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Withdrawal of Generic Budeprion for Nonbioequivalence
Janet Woodcock, M.D., Mansoor Khan, R.Ph., Ph.D., and Lawrence X. Yu, Ph.D.
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2007-2008 Heparin
Contamination Outbreak

e Atotal of 152 adverse reactions associated with heparin were
identified in 113 patients from 13 states from November 19,
2007, through January 31, 2008.

e The use of heparin containing a contaminant identified as
oversulfated chondroitin sulfate (OSCS) was the cause
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FDA Quality Oversight Challenges in
Early 2000’s

e Quality by Testing (QbT) Approach
— Review emphasized specifications and testing

— Specifications derived empirically based on limited batch
data

— Very little emphasis on linking product quality attributes with
clinical performance

e Siloed review disciplines related to quality
e Siloed review and inspection functions

Pharmaceutical Quality = Drug Meeting Regulatory Specifications




FDA
Early 2000s: FDA Embarks upon .
Pharmaceutical Quality for 215t Century
Initiative

Vision
“A maximally efficient, agile, flexible
pharmaceutical manufacturing
sector that reliably produces high
quality drugs without extensive
regulatory oversight”

-Dr. Janet Woodcock



Quality by Design

e ICH Q8(R2)

— Pharmaceutical Quality by Design (QbD) is a systematic
approach to development that begins with predefined
objectives and emphasizes product and process
understanding and process control, based on sound science
and quality risk management

e Quality by Design Tools

— Prior knowledge

— Risk assessment

— Design of experiments (DOE) and data analysis

— Process analytical technology (PAT) tools



Design Space: Regulatory Challenges
(2006 DIA Annual Meeting)

10 Fold

Generation

lConfirmation

®

Potential Design Space Design Space

1=

Annual (Meeting Hlji



Pharmaceutcal Research, Vol 25, No. 4 April 2008 (0 2007)
DO 10,1007 /5110950079511 -1

Research Paper

Pharmaceutical Quality by Design: Product and Process Development,
Understanding, and Control

Lawrence X. Yu'=

Recerved September 9 207 accepied Novemmber 26, 207 published online January 10, 2008

Purpose. The purpose of this paper is v discuss the pharmaceutical Quality by Design (ObD) and
describe how it can be used to ensure pharmaceutical gquality.

Materials and Methods. The ObD was described and some of its elements identified. Processs parameters
and quality attributes were ddentified for each unit operation during manufacture of solid oral dosage
forms. The use of ObD was contrasted with the evaluation of produat quality by testing alone.

Results. The ObD is a systemic approach o pharmaceutical development It means designing and
developing formulatons and manufacturing processes 1o ensure predefmed prodoua quality. Some of the
ObD glements include:

— Defining target product quality profile

— Designing product and manufacturing prooesses

— Identifying critical quality attributes, process parameters, and sources of variability
— Controlling manufaduring processes o produce consistent quality over time

Conclusions. Using ObD. pharmaceutical quality is sssured by undemstanding and controlling
formulaton and manufacturing varables. Product testing comfirms the product quality. Implementation
of ObD will enable transformation of the dchemistry, manufascturing. and controls (CMC) review of
abbreviated new drug applications (ANDAs) nto a science-based pharmaceuatical quality assessment

KEY WORDS: pharmacsutical quality by design: pharmaceutical gquality by testing: process control:

process design; process parameter; process variability; product design; quality attribute; question-based
TEVIEW,
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Review Article

Understanding Pharmaceutical Quality by Design

Lawrence X. Yu,'"” Gregory Amidon,” Mansoor A. Khan,' Stephen W. Hoag,” James Polli,”
G. K. Raju™” and Janet Woodcock'

