

As highlighted in Dr. Lostritto’s presentation, a
risk-based approach can greatly facilitate progress in this
area. For example, standard dissolution media and accep-
tance criteria would be appropriate for an immediate release
oral solid dosage form of a highly soluble (BCS I or I11) and
non-narrow therapeutic index drug substance. On the other
hand, for some high-risk drug products (e.g., extended
release oral drug product or immediate release drug product
formulated with poorly soluble drug substance), the ap-
plicant should make every reasonable effort to develop a
dissolution test that is predictive of in vivo performance.
The applicant may use USP methods or FDA-recommended
methods as a starting point. As the applicant gains addition-
al experience during product development (including any pi-
lot bioavailability or bioequivalence studies), the dissolution
methods should be iteratively modified to have appropriate
discriminating power. The applicant may explore a differ-
ent apparatus, media compositions, speeds, etc., to develop
the appropriate discriminating conditions. The panel also
referred to the FDA/Office of Generic Drugs’ Example Phar-
maceutical Development Report for an immediate release
(IR) dosage form* and modified release (MR) dosage form,"
which illustrate these principles in details.

With that said, the panel also pointed out that the dis-
solution approaches used today are often non-robust in that
they may be inherently over-sensitive to minor changes in
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validation directives, statistic analysis manuals, procedures
for locking and updating statistic control limits, etc.)

5. Itis across-functional effort that requires many parts of
the organization to collaborate and align (process, analyti-
cal, engineering, quality, regulatory, and procurement).

How do we evaluate within batch variability of
legacy products?

The traditional quality control tests based on the
current regulatory paradigm do not address this issue. Some
companies test 10-30 samples from each drum of a large
production batch to estimate the within batch variability.
Some companies use the assay data from different pack-
age configurations to estimate within batch variability. The
panel also mentioned that the concept of using subgroups
(samples taken and tested periodically during a large pro-
duction batch manufacturing) to construct a control chart
is also applicable to evaluate the within batch variability.>®
The control charts can then be used to evaluate whether the
process for manufacturing this batch is in a state of statisti-
cal control, and the process capability indices can be used to
evaluate whether the process for this batch is capable.

The audience also mentioned that stratified sampling of in-
process dosage units based on the Product Quality Research
Institute’s (PQRI’s) blending uniformity working group
recommendation is an alternative way by which to estimate
the within batch variability.'

Does the generic industry also need to adopt
this approach?

We are all here for one reason: to ensure that medi-
cines available to the American public are of the highest
quality. It is very important to ensure both generic and in-
novator drug products meet the same quality standards—an
expectation even more relevant because generic products
account for more than 80% of U.S. medicines.” It has been
and will continue to be the FDA's policy to ensure the same
quality standard between innovator and generic products.
This will be further supported in the proposed Office of
Pharmaceutical Quality (OPQ) by integrating review and
inspection across product lifecycle.

What is the difference between “in a state of
control” versus “in a state of statistical control”?

A process is “in a state of statistical control” when
all special causes have been eliminated and the variation
seen in the data is random and inherent to the process itself
(process noise). In order to evaluate if a process is in a state
of statistical control, it is often associated with the use of a
control chart and the eight Western Electric Rules for special
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cause tests. However, there is no general agreement on
which rule or rules should be strictly applied. Each com-
pany may have different practices for when to use the eight
Western Electric Rules. Nevertheless, it should be noted that
a control chart is only used to evaluate whether a process is
in a state of statistical control and does not address whether
the process is acceptable or not since the control chart itself
is not related to the specification. A process can be very
stable (i.e., in a state of statistical control), but not meet
customer needs (out of specification). Vice versa, a process
may be out of statistical control, but still be well within

the specifications. These two terms describe two different
aspects of a process.>®

What is the relationship between QbD and
process capability? How do we evaluate process capability
during the development stage?

During the development stage, the objective is
to ensure that the product and process are appropriately
designed and any aspects (e.g., drug substances, excipients,
formulation, container closure systems, manufacturing
processes, in-process material, and final product) that are
critical to product quality, safety, and efficacy are identified.
To achieve this goal, a number of input material attributes
and process parameters are deliberately varied across a
range of values according to experimental design. Based on
the impact of these parameters on the drug product interme-
diates and finished drug product Critical Quality Attributes
(CQAS), critical attribute of input materials and CPPs can be
identified and an appropriate control strategy can then be
established. In most cases, the process is not in a statistical
control state during the early development phase; therefore,
Cpk is not the appropriate index. However, if sufficient
development batches are produced, preliminary Ppk and its
confidence bound can be calculated. The data can be used to
assess how the designed product and process can approxi-
mately achieve the target quality attributes in the desired
range. If not, fundamental changes of the product and/or
process design may be necessary to achieve the predefined
target. This can significantly help the company identify
incapable process during the early stage and avoid wasting
resources. It is well known, however, that these develop-
ment studies are often conducted at the laboratory or pilot
scale. Therefore, the preliminary Ppk obtained from the
laboratory or pilot scale cannot be extrapolated to produc-
tion scale unless the process can be demonstrated to be
scale independent or that scale up of the process can be well
predicted with a high certainty. As such, extra cautions need
to be taken to interpret these preliminary indices obtained
during the development stage. Nevertheless, enhanced un-
derstanding of the formulation and process builds the solid
foundation needed to ultimately obtain high Cpk and Ppk



for commercial manufacture. Therefore, increasing process
capability and reduce product variability and defects is one
of the QbD objectives.”

If we implement process capability indices, is it
possible to gain regulatory flexibility?

The short answer would be, “yes, it is possible, but
we are not there yet.” For this exact reason, we are having
this symposium to facilitate scientific discussion and collect
industry feedback and input. If some common ground can
be reached, it is possible to achieve the well-sought regula-
tory flexibility in the future with the following prerequisites:
1. the commercial manufacture process can demonstrate a
state of statistical control and achieve the desired process ca-
pability (e.g., Cpk 95% confidence bound > 1 or any value to
be agreed on between industry and regulatory agency), 2. the
applicant commits to continue using statistical process con-
trol tools to monitor the process and ensure that the process
remains in a state of statistical control, 3. a healthy phar-
maceutical quality system is in place to ensure that correct
and preventive actions are available when any unplanned or
undesired departures are observed from the process, and 4.
the applicant calculates and reports in the subsequent an-
nual report the trending of Cpk/Ppk for all CQAs to confirm
there is no negative trend or observation.

Summary

Key highlights from the symposium were as follows: 1.
Clinically Relevant Specifications (CRSs) are needed in the
modern world, and are worth investing in because of their
benefits, 2. process capability indices can be a powerful

tool by which to ensure drug product quality and process
robustness, 3. case studies from both the innovator and ge-
neric pharmaceutical industries demonstrated that process
capability indices can be an useful tool by which to drive
operation excellence and ensure delivery of superior product
quality, 4. use of process capability indices should always

go hand-in-hand with enhanced scientific understanding of
the product and process, and 5. some technical and cul-

ture challenges in implementing these tools still exist. The
panel discussion provided an excellent source of informa-
tion regarding the strengths and some of the considerations
when using process capability indices. Further discussion
and broadly engaging industry and other stakeholders would
greatly benefit increased adoption and implementation of
this powerful tool.
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Pharmaceutical Product Quality

by Thomas Garcia, PhD, Roger Nosal, and Kim Vukovinsky

This commentary is in response to the symposium summary report’
featured on pages 10 to 23 of this issue. Positive aspects of the report are
presented in addition to areas requiring further clarification, the impact of
process capability on specification limits, the relationship between QbD and
process capability, and the desire for regulatory flexibility. In general, this
commentary is intended to constructively progress these topics toward a

Positive Aspects
ood discussions occurred during
the symposium demonstrating
how process capability indices
are useful metrics for monitoring
drug product quality and process
robustness. The metrics should
be considered in conjunction with
other process knowledge, which
can drive operational excellence.
This approach is an integral part of the industry effort to
develop robust processes thereby ensuring quality, compli-
ance and reliable supply of our products. Participants were
cautious about the application of process capability indices
during drug development, as data may only be available
from a limited number of batches, and differences in equip-
ment, scale, and operating conditions can cause confusion in
their interpretation. Process capability indices are best used
during routine production (Stage 3 — Continued Process
Verification). They also highlight that process monitoring,
in conjunction with science enhanced development (e.g.,
Quality by Design (QbD)) can result in fewer batch reworks,
rejects, investigations and product recalls.
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meaningful outcome.

Areas Requiring Further Clarification

There seems to be some confusion regarding the function of
process capability indices. Process capability indices do not
ensure quality by themselves. They are metrics that measure
process performance and are an indication of how capable
(or incapable) a process is to produce product conforming
to a specification. Assurance of product quality is confirmed
through the combination of all the elements managed
within a robust Pharmaceutical Quality System (PQS). A
comprehensive control strategy that addresses the relation-
ship between critical input material attributes and process
parameters and the critical quality attributes they impact is
fundamental to developing confidence in product quality.
Corrective actions should be implemented following inves-
tigations when trending or noncompliant values in quality
attributes are noted.

With respect to the adoption of Clinically Relevant Speci-
fications (CRS), further discussions on this topic during joint
regulatory, industry, and academia forums are necessary
to achieve a mutual understanding of the level of clinical
investment, benefits and risks. While clinically relevant,
specification criteria may improve understanding of the
relationship between in vitro controls and in vivo perfor-
mance, developing effective models and clinical surrogates



in addition to conducting clinical trials to understand the
“performance boundaries” of a variety of experimental prod-
uct formulations is not without risk.

Specifications

Specification limits should be established based primarily
on product safety and efficacy. The introduction of process
capability indices to set specification limits will further
complicate efforts to harmonize globally divergent regula-
tory requirements, many of which have little or no clinical
relevance.

While trends in process
performance and capability
are useful for defining process
Improvements, developing
performance metrics, or
achieving statistical control,
they should not be used as a
criterion for release of a batch,

The use of process capability indices to set specifications
may be inconsistent with ICH guidelines and the adoption
of CRS criteria advocated in the article. The computation
of process capability indices is directly related to the range
of specification’s acceptance criteria. Broad ranges for
acceptance criteria correlate with higher process capabil-
ity indices. Tight specification ranges (generally reflecting
superior quality) correlate with lower capability indices
(erroneously indicating poor quality). Furthermore, wider
specification ranges are often approved for manufacturing
processes that have higher levels of variability, while robust
manufacturing processes are often characterized by tighter
limits. For example, for drug substance manufacturing pro-
cesses that produce low levels of impurities, applicants are
frequently challenged by regulators to tighten specification
limits commensurate with empirical manufacturing per-
formance. These enforced limits are frequently well below
ICH acceptance criteria, which were originally established
to be representative of clinically relevant acceptance criteria.
Conversely, manufacturing processes that routinely produce
levels of impurities closer to ICH limits are likely to have
those limits approved by regulators without question. A
manufacturing process that adheres to wide specification
criteria, and therefore a high process capability index, can
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be misleading. It implies it is more robust than a manufac-
turing process where the variability is better controlled, has
lower levels of impurities, yet has a tighter specification.

While trends in process performance and capability
are useful for defining process improvements, developing
performance metrics, or achieving statistical control, they
should not be used as a criterion for release of a batch. Batch
release should be performed by complying with release
specifications and criteria established through science and
risk-based evaluation, experience, or guidelines for setting
specifications that reflect a useful boundary for safety and
efficacy.

CRS may be beneficial for specific product attributes that
impact safety and/or efficacy (e.g., bioavailability of a drug);
however, CRS should not be expected as a default to existing
specification criteria. CRS may be particularly useful for 1.
drugs with narrow therapeutic indices; 2. establishing API
particle size distribution criteria for drugs with low solubil-
ity; and 3. defining the rate of drug release from modified
release dosage forms. However, pursuing CRS to establish
an IVIVC or IVIVR relationship for an immediate release
tablet containing a highly soluble (BCS-1) drug may not
be warranted. Conducting in vivo studies to identify CRS
should be balanced with regulatory relevance and technical
value to product quality.

One major concern with developing CRS criteria is that
they are frequently limited to the range of values studied in
vivo, which consequently translates into relatively conserva-
tive acceptance criteria. Surrogate models also should be
allowed to establish pragmatic specification acceptance cri-
teria. While the use of models has been generally favored by
industry, reluctance by regulators to approve their use with-
out actual data to verify model predictions has been a point
of contention. In one recent example, a well-established
commercially available model used to identify an appropri-
ate particle size distribution for drug substance to ensure
acceptable blend and dosage unit uniformity was rejected
by the FDA. The FDA stated the model was not accurate
or validated; therefore, the acceptance criterion had to be
tightened to reflect the range of the batch data demonstrated
in the submission, despite the fact that blend and dosage
unit uniformity were robust during development. Models
should be confirmed with data, as appropriate; however,
once established, the model is appropriate for use to help
set appropriate specifications, which can be beyond the data
currently in hand.

Relationship Between QbD and Process
Capability

Metrics such as process capability indices are consistent
with the objectives of QbD. However, QbD is not a necessary
prerequisite for the use of process capability indices, which
were being used long before ICH Q8(R2), Q9, Q10 and Q11
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were issued. As stated in the original article, process capabil-
ity information can provide confidence and contribute to

the overall process knowledge generated during process
development. However, process capability indices gener-
ated from data for small scale batches may not extrapolate
to larger batch sizes with a high degree of certainty. Cau-
tion should be exercised and process capability assessment
should continue during scale-up and technology transfer,
and commercial production. If low process capability indices
are observed for small scale batches, this likely signifies that
the process has issues which are often magnified during later
stages in the product lifecycle.

Regulatory Flexibility

During the panel discussion, a question was asked about
gaining regulatory flexibility if companies implement the
use of process capability indices. The short answer was,

“yes, it is possible, but we are not there yet.” Although highly
desired, the promise of regulatory flexibility (per ICH Q8R)
has not been realized except in very limited cases. The focus
of developing process capability indices to monitor process
performance should be on ensuring and demonstrating
consistent product quality is manufactured throughout its
lifecycle. Ideally, the application of a risk-based inspection
approach for companies that routinely measure, trend and
analyze process capability is supported. Companies that
consistently achieve relatively high process capability indices
could benefit from a reduced inspection frequency or depth
of inspection.

Prerequisite criteria by

which regulatory fiexibility

would be approved, should

be incorporated within a
pharmaceutical quality system
subject for inspection, as
opposed to being included as a
requlatory commitment. 0y

During subsequent panel discussion, the development of
prerequisite criteria for obtaining regulatory flexibility was
proposed (i.e., commit to demonstrating a state of statisti-
cal control, using statistical process control tools to moni-
tor process that ensure it remains in a state of statistical
control, and including Cpk/Ppk monitoring for all CQAs in
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the Annual Report). Prerequisite criteria by which regulatory
flexibility would be approved, should be incorporated within
a pharmaceutical quality system subject for inspection, as
opposed to being included as a regulatory commitment.

The level of process monitoring implemented throughout
the product lifecycle should be governed by internal change
management and appropriate quality metrics. It is also
noted that these criteria and the link to incentives have been
demonstrated in other industries to create many issues such
as how long the process should be in control before being
considered “controlled” and what happens when the process
goes out of control? Although these are the right criteria and
approach to ensure quality at the lowest cost, creating a link
to flexibility can be overly complex.

Conclusion
Process capability indices are valuable metrics to assess
process performance, especially during the later stages of the
product lifecycle. However, they should not be used to estab-
lish product release specification limits or acceptance criteria,
or as stand-alone measures to demonstrate quality assurance
of a product. While process capability indices may be one
element of a pharmaceutical quality system, the combination
of process understanding and robust change management
provides assurance and confidence of product quality.
Developing Clinically Relevant Specifications (CRS) may
be useful for certain attributes of a drug product that are
highly variable or may have a direct impact on the safety
and/or efficacy of a drug product. The need to establish a
direct correlation between in vitro controls and in vivo per-
formance should be determined via a science and risk-based
approach. The development of CRS limits and acceptance
criteria should not be a default regulatory expectation.
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Figure 5 (a and b). Bent rigid probe in a stainless steel tote.

Since most of the licensed facilities wanted to measure
level as close to the bottom of the bag as possible, the 12 mm
diameter rigid probe was positioned down the sidewall of the
bin and then bent across the bottom of the bin toward the
lowest point of the bag as shown in Figure 4 and Figures 5a
and 5b.

With the installation of the rigid bent probe, it was ob-
served that the typical level measurement repeatability from
bag to bag was better than 5% after “strapping” the first bag
and tote/bin.

Strapping Explanation: “strapping” is the configura-
tion of a GWR level transmitter and probe to a vessel with
respect to a standard. Typically, an empty bag is inserted
into a tote/bin. A specific volume of liquid is metered into
the bag using a highly accurate Coriolis mass flow meter or
weigh load cell. Whatever the GWR transmitter reads as
level at that time is “configured” to be the volume as deter-
mined by the standard. An additional volume of fluid is then
added into the bag through the standard and the new level
reading of the GWR level transmitter is “configured” to the
new total volume, as measured by the standard. Typically,
this is done 20 times and this table, which can be saved in
the GWR transmitter, becomes the “strapping table.” From
that point on, a specific measured “level” will correspond to
a specific “volume.” This strapping table takes into account
major factors affecting accuracy described above, such as
bag positioning, differences in velocity of the microwave
pulse in air vs. plastic bag, the curve of the probe, the shape
of the bin/tote, and the curvature of the top of the bag where
the level is.

