This article
focuses on the
implementation
of closed
process
systems,
controlled
processing
capabilities, and
manufacturing
flexibility.

Figure 1. Closed
systems in "Controlled
Non-Classified (CNC)
space.”
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he biotechnology industry is in the
early stages of what many “experts” see
as a period of tremendous growth and
advancement. 2004 saw the approval
of 20 new biotechnology products. Another 80
are in late stage development. The industry
continues to develop technologies that will fo-
cus on genomics and the improvement in pro-
tein production techniques to increase effi-
ciency and cost effectiveness. Many companies
that had received approval of drugs in 2004 are
embarking on substantial capital expansion
programs.
As the biotechnology industry moves for-
ward, engineers are being challenged to find a
“better way to build the mouse trap” in order to

drive down the cost of goods, reduce capital
expenditures, and provide more flexibility in
the way that biotechnology products are manu-
factured. At the same time, there is a move
within the FDA to improve the process of vali-
dation and licensing of production facilities. So
what trends are the focus of today’s design
efforts?

Influences
In developing the ISPE Baseline® Guide for
Biopharmaceutical Manufacturing Facili-
ties,' the members of the task team made a
concerted effort to define the primary influ-
ences that impact facility design. They defined
these influences as:

* Most processing equipment
in a “Cleanroom”

= All processing equipment
in a “Cleanroom”

* Sampling of vessels + Sampling of vessels
performed in “Classified” performed in “Classified”
environment environment

» All equipment subject to * Most equipment subject to
cleaning, maintenance, and cleaning, maintenance, and
changeover is within a changeover is within a
“Gowned” environment “Gowned” environment

* Some “Closed" equipment in
“Controlled Non-Classified”
Space

+ Cleanroom envelope is
reduced, architectural finishes
and life cycle cost of
environmental maintenance
reduced

® [] &[] [] ® []
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Samplin
Cleanroom Space Port (Typical) Controlled Non-Classified
Space
Case 1 Case 2 Case 3 Case 4

Some processing equipment + Minimum processing equipment
in a “Cleanroom” in a “Cleanroom”

Sampling of vessels + “Closed sampling of vessels
performed in “Classified” performed in “Controlled
environment Non-Classified" environment
Most equipment subject to * Most equipment subject to
cleaning, maintenance, and cleaning, maintenance, and
changeover is outside the changeover is outside the
“Gowned" environment “Gowned" environment
Some “Closed” equipment in All “Closed” equipment in
“Controlled Non-Classified” “Controlled Non-Classified”
Space Space

Cleanroom envelope is * Cleanroom envelope is
reduced, architectural finishes greatly reduced, architectural
and life cycle cost of finishes and life cycle cost of
environmental maintenance environmental maintenance
reduced greatly reduced

-
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Figure 2a. CNC Space sampling alcove.

CNC Space

0 Classified
Space

Figure 2b. CNC Space room schematic.

¢ Product Attributes
- the physical characteristics of the product being manu-
factured

® Process Attributes
- thematerials, equipment, systems, methodologies, and
techniques required to deliver the product

¢ Facility Attributes
- the space allocations, environmental conditions, physi-
cal adjacencies, materials of construction, finishes, and
operating procedures required to accommodate the
manufacture of the product?

The understanding of these attributes led to some fundamen-
tal concepts of facility design that are key to successful design
and operation. One of these concepts is that process design is
linked to facility design. The implementation of closed pro-
cess systems, controlled processing capabilities, and manu-
facturing flexibility are the focus of many of the trends
discussed in this article.

Layout Considerations

The construction and operation of classified manufacturing
space is a costly undertaking. For many years, the dominat-
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ing philosophy within the industry was to perform all manu-
facturing operations inside classified space with at least a
Class 100,000 (Grade C) environment.

Currently, there is a realization that layout design that
complies with GMP can eliminate the need for classified
space in many operational environments. It follows that if
you can decrease the physical amount of classified space that
must be operated, you can greatly reduce annual operating
costs. Engineers are finding ways to do just that.

Closed Systems

One of the fundamental foundations of bioprocess system
design is the use of closed systems for production. While the
GMPs do not provide a definition of a closed system,? it is a
recognized concept that if you can totally close a system
during its operation, you can, conceivably locate and operate
that system outdoors.* The ISPE Baseline® Guide has
provided examples of this philosophy through its definition of
Controlled Non-Classified (CNC) Space.

Figure 15 provides four different layout considerations for
closed systems in a CNC space. The first case represents the
layout approach and classification philosophy that are the
primary approach that is currently taken by industry; all
process equipment is located in a classified space that is
validated and under protocol control. The second case re-
sembles the approach often referred to as “gray space” imple-
mentation, where some of the mechanical and “maintenance
intense” components of process equipment are located in an
unclassified space.

The third case represents a new approach that is being
implemented with successful results. This approach places
only key sample ports inside a clean vestibule space. This
approach greatly reduces the amount of classified space
required for operation. Figure 2 provides an example of this
design philosophy in an operating environment.® The fourth
case represents the operational philosophy of totally closed
systems in a CNC environment. CNC-based facility design
requires that the Owner defines what “controlled” repre-
sents. The common attributes of CNC space include:

¢ ventilated with filtered air (not necessarily HEPA filtered)

e some hierarchy to the airflow, such that outdoor contami-
nants cannot migrate to production areas easily

e access control for people, materials, and equipment

¢ gspecial finishes or cleaning procedures are not required

A number of current facilities have implemented this design
philosophy for media and buffer hold operations, bioreactor
suites, and harvest areas. It is less common, but not unseen,
for some media and buffer prep operations and initial purifi-
cation to also be executed in a CNC space using closed system
design.

Multi-Product Applications
The concept of a multi-product manufacturing facility for
biological products is not new,” and the advent of this type of
facility has been a boon to the biotechnology industry. Com-
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Figure 3. Concurrent manufacturing layout.

panies are now applying this approach to new business
models; in some cases, as planned; in others, out of necessity.

Large scale production facilities are, generally, dedicated
to specific Escherichia coli or other microbial processes that
are product specific. Early and late stage clinical materials
and production facilities are often operated on a single cam-
paigned train, unless the pipeline is pushing more products
through than a single train can accommodate. While a facility
may be designed for multi-hosts, it is often operated as a
single host facility.

One current trend in the industry is toward simultaneous
multi-product production in fermenter/bioreactor areas with
separate inoculum laboratories and harvest areas - Figure 3.
Downstream operations are still, generally, designed for
campaigned operation, but there are some licensed facilities
that have moved to a concurrent manufacturing approach for
both upstream and downstream operations. Such facility
designs rely heavily on the “plug and play” concept for unit
operations, closed system design, and a high level of automa-
tion and procedural control. This approach provides a defi-
nite cost advantage over a “greenfield” production approach
for expansion. It is less expensive to add a new production
train and increase utility/infrastructure needs. This flexible
approach also provides benefit by allowing for a partial build-
out to serve initial manufacturing needs, which can be ex-
panded with increased market needs or new products.

The market for many biological products is very dynamic.
Strategic planning for manufacturing capability is becoming
quite a challenge, especially if companies are trying to
outsource the manufacturing of their product. Many compa-
nies are using this fact as a driver in the development of their
strategic plans. Multi-product facilities are being designed so
that if in-house product manufacturing needs do not meet
forecasts, excess capacity can be contracted to firms seeking
an outsource partner. A number of companies have success-
fully used this approach.

Equipment Design
There have been many advances in equipment design phi-
losophy over the past few years. Many of these changes have
been a result of the desire of manufacturing firms to move
into more efficient multi-product manufacturing scenarios
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and the move to increase production scale, particularly for
Monoclonal Antibody (MAb) products. But the driver from a
design standpoint is not new; it is cost effective design.

The following discussions focus on some current trends.
Many of these selections are based on “cultural/religious”
decisions of the manufacturer, i.e., there may be many factors
other than technical or scientific data driving the decision.

Perfusion versus Fed Batch Reactors

Fed batch reactors have been the mainstay of the industry for
years. Their operating process is simple, they are very reli-
able, and they provide higher titers at concentrations of 1 to
3 g/L. Process development groups are pushing higher titer
yields through large scale fed batch processes.

Perfusion reactors can provide a higher titer for cell
concentrations below 10 g/L. They also can provide increases
in productivity However, they will usually require more
equipment within the sterile boundary of the facility, and
many process development scientists find there may be a
potential for “process drift” when this reactor type is imple-
mented.

Centrifugation versus Microfiltration

With the current trend of increasing production scale, many
companies are moving away from MicroFiltration (MF) due
to the requirement for large membrane systems and the
cumbersome nature and expense of membrane change-out.
Many MF harvest operations also require large volumes of
expensive buffers for washing cells. In multi-product manu-
facturing facilities, this can become a very expensive opera-
tional cost.

With the improvement of low shear centrifuge design, many
companies are moving into centrifuge operations for harvest-
ing. But centrifuge applications also come with drawbacks. A
centrifuge is a very complex piece of equipment. As with any
complex machine, operation and maintenance issues must be
carefully investigated. This complexity also introduces poten-
tial issues with cleaning and sterilization during changeover.
One further review point is that there is a potential for product
loss with cell debris as a result of the harvest operation.
Washing steps may improve recovery yield, but are an added
operational cost for each product batch.
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Purification Operations

As batch sizes increase, the issue of potential bottlenecks in
the downstream purification operations becomes more of a
problem. Many companies are decoupling upstream and
downstream operations by collecting the cell-free harvest
fluid or initial capture eluate and storing or “pooling” the
product. Both perfusion and fed-batch processes can imple-
ment this approach. As appropriate, pooled product is sent
into purification to match the harvest volume to the scale of
the available purification equipment. This “sub-batching”
approach can sometimes allow for larger batches to be pro-
cessed through purification.

On-line dilution also has been successfully implemented
as a means of reducing costs and improving efficiency of
purification operations. The implementation of this approach
will require a process development effort in order to verify the
suitability for the targeted buffer systems that will be used.
Since not all buffers are appropriate for this approach, this
becomes a risk management decision for the company. The
use of on-line dilution can reduce the need for large numbers
of alloy tanks (only a single salt concentrate tank) and can
eliminate the need for buffer tanks entirely if the philosophy
of using disposable bags is implemented.

Equipment Standardization
Many projects are realizing the benefits of taking a strong
approach to standard design attributes including:

¢ standard Process and Implementation Diagrams (P&IDs)
and equipment details

¢ implementation of S88 for code development?®

¢ standardization of instrument and valve numbering
schemes

¢ platform-based unit operations

The approach to standardization is very logical. Processes are
developed to fit a given set of steps so that a process can be
operated in any number of different locations. This allows for
platform-based operations, where skids can be designed in a
manner where it is easy to duplicate design (modularize the
parts as much as possible), and allow for a quicker changeover
to new products. Skids would be “plug-and-play” and easily
changed out and instrument and valve numbers would be
consistent; a sample valve would have the same identifier in
every location application. Figure 4° provides an example of
a large scale platform process.

Modular Design

Modular facility design has become an over used “buzz
phrase” in the industry. Many companies publicize the sav-
ings that can be realized by implementing a modular design
approach. There also have been many articles written on the
implementation of different strategies for modular design. It
is important to understand that all modular approaches are
not equal, and to identify the benefits and risks in implement-
ing such an approach.
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Figure 4. Large-scale cell culture process.
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The design of a “module” can be defined as a simple skid,
a combination of multiple skids, a series of multiple equip-
ment items that form one or more unit operations, a segment
of an entire room, or a complete room or suite. This listing
goes from least to greatest complexity, both in terms of design
effort and the integration of components. Depending on the
type of equipment being modularized, it also, generally,
follows a least-to-greatest cost impact scenario.

The benefits of modular design are well documented.
Overall schedule improvements can be realized due to a more
efficient division of labor between shop and field fabrication/
installation activities. Schedule improvements also can come
from a phased Factory Acceptance Testing (FAT) approach
that will decrease the duration of Site Acceptance Tests
(SATs). More flexibility in integrating automation code is
another benefit, realized due to earlier opportunities to check
automation during FAT visits. In addition, there is a general
suggestion of improved component quality due to the greater
fabrication controls found in a shop environment.

The risks are also well known. The coordination effort to
define module boundaries is critical. The procurement of
subcomponents and the phasing of their delivery are also
critical; the design team will need to make some decisions
very early on to make this work and there must be an
acknowledgement that changes have an amplified impact
during such an effort. If multiple vendors are involved,
ensuring consistency of finished product is also critical. Many
companies have elected to develop a dedicated group of
resources to implement this approach on larger projects,
which increases overhead costs.

Disposable Technologies
Disposable technologies; bags, hoses, filter cartridges, etc.,
havebeen available to the industry for anumber of years. Due
to technological improvements of these components, more
companies are implementing the use of disposables in their
process development efforts.

The large capital investment that is required for fixed
stainless steel vessels in biomanufacturing facilities is the
target on which engineers have focused their efforts, provid-
ing more cost effective alternates in facility design. Single-
use bag systems have had acceptance in small scale opera-
tions for a number of years; and at present, these systems are
being used in ranges of 50 L to 3,000 L scale to provide
numerous options in facility design.

Many companies have developed their processes around
disposable bag systems for manufacturing operations such as
product hold, sampling, media and buffer preparation and
hold, and product storage. While current size limitations
above 3,000 L have physical constraints that must be real-
ized, smaller scale bag components do provide flexibility and
cost savings.

Replacing stainless steel vessels with disposable bags can
create dramatic capital cost savings. But beyond this trade-
off, there are other economic advantages to disposable sys-
tems.

©Copyright ISPE 2005
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Figure 5. A single-use system.

e Utility Consumption: Reducing the number of fixed
vessels that will require CIP and SIP will produce a
dramatic reduction in annual operating costs for utility
generation and waste treatment.

¢ Flexibility: Production processes are dynamic, as are
many facilities that produce multiple products. Change is
inevitable. Single-use bag systems provide a higher level of
flexibility based on the reduction or elimination of piping
configuration redesign, process control modifications, or
the addition or elimination of equipment components.

¢ Reduced Space: Many single-use systems are designed
tomore efficiently use space'’- Figure 5. These systems are
easier to maneuver if change is required, and provide
many options to the engineer regarding configuration.
These reductions in expensive classified space can pro-
duce dramatic savings in areas such as media and buffer
preparation/hold.

Regulatory Review

Alarge number of companies are taking the FDA’s request for
earlier review involvement to heart. Since the release of FDA
Directive 135, both large and small biotechnology firms are
engaging the FDA to participate in early stage reviews of the
design basis, preconstruction, and validation approach. While
the FDA will not provide an endorsement of any design or
approach, they will comment on items such as flows, contami-
nation control philosophy, utility approach, structure of Master
Plan execution, and qualification approach.

These meetings can provide valuable information for the
design team and to the operations organization as project
scope confirmation moves forward and baseline documents
for the project are established. Having the opportunity to
receive early regulatory comments will reduce the risk of
potentially costly changes at later points in the project.

