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Pharmaceutical Quality

* A quality product of any kind consistently meets the
expectations of the user — drugs are no different

e Patients expect safe and effective medicine with
every dose they take

 Pharmaceutical quality is assuring every dose is safe
and effective, free of contamination and defects

* |tis what gives patients confidence in their next
dose of medicine

www.fda.gov 2



FDA's Quality Challenges:

Concentration (mg/mL)

Water Apple Juice Orange Juice Milk
Drinks

Drug Label “To make Neoral Oral Solution MODIFIED more
palatable, it should be diluted with orange or apple juice...The
combination of Neoral solution with milk can be unpalatable...”

www.fda.gov



FDA’s Quality Challenges: Withdrawal of FOA

Budeprion (2006 FDA Approval)

=
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The NEW ENGLAN“D JOURNAL oj MEDICIN

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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300 mg (extended-release bupropion hydrochloride, kinetic parameters such that the
entire 90% confidence interval

manufactured by Impax Labora- Budeprion XL 300 mg became associated with the generic-to-
tories and distributed by Teva the subject of intense media cover-  reference ratio of geometric means
Pharmaceuticals) and the brand- age describing adverse events in  should faH thhln the bioequiv-

to-head bioequivalence study

rug Budeprion XI

www.fda.gov

120+

1004

Wellbutrin XL, 300 mg

(ng/ml)
s B

N
o
1

Budeprion XL, 300 mg

Mean Plasma Concentration of Bupropion
~No
o
1

Hours

Mean Plasma Concentration of Bupropion (Budeprion XL and Wellbutrin XL)
as a Function of Time in 24 Fasting Healthy Volunteers.




FDA’s Quality Challenges: Heparin
Contamination Outbreak in 2007-2008

A total of 152 adverse

reactions associated with | i |
heparin were IdentIfIEd in 113 Contaminated Heparin Associated

H with Adverse Clinical Events and Activation
patients from 13 states from st

November 19, 2007 through
January 31, 2008.

The use of heparin containing a
contaminant identified as

oversulfated chondroitin e e s decm e el o e 53, 1o
sulfate (OSCS) was the cause i the Unid S snd Germy. '

www.fda.gov



Product Recalls due to N-nitrosodi-
methylamine (NDMA) 2018-Present

DOL 10,1 208/61 22480200047 3w Check for
| updates

Rapid Communication

A Cautionary Tale: Quantitative LC-HRMS Analytical Procedures
for the Analysis of N-Nitrosodimethylamine in Metformin

Jingyue Yang,' Tim Andres Marzan,' Wei Ye,' Cynthin D, Sommers,'

MANN x‘nwm

zant MAXIMEM STRENGTH g Jason D. Rodriguez," and David A, Keire'? (0
anmt% _ aC Zantac

Recelved 8 June 2000; aecepred 20 June 2020; published ontine 1 July 2020

Absrract. A private tosting lsboratory reported in o Citizen Petition (CP) 1o FDA that 16
of 38 metformin drug products they tested had N-nitrosodimethyl amine (NDMA) amounts
above the allowable intake (A1) of 96 np/day. Because the FDA had been monitoring drugs
for nitrosamines, orthogonal analytical procedures had been developed, validated and
applied to detect the following nitrosamines in metformin drug products (if present): (1)
NDMA (with o dedicated method) or (i) NDMA (with a second confirmatory method), N-
nitroso-dicthylamine (NDEA), N-ethyl-N-nitroso-2-propanamine (NEIPA), N-nitroso-
diisopropylamine (NDIPA), N-nitroso-di-n-propylamine (NDPA), N-nitroso
methylphenylamine (NMPA), N-nitroso-di-n-butylamine (NDBA) and N-nitroso-N-methyl-
d-aminobutyric acid (NMBA), In contrast to the private laboratory results, FDA testing on

www.fda.gov 6



Patients Deserve Quality Medications

From our perspective: Patients
deserve quality medications

https://www.fda.gov/drugs/news-events-human-drugs/our-
perspective-patients-deserve-quality-medications

Lavwyenon X, Yo, MDD, Acting Diewctor of FDDA's Center for Drog Evaluation and

Research’s Office of Plurmaceuticsl Scienve, discusses the inportant roles of FDA and

drug companies in ensuring quality drug peoducts
Drug quality -- a shared responsibility