Plastic/polymeric totes/bins offer the advantage that they
are non-conductive, allowing the rigid rod probe to rest
directly on the sidewall of the bin/tote. Since no stand-offs
are required, the bag tends to lie more uniformly against the
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probe. This allows for a more repeat-
able velocity and signal strength of the
microwave pulse, and therefore, better
measurement repeatability.

Two options were investigated in the
placement of the wave guide/probe:

1. Probe on the outside wall of the tote/
bin

2. Probe on the inside wall of the tote/
bin

Since the microwave pulse can travel

through the plastic/polymeric sidewall

of the tote/bin, the first applications

suggested that the place of the probe be

on the outside wall of the tote/bin and
attempt to measure the level of the liquid in the bag through
the wall of the tote/bin and then through the wall of the bag.
With this design, the probe was not in contact with the bag
and it was anticipated that there would be:

1. Less chance of damage to the bag by the probe

2. Less chance of folding or deformation of the bag since the
probe did not contact the bag

3. Better repeatability tote/bin to tote/bin and bag to bag

After testing the probe on the outside wall, the following was
observed:

1. There was no chance of damage to the bag by the probe.

2. There was less folding and deformation of the bag as
compared to having the probe in contact with the bag.

3. The gain (signal strength) of the GWR transmitter had to
be greatly increased from the typical factory setting of 90
to more than 220 in order to propagate through the thick
tote/bin walls. This increase in signal strength made it
very susceptible to interference from conductive objects
on the outside of the bin/tote. To minimize this interfer-
ence and to keep from measuring false levels as people
passed close to the probe, a grounded conductive shield
had to be placed around the outside of the probe.

4. The 12 mm diameter rigid rod probe could not be accu-
rately bent to match the outside contours of the tote/bin.
A stainless steel flexible cable probe proved to be a better
solution.

5. On astandard GWR installation in a metallic vessel, the
top of the vessel acts as a “launch surface” enhancing the
microwave pulse down the probe toward the surface of
the liquid. However, in a plastic/polymeric vessel, there
is no “launch surface” at the top and a much less efficient
system resulted. We mounted a metallic, conductive
“launch surface” at the top of the probe to give the micro-
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a polymeric spine as shown in Figures
8b and 8c.

2. There was substantially less folding
and deformation of the bag as com-
pared to having a 12 mm diameter
solid rod probe in contact with the bag.

3. The gain (signal strength) of the
guided wave radar transmitter had to
be slightly increased from the typical
factory setting of 90 to approximately
140 in order to measure through
the bag wall. This smaller increase
in signal strength did not make the
probe susceptible to interference from
conductive objects on the outside of
the tote. A grounded, conductive shield did not have to be
to be placed around the outside of the probe in order to
minimize interference and to keep the probe from mea-
suring false levels from people passing close to it.

4. Although we initially used tape to attach the 4 mm diam-
eter flexible cable probe to the tote wall (as seen in Fig-
ures 6a and 6c¢), the owner eventually drilled several holes
on either side of the flexible cable probe and secured it to
the tote wall with nylon tie wraps.

In summary, with the 4 mm diameter flexible cable probe
on the inside of the plastic/polymeric tote, we were able to
obtain repeatability, after strapping the first bag and tote, of
about 1% of total volume.

Note that the above tests were run on a preformed bag
that sat upright in the tote and matched the contour of the
tote - see Figure 6a. We later ran tests on folded bags that
would be pre-inflated with sterile gasses before filling with
similar results (as seen in Figures 8a and 8c).

1.6 mm Flexible Cable Wave Guide Probe on the Inside
Wall of the 150 Liter Tote
Since the owner wanted to achieve 0.5% or better repeatabil-
ity, we developed a 1.6 mm diameter flexible cable probe for
testing on ahe 150 liter polymer totes as shown in Figure 7.

This probe was mounted to a prefabricated polymeric
stand at the top of the 150 liter tote as shown in Figure 8a.
The 1.6 mm diameter cable probe was secured to the tote
wall via a “spine” fabricated of the same material as the tote.
The cable probe was inserted into a groove on the spine (as
seen in Figures 8b and 8c).

After testing the 1.6 mm diameter flexible cable probe on
the inside wall of the tote, it was observed:

1. There was minimal chance of damage to the bag by the
probe during bag installation and removal because the
flexible probe was positioned in a protective spine.

2. There was substantially less folding and deformation
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Figure 8 (a, b, and c). 1.6 mm flexible cable inside polymeric totes.

of the bag as compared to having a 4 mm flexible cable
probe in contact with the bag.

3. The gain (signal strength) of the guided wave radar
transmitter had to be slightly increased from the typical
factory setting of 90 to 190 in order to measure through
the bag wall. This increase in signal strength did make the
probe more susceptible to interference from conductive
objects placed on the outside of the tote.

4. The 1.6 mm diameter flexible cable probe was placed
in a groove in the “spine” to secure the cable to the tote
sidewall - see Figures 8b and 8c.

In summary, with the 1.6 mm diameter flexible cable probe
on the inside wall of the plastic/polymeric tote, we were able
to obtain repeatability after strapping the first bag and tote
of about 0.5% of total volume.

Note: the aforementioned tests were run with folded bags
that were pre-inflated with sterile gasses before filling.

1.6 mm Flexible Cable Probe on the Inside Wall of the
200 Liter Tote

We also conducted tests of a 1.6 mm diameter flexible cable
probe for use on a 200 liter polymer tote.

Figure 9. 6 mm flexible cable for mounting inside of a tote.



Figure 10 (a, b, and c). 6 mm flexible cable in a 500 liter polymeric tote.

This probe was mounted to a prefabricated polymeric
stand at the top of the tote and the 1.6 mm diameter cable
probe was secured to the tote wall via a “spine” fabricated of
the same material as the tote. In addition, we used the same
mounting bracket design and spine design as on the 150 liter
poly totes previously shown.

After testing the 1.6 mm diameter flexible cable probe on
the inside wall of the tote, it was observed:

1. There was minimal chance of damage to the bag by the
probe during bag installation and removal because the
flexible probe was positioned in a protective spine.

2. There was substantially less folding and deformation of
the bag as compared to having a 6mm flexible cable probe
in contact with the bag.

3. The gain (signal strength) of the guided wave radar
transmitter had to be slightly increased from the typi-
cal factory setting of 90 to approximately 220 in order
to measure through the bag wall. This increase in signal
strength did make the probe more susceptible to interfer-
ence from conductive objects placed on the outside of the
tote.

4. The 1.6 mm diameter flexible cable probe was placed
in a groove in the “spine” to secure the cable to the tote
sidewall.

In summary, with the 1.6 mm diameter flexible cable probe
on the inside wall of the plastic/polymeric tote, we were able
to again obtain repeatability after strapping the first bag and
tote of about 0.5% of total volume.

1.6 mm Flexible Cable Probe on the Inside Wall of the
500 and 1,000 Liter Totes
We then conducted tests of a 1.6 mm diameter flexible cable
probe for testing on a 500 liter and 1,000 liter polymer and
stainless steel totes. The 1.6 mm flexible cable did not per-
form at all due to the lower energy pulse from it.

It must be noted that the 1.6 mm diameter flexible cable

facilities and equipment
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probe should not be used on totes requir-
ing a flexible cable greater than 36 inches
in length.

6 mm Flexible Cable Probe on the
Inside Wall of the 500 Liter Poly Totes
We then conducted tests of a 6 mm diam-
eter flexible cable probe for use on a 500
liter poly tote. The prototype probe is
shown below in Figure 9.

After testing the 6 mm diameter flex-
ible cable probe on the inside wall of the
500 liter poly tote (as seen in Figures
10a, 10b, and 10c), it was observed:

1. There was minimal chance of damage to the bag by the
probe during bag installation and removal because the
flexible probe was positioned in a protective spine.

2. There was still minimal folding and deformation of the
bag as compared to having a 1.6 mm flexible cable probe
in contact with the bag.

3. The gain (signal strength) of the guided wave radar
transmitter had to be greatly increased from the typical
factory setting of 90 to approximately 235 in order to
measure through the bag wall. There was some interfer-
ence or ghost levels on the outside of the poly tote due to

Figure 11. Ghost level due to handrail.
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Figure 12. Strapping level vs. volume repeatability (500 liter).

the stainless steel handrail mounted about 1" from the
outside of the poly tote and directly in front of the 6 mm
flexible cable. See Figure 11. The handrail showed up as a
ghost level and was impossible to tune out. We ended up
rotating the poly tote 180° to position the flexible cable
opposite the hand rail.

4. The 6 mm diameter flexible cable probe was placed in the
spine to secure the cable to the tote sidewall. See Figures
10b and 10c.

We then plotted the level vs. volume based on the filling
and emptying “strapping table.” The results for the 500 liter
polymeric tote are shown in Figure 12.

In summary, with the 6 mm diameter flexible cable probe
on the inside wall of the plastic/polymeric tote, we were able
to again obtain repeatability after strapping the first bag and
tote of about 0.3% of total volume.

6 mm Flexible Cable Probe on the Inside Wall of the 500

Liter Stainless Steel Totes

We then conducted tests of a 6mm diameter flexible cable

probe (Figure 9) for use on a 500 liter stainless steel tote.
After testing the 6 mm diameter flexible cable probe on

the inside wall of the 500 liter stainless steel tote, the follow-

ing was observed:

1. There was minimal chance of dam-
age to the bag by the probe during
bag installation and removal because
the flexible probe was positioned in a
protective spine.

2. There was still minimal folding and
deformation of the bag as compared
to having a 1.6 mm flexible cable
probe in contact with the bag.

3. The gain (signal strength) of the
guided wave radar transmitter had
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to be slightly increased from the typical factory setting
of 90 to approximately 235 in order to measure through
the bag wall. Since the tote is conductive, there was no
interference or ghost levels on the outside of it.

4. The 6 mm diameter flexible cable probe was placed and
taped on the “spine” to secure the cable to the tote side-
wall.

In summary, with the 6 mm diameter flexible cable probe

on the inside of the plastic/polymeric tote, we were able to
again obtain repeatability after strapping the first bag and
tote of about 0.25% of total volume.

6 mm Flexible Cable Probe on the Inside Wall of the
1,000 Liter Totes
We then conducted tests of a 6 mm diameter flexible cable
probe (Figure 9) for use on a 1,000 liter stainless steel tote.
This probe was mounted to a prefabricated polymeric
stand at the top of the stainless steel tote - see Figure 13a.
The 6 mm diameter cable was secured in a “spine” fabricated
of the same material as the tote - see Figures 13b and 13c.
In addition, we used the same mounting bracket design and
spine design as on the 150 liter poly totes previously shown.
After testing the 6 mm diameter flexible cable probe on
the inside wall of the 1,000 liter tote, it was observed:

1. There was minimal chance of damage to the bag by the
probe during bag installation and removal because the
flexible probe was positioned in a protective spine.

2. There was minimal folding and deformation of the dis-
posable bag.

3. The gain (signal strength) of the guided wave radar trans-
mitter had to be increased from the typical factory setting
of 90 to approximately 210 in order to measure through
the bag wall. Because the tote was metallic, there was no
interference with objects outside of the tote.

4. The 6 mm diameter flexible cable probe was placed and
taped on the “spine” to secure the cable to the tote side-
wall.

Figure 13 (a, b, and c). 1,000 liter stainless steel tote.
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User Centric Batch Operations

“Paper on Glass” User Centric
Batch Operations — A Productivity
Game Changer for Paper Driven
Pharmaceutical Production

by Robert Harrison

This article presents how technology has advanced electronic batch record
into solutions which compete one-to-one with paper flexibility, opening the
door to game changing production efficiencies in pharmaceutical production.

eople deal with complexity and ab-
normality very well. The flexibility an
operator gives to the nature of produc-
tion in the lifescience industries is an
extremely valuable resource. However,
production complexities and quality de-
mands continue to increase, using paper
to drive the operator and record events
may have outlived its welcome. We all
feel comfortable with paper; it is something we can touch,
see, and feel progress as it grows during the batch. Because
you can touch it, it makes you feel like you have full vis-
ibility on the process and people’s activities, paper’s history
in pharmaceutical production is a little like religion and its
scriptures, they are deemed paramount and carry with them
emotion which is never questioned.

Challenges of Managing Paper Based
Production Operations

Paper and its long term storage has a large effect on phar-
maceutical production cost. Pharmaceutical production
requires that significant post batch analysis and reporting
must be carried out. Manually extracting and analysing
paper production data is an intense and demanding activity
which involves highly educated and experienced people. The
major cause of rejects and reworks in paper-based batches
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are the result of 1. missing entries and 2. errors in paper
documentation. The batch ran physically perfect, only the
recording of this perfect execution failed, and proving its in-
nocence costs serious revenue. Each batch can involve about
1000 manual entries with a human failure rate of 1 x 10™
(i.e., one in on hundred)’ — the probability of significant fail-
ure is too high. Each of these manual paper records require
Standard Operating Procedures (SOPs) from each process,
which amounts to a long paper audit trail and needs to be
stored in a secure location. The risks to keeping such an inef-
ficient system are great, the cost of quality is high, which is
reflected in the cost of production.

We can identify many areas where human error can enter
into the system: a person generates and issues the paper
documentation, the operator reads the SOP, then reads the
equipment, and writes the result on the batch record. The
records are then read by another person and inputted into
a computer for analysis and reporting as seen in Figure 1.
With each human activity, the risk of failure is increased.

When investigations are carried out, the whole paper
documentation needs to be obtained and analysed once
again. What happens with missing entries? What happens
with entries entered incorrectly? What happens with lost
paper or paper delivered to the wrong person, or the wrong
SOP is issued for a particular batch?

“Benchmarks for Pharma vs. Other Industries,” the
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1. The operator:
¢ Read the SOP — Execute the command(s) on the

equipment

* Requested to read process values — Read the
equipment process values

* Record the information in the correct location on the
batch record sheet

e Sign the record

A potential violation is noticed — the violation is flagged, the
operator contacts the quality responsible.

I Or the operator makes a judgement call that the violation is
only minor — and continues.

2. Post batch

e All batch records are manually transferred to a computer
system

¢ Individual machine data is time-lined as a process

e The process data is analysed

e A batch report is generated

3. The whole paper documentation, analysis, batch reports
and supporting documents are secured in a large air
conditioned and protected storage unit.

The documentation remains in storage, in some cases for
many years.

Figure 1. A basic workflow for a paper based execution of production.

“first pass yield — zero defects” indicates right first time with
a value of 60%, this hints that pharmaceutical production
has significant benefits to gain from the addition of technol-
ogy. Right first time in paper driven production environ-
ments is far less estimated to be at 47% with the major
causes of rejects or reworks being 1. errors in paper docu-
mentation 38% and 2. missing entries 29%.

Manual paper-based processes record and store produc-
tion data in a disconnected and difficult to access medium.
Decisions need to be made on these manual processes and

with paper systems, there is a significant time delay to get
the data into a usable format. This is an area where EBR
aims to improve.

Current EBR limitations
Electronic Batch Record (EBR) systems are designed to
gather accurate and complete information critical to compli-
ance. With paper-driven processes, the operator and his or
her memory is crucial to completing the batch information.
EBR avoids mistakes common in manual transfer and inte-
grates manual operations with automated processes.

The problem with EBR is the static workstation and its
focus to the mechanical process. It relies on the operator
to prove the flexible interface between what is required by
quality and operations management; in some instances, this
can be a large cognitive activity that the production operator
needs to carry out. Paper on glass aims to be user centric and
portable with the right tools available to understand how the
person is linked to the process, and produce batches with
little variation.

How EBR Evolves to Paper on Glass

Paper on glass is not a revolution in technology, rather a
progression together of known technologies that easily
interface in a high usability application to embrace the user
centric environment it operates in. The key functionalities
for paper on glass are:

< Mobile tablet usage is paramount for the application. Paper
is portable and the application that replaces it also must be
portable. With a client — server infrastructure to safeguard
process information and keep a central control. The tablet
can get lost or broken and the data remains secure.

effectiveness

Measure Pharma Automotive Aerospace Computer Consumer
Packaged Goods
Overall equipment 10% to 60% 70% to 85% 50% to 70% 80% ti 90% 70% to 90%

Annual productivity 1% to 3%

5% 10 156%

5% to 10% 1% to 3% 5% t0 156%

improvement

First-pass yield — zero 60% 90% to 99% 70% to 90% 90% to 99% 90% to 99%
defects

Production lead times in days 120 to 180 1to7 7 to 120 5to0 10 3to7
Finished goods inventory in 60 to 90 310 30 310 30 510 580 10 to 40
days

Labor value-add time 20% 60% to 70% 60% to 70% 60% to 70% 60% to 70%
Direct/indirect labor ratio 1:1 10:1 10:1 10:1 10:1

Pharma is decades away from achieving the performance, on key OpEx benchmarks, reached by other industries. But, experts say, pharma is
still three to five times more profitable than they are. Chart source: McKinsey & Co., quoted in The Gold Sheet, December, 2009.

