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To the 80 million strong GenXers, many of whom
will comprise the future of this marvelous industry. May you take the
accumulated wisdom offered in this book and make our industry
the very best it can be.
Your destiny, our future—it is all in your hands.
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Preface

The art of compliance is a craft much like that of a carpenter who learns to
work with various kinds of wood and designs. Ours is an industry wrought
with differences. While the regulations that govern FDA-regulated indus-
tries are proscribed, how the regulations are interpreted and applied really
depends on experience and how well one has mastered the craft of compli-
ance. There are no proscribed procedures, but there are guideposts common
to all FDA-regulated industries, whether a firm manufactures medical
devices, pharmaceuticals, or biological products.

This book is about how to hone the craft of compliance, and how to take
basic guideposts and apply them to your specific company culture and needs.
This book is not about how to adopt completely new methods and systems,
but rather how to adapt proven ideas and strategies to your current practices.

Furthermore, this book is about providing a bridge for the Generation
X entrepreneurs and employees who are such a vital part of our workforce
and this industry’s destiny, so that they may benefit from the decades of
accumulated wisdom and experience that the various contributors have
poured into this text.

The contributors have been carefully selected to provide readers
with the state-of-the-art thinking on 17 of the most critical compliance

\
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Vi Preface

and quality systems required by the FDA and practiced throughout the
industry. These contributors are not offering their opinions or theory.
Instead, they bridge the gap between the theoretical and the practical
by sharing their understanding of what they have experienced from within
the industry and by reflecting on what they know works and does not
work relative to the critical compliance categories delineated in the table
of contents.

Read it in any order, skip what you don’t need and enjoy what you
can!
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Introduction

The current regulations were not meant to fully provide answers to the
myriad of compliance quandaries facing FDA-regulated industries. Recog-
nizing and accepting this fact clears the way for evaluating critical compli-
ance and quality challenges within the context of FDA’s expectations,
industry standards, and, most importantly, emerging trends around the
globe.

The 21 CFR regulations, particularly the sections related to cGMPs
for medical devices, pharmaceuticals, and biologics, offer these industries
the minimum threshold of compliance requirements, and only begin to
address issues related to product quality. It is up to the experts, such as qual-
ity assurance personnel and seasoned consultants, to help interpret those
regulations and apply them in today’s rapidly changing and increasingly
demanding world of FDA-regulated products. Legislation such as the
FDA Modernization Act of 1997, which amends the FD&C Act and the
biological products provisions in the Public Health Service Act, aids in giv-
ing particular categories of regulated products (e.g., new drugs, biological
products, and medical devices) more regulatory latitude, while increasing
regulatory demands on regulated activities such as clinical trials and other
categories of regulated products such as OTCs and cosmetics.
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X Introduction

The Compliance Handbook for Pharmaceuticals, Medical Devices, and
Biologics provides cutting-edge guidance on several critical compliance chal-
lenges that frequently are not adequately addressed within new and estab-
lished firms and that often result in irreconcilable regulatory situations.
The FDA, along with other regulatory and educational organizations, has
never concisely or comprehensively addressed many of these compliance
challenges. The strategies and programs offered in this book can signifi-
cantly decrease a company’s compliance vulnerability and regulatory liabi-
lity and increase its overall quality.

This book is a compilation of regulatory interpretation, technical sup-
port, extensive practical expertise, and assorted experiences from seasoned
individuals at the top of their game. Some of the contributors once worked
for the FDA, and others have spent decades evaluating and installing pro-
grams and systems for enhanced compliance and quality in such areas as
method development, computer and process validation, change manage-
ment, internal auditing, personnel training, annual product reviews, and
strategic planning.

There are many areas for which the cGMPs and FDA Guidelines and
compliance programs simply do not offer enough clarity and direction.
Change control—an essential subject—is addressed in the 21 CFR one time,
under 211.100(b) with a mere 11 words. Yet any FDA-regulated industry is
aware that the management of change within the facility, or change related
to contract services, is one of the most critical compliance and quality sys-
tems demanded during any phase of product development and commerciali-
zation. Cleaning validation is cited in the 21 CFR Part 211 over 30 times, yet
the industry is repeatedly cited for poor housekeeping and lack of validated
cleaning procedures and analytical methods. This book will not solve all the
industry’s problems, but it will certainly put into perspective the compliance
and regulatory topics that merit closer attention and enhanced resource
allocation. The guidance in this book will assist management in prioritizing
and ultimately developing an overall compliance upgrade master plan.

The book provides readers with the edge needed to compete globally
and meet FDA regulatory and compliance demands. The cGMPs are only
a platform from which to launch total quality performance and forward
quality principles. This book’s models for success in areas related to person-
nel training, SOP compliance, handling out-of-specification results in the
laboratory and in manufacturing operations, and vendor qualification move
beyond the cGMPs and allow for an integrated approach to compliance and
total quality management. Several authors also cover topics of international
scope and interest that have not received adequate coverage elsewhere.

Another topic on which the agency does not provide specific guidance
is how to manage and control the FDA inspection process. Chapter 13
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xi Introduction

guides the reader through the preparations, execution, and follow-up
required for this arduous process. Whether it is a preapproval, for-cause,
routine, or foreign inspection—it all boils down to inspection readiness
and overall compliance. Throughout the book, the most critical compliance
categories have been identified and elaborated on, eliminating any guess-
work relative to the investigators’ expectations during their visit to a domes-
tic or foreign facility. This book is guaranteed to increase your company’s
overall compliance readiness, whether for an FDA inspection, overseas
preapproval inspection, internal audit, ISO audit, or vendor qualification
audit, or to simply prepare a regulatory submission that will pass muster
with the agency and its critical reviewers.

The science of compliance lies entirely in knowing how to interpret the
regulations and apply them against the current backdrop of the FDA’s shift-
ing expectations and the industry’s constantly evolving standards. This book
is a useful tool toward increasing a company’s overall compliance and
quality status and decreasing its regulatory vulnerability, particularly in
areas for which there is currently limited or no guidance.

The subject matter covered herein applies to the medical device,
pharmaceutical, and biologics industries; however, a distinction is made
when a topic has a unique or specific application to any one particular
industry. For example, the new medical device regulations require manage-
ment review; hence, the specifics of a comprehensive management review
program are delineated in the chapters covering annual product reviews
and consumer complaint handling. The information provided in this book
will prove beneficial to readers concerned and involved with compliance
and quality systems in U.S. firms or overseas facilities seeking U.S. distribu-
tion of their products.
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Regulatory Submissions

Patricia Fritz and Anisa Dhalla
UCB Pharma, Inc., Smyrna, Georgia, U.S.A.

Regulatory submissions refers to applications providing data or information to
the Food and Drug Administration (FDA) related to the development,
approval, or postapproval reporting for prescription drugs, biologics, and
medical device products. Regulatory submissions are the primary means
by which the pharmaceutical and the medical device industry
communicate product-specific information to the FDA. Submissions of
applications for either premarket investigations or market authorization
are generally a series of submissions reflecting product or applicant
information from the development stage throughout the marketing life
cycle of a product.

The FDA is responsible for the review and market approval of new
drugs, biologics, and medical devices in the United States under the
authority of the Federal Food Drug and Cosmetic Act (the Act) and
Section 351 of the Public Health Service Act (the PHS Act). The FDA
defines “premarket review” as the examination of data and information
in an application as described in Sections 505, 510(k), 513(f), 515, or
520(g) or 520(I) of the Act or Section 351 of the PHS Act. This refers
to the premarket review of data and information contained in any
Investigational New Drug application (IND), Investigational Device

1
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Exemption (IDE), New Drug Application (NDA), Abbreviated New Drug
Application (ANDA), Biologics License Application (BLA), device premar-
ket notification [510(k)], or device Premarket Approval Application (PMA).

The review of these applications is performed by three major program
centers in the FDA organization: the Center for Drug Evaluation and
Research (CDER), with responsibility for drug products, the Center for Bio-
logics Evaluation and Research (CBER), with responsibility for biologic
products, and the Center for Devices and Radiological Health (CDRH),
with responsibility for medical devices. Each center is organized into scien-
tific review divisions and also includes divisions responsible for quality and
compliance aspects.

Applications to gain marketing authorization for new prescription
drugs, biologics, or medical devices generally fall within one of the follow-
ing: NDAs for new prescription drug products, BLAs for new biologic pro-
ducts, and PMAs for certain new medical device products. These marketing
applications require the inclusion of the results of human testing to support
the safe and effective use of the new product. In order to ship investigational
products to the investigators for the required clinical testing, applicants
must submit either an IND for a new drug or a biologic product or an IDE for
new medical device products.

Abbreviated new drug applications are submitted to gain approval
of generic versions of already approved drug products. Premarket notifi-
cation [510(k)] applications are the mechanisms for marketing medical
devices that are substantially equivalent to already marketed device pro-
ducts. Both of these applications are based on approved similar product
information.

There are numerous other regulatory submissions, including product
listings and establishment registrations and modifications or changes to
already submitted applications, as well as routine periodic reporting. While
each of these applications is not discussed in detail, the overall philosophical
approach for the preparation of regulatory submissions across these product
categories is similar. A tabular summary of the major applications is
provided in Appendix A.

The submission of an application conveys an acceptance of certain
responsibilities, including the accuracy and the quality of the data as well
as the required subsequent reporting and technical commitments for the
product and its intended use. To assure the accuracy and quality of the
data and information provided in applications, the Act gives the FDA
broad authority to inspect pharmaceutical and medical device establish-
ments, including manufacturers and other research testing facilities from
which data are derived. Applicants therefore must have documented sys-
tems in place for all processes from which data are derived and included
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in regulatory submissions. These systems should also assure the required
reporting, including the reporting of changes after the submission of an
application.

1 CRITICAL ELEMENTS OF REGULATORY SUBMISSIONS

Regulatory citations in Title 21 of the Code of Federal Regulations (CFR)
and FDA guidance documents provide the content requirements for all
required applications. While these references discuss the content and format
of regulatory submissions, they are not rich in detail and often do not specifi-
cally address an applicant’s specific product concerns. Outlines of the
required elements of INDs, NDAs or BLAs, ANDAs, IDEs, PMAs, and
510(k)s are included in Appendix B. The data and information required in
these applications encompass a wide range of disciplines, including medical,
pharmacology, toxicology, microbiology, biopharmaceutics, statistics and
chemistry, manufacturing, and controls.

There are some common administrative elements for all applications.
For example, a cover letter should address the purpose of the submission and
make reference to any relevant previous submissions or previous agreements
with FDA. To the extent possible, a summary of the information provided in
the submission should be included. Cover letters should also include, if
applicable, the assigned application or serial number, user fee information,
contact persons, a description of the sections being submitted on paper and
being submitted electronically, and an antivirus statement for electronic
submissions.

Nearly every application has a required FDA transmittal form. Trans-
mittal forms are primarily screening tools and are used to identify the infor-
mation required and also provide administrative information for the
application. Electronically generated forms may be used, provided the FDA
approves the form prior to its initial use. A copy of FDA’s approval letter
should accompany the form the first time it is submitted. In some instances
in which there are no transmittal forms, specific cover sheets or checklists
are recommended. These are found within the guidance documents specific
to the application type.

A table of contents should accompany all submissions and specify the
volume and page number for each item included. This is a critical navigation
tool to orient the reviewer to the information provided in the application.

Most applications require that certifications be included with the sub-
mission, either in the administrative section of the application or within
reports of specific types of data included in the application. These include
field copy certifications, debarment certifications, current good manufactur-
ing practice (cGMP) certifications, current good laboratory practice
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(cGLP) certifications, current good clinical practice (cGCP) certifications,
patent certifications, and financial disclosure certifications.

Field-copy certification—a certification, as stated in 21 CFR 314.94, that
a true third field copy of the technical sections (chemistry, manufac-
turing, and controls) of the application has been submitted to the
appropriate FDA district office. The district office should also
receive a certification with the submission that it is a true copy of the
information submitted to the reviewing division.

Debarment certification—a certification that the applicant did not and
will not use in any capacity the services of any debarred persons in
connection with a drug product application. If the application is an
ANDA, it must also include a list of all convictions described under
the Act that occurred within the previous 5 years and were com-
mitted by the applicant or affiliated persons responsible for the
development or submission of the ANDA.

cGMP certification—a statement that facilities and controls used in the
manufacture of the product comply with the applicable GMP regu-
lations.

c¢GLP certification—a statement for each nonclinical laboratory study.
A statement that the study was conducted in compliance with the
requirements set forthin 21 CFR Part 58, or, if the study was not con-
ducted in compliance, it should include a brief statement justifying
the noncompliance.

c¢GCP certification—a statement with regard to each clinical investiga-
tion involving human subjects that it either was conducted in com-
pliance with the requirements in 21 CFR 56 or was not subject to
such requirements in accordance with 21 CFR 56.104 and 56.105 and
was conducted in compliance with the requirements for informed
consent in 21 CFR Part 50.

Patent certification—a certification regarding “any patents that claim
the listed drug or that claim any other drugs on which investigations
relied on by the applicant for approval of the application were con-
ducted, or that claim a use for the listed or other drug.”

Financial disclosure certification—(1) A financial statement for any clin-
ical investigator conducting any clinical study submitted in a mar-
keting application that the applicant or FDA relies on to establish
that the product is effective; (2) additionally, any study in which a
single investigator makes a significant contribution to the demon-
stration of safety. This applies to marketing applications for drugs,
biologics, and medical devices. The applicant is required to submit
as part of this certification a list of investigators who conducted
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TABLE 1 Some of the More Common Certifications Included in
Applications and Supplements

Certification IND IDE NDA ANDA BLA PMA 510k
Field copy X X X

cGMP X X X X X X X
cGLP X X X X X X X
cGCP? X X X X X X X
Patent X X X

Financial disclosure X X X X X

Debarment X X X

20nly applications that contain clinical studies.

applicable clinical studies and certify or disclose certain financial
arrangements as follows:

Certification that no financial arrangements have been made
with an investigator where by the study outcome could affect
compensation, that the investigator has no proprietary interest
in the product of interest, that the investigator does not have a
significant equity interest in the study; and that there were no
significant payments.

Disclosure of financial arrangements and steps to minimize the
potential bias on the study of interest.

Failure to include the required certifications in submissions can result
in an application being refused for filing. In addition, NDAs and BLAs
require the submission ofa user fee form 3397 indicating that the fee has been
submitted in the amount as required. Table 1 provides a matrix of the certifi-
cations required for drug, biologic, and medical device applications.

2 SUBMISSIONS PLANNING—THE KEY TO SUCCESS

The planning and preparation of either a new product or investigational pro-
duct application requires a multidisciplinary approach. Most companies
developing new products utilize formal project management systems to
facilitate the collaboration between the technical disciplines, which may
include personnel from research and development, manufacturing, formula-
tion development, regulatory affairs, quality assurance, and other disci-
plines, as required. In addition to planning for the required elements, most
FDA review divisions have specific preferences on how data should be ana-
lyzed and presented. When complex applications are planned, such as INDs,
IDEs, PMAs, NDAs or BLAs it is critical for communications with the
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review division to be held prior to the actual submission of the application.
The purpose and the complexity of the application will determine the form
and manner of these interactions. It is important to build your submission
team to match the disciplines of the FDA review team and to keep it intact
throughout the review process.

2.1 MEMBERSHIP AND FUNCTIONS OF SUBMISSION TEAM

Regulatory affairs: Coordination of application planning, preparation,
follow-up, and communication with FDA; identification of all
applicable regulatory requirements.

Scientific disciplines (e.g., Toxicology, pharmacology, pharmacokinetics,
clinical, manufacturing): The areas that provide necessary scientific
support.

Marketing: Review of proposed labeling and the potential affect on pro-
duct marketing; for example, labeling changes.

Legal: Review of label claims and product indications in comparison to
scope of clinical studies.

Quality control: Assurance of the quality aspects of all submissions and
facilities in which data were generated.

The submission project plan should identify the critical path of the
application and the major milestones influencing the timeline. An index
should be prepared identifying the critical sections and associated docu-
ments and the targeted availability of the documents for inclusion in the
application. Systems should be in place for the controlled physical assembly
of the application, including appropriate procedures for assembling the
application and performing adequate quality control. Checklists are very
helpful in ensuring that all necessary elements are included.

Some basic tips to remember in the planning of a complex submission
are to:

1. Planearly

2. Build a submission team that includes all the required expertise to
evaluate the data and to support the preparation as well as the
review process

3. Plan for effective and meaningful communication with the review
division, including prefiling meetings

4. Rely on the most effective written and illustrative communication
tools, including graphical or tabular presentations when communi-
cating large amounts of data

5. Use well-defined, documented systems to manage change control
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6. Select electronic filing strategies appropriate to the application

7. Ensure quality and consistency of the individual reports, individual
summaries, and integrated summary documents

8. Evaluate regulatory compliance status of all facilities providing clin-
ical and nonclinical testing as well as manufacturing facilities

The quality of a submission depends not only on the content of the sub-
mission but the tools provided to facilitate the review process. Now more
than ever, FDA reviewers are receptive to electronic review aids and the use
of electronic files. Simple and relatively inexpensive approaches are avail-
able. Important issues to consider during planning include the need for elec-
tronic review aids. These are electronic tools requested by the reviewer
outside the electronic submission policy. Examples of these include book-
marked, searchable versions of the integrated summaries and final clinical
study reports for the core studies on CD-ROM or Microsoft Word versions
of summaries that reviewers can cut and paste for their reviews. Since the
preparation of the review summary can often be the longest part of the
review, providing these tools can be useful in significantly reducing the total
review time.

Submission planning must include systems for assurance that the con-
tents of any application are accurate and tailored to the audience and that
they disclose the required information. One of the most important compli-
ance aspects of submission planning is assurance that the application
reflects accurately the data and the processes in which the data were col-
lected and evaluated.

2.2 Communication with FDA

Effective communication, both within the applicant’s organization and with
the FDA review team, is an integral part of planning any submission. It has
been demonstrated consistently that the success of a new product applica-
tion is dependent on the effectiveness of the organization’s submission team
and the working relationship developed between this group and the agency
review team.

Early communications with your prospective review division will
improve the quality, clarify the expectation of the contents of the applica-
tion, and improve the timeliness of the review process. It is important to
identify early whether the information available is adequate for filing the
application, thus preventing refusal-to-file actions.

Communications with the FDA will take the form of meetings, tele-
phone contacts, regulatory submissions, general correspondence, and faxes.
Regardless of the form, each communication should be considered as an
opportunity to build on the working relationship necessary for long-term
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success. All communications should be documented in a log or database and
the relevant information should be disseminated appropriately. Valuable
FDA comments and agreements are frequently lost because companies are
not diligent about adequate documentation and dissemination of these less
formalized interactions.

2.2.1 Meetings with FDA

Through early and interactive meetings from the multidisciplinary review
staff, applicants can obtain valuable regulatory feedback on development
plans or clinical trial design. FDA meetings are a valuable opportunity to
resolve issues related to product development, application contents and
review processes, compliance actions, and policy development. Meetings
are routinely held at critical milestones of development and at all other times
as needed. Those related to premarket and marketing applications can be
generalized in the following categories:

Pre-IND—usually held for products for the treatment of life-threaten-
ing or severely debilitating diseases (or in some cases orphan drugs).
This is the first introduction of the product to the FDA.

End of phase I—usually held for products for the treatment of life-
threatening or severely debilitating diseases. Discussions focus on
the design of phase II studies.

End of phase II—held to review planning and ensure well-designed
confirmatory studies that will most efficiently confirm a drug’s effec-
tiveness and also determine what additional information will be
necessary to demonstrate the safety and efficacy of the product for
the intended claim.

Pre-NDA, pre-PMA, pre-BLA—held to determine the requirements for
producing a high-quality marketing application that will be
accepted for filing. The meeting provides reviewers an overview of
the data that will be presented in the marketing application.

There are other types of meetings, and in general, an applicant can
request a meeting at any time to discuss development, scientific, medical, or
other concerns regarding product.

Planning for FDA prefiling meetings can be thought of in the following
four phases:

1. The request (who,what, when, and why)

2. The preparation (meeting package, selection of participants, and

rehearsals)

The actual meeting

4. The follow-up (preparation of the meeting minutes and the follow-
up agreements)

w
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Meeting requests can initially be communicated over the telephone to
the FDA regulatory project manager (RPM), although it is necessary to fol-
low up with a written request. The RPM is the primary contact with the FDA
review division and is pivotal to facilitating communication between the
applicant and the review team. Requests should clearly state the objective of
the meeting, a tentative list of agenda items, who will be attending the meet-
ing, and some proposed dates for the meeting. Meeting requests need to be
submitted 30 to 75 days prior to the meeting, depending on the type of meet-
ing requested.

Generally about 4 weeks prior to the meeting the applicant must sub-
mit a meeting package. It should include a proposed agenda, some back-
ground material to support the topics for discussion, and the proposed
planning and other information necessary to provide sufficient details to
enable the FDA reviewers to provide comments and to reach agreement.
Be transparent and factual with your concerns, and seek discussion on key
issues or problems identified in the evaluation of the data. Meeting packages
can become voluminous and should only provide the information necessary
for the objective. For example, protocol synopses with the critical informa-
tion are more manageable than the entire protocols with template informa-
tion. Rehearsals before the meeting with the meeting participants are
important. There should be at least one rehearsal before the submission of
the meeting package. This is one of the most important rehearsals, providing
a forum to identify any weaknesses or errors prior to submission of the
meeting package.

Those submission team members most familiar with the data and
capable of responding to questions should attend the meeting. It is not
recommended to take large groups to these meetings. The rehearsals
should be attended by an expanded team and should include some peer
review or external experts to challenge the proposed approaches to ensure
that the applicants are well prepared. The goals of a prefiling meeting for
an application seeking market approval of a new product should include
the following:

Identify and provide an overview of the most important studies in the
application.

Acquaint the reviewers with the data and discuss issues or concerns.

Discuss and mutually agree upon the methods of statistical analysis.

Mutually agree upon the data presentation and formating of data
tables.

Identify any additional analyses or studies that maybe required.

Determine ifthe other technical sections as presented appear adequate
for filing.
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Discuss and mutually agree upon the electronic filing and electronic
review aids.

Meeting etiquette with FDA is as with any other professional meeting.
Ifapplicants have articulated clearly their points in the briefing package and
brought the appropriate personnel, the intended purpose for the meeting
will be achieved. Itis recommended to keep presentations to a minimum and
use them for clarifying data or issues for discussion. During the meeting
someone from the applicant’s team should be assigned the task of taking min-
utes, noting all of FDA’s concerns and resolutions, as well as agreements
reached. In addition, it is important to follow up on issues that need to be
resolved as soon after the meeting as possible. The review division will issue
the official minutes, and if agreements are made generally these are outlined
and signed by the division director.

2.3 Key Points Contributing to Success of a Prefiling Meeting

Identify clearly the objectives of the meeting.

Identify the issues and develop proposed solutions.

Prepare a quality meeting package.

Know your data and be well prepared to discuss the topics.

Rehearse, rehearse, and rehearse.

Anticipate questions.

Include peer review through the meeting preparation process.

Take only the most necessary team members who can speak to the data
and the overall project.

Present the data dispassionately, objectively, and accurately.

Do not spend a lot of time on marketing the project—stick to substan-
tive topics.

Keep accurate minutes for the purpose of sharing with FDA and the
applicant’s regulatory project manager.

3 PREPARATION OF THE SUBMISSION
3.1 Application Assembly

Assembly of the application should ideally begin when supporting documen-
tation is available. Enough time should be planned in the submission time
line to allow for physical compilation of the submission and preparation of
any review aids and quality control.

Generally, for a marketing application, the time needed for this process
is 4 to 6 weeks, although this may be reduced with the introduction of electro-
nic submission publishing tools. The submission plan should address the
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logistical aspects of submission preparation: supplies, space, resources, and
transportation for the submission to the agency.

3.1.1 Required Copies

Archival Copy. Thisis a complete copy of the entire submission and
serves as a reference for information not included in specific review copies
and also as a repository for case report tabulations and case report forms.
This copy is maintained on file at FDA after the review of the submission is
completed. In accordance with recent guidances, certain sections (Sections
11 and 12) of a marketing application archival copy may be submitted in elec-
tronic format.

Review Copy(ies). These copies are bound separately to allow con-
current review of the technical sections.

INDs: Two review copies are required for all submissions.

NDAs: A single copy is required for each section. Two copies are
required for Section 4 (Chemistry, Manufacturing, and Controls)
and Section 6 (Human Pharmacokinetics and Bioavailability). A
review copy of the application summary is required for each
reviewer.

Field Copy. Thisis a certified copy of the chemistry, manufacturing,
and controls section that is sent to the FDA district office with jurisdiction
over the manufacturing site. For international sites, these copies are sent to
the Division of Emergency and Investigational Operations in Washington,
D.C. The field copy must be accompanied by a certification that it is a true
and accurate copy of the application (for NDAs, BLAs, and ANDASs).

3.1.2 Format and Assembly of the Application

Jackets. The copies should be bound in color-coded jackets and
appropriately labeled on each cover. The volumes should be bound with fas-
teners rather than three-ring binders. Jackets are available from FDA’s forms
and consolidated publications division or can be ordered from commercial
sources, provided they meet the requirements outlined in FDA’s guidelines.

3.1.3 Media Specifications

Paper Submissions. Applications must be submitted on paginated,
three-hole-punched 8 x 11” paper. The left margin should be at least 3/8"”
from the edge of the paper. Pages should be printed on one side only. Volumes
should be no more than 2 inches thick and must be numbered consecutively
through the submission.
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Electronic Submissions.

Less than 10 MB—3.5"” DOS-formatted floppy disks (one to 10 disks)

Less than 3.25 GB—CD-ROM ISO 9660 (one to five CDs)

Greater than 3.25 GB—Digital tape, Digital Equipment Corp. DLT
20/40 and 10/20 GB format using OPENVMS with VMS backup or
NTserver 4.0 with NT backup or backup exec.