Summary
There are a number of new, and old, approaches to tackling
and solving project challenges that are being implemented in
the industry today. Some involve new ways of thinking about
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solutions to existing problems. Others simply involve im-
proving a proven approach to solve a problem. Others are just
common sense being raised to a new level of awareness.
Whatever the case, companies would be wise to explore how
to “improve the mouse trap” as their projects are in the early
stages of development, when change causes the least impact,
both from a cost and schedule perspective. Time wisely spent
up front can reap significant dividends later in the project
lifecycle.
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This article
presents a
procedure for
the validation of
biological API
manufacturing
processes. It
details each
step of the
procedure for
biological
processes
applications,
and covers the
regulatory
requirements for
biological APIs.

Table A. Recommended
procedure for the
validation of API
manufacturing
processes.
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Ingredients (APls) Manufacturing

Processes
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Introduction

he validation of biological Active Phar-

maceutical Ingredients (APIs) manu-

facturing processes is more complex

compared to standard chemical APIs,
due to the lack of both product and process
characterization. The following definition of
Process Validation can be found in ICH Guide-
line Q7A:'“Process validationis the documented
evidence that the process, operated within es-
tablished parameters, can perform effectively
and reproducibly to produce an intermediate or
API meeting its pre-defined specifications and
quality attributes.”

The objective of process validation is to:

e demonstrate process stability and reliabil-
ity

e evaluate the impact of a variation in a criti-
cal process parameter on product quality

Not all manufacturing processes require vali-
dation. The examples mentioned hereafter usu-
ally require process validation:

e processes for which the product can not be
fully characterized and/or verified

e processes for which the complete product
characterization is very expensive or impos-
sible to perform (in this case, product quality
is assessed using process validation)

e processes for which the product quality is
critical and for which a slight variation in its
composition may result in severe reactions
in the patient

Validation of processes involving micro-organ-
isms probably present the highest difficulty
degree due to the important variability of living
organisms. Variations in the behavior and pro-
ductivity level of the micro-organism used may
result in differences in the composition of the
culture media at the end of the production,
which can, in turn, impact the purification
process. Processes involving living micro-or-
ganisms are more sensitive to operating condi-
tions and may show larger variability from one
batch to another. Therefore, biological processes
are more difficult to validate, and require more

considerations. In addition, as

Processes

Recommended Procedure for the Validation of API Manufacturing

stated by Kirrstetter,? the raw ma-
terials used in biological APIs

e Formation of a Validation Committee

equipment
Critical Analysis

Elaboration of a Validation Master Plan (VMP)
Redaction of process validation protocols
Protocols execution

Reports

o Description of the process manufacturing steps, utilities, services and

Identification of critical process parameters and validation requirements

manufacturing processes may re-
sult in microbiological contamina-
tion, and more stringent controls of
equipment, utilities, and services
are required to minimize the risk of
contamination. Slight variations of
the manufacturing conditions may

be observed when undesired un-

MARCH/APRIL 2005 PHARMACEUTICAL ENGINEERING

Validation of APl Manufacturing

1



Validation of APl Manufacturing

2

characterized substances are found in the final product.
Biological APIs are difficult to characterize and, are influ-
enced by the numerous parameters involved in their manu-
facturing process.

As the biotechnology sector faces important growth with
the increasing number of expiry patents,® the number of
biological API manufacturing processes to validate will in-
crease in the next few years, enhancing the importance of a
structured procedure for process validation.

Process Validation Requirements
Process validation is generally required prior to product
commercialization to demonstrate that the process consis-
tently results in a product having the required specifications
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Figure 1. Typical flowchart for a cell culture process (and
functional blocks).
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and quality characteristics. Process validation was originally
not required for clinical trial material manufacturing due to
the numerous modifications brought to the procedures dur-
ing process fine tuning and due to the limited number of
batches produced at this stage.

The Annex 13 of European current Good Manufacturing
Practices* has been modified in 2003 to require process
validation for clinical material manufacturing.

The Canadian regulatory agency has decided to adhere to
the new European directive.? FDA still maintains its position
and requires process validation for commercial batches only.
However, the US FDA appropriated control and monitoring
of the critical process parameters and demonstrated trace-
ability for clinical lots.

Process validation will now be required earlier, prior to the
completion of process development. The validation procedure
presented here constitutes a systematic approach that also
can help in process development and optimization, and allow
the initiation of process validation while its development is
still in progress.

Main Validation Steps
The proposed validation procedure for biological API manu-
facturing processes is described here. The procedure also can
be applied to standard (non-biological) APIs.

Process validation may follow Installation, Operation,
and Performance Qualification of equipment, utilities, and
services, as a process can be developed and implemented in
an existing premise using qualified equipment. However, the
procedure presented here is more general and can be applied
to new processes implemented in new premises using new
services and equipment. As mentioned above, the proposed
procedure can be initiated in early development stages and
help in the identification of critical process parameters and
improve process understanding. It also ensures that an
appropriate distance has been taken to visualize the process
as a whole and that equipment, utilities, services, process
environment, and parameters impact have been properly
considered and evaluated.

The main validation steps are described below and sum-
marized in Table A.

Formation of a Validation Committee
First, a validation committee should be formed and include
people from the following departments: Quality Assurance,
Engineering, Production, and Development (R&D). Repre-
sentatives from additional departments could be included if
required (Laboratories, Logistics, and Regulatory Affairs, as
an example), depending on the nature of the process to be
validated and the organizational structure. This committee
is responsible for the management and the execution of
process validation and to ensure compliance with regulatory
authorities. The committee should meet on a regular basis as
long as process validation is not completed and be involved
earlier during process development.

The modified Annex 13 to the European cGMPs* requires the
presence of a Qualified Person (QP) that plays a similar role.
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Process Description

Once the committee is formed, a complete and detailed
description of the manufacturing process can be established
and should include the following steps:

1. A Process Flow Diagram (PFD) should be prepared and
functional blocks should be defined, each block having a
clear and distinct function. Figure 1 illustrates a typical
flow chart of a cell culture process and the corresponding
suggested functional blocks. Typical unit operations in-
volved in a biological API manufacturing process are:
fermentation, inoculation, cell harvest, filtration, cen-
trifugation, diafiltration, chromatography, formulation,
filling, freeze drying, sterilization. Transfer steps should
be included in the PFD.

2. The equipment, utilities, and systems required can be
listed for each functional block. The corresponding speci-
fications and validation status (if any) should be specified.

3. The In-Process Controls (IPC) with the corresponding
tolerances should be identified.

4. Product final specifications with the corresponding toler-
ances should be identified.

5. The analytical methods, required instruments, and final
specifications with tolerances should be specified. The
corresponding validation status (if any) should be speci-
fied.

6. The process parameters which impact product quality
should be identified.

7. Process inlets and outlets should be identified and illus-
trated using a cause and effect diagram (“Fish Bone,” see
Figure 2). The “Fish Bone” illustrates the impact of a
variation in process parameters on product specifications
and helps in process understanding.

Critical Analysis

The validation of a Drug Product (DP) manufacturing process
requires the qualification ofeach manufacturing step whereas
the validation of an API manufacturing process requires the
qualification of the critical manufacturing steps only.

To help in the identification of validation requirements
and critical process parameters (and complete the lists pre-
pared during the previous step) a Critical Analysis (or Risk
Analysis) needs to be performed - Table B. Most product
nonconformities result from either errors performed during
manufacturing or from variations in process parameters or
immediate environment.

A Critical Analysis consists of the identification of those
possible sources of errors and process variations that could
result in product non-conformity. Once the sources are iden-
tified, their impact on product quality and/or process safety
(including environment and operators) are evaluated. The
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Critical Analysis Results

® |dentification of the critical process parameters that must be monitored
and controlled.

® |dentification of validation requirements: 1Q, 0Q, PQ, analytical methods,
cleaning, operation, inactivation, process

® |dentification of the required characteristics: raw materials, final
product, in-process samples, etc.

® |dentification of “markers” for process comprehension and follow-up.

Table B. Description of the critical analysis results.

probability of detection (D), the possible occurrence of the
problem (O), and the gravity of the resulting consequence (G)
are evaluated (refer to the Failure Mode and Effect Analysis
procedure).® The critical parameter (C= D*O*G) can then be
calculated, and represents a quantitative measure of the
critical of each possible source of non-conformity. Appropri-
ated solutions can be proposed for each possible source
identified to reduce the critical (C) to an acceptable level,
either by improving the detectability of the problem (and
reduce factor D) and/or reducing the possible occurrence of
the problem (and reduce factor O). The calculation of the
Critical Factor (C) can be performed again, considering the
solutions proposed.

Most of the time, the solutions proposed will allow the
identification of critical process parameters and the defini-
tion of validation requirements: perform cleaning or design
validation, add an in-process control, control the environ-
ment (by having a validated HVAC system as an example),
etc. Table C illustrates an example of a part of a Critical
Analysis (inoculation functional block). Four possible sources
of nonconformities have been identified to illustrate the
procedure (not exhaustive):

¢ the inoculum cell concentration could be out of specifica-
tion

e the inoculum could be contaminated

e the transfer of the inoculum to the bioreactor could be
deficient

¢ the bioreactor cleaning could be deficient

The impact of each source is then identified and evaluated.
An out of specification inoculum cell concentration would
resultin unusual growth kinetics that could be detected using
an in-process control prior to bioreactor inoculation. Accord-
ingly, the possibility of detection (D) would be rated at 3, the
occurrence (O) at 2, and the gravity (G) at 3 since the
productivity level would be affected. The resulting critical
factor (C) would then be 18 (3*2%3). The proposed corrective
action is the implementation of optical density verification
prior to inoculation. The probability of detection (D) would
then be rated at 1, the occurrence (O) at 1, resulting in a
critical factor (C) of 3 (1*1*3).

The final critical factor evaluation (rightmost column in
Table C) allows the identification of most critical process
parameters with a series of corrective actions that are re-
quired to keep the risks at a minimal level and ensure product
consistency and quality, in addition to personnel safety and
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Figure 2. Example of a cause and effect diagram (“Fish Bone.”)

environmental considerations. The corrective actions could
be an in-process control, a standard operating procedure, a
validation, a verification, personnel training, or any other
action required to reduce the occurrence of the problem and/
or improve its detectability.

Generally, the following process steps should be identified
as critical for biological processes and be included in the
Critical Analysis: equipment and instrument cleaning, raw
material characterization (media, components, and cells),
weighing, solution, and media preparation, inoculation prepa-
ration, bioreaction (pH, dissolved oxygen, stirring,... ), har-
vesting, refolding (ifrequired), purification, formulation (when
applicable), filling, freeze-drying (when applicable), packag-

ing and labelling.

Identification of Critical Process Parameters

and Validation Requirements

The Critical Analysis is a very efficient tool that allows the
identification of critical process parameters and the identifi-
cation of validation requirements. Any possible source of non
conformity is analyzed and solutions to control variability are
proposed until the critical factor (C) is reduced to its minimal
value. The acceptable operation range for each critical pro-
cess parameter also can be defined. The risk to forget an
important parameter or to omit a required qualification is
reduced to its minimum, and benefits are reflected on the

Manufacturing Step | Source of Non-Conformity | Impact on Quality/Safety | D | 0 | G | C Corrective Action D|0|G|C
Out of specification cell Unusual growth kinetics 3 12| 3 |18 | - In-process control of optical 1 11313
concentration of the density before inoculation
inoculum
Contamination while Presence of contaminantin | 3 | 2 | 4 | 24 | - SOP for inoculation 1 114 |4
inoculation the bioreactor - Installation of a laminar flow

hood
- SIP of inlet ports to be
Bioreactor developed
Inoculation - Monitor optical density during
growth phase
Forget to open inlet port Loss of inoculum 1 12| 3 | 6 |- SOPforinoculation 11133
Bioreactor cleaning deficient | Presence of contaminantin | 3 | 2 | 4 | 24 | - Cleaning validation required 111144
the bioreactor - TOC/swab prior to bioreactor
inoculation
LEGEND D = probability of detection 0 = possible occurrence of the problem G = gravity of the resulting consequence C = critical factor

Table C. Example of a critical analysis.
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whole validation team, for which the validation/development
objectives are clear even before the redaction of the Valida-
tion Master Plan. Some corrective actions could involve
process development and/or engineering design.

Some “markers” can be chosen among the critical process
parameters identified, based on their fair representation of
the process condition, to limit in-process control related costs
during process validation and commercial manufacturing
(methods development and validation, as well as time and
consumables). The optimal value of each marker should be
identified and accompanied with the corresponding analyti-
cal method, sampling procedure, specification and tolerance,
and a reference standard (if required). Markers are used
mainly for not-well characterized biologics (mainly complex
vaccines, blood products, viral vectors, and cell therapies)” to
follow the product quality and consistency.

Of all unit operations, cell culture is the processing step
resulting in most important variations. Living micro-organ-
isms can show slight differences in growth characteristics
and can release proteins and debris in the culture media that
affect the growth curve. The Critical Analysis is therefore of
major importance for biological processes validation.

Bioassays also are critical and should be qualified since
they allow the determination of the product’s tertiary struc-
ture and activity.”

Validation Master Plan

Now that the critical process parameters, critical manufac-
turing steps, markers, and validation requirements are iden-
tified, the preparation of a Validation Master Plan should
constitute the normal following step of the process validation
procedure.

For biological processes, cell stability and purity (includ-
ing viral clearance) also need to be validated. The stability of
the genetically modified micro-organism must be demon-
strated, and the maximum cell division number identified.
This can determine the longest continuous cell culture that
could be performed before mutation or transformation oc-
curs. Viral clearance is usually performed by inactivation
(using pH, solvents and/or detergents, or heat) or removal
(using filtration and/or chromatography).

For yeast and bacterial cultures, viral inactivation is not
required since these micro-organisms are usually not in
contact with viruses nor TSE (Transmissible Spongiform
Encephalopathies).

Process Validation Protocol Redaction
The structure of process validation protocol should be the
same as for standard pharmaceutical processes. However, for
biological processes, particular verifications are required to
ensure process consistency and reproducibility.

The process validation protocols should include:

¢ a general decisional process flow chart

¢ a list of the equipment (both critical and ancillary) and
instruments used, including their identification number
and calibration state (if required)
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List of Biological Process Validation Pre-Requisites

Defined raw materials

Defined equipment, utilities and services

Defined process parameters and acceptance range

Standard Operating Procedures (SOPs)

Process documentation

Critical analysis (risk analysis)

Validation Master Plan

10/0Q/PQ for equipment, utilities and services with closed deviations and
nonconformities

Validated analytical methods

Qualified instruments

Maintenance and calibration programs

Change control program

Identification of critical process parameters and markers, with their
respective acceptance range

Bioassays defined and qualified

Table D. List of the information required prior to process validation.