Comuumers oxpect and deserve aceess 1o xade, effoctive, lsigh-quality

drugs and it's up to both the FDA and mamufacturers to meke suro

that they are svatishin It 4 FDA'S fob to sstabdich standards, condur
pre-marketing reviews and inspections, and perform post-marketing
warveillance and investigations 1o safeguard that all U5 marketed

drugs are safe, effective and of adequate quality. Dirug companses

have o responeibility 1o et e sandands 10 ensur that quality

products reach patients
One quality voice

Falluzes In drug guality put patients st unoscessacy ik, When

quality issues n manufacturing facilities, product recalis and

plant shardowns ean follow, often resulting in drug shortages. By far

TRaznns - approamatel

The Future of Pharmaceutical Quality

Contents lists avatlable st Sicmnoaiines

International Journal of Pharmaceutics

HEW
Sl

Jaurnsl hamapage: www. alsaviancam/lecutalijpharm

The future of pharmaceutical quality and the path to get there (!-)”_"_M

Lawrence X, Yo', Michael Kopeha

Pod il (g Adesinmerinton, Coimr i Do Frabuiiion ainl Kesewich, Sver Spring. MO 20001 (vied St

A Six Sigma Capable Process is Expected to Have No

More than 3.4 Defects per Million Opportunities

www.fda.gov



FDA’S Pharm. Product Quality Journey

* Process Analytical Technology/Emerging Technology
Program

* Quality by Design
* |ntegrated Quality Assessment

* Concept of Operations for Facility Evaluation and
Inspection For Human Drugs

* FDA Quality Oversight New Initiative: Knowledge-aided
Assessment and Structured Application (KASA)

www.fda.gov



FDA’s Process Analytical Technology
from “Testing Quality in..” to “Building Quality in...”

Guidance for Industry
PAT — A Framework for
Innovative Pharmaceutical

Development, Manufacturing,

and Quality Assurance

US, Department of Health and Human Services
Food and Drug Administration
Center for Dyug Evaluation and Research (CDER)
Center for Veterluary Mediclue (CVM)
Office of Regulatory Affalrs (ORA)

Pharmaceutieal CONMPy
September 2004

www.fda.

Applications of process analyvtical technology to
crystallization processes’
Lawrence X. Yu™, Robert A. Lionberger”, Andre S. Raw”, Rosano D™Costa”,

Huiguan Wu". Ajaz S. Hussain™*

fnation snd Aescawh Fond awd Dy Adascommtos

“Cificr of Gaemersc Dirsgr. Offioe af Mermacessica! Scicece. Conter for
SS00 Frrers {ane 57 US4

Y Office of Pharmscemcioa! Science, Conter fbor Deay £ vsh
Rocérave

Reccived 30 Apal 2003; accepaad & October 2003

Abstract

Crystallzations of pharmaccuncsl acove mpedicnts, particulardy those that posses mulipic polymopioc forms, sre among
oaefactring processes. Many peocess and prodiact Silures can be raced

the moel critcal and ket usderstood phaenaceuticsd
o 2 poor understndng and conzol of oysnifzation processes. Tie Food end Doeg Adminstenion’s process mmalynicad
t with mdhastry 1o moduce neo and officiest mamufactumeg chsologes inlo

techmology (PAT) mitiative is 3 collabocative ¢




Emerging Technology Program (2013)

e Supports industry’s development and
implementation of innovative approaches in
pharmaceutical design and manufacturing

* |dentifies and resolves potential scientific and
policy issues related to new approaches

— Enabled the approval of the first switch from
batch to continuous manufacturing process for
an approved drug

A website and Guidance for Industry were
posted in 2017

www.fda.gov

FOA

Advancement of
Emerging Technology
Applications for
Pharmaceutical
Innovation and

Modernization
Guidance for Industry
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https://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm523228.htm
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM478821.pdf

Modernizing Pharmaceutical Manufacturing: 51
from Batch to Continuous Production

Approvals of applications utilizing
continuous manufacturing (CM)

Vertex ORKAMBI (lumacaftor/ivacaftor,

2015)

Janssen Prezista (darunavir, 2016)

Eli Lilly Verzenio (abemaciclib, 2017)
Vertex Symdeko (tezacaftor/ivacaftor
and ivacaftor, 2018)

