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TOM is a set of systematic activities carried out by the entire organization to effectivelvy and
etficiently achieve company objectives so as to provide products and services with a level of quality

that satisfies customers, at the appropriate time and price.

“Ouality™ refers to usefulness (both functional and psvchological), reliability and safety.  Also
N defining quality, influence on the third parties, societv. the environment and future
generations must be considered.

“Customers™ include buvers but also users. consumers and beneficiaries.

Emﬁﬂwﬂa http://www.juse.or.jp/e/deming/prizelist2004.html

Unionof Japanese Scientists and Engineers




2004 Deming Prize

The Japan Quality Medal
GC Corporation (Japan)
The Deming Prize for Individuals
Mr. Akira Takahashi, Senior Adviser to the Board, Denso Corporation
(Japan)
The Deming Application Prize (alphabetical order)
CCC Polyolefins Company Limited (Thailand)
Indo Gulf Fertilisers Limited (India)
Lucas-TVS Limited (India)
Siam Mitsuil PTA Company Limited! (Thailand)
SRF Limited, Industrial Synthetics Business (India)
Thai Ceramic Company Limited! (Thailand)
The Nikkel QC Literature Prize (Available in Japanese only)
'[_he_tFiést Book of the Taguchi Method , Mr. Kazuo: Tatebayashi, JUSE Press
imite
Breakthrough Management , Dr. Shoji' Shiba, Toyoe Keizai Inc.

BF).4%:2. http://www.juse.or.jp/e/deming/prizelist2004.html

Unionof Japanese Scientists and Engineers




Key Presentation Topics: Previous
visits to Japan (1992 — present)

Today | will share with
you my understanding
on some aspects of how
Next visit? Systems ICH Q8 el relat_e to
iEngineering — Quality these other tOpICS

System
and the role of ASTM




FDA/ISPE Forum on New PAT Guidance
8 December 2004, Yurakucho Asahi Hall
Tokyo, Japan

FioA U.S. Food and Drug Administration < &

FDA /ISPEH &

Process Analytical Technology (PAT) Forum

WMBEFMAOBRE-21 HidEESICH A T AR—AA
( EIRFEER D & )
MReENRILTAHYS AT
FDA & DEENZFEICSMUEEAD !
EEF—RBEBRGOOETHIVET. (HBYYE12A18)

BR: EXReN7+—7 A, NAERERHREE, BXAPDA
#E:  HEHFEE (FE)

FAfER : 12 A8 B (7 ) F51 10 KPS BT 10 Rr¥PlXE - FHRSFRT
28 AXOSMEKR—L (JRILFR AXORE, IVA1 1)




Office ofi Pharmaceutical Science
(OPS), CDER, FDA

2 Responsible for the 2 Protecting and
functions of advancing public
Office of Generic Drugs health
Office of New Drug High quality drugs
Chemistry Secure supply
Office of Biotechnology Affordable drugs

PFO_dUCtS | Speed Innovation
Office of Testing & Public confidence

Research

Focus on improving “process understanding & quality by design”




San Francisto Chronicle

Prescription for trouble
How flaw in FDA safety net may pose risk to public with

generic drugs

FDA castigated over generic drug loophole

LETTERS TO THE EDITOR
Wednesday, December 25, 2002

IN THE DARK AT FDA

JOHN BUFFUM
Pharmacy Planning Services, Inc.
Assoc. clinical professor of pharmacy

UCSF San Francisco
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&€ 3Assuring Quality by Design

7 Provides a higher level ofi assurance

than only “testing to document quality™
Remember the simple illustrations of this
concept by Deming!

7 Currently our regulatory system Is
leaning more towards “testing to
document quality”

Need to strengthen our quality foundation

2 Itis a “Win-V\ﬁin-Wivrl” approach!

Patient Company Society




Deterministic interpretation:
Specification - to - Performance

) “Whe N teSted | N V|VO — Table 7. Results of the Simulation Experiment,
Showing the Number of Batches Belonging to Each
p 0) d U CtS th at me et of the Four Possible Categories
SpeCIfI Catl on are Bioequivalence
blOEC{UIvalent (BE) a‘nd Dissolution Test Passed Failed

those falling S|P e CITiCatl O |y —

are not BE” Failed 653 5604

Due tO randOm Varlatlon, JOURMAL OF PHARMACELTICAL SCIEMCES, VOL. 93, MO 3, MARCH 2004
the deterministic
Interpretation Is not S. Hayes, A. Dunne, T. Smart, J. Davis.

appropriate — conditional Interprgtation apd optimization of t.h.e
o dissolution specifications for a modified
probability ) o 2R
release product with an in vivo-in vitro
7 A strong argument for correlation (IVIVC). J.Pharm.Sci. 93:571-

QbD 581 (2004)




Controlling Dissolution:
Conceptual lllustration

Dissolution =f (Ex1, Ex2, P1, P2, PS...)