¢ a description of all manufacturing steps and in-process
controls, including packaging operations and acceptance
limits for each process parameter

e the final product specifications

The following verifications should be included for a biological
API manufacturing process:

Bioreaction

As mentioned above, bioreaction is the most variable manu-
facturing step as micro-organisms are involved.” The process
duration, temperature, pH, conductivity, nutrients, and prod-
uct concentration should be characterized. The establish-
ment and maintenance of the Working Cell Bank (WCB) is
not covered by the ICH Q7A ¢cGMP. However, it is recom-
mended to perform the characterization of the Master and
Working Cell Bank (MCB/WCB) to identify the history of the
organism (media used, storage conditions, pressure factor
used, etc.) and demonstrate the absence of virus and myco-
plasma.

Growth kinetics, product formation rate, yields, cell den-
sity, stirring conditions, and optical density needs to be
characterized for successful process scale-up and validation.
The demonstration that the bioreactor sterility can be main-
tained during normal operation of the bioreactor (sampling,
addition of antibiotics, etc.) should be included in the perfor-
mance qualification.

Cleaning procedures are critical for bioreactors as they
must eliminate any risk of cross contamination. It is strongly
recommended to dedicate bioreactors to bacteria, yeast, or
mammalian cell culture to avoid contamination.

Continuous operation of a bioreactor (including perfusion)
is often preferred to batch and fed-batch operation for mam-
malian cell culture due to higher product yields obtained.
However, validation is more difficult to perform on continu-
ous systems since the production can last for months (com-
pared to days/weeks for batch and fed-batch cultures). The
cell line stability can be difficult to demonstrate. Cell muta-
tion can occur and can be difficult to detect, resulting in
complex validation. It may be difficult to determine when a
lot begins and finishes, and the production of three distinct

MARCH/APRIL 2005 PHARMACEUTICAL ENGINEERING

5



Validation of APl Manufacturing

6

batches can take a year to perform. In addition, if a contami-
nation occurs, it will be detected only few days later, contami-
nating part of the lot.

Finally, itisimportant to characterize product stability for
the holding period between bioreaction and harvest. The
maximum holding duration and storage conditions need to be
specified.

Harvest and Recovery

Most unit operations used in harvest and recovery steps are
centrifugation, microfiltration (tangential, diafiltration), dis-
integration, and refolding (for inclusion bodies). At the end of
the recovery step, the product is most of the time inactivated
using sterile filtration to eliminate any risk of contamination
of the equipment used for downstream processing (mainly
chromatography media) and to contain viable micro-organ-
isms into the production room.

The efficiency of each filtration step should be character-
ized and verified. The filter integrity should be demonstrated
before and after filter use using standard methods. Filter
integrity also should be demonstrated before and after the
sterile filtration step. Sterile filtration qualification should
include the demonstration of absence of viable particles
following filtration.

The acceptance range of each critical parameter needs to
be specified for each unit operation involved in harvest and
recovery operations. Refolding step should be defined and its
consistency demonstrated.

The endotoxin and protein concentration shall be charac-
terized at the end of the recovery step. And as previously
specified, the hold period between recovery and purification
needs to be characterized (maximal duration and storage
conditions) to ensure product integrity and stability.

Downstream Processing
Unit operations usually involved in downstream processing
are chromatography (gel filtration, ion exchange, affinity,
hydrophobicinteraction), extraction, and ultrafiltration. Five
to 10 purification steps are normally required to reach the
required product purity level.

Chromatography requires several verifications to demon-
strate process consistency and reproducibility and to guar-
anty product quality. Chromatography media is very difficult
to clean, and is often used for different applications. Cleaning
validation is critical for chromatography columns and media.
The Total Organic Carbon (TOC) of the final rinsing water
should be measured and be kept below the specification to
demonstrate the absence of residues of cleaning agents and
confirm the absence of resin leaching. The gel lifetime also
should be determined. A procedure is required for column
sanitization and needs to be rigorously followed by the per-
sonnel.

Chromatography resins should be considered as a raw
material and therefore requires full characterization as well
as acceptance specifications. Resins properties can vary con-
siderably from one batch to another and the acceptance
specification range should consider such possible variability.
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Purification efficiency is closely related to chromatogra-
phy operation parameters such as ionic strength, pH and flow
rate of the elution solution, the column diameter, the bed
height, and both the impurity and protein concentration of
the inlet solution to be purified. The efficiency is also depen-
dant on packing quality. The evaluation of the Height Equiva-
lent to a Theoretical Plate (HETP) should be performed
following each column packing to demonstrate the absence of
channeling and assess packing quality. Finally, the non-
specific binding of the protein to the chromatography resin
should be quantified to confirm resin quality and safely
process the target protein using this media.

For ultrafiltration operations, the maximum flow rate and
membrane pore size should be characterized and an operat-
ing range specified. The non-specific binding of the protein on
the membrane should be quantified as for chromatography
resins.

The use of disposable filtration units eases the validation
of filtration steps and reduces cleaning validation efforts.

Validation Execution

ICH! requires three consecutives runs for prospective and
concurrent process validation and from 10 to 30 consecutive
runs for retrospective process validation. More runs may be
required for complex processes. For prospective and concur-
rent validation, three different lots of raw materials should
be used. Each run needs to be completely independent from
the others: the inoculum and culture media should be fresh
and the equipment cleaned using cleaning procedures in
place between each run.

The application of the validation procedure described here
ensures that all the information required to perform process
validation is available - Table D.

Product characterization can be performed using the speci-
fied analytical methods. Data needs to be compiled and
statistically analyzed.

Finally, a validation report comparing the product speci-
fications with product characterization should be prepared.
Deviations and nonconformities should be summarized in
this report.

A change control procedure is required to follow and
control any modification performed on the process and/or its
utilities and services. Each modification should be evaluated
commonly by the Validation Committee or by the Qualified
Person, depending on the structure of the society. Process re-
validation may be required when a major modification is
performed on an equipment, a service, or an utility, on the
premise itself or on the manufacturing procedure. Any devia-
tions of the markers identified should result in a process
investigation to quickly identify the source of the problem
and reduce the risk of getting out-of-specifications product.

Conclusion
The proposed procedure may seem time-consuming and heavy
toimplement. However, considerable reduction of both devel-
opment and validation steps duration results from the use of
this procedure. Qualification can be initiated prior to the
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completion of process development and accelerate product
marketing.
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Why DQ?

he regulatory authorities of the Euro-

pean Union, Japan, and the United

States have come together to form the

International Conference on Harmoni-
zation of Technical Requirements for the Reg-
istration of Pharmaceuticals for Human Use
(ICH). ICH Q7A was the first Good Manufac-
turing Practice (GMP) guidance developed
jointly by industry and regulators under the
ICH umbrella. The document establishes one
global GMP standard for Active Pharmaceuti-
cal Ingredients (APIs).

Following suit, the US Food and Drug Ad-
ministration (FDA) has stated, “Q7A super-
sedes FDA’s draft API guidance.” The ICH
Q7A guidance defines DQ as “the documented
verification that the proposed design of the
facilities, systems, and equipment is suitable
for the intended purpose.” This definition for
DQisthe same as the one found in the Commis-
sion of the European Communities Guide for
GMP.2 This European Union (EU) document
also states, “the first element of the validation
of new facilities, systems, or equipment could
be design qualification.”

The requirement for DQ can be debated
since the above-mentioned documents use
words like “could,” “should,” and “usually,” and
because these are guidance documents only,
not regulations. However, government guid-
ance documents usually carry a lot of weight in
a historically “risk-averse” environment like
the pharmaceutical industry. Therefore, many
companies areimplementing DQ programs and
procedures and are expecting others to support
these efforts.

Definition Before Qualification
To verify that a proposed design meets the
intended purpose, we are required to under-

stand each of these terms. The challenge is that
both the definition of the “purpose” and “de-
sign” evolve during the life of a project. So there
is a temporal component to DQ that must be
addressed. The pharmaceutical manufacturer
should decide early in the project when a DQ
will be executed.

The EU GMP and ICH Q7A both use the
term “proposed design” in their DQ definition;
however, this only reflects the status of a design
at the time the DQ was performed. For a DQ to
be valid, the Installation, Operational, and
Performance Qualification (IQ, OQ, and PQ)
each must be performed on the system or equip-
ment that was constructed per the design that
was qualified.

At a minimum, a DQ needs to be performed
on the final design. But, from a project stand-
point, waiting until the design is final before
verifying that it meets the intended purpose is
not practical. Rather, verifying the design along
the way will allow for design corrections to be
made with minimal impact on cost and sched-
ule. Whether or not this verification is docu-
mented and included as part of DQ is up to the
owner of the system or equipment to be quali-
fied. However, documenting earlier efforts can
reduce the effort required for the DQ on the
final design.

A design can be defined by documents such
as:

¢ Descriptions (Process, Basis of Design)

e Specifications (User Requirement, Func-
tional, Design)

e Drawings (Process Flow Diagrams (PFD),
Piping and Instrumentation Diagram
(P&ID), Layout)

e Purchase Orders

¢ Contracts
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Specification Resource

There is a group in ISPE that focuses on GAMP in the
Americas. A subgroup of that group was formed called
the Joint Equipment Transition Team or JETT.

The group defines themselves on the JETT homepage
at http://www.jettconsortium.com as the following.
“JETT is a consortium of pharmaceutical users (manu-
facturers), equipment suppliers, and consultants seek-
ing to improve communications between users and
suppliers to more effectively meet the ‘validation’
requirements of the pharmaceutical industry.”

This consortium has produced URS templates for
various pieces of equipment that are available for
download free of charge from the site. These templates
have been created based on the GAMP 4 methodolo-
gies.

In addition to the many URS templates available,
sample design and functional specification are included
on the site.

A matrix on the sample documents Web page
provides the status of current and future documents
the JETT is working on.

For the execution of the DQ to be efficient, the user and
designer need to define — in advance — the path a design will
take for each type of equipment. The Code of Federal Regu-
lations (CFR) requires manufacturers of medical devices to
keep a Design History File (DHF).? Although this is not
required for pharmaceuticals, a DHF could be used as part of
aDQ. The user, designer, and validation group could agree on
the types of documents to be in the DHF for the equipment or
system that they will be designing. These documents are
generated and copies should be collected during the design
process.
Some of the documents in the DHF might be:

¢ the original user request

¢ emails and minutes from meetings and teleconferences
e calculations

e PFDs and P&IDs

e drawings

The items referenced in the DHF would be used to verify your
design in a DQ.

Specifications

Specifications are an important part of what defines the
design of a system or piece of equipment. Companies within
the pharmaceutical industry frequently use common terms
for specifications that unfortunately may have different mean-
ings, interpretations, and impacts.

For example, the User Requirement Specification (URS)
as described in GAMP 4 is to be used for describing what a
system is supposed to do.? This entire guide was written for
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use with automated systems; however, the term URS is often
being used broadly to include many, if not all, specifications
being produced by the user or their designee. This can often
be confusing once validation groups attempt to use the now
classic “V-model” and arrange their PQ to verify all items in
a URS.

GAMP 4 states in a section describing the URS that “a
separate requirements specification should provide appro-
priate production process and product information, electrical
and mechanical details, and performance requirements.”

It is also common for a firm to design a control system for
aclient and create a specification for bid that not only has the
user’s requirements, but also some functional and design
specifications. This is so the proposals or bids received from
potential suppliers can be tabulated and compared on an
“apples to apples” basis.

Once a successful bidder is awarded the project, they then
go on to create a complete Functional Specification (F'S) and
Design Specification (DS). In this case, what would the
specification that was sent out for bid be called? It is more
than a URS and it has elements of an FS and a DS. To
minimize confusion on a project, the terms and accompanying
definitions that will be used by all parties on a project should
beidentified. Check for instances that those involved not only
all know what a URS is, but also agree on the same definition
and where it will be applied.

Agreement in advance on what pieces of design will have
a URS, F'S, and DS and which ones will have another type of
specification is an important step in the process.

Portions of the facilities, systems, and equipment that will
undergo DQ may be specified using methods common in the
construction trade such as those advocated by the Construc-
tion Specifications Institute (CSI). Mechanical, Electrical,
Plumbing (MEP), Heating, Ventilation, and Air Conditioning
(HVAC), and architectural building contracts are often speci-
fied using different methods than process system equipment
or control systems. These differences should be addressed in
advance so that all parties involved in the design and quali-
fication of that design have the same expectations. The DQ
procedures and forms also should allow for the use of con-
struction contracts and documents.

Design Qualification vs.

Enhanced Design Review
The ISPE Baseline® Guide Volume 5 “Commissioning and
Qualification” has adopted the term Enhanced Design Re-
view (EDR).® EDR is a practice that the guide suggests to
utilize to compliment Good Engineering Practices (GEP). As
defined, an EDR is a documented review of the design, not
necessarily limited to systems to be qualified and not a
requirement of the FDA. This author highly recommends
reading the material covered in the ISPE Commissioning and
Qualification Baseline® Guide.

Although the ISPE Guide avoids the term “Design Quali-
fication,” the methods described for an EDR could be used as
a DQ. Many firms, particularly those involved with interna-
tional business, are developing or have developed DQ proce-
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dures. At a minimum, when a documented design review is
performed on systems or components that are to be qualified,
the review should be performed as a DQ.

Validation Plan

A validation plan is needed early in the project to determine
how facilities, systems, and equipment will be validated. The
validation plan should be shared with the project team,
particularly with those that will be performing the design.

The validation plan should address an impact assessment
and qualification rationale.” The plan determines what will
be qualified; part of this qualification may be DQ. For ex-
ample, the plan may state that “all elements of a design that
have been determined to have a potential to impact product
quality shall be qualified during a DQ.”

Ifapplicable, the intent to perform DQs on a project should
be decided before a Request for Proposal (RFP) goes out for
bid to design firms.

DQ Execution
The pharmaceutical manufacturer or their designee must
provide a specific document that defines the user’s require-
ments to meet the intended purpose of the system or equip-

Design Qualification

ment. The team needed to verify a design must understand
the intended purpose and have the appropriate background
to evaluate the proposed design. The DQ team may include:

e System User

¢ Designer of the System
¢ Validation

¢ Quality Assurance

¢ Project Management

DQ team members should have access in advance to the
information that will be presented and evaluated during that
DQ execution. Each team member also should know in
advance what will be expected of them and what procedures
will be followed during the execution of the DQ.

Each user requirement should be listed or referenced
specifically in the DQ document. During a DQ, the design
elements that meet each specific requirement in that user
document should be verified, and each of the design docu-
ments being verified should be uniquely identified.

The history of a design should be known and available as
aDQis performed. The evolution of a design usually involves
meetings, calculations, and correspondences that should all

XYZ Inc.

Project Name: Yitsnotadrugatol Large Scale Production Facility

System Description: Cyclization Reactor

User Requirement

Doc.No.: URD-123589-4 Rev: A

Project # 123589

Location: Anywhere, CA
Page  of
Date: Jul[06/2004

Requirement Requirement Description May Impact Requirement Category
Number Product Quality
URD-23859-4-1 Cyclization Reactor to have sufficient volume for the conversion of 400 kg (880 Ibs) of Yes Process
intermediate in a single batch.
URD-23859-4-2 All wetted materials of construction to be compatible with the chemicals to be used in the | Yes Process
reactor.
URD-23859-4-3 Reactor transfer pump to be able to pump entire contents to the quench tank in the Yes Process
isolation room in less than 15 minutes.
URD-23859-4-4 All electrical equipment on the reactor to be rated for a Class 1 Div1 Group C, D. Not Directly EH&S
URD-23859-4-5 Reactor Manway to have lift assist. No EH&S
Notes:
Created By:
. D Dawis Kevin Davis Operations Manager Jul/12/2004
Signature Name (Print) Title Date
Reviewed By:
B. Strichter Beatrice Stricter Validation Manager Jul/12/2004
Signature Name (Print) Title Date

references and places for the identification of signatures and initials.