Table A. Benchmarks for pharma vs. other industries.
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e A batch control system which is compliant to the industry
batch standard ISA 88, this gives flexibility to drive the
process and usability to interact with the operator.

« Usability is of great importance as mobile tablets don’t
have large screens, and a batch system contains much
information. Intuitive presentation of data is needed,
multi-touch is an essential element linking the user to a
known interface common to tablets and smart phones.

e Historian to archive batch operation data, weight dosing
and media information, equipment usage, and operator
events. The historian is central to batch compliance, auto-
mated archiving of recorded data provides data integrity.

e Complete batch documentation must be reported with
automated analysis and clear information identifying
weighing information, equipment usage, operator events,
alarms, Critical Quality Attributes (CQASs) violation and
electronic logbook.

To be able to stand on your own feet is a test of character, and
the system outlined here supports this. However interaction
with outside and connected systems is an equally important
function. John Steinbeck, in his novel “East of Eden™ quotes
“Maybe a specialist is only a coward, afraid to look out of
his cage. And think what any specialist misses—the whole
world over his fence.” In pharmaceutical production, there
are many sources of information that build up a batch record
and additional information needs to be included. Standard
industrial interfaces exist with for example SQL connectivity,

oroduction systems

User Centric Batch Operations

MES and ERP have native mechanisms to embrace the whole
supply and manufacture chain. This automates the batch
record to accommodate specific batch needs.

Making the Move, What Are the Advantages
and Challenges to “Paper On Glass?”

To replace paper with software requires an application with
diverse behaviour. Mobile technology allows for intelligent
and portable applications to be with the operator, high us-
ability swaps their clipboard to a mobile workstation. EBR
forces strict execution of the batch recipe, stage by stage
requesting the operator to execute tasks and record informa-
tion. The operator is not allowed to miss entries, each user
input can be automatically verified to ensure correct entry

of data, and violations are signalled in real-time through

the correct channels. More importantly, potential violations
can be alerted, key people then intervene to mitigate the
situation. Batch analysis and reports need not be manual
activities, these can be instant and automatic.

Any activity affecting how direct production is executed
falls directly under quality management’s scrutiny. The
system proposed here makes no changes to the physical
equipment and no changes to the current automation of
the process. It does aim to replace the paper driven opera-
tor instructions, and replace the operator batch record,
then digitally store the complete record. The process hasn't
changed, only closer control of manual operations has been
achieved with live verification of inputted information.

Figure 2. A simplified system overview demonstrates the linkage of the functionalities.

PHARMACEUTICAL ENGINEERING = SEPTEMBER/OCTOBER 2014

43



oroduction systems

User Centric Batch Operations

e Multiple batches operating concurrently

¢ Flexible visual recipe management

e Agile to different equipment, hardware and products

e Check, recheck, and query the operator

e Alert on violations and warnings, e.g. via SMS, email, or
telephone

e Archive CQA's

e Automate analysis, Review By Exception (RBE), alarms

e Automated reporting

e Digital storage and retrieval

Figure 3. Paper on glass is more than EBR, it provides logic and
intelligence to the operator.

As there are no changes to production processes, the
current paper method can be executed concurrently with the
digital “paper on glass” system; this would allow for several
stages of production quality acceptance to be examined and
tested without risk or stoppage to production.

Another challenge is that perhaps the current automa-
tion solutions in place today are not flexible enough to bring
the required functions together in one portable system:
Mobile tablet application, batch process understanding and
operation, secure archiving of data, analysis, sophisticated
reporting, real-time communication, FDA 21 CFR Part 11
compliance. Fortunately automation technology is an indus-
try which never sleeps, these crucial individual mechanisms
do exist in the market place, and can be configured to create
an all-in-one mobile electronic batch record system.

Accuracy and Consistency

People are open to a wide array of influences: stress, lack

of attention, attitude, sleep (the lack of it), or just having

a bad day. Automated batch-driven processes repeat the
same strict sequence each time and every time. Software
can interrogate each user input within limits, determining
at the point of entry if a human error has occurred, and with
time-stamped accuracy. Electronic logbooks manage the
abnormality with automated alerts and workflows enforcing
the correct execution on violations.

Strict point-of-entry requirements and clarity of data is
paramount to complete batch documentation and right first
time. Missed entries and incorrect entries are minimized for
consistent production and release.

Productivity

People and their motivation go a long way to achieve pro-
duction success. Providing a familiar human interface with
access to correct and complete information are the tools to
work faster, smart companies create the perfect environ-
ment for increased productivity.

Production cycles can be reduced. Typical batch release
cycle times of around 10 to 40 days can double in non-
conformance situations. EBR forces consistent execution of
the manufacturing sequence on a platform which provides
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accurate real-time view of process and deviation data. Time
associated with detecting, tracing, and documenting devia-
tions in the manufacturing process is much reduced. Analysis
and reporting is automated, which accelerates batch release
and reduces the head count of persons involved in this critical
exercise.

Reduce Cost of Quality, Full Quality
Compliance

Paper on glass ensures the batch documentation is correct
and comprehensive. Compliance requires repeatability of
batches, capturing information accurately, organizing and
retaining the information, then efficiently analysing and
presenting it. Do it right first time prevents errors through
pro-active checks. Such mechanisms improve the demon-
stration of compliance to meet Good Manufacturing Practice
(GMP) regulations.

Master recipe development and control recipe creation is
on a graphical system with version control and recipe state
control to managing GMP compliant processes. Automated
batch reports easily separate production data, e.g., material
weighing and dispensing data, equipment usage, CQAs and
process values, user instructions and actions, electronic sig-
natures, alarms and violations, audit trail and electronic log-
book. Production is monitored as a process and not individual
machines, allowing focused reports with specific analysis.

Critical Quality Attribute (CQA) deviations can be han-
dled through automated workflows, and don’t need to rely
on the operator to flag violations. With automated alerts, the
equipment can signal warnings via remote system such as
SMS, email, or telephone. Post batch analysis can be made
on non-conformities through Report by Exception (RBE) re-
ports generated automatically from production data. Access
to all information decreases the effort required to investigate
product deviations.

Having data stored electronically has several advantages:
information is readily available, it requires so little storage
area in comparison to paper, digital data can be stored on re-
dundant systems, and the information is widely available for
example the progress status of each batch is visible across
the company.

Cost Avoidance

Costs are mitigated on many fronts with ‘paper on glass’. 1.
Rejects and reworks are much reduced due to correct data
entry and consistent production sequence. 2. Head count
is reduced, as the batch information doesn’t need to be re-
entered into a computer system; therefore, data alignment
of individual machines in to a process is automatic. 3. Paper
doesn’t need to be generated with automated master and
control recipes. 4. Large volumes of paper don’t need to be
stored in a secure and controlled environment, the storage
can be digital and redundant.
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Chi-Wan Chen, Executive

Director Global CMC, Pfizer

by Linda Evans O’Connor and Jean Poulos

Chen discusses possible regulatory changes in China, the impact of these
changes on various guidance documents, and the evolution of CFDA's draft

hi-Wan Chen
serves as Executive
Director in Global
CMC, Pfizer,
responsible for
regulatory policies
and strategies with
a focus on the Asia Pacific region. She
is a member of ISPE’s Regulatory
and Compliance Committee currently
chairing the Asia Pacific Focus Group
and serves as an ad-hoc CMC advi-
sor to the multinational companies’
trade organization in China and in the
South East Asia region. Prior to her
joining Pfizer in March 2008, Chen

spent 22 years with the US FDA. She
represented the FDA at the ICH on
several Quality Guidelines, including
Q1AR, Q3AR/Q3BR, and Q8R. During
2005 to 2008, she provided technical
leadership and management oversight
for the FDA Quality by Design (QbD)
Pilot Program.

In your opinion, is 2014 an
especially active year for
regulatory changes in China?
Maybe, because we don’t know
for certain. There is no published list
of proposed guidelines so we don’t
know what is coming. At the end of
last year, around November/Decem-
ber, the Center for Drug Evaluation
(CDE) did indicate to both local and
multi-nationals that they are planning
to update a series of technical guides,
most of which were published around
2005. They requested assistance
from the R&D-Based Pharmaceutical
Association Committee (RDPAC) to
provide a gap analysis of 13 technical
guides compared to US, EMA and ICH
guidelines and to provide sugges-
tions on how to update the technical
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comment process.

guides. They want the guidelines to
be updated in accordance with ICH
CTD guidelines. These are all CMC
guides, not GMP. This is an indica-
tor that 2014 can be a very active
year for regulatory changes in China.
The CFDA has developed their own
CTD based largely on the ICH CTD.
The CTD published in 2012 was to
encourage local generic companies to
use it. Many large multinationals have
started to submit in the CTD format
and that is acceptable. There is no
CTD format for new drugs, only for
generics.

Are any recently published
guidelines particularly
burdensome?

Two guidelines are very burden-
some. These relate to compatibility of
injectable drugs. One for compatibility
with glass was published a year ago,
and the other in plastic was published
in November. These are drafts. There
is another draft, not necessarily
burdensome, but is the first attempt
to incorporate ICH guidelines. This
is the stability guideline. It was first
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These are in the process of being
updated or finalized this year.

There are also three technical guides
published in draft or in final form in
the last year:

+ Draft Technical Guideline for the
Stability Study of Chemical Drugs
(Drug Substances and Drug Prod-
ucts)

- This draft stability guideline is
a revision of the 2005 techni-
cal guide on the same subject
by incorporating ICH Q1A(R2),
Stability Testing of New Drug
Substances and Products, and
part of Q1B, Photostability Test-
ing of New Drug Substances and
Products. Certain information
is not consistent with the source
Q1A guidelines: (a) some added
recommendations, e.g., stress
testing, intended to serve as a
guide to local companies during
drug development, are very
proscriptive; and (b) certain
concepts, e.g., those underly-
ing statistical analysis, from
the Q1A guidelines have been
revised or omitted. These dis-
crepancies can lead to divergent
requirements and practices.

‘ ‘ The Chinese
government

came up with a
compromise and
that is to rely on
dissolution testing
to determine if the
generic is the same
quality.

+ Draft Guideline on Compatibility
of Injectable Chemical Drugs with
Glass Containers (being updated to
incorporate ICH Q1A)

+ Final guideline on Technical
Requirement for Quality Compa-
rability Studies for the Change of
Vaccine Production Site

We understand that there is a
comment period after the draft

is published, but is there any
pre-consultation with industry or
does CFDA decide how they want
to proceed and then send out for
comments?

It varies. In some cases, the CFDA
or CDE would have informal meetings
with trade representatives — local or
multinational and inform the trade
reps of their intent and open the
door for them to provide suggestions.
However, in most cases, the CDE or
CFDA would issue the draft without
consultation. In the case of the revised
draft stability guidelines, because
there was already a guideline, CDE
who was responsible for the update,
had informal meetings with local and
multi-nationals, without showing a
preview of the draft; however, they did
highlight some major changes. After
it is published as draft, the draft is of-
ficially published.

The industry has 30 days to
comment - is there a set period
of time that CFDA has to address
the comments and publish the
final guidance?

There is no set timetable for CDE
or CFDA to respond to the comments
and to issue the final guidance.

There are a couple of other techni-
cal guides related to national level,
top priority. There is five year plan.
Currently, it is in the 12th five year
plan, driven by economics. Under
this umbrella, there is a Generic
Drug Quality Consistency Evaluation
(GDQCE). This started end of 2012.
Last year, there were two technical
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guides: one policy and one technical
guide — related to this initiative to
enable companies to participate. This
initiative is to reassure the quality and
performance of generic drugs ap-
proved prior to 2007, which was the
year that the regulations in China was
revised to require BE studies for ge-
neric applications. Prior to that, there
was no requirement to perform a BE
study for generic drugs. In China,
there is a general negative impres-
sion that generic drugs are not as

safe and effective as innovator drugs.
This is a sentiment shared by medical
professionals and the general pub-
lic. There are 1000s of applications
before 2007 and many manufacturers
that make products. The economic
impact would be too great. There is no
infrastructure to perform BE studies
for all these products. The Chinese
government came up with a compro-
mise and that is to rely on dissolution
testing to determine if the generic

is the same quality. There are many
problems to start — there is no list of
reference drugs, and so they have to
start establishing the RLD. They are
identifying companies that they think
can be the reference drug. Companies
are invited to prove themselves as the
RLD. Reference manufacturers have
to submit samples, dissolution testing
and profiles. Other than the proce-
dural problems, which are large, the
approach is non-scientific. They are
worried about quality, safety and ef-
ficacy. The compromise approach will
not assure this.
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Lean Pharmaceutical Lab Design

Incorporating Lean Principles into
Pharmaceutical QC Laboratory
Design

by Mike Dockery, Federico Gabardi, Javier Garay, Jim Gazvoda,
Luke Kimmel, Pietro Orombelli, Christophe Peytremann, Tom Reynolds,
Tanya Scharton-Kersten, Graham Shoel, and Jeanne Sirovatka

This article presents a case study based on an international workshop
hosted by Novartis VVaccines to prepare guidelines for incorporating lean
principles into pharmaceutical quality control laboratory design.

ovartis Vaccines (Novartis) has ap-
plied a structured implementation of
lean principles across Quality Control
(QC) laboratories in Europe, India,
China, and the United States. The
aim has been to significantly improve
internal work processes, commu-
nications, customer interfaces, and
operational performance.

As aresult of this critical effort, analysts have been
trained in basic lean principles, 5S organizational strategies
were introduced, and visual management was implemented
for daily and weekly performance reviews. In addition, the
QC team gradually applied effectiveness tools for capacity
management and budget processes.

As different QC teams — operating in both legacy
and new state-of-the-art facilities — implemented
lean principles, it became clear to Novartis that
laboratory design and layout have a strong,
direct influence on processes, behaviors, and
communication.

While some designs proactively enable and support lean

practices, such as flows, visual management, standardized
work, and excellence in workplace organization; other design
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solutions result in teams spending extra time and resources.
In the less than optimal facilities, the very layout and design
of the space introduces waste, discourages communication,
and even impedes workflow throughout the laboratory.

Based on these observations and aiming to improve
future laboratory designs, Novartis developed a draft of
comprehensive laboratory layout and design guidelines that
would support lean principles. The guidelines were then
reviewed, refined and augmented in an intensive two-day
workshop that brought together key Novartis stakeholders
with the industry’s leaders in laboratory design, planning,
and lean operations.

The mechanics of the workshop allowed the team to
first develop a common understanding of lean practices in
laboratories in order to identify design features that foster
proactive communications, optimize data information and
support effective work practices. The team identified and
consolidated initial concepts around facility layout, criti-
cal adjacencies, visual management, shared equipment,
consumable storage access, and furniture/bench and equip-
ment layouts. Once a common understanding was achieved,
the team broke out into three to four person work cells to
develop a case study re-design of a new Novartis quality
control laboratory facility.

As a result of the workshop, a three-zone concept for labo-
ratory design emerged along with a solid set of layout guide-
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lines that are applicable to existing legacy laboratories, newer
state-of-the art facilities, and future “greenfield” laboratories.

Lean in Laboratory Environments
Lean is a philosophy and a concept of operations that focuses
on the elimination of waste and the application of leveling,
flow, pull and standard work. Lean was first developed in the
Japanese automotive manufacturing sector, but has since
migrated across the globe and into every sector of industry.
It is usually defined as the “elimination of waste” where
waste (“muda” in Japanese) is anything above the minimum
effort, time, resources, movement, materials, and space
required to add value from the customer’s perspective. How-
ever, this is only a partial definition. The real intent of lean is
to maximize value by minimizing all wasteful practices. This,
of course, includes muda (i.e., the waste within processes)
but also:

e Mura— unevenness (workload volatility)
e Muri —overburden (overloading of people or equipment)

Mura and muri are especially significant in lab environments.

Even though QC laboratories are not the same as manu-
facturing environments, the key prin-
ciples of lean still apply and should be
implemented in their operation and
space planning. However, there are some
unique challenges involved in imple-
menting lean in the laboratory environ-
ment that require careful adaptation of
the techniques used in manufacturing.
When these adaptations are based upon
a thorough understanding of labora-
tory processes, lean implementation will
deliver significant benefits in terms of
productivity or speed, or both.

In most laboratories, short term vola-
tility (in overall workload and in the mix
of sample types) is by far the biggest lean
opportunity. This volatility causes low
productivity (during lulls) and/or poor
lead time performance (during peaks).
Very often the capacity of the lab is not
well understood and there is no mecha-
nism to level the workload coming into
the lab. If left unchecked, this volatility
results in the consumption of excess
resources and valuable lab space. Lab
processes also become stressed, leading
to constant re-prioritization and “stop
start” progress on individual batches or
samples. This reduces effectiveness and
adds waste. The rate of failures and re-
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work also often increases. In short, mura (volatility) creates
muda (waste).

Poor utilization of analyst resources (usually in the form
of volatility and imbalance in individual analyst workloads)
is usually the second largest lean opportunity. Leveling, flow
and standard work allow the development of ‘productive
roles’ for the more routine work elements in a lab.

Applying lean principles in a laboratory environment
shifts the focus of improvement initiatives from individual
tests or activities to the flow of samples and data through
the total lab process. It uses leveling techniques to address
workload volatility and generates flow by creating “defined
test sequences” that move samples quickly through all
required tests and reviews. Test activities are combined into
balanced, productive, and repeatable analyst roles that use
people’s time well (i.e., standard work).