Pfizer Daurismo (glasdegib, 2018)
Vertex Trikafta
(elexacaftor/tezacaftor/ivacaftor and
ivacaftor, 2019)

AP| Continuous Manufacturing (2019)
Dialysis solutions (2020)

Continuous bioprocess (2020)

J Pharm Innov
DOI 10.1007/512247-015-9215-8

REVIEW ARTICLE

Modernizing Pharmaceutical Manufacturing: from Batch

to Continuous Production

Sau L. Lee - Thomas F. O’Connor - Xiaochuan Yang - Celia N. Cruz -
Sharmista Chatterjee - Rapti D. Madurawe « Christine M. V. Moore -

Lawrence X. Yu - Janet Woodcock

€ Springer Sciencet Business Media New York (outside the USA) 2015

Abstract The Food and Drug Administration (FDA) regu-
lates pharmaceutical drug products to ensure a continuous
supply of high-quality drugs in the USA. Continuous process-
ing has a great deal of potential to address issues of agility,
flexibility, cost, and robustness in the development of phar-
maceutical manufacturing processes. Over the past decade,
there have been significant advancements in science and
engineering to support the implementation of continuous
pharmaceutical manufacturing. These investments along
with the adoption of the quality-by-design (QbD) paradigm
for pharmaceutical development and the advancement of pro-
cess analytical technology (PAT) for designing, analyzing, and
controlling manufacturing have progressed the scientific and

efficient, agile, flexible pharmaceutical sector that reliably pro-
duces high-quality drugs without extensive regulatory oversight
[1}. The pharmaceutical manufacturing sector is in transition,
but overall processes, which are largely batch in nature, remain
relatively inefficient and less understood as compared with those
in other chemical process industries [2]

The lack of agility, flexibility, and robustness in the phar-
maceutical manufacturing sector poses a potential public
health threat as failures within manufacturing facilities that
result in poor product quality can lead to drug shortages [3]
Drug shortages are a critical health care issue, affecting indi-
vidual patients across the USA. Recognizing that shortages
commonly begin with a supply disruption related to product

www.fda.gov
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Pharmaceutical Quality by Design

 |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

P'harmaceudoal Research, Vol. 25, No. 4, April 2008 (40 2007)
DOE 101007 LTO0S 007 951 L -

Research Paper

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

Lowrence X, Yu'?

Received September 9, 2007 accepted November 26, 2007; published online January 10, 2008

Purpose. The purpose of this paper is o discuss the pharmaceuticsl Ouality by Design (Ob1) and
describe how It can be used to ensure pharmaceutical guality

Materials and Medhods, 1 he OB was described and some of its elements identified, Process paramel ery
andd quality sttnbutes were slentified for ench unit operation durtng manufacture of solid ornl dosipe
forms. The use of Qb was contrasted with the evaluation of produa quality by testing slone

Resules, The QObD ix n systemic approsch (o pharmacentionl development. 1t means designing wnd
developing formulations and manufaciuring processes Lo ensure predefinoed produd quality, Some of the
QbD glemants include:

Dafining tarpet product quality profile

Destgning product snd manubactd

| pProceses
Tdentitying eriticnl quality attributes, process parsme e, and sources of vanability

Contolling munubcturing processes 1o produce consistent quality over time

Concluxtons, Using ObD, pharmaceutical quality w womred by understndiog and  controlling
formulation and manufscturing virables. Product testing amfirms the product quality. Implementation
of ObD will enuble wunsformution of the chiemistry, munufiscturing, and controls (CMCO) review of
nbbreviated new drug applications (ANDAS) inw o sclence based pharmaceutical quulity sssessnent

KEY WORDS: pharmaceutionl quality by design; pharmaceuticnl quality by testing process control
Procesy desipn) process parameter; process viriabilivy; product designg quality sttribute; question-based
review

www.fda.gov
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The AAPS Journal (5 2014)
DO 10.1208/51224 84014 -9598-3

CPPs
Review Article l l l l
Understanding Pharmaceutical Quality by Design CMAs CQAs
Pharmaceutical
Ll Output
Lawrence X. Yu," Gregory Amidon.” Mansoor A. Khan,' Stephen W. Hoag,® James Polli,” Input Operation M pu |
G. K. Raju.** and Janet Woodcock' Materials . atgl’lats or
roauc