Please note that the above is an example of a single page of a document that would include sections for information such as titles, document approvals, procedural

Figure 1. Example of a user requirement document.

©Copyright ISPE 2005

MARCH/APRIL 2005 PHARMACEUTICAL ENGINEERING



Design Qualification

4

XYZ Inc.

Project Name: Yitsnotadrugatol Large Scale Production Facility

Design Qualification
Doc.No.: D0-123589-4
Project # 123589
Location: Anywhere, CA

Design Requirements to be Verified: Cyclization Reactor system Page of
requirements as described in URD-123589-4, Rev: A., Jul/06/2004 Date: Oct/15/2004
Note: This DQ is limited to the requirements of the design that could have a direct impact on product quality. (See attached copy of URD)
Design Documents Verified (Include Revision/Date) | Design Verification Description Pass/Fail Verified By/Date
D1- 12539 Rev 0 (Jul/28/2004) The Design Basis and Process Description represent a design that is| PASS AJM
D2- 12539 Rev 0 (Aug/30/2004) suitable for the intended purpose as described in requirement 0Oct/22/2004
URD-23859-4-1, URD-23859-4-2, and URD-23859-4-3.
PID-123589-4 Rev 0 (Aug/30/2004) P&IDs represent a design that is suitable for the intended purpose | PASS AJM
PID-123589-5 Rev O (Aug/30/2004) as described in requirement URD-23859-4-3. Oct/22/2004
EA-123589-104 Rev O (Sept/01/2004) Equipment Arrangement and Piping drawings are consistent with PASS AJM
P-123589-104 Rev 0 (Sept/01/2004) the P&IDs and represent a design that is suitable for the intended Oct/24/2004
P-123589-105 Rev O (Sept/01/2004) purpose as described in requirement URD-23859-4-3.
P-123589-106 Rev 0 (Sept/01/2004)
SPE-12539-18111 Rev 1 (Sept/10/2004) Engineering Purchase specifications for the Pump P-401 and the PASS AIM
SPE-12539-18222 Rev 1 (Sept/15/2004) reactor R-401 represent a design that is suitable for the intended 0ct/22/2004
purpose as described in requirement URD-23859-4-1,
URD-23859-4-2, and URD-23859-4-3.

Design History Documents: (The documents listed below were used in the verification of the design documents above.)

XYZ Meeting Minutes No. 52 (Aug/10/2004), pump and system pressure calculations by J. Smith, Aug/25/2004.

Comments:

Per meeting minutes No. 52, the quench tank T-402 will now be located in the same room as the reactor. The design team agreed that the intent of requirement URD-
23859-4-3 was that the quench took place in under 15 minutes to avoid excessive reaction by products. The calculated transfer rate and equipment specifications of the
design were consistent with this requirement and therefore the Equipment Arrangement and Piping drawings were verified as meeting the requirement.

Reviewed By:
B. Strichter Beatrice Stricter Validation Manager Oct/30/2004
Signature Name (Print) Title Date
. D Davis Kevin Davis Operations Manager Oct/30/2004
Signature Name (Print) Title Date

Figure 2. Example of a design qualification form.

be documented and indexed so pertinent points can be specifi-
cally referenced.

The correspondences, calculations, and other supporting
documents also should be created with unique references.
These references will help in following the path of the design
during a design qualification.

Systems can be used to track a design as it evolves through
the use of a traceability matrix similar in concept to that
described in GAMP 4.8 This, however, may not be appropriate
for designs that are unlike the control systems that lend
themselves well to a tabular representation, such as a ma-
trix.

The form, protocol, or document completed for a DQ should
provide sufficient information to identify all of the documents
used to verify the design. A method should be put in place in
advance for maintaining documents to be used for review/DQ
by those responsible for the design.

Strict change control involving user validation personnel
needs to be instituted once a DQ process has begun on a given
system. This is to ensure that the design documents remain
in a qualified state.

Deviations or additional requirements that arise in meet-
ings or in correspondences that were not in the initial user’s
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requirements or scope should be explained in the DQ docu-
ment. Changes also should be submitted to the appropriate
party to update the user’s requirement or scope document.

The timing of the execution of a DQ is important to the
schedule of a project. The final DQ on a system should be late
enough so that all of the design documents have been com-
pleted, but early enough so that the fabrication or construc-
tionis not delayed. Project management should be aware that
any fabrication or construction on a system that is to be
qualified would be “at risk” if performed before a DQ had been
completed on the proposed design.

Sample Project with DQ
A pharmaceutical company (XYZ Inc.) has hired an engineer-
ing firm to design a large scale manufacturing system for
their new product that they currently make on a smaller
scale.

XYZ Inc.’s goals for the project were spelled out in an RFP
for a conceptual study. A conceptual study was performed by
a design firm with several options and an accompanying
rough estimate for the different options. Project options were
chosen and preliminary engineering began.

A preliminary design with drawings (PFDs, P&IDs, lay-
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outs, etc.) and a +20% estimate was developed for capital cost
approval. The estimate exceeded what XYZ Inc. had expected
the cost to be. A “value engineering” exercise was then
performed to reduce the scope and cost of the project. Once the
estimate was within XYZ Inc.’s budgeted amount, the early
design documents were revised to reflect the value-engi-
neered scope of the project.

The documents were then used by XYZ Inc. to group
portions of the project into systems. XYZ Inc.’s Quality
Assurance group then had a Validation Master Plan (VMP)
created. The VMP had a list of systems and whether they
were to be considered a direct impact system. The VMP also
stated that a DQ would be carried out on direct impact design
elements only.

XYZ Inc. uses a document they call a User Requirement
Document (URD) to convey their needs for the project. The
document also designates which of those needs their process
operations and validation groups feel could have an impact on
the quality of the product on direct impact systems.

XYZ Inc.’s VMP states that a DQ will be performed on
direct impact systems and equipment before design docu-
ments are approved for fabrication or issued for construction.

Once a direct impact system has successfully passed a DQ,
the design documents for that system can be approved for
fabrication or issued for construction. These same documents
then become controlled documents under XYZ Inc.’s Quality
Assurance program. Updates or revisions to these documents
then require a QA/Validation evaluation as to whether they
constitute a change to the executed DQ.

XYZ Inc. had required a DQ before construction of each
design; however, the team would also be required to perform
a design review at regular intervals during design to check
that URD points for all systems are being met by the design.

The design team members were sent copies of the User
Requirements document, URD-123589-4 Rev. A, that had
been written earlier in the project in advance of the time set
for the DQ of the Cyclization Reactor. See Figure 1 for an
example page of the URD-123589-4 Rev. A document. A list
of the design and design history documents that would be
used in the DQ was also sent to the disciplines responsible for
the documents.

During the execution of the DQ, the team members exam-
ined each of the design documents listed on DQ-123589-4
(Figure 2) and verified that the design documents will meet
the requirements that may have an impact on product quality
as listed in URD-123589-4 Rev. A.

A review of the pump calculations was required for re-
quirement URD-23859-4-3 to determine that the right pipe
and pump size had been specified.

The piping and layout drawings showed the quench tank
T-402 as being in the same room as the reactor. Yet the
requirement URD-23859-4-3 stated that the quench tank
was to be in the isolation room. This turned out to be the only
deviation so the meeting was adjourned and an investigation
of the deviation was requested.

A review of meeting minutes was performed to determine
why the location had been changed. The design team was
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notified of the findings and agreed that the true requirement
was in the transfer time and not the location of the quench
tank. The design team agreed to pass the verification of the
equipment arrangement and piping drawings. An explana-
tion was added to the DQ form.

Once the DQ on the system was completed and approved
by XYZ Inc.’s Quality Assurance group, the design documents
for the Cyclization Reactor were released to be issued for
construction.

Design Firms and DQ
Most design firms have systems in place to review the design
documents they produce. However, the needs of client compa-
nies can vary, and a design firm’s procedures need to be
adaptable to the expectations for DQ.

Procedures explaining the expectations of the design firms
for DQ should be included with any RFPs. Should a client
have particular needs that would be outside of the normal
scope of deliverables, any additional costs would be reflected
in a design firm’s proposal.

Some of the systems and procedures that a client may
request of a design firm for their DQ needs can help in
controlling costs and “scope creep.” Specific user requirement
documents with traceability can be used for defining a design
basis. Any feature or item in a design without a design history
traceable back to the user’s requirement could be flagged as
a change for evaluation as a “must have” or a “nice to have.”

Information usually flows in many parallel paths between
a client and the design firm. Project Managers can more
effectively manage a project and control scope by using an
approved user requirement document as the official mecha-
nism.

Multiple design firms or multiple disciplines may be
involved in a project. Often, a client has a representative from
a certain discipline work with a particular group within a
design firm to create a specification for the project. These two
parties may be in agreement with each other, since they both
“speak the same language;” but qualification and validation
involves many disciplines, and a design qualification needs to
address all of them. Design firm disciplines need to all agree
on the deliverables that will be used for DQ.

Summary

Pharmaceutical manufacturers may or may not have sys-
tems in place for performing DQ. The DQ procedures and
expectations will vary from company to company. Design
firms, vendors, and other support resources for pharmaceu-
tical manufacturers need to understand the client’s DQ needs
and have systems and methods adaptable to those needs.

A clear agreement on the expectations for how facilities,
systems, and equipment will be specified and which elements
will require DQ is required by the entire design team. This
should be addressed for each type of system. In particular, the
client should be aware of the typical methodologies within
each discipline of a design team.

DQ practices can improve the control of a project. The
execution of a DQ should clearly identify:
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¢ the document that established the “intended purpose of
the proposed design”

¢ the documents that define the design

¢ the documents that were used to develop the design

The purpose of this article was to provide concepts, consider-
ations, and examples that pharmaceutical industry profes-
sionals can use to help create or improve procedures for
dealing with DQ. Remember, DQ, as stated by the ICH Q7A,
is “the documented verification that the proposed design of
the facilities, systems, and equipment is suitable for the
intended purpose.”
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Interview with Florida Governor

Jeb Bush

by Mark Mathis

Governor Bush,
first I would like to
thank you for tak-
ing the time to
speak with uson the
biotechnology/
pharmaceutical
market and your
achievements in
seeing Florida’s
growth in this in-
dustry. As you al-
ready know, ISPE is a non-profit multinational
organization supporting the growth of biotech-
nology/pharmaceutical professionals. ISPE’s
headquarters are in Tampa, Florida and we
host many of our events in your state.

What percentage of annual new jobs does

the biotechnology/pharmaceutical market
account for in Florida? How does this factor in
with your overall employment plan?

Florida’s life sciences industry is charac-

terized by the specialization of small firms
that are forming alliances with academic and
private partners to support their growth and
success. With Florida’s productive technology
transfer programs, Centers of Excellence, in-
novation infrastructure, and supportive busi-
ness environment, more and more valued added
enterprises, including those in the life sciences,
are choosing to grow in Florida.

Florida’s biosciences sector had about 1,800
establishments as of March 2004 with employ-
ment of about 38,000, up 800 jobs from the year
before. Statewide, gains in the bioscience in-
dustry accounted for less than 1% of job growth.

As Florida strengthens its reputation as an
environment that supports life sciences opera-
tions, and with our recent investments in the
industry, we anticipate and are preparing for
significant growth.

How does the growth of the biotechnology/
pharmaceutical industry in Florida fit in
with your other initiatives?

Tourism, agriculture, and international

trade will continue to play an enormous role
in the future of our state, but our efforts to
diversify Florida’s economy, especially in emerg-
ing technologies, will also be critical to our long
term success. As ISPE members know, biotech-
nology and the life sciences are integral to our
state and nation’s future. Catalystslike Scripps
Florida, the Moffitt Cancer Center, the Insti-
tute for Human and Machine Cognition, won-
derful public and private universities, and new
and existing companies, will ensure Florida’s
position at the crossroads of innovation for the
life sciences industry.

02003 was a big year for Florida’s biotech-
nology/pharmaceutical industry. A lot has
been made of Scripps and the tax credits and
other support of this company in relation to the
biotechnology/pharmaceutical initiative. Now
that some time has passed, what new ways or
incentives will you use to attract other compa-
nies to the state? Are there any other large
projects on the horizon?

Scripps Florida is a unique opportunity. It

combines the first-ever expansion of the
highly regarded Scripps Research Institute
(TSRI) with Florida’s maturing life sciences
industry and technology-rich academic infra-
structure. Florida was able to capitalize on this
opportunity by investing a portion of its one-
time federal economic stimulus funds (which
every state received) into the incubation of a
sister campus for TSRI.

Although the scope and brand of Scripps is
unique, the idea of investing state resources to
catalyze success is not. For example, the James
and Esther King Biomedical Research Pro-
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gram recently awarded grants totaling $9.2 million to re-
search scientists from across the state’s biotechnology indus-
try, public and private universities, and clinical research
institutes. To enhance this program, Florida Senate Bill 2002
adds $6 million recurring dollars and Senate Bill 1278 gives
the program a greater ability to offer multi-year grants to
biomedical researchers in Florida. Ultimately, the goal is to
invest close to $100 million in biomedical research over the
next 10 years.

In Florida, specific economic development projects are
locally driven and evaluated on an individual basis. We have
a competitive business climate and competitive incentives
programs to assist economic development projects grow in
Florida, and the State has taken a pro-active role in support-
ing the incentives requests of its local communities.

u$500 million in incentives is a big step forward for
Florida, very similar in comparison to other states lo-
cated in Biotech hot spots. Is it your intention to have Florida
considered in the same market as the Northeast (New En-
gland), West Coast (Bay Area and San Diego), and North
Carolina (Research Triangle Park)? If so, what can you say
about the growth of such initiatives?

The Florida legislature and I agreed that an investment

in Scripps Florida as an engine for economic development
was a wise use of the one-time, federal, economic stimulus
dollars. The long term benefits that Scripps Florida will
afford the state, in terms of attracting and keeping world-
class scientists, in terms of fostering the development of
advanced technologies required by Scripps and surrounding
universities and private enterprises, in terms of growing and
attracting early and late stage capital, and in terms of raising
the bar for education in the life sciences for Florida students,
is well worth the investment.

Florida is already a hot spot of technology development
and we have good reason to believe we will not only compete
with other technology centers, but also lead them in the
future. People like to work where they like to live and Florida
offers a superior quality of life, superb access to local and
global innovation, and resources to fund growth. The nexus of
these three assets will drive the future to Florida.

On the same note, many small biotechnology/

pharmaceuticalcompanies will not attract the interest of
Venture Capitalist’s. Would you comment on any state funded
opportunities for companies interested in qualifying for grant
money and loan programs?