The print area for pages should have a margin of at least 1” on all sides.
Pages should be correctly oriented.

3.1.4 Pagination

All pages of paper submissions must be numbered using any numbering
system. Paging and indexing must provide rapid access to the entire submis-
sion. For electronic submissions, pagination should be provided only for
individual documents.

3.1.5 Packaging

Large submissions should be packed in boxes measuring 14”7 x 12" x 9%”.
All electronic media and any reviewer desk copies should be clearly
marked and included in the first box of the shipment. The shipping contain-
ers should be identified with application number, product name, volume
numbers, review copy or archival copy, and applicant name and address.
Specific instructions for marking the mailing package (e.g., safety reports)
should be followed.

4 SUGGESTED NAVIGATIONAL TOOLS FOR PAPER
PORTIONS OF REGULATORY SUBMISSIONS

Tables of contents that increase in detail at each level.

Submission tables of contents at the beginning of the submission.

Section tables of contents at the beginning of each section.

Volume tables of contents at the beginning of each volume.

Study report tables of contents at the beginning of study reports listing
all of the sections and appendices of the study may be helpful in
extremely large submissions.

Labeled divider tabs for major sections and for marking important
information; for example, appendices of study reports.

Cover sheets for submission sections and documents in the submission
are useful.

Colored divider sheets used between sections of documents can help
the reviewer(s) navigate the submission.
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Pagination should be provided for the submission. Pagination can be by
volume or section or for the entire submission. (Refer to the prefer-
ences of the center responsible for review.)

For legacy documents that may not meet current standards for docu-
ment authoring, provide as many navigational tools as possible,
including explanatory cover pages or notes.

4.1 Quality Control

Quality checks of submissions are critical to ensure that methods, processes,
equipment, and facilities have been accurately reported and that the docu-
ments included in the submission represent the appropriate scope of infor-
mation. In addition, the actual data presented in the submission must be
checked for integrity and accuracy to the extent possible. The submission of
inaccurate or fraudulent documents could result in the invocation of the
fraud policy or the application integrity policy (AIP) that covers the “failure
to have and implement systems or procedures to ensure the quality and
accuracy of submissions.” It is therefore clear that ensuring the quality of
submissions and authenticating all data is critical to maintaining the good
compliance standing of the applicant.

Itis recommended that the regulatory status be reviewed by examining
the most recent inspection reports on the facilities from which all data were
derived for inclusion in the application. This includes manufacturing, non-
clinical laboratories, and clinical sites.

5 QUALITY CHECKS FOR REGULATORY SUBMISSIONS

5.1 Before Preparation of the Submission

Check all source documents for document quality. Make sure there
are no missing pages, cropped pages, or text that is not legible.
For poor-quality documents that cannot be improved, mark each
page “best copy available.”

Check to ensure translations are provided for all foreign language text.

Authenticate all data against all source documents.

5.2 After Preparation of the Submission
Check printed documents for quality.
Check pagination to make sure that all pages are in order and are

clearly paginated.
Check tables of contents to ensure that page references correspond.
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5.3 Quality Control (QC) Checks

Check organization of submission to ensure that all relevant docu-
ments are included and that the most recent version of all documents
(including amendments) is presented.

Check data presented in submission to ensure completeness and accu-
racy.

Ensure that all QC checks used during the document compilation pro-
cess were performed.

6 THE REVIEW PROCESS

Factors influencing review times are not limited to agency review practices.
Some factors creating delays in the review reflect back on the applicant. The
quality of the application, the applicant’s response time, the comprehensive-
ness of responses to the FDA reviewer’s questions, and requests for addi-
tional data or analysis as a result of inadequate submissions as well as the
applicant’s ability to provide new data during the course of the review all
influence the timeliness of the application review.

6.1 Refusal to File

The FDA has taken seriously the need to address the quality of the applica-
tions accepted by clarifying the refusal-to-file (RTF) regulations. Applica-
tions that are poorly organized or provide inadequate data are difficult to
review, therefore in 1993 the FDA introduced a new guidance entitled refusal
to file. Although existing regulations did provide circumstances in which
FDA could refuse to file an application, the intent of the guideline was to
clarify its practices regarding this policy. Prior to the guidance, decisions
to refuse to file were generally based on extreme deficiencies (e.g., total
omission of a section or lack of the controlled studies to support the intended
claim).

Recently applications have been refused when less extreme deficien-
cies existed but when the deficiencies meant reviewability or approvability
was impossible without major modifications to the file. The practice of sub-
mitting incomplete or inadequate applications and then repairing them dur-
ing the course of the review is a waste of FDA resources. It does not benefit
the applicant or the FDA when deficient applications are filed. With the
introduction of the user fee program for marketing applications of new drugs
and biologics, the RTF policy has become even more important. As a result,
the quality of applications submitted has improved. Before 1993, 25-30% of
original NDAs, were refused for filing. In recent years the rate has dropped
to approximately 4%.
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The RTF policies are applicable to drugs, biologics, and certain medi-
cal device applications, and the basis for refusal of an application are similar
across the products. Below are some examples of reasons why the FDA has
invoked the RTF policy for a new drug product.

6.2 Examples of Refusal-to-File Issues Across Products

The application does not contain a completed application form.

The application is not submitted properly in terms of the content and
format requirements outlined in the applicable regulations.

The applicant did not complete the environmental assessment per
21 CFR 25.40 or fails to establish exclusion under 21 CFR 25.30 or
21 CFR 25.31.

The application does not include an accurate and complete English
translation of each part of the application that is not in English.

Use ofa study design is clearly inappropriate for the intended use of the
product.

Total patient exposure (numbers and duration) at relevant doses is
clearly inadequate to evaluate safety.

There is no comprehensive analysis of safety data.

There is no assessment of the carcinogenic potential for a chronically
administered product and no explanation of why such an assessment
is not applicable.

Notall nonclinical laboratory studies include a statement that the study
was conducted in compliance with the requirements set forth in
21 CFR Part 58 (or if the study was not conducted in compliance
with such regulations, abrief statement justifying the noncompliance).

Not all clinical investigations involving human subjects include a state-
ment that they either were conducted in compliance with the
requirements of 21 CFR 56 or were not subject to such requirements
are were conducted in compliance with the requirements for
informed consent in 21 CFR Part 50.

Data are missing establishing the stability of the product through the
dating period and a stability protocol describing the test methods
used and time intervals for the product stability assessment in accor-
dance with the FDA Guideline for Submitting Documentation for the
Stability of Drugs and Biologics.

Failure to describe all manufacturing sites (including contract sites).

Failure to describe all major production equipment and support sys-
tems.

Failure to submit complete production flow diagrams.
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Lack of validation protocols and data summaries, including environ-
mental monitoring.

Even if an application is accepted, incomplete or substandard submissions
will result in a fragmented and subsequently extended review period.

When submissions are poorly organized and difficult to review, the
reviewers have to contact the applicant for assistance. This leads to signifi-
cant delays since reviewers will often start reviewing another submission
while waiting for a response and will not restart their review until they are
done with the other submission. It is therefore extremely important that sub-
missions include all the information that is necessary for the review and that
it is well organized so that the information can be located quickly.

6.3 Applications or Supplements Requiring Compliance
Status Check Prior to Approval

Compliance status will be determined for applications submitted for PMAs
and 510(k)s, NDAs, BLAs, and ANDAs. This includes original applications
and supplements to these applications. Supplements for the approval of new
or expanded indications of use, anew production site, an increase in the scale
of the production, an extensive modification of the production process, an
extensive modification to a production area, or a process change that uses a
new production area require the FDA district office for the manufacturing
site to issue a satisfactory rating for the site. This may involve conducting a
c¢GMP inspection of the facility. If the site is in good compliance standing for
the type of product being submitted, the inspection may be waived. The level
of manufacturing changes typically reported in annual reports will generally
not trigger a compliance status check.

In addition, the Office of Scientific Investigations (CDER) conducts
biomedical audits of clinical investigator’s sites. These investigations focus
primarily on sites involved in pivotal clinical trials, but may also involve
other sites. Investigators should be informed that they should contact the
applicant when the FDA notifies them of an upcoming inspection. The spon-
sor/applicant is generally not permitted to be involved in an FDA inspection
of an investigator’s site. Refer to Chap. 3 for an extensive overview of the
FDA’s expectations of clinical trial activities.

Prior to using these facilities, the sponsor/applicant should evaluate
the compliance backdrop of the clinical investigator(s), the investigational
product’s manufacturing operations, and any contract laboratories involved
in the clinical trial. This process may involve reviewing FDA’s listing of dis-
qualified clinical investigators, facilities subject to the AIP or listings of
debarred individuals. Recent FDA-483s and inspection reports should also
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be requested through the Freedom of Information Act to determine the cur-
rent inspection status and any potential impact on the use of the facility to
perform testing to generate data for applications.

6.4 Application Review Process—Example 1 (NDA)

A schematic of the NDA review processis presented in Appendix C. CDER’s
central document room (CDR) initially handles administrative processing
of the application, including stamping the application with a date, which
starts the review timeline. A determination of the user fee status is made and
a copy of the user fee cover sheet (FDA form 3397) is sent to the regulatory
information management staff. The CD is responsible for distribution of the
copies of the NDA to the various divisions for evaluation. An acknowledg-
ment letter is sent to the applicant and a project manager is assigned to coor-
dinate the NDA review process. The project manager performs an initial
screening of the application, and seriously deficient applications are refused
for filing. The technical sections are then distributed to reviewers for a more
thorough screening of each section. The FDA review team will convene at a
“45-day meeting” to determine whether the application should be filed or
refused. Oftentimes these meetings can be used as a review planning session
in which internal review milestones are projected. If not already done, a
priority of either a “priority review” or a “standard review” will be assigned
to the application.

Once the acceptability of the application is established, the “primary”
review begins. Reviewers communicate with other reviewers and with the
applicant regarding issues or questions that arise during the review. During
the review process, the FDA reviewer may contact the application sponsor
to discuss issues and obtain clarifications. Interactions between the review
team and the applicant team can range from telephone calls to letters. If
the reviewer requests assistance in finding information, it is important to
respond quickly. A submission response team that is familiar with the
information in the submission and its organization should be available to
address questions as they are received.

Upon completion of the review, a written evaluation of the product is
prepared in a review document and the comments of the various reviewers
are reconciled and reviewed by the division director. The results of the deci-
sions are communicated to the applicant in an approvable or not-approvable
letter. In some cases, if the questions have been satisfactorily addressed dur-
ing the review process, the agency may proceed directly to an approval letter.
The scientific review divisions are independent from the district offices that
conduct field facility inspections. The review division will wait for assurance
that the preapproval inspections are completed satisfactorily prior to issuing
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an approval letter. In certain cases, the inspection of a facility may be waived
based on accepted compliance standing and history of the company.

6.5 Application Review Process—Example 2 (IND)

After review by the CDER or CBER CDR, the application is sent to the docu-
ment control center within the division responsible for the review of the
application. An acknowledgment letter is sent to the applicant, and a project
manager is assigned to coordinate the IND review process. The project man-
ager may perform an initial screening of the application. The technical sec-
tions are then distributed to reviewers, each of whom undertakes a more
thorough screening of the application. If there are no concerns with the
safety profile or the risks anticipated in the proposed clinical trial, the
30-day review period is allowed to expire, thereby permitting the sponsor to
initiate clinical trials.

If concerns are found, a deficiency letter will be sent, and if the defi-
ciencies are serious enough to delay clinical trials the agency will impose a
clinical hold on the product that can be lifted after the deficiencies are cor-
rected. Clinical holds are classified as complete or partial, depending on
whether the issues relate to the product or its manufacture or are specifically
related to protocol concerns. Application sponsors should respond to
clinical hold notifications promptly. Additionally, FDA is required to
respond to completed responses within 30 days of receipt. Examples of rea-
sons for clinical holds are

The product presents unreasonable health risks to the subjects in the
initial IND trials (C. F., a product made with unknown or impure

components).

The product possesses chemical structures of unknown or high
toxicity.

The Product cannot remain chemically stable throughout the pro-
posed testing program.

The Product presents an impurity profile indicative of a potential
health hazard.

The impurity profile is insufficiently defined to assess a potential health
hazard

A master or working cell bank is poorly characterized.

In addition, inspections of clinical sites during the clinical investiga-
tion phase have risen and therefore the numbers of FDA-483s and warning
letter for these issues have also increased. This means that compliance issues
in relation to clinical trial activities could also delay the reviewer’s final
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determination of acceptability. Typical compliance issues in relation to clin-
ical trial activities include

Inadequate drug reconciliation and accountability

Nonconformance with cGMPs during the manufacture of clinical trial
materials

Clinical investigator noncompliance with the protocol (investigational
plan)

Inadequate clinical trial material labeling

Lack of change control

Lack of quality assurance throughout the course of the trial

Lack of adequate trial monitoring by the sponsor or contract research
organization (CRO)*

Frequent internal and third party audits are critical to identify possible
issues and institute corrective actions promptly.

7 LEGISLATION AFFECTING FDA REVIEW PROCESS

The FDA’s performance relative to the review of new product applications is
always under the microscope. The review process is the area of most concern
for application sponsors and has been the source of re-engineering within
FDA’s centers governing the regulation of drugs, biologics, and medical
devices. The increasing complexity of science and technology and the
political pressures on the government to improve the efficiency and
effectiveness of new product review has led to several legislative changes in
the last decade.

The Prescription Drug User Fee Act 01992 (PDUFA I) was one of the
first major legislative efforts to attempt to address the inefficiencies in the
review process. PDUFA T authorized the agency to levy fees on new prescrip-
tion drug and biologics applications in an effort to provide additional
resources for the review process. The agency was authorized to collect three
different user fees: annual fees on drug manufacturing establishments,
annual fees on prescription drug products, and application fees. The amount
ofthe fee is dependent on whether or not clinical data are provided in support
of safety or effectiveness. Applications with no clinical data and supplements
with clinical data are assessed half the established user fee. The amount for
fees is adjusted annually based on inflation and FDA’s review workload. In
conjunction with the user fees from industry, CDER, the CBER, and the

*A CRO is an organization contracted by the sponsor to be responsible for some or all aspects of
the clinical trial.
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Office of RegulatoryAffairs (ORA) were held to stringent performance goals.
These included completing priority reviews in 6 months or less and standard
reviews in 12 months or less. The agency successfully used these revenues to
increase existing staffing to improve its new drug and biologics review pro-
cess, resulting in reduced review times without compromising the quality of
the review. The median approval time for new drugs has been substantially
reduced from 20 months in 1993 to around 12 months in 1999. Additionally,
these fees have gone a long way in assisting the agency with expediting its
preapproval inspection process.

The current evolution in policy changes within the agency can be
attributed to the FDA’s Modernization Act of 1997 (FDAMA). This legisla-
tion was part of REGO—Vice-President Gore’s Reorganization of Govern-
ment initiative that attempted to reform and bring into the twenty-first
century the regulation of food, medical products, and cosmetics. This act
reauthorized, until September 2002, the Prescription Drug User Fee Act of
1992 (PDUFA 5-year plan, FY 1999 revision, Health and Human Services
(HHS), FDA, Office of Management and Systems (OMS), July 1999). The
goal of PDUFA 11 was to continue to increase the efficiency and quality of
the review of new drug and biologic applications and established new goals.
It established new goals for industry-sponsored meetings, dispute resolu-
tion, and the electronic receipt and electronic review of submissions by 2002.

Section 406(b) of FDAMA provides the following requirements [1]:

“Establishing mechanism, by July 1, 1999, for meeting the time peri-
ods specified in this Act [the FFD&C act] for the review of all appli-
cations and submissions submitted after the date of enactment of
the FDAMA.”

PDUFA Il also focuses on reducing the application review time during
new product development and enhancing the quality of the review process.
Essentially, FDA is investing review resources early in the process, resulting
in a productive and ongoing review during the development phase for new
products. Performance goals are provided that address meetings between
the agency and industry and dispute resolution. PDUFA II describes
meetings as type A, B, or C, each with a defined time frame for scheduling.
Type A meetings are considered critical path meetings and have to be sched-
uled within 30 days of the request. Type B refers to regulatory meetings, such
as pre-NDA meetings. These have to be scheduled within 60 days of the
request. Type C meetings cover the rest and have to be scheduled within 75
days of the request. With the defined and short time frames, applicants must
assure their readiness for such meetings at the time of the request.

The Prescription Drug User Fee Act (PDUFA) was renewed in 2002
(PDUFA III) and included similar performance goals targeting process
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improvements in the agencies review practices of new products and changes
for already marketed products and in their interactions with the product
sponsors, the implementation of risk management activities and also
improvements in information technology (http://www.fda.gov/oc/pdufa/
PDUFAIIIGoals.html). Table 2 provides an overview and comparison of
the major goals in PDUFA I, I1, and I11 that are intended to enhance both the
review time and the communication between application sponsors and the
FDA.

The Medical Device User Fee and Modernization Act of 2002
(MDUFMA) amended the Federal Food, Drug and Cosmetic Act to provide
FDA new responsibilities, resources, and challenges. The purpose was to
provide FDA with additional resources for “the process for the review of
devices and the assurance of device safety and effectiveness so that statuto-
rily mandated deadlines may be met.” MDUFMA has three significant pro-
visions: (1) user fees for premarket reviews; (2) establishment inspection
may be confucted by accredited person; and (3) established new regulatory
requirements for reprocessed single use devices. MDUFMA includes sev-
eral additional provisions that are less complex and have a narrower scope.
The collection of fees will add $25.1 million to the FDA’s medical device
budget authority during FY 2003, rising to $35 million in FY 2007. As with
PDUFA, the revenues from the fees are intended to add appropriations for
infrastructure and allow FDA to pursue ambitious performance goals.
The performance goals can be reviewed at www.fda.gov/cdrh/mdufma.

The initiatives codified in the FDAMA and MDUFMA legislation out-
line innovative approaches to meet the increasingly complex and techno-
logical challenges of health care in the twenty-first century. It has become
increasingly evident that to succeed there has to be collaboration between
FDA and the various industries it regulates. A successful implementation
depends on commitment of resources by both FDA and the industry, most
of which are directed toward enhancing both the quality and the timeliness
of the application review process [2].

8 IMPACT OF LEGISLATION ON SUBMISSION STRATEGIES

This new legislation has resulted in a re-engineering of the regulatory
review process at the agency to both improve the quality and reduce the
time required for application review. While these changes have provided
the industry with substantial opportunity, they have also brought some
challenges. The implications include the increased need for submissions
to include concise and comprehensive high-quality documents with
review tools. In the past, industry would send submissions with the hopes
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TABLE 2 Comparison of Goals at the End of PDUFA |, PDUFA II, and PDUFA IlI

Goal

PDUFA |

PDUFA I

PDUFA Il

Complete review of priority original
new drug applications and efficacy
supplements

Complete review of standard original
new drug applications and efficacy
supplements

Complete review of manufacturing if
supplements prior approval needed

Complete review of resubmitted new
drug applications

Respond to industry requests
for meetings
Meet with industry within set times

Provide industry with meeting minutes

Communicate results of review of
complete industry responses to FDA
clinical holds

Resolve major disputes appealed by
industry

Complete review of special protocols

Electronic application receipt and review

90% in 6 months

90% in 12 months

90% in 6 months

90% in 6 months

No goal

No goal

No goal
No goal
No goal

No goal
No goal

90% in 6 months

90% in 10 months

90% in 4 months

90% of class
1in 2 months and
90% of class 2 in
6 months

90% within 14 days

90% within 30, 60,
or 75 days,
depending on type
of meeting

90% within 30 days

90% within 30 days

90% within 30 days

90% within 45 days
In place by 2002

90% in 6 months

90% in 10 months

90% in 4 months

90% of class
1in 2 months and
90% of class 2 in
6 months

90% within 14 days

90% within 30, 60,
or 75 days,
depending on type
of meeting

90% within 30 days

90% within 30 days

90% within 30 days

90% within 45 days

IT 5-year plan will be
developed within 6
months of authori-
zation (Oct. 2002)

Source: Ref. 20.
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that FDA would function as the submission reviewer and as a consultant.
Since there was no penalty for sending incomplete data and information,
the industry relied upon FDA’s feedback to bring its submissions to com-
pletion. The accelerated review process has forced the industry to take a
critical look at the quality of its applications before submission. Greater
emphasis needs to be placed on the preparation of a product application
and for the provision of support during the review and evaluation process.

There has been a major impact on the need for firms to be ready for the
preapproval inspection (PAI) earlier than ever because of the increased
number of FDA reviewers and the greatly reduced review times. Firms do
not have the lag time that they had become accustomed to and typically used
to focus on and prepare their facilities for inspection. Prior to PDUFA, the
industry was accustomed to submitting its applications and subsequently
having a long lead time before FDA initiated the pre-approval inspection.
Lack of planning results in lengthy FDA-483 at the PAI because firms are
simply not ready for the inspection at the time of the submission of the
marketing application.

Overall, firms have had to coordinate planning submissions across
cross-functional teams working together to ensure that information pre-
sented in the application is reflective of company practice at the time of the
submission. This has created the need for professionals with both regulatory
and technical skills. These professionals need to be ready for change, have
an awareness of future direction of legislation affecting products, and have
the capability to work proactively with the FDA.

9 ACCELERATED DRUG APPROVAL AND ACCESSIBILITY
PROGRAMS

In response to the need to provide expedited access to new therapies for
patients FDA has developed the following programs:

Treatment IND: Mechanism to provide patients with experimental
products for serious or life-threatening diseases.

Parallel track: Mechanism to provide patients with AIDS or related
diseases early access to experimental therapies.

Accelerated drug development program: Mechanism to accelerate
development of products designed to treat life-threatening or ser-
iously debilitating diseases.

Accelerated drug approval program: Mechanism to accelerate
approval of products designed to treat life-threatening or seriously
debilitating diseases based on modified criteria for marketing
approval; for example, the use of surrogate end points.
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Oncology initiative: Several reforms have been initiated to reduce
development times and approval times for products for the treat-
ment of cancer.

Fast track program: This program was added under the FDA Moder-
nization Act 0f 1997 as an extension of the accelerated drug and bio-
logic product approval process. It was designed to facilitate
development and expedite review for products that demonstrate
potential or unmet medical needs in the treatment of serious or life-
threatening conditions.

When considering any of these mechanisms for expedited approval, it
is important to keep in mind that manufacturing facilities and supporting
processes should be in place early during the review process to allow for
more aggressive time lines with the PAI.

10 SUBMISSIONS MAINTENANCE

Submissions should be treated as living documents and must be continually
updated in order to keep the submission active, up-to-date, and reflective of
current company practices. In addition, it is very important to maintain
archival files of all submissions and related documentation, including meet-
ing minutes, contact reports, and correspondence. These documents are
generally maintained for the life cycle of the product. It is essential to main-
tain the records from the development phase through commercialization for
the purpose of adequate historical accountability as well as for providing
new personnel with the full scope of the project. These records are often
relied upon to acquaint new personnel to the product team or to review pre-
vious regulatory agency agreements.

It is important to maintain control of any changes to submission com-
mitments. Any proposed changes should be reviewed and evaluated through
a formal change control mechanism that includes a review of the impact of
any changes to processes that are currently in place and that have been vali-
dated, such as manufacturing controls and methods.

10.1 Preapproval Maintenance Requirements
10.1.1 IND Maintenance

The following reporting mechanisms are available for changes that may
occur postsubmission of the IND. Investigational new drug applications are
submitted for the purpose of shipping clinical trial material intended solely
for investigational use. The FDA does not approve INDs.
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Protocol amendments: Submitted to report changes in previously sub-
mitted protocols or to add protocols not previously submitted.

Information amendments: Submitted to report new information that
would not be included as a protocol amendment or safety report.
Examples include the results of animal testing, chemistry, manufac-
turing, and controls data, reports of completed or discontinued clin-
ical trials, or changes in administrative information.

Safety reports: Applicants are required to submit reports of any
adverse experiences associated with the use of the product. Safety
reports should also bring to the agency’s attention any trends result-
ing from product use, even if they are expected and not very serious.
Any correlation between manufacturing and quality problems and
these trends should be presented in the safety and annual reports as
well.

Annualreports: Annual reports should be submitted within 60 days of
the anniversary date on which the IND went into effect and should
include an overview of the information collected during the previous
year.

10.1.2 Investigational Device Exemption Maintenance

The FDA is required to approve investigational device exemptions.

Investigational device exceptors are submitted to request authoriza-
tion for shipment of devices intended solely for investigational use. Investi-
gational device exceptors are submitted for individual clinical studies, and
FDA approval is required prior to the initiation of the clinical study.

Safety reports: Applicants are required to submit reports of adverse
experiences associated with the use of the product within 10 days of
becoming aware of the event. Safety reports should also bring to the
agency’s attention any trends resulting from product use, even if they
are expected and not very serious. Any correlation between manu-
facturing and quality problems and these trends should be presented
in the safety and annual progress reports as well.

Annual progress reports: These must be submitted to the institutional
review boards (IRB) and should be submitted to FDA for significant
risk devices only.

Final reports:  Final reports on the clinical study should be submitted
within 6 months of the completion of the study.

10.1.3 Maintenance of Pending Marketing Applications

Amendments may be submitted either at an applicant’s own initiative or in
response to an FDA request. Amendments are usually intended to clarify
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and supplement information provided in applications during the review.
Depending on the information being submitted and the timing of the submis-
sion, amendments to pending applications may cause an extension in FDA’s
time line for review of the application.

Updates of safety information are required for marketing applications.
These should be submitted at intervals after the initial submission as
required for the type of product, immediately prior to approval of the pro-
duct (unless not requested by the reviewing division), and upon request dur-
ing the review process.