Received 17 November 2013; accepred 24 March 2014

Abstract. This review further clarifies the concept of pharmaceutical quality by desgn (QbD) and deseribes
its objectives. ObD elements include the following: (1) & quality target product profile (QTPP) that identifies
the crtical quality attributes (CQAs) of the drug product: (2) product desgn and undestanding including
identification of critical material attributes (CMAs); (3) process design and understanding including
identification of critical pmcess parameters (CPPs), Iinking CMAs and CPFs to COAs: (4) a control strategy
that includes specifications for the drug substance(s). excipient(s). and drug product as well as controk for
each step of the manufacturing process; and (5) process capability and continual improvement. QbD tools and
studies include prior knowlke dge, risk assessment, mechanistic models, design of experiments (DoE) and data
analysis, and process analytical technology (PAT). As the phamaceutical industry moves toward the
impleme ntation of phamaceutical ObD, a comman terminology, understanding of concepts and expectations
are necessary. This unde standing will facilitate better communication between those mvolved i risk-hased
drug development and drug application review.

KEY WORDS: control strategy: critical quality attributes; pharmaceutical quality by design; process
understanding: product understanding.

Fig, A Conlrod stratepy mmplementabion ophions

www.fda.gov 13



Integrated Quality Assessment (IQA): [p/
Process Management

Discipline Expert Assessor

Active Pharmaceutical

Product Experts

‘One Quality Voice’ J

Biopharm Experts

www.fda.gov 14



Ongoing IQA Improvement Effort

* Ongoing IQA improvement
effort helps OPQ to improve

Optimization of Inzeg)
A Batter Project

sessment (1QA]

SBIA-DMF Drug substance workshop

March 3 & 4, 2021 (Virtual)

> X
Le-5unn Chie, David Skenchy and Steven Kinsiey
Division of Lifecycle API

March 3 & 4, 2021 Vietuad

the efficiency and

for API Quaiity

effectiveness of quality |

quality medicines 2re avalabl
pubdic

the Americs

assessments by removing
barriers to communication
and trust and enhancing
clarity around the process,
roles and responsibilities

OBJECTIVES: The abjective of the 1A
team sigrment Is to reduce the variedilay in
fhve a3
ellabs
QA team. Based on an intern:
REPM {Reguistory Business Process Mansger)
worked with abcut 17 different ATLs
{Application fechnical Leads] and about 109
[ferent Primary Assessars aver the course of

yoar

member being zelected from # large oo
The small group = e

tiarsis OGRS
easing Internal cenmunication
o will Improve the overall
efficiency of 1A process

www.fda.gov

www.fda.gov

RESULTS
AnInzernal warkng g70up estsblished with representatives
from sll UPQ rewew disciolines to develop & ve:

QA pracess sad con

Tor tre improve scted o ik
validato the g <-hased KA 9
as ments of drug substance, drug preduct, manufacturing,
microbiology, and biogharmeceutics. This apgroach
maxmizes each team member's expertize.

s The

e aplimization of ICA pe

4104 pactice The new aligned team is 3

ler poat af

The small grou;
e increases
cammunization and ¢
efficiency cf 1A proc
work peactices. increased interaction and famikerity within
the team facilitetes better communistion.

>RSP, AL, 2nd other sz
reguiarly

»Each twa
praces:
roles

»Algred team provides betts
discussion of technical iss

ors wil meet

continuty in

a5 and enable tasm
decision (o e made o limely mannes

»Both communication and collaborat
mpecved.

> Eeseof data shaning actoss teem member
> Colabaration belween leam membe
>

Cloar Communication
Clear Assessment Responsio
> Meeting Gonl Dates.

2 cilitsle T
e

> Miake sure the L ot A
27¢ Lo to date and zubmitied &
tmely manner

Respond to any communications {Uefciences,
Comments, ar Informaton requests) by the

the FDAIn 2

v

TEqUEStEY ate 01 |COner

» Communicate between DMF holders and
Applicants ta avoid submissicn of DMF
smendments which could impact the review
tmeline of soplkations.