One of Florida’s most successful grant programs for

smaller firms is the state’s Small Business Technology
Transfer Research program. The program is designed to
stimulate the commercialization of biomedical research in
Florida. The grants fund joint projects between research
institutions and small business enterprises. The most recent
awards ranged from $90,000 to $100,000. Recipients are
selected through a sophisticated multi-step process used to
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rank applicants’ projects. The Biomedical Research Advisory
Council housed in the Florida Department of Health oversees
the selection process. The Council is made up of nine re-
spected scientists from across Florida.

How does the investment made in the biotechnology/
pharmaceutical market compare with similar state funded
programs for other industries in Florida?

Florida is investing its resources in targeted industries

and organizations that will help catalyze the quality
economic growth Florida needs to compete in the years
ahead. To guide to our efforts and investments, we estab-
lished a strategic plan for economic development — Roadmap
to Florida’s Future. Our vision is to see Florida as a leader in
knowledge-based jobs, leading edge technology, and competi-
tive enterprises. We are addressing the priorities outlined in
Roadmap, first, by focusing on quality economic growth,
innovation, and globalization, second, by ensuring Florida is
strong in multiple industry clusters and world markets in
order to hedge against normal business cycles, and third, by
integrating our education, workforce training, infrastruc-
ture, quality of life, and smart growth planning as integral
elements to diversify Florida’s economy. Our investments are
aligned with opportunities to help us realize our vision.
Florida’s partnership with The Scripps Research Institute
and the creation of Scripps Florida, for example, promises
strong results in many of these categories. Other state invest-
ments in critical industries such as modeling, simulation,
and training systems technology, aerospace and defense,
information technology, and business and financial services
will help Florida to prepare for the future.

Are there any state sponsored programs that integrate
with scholastics in Florida’s many colleges with the
growth of the biotechnology/pharmaceutical industry?

Florida is committed to building the types of academic

and research facilities that are needed in order to be
competitive in attracting life science companies. The state’s
universities perform nearly a billion dollars annually in
sponsored research focused on various scientific and techno-
logical sectors. To link this research to our local industries,
the State of Florida has established a $30 million Technology
Development Fund to create three new Centers of Excellence.
The centers combine Florida’s academic and industry sectors
to bring local innovations to commercial viability. The cen-
ters are conducting research that is not only impacting
Florida, but is also contributing to discoveries and applica-
tions on a worldwide basis.

e Center of Excellence in Regenerative Health Biotechnol-
ogy at the University of Florida

¢ Center of Excellence in Biomedical and Marine Biotech-
nology at Florida Atlantic University

¢ Florida Photonics Center of Excellence at the University of
Central Florida @
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Biotech: A Wealth of Choices

by Thom Hallock

f you’re seeking to expand or relocate a

biotechnology company, you’re blessed with

a seemingly innumerable number of loca-

tions willing to bend over backwards for
you. We'll help you sort through some of the
more popular choices.

Year-end figures show that money flowed
more freely into US biotechnology during 2003
than it has in recent years, according to the
Bioworld Biotechnology State of the Industry
Report 2004. The industry raised about $16.5
billion, a sizable up-tick over the $10.25 billion
brought in a year earlier. While still down from
the $38 billion raised in 2000, biotechnology is
clearly back and only getting stronger as the
US economy recovers. After all, the 2003 figure
ranks second in terms of total funds ever raised
in the industry.

With more money becoming available, the
question of whether you’re in the right location
becomes an issue you can take action on. Below
are some of the most interesting places for
biotechnology-many of which fly below the ra-
dar, but probably won’t for long.

Growing a Culture for Innovation
Located along Florida’s Treasure Coast, just a
few hours south of Orlando and a few hours
north of Miami, St. Lucie County is one of the
fastest-growing commercial and residential
destinations in the Southeast. Once a quiet,
rural area dotted with citrus farms and bed-
room communities, St. Lucie County is today
home to more than 200,000 residents and a
booming economy focused on research and in-
novation.

In order to conduct revolutionary research
on pharmaceuticals, biotechnology, and horti-
culture, St. Lucie County capitalizes on the
area’s foundation established by such organi-
zations as Harbor Branch Oceanographic In-
stitution, US Horticultural Laboratory, the
Smithsonian Marine Station, and research pro-
grams at Florida Atlantic University (FAU)
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and the University of Florida. These institu-
tions have been key in encouraging biotechnol-
ogy companies to relocate to the area.

St. Lucie County still has untapped poten-
tial for companies in the biotechnology indus-
try. A number of companies currently cooper-
ate on research efforts through The St. Lucie
County Research and Education Coalition, a
coalition of more than 100 PhD research scien-
tists fostering new collaborations in research
and technology. Additionally, local colleges and
universities are adding biotechnology techni-
cian degree programs and joint degree pro-
grams to prepare local students for work in the
pharmaceutical, biotechnology, and agricultural
industries. For example, the recently announced
Center of Excellence in Biomedical and Marine
Biotechnology at FAU will work with institu-
tions such as Harbor Branch and the
Smithsonian Marine Station to help train the
biotech workforce of Florida’s future. Partner-
ships like these are sparking the interest of
organizations looking to move to the area.

The recent relocation of The Scripps Re-
search Institute to Palm Beach County, just
South of St. Lucie County, is helping St. Lucie
County and the surrounding areas to focus on
the evolving economic development of their
community-one that is growing into a mini
biotechnology capital.

“We have a very favorable climate, and I'm
not just talking about the weather,” says Don
Root, Executive Director of the Economic De-
velopment Council for St. Lucie County. “I am
talking about an economic development cli-
mate, 'm talking about a lifestyle climate, and
I'm talking about a climate for collaborative
research in St. Lucie County that will attract
people here.”

St. Lucie County ranks highly on the quality
of life scale, including affordable top-quality
housing, innovative education, low traffic, safe
city environments, and boundless cultural and
recreational amenities.
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Award-winning master-planned developer Core Commu-
nities has been working with government officials over the
past five years to develop employment centers, commerce
facilities, schools, and recreational facilities. Core Communi-
ties is planning a “obs corridor” on 6,500 acres west of
Interstate 95 and north of neighboring Martin County that
will include housing and business space, all connected by a
high-speed fiber optic network. The center also will be within
walking distance of the local school.

In addition, the county is acquiring property near the USDA
and University of Florida Institute of Food and Agricultural
Sciences locations in Ft. Pierce to create a research and
education park to accommodate new research opportunities.

This is just one example of the tremendous growth in
business opportunity in St. Lucie County, a region with a
keen focus on biotechnology. It’s one reason why economic
development leaders claim St. Lucie County is growing a
culture for innovation.

A Biotechnology Leader

Yesterday, Today, and Tomorrow
North Carolina ranks among the top five biotechnology re-
gions in the US in several measures. The area spanning a
100-mile radius of Scotland County, NC, is known as the
state’s southeastern region, and is home to the famed Re-
search Triangle-the biotechnology leader of not just south-
east North Carolina, but the entire southeastern US.

More than 140 of North Carolina’s 150 biotech companies
are located within a 100-mile radius of Scotland County. The
reason? How about a world-class research system; strong
links between research and industry; a very highly trained
workforce with many outlets available for further skills
development; venture capital and seed funding in abun-
dance; and available sites and buildings?

Back before “biotechnology” even existed as a word, the
industry was gettingits footing in the Research Triangle. The
area was branded in the 1950s, capitalizing on its universi-
ties, researchers, and a proposed park within the triangle
drawn by Duke University in Durham, NC State University
in Raleigh, and the University of North Carolina at Chapel
Hill.

What’s perhaps surprising is that there’s still plenty of
room for new ventures and relocations, despite the region’s
tremendous growth. More than 1.4 million people live within
a 90-minute drive of Scotland County. The state of North
Carolina has been incredibly pro-active about building upon
its existing strengths; through programs like BioWork, it has
ensured that there will be enough employees with the neces-
sary skills to continue the growth of North Carolina biotech-
nology companies. The BioWork trainingis a 128-hour course
that prepares students for entry-level jobs in bioprocessing
plants producing biopharmaceuticals, amino acids, enzymes,
vaccines, and other products. It’s intended for high school
graduates, traditional manufacturing workers who have lost
their jobs, or anyone interested in a new line of work. The
course can even be customized and taught to those already
employed at biomanufacturing plants.
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World-Class Resources
Come Together
in Oak Ridge, TN
Tucked away into an urban forest that was previously owned
by the Department of Energy is Horizon Center, a new world-
class business park in Oak Ridge, TN that has been created
for pharmaceutical and biotechnology companies, high tech
manufacturers, and innovative R&D companies.

Theragenics™ is the first company to locate in Horizon
Center with its $25 million medical isotope facility. The
company makes aradioactive seed implant called TheraSeed®
for the treatment of prostate cancer. Under its lease agree-
ment, Theragenics was granted use of unique DOE isotope
production technology. The company is heavily involved in
research and development for treatment of other types of
cancer and for production of other isotopes.

“Horizon Center was an easy choice for Theragenics,” says
Christine Jacobs, Theragenics Chairman, President, and
CEO. “The park’s high-tech vision, along with its close prox-
imity to the unique resources that exist at the DOE’s Oak
Ridge National Laboratory, fit perfectly with our long-term
strategy.”

Horizon Center measures 1,000 acres, approximately half
of which will remain in its natural state with wildlife, walk-
ing trails, and sculptures that create a campus-like setting.
The center was created by the Community Reuse Organiza-
tion of East Tennessee (CROET), a non-profit organization
that works with previously government-owned properties to
create an economic asset for the private sector.

Multiple building sites, measuring from 11 to 148 acres,
have been identified in the Horizon Center master plan.
Several projects are underway to make it easy for companies
to locate in the park quickly. Several sites have recently been
pre-graded, and a 40,000-square-foot speculative building is
being developed this spring.

The upscale business park is fully equipped with a fiber
optics network and dependable underground utilities. Con-
veniently located near the interstate system, Horizon Center
tenants enjoy the convenience of being located within a day’s
drive of approximately one-half of the U.S. population.

Carefully crafted covenants protect land owners’ and les-
sees’ investments in the park. In addition, CROET helps new
tenants work with local organizations to obtain fair tax
packages and to tap incentive packages that might exist.

Lawrence Young, President of CROET, notes that several
high-tech clusters seem to find Oak Ridge particularly attrac-
tive. These include biotechnology, pharmaceuticals, waste
management, homeland security, and transportation. Young
says that several specialized areas, like radiological pharma-
ceuticals, are particularly exciting.

“A critical mass of technology companies already exists in
Oak Ridge, and as a result, emergent radiological pharma-
ceutical companies like Theragenics are discovering the area’s
world-class resources,” says Young.

Biotech and pharmaceutical companies in Oak Ridge
include Allmeds, Apocom, Atom Sciences, Concorde Tech-
nologies, Coorstek, CTI, Deroyal Industries, Genomix Corp.,
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"The laboratory modules and related office space
are available immediately for start-up businesses with commercial applications
for life sciences products and processes. "

Identichem, Imtex, Ipath, Perkin Elmer, and others.

“It makes good economic sense for these companies to
operate in the midst of the sophisticated facilities and intel-
lectual power found in Oak Ridge,” Young explains.

Workforce strengths of Oak Ridge include more than 2,300
PhDs, 45,000 information technology professionals, 9,000
students majoring in sciences, and 400,000 prospective em-
ployees, according to the Oak Ridge Economic Partnership.

World-class resources include Oak Ridge National Labo-
ratory, the Russell Laboratory for Comparative and Func-
tional Genomics, the Joint Institute for Biological Sciences,
the University of Tennessee Center for Environmental Bio-
technology, UT-Battelle, and the one-of-a-kind Spallation
Neutron Source that comes on line in 2006. In addition, a
wide range of organizations help foster a strong entrepre-
neurial spirit in Oak Ridge, including the Tennessee Biotech-
nology Association, the Office for Entrepreneurial Growth,
and Technology 2020.

South Carolina Makes Serious Strides
In South Carolina, biotech companies have the advantages of
available skilled labor, an attractive business climate, a low-
cost operating environment, and unparalleled quality of life.
The state and its partners have taken serious measures to
make sure South Carolina is a premier location for all sorts
of biotechnology and life sciences companies.

South Carolina’s 22,000-square-foot Biotechnology Incu-
bation Facility, located in South Carolina’s Lakelands Re-
gion, offers biotech entrepreneurs the unique opportunity to
collaborate with the MD and PhD geneticists associated with
the adjacent J.C. Self Research Institute of Human Genetics.
The resources of South Carolina’s three research universities
(Clemson University, the Medical University of South Caro-
lina, and the University of South Carolina) provide compa-
nies with competitive advantages through their commit-
ments to research and access to technology and innovation. A
500-acre biotechnology park adjacent to the incubator facility
will provide attractive sites to locate companies “graduating”
from the incubator.

The first incubation facility, opened in September 2002,
houses six laboratory modules, library, a conference center,
offices, and support space. The laboratory modules and re-
lated office space are available immediately for start-up
businesses with commercial applications for life sciences
products and processes.

In an ongoing team effort to broaden the understanding of
biotechnology and how to effectively recruit this industry to
South Carolina, the Palmetto Biotechnology Alliance (PBA)
presented the second statewide Palmetto Biotechnology Con-
ference earlier this month. The conference featured many
speakersrepresentingleading biotechnology companies across
the US, offering a unique perspective on industry trends and
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factors that promote success in an increasingly demanding
industrial sector. According to the PBA, South Carolina-the
Palmetto State-has the research nucleus, natural resources,
business environment, and professional expertise to success-
fully grow biotechnology.

Reliable, low-cost power generated by Santee Cooper, the
state-owned electric and water utility, also has been pivotal
in attracting these companies. Santee Cooper provides power
to the state’s 20 electric cooperatives in addition to its direct-
service territories, so it serves as a major coordinator for
economic development statewide.

While Santee Cooper is state-owned, Central Electric Power
Cooperative represents the aforementioned 20 non-profit, cus-
tomer-owned electric distribution cooperatives. The coopera-
tives provide engineering assistance, incentive rates, and loan
and grant programs to encourage job creation. They offer new
and expanding companies an incentive rate called the “Start Up
Power Rider” (SUPR). To qualify for SUPR, the new connected
load must be 750kW or more. With a 10-year contract, SUPR
reduces the demand charge over the first three years of opera-
tion by 40% in the first year; 25% in year two; and 15% in year
three. Grants for site preparation and/or building construction
may be available depending on the number of jobs created,
amount of capital investment, and characteristics of the new
electric load. Santee Cooper and Central Electric Power Coop-
erative work together with the Palmetto Economic Develop-
ment Corporation under the banner of the South Carolina
Power Team to help businesses succeed in South Carolina.

Biotech Opportunity in Maryland

has a Name: Hagerstown
Maryland achieved international recognition with the comple-
tion of the sequencing of the human genome in 2000, a
combined effort of one of the industry leaders, Celera
Genomics, and one of Maryland’s strategic scientific assets,
the National Institutes of Health’s Human Genome Project.
Dubbed the genome “BioCapital,” Maryland is home to “DNA
Alley”- one of the largest concentrations of gene-based discov-
ery companies in the world.