A lab design and layout that actively supports these prin-
ciples will increase the effectiveness and sustainability of the
lean processes.

Defining Lean for an Organization
The primary issue to consider when introducing lean
principles into the design and planning of the QC labora-

Figure 1. The impact of volatility.
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batches and how many lots are
being manufactured to determine
how many tests are required, the
equipment needed for each test,
and the frequency of equipment
use. This information dictates how
much space is needed for each test.

- Benchmarks are commonly used
when initially planning and sizing a
QC testing facility. If used correct-
ly, benchmarks can establish range
of magnitude criteria for high level
estimation. Benchmarks also can
assist space justification and lean
applications for specific functional
space types. When right sizing
labs, it is essential to consider a
number of variables in the analysis.
Benchmark metrics vary for dif-
ferent types of testing areas, such
as microbiological, analytical and
physical testing. In some labs, the
space requirements are equipment
driven, while in others they are
people driven. It is important to
address these differences when applying benchmarks,
as one could over size or under size the testing space
needs.

Common benchmark metrics include Net-Square-
Feet (NSF) per person for the primary lab, lab support,
and office spaces, as well as Equivalent Linear Feet
(ELF) per person, which is the linear measurement of
bench and equipment within the lab space.

For example, benchmarks were used to determine
if reducing a 12-person biochemistry testing area from
260 NSF/person to 162 NSF/person was not only
feasible, but also functional and safe. In the end, the
benchmarks showed that for this specific operation, the
appropriate range was 216 NSF/person. In the process,
the ELF/person was only reduced from 429 to 385.

- Animportant consideration in determining space
needs is lab expansion. It is important to ensure
the lab has expansion capability in case the testing
demands should change in the future.
By mapping the locations of each team member’s activity
throughout the days/weeks and where that activity takes
place, an Activity Location Analysis provides a thor-
ough understanding of the patterns of movement and can
help establish the most effective adjacencies possible.
Equipment Utilization Studies capture data that
can provide an understanding of the importance of each
piece of equipment to the team’s overall mission. Through
such a study, a QC organization can better understand
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Figure 2. Space needs planning approaches.

how equipment should be allocated. This data can then be
charted — from most frequently used and most critical, to
least used and non-essential — and used to help optimize
the quantity, type, and placement of equipment in order
to support lean practices. Equipment identified as high
value/high use can be allocated directly to the group.
Those pieces identified as high value/low use can then

be shared among groups. One also must incorporate an
equipment back-up strategy and risk assessments of spe-
cialized assays into space planning and provide flexibility
for assay evolution and new technology platforms.
Consideration must be given to the use of movable/por-
table lab furnishings to allow for interchangeability of
equipment. Lab automation is also a significant trend in
leaning QC operations.

Lab Location and Shared Equipment Areas
Within the Facility

The location of individual labs and of services or equipment
that are shared among labs within the overall facility can
significantly impact workflow, material transportation, and
traffic flow. Building layouts should be designed to:

Centrally locate shared services and support functions
(e.g., sample management/glass wash).

Minimize throughput times and transport waste by the
use of passthroughs and by co-locating or amalgamating
“supplier” and “customer” labs that can share equipment,
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All three zones are connected through the elimination of
visual barriers. This creates transparency to allow monitor-
ing of the visual management boards in zone two and vis-
ibility of personnel in all three zones, giving them the ability
to identify issues promptly and without needing to gown in
or out of the laboratory space. In addition, the transparency
connects the analysts to the rest of the community at the
facility through visual connections and access to daylight.

Bench Configurations

In a lean lab process, it is normal that individual tests are
combined to make good use of the “unattended” time inher-
ent in some tests and to help create balanced productive
analyst roles. For example, a HPLC test run has significant
periods in which the analyst does not need to be present.

In a lean lab solution, this test will be combined with other
shorter more manual tests to allow that time to be used
productively.

Because of the leveling and defined test sequences, these
combinations can be fixed and repeated each time the tests
are run. In turn, this makes it worthwhile to create dedicat-
ed work cells for these fixed test combinations. Bench layout
and configuration has a significant impact on how well these
work cells operate, and can reduce motion wastes. By far,
the most common bench configuration in labs today is a
straight run, which is almost never the optimum configura-
tion.

The key objective in work cell design is to have clearly de-
fined work areas and sample flows with all necessary equip-
ment, services, and materials close at hand and with reaches
and movement minimized. Achieving this normally requires
a bench configuration which loops around. The classic work
cell shape is the “U” (also known as the horseshoe), but
there are several other alternatives that can achieve the same
objectives.

Products, samples, tests, equipment, and workloads can
and will change over time. Bench layouts and services need
to be re-configurable to accommodate this type of change.

Arguably, the most versatile and re-configurable option
is the “comb and spine” in which the spine can be fixed with
services supplied from above and the comb elements are
movable. This allows multiple “U” and “L” shapes to be eas-
ily created and re-configured when required.

Enabling Flexibility

Furniture in laboratories must fit with the needs of the
activities that will take place in the lab, and not vice-versa.
This simple principle may seem obvious, but is not always
respected.

It is not unusual to find situations where the testing activi-

ties are not as lean as they could be due to the constraints
caused by the furniture arrangement and by the utilities
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distribution. Furthermore, the user needs, type of tests,
equipment, and activities carried out in a laboratory evolve
over time and a design that was originally perfect may be-
come obsolete. Sometimes obsolescence can come about so
rapidly it is necessary to revamp a lab area immediately after
the conclusion of the construction phase.

To mitigate this issue, in the last ten years, laboratory
designers and furniture suppliers have developed flexible
solutions at three levels:

e Level One — Flexibility at Bench Level — tradi-
tional benches are fixed and are difficult to relocate in
practice. Flexible benches are on wheels to allow a rapid
reconfiguration of the lab layout. They can be “detached”
and therefore need to have a utilities wall behind them
(although it should be noted that this solution may be
more expensive). To be even more flexible, the benches
can be fully mobile, only requiring being in close proxim-
ity to the utilities and services distribution that can be
pendants hanging from the ceiling. This option could be
less expensive and well suited to lean principles.

« Level Two — Flexibility at Utilities and Services
Connections — the distribution of services, such as
gases, electrical power, vacuum, and water can be rigidly
fixed on the bench in a traditional non-flexible configura-
tion. Alternatively, the services and utilities distribution
wall can be detached from the bench, breaking the rigid
connection between bench and services while still having
some constraints. Finally, the utilities and services can be
distributed from above via flexible connections allowing
full flexibility.

¢ Level Three — Flexibility at Distribution Level —a
further level of flexibility can be provided by installing
some blind connections in the lab ceiling void to allow
the future relocation of utilities and service distribution
panels.

With all these options, which one is best? There is a trade-off
between the cost of the furniture and its flexibility. Nor-
mally, benches on wheels are slightly more expensive than
traditional ones. In the same way, the utilities distribution
from high level panels is more expensive than traditional
distribution on benches. Nevertheless, in most laboratories
the cost of these options is negligible compared to the ben-
efit in flexibility. However, the flexible distribution system
(blind connections ready in the ceiling void) is justified only
when a high frequency of lab reconfiguration is required: for
example, in non-validated research activities. In any case,
GLP implications should be considered when reconfiguring
the labs layout.



Consumable Inventory Management and
Storage
In most labs, effective management of laboratory con-
sumables is a key enabler for lean operation. The storage
requirements for these materials are an important con-
sideration in the design and layout of labs. Considerable
inefficiency and unnecessary costs can result from analysts
hoarding or unnecessary multiple storage locations. Poorly
managed inventory processes also can result in materials
running out, needing to be ordered on short notice or expir-
ing due to oversupply. Effective stock management systems
can increase analyst productivity, increase work satisfaction,
reduce the resources spent on inventory management, and
reduce test delays.

The Consumable Inventory Management (CIM) process
should itself be based upon lean principles with an objective
of minimizing:

« “Stock-outs” and “Write-offs”
» Cost of Inventory

« Inventory Management Effort
e Space Requirements

Achieving these objectives normally involves minimizing the
number of stock locations for individual materials, control-
ling inventory volumes, minimizing the effort required to
replenish stocks at the point of use, reducing travel by cen-
trally locating lab and site stores, reducing inventory owner-
ship duration, minimizing inventory management effort,
and reducing transaction and documentation efforts.

Energy Efficiency in a Lean Laboratory
Laboratories are among the most difficult facilities to make
energy efficient. Typical labs are three to eight times as
energy intensive as office buildings — filled with complex
equipment, consuming large amounts of electricity, and
requiring complex air-handling and waste management sys-
tems. Better, safer, and more economical are typical drivers
for lean laboratory design and realization; however, sustain-
ability should not be ignored.

The strategies which can be adopted for an energy ef-
ficient laboratory are the reduction of demand, the harvest-
ing of free energy, the recovery of waste, and the increase of
efficiency; the HVAC system should be designed taking into
consideration the indoor environmental quality.

Adaptability and flexibility should be the drivers for
design of an energy efficient lab; the HVAC system must
be flexible and adaptable to accommodate changes without
significant modifications.

Guidelines
The initial Novartis concepts for lab design and layout were
validated and refined by the multi-functional team at the

Lean Pharmaceutical Lab Design

workshop and an agreed set of guidelines were established.
In addition, a new three-zone concept for test-review-collab-
oration emerged based upon a review of design options and
a case study exercise.

The final high level guidelines endorsed by the workshop
participants direct that laboratory areas should be designed
to:

Support Leveling, Flow, and Standard Work — level-

ing flow and standard work are key lean lab principles. To

proactively support these fundamental work balance con-

cepts designers should:

¢ Incorporate fewer internal walls and less separation of
labs — this promotes flexible operations and the sharing
of workloads and resources to level short interval work-
loads.

< Incorporate space for sample management and visual
cues — visualization of workloads is a core concept of
lean.

< Use sample centric and/or test centric cells and cellular
bench arrangements — cellular workspace design facili-
tates the combination of tests to create balanced produc-
tive analyst workloads and standard work and reduces
travel and motion wastes.

< Allow space for visual management systems of laboratory
performance — for example, daily and weekly meeting
boards to allow visualization of work to be performed in
the short term and of lab performance over time.

Support Effective Use of Time

< Integrate write up, review, and approval areas to enable
efficient and timely documentation and review of tests
supporting both flow and leveling of workloads.

+ Use a limited number of adjacent, but separate “hot”
desks for project work and non-test tasks.

¢ Include adjacent collaboration areas and meeting rooms.

Minimize Transport and Motion Wastes

¢ Locate labs close to manufacturing (simplifying sample
management and chain of custody).

¢ Co-locate or combine labs that will share samples, equip-
ment, or storage.

e Centrally locate shared lab services (e.g., glass wash).

e Centrally locate equipment or storage that will be shared
within a lab.

Minimize Space and Equipment Requirements

e Space and equipment requirements should be calculated
based on leveled demand rates rather than peaks.

e There should be a move away from personal ownership of
equipment, bench space, or desks. Analysts should oper-
ate as true teams sharing resources and workloads.

PHARMACEUTICAL ENGINEERING = SEPTEMBER/OCTOBER 2014

57









regulatory compliance

Legacy Products and Process Validation

Legacy Products and Process Validation: Bringing
Old Drugs up to Current Standards

A Framework for Implementing
Stage 3 Continued Process
Verification for Legacy Products

by Bikash Chatterjee and Wai Wong

This article presents a method to account for missing information and
provides recommendations to understand a legacy product and how to
apply the three stages of the new guidance to satisfy the FDA and

he FDA’s new 2011 Process Validation
Guidance January 2011 constitutes a
revolution in process validation, because
it requires a new type of justification,
based on sound science and risk analy-
sis. Many pharmaceutical products in
the market for the past 20 to25 years
have had little R&D records to use as
back up. What can a company do when
a product starts to break down or fail? What should be done
first? What is the best way to assess risk and to demonstrate
consistency in the way we manufacture our products?

The transition to implementing the new risk-based
process validation philosophy has dominated the discussion
ever since the FDA issued its landmark guidance “Guidance
for Industry Process Validation: General Principles and
Practices” in 2011. For most API, pharma and biotech com-
panies today, the challenge in implementing the new guid-
ance is not for new drug therapies under development, but
for those currently in the marketplace. Many older products
are hampered by the absence of the solid development data
required to satisfy the requirements of the new Stage 1 and
Stage 2 Process Validation (PV), making Stage 3 a potential-
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other regulatory agencies.

ly untenable undertaking. How can companies move these
products into a state of compliance?

This article pre-supposes a baseline understanding of the
three stages of the new PV guidance. It is intended to guide
the reader through a framework for establishing a Stage 3
program for legacy products that is compliant with the 2011
guidance, tailored to organizational needs, and that does not
hinder manufacturing and quality processes.

Framework for Stage 3 Continued Process
Verification

A number of excellent reference documents exist that
discuss designing and implementing a Stage 3 PV program.
ISPE issued a Discussion Paper* defining a framework and
decision tree for evaluating legacy products. The Parenteral
Drug Association (PDA) issued Technical Report (TR) 607
as a comprehensive discussion of all three phases of the new
2011 PV Guidance. While these papers do an excellent job of
capturing all of the considerations in designing and imple-
menting a compliant Stage 3 program, adapting them to an
organizations’ capabilities requires organizational consen-
sus, which is often difficult to achieve.
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Stage 3 - Continued Process Verification

Requirements

Stage 3 of the new PV guidance represents the FDA's con-

cept of leveraging Quality by Design (QbD) understanding

to accommodate sources of variability that can only be

identified from long term processing history. Sources of

variability include raw material variability, equipment duty

cycle, multi-shift variation, etc., that are often difficult to

fully characterize in a development or scale-up scenario.
Stage 3 of the new PV lifecycle is intended to be an on-

going program to collect and analyze product and process

data to ensure the process remains in a state of control.

Many firms rationalize this as the process equivalent of the

system used for monitoring product performance as part of

the Annual Product Review (APR) Process. For new prod-

ucts developed with the new guidance in mind, the FDA has

made it clear that science- or risk-based tools should be used

to determine to creating a program to

collect, measure and monitor at a mini-

mum process performance and variabil-

ity as opposed to product performance

and variability against specification. The

components of the continued process

verification model for legacy products are

shown in Figure 1. Each section will be

discussed.

Prioritization Scheme

The first practical dilemma most com-
panies face when moving to compliance
with the 2011 guidance is how to evalu-
ate and prioritize existing commercial
products. There can only be one standard
for process validation and eventually all
products have to meet it. Even so, it can
be difficult to gain organizational consen-
sus to establish a practical path forward.
One simple framework for incorporating
diverse prioritization criteria is to employ
a Pugh Matrix. A Pugh Matrix is a struc-
tured, semi-quantitative tool for evaluat-
ing alternatives. Like all risk frameworks,
the primary advantage of a Pugh Matrix
is to establish a common criterion for
evaluation, minimizing subjectivity while
providing sufficient quantitative criteria
for measurement. Factors to consider
include:

1. Patient Criticality — life sustaining
drugs

2. Product Volume — percentage of the
site’s manufacturing volume
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. Business Risk — site revenue impact

4. Process Complexity — number of unit operations and
control strategy complexity

5. Process Quality History — incidence of non-conformances

and CAPAs generated

The Pugh Matrix approach allows weightings to be added to
the evaluation criteria and to measure each product against

a standard baseline for evaluation by assigning a value of (+)
if better than the nominal criteria agreed by the evaluation
group, (S) if equivalent to the nominal criteria and (-) if much
worse that the nominal criteria. Five scores are summarized
for each product: sum of positives, sum of negatives, sum of
sames, weighted sum of positives, and weighted sum of nega-
tives. An example of a simple product prioritization analysis
is shown in Table A. The weighted decision Pugh Matrix
product prioritization is Product 5, 4, 2, 1, 3, 7 and 6.

Figure 1. Continued process verification model for legacy products.






regulatory compliance

Legacy Products and Process Validation

Criteria Rating (1-10) Product 1 Product 2 Product 3 Product 4 Product 5 Product 6 Product 7
Patient Criticality 10 - + s + + - -
Product Volume 7 - - + + + - S
Business Risk 7 0 - S - + - -
Process Complexity 5 + - - - S - -
Process Quality 5 + + - s S s +
History

Sum of Positives 2 2 1 2 3 0 1
Sum of Negatives 2 3 2 2 0 4 3
Sum of Sames 0 0 2 1 2 1 1
Weighted Sum of Positives 10 15 7 17 24 0 5
Weighted Sum of Negatives 17 19 10 12 0 29 22

Table A. Weighted product prioritization (Pugh Selection Matrix).

Historical Data Review and Quality Assessment
The new guidance is tantalizingly vague on the level of

data analysis required for legacy products. “Manufactur-

ers of legacy products can take advantage of the knowl-
edge gained from the original process development and
qualification work as well as manufacturing experience to
continually improve their processes. Implementation of the
recommendations in this guidance for legacy products and
processes would likely begin with the activities described in
Stage 3.”