Received 17 NMovember 2013, accepied 24 Marnch 2004

Abstract. The review further clanfies the concept of pharmaceutical quahty by deagn (Qbl) ) and descnibes
its objectives. (b elements incluide the following: (1) a quabty target product profile ((OTFF) that dentifies
the cntical quahty atinbutes (0 As) of the drug product; (2) product desgn and understanding including
entificatbon of critical matenal attmbutes (CMAs) (3) process design and understanding incliding
dentfication of criical process parameters (CPPs), Imkmg CMAs and CPFs to CQAs; (4) acontrol strategy
that includes specifications for the drug substance(s), excipient(s), and drug product as well as controk for
each step of the mamutacturing process; and (3) process capabibity and contimual mprovement. Q'blD) tools and
studies include pnor knowledge, nsk ascssment, mechanistc modek, design of experiments (Dok) and data
analysis, and process analybcal technology (PAT) As the phammaceutical industry moves toward the
mm pleme ntation of phamaceutical QbD, a commaon termmaology, understanding of concepts and expectatons
are necessary. This unde standmng will facilitate better communication between those nvalved n rek-based
drug development and drug apphcation review.

KEY WORDS: control strategy: cntical quabty atinbutes; pharmaceutical quality by design; process
understanding; product understanding.



Relationship of
CMA, CPP, and CQA

CPPs
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CMAs Pharmaceutical CQAS
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Materials Materials or
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A CQA of an output material may become a CMA
If it becomes an input material of another unit operation
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Product and Process

Understanding: Linking CMAs and CPPs

to CQAs
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Control Strategy
Implementation Options
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automatic
control +
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variability in the input
material attributes
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Approach
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Quality by Design (QbD) and
Question-based Review (QbR)
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Question-based Review

 Question-based Review (QbR) is a general framework
for a science and risk-based assessment of product
quality

QbR contains the important scientific and regulatory
review questions to:

— Set regulatory standards relevant to product performance
(safety and efficacy)

— Assess applicants’ understanding and control of product and
manufacturing

16



Advantages of the QbR

Guides industry by
making the Agency’s
expectationsclear

<

Directs industry
towards
Quality by Design

Promotes consistency
in the information
provided in ANDAs

Facilitates a
consistentand
comprehensive
review process

Focuses the reviewer
on those areas that
affect product quality

Assists the reviewer in
evaluating critical
formulation and
manufacturing variables
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Delivering on the 215 Century Quality Goals

CDER'’s
Office of Pharmaceutical Quality

(OPQ)

OFFICE OF ]anuary 11, 2015

PHARMACEUTICAL QUALITY

Advances FDA’s Quality Initiative to the next level
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Office of Pharmaceutical
Quality Became Official on Jan 11, 2015
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FDA OPQ Organization

Immediate Office
Director: Mike Kopcha
Deputy Director: Lawrence Yu

Office of Program and

Regulatory Operations
Acting Director:
Don Henry

Office of Policy for

Pharmaceutical Quality
Director:
Ashley Boam

Office of Biotechnology Office of New Drug

Products Products
Director: Acting Director:
Steven Kozlowski Giuseppe Randazzo

Office of Lifecycle Drug Office of Testing and

Products Research
Director: Director:
Susan Rosencrance Sau (Larry) Lee

Office of Surveillance
Director:
Lucinda Buhse

Office of Process and
Facilities
Acting Director:
Lawrence Yu




Mission “Impossible”

e Quality (chemistry) assessment includes:
— Drug substance

— Drug product including specialized and complex
dosage forms

— Manufacturing and sterility assurance

e Scale up and commercial manufacturing

— Biopharmaceutics

21



Team-based
Integrated Quality Assessment (IQA)

Discipline Reviewers

Drug Substance Product Technical Advisors

Experts OPQ Laboratories
Policy
1 Surveillance

‘One Quality Voice’ J N— Others, as needed

Biopharm

Application Technical Lead (ATL) - oversees the scientific content of the assessment
Business Process Manager (BPM) - manages the process, adhering to the established
timelines
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Team-based Integrated Quality
Assessment (IQA) - Advantages