Although 42nd in geographical size, Maryland’s success in
the development of its high technology industries and the
bioscience industry in particular has been noteworthy. Mary-
land is one of the 10 states selected as a 2002 Honor Roll State
by the Corporation for Enterprise Development in its annual
Development Report Card for the States. The Report Card
provides an annual assessment of each state’s economy and
potential for future growth. Maryland received As in two
major categories, performance and development capacity,
and a B rating in business vitality.

The Hagerstown-Washington County, MD area is a per-
fect home to companies seeking to join the 300-plus biotech-
nology companies in Maryland. Hagerstown and Washington
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County are actively recruiting companies within the indus-
try. The community offers a location with a close proximity to
the research institutions of the National Institutes of Health,
Johns Hopkins University, and more that are situated in the
Baltimore/Washington, DC metro area.

Those more than 300 diverse bioscience companies in
Maryland and federal institutions provide easy access to
innovation, technology transfer, and knowledgeable bioscience
professionals. Maryland’s biotechnology industry is now the
third most concentrated among the states and second on a per
capita basis. Hagerstown-Washington County offers the per-
fect way to tap into this strength with its productive, avail-
able workforce; attractively priced real estate; planned devel-
opment areas; Enterprise Zones; 1,800-acre Foreign Trade
Zone; affordable cost of living; and family-oriented lifestyle
that so many highly skilled, well-paid researchers seek.

Roanoke Valley, VA
The Roanoke Valley of Virginia is a vibrant community in the
Blue Ridge Mountains of western Virginia. The largest met-
ropolitan area west of Richmond-located equidistant be-
tween New York and Atlanta-the Roanoke Valley is within a
day’s shipping distance of most of the US population. The
valley offers something for everyone: from a lively arts scene
to award winning schools; from big-time college football at
nearby Virginia Tech to a nationally recognized symphony;
from hiking, boating, skiing, and golf to an entrepreneurial
spirit that has fostered innovations for more than 150 years.

Whether your company is purely research oriented, in-
volved in biomanufacturing, or both, the Roanoke Valley has
a lot to offer. Its workforce is 320,000 people strong, coming
from within a 60-mile radius. Nineteen colleges and univer-
sities are within an hour’s drive, including Virginia Tech, one
ofthe nation’s top research universities. Many of the workforce
in the area are graduates of these schools, meaning their
skills are top-notch and in many cases very technical. Em-
ployees love to live in the Roanoke Valley not only for its
natural beauty and quality of life, but for a cost of living (and
doing business) that’s 10% below the national average.

Electric rates that are also among the lowest in the nation,
and for those needing distribution capabilities, you’ll be glad
to know that the Roanoke Valley has excellent market access,
thanks to a Foreign Trade Zone and inland port, a jet-served
airport, and Interstate 81.

Biotech and biomedical industry is an active target for the
communities of the Roanoke Valley. Plenty of companies and
resources that enhance the “bio atmosphere” are present in
the valley, such as the Carilion Biomedical Institute. The
institute, a partnership between Carilion Health System,
Virginia Tech, and the University of Virginia, assists with
commercialization and funding of biotechnology ventures,
among other activities. Earlier this month, the institute
showed off a new orthopedic device-a cordless, hand-held
screw-hole locator. The device allows surgeons to fix metal
pins through segments of a broken thigh bone without using
X-ray images. It’s just one example of the kind of progress
being made in the Roanoke Valley of Virginia.@
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This article
presents an
Extended Supply
Chain System
which
encompasses all
aspects of
clinical supply
information and
provides study
managers with a
comprehensive
picture of the
supply flow.

Figure 1. Key business
process of an extended
supply chain.
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Introduction
he core of any good clinical supply chain
is a supply management system that
addresses all of the nuances of clinical
supplies. Although Clinical Supply
Management is often considered a back-office
business unit for a sponsor, it is almost always
on the critical path of the drug development
process. The efficient, accurate, and timely
delivery of material to the investigators is
critical for a successful clinical trial. Given that

cost plays a key role in the drug development
process, sponsor companies are attempting to
minimize their investments by outsourcing
many of their activities to vendors. As more and
more vendors become involved, it becomes cru-
cial for the sponsors to properly plan, manage,
and control the activities occurring between
the contractors and the sponsor. By having full
control of their data and the necessary tools in
place to plan and manage the flow of materials
between the vendors and investigators, spon-
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sor companies are able to realize possible strategic advan-
tages over their competitors.

Players
There are many processes of a clinical supply chain which can
be accomplished internally. The key business units engaged
with clinical supplies activities include:

e Manufacturing e Regulatory

¢ Packaging ¢ (Clinical
¢ Pharmacy ¢ Analytics
¢ Quality

Many of the business processes performed by these business
units could potentially be outsourced. This is a trend being
adopted by both big and small companies. Both physical and
virtual pharmaceutical companies are increasing their
outsourcing budgets to increase capital efficiency and en-
hance flexibility. The vendors commonly used to outsource
clinical processes include:

¢ (linical Research Organizations (CROs)

¢ Packaging and Labeling companies

¢ Interactive Voice Response (IVR) Vendors
¢ Contract Manufacturers

¢ Distribution Warehouses

¢ Site Monitoring Outsourcing companies

¢ Returns and Destruction companies

Another key player in the clinical trial arena is the investiga-
tor. The investigator performs the crucial task of dispensing
the investigational drug to the patients and subsequently
monitoring the reaction to the drug. The key tasks critical to
clinical supplies being performed by an investigator include
the following:

¢ dispensing the right drug to patients on a visit in a blinded
study

¢ the return and reconciliation of both used and unused drug

¢ blind breaking in case of an adverse event

Components of an Extended
Supply Chain System

A good supply management system might track all manufac-
turing and packaging activities for in-house material and
inventory management. A good supply chain system also
would encompass planning, tracking, and distribution of
materials from start to finish for the sponsor company. But
only an Extended Supply Chain would allow the sponsor to
plan, manage materials, track inventory, distribute to inves-
tigational sites, dispense drugs to patients and perform
reconciliation across multiple vendors. Figure 1 illustrates
an extended supply chain system.

Benefits of an Extended
Supply Chain System

Given that pharmaceutical and biotechnology companies are
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increasingly using third party contractors and external IVR
vendors for drug development, it is becoming more and more
critical for sponsor companies to have real-time visibility
across the entire clinical trials value chain.

If managed properly, this extended ecosystem of sponsors,
contractors, and third party vendors provides numerous key
benefits to all those involved, especially the sponsor:

¢ vendors become an extension of the enterprise

¢ improved capability for regulatory compliance

e accurate, real-time inventory visibility across the value
chain, enabling real-time process flow

¢ end-to-end genealogy/visibility

* seamless integration - consolidation of manufacturing
and packaging into a single system for subsequent data
analysis

¢ load sharing/transfers across vendors while sponsors main-
tain visibility of the inventory

While there are numerous benefits for the sponsor, there are
numerous benefits for the vendors as well:

e process efficiencies

¢ more focus on the core business and less on communicat-
ing information to the sponsors

¢ significant savings in resources - no more ‘paper,” manual
processes, or double reporting

® easy access to work order, batch records, and bill of
material information

e ability to run queries

¢ ability to differentiate themselves to sponsors

e Part 11 compliance

® easy access to transaction history for tracking and geneal-

ogy

Integration Challenges

The key to the extended supply chain system is its ability to
integrate multiple vendors into a common platform and tech-
nology. Although there are many middleware and Enterprise
Application Interface (EAI) technologies available, they gener-
ally only work when multiple parties agree on a common
technology and are ready to make the investments needed to
make their in-house systems communicate with the chosen
technology. With rapidly changing technology and disparate
systems existing between vendors and sponsors, there are
various challenges for both the sponsors and the vendors:

¢ the technology needed to integrate the systems

e cost of implementing the chosen technology

¢ all vendors adopting a single messaging standard
¢ time to build and validate the integration effort

Technology to Integrate the Systems
In order for companies to maximize value, sponsors and
vendors must integrate and connect the disparate silos of
information between them. Vendors face the immediate chal-
lenge of connecting their applicable systems in a flexible,
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Figure 2. Clinical data exchange.

economical, manageable, and reliable manner.

Information is generally exchanged through the use of
messaging. Every message serves as a packet to perform a
specific function or set of functions. For example: an order
request to ship 10 kits to an investigational site.

There are various issues that must be considered when it
comes to integrating various systems. First and foremost a
message written in an Extensible Markup Language (XML)
should be understood by all vendors in the information chain.
The structure of the message must be adoptable by all
vendors, even when they are using their own in-house system
or an enterprise level commercial system to integrate with
external systems.

Cost of Implementing a Technology
Integration is often the most underestimated task in infor-
mation systems. In reality, integration takes a considerable
amount of upfront analysis, a fair amount of time for sched-
uling and coordination of all parties involved, and a signifi-
cant amount of effort to build the interface. Often, there is
even the need for middleware software to connect the two
parties. These factors have discouraged many vendors from
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becoming early adopters or frontrunners when it comes to
participating in integration efforts in this industry.

All Vendors Adopting a

Single Messaging Standard
Messages come with certain standards in terms of technology
and specifications. Thanks to Clinical Data Interchange
Standards Consortium (CDISC), there is already a certain
amount of standardization that has been achieved and ac-
cepted for data exchange among different parties in the
industry. However, every message will have specific stan-
dards to comply with in terms of its contents and its represen-
tation. Accepting and abiding by these standards can be an
uphill battle and a drawn-out effort during integration analy-
sis.

The Challenge of Validating
the Integration Effort
Clinical supply software packages must pass vigorous valida-
tion testing. As the software will be used for numerous non-
repetitive activities, it requires a broad range of testing
scenarios. Applications that are integrated with the clinical
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supply chain system must be validated as well. Integration
should be accomplished in such a way that all interfaced
systems are not required to undergo validation each time one
of the individual systems is upgraded and requires re-valida-
tion. This becomes a challenge when multiple contract ven-
dors with different specifications are involved.

Solution to Overcome the

Integration Challenges
A possible solution to the many integration challenges is a
Clinical Data Exchange (Figure 2) that is accessible by the
CROs, IVR vendors, and Investigational Sites. The data
exchange is a hub of information that the sponsor hosts for
authorized vendors and investigators to access. The ex-
change can even be used by investigators to inquire and
transact investigational site information, which can then be
used for further processing.

The data exchange should have the ability to identify each
message that is received from an external system and route
it to the appropriate queue. Queues can be configured to be
forwarded to a specific address or be stored in a local data
store. Users can access the information in the data store
using portal views accessed through the internet. The archi-
tecture of the data exchange module should be based on a
Java 2 Platform Enterprise Edition (J2EE) compliant ex-
change which can be hosted on any J2EE-compliant server.

Use of a Clinical Data Exchange by CROs
Using the above general architecture, sponsors can send
messages to multiple CROs using the common Data Ex-
change. Message transfer intervals between the sponsor and
the data exchange can be configured to be either on-line or at
specific time intervals. The Clinical Data Exchange can
queue the data for each CRO and will send the notification of
the action to be performed. CRO vendors can access this data
via the Web for further processing.

Vendors would have multiple ways in which to access the
data and transact with the sponsors:

1. direct access using a portal
2. generic messaging and Web services

Direct Access Using a Portal

Vendors will be able to review, access, and enter data using
Web portals. A CRO should be able to review manufacturing
or packaging work orders, download batch records and in-
structions, gather data transfer information, or review inven-
tory status information. Based on the batch record and the
material received from the sponsor, the CRO can complete
the batch and use the portal to enter manufacturing or
packaging information directly into the exchange. Users
accessing the portal will need to be set up by the sponsor. This
would allow the sponsors to control the data being shared
with the vendor.

Generic Messaging and Web Services
Generic messages can be built on demand for vendors to
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access data from the data exchange. These messages built
using XML technology will provide flexibility to the vendors
to interface with various in-house systems. Messages would
provide a means of passing information back from the vendor
site to the exchange. Alternatively, Web services technology
also may be used by vendors to access data from the exchange
in an automated manner.

Use of a Clinical Data Exchange by IVR Vendors
The exchange can be used to transfer IVR messages to its
vendors. By doing this, IVR vendors can now set up the
message queue in a Clinical Data Exchange to automatically
download messages into their system. Vendors also will have
the portal to view and review IVR data, message statistics,
and history information. Messages from the IVR vendor’s
system are received into the data exchange and are sent back
to the sponsor’s supply management system.

Use of a Clinical Data Exchange by Investigators
Investigators will be able to use the portal to perform various
functions in relationship to clinical materials:

¢ dispense verification/assignments
¢ drug returns
¢ blind breakers

A Clinical Data Exchange can have its own data store capa-
bility for the system to capture shipment information and
returned materials. The Clinical Data Exchange would send
and receive messages from the sponsor’s supply management
system. In essence, the investigator interface would be inde-
pendent of a supply management system and would have its
own data store for drug reconciliation.

Data Exchange: The Leverage for
Extended Supply Chain

The Clinical Data Exchange is an important strategic tool
and helps the sponsor optimize the extended supply chain by
leveraging their drug development assets. There are many
key benefits of this tool for both the sponsor as well as all the
external parties in the supply chain ecosystem.

A few of the key benefits at the sponsor’s end are as below:

Standard Integration for all Vendors: Basically, the spon-
sor will be putting secure data in a warehouse thatis accessible
to vendors with the proper security clearance. The sponsor no
longer has to adopt or modify their integration techniques,
depending on the middleware or system used by the vendor.

Standardization of Data Exchange: Irrespective of the
techniques adopted by the vendors to exchange data between
the exchange and their system, the data that enters the
sponsor’s system will be in one standard format.

Validation Effort: The sponsor will validate just the mes-

sages that goin and out of a Clinical Data Exchange. Because
a Clinical Data Exchange acts as a buffer between the
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internal system and the outside world, the sponsor’s supply
chain system will be transparent of changes in specifications
that happen in the vendors’ systems.

On the other hand, the vendors also would stand to gain
tremendously:

Cost of Compliance: Vendors can avoid the cost of integrat-
ing messages into their in-house systems by using the portal
to enter their data and review historic data.

Option for Automated Interfaces: Vendors have the op-
tion of configuring messages for automatic downloads and
uploads. Once they are set up to accept and send messages,
they have the option of configuring their profile in the Clinical
Data Exchange for messages to interface with their system in
an automated manner.