10.2 Postapproval Reporting Requirements

The fundamentals of postapproval responsibilities are very similar to
premarketing responsibilities. The basic responsibilities are as follows:

To ensure that the product is produced according to accepted manu-
facturing standards

To report postmarketing data or information that might cause the FDA
to reassess the safety and effectiveness of the product

To comply with the conditions of use detailed in the approved applica-
tion and subsequent supplemental applications

10.2.1 General Reporting Requirements

Field alert reports (FARs for drugs and biologics): Applicants are
required to report within 3 days any information “concerning any
incident that causes the drug product or its labeling to be mistaken
for another article” or “concerning any bacteriological contamina-
tion, or any significant chemical, physical, or other change or dete-
rioration in the distributed drug product, or any failure of one or
more distributed batches of the drug product to meet specifications
established in the application.”

Annual reports (drugs and biologics): Applicants are required to sub-
mit annual reports within 60 days of the anniversary date of the
approval. These contain a summary of new research data, distribu-
tion information, and labeling information.

Advertising and promotional labeling: At both the time of the initial
dissemination of the labeling and the time of the initial publication
of the advertisement for a prescription drug product applicants must
submit specimens of mailing pieces and any other labeling or adver-
tising devised for promoting it.

Product listing and establishment listing: Applicants are required to
submit product listing and establishment listing information for
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approved products. For new establishments, the facility should be
registered within 5 days of submission of the marketing application.
Approved products should be listed no later than the first biannual
update after the product is introduced for commercial distribution.

10.2.2 Adverse Drug Experience Reporting (AER)
Requirements

After approval, applicants should continue to collect, analyze, and submit
data on adverse drug experiences so that the product can continue to be
assessed within the larger population. Currently AER reporting require-
ments are in transition, and there are several pending initiatives for safety
reporting. To meet the safety reporting requirements, formalized systems
should be in place to gather safety information reported worldwide and to
submit those reports in accordance with global and FDA regulations. The
agency has initiated several compliance actions against companies in recent
years for failure to comply with safety reporting requirements.

It is also important to establish postmarketing surveillance for safety
signals that may result in labeling changes. The FDA’s recent position on
safety information provided in labeling is to minimize the lists of adverse
events reported to be more reflective of the adverse events that may actually
be expected with use of the product within a larger population. This will
require applications to report many adverse events as “unlabeled” and will
allow FDA epidemiologists to develop a more realistic impression of the true
adverse event profiles associated with use of a drug.

There are three types of postmarketing AERs for drugs and biologics.

Fifteen-day alert reports: Applicants must report AERs that are “both
serious and unexpected, whether foreign or domestic, as soon as
possible, but in no case later than 15 calendar days of initial receipt
of the information by the applicant.”

Fifteen-day alert follow-up reports: Applicants must report follow-up
information on 15-day reports as soon as possible, but in no case later
than 15 calendar days of initial receipt of the information by the
applicant.

Periodic adverse experiences reports: These reports must be submitted
quarterly for the first 3 years after approval of the product (within 30
days of the end of the quarter) and annually (within 60 days of the
anniversary of the approval date) thereafter. Periodic adverse drug
experience reports should present a narrative overview and
discussion of the safety information received during the reporting
period.
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There are five types of postmarketing medical device reports (MDRs)
for medical devices.

Thirty-day reports: Applicants must report deaths, serious injuries,
and malfunctions within 30 days of becoming aware of the event.
Five-day reports: Applicants must report events that require remedial
action to prevent an unreasonable risk of substantial harm to the
public health and other types of events designated by FDA within 5

working days of becoming aware of an event.

Baseline reports: Applicants are required to submit baseline
reports to identify and provide basic data on each device that is
the subject of an MDR report when the device or device family
is reported for the first time. Interim and annual updates are also
required if the baseline information changes after the initial sub-
mission.

Supplemental reports: Applicants must report follow-up information
on MDR reports as soon as possible, but in no case later than 30
calendar days of initial receipt of the information by the applicant.

Annual certification: Applicants must submit an annual certification
that reports were filed for all reportable events and include a numer-
ical summary of all reports submitted. This report should be sub-
mitted at the same time that the firm’s annual registration is
required.

10.3 Current Good Manufacturing Practice (cGMP)

Applicants must be sure that the manufacturing sites for their products
maintain satisfactory cGMP inspection status. The FDA assigns profile
class codes to help manage the cGMP inspection process, evaluate the find-
ings and follow-up needed, and to communicate the results of the inspec-
tions. Profile class codes relate to the manufacturer of particular dosage
forms, types of drug substances, or specific functions performed. Maintain-
ing satisfactory cGMP status allows companies flexibility in making changes
to some product manufacturing conditions without prior agency approval.

10.4 Phase IV Commitments

Phase IV commitments are agreements made between the agency and spon-
sors to conduct postapproval studies for the purpose of gathering further
safety and efficacy information. Under the FDA Modernization Act 0f 1997,
applicants are required to submit annual reports on the status of postmarket-
ing commitments. Additionally, under FDAMA, marketing an approved
product for off-label claims would be allowed, providing one or more clinical
study corrobates safety and efficacy.
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10.5 Postapproval Changes

After approval of the application, applicants can supplement an approved
application to provide for authorization to market variations in the product
beyond those approved in the application. Changes to the product can
include chemistry, manufacturing, and controls changes (dosage form, route
of administration, manufacturing process, ingredients, strength, container-
closure system) and labeling changes (indication, patient population, and
other labeling changes, such as safety changes in response to accumulated
safety reporting data).

Supplemental applications vary in complexity but should include all
the traditional elements of a submission and should be formatted like the ori-
ginal submission with the omission of sections that are not affected. Post-
approval changes are also classified into various classes—changes that
require FDA approval before they are implemented, changes that should be
submitted prior to implementation, and changes that are described in the
annual report.

With the recent efforts to improve efficiency at the agency, several
initiatives have been undertaken to simplify the requirements for post-
approval reporting of changes. These initiatives are intended to reduce the
regulatory burden of the change mechanism, not reduce the body of evidence
needed to support the change. Since 1995, FDA issued several guidances on
scale-up and postapproval changes (SUPAC), which classify postapproval
manufacturing changes into three levels and establish postmarketing report-
ing requirements for changes within each level.

The SUPAC guidances describe various changes relating to the chem-
istry, manufacturing, and controls sections of applications. The guidance
allows many of these changes to be submitted as annual reports or changes
being effected (CBE) supplements. This allows application sponsors greater
control in planning manufacturing changes since in many cases they do not
have to wait for FDA approval. The SUPAC procedures also reduce the num-
ber of batches required for stability testing in support of these changes.

The challenge that arises with the new regulations is the risk of
releasing unapproved product to the marketplace based on a CBE supple-
ment that may be rejected. Adhering to such compliance systems as change
management, validation, personnel training, quality assurance, and
enhanced documentation practices can offset the risk. In certain circum-
stances, however, it may be prudent to submit changes more conservatively
than required by the SUPAC guidances and await FDA approval prior to
implementation of the changes.

Table 3 provides examples of SUPAC-IR (immediate release) changes
and the regulatory requirements.
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TABLE 3 Examples of SUPAC IR Changes and Regulatory Requirements

Level Type of change

Compliance documents

Regulatory filings

Compliance challenges

1 Change to
operating targets
within validated
range

2 Change to
operating range
outside validated
parameters
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Master and batch
record revisions
Addendum to
validation study

Amend and expand
validation protocol

Stability protocol
revisions for expanded
long-term stability

Review methods
validation for possible
changes

Master and batch
record revisions

Annual report

Changes being effected
(CBE) with new data
submitted in annual
report

Change management

Tie in with
development report

Personnel training

SOP revisions

Change management

Tie in with development
report

Personnel training

SOP revisions

Equipment qualification
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ejleyq pue z3u4



3

3

Site change
(maintaining
same
specifications)

Manufacturing
process change

New validation protocol

Stability protocol
revisions for expanded
accelerated and long-
term stability

Update methods
validation

Master and batch
record revisions

Equipment
comparability study

New validation protocol
Stability protocol revisions
for expanded accelerated
and long-term stability
Update methods validation
Master and batch record
revisions
Methods and
specifications revisions

Changes being effected
supplement (CBE) with
new data submitted in
annual report

Prior Approval Supplement
(PAS) with new data
submitted in annual
report

Change management

Tie in with development
report Personnel
qualifications and
training

SOP revisions

Equipment and site
qualification

Process validation

Methods validation

Prior equipment and
site comparability

Change management

Tie in with development
report

Personnel qualifications
and training

SOP revisions

Equipment and site
qualification

Process validation

Methods validation

Prior equipment and site
comparability
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11 ELECTRONIC SUBMISSIONS

In recent years the agency has been working to develop standards for
electronic submissions. This started with the publication of the Electronic
Records; Electronic Signatures regulations (21 CFR Part 11) in March
1997. This regulation provided for the voluntary submission of parts or all
of regulatory records in electronic format without an accompanying
paper copy. This allowed the agency to develop guidance on the format
and requirements for these electronic submissions. In 1999, CDER and
CBER published an important guidance governing the electronic
submission process that describes the requirements for electronic sub-
missions and the conditions under which they would be accepted by the
agency.

The new publications concerning electronic submissions have moved
away from the CANDA guidance published in the 1980s that provided for
applicants to develop electronic review tools for their submissions in
agreement with the review division. This meant that each electronic review
tool was different and often required companies to provide their hardware,
software, and training to the FDA reviewers in order to facilitate the
review process. The new guidance provides for a much more standardized
submission format that will allow the development of more consistent
submissions that can be reviewed utilizing tools currently available at
FDA. Although the new guidance allows for the development of specia-
lized review aids in certain instances, these are not encouraged and require
prior approval from the specific division. The CDER guidance states that
“a review aid should only be requested or agreed to if (1) it will add func-
tionality not found in a submission provided in accordance with guidance
and (2) we agree that the review aid will contribute significantly to the
review of the application.”

12 SUMMARY OF ELECTRONIC SUBMISSIONS
REQUIREMENTS

File format: All files should be submitted in portable document for-
mat (PDF). The version of Acrobat Reader to be used for review
should be confirmed with the agency. Electronic data sets should be
provided in SAS System XPORT transport format (version 5 SAS
transport file).

Fonts: Limit the number of fonts used in each document, use only
True Type or Adobe Type I fonts. FDA recommends Times New
Roman, 12 point (fonts smaller than 12 point should be avoided
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wherever possible). Black font is recommended; blue can be used for
hyperlinks.

Page orientation: Page orientation should be set correctly so docu-
ments can be viewed on the screen.

Page size and margin: The print area should be 81" x 11” with a mar-
gin of at least 1” on all sides.

Source of electronic documents: Electronic source documents should be
used for creation of PDF documents instead of scanned documents
wherever possible.

Hypertext linking and bookmarks: Bookmarks and hypertext links
should be provided for each item listed in the table of contents,
including tables, figures, publications, other references, and appen-
dices. Hypertext links should be used throughout the document for
supporting annotations, related sections, references, appendices,
tables, figures.

Pagination: Pagination should be provided for individual documents
only.

Document information fields: Used for searching. Requirements are spe-
cified for each document type.

Naming PDF files: Files should be named in accordance with FDA
recommendations.

Indexing PDF documents: Full text indices are used to help find specific
documents or search for text within a document. For scanned docu-
ments, this indexing is not possible.

Electronic signatures: At the present time, hard copies of documents
requiring signatures are required.

Both CDER and CBER have indicated that they will stop accepting
paper submissions in the near future, although the actual date for these man-
dates is not clearly defined. Under PDUFA Il commitments, FDA agreed to
develop a paperless electronic submission program for all applications by
2002.This means that companies planning submissions should develop stan-
dards and procedures to ensure that the electronic submission requirements
can be met.

Several software development companies have developed software to
meet FDA’s extensive electronic submission requirements. As a quick solu-
tion to the electronic submission requirements, some firms have purchased
these software programs. Other companies have elected to develop an in-
house solution to this challenge. A very important factor in the development
of electronic submissions systems is the development of company-specific
user requirements that describe the current procedures for handling docu-
ments at the company and the needs for any electronic system. These needs
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vary from company to company and the solution should be designed to
accommodate all authoring groups at a company. Important issues in this
process are the development of a house standard for documents and the
agreement of all contributing departments to these standards. It is very
useful to have document templates developed to assist in the standardization
of document preparation. Most companies use an electronic file manage-
ment system as the basis of their development of electronic document
processes.

As with any computerized system, it is important that the implementa-
tion of the electronic submissions system be documented and validated.
Changes to the system must be controlled in order to maintain the system’s
state of validation. Refer to Chap. 7 for an extensive overview of computer
validation.

Recent FDA trends reflect an increasing desire to implement
electronic tools and standards with the goal of increasing the efficiency and
the quality of the review process. For applicants to be prepared to meet the
emerging standards, it is important that appropriate technology is put into
operation and procedures be developed for electronic document manage-
ment with the end goal of creating electronic submissions. Electronic sub-
missions are becoming the standard because they make the review process
easy for both the agency and the industry.

13 CASE STUDY IN REGULATORY SUBMISSIONS

Recently an NDA for a new chemical entity for adjunctive treatment in
adult epilepsy patients was submitted and approved in approximately 10
months. The contents of the application presented more than 15 years of
research and development activities conducted in Europe and the United
States. The planning and preparation of the NDA was a challenge for both
the company and the FDA review team. Because of the long and complex
development history there were voluminous amounts of data available that
had to be evaluated in the application. Planning involved the review and
organization of data recorded in multiple languages and varying quality.
Negotiations in prefiling meetings—both in person and by telephone
conference—on the contents and presentation of the data spanned nearly
18 months.

One of the first challenges was organizing the data in a manner that
could be included in a meeting package for the first of several prefiling
meeting. Several topics were discussed, specifically determining the readi-
ness of the submission for filing. During a series of meetings, specific statis-
tical analyses were discussed and agreed upon for inclusion in the final
submission.
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The “submission team” from the company and the FDA review team
worked together to find the optimal solution to present the data in the most
efficient manner, including abbreviated reporting strategies, electronic
review aids, and the inclusion of comprehensive tabular and narrative
summaries for each technical section. Each discipline (chemistry and
manufacturing, pharmacology and toxicology, clinical/medical biopharma-
ceutics, and statistics) was reviewed and discussed prior to the finalization
of the sections of the NDA. To facilitate the review process, every effort was
made to eliminate all redundancies and provide very detailed index features
throughout the paper volumes of the NDA.

Electronic documents included bookmarking and hyperlinking to
assist the reviewers in navigating through multivolume reports and sections.
Case report forms and case report tabulations were provided electronically,
not only facilitating the review but also saving on application preparation
time. The electronic files were tested by the FDA reviewers prior to submis-
sion of the NDA to determine if the files were as specified during prefiling
discussions. The testing was invaluable for early identification of some minor
formatting problems that were resolved prior to submission.

While the documents were being reviewed and summaries were being
prepared, the facilities were readied for inspection. Independent experts
evaluated the facility and assisted in the final preparations to ensure readi-
ness for the inspections.

An electronic file management system and publishing tool was utilized
to organize, paginate, and generate the paper volumes. After the submission
was created as a virtual document, the publishing tool generated all the navi-
gational tools required for the submission, including the table of contents,
cover pages, divider pages, and pagination. The submission was quality
checked prior to submission.

In total, the NDA consisted of 732 paper volumes and 1200 electronic
volumes, equating to approximately 2000 paper volumes. The total review
time from submission to final approval was 1 day under 10 months. It was only
through careful planning, and teamwork and the collaborative efforts of both
the FDA and the company submission team that this became a success. The
critical factors contributing to this success are summarized below.

The communication plan included direct interaction with the FDA
review team to work through the issues early in the preparation of the
NDA.

The communication plan mandated open communication of all issues
early on, resulting in no surprises.

The applicant team worked closely with the FDA review team to pro-
vide the requested analysis and data as quickly as possible.
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The appointment of an effective, empowered “submission team” that
matched the key disciplines represented on the FDA review team
kept the team intact and available for the entire review process.

The quality and verification of the contents was the key element for the
content acceptance prior to inclusion inn the application.

Multiple review steps and independent peer review were included.

Identified experts were partnered with those with critically needed
expertise early in the planning, data evaluation, and preparation
process.

14 CONCLUSION

In conclusion, the contents of a regulatory submission convey the first
impression the FDA will have of your product and the quality and profes-
sionalism of your organization. These “living documents” have to be kept
current to reflect the profile of the product, all applicable FDA regulations,
and the procedures of your organization. To ensure that necessary informa-
tion is obtained within the necessary time frames, a reliable network of com-
munication throughout your organization is paramount and essential to
both preparing effective submission documents and maintaining compli-
ance with the regulatory reporting requirements for these applications.

15 REGULATORY REALITY CHECK

With the chapter providing an instructive backdrop, several FDA observa-
tions (FDA-483s) documented during recent inspections of FDA-regulated
facilities are presented below, followed by a strategy for resolution and fol-
low-up corrective and preventative actions.

Post approval commitments for NDA were not met in a timely man-
ner. For example: One of the post approval commitments was to mod-
ernize and optimize the analytical method for the detection of
degradants. An FDA letter reminded your firm that the firm had
not yet fulfilled this commitment. Validation studies were cond-
ucted by the firm and the validation report was approved. Yet, it was
not until a “Change Being Effective Supplement” was submitted
by the firm to the FDA and the improved method implemented.

One way this company could have prevented receiving this citation
would have been to establish a cross-functional team that included quality
control, regulatory affairs, quality assurance, and manufacturing. This
would have afforded the company a realistic assessment of the resources and
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the time required to fulfill this postapproval commitment. Communication
between these various units, coupled with consistent communication with
the FDA reviewers requesting this additional analytical work, could have
easily prevented the company’s loss of credibility and good compliance
standing with the agency.

An appropriate remedy to regain credibility and get back on track
with the FDA would be to immediately prepare a proposed plan with rea-
listic time lines and action items to be discussed with the review team at
the earliest possible date prior to implementation. This meeting should
be requested by the regulatory affairs unit and the specific reviewer(s)
requesting this additional work. Additionally, all regulatory affairs and
quality assurance personnel should undergo training focusing on what
constitutes the various categories of change currently required by the
agency. For example, the training would cover the various categories of
category 1, 2, and 3 changes, CBE changes, and annual reporting changes
in an effort to prevent future confusion related to changes the firm wishes
to implement.

16 WORDS OF WISDOM

Establish meaningful dialogue with the FDA review team early in the
process during the presubmission phase.

Ensure consistency between the submission and what the investigator
will find in the facilities, including nonclinical laboratory test sites,
clinical sites, and manufacturing sites.

Ensure formalized change management procedures are in place during
the submission process.

Appoint a “submission team” that matches the key disciplines repre-
sented on the FDA review team and keep intact for the entire review
process.

Authentication, verification, and quality of the contents is a key ele-
ment for the content acceptance. Include multiple quality control
audits and independent peer reviews.

Identify experts and early in the planning, data evaluation, and
preparation process, partner with those offering critically needed
expertise.
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APPENDIX A: SUBMISSION TYPES AND REQUIREMENTS

Submission Transmittal CFR Purpose for Mechanism for Reporting
type Form? reference submission changes requirements
Drugs (reviewed FDA'’s
Center for Drug
Evaluation and
Research)
Investigational new drug  FDA 1571 21 CFR 312 Request for authorization Amendments Safety reports,
application (IND) to administer an (protocol (7-day [telephone
investigational drug amendments or fax] and
product to humans. INDs and information 15-day [written]),
include structural formula, amendments), annual reports

animal test results, and if
available, prior human test
results, manufacturing
information, and the pro-
posed clinical investi-
gational plan. INDs must
be submitted at least 30
days priorto the start of
clinical trials; FDA does
not approved INDs but will
notify applicants of issues
within 30 days of receipt.
The effective date of an
IND is 30 days from the
date of receipt by FDA’s
central document center
unless a clinical
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annual reports

(within 60 days
of anniversary
of effective date)
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New drug
application (NDA)
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hold is placed on the
study. FDA will send

an acknowledgment
letter with the assigned
number, review division,
date of receipt and
corresponding effective
date, and the name and
telephone number of
the assigned FDA reg-
ulatory project manager.

21 CFR 314 Marketing application sub-

mitted to FDA to demons-
trate that a drug product
is safe and effective prior
to interstate marketing. -
NDAs contain proposed
labeling with sufficient
information for FDA to
assess the product’s
safety and effectiveness
for the proposed use,
including data from
clinical trials and other
required technical
information

Amendments
(prior to
approval),
supplements
(post
approval)—
changes being
effected (CBE)
and Prior
approval
supplements
(PAS)-annual
reports

120-day safety

update (postfiling
of the NDA),
safety reports
(expedited-

15 day-and
periodic—every

3 months for

3 years after
approval;
annually
thereafter),
annual reports
(within 60 days
of anniversary
of approval date)
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APPENDIX A (continued)

(114

Submission Transmittal CFR Purpose for Mechanism for Reporting
type Form? reference submission changes requirements
Abbreviated new drug FDA 356h 21 CFR 314  Marketing application Amendments Safety reports
application (ANDA) submitted to FDA to (prior to (expedited—
demonstrate that a approval), 15—day—and
drug is substantially supplements periodic—every
equivalent to a (postapproval) 3 months for
previously approved, — changes 3 years after
eligible product. being effected approval; annually
Generally omit (CBE) and thereafter), annual

Biologics (reviewed by
FDA'’s Center for Biologics
Evaluation and Review)

Investigational
new drug
application
(IND)

FDA 1571
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nonclinical laboratory
studies and reports of
clinical trials unless
that apply to the

in vivo bioavailability
of the new drug
product.

21 CFR 312  Request for
authorization to
administer an
investigational
biological product to
humans. INDs contain
structural formula,

animal test results,

prior approval
supplements

(PAS)-annual
reports

Amendments
(protocol
amendments
and information

amendments),
annual reports

reports (within
60 days of

anniversary of
approval date)

Safety reports

(7-day and o
15-day), )
annual reports [
(within 30 days 2
of anniversary )
of effective 2
date) )



Biologics FDA 356h or
license previous
application form 3439
(BLA)®
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structural formula,
animal test results,
and if available, prior
human test results,
manufacturing
information, and
the proposed
clinical investigational
plan. INDs must be
submitted at least
30 days prior to
the start of clinical
trials; FDA does not
approved INDs but will
notify applicants of
issues within
30 days of receipt.
Marketing application
submitted to FDA
to demonstrate
that a new biological
product is safe
and effective prior to
interstate marketing.
BLAs contain proposed
labeling and sufficient
information for FDA to
assess the product’s
safety and
effectiveness for the
proposed use,

21 CFR 600

Amendments
(prior to
approval),
supplements
(postapproval)—
changes being
effected (CBE)
and prior
approval
supplements
(PAS)—annual
reports

Safety reports
(Expedited—
15-day—and
periodic—every
3 months for
3 years after
approval;
annually
thereafter), annual
reports (within
60 days of
anniversary
of approval
date)
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APPENDIX A (continued)

Transmittal CFR
reference

Submission
type Form?

Mechanism for
changes

Purpose for
submission

Reporting
requirements

Medical
Devices (reviewed
by FDA’s
Center for Devices
and Radiological
Health)
Investigational device
exemption (IDE)

Cover sheet 21 CFR 812

recommended
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including data
from clinical trials
and specific
technical
information.

Request for Supplements
authorization

for shipment of
devices

intended solely for
investigational use.
IDEs include a
description

of the device and
labeling for the
investigational
device, an
investigational

plan, manufacturing
information, and

Safety reporting
(10 day), progress
reports (annually
to IRBs and to
FDA for significant
risk devices only),
final report
(within 6 months
of completion
or termination)
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Premarket approval Cover sheet
(PMA) recommended
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investigator
information. IDEs are
submitted for
individual

clinical studies

and FDA

approval is required
prior to the initiation
of the clinical study.

Marketing application

for some class llI
medical devices.
PMAs include
nonclinical

laboratory and clinical

trial results, description

and labeling of the
product, and
manufacturing
information.

Amendments
(prior to
approval),
supplements
(postapproval)

90-day safety
update (post filing
of the PMA), safety
reports (5-day,
30-day, baseline
reports, annual
certifications)
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APPENDIX A (continued)

Submission Transmittal CFR Purpose for Mechanism for Reporting
type Form? reference submission changes requirements
Premarket Cover sheet 21 CFR 807 Premarketing Amendments Within 3 months
notification recommended subpart E application
[510(k)] submitted to FDA to

demonstrate that
class | or Il or some
class Ill medical
devices are as
safe and effective
or substantially
equivalent to a
legally marketed
device that was
or is currently on
the U.S. market
and that does not
require premarket
approval.

°|f the person signing the application does not live in the United States or have a U.S. business address, the name and address of an
authorized agent who has a business in the United States must be included in the application.
P64 FR 56441, Oct. 20, 1999 FDA changed the requirements for marketing applications for biologics; in lieu of filing an establishment
license application (ELA) and product license application (PLA) in order to market a biological product in interstate commerse, a

manufacturer will file a single biologics license application (BLA) with the agency.
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APPENDIX B: CRITICAL ELEMENTS IN SUBMISSIONS

Checklist of Required Elements for an Investigational New
Drug Application (IND; 21 CFR 312.23)

Cover Letter
Cover Sheet (Form FDA 1571)

1. Table of Contents
Introductory Statement and General Investigational Plan
Drug product information and the broad objectives and planned
duration of clinical trials
Brief summary of previous human experience with the drug
Any investigational or market withdrawal
Brief description of the overall plan for investigation

3. Investigator’s Brochure
Description of drug substance and formulation
Summaries of pharmacological and toxicological effects
Summaries of pharmacokinetics and biological disposition
Summary of safety and efficacy data in humans
Description of possible risks and side effects.

4. Protocols
A protocol for each planned study should be provided—phase 1 pro-
tocols may be less detailed than phase 2 and 3 protocols.