Evaluating the state of control for legacy products
requires a two-prong approach: evaluating product perfor-
mance and evaluating process predictability. For the former,
most organizations have a retrospective product review
mechanism in place. In the U.S., the Code of Federal Regula-
tions® mandates APRs. In Europe, the European Medicines
Agency requires a Product Quality Review. Though not
identical in their requirements, they share the same objec-
tive: to review a product’s Critical Quality Attributes on an
annualized basis to determine any trends or quality issues
that must be addressed.

The more difficult of the two is assessing process pre-
dictability. For new products, this is a natural extension of
the work performed in Stages 1 and 2 to identify Critical Pro-
cess Parameters (CPPs) and final control strategy. Often for
legacy products, the development work performed does not
provide the necessary insight to identify and defend CPPs by
current scientific and regulatory standards. This requires a
detailed assessment of the available historical data. Typical
sources of historical data along with the potential types of
analysis are summarized in Table B.
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Process Control Assessment

If the process is found to be out of control, baseline process
characterization studies need to be conducted. Tools for as-
sessing process control and remediation should be formal-
ized in procedure. Processes that are found to be in control
can move forward toward the implementation phase for
continued monitoring.

Implementation

The process to this point has identified CPPs for each
product in the prioritization matrix that is suitable for CPV.
Moving to implementation, there are four elements that
comprise an effective CPV program:

Defining a data capture strategy

Establishment of a CPV monitoring and reporting plan
Determine alert and action limits

Enhanced monitoring components

pownhE

Defining a Data Capture Strategy

With most of the product’s historical and background
information identified in the previous steps, we now focus
on implementing controls and assessing the manufacturing
process. The biggest obstacle for legacy product manufac-
turers is how to obtain data to analyze and evaluate that
their process is operating within a state of control. Many
legacy product manufacturers do not have reliable methods
of monitoring CPPs other than capturing process inputs
and verifying if the products have met their product release
criteria. Tracking process performance is not the same as
analyzing product performance. A data capture process will




determine the best means of obtaining the relevant data

for analysis. How often data should be collected, from what

Data Source

Data of Interest

Possible Analysis
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source, and when are factors to report in creating this data

capture process.

Considerations

Development Product Design * Product Design e Formulation
Reports Critical Raw Pre-Hazard design and
Material Tests Analysis function?
Design Space * Process Risk e  Were studies
Sampling Plan Analysis orthogonal?
Method Capability | ® Design Space *  Were raw material
Data tests capable?

* Are the raw
material and
process limits
meaningful?

Master Batch Unit operation e Control Charting e Look for evidence
Records controlrangesand | ® IMR Chart of process control
data ® Process Capability | ® Must address
parameters which
are not in control
IP and Release Individual and ¢ Mean and * ook for process
Test Data summary test data standard deviation issues hidden
analysis within the method
e Trend Analysis
e X-Y curves
Deviations Lab OOS level 1 * Recurring failures * Are there process
and 2 e Method capability excursions that
Process and issues cause quality
testing excursions | ¢ Trend Analysis issues?
e Raw Material * |s the supplier
Supplier related variation
driving process
instability?
CAPAs Identify process * Root Cause * Are the corrective
and control analysis data and actions based on
strategy the methodology symptoms or true
corrective actions root causes?
implemented
Change Quality e Correlation e Are changes
Controls assessment analysis between adding instability
related to changes changes and to process
Validation criteria process stability
evaluated or product
performance
Annual Product CQA e Correlation * |s product
Product trends analysis between product performance
Reviews performance, capable?
deviations, and
change controls
Prior Validation Sampling Plan * Baseline process * Has the process
Testing Process capability control charting center shifted?
Control Strategy * T-test comparison | ¢ Does the
of means data support
* CPP baseline data parameters
identified as CPPs

e  Were both
inter- and intra-
batch variation
evaluated?

Table B. Sources of historical process and data.

Although each product’s manufacturing
process is different, there are some com-
mon methods for obtaining the relevant
data to evaluate process performance and
predictability. Methods include obtaining
information from batch records and in-
troducing new methods of gathering data
such as in-process monitoring or using
new equipment capable of monitoring
CPPs that are specific to process.
Common data capture solutions include:

1. Creating additional sampling and test-
ing procedures and records which can
be used to manually capture the data
required

2. Data acquisition through equipment
PLC and microprocessors

3. SCADA systems for equipment pro-
cess monitoring

Establishing a CPV Monitoring Plan
With legacy products there is potential
for more process inputs and CPPs than
with new programs if the original design
space establishment was incomplete. The
monitoring plan should be the result of

a clearly defined procedure for data ac-
quisition, receipt, statistical analysis, and
reporting. Many firms start with the APR
process as a model and adapt it to create
a CPV process. Alternatively, it may be
more efficient to create a dedicated qual-
ity engineering function to address CPV.
The reporting process is one of the most
critical elements to address. Establish-
ing a frequency for reporting, based
upon a measure of contribution to CQA
movement by a CPP is one well-accepted
approach to establishing a data collection
and reporting frequency.*>*

Establishing Alert and Action Limits
Legacy products have the advantage

of manufacturing history in establish-
ing alert and action limits. Even in the
absence of a robust manufacturing
process design and key monitored ele-
ments, there should be sufficient data to
establish alert and action limits for each
CPP. Each limit will require a discussion
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Regulatory Mythbusters — Sorting

Fact from Fiction

by David Churchward, Ron Ogilvie, Bryan Wright

The authors tell us that there are GMP-related “myths” created and
propagated through industry. These myths may be created for a variety of
reasons — regulatory changes, perceived regulatory inconsistencies, and
regulatory misinterpretation. In this article, several myths are “busted” and
better communication with regulators is recommended to help prevent

nthropologists tell us that people in
all societies — past and present — cre-
ate myths. Myths are often created
and perpetuated because there is
no apparent rational explanation or
identifiable cause for the misfortunes
that befall us. Thus, in the pre-
scientific, tribal world, random and
unexplained misfortunes, such as a
poor harvest, an unexplained death, flood and famine, are
often explained through myth-making.

Are There Myths in the Pharmaceutical
Industry Created and Propagated Related
to GMP?
Often, conclusions about regulatory interpretation can be
generalized from one example and thus conclusions may be
based on supposition or myth. Many myths develop because
the propagation of someone’s view or interpretation of a
regulatory “requirement” goes unchallenged or — worse —
gathers momentum. Some myths may be picked up upon
inspection, but many are also discovered when inspectors
have meetings with companies or when answering questions
about licensing.

Regulatory changes also can generate myths, but so can
resistance to new ways of working, even when the GMPs
are not changing. For example, proposals for changes in
company practice might be challenged by a suggestion “that

SEPTEMBER/OCTOBER 2014  PHARMACEUTICAL ENGINEERING

future myths from rising.

would not be allowed under GMP.” That response may be
a myth in the making or, worse, a well-established one that
has been influencing decision-making.

There are a wide range of GMP changes in progress and
interpretation of revised guidelines may create opportunities
for new myths to be generated about regulatory interpreta-
tion. Sometimes it is easier to “sign on” to the myths rather
than challenge them by looking for fundamental under-
standing. Thus, both industry and regulators would benefit
by working on stopping the propagation of myths. The best
way to do this is to raise questions internally and externally
and to clarify expectations early on. In other words, we need
to “bust’ those myths before they get started.

Case Study #1 — Are Regulators Inconsistent in
Regulatory Interpretation?

The majority of manufacturers will experience process
deviations from time to time. Some may impact the regula-
tory filing for the method of manufacture. Whether affected
batches can continue to be certified for release to market
(often referred to in the EU as “QP discretion”) is a topic of
much discussion, interpretation and at times, confusion. The
potential for myth-making is high.

Consider the same deviation from the registered process
experienced by two different companies. Could the specifics
surrounding each case give the impression of inconsistency?

Company A was not aware of the process deviation at the
time of manufacture. The finished product complied with its



specification and there was evidence to show no detrimen-
tal impact from the deviation, which was unexpected and
shown through scientific rationale to be ‘minor’ in nature.
The EU Qualified Person was able to use discretion in the re-
lease of these batches and the regulatory filing was changed
for future batch manufacture.

In contrast, Company B proactively decided to make a
change to the registered method of manufacture and did not
update the filing and therefore, the deviation could not be
classified as being “unexpected.” QP discretion in this case
will not be acceptable under the planned revision to EU GMP.

“Although regulators are often challenged on perceived
inconsistencies, industry — including sites within the
same company — can also appear to be inconsistent. At
times, this appearance of inconsistency can be due to a
lack of visibility of the full facts of the case.”

— David Churchward, Expert GMDP Inspector, MHRA

Interpretation and application of GMP regulatory expec-
tations can result in subtle, but significant differences in
assessment of apparently similar situations. “One size does
not fit all” and dialogue with the regulator can help clarify
specifics relevant to each case, and if necessary, widen the
discussion to other regulators. For example, the EU Compi-
lation of Community Procedures — the Quality Management
System for EU regulators — establishes a foundation upon
which cross-EU dialogue can take place. The participation
of PIC/S authorities in GMP working groups further extends
the reach of this coordinated discussion. Such dialogue can
drive consistency in GMP interpretation and application.
Regulators cannot be approached regarding the
consistency of regulatory interpretation: MYTH

Case Study #2 — Are There Regulatory Barriers
to Changing Approved Product, Process or
Facility Registrations?

Often, proposals to make innovative changes to registered
methods of manufacture or analysis can lead to fears of
regulatory challenge, additional regulatory burden, and
delays in implementation.

Changes are allowed and even encouraged. Important
issues here are robust change control and validation where
required. A good understanding of what is registered — and
what might require variation submission — is needed. This
means having good links between production/QA and regula-
tory.

A challenge for industry may be the operational manage-
ment of changes to multi-market registrations. What regula-
tory approaches might help avoid these difficulties? One
might consider inviting regulators from different markets,
such as the EU and US to discuss timelines and approaches
to align work as much as possible. Closer international regu-
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latory collaboration through initiatives such as International
Collaboration of Medicines Regulatory Agencies (ICMRA)
might facilitate this approach going forward.

There is already EU guidance published on marketing
authorization changes (http://www.ema.europa.eu/ema/
index.jsp?curl=pages/regulation/document_listing/docu-
ment_listing_000090.jsp&mid=WCobo1ac0580023398).
However in contrast, similar guidance is not so readily
available for authorized manufacturing sites. In such cases,
the advice of local regulatory authorities should be sought.
Making contact at an early stage helps understand expecta-
tions and avoid difficulties (such as myth-making) later on.

“Rather than preventing changes to registrations, Ar-
ticle 23 of Directive 2001/83/EC requires that registered
methods of manufacture and QC are revised as neces-
sary to take account of scientific and technical progress.
Companies need to be clear as to what is a significant
regulatory change — requiring an update to the
product filing, and what is a quality improvement
change — one that can be managed under the pharma-
ceutical quality system.”

— Bryan Wright, European Regulatory

Affairs Advisor, ISPE
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Changes to approved product, process or facility
registrations are not permitted: MYTH

Case Study #3 — Application of GMP - Guide
or “Handcuffs”?

The EU GMP Guide is divided into three parts. Part one
covers dosage form manufacture, part two active substance
manufacture, and part three non-mandatory guidance as
supplements to parts one and two.

The Common Technical Document, used for submission
of product approval applications, is also structured into
discrete modules and sub-sections that describe specific
aspects of the product under assessment. The structure of
GMP/CTD Module 3 is based on historical administrative
convenience, rather than any specific scientific or quality
requirement. It should therefore not be seen as a barrier to
novel manufacturing proposals which do not specifically fit
the established dossier structure.

“There may be, at times, an apparent unwillingness for
companies to pursue implementation of innovative man-
ufacturing or control approaches due to concerns about
presumed ‘restrictions’ in GMP. Robust links between
manufacturing/QA and Regulatory Affairs is important
in helping to dispel such myths”

— Ron Ogilvie, Senior Director, Global CMC, Pfizer

While there are already established examples of crossing
boundaries between parts one and two of the EU GMP Guide
and different sections of Module 3 of the CTD (for instance
sterile APIs, or APIs stabilized by blending with one or more
excipients), there is a need to view EU GMPs as the stan-
dards for defining what should be achieved, not necessarily
how it should be achieved.

EU GMPs are written in a non-prescriptive manner to
permit a flexible approach. Companies need to consider
the sum total of activities designed to achieve a defined
outcome. Inspections will assess the effectiveness of these
arrangements, not just the words on paper.

A “common sense” approach is required, questioning
whether innovative proposals breach an explicit regulatory
requirement; perhaps the proposed option is just a different
way of achieving the same outcome? If a particularly novel
approach is proposed, speaking to a regulator at an early
stage will likely clarify whether the proposal is 1. acceptable
in principle and 2. define what work may be required during
process design and validation in order to demonstrate com-
pliance with regulatory requirements.

Communication is key, and that means having good
communication, both externally and internally. For ex-
ample, MHRA and other EU regulators encourage meetings
between industry and regulators to clarify ways forward
and helping industry to navigate the regulatory process. At
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MHRA, this is coordinated through the Innovation Office
(www.mhra.gov.uk/Howweregulate/Innovation/index.htm).
One also can challenge the internal myths and ask “on what
basis is something considered to be unacceptable?” Is lack of
communication or lack of facts a barrier?

If it’s not specifically mentioned in GMP, it’s not
permitted: MYTH

There is a great opportunity to use the themes above to
reflect on the rationality and utility of your quality system.
Consider whether the right questions have been asked and
whether important business and regulatory compliance
conclusions are being reached based on fact or “myth.”
Breaking down regulatory myths will benefit industry
and the patient. Clarification of expectations can increase
industry confidence in implementing innovative approaches
to manufacture or process design and enable the focus-
ing of limited resources toward real requirements, rather
than fueling a myth. As a result, the ability to realize ways
of efficient and innovative working in compliance with the
regulations can benefit patients by improving access to cost
effective medicines and avoiding shortages through more
robust supply chains.

Future Myths: Stopping Them Before They
Start

What might future myths look like? Every interpretation of
guidelines invites myth-making about implementation. This
means that both industry and regulators need to work hard
to stop myths from being created and propagated. Regula-
tors really are there to help and the perception of inflexibility
of regulatory barriers might be the most important myth to
dispel.

e N

Are important quality and productivity decisions be-
ing made based on fact? Or based on myth? If you
think you have enshrined a myth in your quality sys-
tem or simply wish to check out the regulatory need
for a particular activity we would like to hear about
it. Please review your own activities and feel free to
raise issues with the “Mythbusters” so they can be
discussed in future articles. Please contact: Bryan

Wright, ISPE EU Regulatory Affairs Advisor
(& /
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Challenges for Regulated Life
Sciences Companies within the

laaS Cloud

by Robert Streit and Anders Vidstrup

Members of the GAMP Cloud Computing Special Interest Group (SIG)

This article presents the key items that must be addressed to adopt an

n the introductory article of this series, Cloud Comput-
ing in a GxP Environment: The Promise, the Reality
and the Path to Clarity (Pharmaceutical Engineering:
January/February 2014), an overview was provided of
some of the primary challenges and/or concerns the
regulated industry continues to debate as to whether
cloud solutions can be adopted or not. Key issues from
that discussion are highlighted as:

» The regulated company must be willing to give up levels
of “hands-on” control and oversight to the cloud provider,
yet remain accountable for the integrity and compliance
of the solution and data.

» The regulated company should apply the same good out-
sourcing/supplier management practices that it operates
for all other outsourcing activities.

» Cloud vendors typically approach quality assurance or the
traditional Quality Management System (QMS) differ-
ently from the regulated industry

The GAMP COP Cloud SIG was formed of representatives
of a cross-section of small and large life sciences companies
and cloud service provider SMEs. The perspectives provided
within this article represent real-world experience, research,
and interaction with both the cloud provider industry, and
various regulatory bodies.

This article will focus on the key items that must be ad-
dressed to adopt an IaaS model within a regulated firm. To
do that, one must first understand what IaaS is, the variation
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laaS model within a regulated firm.

of the model offered by the provider, and what compliance-
enabling services the provider can supply. One of the most
useful IaaS definitions is provided by the National Institute
of Standards and Technology (NIST), which defines IaaS as:

“The capability provided to the consumer is to provision
processing, storage, networks, and other fundamental
computing resources where the consumer is able to
deploy and run arbitrary software, which can include
operating systems and applications. The consumer does
not manage or control the underlying cloud infrastruc-
ture but has control over operating systems, storage,
and deployed applications; and possibly limited control
of select networking components (e.g., host firewalls).”

Figure 1 depicts the shift in ownership of infrastructure
from the traditional IT approach. (Light blue denotes the
elements of greatest risk in this model. Note: this figure
includes the full range of IT outsourcing models for the sake
of completeness. This article focuses on the models enclosed
within the dotted lines.)

To understand IaaS, one must understand that the IaaS
model is not just hardware. When a customer requests an
environment, a significant amount of automation has been
developed behind the scenes to build and deploy an envi-
ronment, potentially inclusive of networking, storage, and
virtual machine.

There are some who advocate that this infrastructure
layer has become a commodity, and that the abstraction
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QMS (or equivalent), and not verbatim from the regulated
company’s point of view.

To secure quality and security in the deliverables from
the laasS provider site, there should be quality assurance

Regulation Phrase Consequence

Principle The application should be validated; IT In practice, basic principles described in the ISPE GAMP® Good Practice Guide: IT
infrastructure should be qualified. Infrastructure Control and Compliance should be applied, both at the provider’s site, and

at the regulated company.