* Close collaboration and communication among
disciplines in a team environment yields better decision
making

e Assures the application of uniform quality standards
and promotes consistent regulatory practices

e |ntegration of quality review with inspection results in
more informed decision making on facility acceptability
and application approvability

 Promotes building an integrated knowledge base

23



FDA
FDA CONCEPT OF OPERATIONS FOR FACILITY .
EVALUATION AND INSPECTION FOR HUMAN DRUGS

On June 6, 2017, the Center for Drug Evaluation and
Research (CDER) and the Office of Regulatory Affairs
(ORA) have entered into an unprecedented concept of
operations (ConOps) agreement to integrate facility
evaluations and inspections for human drugs... ConOps
will enable CDER and ORA to more effectively manage
the growing complexity of the pharmaceutical
landscape and to meet new challenges.
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New Steps To Strengthen FDA’s Inspection And
Oversight Of Drug Manufacturing

Posted on August 31, 2017 by FDA Voice

By: Scott Gottlieb, M.D.

Manufacturing of drugs has become increasingly complex and global, requiring us to
remodel our oversight of these tasks, to improve FDA's efficiency and reach. As a step
toward achieving these goals, FDA previously announced that we're restructuring our
field activities, to direct our focus and organization around the programs we regulate,
instead of our previous structure, that organized our activities and resources based on
geographic regions. This allows us to better align the expertise of our staff and make
more efficient use of our resources.

As another key step towards achieving these
goals, the FDA's Center for Drug Evaluation
and Research (CDER) and the Office of
Regulatory Affairs (ORA) are implementing a
new, historic concept of operations
agreement to more fully integrate the drug
review programs with the facility evaluations
and inspections for human drugs. This new
collaboration is a model for how we'll
modernize other parts of our organization to
better achieve our mission.
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The FDA ConOps Involves
the Following Offices:

e Center for Drug Evaluation and Research
— Office of Pharmaceutical Quality (OPQ)

e Office of Policy for Pharmaceutical Quality
e Office of Process and Facilities
e Office of Surveillance

— Office of Compliance (OC)
e Office of Manufacturing Quality (OMQ)

o Office of Regulatory Affairs (ORA)
— Office of Operations
— Office of Pharmaceutical Quality Operations
— Office of Medical Products and Tobacco Operations
— Office of Policy and Risk Management

26



Concept of Operations Benefits

e Create and implement a formalized and streamlined
facility evaluation and inspection program that ensures:
0 Consistency, efficiency, and transparency in facility evaluations,

inspections, and regulatory decision-making for marketing
applications across the FDA;

O Strategic alignment across application functional units by clarifying
roles and responsibilities;

O Improved FDA’s operational capacity by enhancing collaboration
between various CDER and ORA offices;

0 Enhanced quality and increased access to facility and regulatory
decisional information across FDA;

O Improved timelines for regulatory, advisory, and enforcement
actions to protect public health and promote drug quality, safety,
and effectiveness.

27



New Pre-Approval Inspection Process:
Integration of Review and Inspection

Submission of OPF conducts facility ORA lmrestlgator.s .Iead a_nd Inspection team issues Inspection team
. - OPQ SMEs participate in
application assessment T FDA 483 as necessary completes report

IQA team assesses
accuracy and integrity ORA schedules inspection
of application

Refer to Surveillance
Inspection Diagram

IQA team develops an
inspection strategy with
input from facility
assessment and review of
application

I0A team reviews
report w/ other
discipline reviews and
makes
recommendations

OPF monitors facility IQA team issues IR/CR as
status appropriate

OPF provides facility Process/Facility
recommendation to portion of IQA
IQA team assessment complete

Applicant responds
and IQA team reviews



FDA Quality Oversight Progress

e Quality by Design
e Integrated Quality Assessment

— Integrating review disciplines

— Integrating review and inspection
 FDA Quality Oversight New Initiative:

Knowledge-aided Assessment and Structured
Application (KASA)

29



Knowledge-aided Assessment and
Structured Application (KASA)

Knowledge-aided
Assessment

Pillar 1 Pillar 2 Pillar 3
Structured Assessment of risk Control of risk to Control of risk to
H H to quality by quality by quality by
Appllcatlon establishing rules assessing product assessing manu-
and algorithms design, under- facturing &
standing, and facility; when
quality standards needed,
performing
preapproval
inspection

The Knowledge Base
(Product, Manufacturing, and Facility)
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Purpose of KASA

Capture and manage knowledge during the
lifecycle of a drug product;

Establish rules and algorithms for risk assessment,
control, and communication;

Perform computer-aided analyses of applications to
compare regulatory standards and quality risks
across applications and facilities; and

Provide a structured assessment that minimizes
text-based narratives and summarization of
provided information.
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FDA Advisory Committee

Meeting, September 20, 2018




Knowledge-aided
Assessment

Pillar 1 Pillar 2 Pillar 3

Assessment of risk Control of risk to Control of risk to
to quality by quality by quality by
establishing rules assessing product assessing manu-
and algorithms design, under- facturing &

standing, and facility; when

quality standards needed,
performing

preapproval
inspection

The Knowledge Base
(Product, Manufacturing, and Facility)

Retrospective Prospective information
information structured as per
PQ-CMC
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4th PQRI/FDA Conference
April 11 10-11:30 AM, 2019

e Introducing FDA’S New Initiative: KASA
(Knowledge-aided Assessment and Structured
Application)

— Moderator: Lawrence Yu

— Presenters: Susan Rosencrance, Andre Raw, Derek
Smith, and Mary Ann Slack

— Panelists: Susan Rosencrance, Sharmista Chatterjee,
Mahesh Ramanadham, Paul Seo, Larisa Wu, Ramesh
Sood, Geoffrey Wu

34



Contents lists available at ScienceDirect
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International Journal of Pharmaceutics: X

journal homepage: www.journals.elsevier.com/international-journal-of-pharmaceutics-x

FDA’s new pharmaceutical quality initiative: Knowledge-aided assessment & = )

. . Check for
structured applications i
Lawrence X. Yu', Andre Raw, Larisa Wu, Christina Capacci-Daniel, Ying Zhang,
Susan Rosencrance”
Food and Drug Adminisiration, Center for Drug Evaluation and Research, Silver Spring, MD 20993, United States
ARTICLE INFO ABSTRACT
Keywords: This paper describes a new FDA’s pharmaceutical quality assessment system: Knowledge-aided Assessment &
Pharmaceutical quality Structured Application (KASA). The KASA system is designed to: 1) capture and manage knowledge during the
K“‘;{Wle‘ige management lifecycle of a drug product; 2) establish rules and algorithms for risk assessment, control, and communication; 3)
Risk assessment

perform computer-aided analyses of applications to compare regulatory standards and quality risks across ap-
plications and facilities; and 4) provide a structured assessment that minimizes text-based narratives and
summarization of provided information. When fully developed and implemented, KASA will enrich the effec-
tiveness, efficiency, and consistency of regulatory quality oversight through lifecycle management of products
and facilities, and information sharing in a standardized and structured format. Ultimately, KASA will advance
FDA’s focus on pharmaceutical quality, the foundation for ensuring the safety and efficacy of drugs.

Risk control
Structured application

35



The Future of Pharmaceutical Quality

Contents lists available at ScienceDirect
International Journal of Pharmaceutics
journal homepage. : www.elsavier.com/locate/ ijpharm

The future of pharmaceutical quality and the path to get there @Cmm
. Yu®, Mi Kopcha
Food Drug Administrati Evaluation and Researct 2099:

A Six Sigma Capable Process is Expected to Have No
More than 3.4 Defects per Million Opportunities
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