FOA

CONCLUSIONS

The cptmized Algred of KA process reduces the
communication barriers, incrasses process eFioenc:
ables ABEMS anth ATLS 10 manage team mone
dynam poal of
1QA tesmmates. The woriioad af each QA team
fiuctuntas month dy mcath due to the smaller taam size.
several approaches have been implemented to xchie
mare workload besnce withous sacrfizing the elighed

ally. The now Signed teem is 3

» The IQA Prozess i an integrated aasessment process
Incorgorating 2 broad mpertise and s encapsulsted in
the OPQ motto, “One Quality Voxe.

> The perw Aligned Teaen I0A P

mare timely reviews

Pould tear te

rt of Algned Teams for ANDAS was on

» The DM helcer can assist the procass by responding
t0 DA deficiencies, comments and informa:
s when requested or

» The DMF hoider 3nd Applicants can commanicats
€ach other ta make zure o Information required for
the sszezsmant of the agplicaticn = readiy svallsle
0 the FDA within the 2S5esSMEnt cycle.
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Today’s Lifecyle APl Assessment

Innovation
— Lead the development of workload management tool
Transparency
— Provide industry transparency on the API review process, review policy, and technical standards
to provide better clarity on expectations
Collaboration
— Working with field investigators and other discipline experts to perform comprehensive API risk-
based quality assessments
Communication
— Leverage transparency and understanding so that FDA and industry can improve communication
resulting in a more efficient review process for APl DMFs and the applications they support
Engagement
— Increase industry understanding of the process and technical standards through the talks/posters
and multiple opportunities to have questions answered by FDA staff

www.fda.gov
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Integration of FDA Facility Evaluation and
Inspection Program for Human Drugs: A Concept of
Operations (2017)

* OnlJune 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:

— Pre-Approval Inspection
— Post-Approval Inspection
— Surveillance Inspection, and

— For-Cause Inspection

https://www.fda.gov/drugs/pharmaceutical-quality-resources/integration-fda-
facility-evaluation-and-inspection-program-human-drugs-concept-operations

www.fda.gov 17



Concept of Operations Highlights

* Improved communication with stakeholders
e decisional letters and follow-up engagements

* Defined timelines

* Parity between domestic and international
functions

e Streamlined work flow

* Clear roles and responsibilities

www.fda.gov 18



Knowledge-aided Assessment & Structured [5Y)
Applications (KASA) Initiative

Contents lists available at ScienceDirect

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 & = )

structured applications

Chock far
Cperies

Lawrence X. Yu', Andre Raw, Larisa Wu, Christina Capacci-Daniel, Ying Zhang,

Susan Rosencrance

Food and Drug Administration. Center for Drug Evaluation and Research, Silver Spring MD 20993, Unired States

ARTICLE INFO

Keywords:
Pharmaceutical quality
Knowledge management
Risk assessment

Risk control

Structured application

ABSTRACT

This paper describes a new FDA's pharmaceutical quality assessment system: Knowledge-aided Assessment &
Structured Application (KASA). The KASA system is designed to: 1) capture and manage knowledge during the
lifecycle of a drug product; 2) establish rules and algorithms for risk assessment, control, and communication; 3)
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.

The KASA System:

A data-based
platform for
structured quality
assessments and
applications that
supports knowledge
Mmanagement

www.fda.gov
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KASA: Content Management  [é

Knowledge-aided
Assessment

Structured Application

Pillar 1 Pillar 2 Pillar 3
Assasamaent of Controd of risk
risk to quality by assessing b\ s3e31ing
product mnnuhcmm‘
acility
What information is submitted? } ICH M4Q

Knowledge Managen%
¥

sirion
(Product, Manufacturing, and Facility)
Electronic data standards —_— PQ-CMC
integrated set of tools and framework to content and organization of
aid regulatory assessment and submission and electronic data
knowledge management standards

www.fda.gov 20



— Process Analytical Technology/Emerging Technology Program

Summary

e Patients deserve quality medications

— Quality by Design
— Integrated Quality Assessment

— Concept of Operations for Facility Evaluation and Inspection
For Human Drugs

— FDA Quality Oversight New Initiative: Knowledge-aided
Assessment and Structured Application (KASA)

www.fda.gov 21



Thanks

* Our hosts: CDER Small Business & Industry
Assistance

* ONDP Lifecycle APl Leadership and Staff

* OPQ

* Other CDER Offices

* APl assessment is a true team effort!

www.fda.gov
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