§1 As part of a risk management system, decisions on It requires that data integrity and security controls at both the provider site and the
the extent of validation and data integrity controls regulated company are handled as described in GAMP® 5 (Appendix M3: Science Based
should be based on a justified and documented Quality Risk Management) and the ISPE GAMP® Good Practice Guide: IT Infrastructure
risk assessment of the computerized system. Control and Compliance.

The Challenge: the provider has the key knowledge related to their business, and
should answer questions related to the laaS. The regulated company should have
controls in place to verify if the solution satisfies business needs and risk tolerance.

§2 All personnel should have appropriate The principles described in the ISPE GAMP® Good Practice Guide: IT Infrastructure
qualifications, level of access and defined Control and Compliance should be applied at the provider site. In practice it means “limit
responsibilities to carry out their assigned duties. the required qualifications” and focus on the essential discipline for infrastructure. This is

intended to simplify and not complicate.

§3.1 .... and these agreements should include clear In practice:
statements of the responsibilities of the third party. 1. Provisioning the service.

2. Ongoing management and maintenance of the service will be for a substantially
longer period.

In both cases, roles and responsibilities should be clear, and both the SOW (provisioning)

and SLA (ongoing) are important.

§3.2 The need for an audit should be based on a risk The requirement doesn’t state that an audit must be conducted — but the regulated
assessment. company must from a risk-based approach evaluate the provider’s ability to comply with

regulations. Principles from GAMP® 5 (Appendix M2: Supplier Assessment) could be
applied. Relevant certifications may provide an opportunity for a simplified or expedited
assessment of the provider. The scope for the assessment should be clarified based on
the risk assessment.

§3.4 Quality system and audit information relating It should be possible to obtain evidence of an appropriate assessment process and
to suppliers or developers of software and subsequent judgement of supplier suitability, including significant findings and outcomes
implemented systems should be made available to should be made available to regulators on request.
inspectors on request. Some detailed asi o !

pects of assessment finding, especially those related to supplier
intellectual property and technology may be covered by confidentiality agreements
between the regulated company and the supplier.
The Challenge: if a regulator requests supplier information, a request may be passed on
to the supplier — and when necessary further confidentiality agreements discussed.
In the case of service suppliers of high risk processes, contracts should notify them of
the possibility for direct inspection and request timely access to their QIS if needed
during regulatory inspection.
» §4.5 The regulated user should take all reasonable steps In general, GAMP® 5, Chapter 4 related to the project phase describes all validation
g to ensure that the system has been developed activities aligned with general validation principles. These activities should also cover the
® in accordance with an appropriate quality laaS elements of automation used to provision the infrastructure with reference to the
@ management system. The supplier should be principles in Annex 11.
E assessed appropriately.
]
3 §7.1 Data should be secured by both physical and This requirement should be implemented via controls both at supplier site and at the
IS electronic means against damage. Stored data regulated company site. This involves implementation of the proper security controls,
8 should be checked for accessibility, readability verification of backups, periodic testing of restoration, and contingency planning.
- ta%“? d acr? urﬁh. Actcesrs to da@a(jshould be ensured In practice the requirements for disaster recovery at supplier side may be limited to just
5 roughout the retention period. Recovery Time Objective (RTO) in reality. Recovery Point Objective (RPO) may also be
E stated in the contract.
<
® §12.1 Physical and/or logical controls should be in place Consideration should be given to, e.g., establishing VPN connectivity, so that the
E to restrict access to computerized systems to regulated company standard identity access management practices could be leveraged.
< authorized persons. Suitable methods of preventing These requirements are fully aligned with good engineering practice as described in e.g.
o unauthorized entry to the system may include ISO 27001, section 7.2
% the use of keys, pass cards, personal codes
5 with passwords, biometrics, restricted access to
] computer equipment and data storage areas.
C5w §211.25(a) ... shall have education, training, and experience The principles described in the ISPE GAMP® Good Practice Guide: IT Infrastructure
8 ° ] or any combination thereof, to enable that person Control and Compliance should be applied at the provider site. In practice it means “limit
€ _E’ = 25 to perform the assigned functions. the required qualifications” and focus on the essential discipline for infrastructure. This is
] £558 § intended to simplify and not complicate.
3§ 2863E
rZ2c E] 03“5 ° €8 §211.68(b) A backup file of data entered into the computer or This requirement relies on the associated risk assessment, and must be conducted
S § ‘» 'g 5 .8f *?, % related system shall be maintained .... designed to according to the principles described in the described in GAMP® 5 (Appendix M3:
E S 25 2 % g »g 2 assure that backup data are exact and complete Science Based Quality Risk Management) and the ISPE GAMP® Good Practice Guide:
O 8 @ S g Tg5§2 and that it is secure from alteration, inadvertent IT Infrastructure Control and Compliance, both at the supplier site and at the regulated
N6a=as0>ic erasures, or loss shall be maintained. company.

Table A. Basic regulatory requirements of the end-user and related consequences to the IT delivery/laaS from an operational level.
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i The table_s shown list different activi- laaS Provider Activities Activities in the Regulated Company
ties from a lifecycle approach related to

laaS provider and regulated company. Applies to components to be included in the | Vendor assessment/on-site audit
(The deliverables in the following technical solution regardless of automated GAP analysis to requirements for
. or manual deployment of the laaS: infrastructure; e.g., company specific
tables reflect what may be required. security requirements
However, depending on the risk as- Input to the process: Input to the process:
sociated with the desired use case and - Service description - Customer service related requirements
degrt_ag of autok:natlofn 2vallzbll? frorlr;lthe Output from the process: The output of the gap analysis is a list of
provider, a subset o t ese defiverables - Quality Activity Plan and/or equivalent for | activities to be done before the a!opfova'.
may be enough to satisfy requirements). bringing the component into Compliance | Status can be stated. This could include:
Table D indicates activities related with pharmaceutical regulations - Qualification/Validation Plan, or similar
- Requirement Specification - If applicable, additional customer
to the automated deployment proc_ess - Technical Design Specification (TDS) specific TDS
that may be compared to and considered - Risk Assessment as appropriate - Customer specific Risk analysis
equal to the disciplines of a facility pro- - Design Review Report - Adesign review reflecting the changes
_ - Traceability Matrix above
cess control SySten_]' The automated de - Code review report for scripts that might | - Additional Installation Test regarding
ployment process is normally based on a handle deployment or configuration Customer service related requirements,
generic tool, where appropriate business automatically installation guides/scripts and image
. o - Installation verification - Hardware Qualification (or equivalent
specific code {s 1m;’) lemen.ted to reflect - Verification of technical functionality evidence able to be generated by the
the Iaa$ providers’ proprietary method of and verification that laaS is ready service if not done by provider)
deploying infrastructure solutions. for production (transition phase) — in - Additional Functional Test for Customer
The operation and maintenance practice “Installation and Operational related requirements, or requirements for
o ; i Verification” test areas
activities listed in Table C should secure - Configuration Item List are in place (CIL) | - Updated processes captured in
the laasS availability and performance controlled documents reflecting agreed

unique operational processes between

in operation for which it was designed. the provider and customer

The activities are generally based on the

GAMP® Good Practice Guide: IT Infra- Table B. Qualification of components (building block system for VLANS, switches, routers,
structure Control and Compliance Guide back-up systems, monitoring etc.). Activities also reflect tools and implicit automation

and don’t differ from the main concept in ~ Software for deployment of laaS.

this guidance. Regardless of the differ-

ence in cloud models, the intensions in and/or maintain certain elements over the lifecycle of the
the guidance still are applicable. relationship.

The Contract Compliance Requirements

The contractual agreement with an laaS provider is a critical To the regulated firm, the presence of the elements is not the
tool for effectively managing the relationship between the end point. SOPs need to have a periodic review, and there
regulated company and the provider. It

must be treated as a partnership between laaS Provider Activities Activities in the Regulated Company

the two entities. Beyond the standard le- | N ‘ | o .
gal agreements and warranties, the con- nqu: to t. © profess‘ ication nptgt;) t te Tk:oclesz oud - d g
- - Requirement specification for - rder to the laaS cloud — depending on

tract should h_ave at least the fOIIOW"?g deployment automation, this may serve as a defined
three key sections to ensure expectations script/set of scripts
are clear. These sections may be exhibits, Output from the process:
addendums, or independent documents - Change request , . Qutput from the process: .
but should include: - Customer related Technical Design - Documentation from the Supplier, that

: Specification (TDS) if standard components are installed as expected

components, scripts, or configurations include a Cl List. Depending on
Comp/iance Requirements or C?)T’?Oi be used (depgpds on provilder‘s gutomgtion, ﬂ;is rnait be rf«laprtgsented
: ability to manage revisions, manual y on-demand reports reflecting
Qual’ty Ag reement i changes, etc.) confirmation of successfully executed
Although the regulated company still - Risk Assessment as appropriate scripts above.
has the responsibility for deploying and - ?BSIganifVI&WtBeDOVT if applied
L . - Traceability Matrix

malr_ltalt?ung the o_pergtmg system(s) and - Installation Qualification and Report
applications running in the laaS model, - Configuration Item List (CIL)
the data is located at the supplier, and
therefore, the supplier must provide Table C. Qualification of automated deployment process.
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needs to be evidence that existing procedures are followed.
Compliance requirements include:

« Change Management SOPs — change records should be
executed for all changes to infrastructure and maintained
for the life of the combined set of hardware, software,
networks, facilities, etc. that comprise the infrastructure.

¢ Incident Management — scope of incidents should include
excursions from specified environmental parameters,
unexpected outages/failures, and items impacting perfor-
mance of hardware/networking equipment. Incident re-
cords should be maintained and associated with any root
cause analysis or CAPA items resulting from the incident
investigation.

« Individuals responsible for data center operations and
infrastructure support shall be adequately trained and
qualified for the role(s) being performed.

laaS Provider Activities Activities in the Regulated Company

information systems
Cloud Computing

Training procedures shall exist to ensure personnel asso-
ciated with the procured services are trained for their role.
Evidence of training shall be captured and maintained.
Infrastructure and network diagrams. The diagrams
should be readily available to reflect current state.
Backup and Recovery SOPs of the supplier’s infrastruc-
ture and configuration settings should be maintained,
with documented evidence of periodic testing captured.
Adherence to SOPs for the qualification/deployment of
infrastructure items with documented evidence available.
If highly automated, tools should be available to provide
reports verifying that the provisioned service matches
requirements.
Timely support in the event that the regulated company is
subject to a regulatory authority audit.
Notification in the event the supplier becomes subject to
such an audit.
« Exit Strategy — based on the scenario,
expectations of the supplier in the
event that the relationship terminates,

The IT infrastructure typically changes
frequently — sometimes on a daily or
hourly basis depending on the size of the
infrastructure. The IT infrastructure should
be maintained in a documented state of
control by ensuring appropriate:

- Change Management

- Incident Management

- Configuration Management

- Security Management

- Network Management

- Problem Management

- Help Desk Provision

- Backup, Restore and Archiving (of
Provider Key Systems, etc.)

- Disaster Recovery

- Performance Monitoring (Service
Outages, etc.)

It is expected, that the laaS provider
periodically evaluates the complete
service (standard service and associated
customer approved services) to ensure
that the service are in control. This should
be accomplished via management
review, internal audit, or similar business
responsibility and include any/all of the
following:

- Key Performance Indicator’s (KPI)

- Configuration Management, e.g., CIL
Reviews

- Major Incidents

- Customer Complaints

- Changes

- Capability

- Review of Related Disaster and
Recovery Plans

- Evaluation of Risk Assessment

- Reviews of Physical Security of
Infrastructure

The regulated company will maintain the
application in a manner equivalent to how
applications hosted internally would be
managed. These items include:

- Define Application Requirements

- Application Validation

- Application Testing and UAT

- Performance Monitoring

- Security Monitoring

- Backup Jobs Verification

- OS, DB, and Application Level Security
Management

Vendor management becomes a key task
in a cloud model. Ongoing activities in this
model include:

- SLA Management
- Periodic Audit of the Appropriate laaS
Provider Activities

Table D. Operation and maintenance.

should establish what data, any other
assets, and method of retrieval/media
would be used to recover the informa-
tion.

Statement of Work (SOW)
Specified deliverables in the SOW should
be focused on supplier commitments that
are required for the regulated company
to go-live in production with the desired
services. These should include:

* Any documents as described in Table
A that are regulated customer specific
should be in place prior to moving
forward with the supplier.

« Remediation items identified during
the audit/assessment process should
be contractually agreed to with target
dates for implementation. These items
should be verified as being in place
prior to any deployment.

Service Level Agreement (SLA)
Defined operational measures of the
service on an ongoing basis. Elements
should include:

« Escalation and communication
processes should be established in
the event of major incidents that have
significant risk to the service availabil-
ity, reliability, and data integrity.

PHARMACEUTICAL ENGINEERING = SEPTEMBER/OCTOBER 2014 81









iNndustry interview

PHARMACEUTICAL ENGINEERING Interviews
Francois Sallans, Chair of ISPE’s
Drug Shortages Initiative Team

Sallans talks candidly about the objective of ISPE's Drug Shortages Prevention
Plan, including lessons leamed from the survey, the importance of a corporate
quality culture, and the role metrics can play in preventing shortages.

rancois Sallans is Vice
President and Chief
Quality Officer for John-
=== son & Johnson. In this
role, he is responsible for
Quality and Compliance
activities for Johnson &
Johnson. Sallans is a member of the
International Leadership Forum and
is the Chair of ISPE’s Drug Shortages
Initiative Team, which was awarded
the Committee of the Year Award at
the 2013 ISPE Annual Meeting in
November 2013. The team’s work, as
led by Sallans, has helped establish
ISPE as the leader in the area of drug
shortages and motivated ISPE to run
drug shortage workshops at every

ISPE event in 2014, along with plans
for further research in the initiative’s
findings.

What is the objective of the drug
shortages prevention plan?

The objective of the drug shortages
prevention plan is to help guide the
pharmaceutical and biopharmaceuti-
cal industry in establishing reliable,
robust and resilient supply chains to
provide quality medicines to patients
without interruption. The plan will
serve as a roadmap that, when effec-
tively implemented, can significantly
reduce drug shortages.

The drug shortages prevention plan
is ISPE’s second major output on this
topic since launching its Drug Short-
ages Initiative in 2012. It builds on the
results of ISPE’s 2013 Drug Shortages
Survey, which provided clear evidence
that avoiding and mitigating short-
ages requires a holistic approach that
encompasses both the organizational
and technical issues that affect drug
manufacturing and quality.

The survey also showed that qual-
ity systems and strong management
controls are key to avoiding short-
ages. Recently, the Drug Shortages
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Task Team conducted a more detailed
review of the survey data and inter-
viewed leaders from more than 30
major companies, regulators from 10
health authorities, and regional indus-
try associations to address questions
that arose from the survey.

What did the Task Team hope to
learn from those interviews?

One thing they hoped to learn
was why a number of companies that
focused primarily on IT systems or
building redundancy across the supply
chain had failed prevention plans and
other companies who did not focus on
either of these two areas had success-
ful prevention plans.

From these interviews, they were
able to develop recommendations for
avoiding or mitigating drug shortages.
They also developed a framework
to organize recommendations and
highlight the strategies and challenges
associated with operationalizing each
recommendation that included the
potential interactions that may exist
between each other.

Drug shortages are often
the result of problems with a
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company’s culture rather than
a problem with production.
What is it about the nature of a
corporate quality culture, as it
has been called, that can be so
instrumental in preventing drug
shortages?

Company culture plays a funda-
mental role in drug shortages. Data
from the ISPE Drug Shortages Survey
made it clear that corporate quality
culture is a necessary foundation for
and key enabler of a well-functioning
and robust quality system.

Quality systems can only be effec-
tive where there is a strong emphasis
on a “quality culture” throughout the
organization. This became clear when
data from ISPE’s 2013 survey on drug
shortages was analyzed. Corporate
quality culture is the key enabler for
a well-functioning and robust quality
system.

What comprises a corporate
quality culture?
Thousands of decisions are made
every day by all employees, yet the
guidelines for making decisions may
not actually be described in a qual-
ity system, or found in a company’s
standard operating procedures. It is
up to each person to make decisions
in the light of rules, guidances, SOPs,
risk management principles and the
overarching culture of a firm.

A patient-centric focus, combined
with individual responsibility and
management accountability for qual-

ity, set the foundation of a quality
culture. This action-oriented mindset,
with the support of proper systems,
processes, and practices engenders
continuous improvement.

The drug shortages prevention
plan provides guidance for compa-
nies to develop holistic strategies and
metrics that cross multiple functional
areas in an organization to ensure that
employees understand not just the im-
portance of “what,” but also the “why”
of what they are doing.

You mention metrics. What role
can metrics play in preventing
shortages?

It is well recognized that there are
supply chain metrics that can predict
product demand and can be leveraged
with other quality metrics to prevent
shortages or plan for remediation.
Both lagging and leading indicators
are needed to measure the overall
quality performance of a site. Taken
together, these quality metrics can
be predictive of a company’s ability
to reliably supply quality products.
The question remains, however,
which specific metrics will be the best
predictors for preventing shortages?
The drug shortages prevention plan
provides a range of possible metrics
to assist companies in selecting ap-
propriate measures and indicators. It
also includes case studies that show
how companies have used metrics to
identify or avoid shortages.