5. Chemistry, Manufacturing, and Controls Information
Adequate information to assure proper identification, quality, purity,
and strength of the investigational drug. The amount of information
required depends on the phase of the study, the study duration, the
dosage form, and the scope of the proposed clinical investigation.
Information should be updated throughout the development process
and scale-up of drug production.

Drug substance

Drug product, including a list of all components and quantita-
tive composition

Placebo information, including a list of all components and
quantitative composition and manufacturing information

Labeling

Environmental analysis requirements

6. Pharmacology and Toxicology Information
Description of pharmacological and toxicological studies of the
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drug in animals that help support a conclusion of safety for investi-
gative use in humans.

Pharmacology and drug disposition describing pharmacologi-
cal effects and mechanisms of action and any known adsor-
ption, distribution, metabolism, and excretion (ADME)
parameters.

Toxicology, including an integrated summary of toxicological
effects of the drug, including results from acute, subacute,
chronic, and in vitro toxicity tests, the effects on reproduc-
tion and the fetus and special toxicity tests. A detailed tabu-
lation of toxicity data for each study should be included.

GLP statement verifying that studies conducted in accordance
with GLPs or a statement of the reason for noncompliance
for studies that do not comply.

7. Previous Human Experience with the Investigational Drug
Information on previous investigational or marketing experience
in the United States or other countries relevant to the safety of
the proposed investigation
Information on the individual components for combination
products
Foreign marketing information, including withdrawals for safety
and effectiveness reasons
8. Additional Information
Drug dependence and abuse potential
Radioactive drugs
Pediatric studies
Other information

9. Relevant Information

Checklist of Required Elements for a New Drug Application
(NDA) or a Biologics License Application (BLA 21 CFR 314.50)

Traditional NDA Format
Cover Letter

Application Form (Form FDA 356h)

1. Table of Contents
Comprehensive table of contents indexing by volume and page
numbers, the sections and supporting information provided in
the application. For electronic submissions it is essential that
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the table of contents contain bookmarks and hypertext links
and the guideline specifies that the table of contents should
contain three levels of detail.

2. Labeling
The content and format of labeling text required under 21 CFR
201.56 and 201.57 should be provided under this item, including
all text, tables, and figures proposed for use in the package
insert.

3. Application Summary
The summary should present the most important information
about the drug product and the conclusions to be drawn from
this information. This should be a factual summary of safety and
effectiveness data and a neutral analysis of these data. The
summary should include the following items:

Proposed text of the labeling for the drug—Annotated

Pharmacologic class, scientific rationale, intended use, and
potential clinical

Benefits

Foreign marketing history

Chemistry, manufacturing, and controls summary

Nonclinical pharmacology and toxicology summary

Human pharmacokinetic and bioavailability summary

Microbiology summary

Clinical data summary and results of statistical analysis

Discussion of benefit risk relationship and proposed postmarket-
ing studies

4. Chemistry, Manufacturing, and Controls Section

Drug substance: Description, including physical and chemical
characteristics and stability, manufacturers, methods of
manufacture and packaging, specifications and analytical
methods for the drug substance, solid-state drug substance
forms and their relationship to bioavailability.

Drug product: Components, composition, specifications and
analytical methods for inactive components, manufac-
turers, methods of manufacture and packaging, specifica-
tions and analytical methods for the drug product, stability.

Methods validation package

Environmental assessment

Field copy certification
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5. Nonclinical Pharmacology and Toxicology Section

Integrated summary of data from all studies and analysis of perti-
nent findings for interstudy and interspecies comparisons.
Narrative summary for each study report describing the notable
features and results of each study. A comprehensive study for
notable findings in related studies for each species and notable
species differences should be provided.
Study reports should be provided in the following order:
Pharmacology studies
Toxicological studies—acute, subacute, and chronic toxicity;
carcinogenicity;
special toxicity studies
Reproduction studies
Absorption, distribution, metabolism, and excretion (ADME)
studies
GLP statement verifying that studies conducted in accordance
with GLPs or a statement of the reason for noncompliance
for studies that do not comply.

6. Human Pharmacokinetics and Bioavailability Section
Integrated summary of data from all studies and analysis of
pertinent findings.
Narrative summary for each study report describing the notable
features and results of each study.

Bioavailability and pharmacokinetics studies

Rationale for specifications and analytical methods

Summary and analysis of pharmacokinetics and metabolism of
active ingredients and bioavailability/bioequivalence of the
drug product.

7. Microbiology Section

Biochemical basis for drug’s action on microbial physiology

Antimicrobial spectrum of the drug with in vitro demonstration
of effectiveness

Mechanisms of resistance and epidemiological studies demon-
strating resistance factors

Clinical microbiology laboratory methods to evaluate the drug’s
effectiveness

8. Clinical Data Section
List of investigators and list of INDs and NDAs
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11.

12.

13.

14.

Background/overview of clinical investigations

Clinical pharmacology: ADME, pharmacodynamic studies,
including a table of all studies grouped by study type and
reports of individual studies in each group.

Controlled clinical trials: Adequate and well-controlled stu-
dies, combination drug products, including a table of all stu-
dies grouped by study type and reports of individual studies
in each group.

Uncontrolled clinical trials: Table of all studies grouped by
study type and reports of individual studies in each group.
Other studies and information: Reports of controlled or uncon-
trolled study of uses not claimed in the application, reports

of commercial marketing experience.

Integrated summary of efficacy (ISE)

Integrated summary of safety (ISS)

Drug abuse and overdosage information

Integrated summary of benefits and risks of the drug

Safety Update Reports

Statistical Section

Copy of Section 8, limited to information on controlled clinical
studies.

Case Report Tabulations

Tabulations should be provided for individual patients from initial
clinical pharmacology studies, effectiveness data from each
adequate and well-controlled study, and safety data from all
studies.

Case Report Forms

Case report forms and narratives should be provided for all
patients who died, discontinued from a study due to an adverse
event, or experience a serious adverse event. Case report forms
for all patients involved in pivotal well-controlled studies should
be available upon request.

Patent Information

Information on any patent(s) on the drug for which approval is
sought or on a method of using the drug.

Patent Certification

Applicants must provide a certification regarding “any patents that
claim the listed drug or that claim any other drugs on which
investigations relied on by the applicant for approval of the
application were conducted, or that claim a use for the listed or
other drug.”
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15.

16.

17.

18.

19.

Fritz and Dhalla

Establishment Description

Relevant to biological products.

Debarment Certification

Certification that the applicant did not and will not use services of
any person or firm debarred under the 1992 Generic Drug
Enforcement Act. In order to prepare this certification, appro-
priate certifications should be obtained from all contractors used

uring the preparation of the submission.

Field Copy Certification

Certification that a true copy of the chemistry, manufacturing, and
controls certification has been sent to the FDA field office.

User Fee Cover Sheet (Form 3397)

The FDA User Fee Office should be contacted for user fee number
and payment instructions prior to filing the NDA. The complete
payment amount should be mailed to the bank address at the
time of or prior to submission of the NDA. This user fee number
should be included on all correspondence related to the user fee
and on the check.

Other

This includes all information not submitted in other sections; for
example, certifications for financial disclosure of clinical inves-
tigators.

Items 1 and 13—18 should be included in the first (administrative)
volume of the submission.

CTD format (Highly Recommended by FDA After July 2003)

Module 1—Administrative and Prescribing Information

All administrative documents (e.g., applications forms, claims of categori-
cal exclusion and certifications), and labeling with all documents provided
in a single volume. This section should include all the U.S. specific regio-
nal requirements.

FDA form 356h

Comprehensive table of contents (same requirement as traditional
NDA format, except that documents should be identified by tab
identifiers instead of page numbers)

Administrative documents

Patent information (same as item 13 in traditional NDA format)

Patent certifications (same as item 14 in traditional NDA format)

Debarment certification (same as item 16 in traditional NDA format)

Field copy certification (same as item 17 in traditional NDA format)
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User fee cover sheet (same as item 18 in traditional NDA format)

Other, including financial disclosure information, waiver requests
(same as item 19 in traditional NDA format)

Exclusivity information

Environmental assessment

Prescribing information (same as item 2 of traditional NDA format)

Annotated labeling text (same as item 3 of traditional NDA format)

Module 2—Common Technical Document Summaries

Summaries of the dossier with strictly defined content templates. These sum-
maries replace the section summaries in the traditional NDA format.

2.1 Overall CTD table of contents

Comprehensive table of contents listing all the documents in modules 2
through 5

2.2 Introduction

One page summary of CTD summaries

2.3 Quality overall summary

2.4 Nonclinical overview

2.5 Clinical overview

2.6 Nonclinical summary

2.7 Clinical summary

Module 3—Quality

Includes item 4 of traditional NDA format.
31 Module 3 table of contents

3.2 Body of data

3.2.S Drugsubstance

3.2.P Drugproduct

3.2.A Appendices

3.2.R Regional information

33 Literature references

Module 4—Nonclinical Study Reports

Includes item 5 of traditional NDA format.
4.1 Module 4 table of contents

4.2  Study reports

4.2.1 Pharmacology

4.2.2 Pharmacokinetics

4.2.3 Toxicology

4.3 Literature references
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Module 5—Clinical Study Reports

Includes items 6, 8, 11, 12 of traditional NDA format.

5.1 Module 5 table of contents

5.2 Tabular listing of all clinical studies

5.3  Clinical study reports

5.3.1 Biopharmaceutic studies

5.3.2 Studies pertinent to pharmacokinetics using human bio-

materials

5.3.3 Pharmacokinetic studies

5.3.4 Pharmacodynamic studies

5.3.5 Efficacy and safety studies

5.3.6 Reports of postmarketing experience

5.3.7 Case report forms and individual patient listings

54  Literature references

Note: FDA’s current recommendation concerning the ISS and ISE is to
include these documents in Module 5.

Checklist of Required Elements for an Abbreviated New Drug
Application (ANDA 21 CFR 314.94)

Cover Letter
Application Form (Form FDA 356h)

1. Table of Contents
Comprehensive table of contents indexing by volume and page
numbers, the sections and supporting information provided in
the application.
2. Basis for Abbreviated New Drug Application Submission

Reference listed drug: including name, dosage form, and
strength

Marketing exclusivity information for reference listed drug

Petition information

3. Conditions of Use
Statement that the conditions of use are the same as those for the
reference listed drug and a reference to the proposed labeling
and the currently approved labeling for the reference listed drug.

4. Active Ingredients
Statement that the ingredients are the same as those for the refer-
ence listed drug and a reference to the proposed labeling and the

currently approved labeling for the reference listed drug.
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5. Route of Administration, Dosage Form, and Strength
Statement that the route of administration, dosage form, and
strength are the same as those for the reference listed drugand a
reference to the proposed labeling and the currently approved
labeling for the reference listed drug.
6. Bioequivalence
Information that shows that the product is bioequivalent to the
reference listed drug Results of any bioavailability or bioequiva-
lence testing performed in support of a petition Methods and
GLP statement for any in vivo bioequivalence studies

7. Labeling

Listed drug labeling

Copies of proposed labeling

Statement on proposed labeling that the labeling is the same as
the labeling for the reference listed drug with the exception
of changes noted in the annotated proposed labeling

Comparison of approved and proposed labeling

8. Chemistry, Manufacturing, and Controls

Drug substance: Description, including physical and chemical
characteristics and stability, manufacturers, methods of
manufacture and packaging, specifications and analytical
methods for the drug substance, and solid-state drug sub-
stance forms and their relationship to bioavailability.

Drug product: Components, composition, specifications, and
analytical methods for inactive components, manufac-
turers, methods of manufacture and packaging, specifica-
tions, and analytical methods for the drug product,
stability.

Methods validation package

Environmental assessment

Inactive ingredients: Identification, characterization, and
information to show that the inactive ingredients do not
affect the safety of the proposed product.

9. Patent Certification
Applicants must provide a certification regarding “any patents that
claim the listed drug or that claim any other drugs on which
investigations relied on by the applicant for approval of the
application were conducted, or that claim a use for the listed or
other drug.”
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10. Financial Certification or Disclosure Statement
11. Debarment Certification
Certification that the applicant did not and will not use services of
any person or firm debarred under the 1992 Generic Drug
Enforcement Act. In order to prepare this certification, appro-
priate certifications should be obtained from all contractors used
uring the preparation of the submission.
12. Field Copy Certification
Certification that a true copy of the chemistry, manufacturing, and
controls certification has been sent to the FDA field office.

Checklist of Required Elements for an Investigational Device
Exemption (IDE; 21 CFR 812.20)

Cover Letter

Cover Sheet/Checklist Recommended

1. Table of Contents
Comprehensive table of contents indexing by volume and page
numbers, the sections and supporting information provided in
the application.
2. Report of Prior Investigations
Report on all prior clinical, animal, and laboratory testing,
including
Bibliography of all publications relevant to the safety of the device
Copies of all published and unpublished adverse information
Summary of all other unpublished information relevant to an eva-
luation of safety and effectiveness of the device
3. Investigational Plan
Information on the investigational plan for the product, including
purpose, protocol, risk analysis, description of the device,
monitoring procedures, labeling, consent materials, and IRB
Information
4. Manufacturing Information
Adequate information to allow a judgment about the quality
control of the device, including the description of methods,
facilities, and controls for manufacturing, processing, packing,
storage, and installation (if appropriate)

5. Investigator Information

Example of agreement entered into with investigators and list of
investigators
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6. Investigator Certification

Certification that all investigators have signed the agreement and
that new investigators will not be added until they have signed
the agreement

7. IRB Information
Identification of Contract Facilities
9. Sales Information

i

Information to show that if the device is to be sold, the amount to
be charged and a justification that this does not constitute
commercialization

10. Environmental Assessment
11. Labeling
12. Informed Consent Materials

Checklist of Required Elements for a Premarket Approval
Application (PMA; 21 CFR 814.20)

Cover Letter

Cover Sheet/Checklist Recommended

1. Table of Contents

Comprehensive table of contents indexing by volume and page
numbers, the sections and supporting information provided in
the application.

2. Application Summary

The Summary should present the detail to provide a general
understanding of the data and information in the application,
including

Indications for use

Device description

Alternative practices and procedures

Marketing history

Summary of studies: Summary of nonclinical laboratory studies
and summary of clinical investigations

Conclusion drawn from the studies

3. Device Description

Device description, including pictorial representations
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Description of functional components or ingredients (if applicable)

Properties of the device: relevant to the diagnosis, treatment, pre-
vention, cure, or mitigation of a disease or condition.

Principles of operation of the device

Manufacturing information: Adequate information to allow a judg-
ment about the quality control of the device, including the
description of methods, facilities, and controls for manufactur-
ing, processing, packing, storage, and installation (if
appropriate)

4. Reference to Performance Standards in Effect
5. Nonclinical Laboratory Studies

Results of nonclinical laboratory studies, including microbiologi-
cal, toxicological, immunological, biocompatibility, stress,
wear, shelf life, and other laboratory or animal tests, including
a GLP statement.

6. Clinical Investigations

Results of clinical investigations involving human subjects,
including investigator and enrollment information, protocol
information, study population, study period, safety and effec-
tiveness data, adverse reactions and complications, patient
discontinuations, patient complaints, device failures and -
replacements, data tabulations, subject report forms for deaths
and discontinuations, statistical analyses, contraindications,
and precautions for use of the device. Studies conducted under
an IDE should be identified.

7. Justification for PMAs Supported by Single Investigation
8. Bibliography

Bibliography of all published reports that concern the safety or
effectiveness of the device Identification, discussion, and analy-
sis of other data, information, and reports relevant to the evalua-
tion of safety and effectiveness.

Copies of published reports or unpublished information

9. Samples
10. Labeling
11. Environmental Assessment
12. Financial Certification or Disclosure Statement

Justifications should be provided for any information omitted.
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Checklist of Required Elements for a Premarket Notification
510(k) (21 CFR 807.87)

Cover Letter

1.

Device Name

Device name, including trade or proprietary name, common or
usual name, or classification name of the device

Establishment Registration Number
Device Class Classification

The device class classification under Section 513 of the Act and the
appropriate panel (if known) should be submitted. Justification
should be provided for devices not classified.

Actions Taken to Comply with Performance Standards
Labeling

All labeling and advertisements to describe the device for its
intended use, including photographs or engineering drawings

Comparability Statement

Statement that the device is similar and/or different from other
comparable products in commercial distribution accompanied
by data to support the statement

Identification of Significant Changes or Modifications
510(k) Summary

The summary should present the detail to provide a general under-
standingofthe dataandinformationinthe application,including

Submitter’s information

Device name and classification

Identification of the legally marketed device to which the submitter

claims equivalence

Description of the device: including how the device functions,
scientific concepts that form the basis for the device, significant
physical and performance characteristics for the device.

Statement of the intended use: Including a general description of
the diseases or conditions that the device will diagnose, treat,
prevent, cure, or mitigate and a description of the patient -
population, if appropriate. This section should include a com-
parison to predicate device and a rationale for any differences.
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Summary of technological characteristics in comparison to the

predicate device

For submissions in which the determination of substantial equiva-
lence is also based on an assessment of performance data, the
following information should also be included.

Nonclinical tests: Brief discussion of nonclinical tests submitted,
referenced, or relied on

Clinical tests: Brief description of clinical tests submitted, refer-
enced, or relied on, including a description of the subjects and a
discussion of the safety and effectiveness, including a discussion
of adverse effects and complications

Conclusions from nonclinical and clinical tests

9. Financial Certification or Disclosure Statement
10. Information for Eligible Class III Devices

Certification that a reasonable search of all information and other
similar legally marketed medical devices has been conducted.

11. Statement That the Information Submitted is Truthful, Accurate, and
That No Material Facts Have Been Omitted
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APPENDIX C: SCHEMATIC OF NDA REVIEW PROCESS

Sobmission of NDA
To CDER’s Central Document Room (CDR)
Review Davision P acknow dpment letier to applicant
FDA Project Manager
Initial S¢reen {Completencss
Review)
'* —
Aceepiable Usacceptable
REFUSAL TO FILE
FDA Review Team
45-Day Meeting
_;
Accepted for Filing Unacceptable
REFUSAL TO FILE
Preapprov, Review Planning
Inspection Seasion
Trigger
FDA iew Team

90-Day Cnnfe?nu {Optional)

Information Requestis)

Submivsion of Safrg Update {120 days)
Information Request(s)
Additional Safety Updaigs (prior to finat decision)

FDA Review Team
End of Review Coplerence (Optional)

FDA Review Team
Preparation of Review Documentation

FDA Division Director
Review and D:ision on Action

Neot Ap able Letier

Advertising Negotiztions with DDMAC
Field Inspection ORA
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Compliance Requirements During the Drug
Development Process

Martin D. Hynes lli
Eli Lilly and Company, Indianapolis, Indiana, U.S.A.

1 INTRODUCTION

The development of a new drug is a long, complex, and costly process. Cur-
rent estimates show that it can take up to 14.7 years [1] and cost in excess of
$800 million [2]. This complexity is a result of the large number of studies
that need to be performed prior to the submission of a marketing application.
Additionally, the complexity comes in part from the large number of regula-
tions that govern the preclinical and clinical studies that support a New Drug
Application (NDA). The U.S. compliance regulations that govern the pre-
clinical and clinical studies that make up an NDA include Good Laboratory
Practices (GLPs), Good Manufacturing Practices (GMPs), and Good
Clinical Practices (GCPs). These regulations were written in the late 1970s
and early 1980s to specify how preclinical safety studies, clinical trials, and
development operations were to be conducted in support of an NDA.

1.1 Compliance Regulations

The understanding of these compliance regulations has evolved since their
inception 20 years ago. In part, this evolution has resulted from how the
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Food and Drug Administration (FDA) has interpreted these regulations
through its inspection activities. During the early 1990s, FDA enforcement
activities increased markedly [3]. This was evidenced by increases in warn-
ing letters, product seizures, injunctions, prosecutions, and recalls [4]. This
increase in FDA enforcement activities was similarly observed across all of
the regulations under which pharmaceutical companies work as they
develop new drugs. For example, the FDA increased the number of clinical
trial sites that it audited. In the GLPs area, there was an increase in the num-
ber of GLPs studies rejected by the FDA. This trend of evolving interpreta-
tions and heightened enforcement activity in the area of GMPs was
evidenced by the initiation of pre-NDA approval inspections [3,5,6].

1.2 Drug Development

Another driver of complexity in the drug development process is the fact
that most pharmaceutical companies are global; that is, drug therapies
are being developed for patients on a worldwide basis. To do this means
dealing with GLPs, GCPs, and GMPs that differ on a country-by-country
basis. The differences in these regulations were frequently significant enough
to warrant repeating many studies to meet local requirements. This had the
impact of adding to the time and expense of introducing a new drug to
patients in need in particular parts of the world without necessarily provid-
ing any significant new knowledge about the drugs. As a result, there has
been an effort to harmonize these compliance regulations on a global
basis through the International Conference on Harmonization (ICH).

The ICH was instituted as a forum for the creation of viable alter-
natives to the country-by-country regulatory requirements. The ICH
membership consists of representatives from the Commission of the Eur-
opean Communities, the European Federation of Pharmaceutical Industry
Associations, the Japanese Pharmaceuticals Manufacturers Association,
the Japanese Ministry of Health and Welfare, the U.S. FDA, the Pharmaceu-
tical Research and Manufacturers of America, and the International Federa-
tion of the Pharmaceutical Manufacturers Association. These groups
represent both the industry and regulatory agencies for the participating
countries [7]. The outcome from the various ICH working groups has
impacted all of the compliance regulations (GLPs, GCPs, and GMPs). The
regulatory need to conduct separate studies to meet the needs of local regula-
tory requirements has been dramatically reduced as a result of the
harmonization activities. Whether this translates into a real decrease in the
number of studies that companies have to conduct to register drugs on a
global basis remains to be seen. This chapter will provide a brief overview
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of the GLP, GCP, and GMP requirements as they relate to the drug develop-
ment process as well as present critical compliance issues related to these
requirements.

2 GOOD LABORATORY PRACTICES

Good laboratory practices regulations are published in the U.S. Code of
Federal Regulations (CFR), Title 21, Part 58 [8], and Title 40, Part 160
[9], for the FDA and the Environmental Protection Agency (EPA), respec-
tively. The GLPs became an official requirement in the United States on June
20, 1979. The GLPs provide standards for the planning, performance, moni-
toring, recording, and reporting of preclinical safety studies conducted in
support of an application to market a new drug [8]. It is only after the FDA
reviews the results of the preclinical studies that the product can be judged
to be safe. The FDA thus has the responsibility to review the data submitted
in the NDA, while the burden for proving safety rests with the sponsor of the
NDA submission. Sponsors can perform the needed studies in their own
laboratory facilities, in those of a contract research organization, or in a uni-
versity laboratory.

2.1 Historical Perspective

Until the mid-1970s, the assumption on the part of the FDA was that
preclinical studies submitted by the sponsor were well conducted, analyzed,
and reported. In the mid-1970s the FDA began to have questions about the
uniformity and quality of the studies submitted toitas partofan NDA.During
the process of reviewing study reports, scientists at the FDA observed data
inconsistencies and evidence of unacceptable laboratory practices [10].

As a result of these FDA observations, “for-cause” inspections were
performed at a number of institutions conducting preclinical safety studies.
The results of these inspections were reported to the U.S. Senate in July of
1975, by the then FDA commissioner, Dr. Alexander M. Schmidt. The
findings for these for-cause inspections showed problems in the design, con-
duct, and reporting of preclinical safety studies. These problems were
deemed so serious as to question the validity of some studies. The following
examples are illustrative of the magnitude and seriousness of the problems
uncovered in these for-cause inspections carried out by the FDA.

One of the firms inspected by the FDA was Industrial Bio-Test Labora-
tories (IBT). At the time it was one of the largest contract testing facilities
in the world. IBT had conducted literally thousands of preclinical safety stu-
dies that were submitted to the FDA to establish the safety of drugs awaiting
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approval to be marketed. The following is a partial list of the problems that
were identified in the for-cause FDA inspection [10]:

Physical conditions were very poor.

Reports were not consistent with the original data.

Peer review of pathology studies resulted in different conclusions, with
only the favorable one submitted to the FDA.

Food and water consumption was recorded as normal despite the fact
that the animals were dead.

Drug doses could not be determined.

Histopathology reports existed for animals when tissues were not
taken.

After reviewing these findings, it’s easy to see why the FDA was con-
cerned about the validity of the work conducted at IBT. As a result, the FDA
declared the majority of long-term studies done by IBT to be invalid. Spon-
sors were then required to repeat these invalidated studies at great
expense. IBT went out of business and several company officials were con-
victed of defrauding the government and jailed.

An audit at Searle found a number of similar problems. For example,
the audit or for-cause inspection carried out by the FDA showed [10] the fol-
lowing:

Malignant mammary tumors were omitted from a statistical summary.
There were differences between the raw data and the final report.
Animals were dropped from the study without explanation.

Written protocols for completed studies could not always be found.

2.2 Link to Phase of Development

These findings, in conjunction with those from IBT, led the FDA to the con-
clusion that studies were poorly conceived, executed, documented, ana-
lyzed, and reported. Additionally, it was clear that the firm’s management
did not provide for adequate supervision and review of the data for accuracy
prior to submission. These conclusions, which basically served to invalidate
these preclinical safety studies, were deeply disturbing to the FDA, Con-
gress, the general public, and industry. As a result, FDA Commissioner
Schmidt established the Bioresearch Monitoring (BIMO) program in early
1976 to deal with the validity of data from both preclinical and clinical stu-
dies [11]. A toxicology monitoring task force set up by the BIMO dealt with
the validity and reliability of all nonclinical laboratory studies conducted
to support the safety of FDA-regulated products. As a result of its work,
it recommended the establishment of GLP regulations to ensure the
validity of preclinical safety studies. These regulations were drafted by a
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subcommittee composed of FDA and scientific personnel [10]. The group
started its work with a rough draft that was based upon two independent sets
of guidelines submitted by G.D. Searle and Company and the Pharmaceuti-
cal Manufacturers Association. After review and revision, the committee’s
work was published in 21 CFR, Part 58 [8].