Regaining Control and Visibility
throughout the Extended Supply Chain
The types of players involved in the extended supply chain
process is made up of a diverse set of suppliers, CROs, IVR
vendors, distribution centers, in-house pharmacies, QA, site
monitors, and investigators. There is an increasing trend of
sponsor companies outsourcing more and more tasks to these
entities going forward. Nonetheless, sponsor companies con-
tinue to be responsible for not only the efficiency and the
accountability of the supplies dispensed to the patient, but for
their accuracy as well. To manage the web of information
exchanged between the players, it is important that sponsor
companies be empowered with a strategic tool to leverage the
benefits of an Extended Supply Chain System. This system
would act as a hub of information where authorized vendors
and investigators can access or upload data, giving study
managers a comprehensive picture and the power to properly
plan and manage their clinical supply flow. Only then can
companies truly optimize their investments in clinical trials

and accelerate their drug development efforts.
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by Thomas J. DiFeo, PhD

acquisition or in-licensing of pharma-

ceutical compounds for market com-

mercialization. Pharmaceutical prod-
uct due diligence is a detailed investigation of
the Chemistry, Manufacturing, and Controls
(CMC) information associated with a drug sub-
stance and/or drug product. The investigation
provides assurance that a given compound
meets requisite technical and quality elements
to allow for successful commercialization of the
drug. This document provides an overview of
CMC information which should be reviewed as
part of due diligence activities for drug sub-
stance. This review follows the format of the
Common Technical Document (CTD) for the
Registration of Pharmaceuticals for Human
Use: Module 3 Quality of the ICH Harmonized
Tripartite Guideline! with some sections of the
CTD template combined in order to simplify
the presentation.

Manufacturing Process -

Control of Materials

The acceptance criteria and test methods for
the starting materials, solvents, reagents, cata-
lysts, and any other materials used in the
manufacture of the drug substance are re-
viewed. The acceptance criteria for starting
materials should consider those qualities criti-
cal to the operation. For example, the moisture
content of a reagent may impact the formation
of side-products.?* A discussion of the controls
selected for each reagent should indicate the
rationale for acceptance criteria with regard to
the quality impact on the drug substance.

materials, reagents, and drug substance are
reviewed. Sufficient detail should be provided
so that the methods could be run in the labora-
tory. For example, HPLC methods should pro-
vide detail on the type of column used, run time,
mobile phase composition, flow rate, and detec-
tion means. Adequate validation data should
be available to assure the accuracy of the data
used to support the physico-chemical proper-
ties of the drug substance. The ICH text on the
validation of analytical procedures provides a
good overview of the type of information that
should be included in the validation package.??
Key items include accuracy, linearity, preci-
sion (repeatability and intermediate precision),
robustness, and specificity. While all of these
aspects of validation may not be complete in
early phases of development, some level of
detail should be available to assure the accu-
racy of the information provided. In particular,
the limit of quantitation should be at least
0.05% to provide adequate representation of

the impurity profile.

Some compounds may have isomeric forms
which can be characterized as structural (e.g.,
cis/trans isomers) or stereoisomers (e.g., enan-
tiomers). Control of structural isomers is rou-
tinely accomplished by reversed-phase HPLC.3
Compounds with molecular dissymmetry must
have control methods that determine the enan-
tiomeric purity (typically expressed as enantio-
meric excess).’ These separations are per-
formed using chiral stationary phases (direct
technique) or derivitization of the molecule to
form diastereomers (indirect method) which

MARCH/APRIL 2005 PHARMACEUTICAL ENGINEERING

1



Drug Substance Due Diligence

Description of Manufacturing Process and
Process Controls

Process flow diagram

Key solvents, starting materials
Operating conditions

Critical quality attributes

Batch size

Yield

Batch records

Scale-Up (commercial synthesis defined)
Process capable of being run in existing plants
Cycle time

Process controls

Process hold points identified
Well-defined crystallization procedures
Micronization procedures

Reagents of animal origin and TSE status
Safety

Environmental issues

Robustness of process and re-work frequency
Reagent availability and cost

Cost per kilogram of drug substance
Patent protected process steps

Special equipment required

Solvents and Reagents

B COA review of solvents and reagents
B Solvents appropriate for scale-up

B Residual catalyst test
B Residual metal catalysts within EMEA
guidance

Figure 4. A summary check list of key CMC review aspects of
drug substance - description of manufacturing process and
process controls, solvents, reagents, and catalysts.

may in turn be separated on achiral stationary phases.?
Since isomers may have different toxicological and pharma-
cological profiles, adequate control methods must demon-
strate the purity of the drug substance.?*3” A good overview of
the use chiroptical spectroscopy in the characterization of
pharmaceutical compounds can be found in the literature.

Solvents and Reagents
In reviewing the batch records of the lots of drug substance
produced, the certificate of analysis for each solvent and
reagent used is compared with any critical attributes identi-
fied in the process discussion. Certain solvents are rarely
used in full-scale operations and should be avoided as the
process moves from the laboratory to the pilot scale. These
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include the solvents pentane, hexane, benzene, chloroform,
carbon tetrachloride, 1,4,-dioxane, and several ethers whose
risks include safety and environmental issues.*

Catalyst

A residual catalyst test is performed at the end of each
process step where a catalyst is used. If these results are not
available, a test should be performed for the drug substance.
The levels of metallic catalysts are the subject of regulatory
scrutiny and the limits should be based upon process capabil-
ity and safety considerations. The European Agency for the
Evaluation of Medicinal Products provides specific guidance
on the limits of residual metal catalysts.* Typically, a heavy
metals test is conducted for the drug substance. Figure 4
provides a summary check list for review of items concerning
a description of the manufacturing process and process con-
trols, solvents, reagents, and catalysts.

Quality Control of Critical Manufacturing Steps
c¢GMP controls should be applied to all manufacturing steps
beginning with the starting materials. Adequate process
control is achieved when there is an understanding of each
process step and its associated critical quality attributes.
Critical Quality Attributes (CQA) are applied to those pro-
cess steps that have an impact on the final quality of the drug
substance. For each reaction step, the impact on the final
drug substance should be determined. Some questions to be
addressed are:

1. What process impurities are generated?

2. What process parameters influence the level of the process
impurity?

3. How are the process parameters that influence product
quality controlled?

4. Is the process control test reproducible?

5. Isthereaclear correlation between the process control and
the critical quality attribute?

6. Are the CQA results among batches consistent?

Control of Intermediates

The requirements that apply to each CQA during the synthe-
sis should be detailed. A review of the results for several
batches will give an indication of the process robustness.

The analytical methods to control the CQAs should be given
including any available validation data.

Process Validation
Process validation is defined by ICH as the documented
evidence that the process, operated within established pa-
rameters, can perform effectively and reproducibly to pro-
duce an intermediate or API meeting its predetermined
specifications and quality attributes.* The approaches to
validation of bulk drug substance are outlined in the ICH
document as well as other regulatory guidance documents. 3
Some of the key aspects of validation are:
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1. avalidation master plan or protocol with objectives, scope,
and responsibilities outlined

2. critical process parameters (key process variables) and

their associated critical quality attributes must be identi-

fied

documentation of key process data during validation

4. acceptance criteria for key process intermediates and final

drug substance

three consecutive successful production batches

reproducibility of the impurity profile

7. investigation of any atypical events or results occurring
during validation runs

w

o o

Manufacturing Process Development

A review of the manufacturing process development includes
an emphasis on the reproducibility of the impurity profile of
the drug substance. Changes to the route of synthesis during
development may lead to the formation of new impurities.
The review focuses on any process changes made subsequent
to the first toxicology study. All impurities must be qualified
when they reach the ICH qualification threshold.* For a
maximum daily dose of less than or equal to 2 grams/day, the
qualification threshold is 0.15% or 1.0 mg per day intake
(whichever is lower). For a maximum daily dose of greater
than to 2 grams/day, the qualification threshold is 0.05%.
Qualification of impurities typically entails 28-day daily
dosing study in mice. In addition, a package of genotoxicity
assays is recommended including the bacterial mutation
(Ames) test, the mouse lymphoma assay, and the rodent
micronucleus test.* Figure 5 provides a summary check list
for review of items concerning quality control of critical
manufacturing steps, control of intermediates, process vali-
dation, and manufacturing process development.

Elucidation of Structure

As discussed earlier in the General Information section of the
Drug Substance description, specific data pertaining to struc-
tural elucidation is presented. Clear interpretation of the
data should accompany the spectra. For mass spectrometry,
the technique (e.g., electrospray ionization), instrument con-
ditions, and sample preparation should be detailed. Major
fragments should be identified and related to the proposed
structure. NMR spectroscopy should include the sample
solvent, operating conditions, and a narrative detailing the
assignment of spectral peaks.

Impurities
Impurities of drug substances may be classified into the
following categories:®

a. Organic Impurities
b. Inorganic Impurities such as Heavy Metals (USP<231>)
c. Residual Solvents

Organic Impurities

Organic impurities can be produced during the manufactur-
ing process and during the storage of the drug substance
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Quality Control of Critical Manufacturing
Steps

B cGMP controls for manufacturing steps

B Process impurities defined

B Effect of process parameters on levels of
process impurities

B Consistent CQA results

Control of Intermediates

B CQA requirements for intermediates defined

B Consistency of CQA results (process
robustness)

B Analytical methods for intermediates

B Hold time for intermediates

Process Validation

B Process validation available

B Validation master plan or protocol

B CPPs and CQAs defined

B Documentation of key process data during
validation

B Acceptance criteria for key process
intermediates and final drug substance

B Three consecutive successful production
batches

B Reproducibility of the impurity profile

B Investigation of any atypical events

Manufacturing Process Development

B Changes to the route of synthesis during
development and impact on impurity profile

m Identification of impurities at ICH threshold

B Qualification of impurities at ICH threshold

Figure 5. A summary check list of key CMC review aspects of
drug substance - quality control of critical manufacturing steps,
control of intermediates, process validation, and manufacturing
process development.

(degradation products). Organic impurities include:

e Starting Materials

¢ By-Products

¢ Intermediates

¢ Degradation Products

¢ Reagents, Ligands, and Catalysts

The organic impurity profile of the drug substance includes
the actual and potential impurities most likely to arise
during the synthesis, purification, and storage of the drug
substance. The results of all pertinent batches (especially
toxicology study batches) should be given. The structure and
source of the impurity should be discussed. For synthetic
impurities, the side-reactions leading to the impurities should
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Elucidation of Structure

B Specific data pertaining to structural
elucidation

B Control of organic impurities - starting
materials, by-products, intermediates,
degradation products
» Inorganic Impurities - reagents, ligands, and
catalysts, residual metals, salts, residual
solvents

» Comparison of impurity profiles of
toxicological and primary clinical batches

Control of Drug Substance

Description

Identification

Assay

Impurities

Melting point

Refractive index (chiral molecules)
Particle size

Polymorphic form

Loss on drying

Karl Fischer

Volatile Organic Impurities
pH of solution

Microbial limits

Primary Packaging

B A full description of the primary package

B Qualification of the packaging component

®m Critical packaging component parameters
identified

Stability

B Areview of all stability batches
B The treatment of drug substance with light,

heat, moisture, acid/base, and peroxide
B The degradation pathway elucidated for the
drug substance

Figure 6. A summary check list of key CMC review aspects of
drug substance - elucidation of structure, impurities, control of
drug substance, primary packaging and stability.

be detailed and the relevance of any process controls used to
minimize the impurities given. Potential organic impurities
(degradation products) also may be predicted by degradation
studies of the drug substance.

Similar to studies carried out for the structural elucida-
tion of the active drug substance, studies detailing the struc-
tural identity for each impurity should be given.

PHARMACEUTICAL ENGINEERING MARCH/APRIL 2005

An impurity profile should be available for each drug
substance lot used in toxicological evaluation, primary clini-
cal studies, stability evaluations of both drug substance and
drug product, validation of the manufacturing process, and
the development of the drug product. A comparison of impu-
rity profiles across lots is performed.

Inorganic Impurities
Inorganic impurities can result from the manufacturing
process and include:

¢ Reagents, Ligands, and Catalysts

¢ Residual Metals

e Salts

e Other Materials (e.g., Filter Aids, Charcoal)

An impurity profile should be available regarding the inor-
ganic impurities for each drug substance lot used in toxico-
logical evaluation, primary clinical studies, stability evalua-
tions of both drug substance and drug product, validation of
the manufacturing process, and the development of the drug
product. A comparison of impurity profiles of these lots is
performed and where any differences are noted, the implica-
tions regarding quality impact on the drug substance are
assessed.

Residual Solvents

Solvents are used in the preparation of solutions or suspen-
sions during the synthesis of a new drug substance. The
maximum levels of residual solvents should be limited by
ICH guidance.*® Information on residual solvents should be
available for all of the lots discussed above.

Control of Drug Substance
Specifications
Specifications consist of test methods and their associated
acceptance criteria. Each drug substance specification should
be presented with a rationale for the limits specified. The
following tests and acceptance criteria are applicable to all
drug substances:*’

a. Typically, a qualitative statement or description regarding
the appearance of the drug substance is given. The drug
substance acceptance criteria entails the observed drug
substance meeting the given qualitative criteria.

b. Identification testing should distinguish between the drug
substance and closely related compounds. Typically, two
identification tests are performed with one test being the
HPLC retention time match with a reference standard
material. The second test is typically a spectroscopic
technique such as IR. It should be noted that UV-Vis
absorbance spectra are not generally specific enough to
distinguish related compounds.

¢. The most common assay procedures for drug substances
are titration methods and HPLC methods. If a titration
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method is employed for assay, an additional specific,
stability-indicating method should be employed to control
impurities in the drug substance.

d. HPLC methods are commonly used to control impurities in
drug substance. The methods should be specific and stabil-
ity-indicating.

There are additional specifications that may be applicable
depending upon the nature of the drug substance and drug
product. These specifications include:

. Particle Size

. Melting Point

. Refractive Index (Chiral Molecules)
. Polymorphic Form

Loss on Drying

. Karl Fischer

. Volatile organic impurities

NSO UAWN

For drug substances used in suspensions and solutions,
additional physico-chemical characteristics of the drug sub-
stance may impact the drug product formulation. These
characteristics include:

1. pH of Solution
2. Microbial Limits

Analytical Procedures and Validation

As detailed previously for the control of starting materials,
reagents, and drug substance, sufficient detail should be
provided in order that the methods could be adequately run
in the laboratory. Control methods derived from compendial
references should clearly detail any requisite sample prepa-
ration requirements. A review of the method validation
package should ensure that all ICH guidelines are met.

Batch Analyses

Test results for all batches made (including lab scale batches)
are reviewed. A comparison of results for those batches used
in toxicology studies with those batches made for clinical use
is pursued. The level and type of impurities in the clinical
batches typically should not exceed that of the toxicology
batches. If the levels of impurities in the clinical batches
exceed that of the toxicology batches, a full review by the
toxicology group is performed to assure that the level of
impurities in batches proposed for the clinic are qualified.

Justification of Specifications

Drug substance specifications provide comprehensive control
ofidentity, purity, quality, and potency. The specifications for
the drug substance should be consistent with current process
capability and drug safety study results. Specifications for
impurities in early development will be controlled primarily
by qualification limits determined by toxicology studies.
During early stages of development, full justification of speci-
fications is not available as final specifications are deter-
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mined by the comprehensive development experience. If the
drug substance is in Phase III of development, draft final
specifications should be justified with regard to the historical
experience with the process at the current scale and synthetic
route. At Phase III, the drug substance process should be
well-defined and not open to any significant changes since
Phase III stability batches and pivotal clinical studies will
use drug substance from the current process.