Many companies struggle
with understanding how a
pharmaceutical quality system
should be implemented across
the global supply chain. Does the
drug shortages prevention plan
provide guidance in this area?
Yes. Valuable input from both
industry and regulators led the task
team to look at the underlying techni-
cal, scientific, manufacturing, quality,
and compliance issues associated
with a company’s supply chain. They
looked at its ability to source, manu-
facture, and distribute products. In
addition to leveraging the survey find-
ings and getting feedback from ISPE
members and regulators, the team
also interviewed a number of senior
executives responsible for supply
chain operations to better understand
challenges they have faced. Those
discussions focused on solutions they
implemented as they worked to build
a supply chain that would help pre-
vent shortages, one that was robust,
reproducible, and resilient.

Where in the drug shortages
prevention plan is that discussed?
The section on Business Continu-
ity Planning integrates the supply
chain network — from development to
commercial manufacturing — with a
robust quality system, including gov-
ernance and management strategies
and decisions used to help achieve a
robust supply chain. It identifies spe-
cific mechanisms to test and monitor

N
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Drug shortages are not a problem reserved only for

your CEO or VP of Quality.
Don’t miss the worldwide release of the ISPE Drug Shortages
Prevention Plan at the 2014 ISPE Annual Meeting.
Tuesday, 14 October, 13.00-14.30
Hear directly from the Plan’s creators describing how every employee,
every leader and every organizational function impacts successful outcomes
preventing drug shortages.

“Every Member, every employee, needs to know.”

%
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Introduction
he International Society for Pharmaceutical
Engineering’s (ISPE) Drug Shortages Prevention
Plan is aimed at guiding the pharmaceutical and
biopharmaceutical industry in establishing reli-
able, robust, and resilient supply chains that can,
without interruption, provide quality medicines to patients.
The Plan was created from a cross-industry initiative in
response to a 2013 request from the European Medicines
Agency (EMA) to address the prevention of drug shortages
caused by manufacturing and quality issues.

ISPE announced in April, 2014 that it would work with
global stakeholders and other industry associations to pro-
duce a Drug Shortages Prevention Plan — its second major
effort in its continuing efforts on the topic. The ISPE Drug
Shortages Task Team used the results of ISPE’s 2013 Drug
Shortages Survey' as a starting point for developing strate-
gies and practices to prevent shortages.

This Introductory Summary is aimed at highlighting im-
portant areas of the Team’s work. The full ISPE Drug Short-
ages Prevention Plan will be published in October 2014.

The Plan is organized around a “six dimension” frame-
work: Corporate Quality Culture; Robust Quality System;
Metrics; Business Continuity Planning; Communication with
Authorities; and Building Capability, each of which are inter-
linked.
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Work on the Plan engaged Team members with lead-
ers from more than 30 major pharmaceutical companies.
The Team also utilized information offered at recent ISPE
conferences held in Frankfurt, Germany (April 2014) and
Baltimore, Maryland, USA (June 2014) and other confer-
ences and workshops where presentations included valu-
able information from members of industry, as well as from
regulators, regarding how drug shortages might be mitigated
or prevented.

How should the Plan be used?

Avoiding or mitigating drug shortages is a crucial issue, and
the Task Team Members who compiled this plan hope that
it will find wide use in industry and be a valuable guide for
solving drug shortage problems and preventing the inter-
ruption of supplies due to manufacturing or quality issues,
thereby focusing on the prevention of events that may lead
to drug shortages.

The Plan may be thought of as a “reflection paper” to
help industry members look holistically across all elements
of their company and evaluate whether their current drug
shortage prevention strategies, as well as their policies and
procedures, meet current challenges, or whether changes
need to be implemented and processes improved.

Team members also suggest that the Plan could be seen
as a “toolbox” that companies may use to select the proper
tool for the appropriate problem that may potentially cause
a drug shortage. That toolbox has six dimensions, each of
which can be utilized as needed, whether to measure and
test the integrity of the supply chain, build a robust quality
system, enhance corporate quality culture, or find ways to
better communicate with regulators.

Dimension 1 - Creating a Corporate Quality
Culture to Prevent Drug Shortages

Drug shortages are often perceived as resulting from mate-
rial non-availabilities or product recalls. However, the

root causes of drug shortages are many and often involve

a trigger in production factors or technical processes that
can set into motion a cause-and-effect chain that can lead
to a shortage. Lack of controls and human errors contrib-
ute to root causes, as do problems and insufficiencies in
manufacturing, infrastructure and materials. However, a
general failure to implement a robust quality system across
the life cycle of the product, as reported in 2013 by the ISPE
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Survey, is considered to be a critical factor for causing drug
shortages.

The Plan cites the responsibilities of leadership and
management to implement robust quality systems by
creating an effective Corporate Quality Culture, one that
encompasses an organization’s practices, central values
and philosophy with regard to quality, and requires that
employees at every level subscribe to its requirements. A
company’s Corporate Quality Culture is an indicator of its
ability to routinely provide quality service and products and
must be supported by management principles and practices
aimed at quality. It is up to the CEO and other executives to
communicate the concept of Corporate Quality Culture to
all employees.

Dimension 2 - Developing a Robust Quality
System

In the search for the true root causes of drug shortages,
questions regarding what makes a quality system robust
and, conversely, what triggers can affect the supply chain
and lead to a drug shortage, are important. Accordingly, this
section discusses what is needed to develop a robust quality
system.

Validation — a key tool in the industry, and for which the
principles are well-known — is aimed at demonstrating that
a process operates effectively, consistently and produces the
expected and desired results, which in this case are robust-
ness and quality. Validation, also a legal GMP requirement,
needs to occur in the context of continual improvement dur-
ing the product’s lifecycle.

Corrective and preventive actions (CAPAs) are key tools
in creating a robust quality system, and CAPA processes
need to be actively managed in such a way that their ap-
propriateness is endorsed by senior management, complete
with a process for escalating problems to top managers.

Robustness and quality can be achieved by compliance
with preventive maintenance programs for facilities and
equipment used in pharmaceutical manufacturing as equip-
ment failures (as revealed in the ISPE Survey) can often lead
to production interruption.

All this should be embedded in a Pharmaceutical Product
Life Cycle management in the sense of continual improve-
ment as outlined in ICH Q10, “The Pharmaceutical Quality
System,” for all marketed products, including legacy prod-
ucts.

This chapter of the Drug Shortages Prevention Plan also
includes a discussion of subject matter experts and the role
they may play in helping to create robust quality systems.

Continued.

This chapter examines parameters for measuring and track-
ing performance and offers metrics for discovering any
weaknesses that may be in process or product. The chapter
emphasizes that there is no “one size fits all” metric. Rather,
there are a variety of tools and the right one needs to be
chosen.

While many companies use metrics as part of their Qual-
ity System Management Review (as driven by ICH Q10 Ch
4), this chapter discusses quality indicators provided by and
recommended to the U.S. Food and Drug Administration
(FDA) by ISPE, and the collective knowledge gained from
many discussions held at conferences and workshops over
the past two years.

The ISPE Survey revealed that well-defined metrics, tai-
lored to identify potential shortages risks, can help mitigate
them. Both lagging and leading indicators are needed to
measure the overall quality performance of a site and the
products it produces. In relation to drug shortages, appro-
priate metrics need to be present across the quality system
to: 1) identify and allow mitigation; 2) monitor supply and
demand within the supply chain; 3) monitor and predict ac-
tual shortages in terms of scope, duration and patient impact
and; 4) demonstrate corrective action for future prevention.

The ISPE Plan recommends that companies leverage
their CAPAs, Annual Product Quality Review (APQR) and
Quality System Management Review (QSMR) programs to
pull the appropriate metrics for improving the prediction of
shortages. Which metrics to use as predictors, whether lead-
ing or lagging, is a key question addressed in the chapter.

Case studies are presented to demonstrate the use of
metrics to anticipate, prevent, and solve problems of product
quality and supply chain integrity:

e A company that experienced problems with its supply
chain and experienced shortages uses metrics to over-
come challenges.

< Another company experiences supplier disruptions that
led to a shortage. Learn in this chapter how one company
established a “reliability room” to help prevent short-
ages by gaining more insight into supplier and a product
performance.

The chapter notes that in June, 2014, ISPE launched its
Quality Metrics Pilot Program to test sets of metrics for
relevance and effectiveness. A system of metrics is offered in
this chapter as examples of “relevant indicators of the qual-
ity system for preventing drug shortages.”

Continued on page 90.
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ISPE Drug Shortages Prevention Plan — Introductory Summary

Dimension 4 — Business Continuity Planning
The ISPE Survey suggested that to avoid drug shortages,
companies should develop drug shortage mitigation pro-
grams built around production and process. Production in-
cludes product, factory, material, machines and equipment
and experts. Process includes environment, production and
behavior and human error. The chapter makes suggestions
on how to achieve robustness, evaluate the value redundancy
and test, monitor and refine the supply chain.

The chapter also recommends how to integrate the supply
chain network (from development to commercial manufac-
turing) with a robust quality system, especially important
at a time when supply chains have become global and more
complex. The importance of having good governance systems
across the organization, IT systems, the use of metrics and
organization design receive consideration as do materials,
machines and equipment, and technology transfer as topics
that are related to business continuity planning. The chapter
offers several objectives for attaining continuity as well as
“real world” case studies gathered from industry members
and illustrating by situation not only the challenges but the
application of principles aimed at meeting the challenges and
strengthening the continuity of business. The objectives and
case study results are linked to the three important aspects of
building continuity — robustness, redundancy and resilience.

Case studies include:

« A pharmaceutical company faced significant quality
issues and subsequent recalls. True root causes were
discovered by an end-to-end assessment of the company’s
operations.

* A major supplier of pharmaceutical excipients consolidat-
ing manufacturing and supply sites found that one site
was responsible for supplying 20 percent of the market
and that disruptions took up to one year to correct. Find
out how they mitigated these problems.

Dimension 5 - Communication with
Authorities

In parallel with the development of a plan to address short-
ages resulting from manufacturing and quality issues, the
European Federation of Pharmaceutical Industries (EFPIA)
and the European Generic Medicines Association (EGA) led
an initiative also requested by EMA to propose an EU-wide
process for informing regulatory agencies of a “meaningful
interruption to supplies.” Complementing this initiative, the
ISPE Drug Shortages Prevention Plan addresses what com-
panies can do to improve their communication with regula-
tory agencies and make certain that all communication is
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carried out using consistent and transparent dialogue aimed
at identifying problems quickly and notifying regulators

of a shortage in a timely manner. Examples in this chapter
describe how several companies facing shortages were able
to effectively communicate their long-term and short-term
goals with regulators.

In collaboration with other industry associations, such
as EFPIA and EGA, the chapter focuses on communication
with regulators both in the US and in the EU with an empha-
sis on the importance of informing regulators about prob-
lematic issues — whether with the site or a CMO — early-on
and quickly. How problems can be more quickly escalated to
top management and key decision-makers (also a communi-
cation issue) is also discussed.

What kinds of communication work best? The Team
offers insight into call centers and “media message maps”
and explains how to use them. Again, a number of real world
case studies are offered to highlight good communications
strategies and practices.

Case studies include:

¢ Problems with a sterile injectable made at a CMO required
discontinuation after an inspection. However, quick and
effective communication with Health Authorities lessened
the impact on patients. Find out what steps they took.

e Avyear after acompany discontinued manufacturing
a product, the FDA asked them to resume production
because of a problem in the supply chain. What steps did
they take to ensure a reliable supply for patients?

¢ Visible particulate matter showed up in one kind of
container. A recall of the product loomed, plus the shelf
expiration date had to be changed from 24 months to
12. How did this problem work out for the best thanks to
good communication between the manufacturer and the
Health Authority?

The final chapter summarizes capability needs for each of
the other chapters described in the Plan. This dimension
encourages a holistic approach, which means looking at
production, quality, supply chain integrity, the commitment
of all employees to quality and, most importantly, using that
analysis to better build the capacity to meet the variety of
challenges and root causes of drug shortages, whether they
are derived from issues of process, governance or skills.

The chapter notes that 60 percent of recent warning
letters cite “weak organizational effectiveness” as the cause
behind the citation. How organizational effectiveness can be
improved is the key issue tackled in Dimension Six. Atten-
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Manufacturing Operations — Monday, 3 November
Keynote Speaker: Michael James, Site Leader, SAFC
Biosciences, Division of Sigma Aldrich

Session 1: Managing the Design of a Single-Use Facility
Jeff Odum and Thomas Piombino, Integrated Project
Services (IPS)

Single-use technology is modernizing traditional manufac-
turing platforms. Project managers are finding new op-
portunities through advanced technologies for modernizing
design management. Industry professionals recognize an
efficient shift requires fresh skillsets and an open-minded
expertise to flourish within the next generation of manufac-
turing facilities. This session will center on several case stud-
ies exemplifying the application of modern management in
conceptual development, operational analysis, procurement,
qualification, and validation planning.

Session 2: Convergence: The Connected Machine
John Kowal, B&R Industrial Automation

This presentation will focus on a practical context of indus-
trial automation and provide straightforward cost justifica-
tion for machine connectivity and converging functionalities
through Human Machine Interface (HMI) access.

Session 3: Automation Project Ishikawa

Chinmoy Roy, Independent Biopharmaceutical Consultant
Regulators recognize the industry’s drive toward automated
processing and are prepared to meet new challenges with in-
spectors specializing in modernized manufacturing systems.
The speaker will share his personal experiences implement-
ing large-scale automation projects in a non-technical pre-
sentation focused on working knowledge without technical
complexities. Ishikawa diagrams will assist professionals
recognize primary risk factors and secondary root-causes
with specific strategies presented to overcome such chal-
lenges.

Session 4: ASTM E2500 Approach to Quality Risk
Management — Part |

Steve Wisniewski, CAl and Dan Franklin, IPS

The presentation is an overview and introduction to ap-
plication of an ASTM E2500 approach to the application

of Quality Risk Management (QRM) for the Qualification
Process (1Q/0Q) to meet the expectations of FDA 2011 Pro-
cess Validation Guidance, Stage 2A. Two case studies will be
discussed to supplement application knowledge and enhance
the presentation of leveraging the QRM approach for specific
strategies in commercial manufacturing process control.
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Session 5: Application in Additive Manufacturing/3-D
Printing

Carl Dekker, Met-L-Flo, Inc., Sheku Kamara,

Milwaukee School of Engineering, and Terry Kreplin,
Baxter Healthcare Corporation

This session is an introduction to additive manufacturing
and 3D printing technologies. Discussions will be focused on
requirements and application of various processes such as:
FDM, SLA, and SLS. Attendees can expect to discover plan-
ning strategies as well as cost saving advantages of prototyp-
ing and mold making technologies.

Session 6: Chemical and Media-Free Pretreatment for
Biopharma RO

Shlomo Sackstein, Biopharmax

This session will focus on identifying issues plaguing water
systems with Reverse Osmosis (RO) and defining the proper
criteria of operation. The RO membranes commonly have
incorporated Polyamide (PA) as a main constituent which is
sensitive to oxidation by free chlorine. The reliable and ef-
ficient operation of the PA RO membrane is the main focus of
this session. A new system for pretreatment of pharmaceutical
water systems will be presented that meets the prescribed de-
sign criteria with simplicity while providing effective results.

Session 7: EBR Deployment — Part |

Chuck Krumwiede, Malcom Associates

This session presents a simplified migration of Electronic
Batch Records (EBR) through document awareness and anal-
ysis of actual work flow. Unlike defining user requirements
and implementation based on functionality of the software,
this strategy will mitigate quality or validation issues and as-
sist with project schedule expectations. Leaning or redesign-
ing the process eliminates redundancy, develops an interface
strategy, and validates functional specifications. This simpli-
fied strategy identifies potential changes or additions in SOPs
and creates an effective road map to implement EBR.

Session 8: ASTM E2500 Approach to Quality Risk
Management — Part ||

Steve Wisniewski, CAl and Dan Franklin, IPS

The presentation is an overview and introduction to ap-
plication of an ASTM E2500 approach to the application

of Quality Risk Management (QRM) for the Qualification
Process (1Q/0Q) to meet the expectations of FDA 2011 Pro-
cess Validation Guidance, Stage 2A. Two case studies will be
discussed to supplement application knowledge and enhance
the presentation of leveraging the QRM approach for specific
strategies in commercial manufacturing process control.
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practices to drive value beyond compliance. Long-term strat-
egies and tools to approach serialization challenges while
providing a sense of company significance beyond meeting
global compliance requirements will be presented.

Session 14: Eliminating 483s Based on Regulatory
Observations

Jan Hickey, Frank Lueddeke, and Kenneth Montano, US
Veterans Administration

This session will present training deficiencies ranked in the
pharmaceutical industry top10 for FDA 483 observations for
the last five years. Regulators and global standards require
personnel to demonstrate expected qualifications, applicable
competencies, and training effectiveness. A competency
program will be presented that demonstrates an employee’s
knowledge base and ability to understand job tasks. This
assessment meets regulatory requirements for competency
and assures high standards for performance.