The focus of these regulations was on the process that ensures the qual-
ity and integrity of the safety data. It should be noted that safety data were
defined as “any in vivo or in vitro experiments in which test articles are studied
prospectively in test systems under laboratory conditions to determine their
safety”[8]. It was not an attempt to ensure good science or interfere with the
judgment of scientists conducting the studies. These GLPs regulations cov-
ered the following topics [8]:

Subpart A
General provisions
Scope
Definitions
Inspection of a testing facility

Subpart B
Organization and personnel
Personnel
Testing facility management
Study director (SD)
Quality assurance unit (QAU)

Subpart C
Facilities
General
Animal care
Animal supply
Laboratory operation areas
Specimen and data storage facilities
Administrative and personnel facilities

Subpart D
Equipment
Equipment design
Maintenance and calibration of equipment
Computers

Subpart E
Testing facilities operation
Standard operating procedures (SOPs)
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Reagent and solutions
Animal care

Subpart F
Test and control articles
Characterization
Handling
Mixture with carriers

Subpart G
Protocols and study conduct
Protocol
Conduct

Subpart H-1
Records and reports
Reporting
Storage and retrieval
Retention

Subpart K
Disqualification of testing facilities
Disqualification
Suspensions or terminations
Reinstatement

The complete regulations as well as the post conference report from the
management briefing held in May 1979 can be found at http://www.fda.gov/
ora/compliance_ref/ or in the postconference report [11].

The FDA has the ability to ensure compliance to these regulations
through inspections conducted by its field investigator. Routine facility
inspections are done every other year, while for-cause inspections can be
done at any time. A refusal on the part of a firm or sponsor to allow
the FDA to inspect can result in a disqualification of the studies. If during
the course of an inspection the FDA finds significant deviations from the
GLPs, the studies can also be disqualified. In general, at the conclusion of
an FDA inspection it is more common for the FDA investigator to find
deficiencies that need to be corrected but that are not significant enough
to question the validity of the work. In this case, the FDA investigator docu-
ments the observations of noncompliance to the GLPs on Form 483,
“Notice of Inspectional Observation.” In response to these findings, firms
need to respond to the FDA as to how and when these observations of
noncompliance will be corrected.
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2.3 Evolution/ICH Harmonization

The implementation of GLPs regulations was not limited to the United
States. European GLPs were first issued in 1981 and were revised in 1997. The
Japanese also set standards for preclinical safety studies in 1983. Although
there is some similarity among these global GLPs, there are a sufficient num-
ber of differences, requiring additional studies to be performed, which in
turn increases drug development time lines and expense with minimal
return in terms of new information. These differences were the result of var-
ious legislative mandates and regulatory agendas. A great deal of work has
been done within recent years to harmonize the GLPs regulations as a part
of ICH [7].

These harmonized GLP’s regulatory expectations are a significant
advantage to pharmaceutical companies doing business on a global basis in
that they allow the design and implementation of one set of standardized stu-
dies to meet all worldwide regulatory requirements, thus reducing the total
number of preclinical safety studies on a drug candidate. One additional and
important benefit is it helps firms in their efforts to minimize deviations from
GLPs, since there is one set of standards against which to assess GLPs com-
pliance throughout critical phase inspections and final study reports [7]. It
is important to note, however, that there is along way to go. Many differences
still exist, such as the length of a chronic dog study, in vitro cardiac conduc-
tion, and Japan safety pharmacology.

3 GOOD CLINICAL PRACTICES
3.1 Overview

The federal regulation of drugs in the United States dates to the early 1900s.
Although the Pure Food and Drug Act of 1906 was in large measure directed
at the elimination of unclean and adulterated foods for the market, it also
dealt with controlling drugs. Additional regulations were issued in 1923 that
were focused on the bioassay of important drugs and their preparation.

The Pure Food and Drug Act of 1906 was amended in 1938, following
the death of about 100 children. The deaths were the result of an elixir of sul-
fonamide, which utilized diethylene glycol, a highly toxic solvent. The elixir
of sulfonamide tragedy triggered the introduction of an administrative pro-
cedure for the approval of new drugs of unknown safety prior to market
introduction. Section 505 of the Food, Drug and Cosmetic Act of 1938
forbade the introduction of new drugs into interstate commerce without
FDA approval. In 1962, the Kefauver—Harris amendments of the 1938 act
resulted in an increase in regulatory control over many aspects of clinical
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research. In large measure these amendments were the result of concerns
resulting from perceived deficiencies on the part of the pharmaceutical
industry to adequately protect the public health in the thalidomide tragedy.
Thalidomide is a hypnotic that was used in Europe in the early 1960s. Epi-
demiological research established that thalidomide taken early in the course
of pregnancy caused a rare birth defect, phocomelia.

The 1962 amendments required sponsors to do a number of things
including: demonstrate clinical efficacy in scientifically valid studies, esta-
blish informal consent guidelines, generate preclinical safety data to support
clinical trials in humans, and report adverse events. The FDA was also
granted the authority to regulate clinical research by requiring investigators
and sponsors to maintain study records that must be made available for
inspection by the FDA. A key requirement of the 1962 amendments was the
need to file an Investigation New Drug application (IND) prior to the initia-
tion of clinical trials with an experimental drug. Since that time the IND
regulations have been modified to provide additional detail as to the respon-
sibility of sponsors, investigators, and monitors. These modifications were
made throughout the 1970s and 1980s.

Good clinical practices govern the approval, conduct, review, and
reporting of clinical research intended for submission in an NDA. The U.S.
GCPs as enforced by the FDA are delineated in the following documents:

21 CREF, Part 50—Protection of Human Subjects, Informed Consent.
Effective date July 27, 1981 [12].

21 CFR, Part 56—Protection of Human Subjects; Standards for Insti-
tutional Review Boards for Clinical Investigations. Effective date
July 27,1981 [13].

21 CFR, Part 312—New Drug Product Regulations. Final rule issued
1987 [14].

21 CFR, Part 314—Applications for FDA Approval to Market a New
Drug or an Antibiotic Drug [15].

Subpart C—FDA Action on Applications

314.126—Adequate and well-controlled studies

A general outline of the topics covered in the U.S. GCPs is as follows:

Part 50—Protection of Human Subjects [12].

Subpart A—General Provisions

Subpart B—Informed Consent of Human Subjects
50.20—General requirements for informed consent

Subpart C—Protections Pertaining to Clinical Investigations Involv-
ing Prisoners as Subjects
50.44—Restrictions on clinical investigations involving prisoners

Copyright © 2004 Marcel Dekker, Inc.



Compliance Requirements 73

50.46—Composition of institutional review boards where prisoners
are involved
Part 56—Institutional Review Boards
Subpart A—General Provisions
56.103—Circumstances in which IRB review is required
Subpart B—Organization and Personnel
Subpart C—IRB Functions and Operations
56.109—IRB review of research
56.111—Criteria for IRB approval of research
Subpart D—Records and Reports
Subpart E—Administrative Actions for
56.121—Disqualification of an IRB or an institution
Part 312—Investigational New Drug Application
Subpart A—General Provisions
312.6—Labeling of an investigational new drug
Subpart B—Investigational New Drug application (IND)
312.20—Requirement for an IND
312.22—General principles of the IND submission
312.23—IND content and format
312.32—IND safety reports
312.33—Annual reports
Subpart C—Administrative Actions
312.40—General requirements for use of an investigational new
drugin a clinical investigation
312.42—Clinical holds and requests for modification
Subpart D—Responsibilities of Sponsors and Investigators
312.50—General responsibilities of sponsors
312.53—Selecting investigators and monitors
312.56—Review of ongoing investigations
312.57—Record keeping and record retention
312.58—Inspection of sponsor’s records and reports
312.60—General responsibilities of investigators
312.61—Control of the investigational drug
312.62—Investigator record keeping and record retention
312.64—Investigator reports
312.70—Disqualification of a clinical investigator
Subpart E—Drugs Intended to Treat Life-Threatening and Severely
Debilitating Illnesses
312.83—Treatment protocols
312.84—Risk benefit analysis in review of marketing applications
for drugs to treat life-threatening and severely debilitating illnesses.
Subpart F—Miscellaneous
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312.110—Import and export requirements

312.120—Foreign clinical studies not conducted under an IND
Subpart G—Drugs for Investigational Use in Laboratory Research

Animals or InVitro Tests
Part 314—Applications for FDA Approval to Market a New Drug [15]
Subpart C—FDA Action on Applications

314.126—Adequate and well-controlled studies

The requirements outlined in the CFR are legally enforceable by the
U.S.FDA. In addition to the above-mentioned documents, the FDA has gui-
dance documents that are not legal requirements but do provide direction
on acceptable standards for clinical research. They are as follows:

FDA, Guidelines for Monitoring Clinical Investigators, January 1988

FDA, Information Sheets for IRB and Clinical Investigators, October
1995

FDA, ICH GCPs Consolidated Guidelines, May 1997

In order to enforce compliance with these U.S. regulations, the FDA
has a comprehensive program of on-site inspections of clinical trial investi-
gations and data audits. These compliance activities are designed to monitor
all aspects of the conduct of clinical studies intended for submission in the
NDA. The goal of these inspections and audits is to ensure data quality, data
integrity, and the protection of research subjects. This comprehensive pro-
gram of on-site inspections and data audits is known as the BIMO program
[16].

Despite the fact that the basics of GCPs have been in place for nearly 20
years, FDA inspections continue to identify compliance concerns. The most
frequent GCPs compliance issues identified through inspection are the fail-
ure of investigators to follow the protocol and failure to maintain adequate
and accurate case histories [17].

As part of the ICH effort, the FDA has been working on global GCPs
guidelines. The draft guidelines that resulted from this harmonization effort
were first published in the Federal Registerin 1995 [18]. After a comment per-
iod, the modified guidelines, which included guidelines for investigator bro-
chures and essential documents for the conduct of a clinical study, were
submitted to the ICH steering committee in 1996. These ICH GCPs guide-
lines provide a unified standard for designing, conducting, recording, and
reporting trials that involve the participation of human subjects. The
expectation is that these guidelines will be followed when clinical trials are
being conducted in support of regulatory submissions. The goal of these
guidelines is the assurance that the rights, well-being, and confidentiality of
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trial subjects are protected. Additionally, they are designed to ensure that the
data generated for an NDA submission are credible. (These guidelines can
be found in the Federal Register[19].)
The following is a brief overview of the content of the ICH GCPs:
Introduction

Glossary

The Principles of ICH CGP

3. Institutional Review Board/Independent Ethics Committee
(IRB/IEC)

4. Investigator

D=

Investigator’s Qualifications and Agreements
Compliance with Protocol

Informed Consent of Trial Subjects

Records and Reports

5. Sponsor

Quality Assurance and Quality Control

Trial Management, Data Handling, Record Keeping, and Inde-
pendent Data Monitoring Committee

Investigator Selection

Manufacturing, Packaging, Labeling, and Coding Investiga-
tional Product(s)

Safety Information

Adverse Drug Reaction Reporting

Monitoring

Audit

6. Clinical Trial Protocol and Protocol Amendment(s)

Trial Objectives and Purpose

Trial Design

Ethics

Data Handling and Record Keeping

7. Investigator’s Brochure

Contents of the Investigator’s Brochure

8. Essential Documents for the Conduct of a Clinical Trial

For an extensive discussion regarding compliance requirements
during clinical activities, refer to Chap. 3, “Role of Quality Assurance
Throughout Clinical Trials.”
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4 GOOD MANUFACTURING PRACTICES

The fact that GMPs apply to drug products that are in clinical trials was set
out in the preamble to the GMPs (Federal Register, Sept. 1978). The part of
the preamble that is relevant to the application of GMPs to the development
of new drugs reads as follows:

The commissioner finds that as stated in 211.1 these cGMPs
regulations apply to the preparation of any drug product for
administration to humans or animals, including those still in inves-
tigational stages. It is appropriate that the process by which a drug
product is manufactured in the development phase be well docu-
mented and controlled in order to assure the reproducibility of the
product for further testing and for ultimate commercial production.
The commissioner is considering proposing additional cGMPs reg-
ulations specifically designed to cover drugs in research stages.

4.1 Historical Perspective

In addition to stating that GMPs apply to clinical trial materials, the pre-
amble indicated that the regulations for clinical trial materials were different
from those for commercial products. This fact is evidenced by the statement
that the FDA was considering proposing additional GMPs to cover drugs in
research. To date the FDA has not issued a separate set of GMPs for investi-
gational drugs. Expectations for investigational new drugs have been estab-
lished by the FDA through a combination of guidance documents,
compliance programs, inspection guidelines, and podium policy statements
[5,6].

4.2 Link to Phase of Development

Additional guidance on the application of GMPs to drug products used in
clinical trials can be found in the FDAs Guidelines on the Preparation of
Investigational New Drug (IND) Products. These guidelines clearly state that
compliance to GMPs was required at the stage at which the drug was to
be produced for clinical trials in humans (IND guidelines, March 1991).
These IND guidelines emphasized the need for proper documentation dur-
ing the drug development process. The need for control of components,
product controls, process controls, equipment identification, packaging,
and labeling also was covered in the IND guidelines [5,6]. The guidelines
also made clear that tighter controls were expected as experience was
gained with the product.
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4.3 Evolution/ICH Harmonization

The fact that the FDA had jurisdiction over clinical trial material and that
compliance to GMPs was expected once a drug entered human clinical trials
was firmly established by the preamble to the GMPs and the IND regula-
tions. After the generic drug scandal 0of1989, however, the exceptions of com-
pliance to GMPs in the various phases of drug development took on new
importance. As a result of the generic drug scandal of 1989, the FDA issued
two new documents outlining their expectations during the drug develop-
ment process. They are as follows:

1. FDA Compliance Program Guidance Manual, Pre-Approval Inspec-
tions/Investigations (Program 7346.832), October 1990

2. FDA Compliance Program Guidance Manual, Pre-Approval Inspec-
tion of New Animal Drug Applications (NADA) (Program 7346.832),
February 1991

The objectives of these compliance programs are as follows [5,6]:

1. Ensure that the facilities listed have the capabilities to fulfill the
application commitments to manufacture, process, control, package,
and label a drug product following GMPs.

2. Ensure adequacy and accuracy of analytical methods by proper test-
ing.

3. Ensure correlation between manufacturing process for clinical trial
material, bioavailability study material, and stability studies and filed
process.

4. Ensure that scientific evidence supports full-scale production proce-
dures and controls.

5. Have submitted factual data.

6. Ensure protocols are in place to validate the manufacturing pro-
cess.

Given that these compliance programs and FDA expectations for
clinical trial material are discussed in detail in Chap. 3 of this book, the
topics will not be further reviewed here. The importance of GMPs compli-
ance in development of a new drug cannot be overemphasized, as the conse-
quences of noncompliance can be high in that the FDA can delay approval
of an NDA if significant noncompliance is discovered during a preapproval
inspection.

5 ASSESSING COMPLIANCE THROUGH AUDITS

Compliance to GMPs, GLPs, and GCPs is clearly required during the
development of a new drug. Not only is this a regulatory requirement, it is
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also a good business practice. The failure to comply with these regulations
can result in the delay of regulatory approval, which results in delaying the
availability of important new drugs to patients in need and the generation of
revenues for drug companies. It is thus in everyone’s best interest to comply
with these regulations during the development process. Compliance should
therefore be assessed throughout the drug development process rather than
waiting until an NDA submission has been made.

5.1 Internal Audits

The identification of areas of noncompliance by the FDA just prior to NDA
approval can be problematic for a firm at best. All of the compliance regula-
tions call for some type of internal quality assurance or quality control activ-
ity to ensure compliance. The purpose here is not to review these
requirements in detail, but rather to stress the importance of having internal
quality reviews in place to ensure a drug is being developed in compliance
with the GMPs, GLPs, and GCPs. One method that is widely used in the
industry is that of conducting a series of internal audits of specific areas and
critical documentation.

These audits should be performed by an independent quality function
that has a staff of well-trained auditors who are knowledgeable of the compli-
ance regulations as well as the clinical or preclinical operations they will be
inspecting. Firms must have documented internal audit procedures for these
auditors to follow. This starts with having a well-defined process for deter-
mining what will be audited or inspected. For example, the GLPs require
that all of the final study reports submitted to the IND or NDA be signed off
by the quality function. Other regulations lack this degree of prescriptive-
ness for what needs to be audited. Firms therefore need to decide what they
will audit. This is of particular importance because it is not possible to audit
or inspect every drug study or clinical trial site. Most firms thus need to have
a way of deciding which studies or facilities they want to audit. This can be
done by developing a risk profile so that those areas that have the highest
degree of risk and exposure can be audited. The arcas of high risk with signif-
icant exposure should be prioritized and developed into an audit plan. Once
an audit plan for the year has been developed and approved by management
the auditors can execute the plan. As each audit is conducted, the auditor
needs to document his or her audit findings in a formal report back to the
management of the area being audited. Once the audit report has been issued
itis up to the site function being audited to respond to the audit. The response
needs to provide the details of management’s plan for correcting the observa-
tion of noncompliance found during the audit. These responses need to be
contained in a formal written document. The audit group or function needs
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to follow up with the site management after an appropriate period of time to
ensure that all of the promised corrective actions have in fact been made.

Having a strong internal audit function throughout the drug develop-
ment process will help to ensure that all of the preclinical and clinical work
conducted for an NDA submission will be in compliance with the GMPs,
GLPs, and GCPs. This will go along way toward eliminating any last minute
surprises during an FDA inspection just prior to NDA approval.

6 CONCLUSION

The development of a new drug is a long and costly process that is governed
by myriad federal regulations. The GMPs, GLPs, and GCPs are the most
notable from a compliance standpoint. These regulations grew out of a num-
ber of concerns or situations that have occurred over the past century. They
include the findings at IBT and Searle in the case of GLPs, the elixir of sulfo-
namide and thalidomide tragedies in the case of GCPs, and the generic drug
scandal of the late 1980s in the case of the GMPs for materials utilized in clin-
ical trials. These compliance regulations were developed in the United
States, as well as in a large number of countries around the world. Although
these regulations were similar in many aspects, there were significant differ-
ences. These differences were large enough in many cases to warrant the con-
duct of additional studies to obtain approval in specific countries. In
response to this the ICH was established as a forum to deal with these differ-
ences and formulate one set of global compliance regulations. Much progress
has been made as a result of these efforts, which has led to the establishment
of one global quality standard. This has led to the acceleration of drug regula-
tions on a global basis and eliminated the need to conduct studies, which
added little to our knowledge of the drug’s efficacy or safety.

The cost of not complying with the GMPs, GLPs, and GCPs can be
high for studies conducted in support of an NDA. Not only does a firm risk
receiving a list of deficiencies from the FDA on a form 483, but much more
important, studies can be disqualified, or worse yet, the approval of an NDA
can be delayed.

Firms engaged in the development of a new drug should have strong
audit functions in place to monitor compliance to the GMPs, GLPs, and
GCPs throughout the development of a new drug. This will go a long way
toward ensuring compliance, minimizing FDA-483 observations, and elim-
inating the possibility that an NDA approval will be delayed for noncompli-
ance. More important, it will ensure the safety of patients during the
development of a new drug and accelerate the ultimate approval of the drug
for patients in need.
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WORDS OF WISDOM

Drug development activities are covered by three important types of
compliance regulations: GMPs, GLPs, and GCPs.

Approval of the regulatory filing is influenced by the documentation
efforts put forth during development.

Pervasive quality assurance monitoring of development activities (by
way of audits) will greatly impact the quality and success of the
development activities.

Development activities must be captured in an official development
report only for GMPs.

Noncompliance with GMPs, GCPs, and GLPs during the development
phase could result in both a failed preapproval inspection and a reg-
ulatory hold of the submissions.
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Validation: A New Perspective

James Agalloco
Agalloco & Associate, Belle Mead, New Jersey, U.S.A.

For someone who has worked in validation extensively for over 20 years,
my selection as the author of this chapter might come as a surprise to
some. Could someone with such extensive “history” be able to approach this
subject in an objective manner? Could a graybeard such as myself view
this subject with a new perspective? I sincerely hope so. Thirty years’ experi-
ence in this industry and more important, my time as a consultant, has given
me insights that might seem startling at times. I cannot count the number of
times colleagues and clients have said to me,*“ Yes, but we have to do it this way
because,” “That’s what the FDA investigator expects,” “We’ve always done
it that way,” “We can’t change our protocol now,” “We’ve never done that
before,”or “It’s corporate policy.” Fill in the ending of your choice. I’ve heard
them all, and none of them justifies doing the wrong thing. They are merely
other ways of saying we are afraid to think outside the box. Often what they
are rejecting is the voice of reason and common sense founded upon sound
science and engineering. Well, the time has come to tell the tale the way [ have
always wanted to, without concession to what is politically or regulatorily
correct. Here it is: validation—pure and simple, unencumbered by the trap-
pings of pseudo-science, regulatory obfuscation, and corporate doctrine.

83
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If there is one aspect of what we do in this industry that should be uni-
versal, it is our reliance upon science. Our products, processes, equipment,
and even facilities are often the culmination of many years of rigorous scien-
tific and engineering effort. We do these activities a severe disservice when
we apply vague and irrational controls upon them in the pursuit of “valida-
tion.” The immutable truths of science are used to initially define our pro-
ducts, and should also be used to demonstrate their validity. This principle
underlies all that follows in this effort.

The reader who expects to find in this chapter a guide to the validation
of every type of process, system, or product imaginable will be disappointed.
The proper execution of validation belies condensation into such a brief
effort. What I have endeavored to do instead is to discuss issues rather than
science in an effort to address more the philosophy, compliance, and man-
agement aspects of the subject. I have provided a list of references on valida-
tion practice throughout which answers to a great number of technical
questions can be found.

1 INTRODUCTION: “THE EMPEROR HAS NO CLOTHES"”

Those who practice it have poorly served validation. Among the abuses this
industry has witnessed are massive validation master plans without mean-
ingful guidance on what is to be done, qualification protocols of over 80 pages
for a laboratory incubator, qualification reports that are actually page after
page of vendor brochures, performance qualification studies that were com-
pleted using batch record-type documentation, and myriad other useless
“requirements.” This is compounded by intimations by purveyors of such
misinformation that if you haven’t documented everything, your effort will
be noncompliant. To quote one recent flyer I came across, “The volume of
testing resulted in enough paper to bury the average investigator.” Does any
of this excess serve the firm, or even more important, the consumer? I think
not, but it certainly does fatten the wallets of validation service providers,
who will willingly fulfill any requirement, however unreasonable, for a fee.
Is it any wonder that these providers are perhaps the worst offenders in the
bloated validation efforts we are so willing to endure? Abuse of this type is
unfortunately commonplace and has increased the cost and duration of vali-
dation activities without meaningful benefit to anyone except the providers
of such excessive validation. Is the rote assembly of information for informa-
tion’s (or is it billable hours?) sake really what was intended when validation
was first conceived? Ken Chapman once wrote, “Validation is little more
than organized common sense”[1]. We clearly need a return to that kind of
simplicity of both thought and expectation.
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1.1 Definitions: “What’s in a Name?”’

In order to truly understand what validation is, we must briefly explore its
definition. One of the clearest definitions was developed by Ted Byers and
Bud Loftus in the late 1970s, and was formally adopted by FDA in 1987. “Pro-
cess validation is establishing documented evidence which produces a high
degree of assurance that a specific process will consistently produce a product
meeting its predetermined specifications and quality characteristics”[2].

It is useful to dissect this definition to better understand its intent. The
italicized words in the definition provide a clear indication of what we should
expect of our validation efforts.

Documented evidence—Our efforts must be written and retained on
file. This implies an organized body of information with clear con-
clusions.

High degree of assurance—We must be confident that the gathered
information supports our conclusions. It suggests the use of “worst-
case”challenges, yet recognizes that some uncertainty must exist.

Consistently—Our efforts must be reproducible. Controls must be in
place to repeat the process in a consistent fashion.

Product—the focus of every validation effort. The farther we are from
elements that impact critical product attributes, the less we should
be concerned about the system or activity.

Predetermined specifications—Expectations must be pre-established.
To be meaningful these requirements must be largely quantitative.

As interpreted within the industry, we have implemented programs
based upon the classical scientific method, in which we gather information
to support the premise. Where the information (read that as validation) sup-
ports the premise (that the product is ofacceptable quality) we have achieved
a validated state for the process. A more contemporary definition is as
follows:

Validation is a defined program, which, in combination with routine
production methods and quality control techniques, provides docu-
mented assurance that a system is performing as intended and/or
that a product conforms to its predetermined specifications. When
practiced in a life-cycle model, it incorporates design, development,
evaluation, operational and maintenance considerations to provide
both operating benefits and regulatory compliance [3].

When I wrote this in 1993, I had hoped to define validation in terms of
how it was to be accomplished. I also introduced the concept of a validation
life cycle (see later section) as the appropriate means by which to manage its
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execution. I also tried to acknowledge that validation wasn’t something sepa-
rate and distinct from the everyday operation of the firm, nor was it some-
thing solely for use in discussions with regulators or auditors. More will be
said about each of these later on in this chapter.

The last obstacle to industry understanding was a realization that the
term validation itself was a source of confusion. During the early years of
validation, the term had become synonymous with the activities focused on
protocols development, data acquisition, and reports preparation. This nar-
row view did not recognize its relationship to a number of other activities
already in place within the firm. As time went on, the concept came into focus
of validation as being supported by a number of related activities practiced
throughout the useful life of a system that provide greater confidence in the
system, process, or product. To overcome the limitations of the smaller scale
of the original scope of validation, many industry practitioners adopted the
new term performance qualification for the testing phase of an overall valida-
tion program. With the introduction of this new term, the distinction
between the narrower activities of validation and larger practice of valida-
tion as a program with ties to other activities has been made more evident.