Reference Standards or Materials

The validity of the analytical results provided is, in part,
reliant upon the use of appropriate reference standards.
Reference standards used in the analysis of drug substance,
starting materials, and intermediates must have additional
testing to verify the identity and purity of the reference
standard. Typically, the reference standard is fully charac-
terized including structural elucidation data as well as ex-
tended testing for impurities. Once the reference standard is
fully characterized, a secondary reference standard may be
tested against the primary standard and used for routine
testing.

Container Closure System (Packaging Material)
A full description of the primary package used to store drug
substance should be given. The potential for any incompat-
ibility between the package and drug substance is reviewed.

The chemical and physical reactivity of the drug substance
will dictate the type of packaging needed. For example,
hygroscopic drug substances may require the inclusion of
desiccants in the primary package. For drug substances
sensitive to environmental conditions, (e.g., heat, light, mois-
ture), data on the qualification of the packaging component
should be given. Once the critical packaging parameters are
identified, these parameters should be tested routinely upon
receipt of the container prior to its use in the holding of drug
substance. A minimum of identification testing should be
performed for the packaging material regardless of the sen-
sitivity of the drug substance. Techniques such as FT-IR
identity for PolyVinyl Chloride (PVC) films is commonly
applied.*®

Stability

Batches Tested

A review of all stability batches is performed. Special atten-
tion is given to any increase in impurities or appearance of a
new degradation product. The amount of variability seen
between batches in the level of degradation products may be
indicative of the robustness of the process. The appearance of
new impurities or changes in impurity levels are consistent
with poorly controlled processes. The degradation pathway
for the drug substance and any critical intermediate should
be elucidated.

Summary of Forced Degradation Studies and
Stability Studies Under Stress Conditions
Typically, as part of method development, forced degradation
studies of the drug substance are performed. The treatment
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of drug substance with light, heat, moisture, acid/base, and
peroxide enable the analyst to demonstrate that the analyti-
cal method to control the drug substance is indeed specific
and stability indicating. The data produced in accelerated
studies also provide information to the assessment team
regarding potential processing issues (e.g., light protection)
that might be necessary in the manufacture of the drug
product. Ideally, some level of degradation should be pro-
duced (~5-10%) during forced degradation studies in order to
demonstrate the specificity of the method and provide infor-
mation on the degradation pathways of the drug substance.
Therefore, depending upon the intrinsic stability of the mol-
ecule, it may be necessary to adjust the relative intensity of
the degradation conditions. Figure 6 provides a summary
check list for review of items concerning elucidation of struc-
ture, impurities, control of drug substance, primary packag-
ing, and stability.

Conclusion

Pharmaceutical drug substance due diligence is a detailed
investigation of the Chemistry, Manufacturing, and Controls
(CMC) information associated with a drug substance and
serves to assure that an adequate level of quality exists for
the given compound to allow for successful commercializa-
tion of the drug. A scientific review of the pertinent develop-
ment data provides the necessary information to assure that
informed decisions are made regarding the in-licensing of a
development compound.
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ISPE Historical Timeline: 1980 - 2005

SISP/E = March/April 2004, Vol. 25 No. 2
W * In August 1980, a group of six
Engineering Pharmaceufcal Inovation men met at American Airlines’
Admiral Club at La Guardia airport to discuss the
formation of an engineering society whose primary
purpose would be focused on:
- Education
- Networking
- Exchange of information
The conception of the Society continued to unfold
as validation became more and more of a reality
with an expanded need for consistency within the
industry.
Formation of the Society was complete when the
name “International Society of Pharmaceutical Engi-
neers” was decided upon.
There were three staff members when ISPE began:
Diane Simmons, Executive Director/Editor; C. David
Boyer, Managing Editor; and Cheryl A. Conroy,
Administrative Assistant.
The first issue of Pharmaceutical Engineering (No-
vember 1980 - January 1981) was published. This
quarterly publication was known as the “Official
Journal of ISPE”.

1980

INTERNATIONAL SOCIETY OF
PHRAMACEUTICAL ENGINEERS

PHARMACEUTTICAL

ENGINEERING

= (4 s
Pipremacentical Engineers ¥

The 1980 Board of Directors included:
- Charles W. Newcomb - President
- Paul Simmons - Executive Vice President
- James O’Brien — Vice President
- Peter A. Merrett — Treasurer

Thomas P. Henry — Secretary
ISPE’s relationship with the FDA beganin 1981 when
the Society asked the FDA to speak at a seminar.
The first official seminar took place in February 1981
at the Tampa Host Hotel and was attended by 106
people. The panel of speakers included representa-
tives from the US Food and Drug Administration as
well as professionals in the industry. The topic of the
seminar was “Upgrading to Meet cGMPs."”
In the first year, membership grew to 430.
The first Annual Membership Meeting and Awards
Banquet was held on 11 November 1981 in the
Warwick Hotel, Philadelphia, Pennsylvania and was
attended by more guests than paying attendees. The
Meeting was held in conjunction with PACK INFO
‘81, 11-12 November at the Philadelphia Civic
Center presented by the Packaging Machinery Manu-
facturers Institute (PPMI).
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¢ Ron Hall became Executive Director in 1982.

e Pharmaceutical Engineering began to publish bi-
monthly with the July/August 1982 issue.

e Bob Best became ISPE’s Executive Director in 1985.

® |ISPE began to publish a newsletter for members
only.

® |SPE Expo was held for the first time in Philadelphia
in June 1985.

e In 1985, the first North American Chapter was
formed in New Jersey.

® |SPE sponsored its first International Pharmaceutical
Engineering Forum during the 1986 Annual Meeting
held 16-19 November in St. Petersburg Beach,
Florida.

* Membership grew to 1,000 in 1986.

e |SPE’s first European venture, the International
Congress of Pharmaceutical Engineering, took place
on 26-28 September 1989 at the Scandic Crown
Regency Hotel in Brussels.

e The first two affiliates were formed in 1989-1990 in
the UK and Ireland.

NEW JERSEY
53 CHAPTER ISPE

4 INTEBRATCHAL SOCICTY FOR
@ PHARNACESTICH. TNCREERNG
# New Jersey Chapter

¢ In 1990 the Society name was changed slightly from
. . . . International Society For
“International Society of Pharmaceutical Engineers” 1990_ @W@' Engineering

to “International Society for Pharmaceutical Engi-
neering.” 1993

The Society For Pharmaceutical

e Staff is up to nine employees. Technology Professionals
e |SPEAK was unanimously chosen by the ISPE Edito-
rial Committee as the official name of the ISPE

newsletter in March 1990. The name was chosen as
a result of a “Name the Newsletter” competition

won by Thomas J. Novitsky of Associates of Cape
Cod.

e The New Jersey Institute of Technology became
ISPE’s first official Student Chapter at a dinner
meeting held on 24 February 1991.

® |SPE opens European office in the Hague, Nether-

lands in 1992 and adds six more employees to the
total. The Hague, The Netherlands.

e |n 1992, volunteer leaders from North America and
Europe wrote the first strategic plan and mission

statement for the Society. d

¢ In February 1993, ISPE implements strategic objec- o
tives by establishing North American and European W
Operating Committees.
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o ramocn el o Affiliate was ISPE’s first multi- 19Q3- _q_,

national affiliate and organized its first programs in

T
1993. Unlike other ISPE affiliates, this group is 1996 \GP/ ]

organized not nationally, but regionally, holding

meetings in southwestern Germany and northern
Switzerland.

* |ISPE membership reached 5,000 in 1993.

* |In 1994, industry leaders developed industry-wide
guidance for suppliers to assist in the management
and development of computer systems. The result
was the GAMP Guide which is now in its fourth
edition. More than 10,000 copies have been distrib-
uted globally in four different languages.

® The Career Center was begun in 1995.

e At the 1995 Annual Meeting, ISPE introduced the
Pharmaceutical Engineering Baseline® Guide Series
with the draft of Volume 1, Bulk Pharmaceutical
Chemical Facilities.

® |SPE held its first event in Australia on 20-22 May,
1996 at the Hyatt Regency Hotel in Canberra. The
program was titled “International Regulatory Trends
in the Pharmaceutical Industry.”

Career Center at the Annual Meeting.

Baseline.

PHARMACEUTICAL
ENGINEERING GUIDE

e During the ISPE Pharmaceutical Advisory Council

(PAC) meeting 4 June 1996 in Valley Forge, a 199Q Guidance for Industry
presentation was made by the FDA’s Matthew vt Easmr At
Lewis, District Director, and Joseph Phillips, Deputy SIPA - S5t s Past sl Comoes

Regional Food and Drug Director, proposing another .

partnership effort between ISPE and FDA. In this - ISPE/FDA &

project, ISPE committed to develop the list of 255 (onference 3¢

on SUPAC
equipment, by functionality categories, to specify

similar equipment as referenced by the new Scale-
Up and Post-Approval Changes (SUPAC) regula-
tions. SUPAC is one of the most significant regula-
tory changes ever to benefit the industry. SUPAC
gives guidance to aid the industry on how to file and
significantly reduces the filing burden in many cir-
cumstances. Some changes that once needed an
approved supplement might now properly be sub-

Eipgemianl buppliens LAt B0 10 A (et Comlbprale

mitted as a change being effected or in the next & The sic for
| an
annual report under SUPAC terms. Determining : 5 3;5;305;?»
similar equipment was the task that the FDA asked ? What's New.,
ISPE to undertake. S| ISPE Carcor Opportunities On-Line
® In response to member demands, ISPE created its e S s

Web site, www.ispe.org, which was effective as of E—
1 November 1996. Rt
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ISPE re-designed the logo to better show the Society
as”international.”

As reported in the January/February 1997 issue of
Pharmaceutical Engineering, |1SPE signed an agree-
ment with Reed Exhibition Companies as official
sponsor of INTERPHEX events. Said ISPE’s Presi-
dent Larry Kranking at the time of the partnership:
“INTERPHEX has long been the trade show of choice
for most ISPE members.”

As reported in the July 1997 issue of /ISPEAK,
Sharon Smith Holston, Deputy Commissioner for
External Affairs, FDA, presented the FDA
Commissioner’s Special Citation “in appreciation of
outstanding cooperation with the Food and Drug
Administration in providing vital support to the
industry through educational and special projects,
nationally and internationally.” Bob Best accepted
the award on behalf of ISPE and received the Harvey
W. Wiley Medal, the father of the Pure Food and
Drug Law.
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and Jim Murphy.

Atthe 1997 Annual Meeting, ISPE was honored with
Vice President Al Gore’'s Hammer Award that was
presented to the ISPE-FDA team that developed a list
of “similar equipment” needed for efficient imple-
mentation of Scale-Up and Post-Approval Changes
(SUPAC) guidance for products inimmediate release
— solid dosage form.

On Friday, 21 November 1997, ISPE was honored by
the Center for Drug Evaluation and Research (CDER)
with a special Recognition Award.

ISPE membership reached 10,000 membersin 1997.
On 7 October 1998 ISPE held its first official activity
in South America (Brazil) in conjunction with the
launch of Reed Exhibition Companies’ INTERPHEX
South America trade show. The event was attended
by more than 100 industry professionals.

In 1999, the ISPE European Office in The Hague
closed and ISPE established a relationship with an
association management company (GIC) and opened
an office in Brussels, Belgium which is operating
today.

ISPE sponsored first INTERPHEX Japan in 1999.

PHARMACEUTICAL ENGINEERING MARCH/APRIL 2005

ISPE European office
today.
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w ¢ First global edition of ISPEAK was
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EreningPromacencl et published in July/August 1999. ] 9QQ-

¢ |SPE staff reaches 31 employees in 2000. v

¢ |SPE acquired the GMP Institute effective 1 January 2002 F\‘ J
2000 and began ISPE’s training division.

e The first educational conference in Singapore took
place 12-13 June 2000 at Pan Pacific Hotel in
conjunction with Reed Singapore. This was the first

i; '-
Institute

. i . a division of ISPE
educational conference in Asia.

e In June 2000, the ISPE Singapore Affiliate was
officially launched and was the first Affiliate in Asia.
e The U.S. Department of Commerce chose ISPE to
offer a four-week intensive training program jointly
led by the GMP Institute, consultant Dale McMillen,
and the American Association for the Advancement

Jim Wulfeck and Bob Best.

W v amsad
of Science (AAS) from 14 January to 8 February ail @ES‘EE.%%E?}EEQFEFHEEE
2002. The course provided basic knowledge and L

training on current Good Manufacturing Practices
(GMPs) to enable former bio-chemical scientists

from the Novosibirsk region of Russia to adapt from

12 - 13 June 2000
Pan Pacific Hotel, Singapore

their current manufacturing standards to interna-
tionally acceptable manufacturing practices.

¢ The inaugural event of the Japan Affiliate was held
in June 2002 at the Edogawa Ward Civic Center in
Tokyo and attended by 350 industry representa-
tives.

® Pharmaceutical Engineering introduced a new fea-
ture, Country Profile, highlighting the pharmaceuti-
cal industry in countries where an international ISPE
affiliate exists; this feature has been expanded in
2005 to include North America.

® |In 2003, the ISPE International Board of Directors
approved the new emerging economy membership

category.

* The India Affiliate held its inaugural on 15-16 April
2004.

¢ Thailand is ISPE’s newest Affiliate and had its m?-:m

o chpe N

inaugural event on 8 January 2004. A conference
took place in April 2004.
e |SPE reached 20,000 members in 2004.

Currently, the FDA has invited ISPE to play a leading
role inits transition to changing the way it has regulated
the industry for decades and in the incentives being
offered to companies to innovate.

©Copyright ISPE 2005 MARCH/APRIL 2005 PHARMACEUTICAL ENGINEERING 5
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Specifically, the FDA is asking ISPE to change its
current operating procedure in several ways:

1. publish a new science-based, peer-reviewed
journal

2.in collaboration with universities and the FDA,
develop a training program to be utilized by both
Industry and Regulators

3. establish a Certification program that sets a
standard for Pharmaceutical Manufacturing Sci-
ence and Technology competency

4. work through ASTM to establish standards that
must be referenced by the FDA

Other new initiatives in 2005 include the Facility of the
Year Award, the formation of ISPE Communities of
Practice, and the culmination of ISPE’s 25™ anniversary
celebration taking place at the 2005 Annual Meeting in
November.

2004-

2005

27 T\ N,

N e —

Facility of the Year

Awarded by ISPE, INTERPHEX,
Pharmaceutical Processing

ISPE

today includes:

49 staff at ISPE Headquarters in Tampa,
Florida

Seven staff in the ISPE European Office,
Brussels, Belgium

Ten advisors located around the world
21,530 international members

24 regional chapters

18 international Affiliates

38 student chapters, with 13 more in the
process of forming

Come celebrate ISPE’s 25th Anniversary at the 2005 Annual Meeting!!!

SAVE THE DATE!

ISPE ANNUAL

6-10 NOVEMBER 2005 ®B SCOTTSDALE,

6 PHARMACEUTICAL ENGINEERING MARCH/APRIL 2005
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