Session 15: Global Serialization Deployment

Marc Puich, Werum

This presentation will discuss the approach of using an in-
dependent Level 3 solution globally, how this can work in an
environment with MES/EBR, and how it can be integrated
into various Level 2 technologies.

René Schwarz, Seidenader Maschinenbau GmbH
A recap of application challenges when implementing level 2
technologies in a global deployment.

Session 16: Managing and Assuring Quality — Part |
Chris Watts, NNE Pharmaplan and Jean-Marie Geoffroy,
Hospira

This session will review development and implementation of
programs and systems to effectively and efficiently manage
product quality. Tools for demonstrating process controls
and managing knowledge transfer will be reviewed along
with analysis of product and process development through
and to routine production. Strategies to identify and bridg-
ing any operational gaps in an effective and timely manner
will be presented.

Session 17: The Next Big Thing for Nutraceuticals
Rajiv Khatau, Lodaat Pharma

This session will cover the latest in nutraceuticals and new
products that are backed by clinical trials and blind placebo
controls. Attendees will hear what modern science can learn
from complimentary alternative medical treatments and the
reasons a 5,000 year old technique is not necessarily mutu-
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ally exclusive with ICH/GMP guidelines. Finally, this pre-
sentation will analyze a unique manufacturing process which
integrates pharmaceutical, nutraceutical, and traditional
techniques to improve ingredient efficacy.

Par Almhem, ModWave

This session will illustrate some of the challenges, opportuni-
ties, and solutions when planning or building a new process
line or facility for the production of nutraceuticals.

Session 18: Tools for Successful Serialization
Implementation

Elizabeth Weaver and Christopher Washington, Clarke
Engineering Services

This session will present innovative solutions for integrating
new technology into existing manufacturing structures.

Session 19: Serialization: A Comprehensive Overview
Attilio Bellman, Adept Group LLC

This session will focus on those charged with the respon-
sibility of understanding new serialization requirements
and overseeing compliance timelines as they apply to their
company. The various complexities and inter-dependencies
of serialization and its broad impact to operations and the
global supply chain will be presented.

Session 20: Managing and Assuring Quality — Part ||
Chris Watts, NNE Pharmaplan and Jon Clark, USP

This session will review development and implementation of
programs and systems to effectively and efficiently manage
product quality. Tools for demonstrating process controls
and managing knowledge transfer will be reviewed along
with analysis of product and process development through
and to routine production. Strategies to identify and bridg-
ing any operational gaps in an effective and timely manner
will be presented.

Session 21: Using Technology to Meet FDA Serialization
Requirements

Daniel Sanwald, Bosch

This session will present the influences of packaging materi-
als, print and control systems in conjunction with IT sys-
tems, and current market demands. Counterfeit drugs pose
a threat to both patients and the pharmaceutical industry.
To make the pharmaceutical supply chain safer, worldwide
laws regulating the serialization and traceability of pharma-
ceutical packages will become industry standard. Technical
solutions and the influence of the technology in regard to
serialization requirements and their impact on manufactur-
ing will be presented.
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the process of targeting quality standards to be addressed,
conducting risk and gap assessments, and designing a plan
involving four levels of internal and external audits. Sev-
eral of the 75 new Quality Standards for McNeil include
requirements for package development and specifications.
Participate in discussion addressing container closure
development, analytical and micro specifications, printed
components, shipping qualification, packing validation, and
transfer methods.

Session 26: Package Prototyping and Implementing 3D
Printing

Michael Storey and Matt Pray, Beckatt Solutions and Jay
Beversdorf, Stratasys

Most often, packing begins with the design and testing. This
session will include presentations from two leading com-
panies regarding how the application of additive manufac-
turing /3D printing can lead to packaging improvements.
This session will provide practical examples of applying the
technology.

Session 27: Transforming the Pharmaceutical Supply
Chain

Dan Balan, Fastraqq Inc.

The pharmaceutical industry is characterized by multiple
interlocking supply chains. The primary terrain is composed
of drug makers, medical device manufacturers, and various
supporting entities. In this power-packed presentation, at-
tendees will learn the issues, challenges, conflicts, and objec-
tives of all the stakeholders, how and where the extended
supply chain breaks, where erosion of costs, time, and value
occurs, the role of information at multiple nodes, and a
clear, 10-point analytical framework to drive transformation
of your own company.

Session 28: Flexible Isolator Filling Line

Brian Greven, Boehringer-Ingelheim

This presentation will cover the design, construction, and
implementation of a new filling facility containing a clinical
scale filling line installed inside within an isolator. The filling
line has been designed to use one isolator to allow the sy-
ringe and vial filler to be interchanged in a unique modular
design which reduces change and increases flexibility. The
session will also go through the syringe and vial filling line
design focusing on introducing ready to use components and
filling lines operations.
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Session 29: Maximizing Your Productivity and Protecting
Vial Integrity

Roger Asselta, Genesis Packaging Technologies and
Michael Earling, Garvey Corporation

This session will focus on the benefits of pressureless loop
accumulation systems in a pharmaceutical production line.
Studies in line analysis will be presented using the theory of
constraints giving special consideration to how the machines
will interact together. Pressureless loop accumulation sys-
tems not only protect the constraint, but also protect glass
vials from damage. Common practices that tend to cause
glass damage and critical stages where glass is most vulner-
able will also be discussed. The information provided in the
session assist attendees select material handling equipment
that will increase production line efficiency and improve the
overall product quality.

Session 30: The Evolution of Visual and Automated
Inspection

Wes Maharas, Eli Lilly & Co.

Through a traceable understanding of inspection history and
an appreciation to what is possible today, users and suppli-
ers can work together in partnership, providing solutions to
meet the needs of the future.

Christian Scherer, Seidenader Inspection Systems
Injectable container integrity problems led to many re-
calls in the USA. The US pharma industry is forced to take
additional measures to increase quality by using different
methods of leak detection. The presentation will compare
different leak detection technologies.

Session 31: Improving Packaging Line Efficiency with
Simulation

Philip Lyman and David Burgos, CRB

This session will present an example process model repre-
senting two packaging lines. The assumptions, input data,
and a typical model configuration process will be described.
Example results will be presented from a recently completed
simulation study. This will illustrate how a process model
can be used to increase throughput and improve efficiency.
Attendees will understand the role of simulation in driving
process improvements and lowering costs.

Session 32: Single-Use Final Fill Assembly
Implementation

Sue Walker, EMD Millipore

Significant benefits for single use technologies have been well
documented, but there are also risks associated with imple-
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ance on the Determination of Potential
Health Effects of Nanomaterials Used
in Medical Devices.”

The aim of the opinion is to address
the use of nanomaterials in medical
devices and to provide information
for risk assessors regarding specific
aspects that need to be considered
in the safety evaluation of nanoma-
terials. In line with the Stakeholder
Dialogue Procedures (Annex IV to the
Rules of Procedures of the Scientific
Committees), the SCENIHR is now
seeking feedback from the scientific
community and stakeholders on the
risk assessment related to the “Guid-
ance on the Determination of Potential
Health Effects of Nanomaterials Used
in Medical Devices.”

All interested parties are invited
to submit written comments on the
preliminary opinion by 3 October 2014
in view of gathering specific comments,
suggestions, explanations or contri-
butions on the scientific basis of the
opinion, as well as any other scientific
information regarding the questions
addressed, to enable Scientific Com-
mittees to focus on issues which need
to be further investigated.

EMA Requiring Companies to
Update, Complete and Improve
Quiality of Information on
Authorized Medicines Submitted
to the Agency"

The European Medicines Agency now
requires marketing-authorization
holders to update the information on
authorized medicines that they have
submitted in accordance with Article
57(2) of the 2010 pharmacovigilance
legislation.

This includes completing previously
submitted information with additional
data elements included in the new
data-submission format, bringing
medicine information up—to-date,
and checking that the quality of the
information is in line with the updated
reporting requirements. Companies
need to complete this process by the
end of 2014.

Iceland

Icelandic Medicines Agency
Publishes Annual Report 2013
The Yearly Report for 2013 is different
from former reports. Instead of the
traditional chapters from every Unit, it
was decided to have a more informa-
tive section on some key responsibili-
ties. The Annual Report is published
on IMA’s website along with a supple-
ment containing tables and charts.

Ireland

New Name for the Irish Medicines
Board™

On 1 July 2014, the Irish Medicines
Board (IMB) changed its name to the
Health Products Regulatory Authority
(HPRA).

Denmark

Denmark Publishes Document on
Good Laboratory Practice in Non-
clinical Trials™

Clinical Trials Facilitation Group
(CTFG) has prepared a document
describing the requirements as to Good
Laboratory Practice (GLP) in non-
clinical trials. Applicants are reminded
that all pivotal non-clinical studies
conducted to support submissions for
marketing authorization applications
and clinical trial applications must be
conducted in or inspected by a country
that has implemented the OECD Mu-
tual Acceptance of Data system.

Netherlands
Medicines Evaluation Board
Annual Report 2013 Available'
The English version of the annual
report 2013 by the Medicines Evalua-
tion Board (MEB) is available for the
first time it is available in full online.
The theme of the report is: “50 Years
of MEB and Beyond,” the same as the
theme for the anniversary year.
Through interviews with MEB
employees, it illustrates how scientific
participation and insights in 2013 have
contributed to the execution of MEB
tasks. An overview in figures and ex-
amples of challenges that the organiza-
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tion encountered in 2013 in executing
its task and mission is included. The
annual report contains many info-
graphics, including ones about the
number of newly authorized products
for humans and animals, as well as
stimulating quotes.

Poland

Joint Meeting with Polish,
Lithuanian, and Korean Medicines
Agencies and Pharmaceutical
Manufacturers Forum'®

On 30 June 2014, the Poland, Lithu-
ania and South Korea Forum and the
Polish-Lithuanian-Korean Regulators
Forum, together with the National
Drug Control Agency, organized the
Polish Pharmaceuticals, Medical
Devices and Biocides Forum. Their
ultimate goal was to encourage the
parties involved in the forum to engage
in drug-agency cooperation, to share
experiences, and to enable pharmaceu-
tical companies to develop the sector
and develop ties in different coun-
tries. Participants included the Polish
Deputy Prime Minister and Minister
of Economy and Janusz Piechocinski,
South Korea Food and Drug Safety
Minister Chung Seung, South Korean
ambassador Ji-in Hong, and represen-
tatives from institutions and organiza-
tions from other countries.

United Kingdom

MHRA Annual Report and
Accounts 2013/14"

The Medicines and Healthcare Prod-
ucts Regulatory Agency Annual Report
and Accounts 2013714 were laid in Par-
liament on 21 July 2014. The Annual
Report and Accounts give a selective
overview of the events that have had
most impact on the agency during the
past year. This included the successful
merger of the functions of the medi-
cines and medical devices regulatory
functions (MHRA) and Clinical Prac-
tice Research Datalink (CPRD) with
the National Institute for Biological
Standards and Control (NIBSC).
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logical venues (Internet/social media),
regardless of whether that misinforma-
tion appears on a firm’s own forum or
an independent third-party forum or
website. This draft guidance responds
to stakeholder requests for specific
guidance regarding a firm’s voluntary
correction of misinformation when
that misinformation is created or dis-
seminated by an independent third
party.

Internet/Social Media Platforms
with Character Space
Limitations— Presenting Risk and
Benefit Information for Prescription
Drugs and Medical Devices®

This draft guidance is intended to de-
scribe FDA's current thinking on how
manufacturers, packers, and distribu-
tors (firms) of prescription human
and animal drugs (drugs) and medical
devices for human use (devices) that
choose to present benefit informa-
tion should present both benefit and
risk information within advertising
and promotional labeling (sometimes
collectively referred to in this guidance
document as “promotion”) of their
FDA-regulated medical products on
electronic/digital platforms that are
associated with character space limita-
tions—specifically on the Internet

and through social media or other
technological venues (Internet/social
media). Examples of Internet/social
media platforms with character space
limitations include online microblog
messaging (e.g., messages on Twitter
or “tweets,” which are currently limited
to 140 character spaces per tweet)

and online paid search (e.g., “spon-
sored links” on search engines such as
Google and Yahoo, which have limited
character spaces as well as other plat-
form-imposed considerations). This
draft guidance presents considerations
to illustrate FDA's thinking on factors
that are relevant to the communica-
tion of benefit and risk information on
Internet/social media platforms with
character space limitations.

A Curriculum for Medical Device
Progress®

In 2011, CDRH embarked on an in-
novation initiative to help accelerate
and reduce the cost of the development
and regulatory evaluation of safe and
innovative medical devices. Through
that and other programs, they learned
that the delivery of new therapies to
patients can be accelerated if medical
device innovators — including entre-
preneurs and university students and
faculty — understand FDA's regulatory
processes. They then established the
Medical Device Technology Innovation
Partnership, and tasked it with devel-
oping an educational program that
would explain FDA'’s standards and
procedures for evaluating and approv-
ing or clearing medical devices.

The program, called the National
Medical Device Curriculum, will pro-
vide students at academic institutions
and science and technology innova-
tors with the core information about
the regulatory pathway to market.
This includes an understanding of the
expertise needed to design, test and
clinically evaluate devices; identify the
root causes of adverse events and de-
vice malfunctions; develop designs for
devices with repetitive functions; and,
navigate FDA's regulatory process.

FDA Enhances IT Service
Delivery®

Since the establishment of the Of-

fice of Information Management and
Technology seven months ago, the
office has fundamentally changed how
it supports the Agency’s mission — pri-
marily, to increase transparency, and
better align functions and resources to
achieve more efficient and improved
customer support and services. To
further these objectives, it has taken
the following steps to help transform
service to our internal and external
stakeholders: reorganized the Office of
Information Management; hired the
first Chief Health Informatics Officer;
requested that the CIO Council, FDA’s
IT governance board with represen-
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tation across all of its Centers, focus
on opportunities to consolidate 1T
solutions into capabilities that benefit
the agency, eliminating duplication of
efforts and creating possibilities for
reinvestment; created an IT service
cost-allocation model that will include
a service catalog and identification of
cost drivers for IT services; and re-
structured the IT portfolio to a service
based portfolio.

Guidance for Industry: CGMP

— Interim Guidance for Human
Drug Compounding Outsourcing
Facilities Under Section 503B of
the FD&C Act®

This interim guidance describes FDA'’s
expectations regarding compliance
with CGMP requirements for facili-
ties that compound human drugs and
register with FDA as outsourcing facili-
ties under section 503B of the Federal
Food, Drug, and Cosmetic Act (FD&C
Act). Under section 501(a)(2)(B) of
the FD&C Act, a drug is deemed to

be adulterated if it is not produced in
accordance with CGMP. FDA's regula-
tions regarding CGMP requirements
for the preparation of drug products
have been established in 21 CFR parts
210 and 211.2 26 FDA intends to pro-
mulgate more specific CGMP regula-
tions for outsourcing facilities. Until
final regulations are promulgated, this
guidance describes FDA's expectations
regarding outsourcing facilities and the
CGMP requirements in 21 CFR parts
210 and 211 during this interim period.
This guidance is only applicable to
drugs compounded in accordance with
section 503B.

Pharmacy Compounding of
Human Drug Products Under
Section 503A of the Federal Food,
Drug, and Cosmetic Act®®

This guidance shows FDA'’s intention
with regard to enforcement of sec-
tion 503A of the Federal Food, Drug,
and Cosmetic Act (the FD&C Act) (21
U.S.C. 353a) to regulate entities that
compound drugs, now that section



503A has been amended by Congress
to remove the advertising and solicita-
tion revisions that were held uncon-
stitutional by the U.S. Supreme Court
in 2002. Several parts of section 503A
require rulemaking and consulta-

tion with a Pharmacy Compounding
Advisory Committee to implement.
This guidance explains how the provi-
sions will be applied pending those
consultations and rulemaking. This
guidance also describes some of the
possible enforcement actions FDA can
bring against individuals or firms that
compound drugs in violation of the
FD&C Act. This guidance does not ap-
ply to registered outsourcing facilities
under section 503B of the FD&C Act.
Guidance for outsourcing facilities will
be issued separately.

US FDA Drafts Strategic Priorities
for 2014 — 2018%

The FDA Strategic Priorities 2014—
2018 document is divided into two
main sections:

1. Cross-Cutting Strategic Priorities
2. Core Mission Goals and Objectives

FDA has identified five cross-cutting
strategic priorities for the next four
years:

Regulatory Science
. Globalization
Safety and Quality
. Smart Regulation
Stewardship

I N

FDA'’s core mission goals and objec-
tives are:

» Goal 1: Enhance Oversight of FDA-
Regulated Products

» Goal 2: Improve and Safeguard Ac-
cess to FDA-Regulated Products to
Benefit Health

+ Goal 3: Promote Better Informed
Decisions about the Use of FDA-
Regulated Products

» Goal 4: Strengthen Organizational
Excellence and Accountability

regulatory compliance

FDA Issues Guidance to Support
the Responsible Development of
Nanotechnology Products®®

Three final guidances and one draft
guidance were issued by the FDA
providing greater regulatory clarity for
industry on the use of nanotechnol-
ogy in FDA-regulated products. One
final guidance addresses the agency’s
overall approach for all products that
it regulates, while the two additional
final guidances and the new draft guid-
ance provide specific guidance for the
areas of foods, cosmetics and food for
animals, respectively.
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