1.2 Elements of Validation: “The Whole Is Greater Than the
Sum of the Parts”

As introduced above, validation is dependent upon a number of activities
and practices ordinarily practiced by acGMP-compliant firm. Without these
practices, it is little more than an exercise in minimal compliance and is of
little value in supporting the efficacy of any process. When the proper rela-
tionship between validation and these other activities is established, there is
a synergistic effect of greater compliance and some tangible operating bene-
fits. The operational areas of the firm that link to validation are process devel-
opment, process documentation and equipment qualification calibration,
analytical method validation, process/product qualification, cleaning vali-
dation, and change control.

Process development—Those activities that serve to initially define
the product or process. These form the basis for the product specifi-
cations and operating parameters used to achieve them. During the
early 1990s the U.S. FDA mandated that firms provide a clear linkage
between their small-scale development and clinical preparations
and the eventual commercial-scale process. The existence of this
linkage supports the efficacy of the manufacturing procedures,
which must be confirmed in the validation exercise. A poorly devel-
oped process may prove unreliable (in essence unvalidatable) on a
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larger scale and thereby compromise patient therapy. As validation
is intended to confirm the effectiveness of the defined procedural
controls, it serves merely as a means to keep score. A process that
cannot be validated using independent and objective means is most
likely inadequately developed.

A second consideration in development is that investigational/clinical
materials, while not requiring validation, can benefit from some
rudimentary efforts to confirm process efficacy. Developmental
materials that are intended to be sterile must be supported by valida-
tion studies that fulfill that expectation. (See Sec. 4 on sterile pro-
ducts for a summary of these.)

The goal of the developmental process should be to identify robust and
reliable processes accommodating any expected variations in start-
ing materials, operator technique, operational environment, and
other variables. The developers must work cooperatively with oper-
ating areas to define the necessary controls to ensure commercial-
scale success. The inclusion of corrective measures for common
manufacturing issues (pH overshoot, temperature excursions, varia-
tions in product moisture, etc.) serves to increase reliability. Inher-
ent in this is the establishment of proven acceptable ranges for the
operating parameters, as demonstrated by success in meeting the
product specifications. The gathering of information (process
knowledge) must be the principal objective of the developmental
effort. With that knowledge will come identification of the critical
elements necessary for the process to be validated.

Process documentation—The accumulated knowledge of the firm
relative to the successful manufacture of the process is maintained
in a variety of documents, including raw material and component
specifications, master batch records, in-process specifications, ana-
lytical methods, finished goods specifications, and standard operat-
ing procedures (SOPs). These define the product and process to
ensure reproducible success in operation. Where these documents
are inadequate, likely the result of insufficient developmental con-
sideration, there are opportunities for variations that may result in
process failure. A process that relies on some human knowledge not
contained within the documentation is inherently unstable; a
change in operator could mean a change in the product. The docu-
ments serve as guidance to the maintenance of the process, and
thereby the product, in a stable state. Inherent to any fully compliant
documentation system is a change control program that forces the
evaluation of changes on systems to assess their impact on the regu-
lated process [4].
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The major concern with document linking to validation is with master
batch records and SOPs. The defined ranges for the operating para-
meters (as established in development) as defined in the master batch
record are confirmed to be satisfactory during the validation effort.
There is no requirement, nor should there be, to establish on a com-
mercial scale that success is possible at the extremes of these ranges.
That type of confirmation is ordinarily restricted to developmental
trials, in which the financial impact is less significant. The only com-
mon exception to this practice is in the validation of sterilization
processes, in which the performance qualification efforts will often-
times use worst-case conditions at or below the routine sterilization
parameters.

Operating procedures for new products, processes, and equipment are
prepared in draft form for the start of the qualification, and can be
approved (with appropriate adjustments if required) for commercial
use after successful validation and after completion of the perfor-
mance qualification.

An important consideration in the preparation of any documentation
is that it reflect the audience for whom it is prepared. The operators
who must follow the procedure are perhaps the best individuals to
write or at the very least critique it before finalization.

Equipment qualification—Definition of the equipment, system, and /or
environment used for the process. These data are used to gather a
baseline of the installation/operational condition of the system at
the time when the performance qualification (PQ) of the system is
performed. This baseline information is used to evaluate changes to
the system performance over time. Intentional changes from these
initial conditions must be considered and evaluated to establish that
the system’s performance is unaffected by the change. Unintentional
changes in the form of a component or equipment malfunction or
failure can be easily rectified using the available baseline data as a
basis for proper performance.

Equipment qualification has been arbitrarily separated by many prac-
titioners into installation qualification (1Q, focused on system speci-
fication, design, and installation characteristics) and operational
qualification (OQ, focused on the baseline performance of the sys-
tem under well-defined conditions). This separation is purely arbi-
trary in nature, and there is no regulatory requirement that this be
the case. For smaller, simpler systems and equipment, consolidation
of these activities under the single heading of equipment qualifica-
tion can save time and expense with no compromise to the integrity
of the effort. One of the subtle issues associated with separation of
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the qualification activity into subactivities is the requirement for
additional documents for both protocols and reports as well as a
longer execution period, as it is customary to await completion of
1Q before allowing the OQ to begin. A meaningless exercise is exten-
sive debate as to whether a particular requirement is required in IQ
or OQ, or perhaps OQ or PQ.What is important is that the appropri-
ate information is gathered without regard to the category to which it
is assigned.

In general, equipment qualification is performed in the absence of the
product (exceptions are made in the case of water and other utility
systems) to allow the support of multiple processes, as would be the
case for multiproduct equipment. It is common to utilize a checklist
approach in which the information gathered is entered into a blank
protocol template. The completed protocol thus becomes the quali-
fication report without additional writing. One of the more egregious
sins in qualification is to bind the protocol so closely to the equip-
ment specification that in effect one has to prequalify the system just
to prepare the protocol. In my opinion, this degree of control offers
little real advantage. Provided the system as installed meets the oper-
ating requirements, minor changes in specifications, while note-
worthy from a record-keeping perspective, have almost no
relevance. The system is as it is, and that is all that needs to be known
to establish baseline performance.

Some mention must be made of recent extensions to the jargon of vali-
dation; design qualification, vendor qualification, and construction
qualification are all terms that have come into use within the last 10
years. Depending upon the scope of the project, these activities have
some merit. They should all be considered as options and employed
where appropriate. Their overuse can lead to the types of bloated
efforts mentioned earlier; only the very largest efforts can benefit
from these programs. Briefly, these activities embrace the following:

1. Design qualification—a formalized review of designs at a preliminary
point in the project. Its goal is to independently confirm that the
design conforms to both user requirements and regulatory, environ-
mental, and safety regulations.

2. Vendor qualification—an evaluation of a vendor to confirm its
acceptability for participation on a project. As opposed to an audit it
focuses more on the technical capabilities of the vendor.

3. Construction qualification—an ongoing review of construction
activities, actually more of a roving quality assurance during the con-
struction of a facility.
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One of the major pitfalls in equipment qualification (and perhaps in
performance qualification as well) is the use of arbitrary criteria.
Equipment and systems can only be expected to fulfill hard quantita-
tive criteria where those requirements were clearly communicated
to the supplier or fabricator beforehand. For instance, testing a com-
pressed air system for hydrocarbons is justified only where the ven-
dor was required by specification to supply oil-free air. Another
common oversight is to accept equipment performance at the limits
of current products requirements rather than to the equipment’s
capabilities. Consider a drying oven capable of +5 C across the
entire dryer. The qualification should measure conformance to that
tolerance rather than a +10 C requirement for the expected pro-
duct. There are at least two good reasons for this. First, a premium
hasbeen paid to achieve a capability better than the process require-
ment. That premium should be fulfilled by the supplier. Second, a
future application for the equipment may necessitate a tighter range,
and checking it at the onset (for no additional expense) eliminates
the need to repeat the qualification at some future time. It should be
evident in all cases that qualification records should be largely
numeric, as this establishes performance in more definitive fashion.

Calibration—Perhaps the simplest of all supportive activities tounder-
stand calibration ensures the accuracy of the instruments used to
operate and evaluate the process. It is a fundamental cGMP require-
ment of all regulatory agencies. In general instruments must be
shown to be traceable to proven EU/ISO/NIST standard instru-
ments and supported by a defined program with appropriate
records. This requirement is extended to include the instruments
utilized in the various qualification activities, so that the generated
data are of acceptable accuracy. The most prevalent error observed
in calibration is a tendency to calibrate instruments in only a partial
loop condition. Where this is done, the technician will use a signal
generator to simulate the sensing instrument and show that the sig-
nal converter, recorder, display, and soon each has the appropriate
value. This type of calibration is inadequate in that it fails to consider
the effect of the sensor. Correct calibration practice should include
placing the sensor at the measured condition and correcting the
response at the recording or indicating location.

Analytical method validation—A prerequisite for any validation invol-
ving the analysis of the microbiological, physical, or chemical
aspects of materials is the use of analytical methods that have been
demonstrated to be reliable and reproducible. No meaningful
assessment of product or material quality can be made without the
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use of validated methods. This effort should encompass raw materi-
als, in-process testing, and finished goods, as well as any support
provided to cleaning validation. The practices used for validation of
analytical methods are well defined and are harmonized under ICH.

This effort must extend to the microbiological laboratory as well, in
which validation of methods is essential to assure confidence in the
results. This will include appropriate testing environments, labora-
tory sterilization/depyrogenation validation, equipment qualifica-
tion and calibration, use of standards, and positive and negative
controls.

Performance qualification—those activities that center on the actual
product or process being considered. There are other terms, such
as process qualification, process validation, product qualification,
and product validation, that are sometimes used to narrow the
scope of this effort. Here again, semantics have gotten in the way
of more important issues. If you desire to use different terminology,
go right ahead. Provided all involved understand the intent, the
specific title chosen is clearly arbitrary, but the principles are the
same. (See Sec. 3.1)

Under the auspices of PQ, we find much of the regulatory focus in
regard to validation. Investigators worldwide are far more interested
in the validation of water systems, sterilization processes, cleaning
procedures, and product quality attributes than anything else in
validation. While this might seem obvious, there are firms that have
expended far more energy on the equipment and system qualification
than they have on the far more meaningful PQ activities. While
equipment qualification is important, it must play a secondary role
in establishing the validation of a process. Consider the following
real-life story:

After successfully operating its WFI system for more than 10 years
after initial qualification/validation and ongoing sampling, a firm
was inspected for the first time by a regulatory agency that had never
been to the facility before. The inspector identified two or three
threaded fittings on the headspace of the hot WFI storage tank, and
then inquired as to the initial qualification of the system. The firm
was unable to provide a sufficient response in a timely manner, and
under duress agreed to replace its entire WFI system at considerable
expense. All of this occurred while the chemical and microbial per-
formance of the WFI system over its entire operating history had
been nothing short of superlative. Surely the satisfactory perfor-
mance of the system should have been given greater weight and the
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corrective action limited to areplacement of the fittings and develop-
ment of an updated qualification for the system as it existed. The
inspector and firm both erred in placing emphasis on deficiencies in
equipment qualification that were largely unrelated to system per-
formance as measured on a routine basis over an extended period.

There are few if any hard rules in validation practice. Much of what is
cited in guidance documents, surveys, compendia, and industry pre-
sentations represents a single acceptable practice and should not
preclude the utilization of other approaches to achieve the same end.
The ends should largely justify the means in this regard, and thus
some of the dogma associated with equipment, system, and facility
design should be recognized as such. The real evidence of system
acceptability is in its performance. Inspectional findings that don’t
relate to important product attributes should be reduced and greater
weight should be placed on what is truly critical. An overview of
some of the more common PQ efforts will be presented later in this
chapter.

Change control—This is a simple term for what in many firms is a
number of critical procedures designed to closely monitor the
impact of changes of all types on the product or processes. Clearly,
in any market driven company the demand for change is continuous.
Moreover, there is also a drive for increased speed in all aspects of
the operation. Firms must be able to evaluate changes rapidly for all
aspects of their operations (analysis, equipment, environment, pro-
cess, materials, procedures, software, formulations, cleaning, per-
sonnel, warehousing, shipping, components, etc.). The potential
scope of changes impacts virtually every operating area and depart-
ment, and as a consequence change control is considered a difficult
program to manage properly. The scope of reviews that are required
is such that nearly all programs are multifaceted, with separate pro-
cedures as needed to encompass the full extent of change. An aspect
of change control that isn’t always recognized as such is document
control. As documents often serve as the primary repository of infor-
mation within this industry, procedures that regulate how they are
revised are effectively change control programs in another guise. The
importance of change control to validated systems cannot be over-
emphasized. Validation for a system is not something you do, but
rather something you achieve through the implementation of the
programs listed above within a cGMP environment. Validation can
be considered a “state” function, something akin to temperature.
How a firm gets to that state of validation is open to considerable
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variation. The important thing, at least for validation, is that we are
able to maintain that state over the operational life of the product,
process, or system.

Virtually all companies have the elements described above in one form
or another, yet only rarely are they integrated into a cohesive system that acts
to support the validation activities within the firm. Validation is not a stand-
alone activity; it is one that relies on many of the pre-existing activities with-
in a firm. When properly linked to these other activities its execution is
greatly simplified and its impact is more substantive.

2 ESSENTIAL VALIDATION DOCUMENTATION

Process development—development reports, scale-up reports, process
optimizationstudies,stabilitystudies,analyticalmethoddevelopment
reports, preliminary specifications

Process documentation—master batch records, production batch
records, SOPs, raw material, in-process and finished goods specifica-
tions, test methods, training records

Equipment qualification—equipment drawings, specifications, FAT
test plans, wiring diagrams, equipment cut sheets, purchase orders,
preventive maintenance procedures, spare parts lists

Calibration—calibration records, calibration procedures, tolerances

Analytical method validation—validation protocols, validation
reports, chromatography printouts, raw data

Performance qualification—validation protocols, validation raw data,
validation reports, calibration results for validation instrumentation

Change control—completed change control forms

2.1 The Validation Life Cycle: “Diamonds Are Forever”

The validation life cycle focuses on initially delivering a product or pro-
cess to managing a project or product from concept to obsolescence [5].
When employing the life cycle, the design, implementation, and operation
of a system (or project) are recognized as interdependent parts of the whole.
Operating and maintenance concerns are addressed during the design of the
system and confirmed in the implementation phase to assure their accept-
ability. The adoption of the life-cycle concept afforded such a degree of
control over the complex tasks associated with the validation of computer-
ized systems that it came into nearly universal application within a very short
period.
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Applying the life-cycle concept to the validation of systems, pro-
cedures, and products is essentially an adoption of the general quality prin-
ciples of Deming, Crosby, and Juran[6,7,8]. Each of these individuals
recognized the inherent value in quality—that it could provide a meaningful
return to the organization. Validation practiced in a comprehensive manner
using the life-cycle model is wholly consistent with the quality views of the
quality “gurus,” and properly documented can afford compliance benefits as
well. To accomplish this dual objective, validation concerns should be
addressed during the design and development stage of a new process or
product to afford tighter control over the entire project as it moves toward
commercialization. Considering validation during design makes its later
confirmation during operation substantially easier, and thus allows “qual-
ity” of performance to the greatest extent possible. The use of formal meth-
ods to control change must be an integral part of life-cycle methods, as the
demand for change is constant and inflexible systems are doomed from the
start.

The validation life cycle provides several advantages over prior meth-
ods for the organization of validation programs. The cohesiveness of an orga-
nization’s validation efforts when the life-cycle approach is utilized as an
operational model is unattainable in other operating modes.

The benefits of this concept as a means for managing validation are as
follows:

Provides more rigorous control over operations

Facilitates centralized planning for all validation-related aspects

Ties existing subelements and related practices into a cohesive system
Establishes validation as a program, not a project

Offers continuity of approach over time and across sites

Affirms validation as a discipline

Results in the centralization of validation expertise

Is compatible with corporate objectives for validation

With this perspective, validation takes on an entirely different mean-
ing. It is no longer something done to appease the regulators; instead it
becomes a useful activity of lasting value to the firm.

2.2 Validation in Perspective—Keeping Score

Over the last 30 years or so, this industry has been delayed with reports of
failed validation efforts. These have to be viewed from quite a different per-
spective than one might first adopt. A failure of a process to meet its defined
validation criteria might be the result of three possible scenarios: (1) errors
in which the process is deficient, (2) errors in which the validation approach
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itselfis deficient, or (3) instances in which both the process and the validation
methods are unsatisfactory. Since the desired end results of nearly all
validation efforts are known—at least in general if not specifically—a failure
to meet reasonable validation criteria must reflect on the process. Where
the failure relates to an arbitrary or indirect requirement (as is often the
case), then the validation criteria might be overstated. Barring that eventual-
ity, which can be accomplished by adoption of only the simplest and most
scientifically correct criteria, then the process itself must be at fault. The
validation program thus serves as little more than a scorekeeper. It cannot
by itself make a process better than the process actually is. Successful valida-
tion implies sound processes; unsuccessful validations should be attributa-
ble to underlying deficiencies in the process. Processes that are well
designed, reliable, and robust and that operate in well-maintained equip-
ment according to clear operating instructions are likely to be validatable
(if there is such a term), while those processes or products that are weak in
one or more of those areas will likely fail any attempt to validate them. Pro-
vided the validation effort is substantive, it only tells the score; it can’t
change it.

3 ORGANIZATION AND MANAGEMENT: “IF YOU DON'T
KNOW WHERE YOU ARE GOING, YOU ARE LIKELY
TO END UP IN SOME UNPLANNED PLACE"”

The accomplishment of validation in this industry entails many different
aspects of operation and quality control, and therefore raises some of the
same management issues associated with the organization of any complex
activity. Simply put, validation efforts must be properly managed to ensure
their effectiveness. Some of the more common methods and documentation
practices are outlined below. These are basic validation requirements
expected by the FDA as well as foreign bodies.

Policies—At the highest level this takes the form of policy documents
that broadly define an organization’s values with respect to valida-
tion. These are valuable in that they establish credos by which the
firm can operate as well as score as an affirmation of top manage-
ment’s commitment to the exercise. Policies should be written in a
way that facilitates meeting global objectives, allows flexibility in
implementation, and is useful over an extended period of time. As
such they are generally statements of lasting value, and establish the
overall tone of the validation program. Their importance is in the
mandates they make for the organization to follow. Properly written,
these high-level documents should endure over time.
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Planning documents—Variously called master plans, validation plans,
or validation master plans, these are ordinarily project-oriented to
help organize the validation tasks associated with a particular pro-
ject. Depending upon the scope of the project, the plan can resemble
a policy document when written for a division of a firm or look much
like a validation protocol when written for a small project. To accom-
modate these varied uses, the level of detail must vary substantially.
The most useful plans are those that are quantitative in nature, since
they more firmly establish the intent of the work to be performed.
One of the limitations of planning documents is that they are essen-
tially outlines of future work. In this regard, their utility once the
project is complete is sometimes nonexistent, and even diminishes
further with time. Despite the emphasis placed on the existence of
planning documents by some investigators, their utility and impor-
tance is largely overrated once the task is completed.

Summary documents—A rather new practice is the validation master
summary, in which a firm can outline the completed validation
efforts that support its operations. These have the same relationship
to the master plan; a validation report has to have a validation proto-
col. Considering that few investigators will be satisfied with review-
ing a protocol when a completed validation report is available, it is
surprising that there is so much reliance on planning documents
rather than on summary reports to describe validation activities.
Properly assembled, a validation summary report is never truly
finished. As new studies are added or older ones replaced, the sum-
mary should be updated to reflect the latest information. Once fully
assembled it can permit the rapid review of alarge validation effort in
a single document. If a validation program is to be successful it must
accommodate change easily, and summary reports are vastly super-
ior to validation plans in that regard. One can look backwards at a
number of completed efforts—even those performed at various time
intervals—with greater accuracy than one can look forward at future
activities. We know substantially more about the past than we will
ever know of the future, and therefore validation summary docu-
ments should receive far greater emphasis than they presently do.
As with validation planning documents, the level of detail provided
in the summary can vary with the scope of the effort being described.
A concise and summarized valuation study will be audit-friendly
and provide regulators with what they are looking for during
an audit.

Tracking/management documents and tools—Operating a valida-
tion department is no different from other operating units, and
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project tracking is often required. It is commonplace in a valida-
tion department to have multiple tasks underway at various stages
of completion at any given time. The department may organize its
activities in a variety of ways, but operating schedules, document
tracking, status reporting, resource leveling, personnel assign-
ment, and priority designation are all necessary to properly
orchestrate the activities. There are various tools that are used for
these activities, including project management software (Prima-
vera, Microsoft Project) and documentation systems (Documen-
tum, SAP). These all form an essential part of the documents
needed to effectively operate a validation organization. Essential to
all of this is the recognition that the priorities within the vali-
dation unit must be the same as those of the rest of the organi-
zation. Any tool, whether it be software-based or not, that is
valuable in maintaining control over the efforts will be useful in
keeping the validation efforts consistent with the overall organiza-
tional goals. The best validation programs are those that can
rapidly accommodate changing issues and evolving problems and
that can minimize delays, maximize opportunities, and make
optimal use of the organizations resources. To this end, the valida-
tion unit must maintain a close working relationship with many
different parts of the firm. The use of tracking/management tools
can help substantially in that effort.

Protocols—These documents, which originated as “designs of
experiments” as outlined in the classic “scientific method,” are the
foundation for nearly all efforts. They are essential to define the
requirements of the validation exercise. The first protocols in this
industry were developed almost 30 years ago, and as the underlying
science behind our products, processes, equipment, and systems has
not changed, it would seem that the need for new protocols should
diminish over time. Unfortunately, this has not always been the case,
and firms have “reinvented the wheel” many times over. Firms should
reuse their protocols (in actuality they constitute a valuable part
of their knowledge base) as many times as possible. The validation
of such common processes as sterilization and cleaning can be
approached using a generic protocol and documented in project-
specific reports.

In many cases it is possible to use protocols on a global basis for
the same types of products, processes, and equipment. The best protocols are
those that rely heavily upon concise, quantitative acceptance criteria wher-
ever possible and avoid such terms as sufficient, appropriate, and
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satisfactory. The presence of subjective criteria in protocols, whether for
qualification or validation, is the source of more problems than perhaps any
other. One should also be wary of the excessive use of statistics in the analysis
and acceptance of results. Where the underlying specification is derived from
a pharmacopeial reference, the statistics may have some merit. Where they
are imposed as a secondary criterion in addition to more definitive limits,
they are bound to cause trouble.

If the biological indicators are inactivated and the minimum F,
required is confirmed, there is little to be gained by requiring a tight RSD
about the individual F values. Adding acceptance criteria to “fatten” a pro-
tocol is perhaps the most egregious sin of all. Validation protocols should
delineate a minimum of quantitative requirements linked to specific quality
attributes and little else. Anything else is nothing more than useless padding
of the effort, perhaps in the hope that volume will substitute for quality. Pro-
tocols are best prepared by a single individual with the appropriate educa-
tion and experience. If properly written, a protocol can be used over a
period of many years, because only substantive, and therefore timeless,
acceptance criteria should be included. If a protocol incorporates disparate
elements—microbiology and computer science perhaps—it is far preferable
to prepare two separate protocols, each with its own criteria.

Reports—The validation report is certainly the most critical of all
validation documents. It must provide a clear and concise discus-
sion of the completed work that can withstand the scrutiny of
reviewers over a period of many years. To that end, the report
should emphasize tables and diagrams rather than written
descriptions. Clarity of presentation should be the most impor-
tant goal in each report prepared. The author must avoid the
temptation to be creative and verbose in his or her writing. Pla-
giarism should be encouraged wherever possible. If a particular
diagram, paragraph, or presentation model has proven effective
in describing an activity, it should be reused. For instance, there
should be only one way to calibrate thermocouples, and the nar-
rative on this activity in all reports should therefore be identical.
The intent of the validation report is to inform, not to entertain.
Boredom on the part of the reviewer may perhaps be unavoid-
able, but it is preferable to the inadvertent inclusion of errors
caused by original prose. Another objective in the report is brev-
ity. (This applies to protocols as well) There is a general ten-
dency to write far too much and thus require the multiple
reviewers to spend more time than is necessary to find the essen-
tial information.
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For qualification activities, the use of fill-in-the-blank forms as both
protocol (when empty) and report (when completed) is almost uni-
versal. Some firms have had success with the use of forms in the
execution of PQ studies, further simplifying report preparation.
Reports should have abstracts, as reviewers may be satisfied with just
aperusal instead of an in-depth review. In addition, the absence ofan
abstract will force an in-depth review of the document. Another use-
ful practice is to circulate only the report, keeping the raw data in a
secure location. This can shorten review time substantially, provided
the quality unit performs an independent audit of the data. The indi-
vidual supervising the execution of the study should prepare the
report. Unlike protocols, which can be utilized over long periods of
time and in many general ways, reports must address a specific set of
circumstances. Breaking large reports into smaller elements canbe a
valuable time saver in their preparation and assembly for review and
approval.

Procedures—An underutilized practice in validation is the SOP,
whereby repetitive activities can be defined. The use of SOPs
increases reproducibility of execution and allows for further brevity
in both protocols and reports. Procedures make everyone who is
involved with the project substantially more efficient, and should
be employed wherever possible. Practices such as calibration of
instrumentation, biological indicator placement, sampling of
validation batches, and microbial testing are clear candidates for
inclusion in SOPs. Among the more innovative uses is the inclusion
of standardized validation acceptance criteria for similar
products.

Approvals—Each of the documents described in this section is subject
to formal control and approval. The best practices minimize the
number of approvers, with an ideal maximum of no more than four
tosix individuals who have the appropriate technical understanding.
Of course this must include the quality control unit, which of neces-
sity invests in sufficient training to be able to review and approve a
broad range of documents extending over all of a firm’s products,
equipment, processes, and systems.

Approval by an excessive number of personnel does not mean the
quality of the documents is any higher. When a large number of
individuals approves a document, there is often a sense that one
need not read the document too closely, as if there were any errors
someone is bound to catch it. Three or four critical reviews are far
more meaningful than cursory signatures from a larger number of
reviewers.
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3.1 Performance Qualification: Make It Meaningful

The essence of validation is PQ, those studies designed to establish confi-
dence in the product, process, or system. As stated earlier, it is this core
activity that all of the other elements support. A “qualified” piece of
equipment has no value until it is evaluated in a structured study to “vali-
date” its performance under a specified set of conditions to effect the
desired result on a specific product. Without a meaningful PQ, all of the other
efforts establish little more than a capability, as opposed to an effective
reality.

Qualified technical personnel should oversee PQ studies; however, the
execution can be left to specially trained hourly personnel. For larger pro-
jects it may be necessary to use a team approach to ensure that the requisite
technical skills are available. Evaluation of dose uniformity may require the
skills of a quality control analyst, formulation expert, and statistician. In
these circumstances, report preparation may have to be split among the team
members.

In this era of restricted headcount (and for any major project) it is
common to bring in outside assistance to do some or all of the work. This is
certainly acceptable, but firms should maintain some degree of internal
expertise to oversee any external support. Once the validation project is
completed, the firm is required to maintain the validated state. This is only
possible when the core capabilities exist within the firm. The use of prepared
forms for data entry during execution can be useful as a means to ensure that
the correct information is gathered and promptly recorded.

The execution of PQ studies (and even some EQ studies) will often
entail reliance upon analytical and/or microbiological testing. As stated ear-
lier, this mandates validated methods in the laboratory to ensure the accept-
ability of the results. Not to be overlooked here is the laboratory workload
itself. As validation testing generally includes an expanded sampling of the
product and materials both as in-process and finished goods, each validation
batch may represent as much as 10 or more times the testing required in a
routine batch. Analyst time and laboratory capacity must be available to
accommodate the testing requirements. This is even more critical in micro-
biological testing, as samples should be tested with minimal delay to avoid
perturbing the results upward or downward. For new facilities this suggests
that laboratory construction be considered a first priority to ensure their
readiness for the testing of samples from the operating facility. This can
be offset by the use of outside laboratories to offset peak demand, but
this entails other complications, including transfer of methods between
laboratories, sample shipment, and so forth. The author has seen
extreme cases, in which firms’ validation progress have been restricted by
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analytical /microbiological testing limitations, an unfortunate circumstance
which should be avoided if possible.

3.2 Process or Product Validation: “Which Came First, the
Chicken or the Egg?”

A common misunderstanding in validation practice is the true relationship
between the process and the product. This appears to have its origin at the
very beginnings of validation in this industry. The first studies performed
focused heavily on the system and methods used in the preparation of parent-
erals. As such there was considerable attention paid to WFI systems,
steam and dry heat sterilizers, aseptic processing, and other processes that
assure the sterility of the finished products. As a consequence, little if any
attention was paid to the physical and chemical aspects of the filled formula-
tion. The term used for all of this effort was process validation, and thus was
borne the impression that confirming (validating) the nonsterility-related
aspects was to be accomplished in some other manner. This perception is
clearly erroneous; ensuring product quality must embrace all of its key attri-
butes. These attributes are established through conformance to all of the
required process controls. The processes used to ensure proper potency,
pH, moisture, dissolution, and every other product attribute must also be
subject to validation.

The validation of these processes can be established in a manner com-
parable to the methods used for sterilization procedures. Independent verifi-
cation of process parameters is used on the commercial-scale process to
confirm that the operating parameters (mixing speed, compression force,
blending time, etc.) are consistent with the batch record requirements. The
sole difference in the validation of these processesis that sampling of the pro-
duction materials can provide a direct indication of process acceptability.
As a key element of process validation, the limitations of product sampling
and testing that are a consequence of “sterility” concerns are not present
when these other quality attributes are confirmed. Sampling and testing of
materials and finished products as used for routine release are inadequate for
the validation of these processes.

Product quality is assured through the collection and analysis
of samples taken from the process (see Sec. 6 on sampling) to establish
the acceptability of the process. The optimal approach to validation
considers process parameters and product attributes, as well as their
relationship. The link between the defined independently established
parameters (either variable or fixed process equipment set points) must be
established during the developmental process. The PQ of a pharma-
ceutical process should demonstrate how conformance to the required
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process assures product quality. The supportive data should include pro-
cess data (temperature measurement, addition rate, etc.) and product
data (content uniformity, moisture content, impurities, etc.). In many
ways this effort resembles the validation of utility systems, in which sam-
ples taken from the system are used to establish its acceptability. For
sterile products this information must be augmented by the validation
studies that support sterility assurance. The nature of sterility makes this
support inferential rather than direct, but all of these activities are
examples of process validation, and all of them support key product quality
attributes.

3.3 Utility and Environmental Systems: “Don’t Drink the
Water! Look What It Does to the Pipes!”

Among the simpler validation efforts that are performed in this industry
are those used for process utilities (water systems, steam systems, com-
pressed gases) and controlled environmental (particle, microbially classed,
and/or temperature-regulated environments) systems. In these, the equip-
ment qualification effort documents the baseline operating condition for
the system, and in some programs this is supplemented by samples taken
from the system or environment under idealized conditions (also called
static testing). Some firms include worst-case studies with increased inter-
vals between system regeneration; however, this is by no means universal.
Following the EQ, the system passes into a PQ phase in which a defined
sampling regime is followed to assess the performance of the system
under “normal” use. This phase lasts from 10 to 90 days, depending upon
the size of the system and its intended use. Upon completion, a PQ report
is issued and the system is accepted for routine usage. In the best firms,
periodic trend reports are issued supporting the continued suitability of
the system over time. The periodic reports can be issued monthly (environ-
mental systems used in aseptic processing), quarterly (water systems), or
annually. It must be recognized after several of these review periods have
passed that the system is defended more by its ongoing monitoring than
by the initial PQ studies. An older system with well-established controls is
thus less likely to experience excursions outside the expected range than a
new one with only limited operating history. Newer is only new; it may not
in fact be better.

Change control must of course be present to evaluate intentional
changes to the system over its operational life. A large change could result
in the execution of a new EQ and PQ, while smaller changes can be managed
with less intensive efforts.
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Some practical suggestions for water system design and validation
that will also make it easier to comply with the regulations include the
following:

Bring water systems online early in the project; many of the subsequent
efforts will rely on the assured reliability of the water system in pro-
cessing and cleaning as well as in microbial control.

Sample pretreatment locations during the PQ phase to develop a base-
line of normal system performance. This sampling is informational
rather than directed toward attaining a specific limit.

Focus on microbial attributes rather than chemical sampling in the PQ.
After initial flushing, the chemical results at various locations are
unlikely to vary significantly, while microbial variances (perhaps
due to ease of sampling) are more common.

Ifat all possible design the system to keep the water hot (> 50 C) and in
motion at all times. Biofilms are more likely where water is allowed
to stagnate and cool.

Don’t bother with sterilization or sanitization of hot systems.
These systems are largely self-protective as a result of their
temperature, and the added complication of sterilization is not
warranted.

4 STERILIZATION PROCEDURES: “THE BUGS DON'T LIE!"

It is widely acknowledged that the first validation efforts in this industry
were those directed at sterilization processes, given the pre-eminence of
sterility as the most essential of all product attributes. As a consequence,
after nearly 30 years of validation activity, sterilization and depyrogenation
procedures are perhaps the most thoroughly documented processes within
our industry. Within the United States this largely led to a perspective that
evolved from the teachings of Dr. Irving Pflug, who has served as the predo-
minant source of sterilization validation “know-how”[9]. Dr. Pflug has
schooled a large portion of the world’s industry in the principles of steriliza-
tion, and a recurring theme in his many lectures and papers is the principle
of “The bugs don’t lie.” The principle, so ingrained to many of us, is that the
micro-organism is the best arbiter of the conditions to which it is exposed.
This tenet leads directly to the use of appropriately selected biological indi-
cators positioned within the items to be sterilized as a means to directly
assess the lethality of the process. Were we to properly use resistant Bls
(biological indicators) alone (and virtually no one does), we should be able
to establish process effectiveness for sterilization procedures with little or
no ambiguity.
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4.1 Biological Indicators and Physical Measurements:
“He’s Not Dead, He's Just Mostly Dead”

Unfortunately, things are rarely so simple. With sterilization processes the
opportunities for physical measurements of lethal parameters (tempera-
tures, relative humidity, gas concentration, belt speed, etc.) abound. The
ability to collect these data has increased greater, over the years, and with
this increase has come a loss of perspective. Since we can so easily collect
large amounts of data, we have become increasingly reliant upon them,
resulting in sterilization validation protocols that are often cluttered with
arbitrary numerical criteria for the collected data. Unfortunately, these
criteria are generally given the same weight as the microbiological challenge
studies mentioned previously. This should never be the case. Physical data
can never be more than circumstantial evidence that a process is effective.
Consider the following simplistic example of a rather unique sterilization
process:

A hunter shoots at a standing turkey 100 meters away using a shot-
gun. The spread of the shot is known to be 2 meters at 100 meters
from the gun. An excellent shot, the hunter centers his shot on the
turkey and pulls the trigger, and the shotgun fires. Can we conclude
from this alone that the turkey will in fact be killed (sterilized), or
would we be better served to look at the turkey to see if in fact it has
actually been hit by one or more of the pellets and died from its
wounds? Tempted though we might be to rely on the technical data,
direct evidence of process can only be established by examination of
the target.

Knowledge of the physical conditions near an object we desire to steri-
lize suggests that conditions are appropriate for the intended result, but can-
not truly establish that fact. Biological indicators positioned in or on the
surfaces we intend to sterilize provide a clarity of result that is hard to dis-
pute. Properly sited the BI must experience the lethal effect of the sterilizing
agentin order to succumb. Predicting its death, or worse yet explaining away
its survival on the basis of some physical measurement, is wholly inappro-
priate.

So what value, if any, do physical measurements have with respect to
the validation of sterilization processes? Their primary utility is in the com-
parison of one process to another. This can be done in myriad ways (pro-
cess to process, load toload, item to item, etc.), and forms the basis for claims
of uniformity and reproducibility for the process.

Sterilization validation procedures thus should rely primarily on the
results of appropriately designed microbial challenge studies, with physical
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measurements serving solely as corroborative, but certainly not definitive,
evidence of process effectiveness.

Some of the more salient points in the validation of sterile products
include the following:

The bugs don’t lie; the results of BT studies must be considered more
indicative of the process effectiveness than any physical data.

Information on the bioburden present in or on the product is essential
to truly understanding the level of sterility assurance provided.

Microbiological tests are substantially less reproducible than chemical
tests, thus the quantifiable results of any microbial test are less reli-
able.

Sampling of materials, surfaces, and so on for micro-organisms can
perturb the results; not all contamination originates with the pro-
cess.

The use of proper aseptic technique is essential in the maintenance of
sterility in aseptic processing and is the largest contributor to suc-
cess.

Much of what has been proposed as finite standards for successful ster-
ile product manufacture is little more than documented prior suc-
cess. Alternative conditions might be equal to or even superior to
the prior success in their performance.

The sterility test is notoriously imprecise and might be more aptly
termed the “test for gross microbial contamination.”

Isolators need not be perfect for them to supplant manned cleanrooms;
they only have to perform at a higher level. Some isolators are
approaching that now.

5 PRODUCT QUALITY ATTRIBUTES: “99 AND 44/100%
PURE"”

This industry makes its profit from the sale of products, the quality of which
should be the real focus of the validation efforts. If anything is to be taken to
excess in the practice of validation it should be the support we provide to the
quality of our products.

Some years ago when I was head of validation for a major manufac-
turer, we had a single product that made up 40% of our corporate
sales and perhaps 60% of the profits. It was a very simple product
formulation; each strength was a different size tablet made from the
same blended granulation. Nevertheless, each strength was vali-
dated by multiple lots, with at least three of both the largest and
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smallest tablets. In addition, retrospective validation studies were
completed annually, and even the smallest changes were fully evalu-
ated in additional studies. We even joked that the passage of a large
truck nearby might be cause for a new performance qualification
study.

That type of fixation on product quality for a single product family
might seem excessive, but is certainly preferable to the more prevalent
benign neglect that passes for validation of product quality in many firms.
Each of the key quality attributes of the product should be established in a
validation effort that establishes the consistent conformance to the specifica-
tions. As mentioned previously the PQ effort should consist of independent
confirmation of process parameters coupled with in-process and finished
goods sampling of production materials. The combination of parameter ver-
ification with product sampling ties the process to the product.

Figure 1 outlines priorities relative to the validation of products within
a firm. The “jewels” are those products of higher quality and profitability,
whose value to the organization should be protected with validation studies

JEWELS

PROBLEM
PRODUCTS

IMPROVE
PROTECT

LOW VALUE, CASH COWS
LOW QUALITY

MAINTAIN
DELETE

ﬁ
QUALITY

FIGURE 1 Validation—cost and quality implications.
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in an effort to maintain their viability. Typically, management gives these
products the highest priority. Profitable products with quality issues—“pro-
blem products”—should be supported by developmental efforts to resolve
their quality problems and convert them to jewels. This effort is usually the
second priority. Quality products with limited profitability—“cash cows”—
have their status quo maintained to ensure continued compliance. Products
that are neither profitable nor of high quality are candidates for deletion from
the product line. These clearly have the lowest priority of all and perhaps
should not even be on the market.

The conduct of product PQ must be done using the routine process
controls, materials, environment, and personnel. The use of worst-case-type
conditions, asis common in sterilization, is not warranted. The developmen-
tal effort should be focused on establishing “proven acceptable ranges”
(PARs) for both operating parameters, which can be selected independently,
and product attributes, which are dependent upon those process parameters
[10]. For instance, a vacuum drying process might be specified as 12 to 20 h,
with the expectation that it will result in a final loss on drying value for the
dried material of 1-5%. The developmental effort must establish that mate-
rial with 1-5% LOD at that stage of the process is acceptable for further
processing. Once this is confirmed, the independent process parameter PAR
of 12 to 20 h has now been correlated to the dependent moisture content of
1-5% in the material. The experiment can be conducted in either direction.
The drying targets may be established first and then the drying times that
support it identified, or vice versa. With this knowledge in hand, the firm can
now choose to dry every batch for 16 h with the confidence that the final
moisture value will meet the required specification limit. Figure 2 depicts the
relationship between the independent and dependent variables.

The selection of the independent process parameters (which include
the choice of specifications for the raw materials and intermediates) is made
during development in an effort to ensure the appropriate response of the
dependent parameters. The relationship between the independent and
dependent variables need not be linear, and may be inverted. The key is to
recognize that the selection of the independent variable influences the
dependent variable. While this description is simplistic and ignores the pos-
sible influence of other variables, it accurately describes the symbiotic rela-
tionship between process and product. Without a process (as defined by the
selection of the independent variables), there is no product (with its depen-
dent product attributes). Without a product, there is no reason for the pro-
cess. The PAR approach describes how one is to develop the relationship
between the process and its resultant product. There is no reason to choose
one over the other; consideration and confirmation of both is necessary to
validate a product.
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PAR approach to process
validation
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FIGURE 2 PAR approach to process validation.

6 SAMPLING/TESTING: “BLIND MAN’'S BLUFF”

To this point the discussion of process and product validation has focused on
parameters and attributes. The situation is somewhat more complex with
regard to product attributes, as the source of the sample used to assess the
attribute can have a profound effect on the results. To understand this, one
must explore the genesis of sampling practice as performed in this industry.

The pharmacopiea, such as United States Pharmacopica and Pharmaco-
pica Europe, are generally considered the most complete guidance on sam-
pling. After all, samples taken from production materials, whether they are
raw materials or finished goods, are required to conform to the specifications
provided. The focus of this sampling is release-oriented and appears to be
driven from the perspective of the retail pharmacist. At that point in the pro-
duct supply chain there is virtually no distinction among the dosage form
units. Each tablet is expected to contain the required potency of active and
fulfill all its other quality attributes. On this basis, sampling and testing is
clearly random. The origin of the samples tested is unknown, and as a conse-
quence the results can merely confirm or deny the acceptability of the
material. The same situation prevails in the plant when samples drawn from
the process are composited before analysis. Once the sample location has
been obscured, its utility in validation is substantially reduced.

To utilize a blind approach to sampling or random sampling in the vali-
dation of a process or product is essentially worthless. Having established
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the concept or approach of worst case during the design of the validation
plan, the corresponding worst-case sampling approach seems fundamen-
tally sound and more appropriate than random sampling. Samples should
be taken from the production process materials in an effort to examine those
locations within the process equipment or process execution in which the
greatest variability might exist. This can be termed “targeted” sampling, with
the intent of sampling those locations and events that are more likely to vary
from the expected norm. If these samples meet the requirements, one gains
substantially more confidence in the robustness of the process. Consider the
following real-life process:

Actablet compression process operates over multiple days on a single
shift. A single operator is responsible for the operation of the press
over the course of the entire period. During the compression, the
operator resupplies the feed hopper and checks tablet weights,
thickness, and hardness periodically. The operator also has two
short breaks and a lunch period daily. Random sampling of this pro-
cess might be performed on a timed (every hour) or container (every
fifth bulk tablet container basis). Using either time- or container-
based sampling (both are “random” methods), substantial variation
in the process can be easily overlooked. A targeted sampling might
be quite different. Samples would be taken from the press just before
and immediately after each new drum is added to the feed hopper,
just after each restart (the press being stopped during break, lunch
period, and overnight), and every time the feed frame is depleted (as
it might be at the end of each working shift). Some of these events
might have coincided with either time- or container-based samples,
but forcing the sampling toward expected worst-case events and
clearly documenting them can substantially enhance the utility of
the samples taken.

Targeted sampling can be applied to many different process and
equipment situations. A simple analysis of potential process- and equip-
ment-related process variation is used to identify locations to be used in
a targeted sampling. Identification of each sample is retained through
testing. Sampling from worst-case locations in this manner can signifi-
cantly increase confidence in the process’s robustness and ruggedness over
random sampling. Some additional examples of its application are as
follows:

Sampling all four corners and the center of every shelfin a freeze dryer
Sampling a suspension-filling process after every interruption in the
filling process longer than 1 min
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Sampling the bottom of the first drum and top of the last drum in a bulk
subdivision

Perhaps the greatest utility of targeted sampling occurs when the
expected results are not achieved. In a random sampling mode, the absence
of sample source information means that troubleshooting must begin with-
out any insight into potential causes for the aberrant result. In contrast, if
targeted sampling had been performed, process correction is already simpli-
fied, as knowledge of which location, step, or event led to an unwanted out-
come can lead to more rapid resolution of the problem.

In any case, it should be clear that the validation exercise should
encompass significantly more samples than are ordinarily used for product
release. According to USP, typical production batches can be released based
upon the results of as few as 20 dosage form units. Few if any practitioners
would accept such a small sample size in a validation exercise, in which the
number of samples is typically at least tripled (3 X) over the normal release
size. Other firms have adopted even larger multiples, with 5 x, 10 X, and even
20 x having been reported. From a statistical perspective these larger sample
sizes provide substantially more confidence than is available in a typical
release decision.

7 CONCURRENT VALIDATION: “ONE AND ONE AND ONE
IS THREE"”

In a perfect world—one with unlimited resources—all validation is per-
formed prospectively; three trials are performed and the results are reviewed
and approved before commercial use of the process or system. In actuality,
there are numerous instances in which concurrent approaches must be
adopted, including preparation of clinical supplies, manufacture of orphan
and expensive drugs, manufacture of low-volume products, and minor
process changes to established products. For reliable processes, there is
actually little difference between prospective and concurrent approaches.
The results of the validation exercise, whether available from three batches
produced over a longer period of time or closely spaced, should be the same
if the underlying process is in a state of control (recalling that validation is
merely a means of keeping score).

For most products, a properly structured PQ protocol will require rig-
orous acceptance criteria, whether employed concurrently or prospectively.
A protocol with vague requirements will provide very little information
about a process or system. The application of targeted sampling approach
methods in conjunction with 3x or higher sample sizes will result in the
strongest support to process reliability. Concurrent validation can be used
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almost interchangeably with prospective approaches. There are, however,
some constraints with regard to its application.

It is not appropriate for sterilization or depyrogenation processes.

It requires the use of use rigorous quantitative acceptance criteria.

Sampling should be performed using a worst-case approach.

No intentional change to the process should be permitted without con-
sidering recall of prior materials.

Failures require documented investigation and possible recall.

Consider larger sample sizes than prospective efforts to achieve great-
er confidence in the temporary absence of corroborative data from
subsequent production runs.

FDA prefers prospective approaches because process reliability is
established before release to the marketplace.

Properly structured concurrent validation is nothing more than
prospective validation in slow motion. The use of rigorous criteria and a
worst-case sampling approach can assure the suitability of the process and
acceptability of the product. The fact that it should be performed three times
is more a product of regulatory safeguards and FDA guidance than a scienti-
fic necessity.

8 CLEANING VALIDATION: “THE BABY OR THE
BATHWATER?”

Cleaning validation emerged in the early 1990s as a cause celebre across the
industry. When first discussed by regulators, industry often adopted a “deer
in the headlights”-type response. The task was perceived to be so over-
whelming that there was little or no chance of avoiding an adverse comment
on the part of the investigator. Over the course of the intervening decade, the
issues have largely been resolved. Sampling techniques, analytical methods,
and limit selection has been the subject of enough discussion that little mys-
tery remains.

Perhaps the simplest advice that can be given in with regard to cleaning
and its eventual validation is to recognize that cleaning is an essential com-
ponent to the process that must result in effectively cleaned equipment. The
equipment, material controls, procedures, documentation practices, and
personnel aspects thus should be equivalent to those used for the execution
of the production processes. If addressed in that fashion, the cleaning pro-
cesses can be validated far more easily because the controls applied to them
are identical to those used for the production process. An investment in this
level of detailed control and knowledge of cleaning procedures is justifiable
since it ensures reproducibility of the process or end result and the
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concomitant ease of validation that results. (Refer to Chap. 8 for an extensive
discussion on cleaning validation.)

9 CHANGE CONTROL: “I JUST VALIDATED MY PROCESS;
| CAN'T DO A THING WITH IT!"”

As a dynamic and interrelated function, validation is subject to disruption if
there is a change to any of the elements that define that dynamic state.
Changes to equipment, materials, procedures, or personnel could all result
in disturbance of the validated state. According to the cGMP regulations,
firms must have in place procedures that assess and document the impact of
recognized changes to their operating systems and controls. The results of
these assessments can be relatively benign (where the change has been
deemed to have no impact on the process or product) or extensive (where the
extent of the change is so widespread as to force an entirely new qualification
or validation effort). Change is so pervasive in our industry and within any
given operation that the establishment of an effective mechanism to evaluate
all of its nuances is essential to maintaining a validated status. The best
change control programs are all-inclusive and capture all types of changes,
while at the same time ensuring the rapid evaluation of each change by
appropriately qualified personnel. Considering that changes to component
and material specifications, physical equipment, and computer software
could all impact the validated state suggests that firms assess change in the
broadest manner possible. (Refer to Chap. 10 for a comprehensive discus-
sion on change management.)

10 REVALIDATION: “WHEN IS IT REALLY NECESSARY?"”

As described in an earlier section, the validation status of a product, process,
or system can be significantly altered by a change impacting any of the sur-
rounding or core conditions that contribute to a state of validation. This sug-
gests that a firm should be able to validate its operations once and rely on its
change control program(s) to ensure their ongoing sustainability and accept-
ability. While technically correct, this approach is largely frowned upon by
regulators who require that firms establish a revalidation program in which
validated systems and processes undergo periodic reassessment of their vali-
dated conditions.

Current industry practice is to revisit sterilization and depyrogena-
tion processes on an annual basis. This should be done using a pre-
selected worst-case load in each sterilizer. Reliance on empty chamber
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studies is considered by most to be inadequate, as those studies typically
lack the sensitivity to assess subtle changes in the sterilization process
efficacy.

Utility and HVAC systems are among the easiest to address with
respect to revalidation. Their performance is evaluated on a near continuous
basis through the collection and testing of samples taken from the system.
This affords a direct and ongoing assessment of the system’s acceptability for
use. Coupled with effective change control, calibration, and preventive
maintenance programs, the collected data from the system should support
its continued use. The preparation of summary reports on results from the
system on a monthly or quarterly basis precludes the need for further
evaluation.

Production processes and cleaning represent the last major con-
cern with regard to revalidation. There is no widely accepted period to
be used for revalidation for these types of processes, with periods ran-
ging from 1 to 5 years mentioned at industry gatherings. A shorter per-
iod between revalidation is warranted for the highest volume/
profitability products and processes, with successively longer periods
for lesser products, processes, and systems. These studies usually take
the form of a single-lot study using the same acceptance criteria as the
initial study.

Beyond the periodic evaluation of the product, process, or system
it is important to assess that the other elements that contribute to the
validated state are still in place. This would include an assessment of
change controls, calibration, product annual reports (if applicable),
process deviations (waivers, alerts, etc.), physical inspection of the equip-
ment, and an evaluation of relevant regulatory guidance. All of these
help to augment the data generated in the revalidation study and signifi-
cantly support the dossier proving successful validation maintenance.

Demonstration of satisfactory validation maintenance is an
exercise of ongoing monitoring and documentation. Comprehensive
change control documents with linkages to the relevant qualification
or validation summary report that supports the acceptability of the
change will adequately serve as proof of validation maintenance. In the
absence of change (which can only be discerned through ongoing
monitoring of the process or system), a periodic and well-documented
audit of the validated system or procedure may be sufficient. The audit
should include as a minimum a review of system, product and process
performance, production variance, preventive maintenance, calibration,
equipment downtime, relevance of existing qualification and validation
documents to current standards, and physical inspection of the production
environment.
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11 COMPUTERIZED SYSTEMS VALIDATION: “IS THE
INDUSTRY INTERPRETING FDA’S CURRENT
EXPECTATIONS CORRECTLY?"

A major area of activity in the mid-1980s—computerized systems valida-
tion—evolved to a relatively calm area of validation by the early 1990s.
With the double whammy of Y2K and 21 CFR 11, its cause for concern
re-emerged. With the change of the century, Y2K mania largely subsided;
however, the challenges associated with 21 CFR 11 compliance have not.
A seemingly simple issue, establishing the validity of electronic records and
signatures, has mushroomed out of control. A lack of perspective, first on the
part ofthe FDA and later on behalfof the industry, has resulted in huge issues
(and commensurate expenses) for users of computerized systems across
FDA-regulated industries.

Narrowly focused, the tenets of 21 CFR 11 are indisputable: that firms
must establish and maintain the integrity of their electronic information.
What has been lost is the clear indication of which electronic information the
requirements apply to. In my opinion, data generated outside a computer-
ized system, that are manipulated by that system and are ultimately available
in hard copy should not be subject to this ruling. Validation of the computer-
ized system should be more than sufficient to establish that the final docu-
mentation accurately reflects the input information. In that instance, the
computerized system is little more than a tool whose functionality can be
readily established, yet firms are endeavoring to assure 21 CFR 11 compli-
ance for numerous systems in which the computer is little more than an
adjunct to the cGMP activity and corresponding hard copy. Batch record
preparation, SOP and test method archives, and many process equipment
control systems are examples of systems in which requirements for 21 CFR 11
compliance appear excessive. A system that processes or communicates
data or records and subsequently retains and stores hard copies should not
be subject to the 21 CFR 11 requirements. Far too many systems are being
unnecessarily held to the very restrictive portions of 21 CFR 11. Electronic
record retention as defined in 21 CFR 11 has its place, but not necessarily in
every computerized system used within the industry.

One of the other difficulties with computerized systems validation is
the range of system validation requirements for different types of systems.
A simple approach is to separate the computerized systems according to a
defined hierarchy. This serves to reduce the validation requirements for sys-
tems with minimal cGMP impact. A possible approach is outlined below.

All computerized systems are reviewed from a validation perspective.
Depending upon the extent of the cGMP functionality performed by the
computerized system and the criticality of those functions, the extent of the
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validation performed would vary. The following three categories of valida-
tion performed on computerized systems seem to fit most situations:

Validation review—Systems considered for validation review will
likely have minimal cGMP involvement, and failure of the system is
expected to have no significant effect on cGMP compliance. Typical
systems in this category include conveyors, refrigerators, accumula-
tion tables, bail banders, and palletizers. Annotated source code and
operating code (where customary for this project), version numbers,
and complete vendor documentation are required for all systems. It
is expected that the proper functionality of these systems can be con-
firmed during EQ activities. Given the proliferation of computerized
controls for even simple equipment, this category may make up the
majority of systems in a facility.

Targeted validation—Systems suitable for targeted validation are
those performing some cGMP functions and whose failure during
operation could affect cGMP compliance. Systems falling into this
category include filter integrity apparatus, electronic scales, vial
capper, labeling, and machines. Systems in this category will be sub-
jected to all of the requirements for validation review delineated ear-
lier. In addition, each computerized system will be subjected to
focused factory acceptance testing to confirm its conformance to the
design criteria. In most cases, specific software program steps or
modules will be reviewed to ascertain the identified cGMP func-
tions. Acceptance testing of these systems from a control standpoint
shall focus on those functions of the equipment that impact cGMP.
Some of the systems included under this category are “packaged sys-
tems,” in which the software and hardware are duplicated in other
systems sold by the same vendor.

Comprehensive validation—Systems in this category may perform a
number of critical cGMP functions, (e.g., formulation,washing, ster-
ilizing, and filling). Systems within this category are PLC-
assisted manufacturing, washers, sterilizers, and filling machines.
These systems will be subject to validation of their complete
functionality in accord with established industry practices. As these
systems may have numerous refinements and modifications speci-
fic to a particular facility, they require extensive documentation
and testing during system design, development, and integration.
Validation packages for these systems will be representative of
industry norms for systems designed for a single customer. In addi-
tion, validation of these systems will include an audit of the vendor’s
software quality assurance program, to include at a minimum
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change control, personnel qualifications, and documentation
standards.

Once the systems from the three levels are validated, the same levels of
security, change control, and disaster contingency will be applied to all.
(See Chap. 7 for a thorough examination of computer systems validation
and additional discussion about some of its more challenging compliance
aspects. Also see Chap. 7 for a comprehensive examination of FDA’s
expectations as they relate to computer system validation).

12 THE QUALITY AND COMPLIANCE BENEFITS
OF VALIDATION

Those of us who worked in this industry when validation was first introduced
inthe mid-1970s,were at first dismayed by the imposition of this new require-
ment. Once we came to grips with what had to be done, there was a growing
sense that validation was perhaps much more than a regulatory requirement.
Awareness of the teachings of Juran, Deming, and Crosby led many in this
industry to believe that validation could become an inherently beneficial
activity related to true quality and forward thinking.

The following are some positive quality and compliance outputs often
resulting from validation efforts:

Substantial reductions in batch rejections, reworks, reblending, refil-
tration, resampling, and resting. This is a clear benefit resulting from
a validated process or system, coupled with the establishment of
proper process controls.

Reductions in process cycles and consequently utility costs is certainly
possible with optimized processes using appropriate nonarbitrary
controls.

Increased throughput resulting from the elimination of excessive con-
trols that non-validated processes are frequently subjected to.

A streamlined process, offering enhanced troubleshooting when
needed.

Product complaints are often reduced, since a validated process offers
more consistency and opportunity for streamlining.

Validation of a process often results in the reduction of in-process and
finished-product testing requirements. Process controls established
during validation may prove sufficient to assure product quality
without excessive quality markers throughout the process.

Awareness of how process parameters and product quality attributes
are related often results in more rapid investigations into process
failures, glitches, and upsets.
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Formalized qualification efforts can provide more rapid start-up of
equipment and processes.

The same equipment and utilities qualification efforts can serve to
facilitate the maintenance of said equipment, because of the avail-
ability of well-structured, concise, and meaningful qualification
documentation coupled with monitoring data.

Validation activities throughout a facility force greater personnel
awareness of established and formalized procedures and controls.
The fact that the equipment is qualified and processes and systems
are validated often fosters enhanced performance by everyone
involved. The burden of reliability and reproducibility has been
shifted from the employee onto the validated system or process.

Validated processes allow for future automation of that same process.
Automating a nonvalidated process or system is largely meaningless
and potentially disastrous.

Across the industry, there is a clear impression that since process vali-
dation is a regulatory requirement the possibility of any financial return has
been eliminated. As a consequence, it has taken the industry a long time to
recognize that there is a commercial advantage and tangible financial benefit
to validation activities.

If we accept that Juran, Deming, and Crosby are correct in their views
on quality it should be clear that validation must be an inherently valuable activ-
ity. It must be viewed as more than a regulatory requirement a mechanism for
significantly enhanced process control. The pressures to increase profitabil-
ity without compromise to product quality require enhanced methods for
product preparation and production. This can be achieved today through the
employment of a sound validation program.

13 BENEFITS OF VALIDATION

Reduction in rejection, reworks, resamples, retests, reblends, refiltra-
tion, etc.

Reduction in utility costs

Increased throughput

Fewer complaints

Reduction of in-process and finished-product testing

Expeditious investigations

Speedier start-up and consistent performance of new equipment

Easier scale-up from development

Enhanced employee awareness

Reduced failure rates
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Rapid troubleshooting
Automation potential

14 PERSPECTIVES ON IMPLEMENTATION
AND EXECUTION

The remainder of this chapter will address the management of validationina
contemporary setting. The challenges associated with executing validation
are similar to those faced by the industry in other areas. In no particular
order, these challenges are ensuring compliance for all operations, minimiz-
ing time to market for new products and managing to accomplish these in the
face of resource limitations, and maintaining the systems and processes vali-
dated in order to avoid revalidation.

15 MAINTAINING COMPLIANCE

Compliance is so central to industry’s perspective on validation it is some-
times difficult to remember that there are other motivations for it. (see pre-
ceding section). Compliance is nevertheless essential and can be aided by
following some basic tenets.

15.1 Maintain a cGMP-Compliant Facility
Some of the measures used to keep a facility in compliance require a firm to

Execute frequent internal and/or third party audits.

Provide adequate personnel training in applicable regulations, SOPs,
and guidance.

Establish and enforce meaningful quality standards throughout the
operation.

Actively partner with and involve the firm’s vendors, suppliers, and
contractors.

Ensure that all subcontracted production activities meet the same
standards as internal operations and that their operations are trea-
ted as an extension of the contracting company.

15.2 Honor All Commitments
When working with regulatory agencies make every effort to:

Fulfill the company’s obligations by meeting all promised dates for any
corrective compliance actions.
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Respond to regulators in a timely manner (generally within 14 to 21
days of any communication from them).

Be nothing but honest in all dealings. This does not mean it is necessary
to disclose everything.

15.3 Work Proactively
Staying ahead of the curve is always a good idea.

Be vigilant and stay fully apprised of new developments by actively fol-
lowing regulatory actions imposed upon other firms. This allows a
firm to anticipate potential new requirements and specific areas of
interest during inspections.

Build meaningful relationships with regulatory officials. In working
with any regulatory body, establishing a constructive working rela-
tionship will prove extremely beneficial. Learn the prevailing per-
spectives of the investigator, compliance officer, and district
director.

Build a cooperative partnership between the firm and the district and,
when applicable, headquarters.

Seek guidance and clarification from the FDA early on in the process.
Do not attempt to guess at its expectations.

15.4 Minimizing Time to Market

The importance of being first to market with a new product in the phar-
maceutical, device, or biologics industries almost invariably leads to a
larger market share and higher profits. The premium is such that being
able to launch products rapidly can translate to enormous profits. Some
areas that significantly support rapid launch of new products are as
follows:

Project planning and management—Develop master plans for
larger validation projects to provide formalized structure to the
effort. Assign clearly defined roles and responsibilities to
personnel or consultants for all qualification and validation
tasks. Recognize when it’s a small enough task that can be
managed without a formalized planning effort. Integrate tasks wher-
ever possible. (Combine installation and operational qualifica-
tion into equipment qualification and include PQ for simple
equipment.)

Demand more from R&D—There is no replacement for good science,
yet at the same time some critical R&D objectives must be consistent
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with those of operations where the development of a commercially
viable and robust process is concerned. This can be aided by contin-
ued interaction between R&D and operations during the early stages
of development. Wherever possible, use standard technology trans-
fer templates for all new products and develop processes to fit pre-
existing production capabilities rather than aggressively adopting
new technologies.

Standardize production and quality control practices—The use of con-
sistent methods, materials, and practices for formulations, and
packaging keeps costs down and decreases the time required to bring
new products on-stream. A logical extension of this is the use of
identical process and test equipment in all plants, consistent test
methods, and SOPs (including cleaning). A single set of documenta-
tion practices across the entire firm can go along way toward making
everything progress more rapidly.

Enhance Communication—The key players of any project should be in
continual communication with one another. Production, quality
control, R&D, engineering, and regulatory affairs must be able to
work effectively as a team. Holding periodic technology transfer
meetings for each product led by launch facilitators can help ease
communication and accelerate the launch.

Accept some risk—Adopting the most conservative approach in all
decisions is certainly safe, but it is rarely ever quick. Firms must be
willing to accept some degree of uncertainty in their planning and
execution. More data can always be gathered, but the ability (or per-
haps the conviction) to make sound decisions based upon less infor-
mation should be encouraged. This may mean re-education of
internal and external personnel when necessary. If the decisions are
based on sound science, then the firm should be prepared to stand
behind and defend what it believes.

Track and report your progress frequently—The priorities in the vali-
dation area must match those of the operating departments. This can
be achieved through the distribution of updated, periodic issuance of
validation status and activity reports.

Shorten approval processes—The time required to secure approvals of
validation documents should be kept to a minimum. One way to
accomplish this is to minimize the number of review and approval
signatures required. Typically no more than five or six should be
necessary. All reviewers must have sufficient technical background
to understand the documents they are reviewing. In every instance,
the quality assurance unit must be a part of the formal approval
process.
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15.5 Resource Limitations

Most firms are concerned with the appropriate management of limited
resources; therefore it is essential that firms effectively explore the various
ways of saving wherever they can without cutting quality. The following are
a few ways in which this can be accomplished:

Avoid excessive documentation—While documentation is one of the
keys to cGMP compliance (at least according to FDA), there is noth-
ing that requires that paper be used in excess. Incorporation of pre-
viously documented work should be encouraged. A well-articulated
presentation of a process or procedure should be reused wherever
possible. Pictures, diagrams, and tables are worth substantially more
than 10,000 words in the presentation of technical information. Use
procedures, templates, and forms extensively to reduce both execu-
tion and documentation time periods. Use a minimum of clear and
concise prose at all times. “War and peace”-type efforts should be
avoided at all times. Quality and clarity are far more important than
quantity.

Leverage Resources—Make maximum utilization of all available
resources. Several firms have been successful with part-time work-
ers who have been specially trained to conduct validation studies
(e.g., place and recover BlIs, calibrate thermocouples, take samples).
The validation workload can be shared with other departments by
having them complete documentation and collect samples. Use
external help such as graduate students and retirees during peak
workload periods, provided they are adequately trained prior to set-
ting foot in the plant. Obtain vendor and supplier assistance in the
I/O and even PQ of equipment and processes.

Accept only value-added activities—The execution of design qualifi-
cation is generally necessary only in the largest-scale projects.
Specification qualification as a separate activity is rarely neces-
sary. Both of these activities have only limited utility in the major-
ity of validation projects. The repetition of FAT/SAT tests
requirements in I/OQ efforts is extremely wasteful. The equipment
is highly unlikely to change dimensions in transit from the vendor’s
site to yours. Avoid superfluous requirements; the color of the insu-
lation is useful to the electrician repairing the system, but is largely
meaningless in a qualification effort. The repetition of I/OQ tests is
rarely if ever beneficial. Qualification and validation execution is not
batch manufacturing; double signatures are not required on all
entries.
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Make effective use of contractors—All contractors should be provided
with a well-defined scope of work. Their performance against
requirements should be monitored frequently. Hire real expertise
wherever possible; the low bidder may not be fully capable, and true
talentisrarely inexpensive. Be onthe alert for add-on charges such as
administrative fees. Be wary of bait and switch tactics where the A
team bids on the job, but only the C team is ever on site. Use a comple-
tion-based payment schedule to keep contractors performing fully.

Out-source activities—Don’t try to do everything internally; consul-
tants, retirees, college professors, and graduate students can all be
used to supplement your permanent workforce for critical tasks.
Contract services are more available than ever and can provide cali-
bration, maintenance, and analytical testing support. Contract man-
ufacturing firms frequently can assist a firm with the validation of
activities.

Validation maintenance—A comprehensive program supporting vali-
dation maintenance can be of substantial benefit in reducing
resource requirements. It seems logical that the revalidation of a pro-
cess, product, or system should be accomplished with less effort than
the initial effort. Additionally, maintaining a system, utility, or pro-
cess validated will be the most cost-effective approach. By maintain-
ing systems, equipment, and products in a validated state (with the
support of a monitoring program, change management, calibration,
and preventative maintenance), only periodic revalidation will be
required. This has the added benefit of substantially improving the
firm’s compliance posture, along with its bottom line.

16 REGULATORY REALITY CHECK

The following FD 483 observations were drawn from real-life inspections.
Included with each is a brief analysis and recommendation for correcting it
and perhaps preventing its occurrence in the first place.

Observation—"“The revalidation of the ...tablet manufacturing pro-
cess was inadequate in that only one batch was subjected to limited
validation testing for a change in the order of charging raw materials
and the addition of a screening process for the pre-blending step.
This process change was initiated after two batches had failed blend
uniformity specifications.”

Analysis—The firm had a substantial production problem and took
corrective action; however, in its review of the process it considered
the changes it had made as being of minimal impact and subjected
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only a single batch to a formalized validation study. The investigator
was clearly of the opinion that additional batches should have been
produced to support the changes made. In thisinstance I concur,as a
change in order of addition can have a profound effect on the process.
I suppose the firm believed that since the problem was resolved by
the changes they made that only a single batch would suffice. By fail-
ing to support the reproducibility of the process in repeat studies
they erred. Changes to processes, equipment, and products can be
major or minor, and it should be easy to distinguish between them
when we encounter extreme circumstances such as this. In general
one should err on the side of safety and do more than the minimum
required.

Observation—*“The firm failed to complete an equipment qualification
(1IQ/0Q) for their new encapsulation machine prior to use. The firm
lacked data to assure that this encapsulation machine was installed
and working correctly per manufacturer’s specifications.”

Analysis—Requirements for equipment qualification have been in
existence for many years. The FDA outlined the basic requirements
in the Guideline on General Principles of Validation [11]. There is really
no excuse for the firm to have omitted this for a new piece of equip-
ment. Note that FDA used the term equipment qualification, sug-
gesting a combined approach would be acceptable. The FDA
guidance mentioned above speaks only to equipment qualification,
not IQ or OQ.

17 CONCLUSION

What can be done to ensure validation is properly managed? The application
of sound science and proven engineering principles with a healthy dose of

Validation myths Validation realities
Invented by regulators. Closely related to TQM concepts.
Driven by an absolutist mentality. No absolutes—only with

validation of sterile processes.
Not considered a value-added activity.

Costs too much and offers no Provides tangible benefits.
financial reward.
Performed to appease the regulators. The long-term benefits out

weight the initial costs.
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common sense can go a long way to keeping a firm’s validation program on
track. Like any other important activity in a complex organization, valida-
tion must be properly managed. This is especially true given the multi-disci-
plined and cross-functional nature of many qualification and validation
activities. Validation is substantially easier to manage and support when it
is an integral part of the day-to-day operation of the facility.

18 VALIDATION MISCONCEPTIONS AND REALITIES

Some typical misconceptions exist relative to validation that by this day and
age should be clarified. Among them are the following:

Mpyth—Validation is one-time activity, which once completed can be
largely ignored.

Truth—Validation is a journey, part of a dynamic, long-term process,
not a final destination or stopping point. It’s actually a beginning
or starting point for continuous improvement and streamlining
efforts. It should be recognized as a required and integral part
of every procedure, process, or system used for a cGMP purpose.
Validation is best performed when it is practiced in a life-cycle
model, using a cradle-to-grave approach. This provides the
maximum benefitin compliance and finance. Remember that valida-
tion maintenance is essential even when the validation process has
been completed.

Myth—A small cadre of individuals can accomplish validation with
minimal intrusion on the rest of the organization.

Truth—Validation impacts everyone’s job to some degree. Each por-
tion of the organization must contribute to the overall validation
effort to ensure success. No single organization unit can hope to
satisfy all the requirements (and reap the benefits) alone.

Mpyth—Too much is made of validation in this industry. If we are GMP-
compliant, following procedures and making quality products, vali-
dation can be kept to a minimum.

Truth—Validation does not replace the need to do any of those things, it
merely helps us do them in a more consistent manner. Validation is an
essential part of forward-thinking quality and compliance.

Implementing and maintaining a firm in a validated state can at times
seem like an impossible task, but the steady application of sound science
and proven engineering principles throughout the program, coupled
with a healthy dose of common sense, should ensure success. Validation
should not be performed to appease the regulators. We must recognize that
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validation can be an inherently useful activity that can provide meaningful
benefits to a firm when applied in a rational manner. Application of sound
science with due consideration of cGMP should result in validation efforts
focused on the important aspects of equipment, processes, and products.
Acceptance criteria should target the collection of meaningful data rather
than requiring the accumulation of every conceivable piece of information.
Acceptance criteria should also be largely quantitative and not couched in
such terms as suitable, appropriate, and reasonable. The focus of the effort
should be on those aspects that directly impact on the identity, strength,
quality, and purity of the product. Practiced in this fashion, validation is
an activity that is beneficial to any organization: “The difficulty that the
industry is experiencing with validation is not in the basic precepts of vali-
dation, which are laudatory and difficult to dispute. The difficulties arise
when those principles are implemented in excess by individuals who do not
understand them” [12].

19 WORDS OF WISDOM

Validation is a journey, not a destination. A firm is best served when it
recognizes that validation is a required activity necessary through-
out the life of a process, piece of equipment, or system.

Validation is an inherently beneficial activity if we can overcome its
regulatory heritage. It has a lot in common with the total quality
management concepts prevalent in other industries.

The focus of validation should be on the product and its defined quality
attributes. The greatest abuses have come where validation has been
applied to aspects remote from any impact on quality, identity, pur-
ity, and strength.

Some risk is unavoidable in every validation study. The only way to be
totally certain that every dose is safe is to destroy it during analysis.

Microbial tests are substantially less certain than chemical ones,
especially when they entail quantification. Microbial limits must
be looked at with some skepticism; the real value might be some-
thing quite different—either higher or lower—than the reported
one. Consider any “absolute” number with some caution; the
answers are never as clear as they might seem with microbiology.
When it comes to enumeration, microbiology can be less than a pure
science.

Ongoing monitoring, change management, calibration, and preven-
tive maintenance are essential components of validation main-
tenance.
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1 INTRODUCTION

The mission of any ethical pharmaceutical company and the charter of every
regulatory agency worldwide is to provide safe and effective drugs to the
marketplace. Analytical methods play a vital role in supporting every facet
of the drug development and approval process, from discovery through for-
mulation, process development, manufacturing, packaging, and ultimately
the release of both active pharmaceutical ingredients (APIs) and finished
drug products. This importance has been recognized in the United States
by the Food and Drug Administration (FDA), which has published gui-
dances concerning analytical methods [1,2], and internationally, with the
International Conference on Harmonisation (ICH) devoting an entire
“quality topic” to analytical methods [3,4].

While regulatory agencies have been criticized for their lack of consis-
tency from topic to topic, region to region, and in some cases department to
department, globally they agree that analytical methods, which are used in
support of product registration, must be formally proven accurate and
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reliable. The process by which this occurs is validation. In fact, FDA, ICH,
and the U. S. Pharmacopeia and National Formulary (USP/NF) consistently
define validation of an analytical method as “the process by which a method
is tested by the user or developer for reliability, accuracy and preciseness of
its intended purpose” [2].

Regulatory professionals too often assume that any analytical method
can undergo the steps necessary to validate its use in marketing a pharma-
ceutical product. In many cases the need for validation of a particular analy-
tical method is often revealed late in the drug development process by
corporate regulatory and quality assurance (QA) professionals who are
responsible for compliance with the regulatory requirements associated
with product registration. Commonly these individuals view the require-
ments and parameters of the validation processes as independent of the
actual analytical chemistry and technical objective of the method itself.

In fact, method validation is merely the final step in the dynamic pro-
cess of method development. The emphasis must be placed on the develop-
ment stage, since any well-developed method can be successfully validated.
Initial method development must therefore be undertaken with both the reg-
ulatory and technical requirements of validation in mind. While the empha-
sis is placed on method selection, sufficient development time is provided to
ensure that the method meets both its technical and regulatory require-
ments. Only after this development stage is the testing procedure and valida-
tion protocol documentation finalized.

Emphasis is placed on preparing a validation protocol in which the spe-
cific validation experiments and associated acceptance criteria substantiate
that the method meets its technical and regulatory objectives. Only after
these steps does the process conclude with the performance of the formal
validation and generation of the validation report. Finalization of method
development (by way of the method validation) is never truly complete, as
validation is aliving process that encompasses the ongoing use of the method
in various laboratory settings.

Method validation must be performed in a regulatory-compliant envir-
onment. In particular, the organization must have a QA unit (QAU), ade-
quate laboratory equipment and facilities, written procedures, and qualified
personnel. Since a successful validation requires the cooperative efforts of
each of these organizational elements, successful fulfillment of the regula-
tory and technical objectives of validation requires senior management sup-
port. Additionally, it is essential that the organization have a well-defined
validation master plan (VMP) for analytical methods, which defines the
steps necessary to effectively validate methods.

Presented within this chapter are the organizational requirements
necessary to validate methods and a multistep VMP that has been designed
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and proven effective in the validation of hundreds of analytical methods from
a wide range of scientific disciplines. The development and validation of
technically sound analytical methods in the early stages of drug development
may ultimately prove invaluable in the approval process. Lack of validation
can most certainly result in approval delays and possible rejection of data
dependent upon the analytical results.

2 ORGANIZATIONAL REQUIREMENTS

Similar to the production of a finished pharmaceutical, validation of analyti-
cal methods must be performed in a suitable facility. Any organization
responsible for developing and validating analytical methods must have the
“quality elements” shown in Table 1 to demonstrate suitability and control.

TABLE 1 Quality Elements That Define a Suitable Environment for
Method Development and Validation

Quality element Description

Quality assurance Proactive functional group responsible
unit (QAU) for the duties related to QA

Adequate laboratory Facility with adequate space, appropriate
facilities environmental conditions, security, and control

systems, including analytical instrumentation and
equipment that is qualified and suitable for
performing method development and validation

Qualified personnel  Sufficient employees with suitable education,
training, and experience to perform laboratory
experimentation

Training program Comprehensive program that provides effective
regulatory, safety, procedural, and proficiency
training

Written procedures Documents such as Standard Operating Procedures
(SOPs), testing procedures and policies which
provide written instruction to ensure compliant
and consistent performance

Document control Systems that define data handling and management,
report generation, record retention and retrieval,
and security

Change control Chronicles changes made to all of the
quality elements
Internal audits Demonstrate compliance and effectiveness to all

of the quality elements
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2.1 Quality Assurance Unit (Quality Control Unit)

The term quality 