Drug Substance 0 0 \

0

O &

Formulation

Process () (

|
!
Product = @ ) @
y

Package —
Shelf life

Control &“Real Time” Release




Quality by Design & Well Understood
Product and Processes

Methods to solve complex 2 All critical sources of
multi-factorial problems . variability are identified
DOE such as Taguchi’s and explained

designs > Variability is controlled by
New measurement, control the process

and information =2 Product quality attributes
technologies can be accurately and
Predict, control and assure reliably predicted over the
quality 2 perfermance design space established
Fun_dame_ntal SCIENCE and =>  for materials used, process
engineering principles parameters, environmental
Knowledge based and other conditions




Design Is about doing things
consciously

Intended Use
Route of administration
Patient population

Product Product Design*
Performance:

Design specifications

reliably and consistently *

deliver the therapeutic
objectives

Design Specifications

(Customer requirements)
Capalbrlrty
Ability to reliably and
consistently
deliver the target

_ product design
Manufacturing Process specifications

Design and Control




Systems Approach: Integration across
disciplines, organization, and over time

Discovery Development Review Marketing

Pre-clinical Clinical
|, 11, 1l Approval IV _AER’s

Pre-formulation
Formulation (Clinical) (Optimization)
Optimization Scale-Up Manufac.
Changes




Elements of QbD (Example) — Bioavailability:
Rapid and Complete Absorption & Reproducible

—

PHYSICAL-CHEMICAL
PROPERTIES

XS

PHYSICAL-CHEMICAL
PROPERTIES

I
IN VITROPHYSICAL-
CHEMICAL
ATTRIBUES

I—»

PHYSIOLOGICAL
VARIABLES

1
IN VIVOPHYSICAL-
CHEMICAL
ATTRIBUTES

PHARMACOKINETIC

PROPERTIES
|




Typical Physiologic Parameters:
Single Dose Easting BE Study

Volume = Gastric fluid + 8 oz water (~300 ml) N
pH of gastric fluid = 1-3

Res. time (fasting) = variable; T50%=15 min.
Permeability - Low , compared to Small Intestine.
Surface tension lower than water, ....

Hydrodynamics?

m (fasting) = what gets emptied + Sl vol.(500 ml?)\
pH = 3-8, surface tension low,...
Res. time (fasting) : 2-4 hours

Permeability - high compared to other parts

=




_—Pharmaceutical Equivalent
|R Products

Reference /\ Test
P

ossible Differences

Drug particle size, ..

Excipients

Normal healthy subjects
Crossover design
Equipment Overnight fast
Glass of water
90% CI within 80-125%
Batch size .... of Ref. (Cmax & AUC)

Critical for patients

and public confidence
In our regulatory system

Manufacturing process

Site of manufacture

(Note: Generally, same dissolution spec.)



Efficacy
Safety

Reduced
safety

asuodsay wnuwixewn %




Uncertainty > “The Current U.S.
Procrustean Bioequivalence (BE)
Guidelines”

7 The manufacturer of the test product must show
using two one-sided tests that a 90% confidence
Interval for the ratio of the mean response (usually

AUC and C,..,) of Its product to that of the reference
product Is within the limits of 0.8 and 1.25 using log
transformed data.

2 (Procrustean ®© marked by an arbitrary, often ruthless disregard
for individual differences or special circumstances.)

2 Note: BCS iIs a nhon-Procrustean advance
2 We should consider other non-Procrustean advances

Leslie Z. Benet, Ph.D. ACPS Meeting April 14, 2004




MEMORANDUM
TO: Members, Advisory Committee for Pharmaceutical Science

FROM: Ajaz S. Hussain, Ph.D.
Chair, The Biopharmaceutic Classification System (BCS) Working Group

Date: 12 November 1997

RE: The Biopharmaceutics Classification System Guidance: Current thinking
and issues for considerations

reformulated during the clirical trials and once again after the clinical
trials were completed (to-be-marketed product) and bioequivalence
tests were performed (clinical product A vs. climcal product B: clinical
product B vs. to-be-marketed product C). Dissolution specification for
these products were set at: not less than 80% released in 30 minutes in
(.1 N HCI using USP apparatus 2 at 50 rpm

Product A was prepared by a wet-granulation process and
contained small particles of the drug { diameter D305 - 80
microns, D20%- 138 microns). This product disinte grated in
ahout 10-12 minutes and dissolved about 68% in 13 minutes
and 99% 1n 30 minutes.

Product B was prepared by direct compression and contained
large particles of the drug (diameter D50%-290 microns, DY0%:-
700 microns). This product disintegrated in about 1 minute and
dissolved about 855 in 15 minutes and 95% in 30 minutes,



Advisory Committee for Pharmaceutical Science

An Update on the BCS Guidance

Waiver of In Vivo Bioeguivalence Sudies for Immediate
Release Solid Oral Dosage Forms Based on a
Biophar maceutics Classification System

Ajaz S. Hussain, Ph.D.

Chair, BCS Working Group
Biopharmaceutics Coordinating Committee
OPS, CDER, FDA
16 November 2000




BCS Class Membership: Risk
Management

Rapid Dissolution (in vivo & in vitro)
Likely Unlikely

.I Dissolution in vivo | | Dissofition likely ®
not likely to be rate to be “rate deterngining.”

- limiting - well Complex in vivo disso. And

.characterized excipients solubilization process.

=
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®
e Some hesitation with

the use of current
dissolution test
and concerns
with respect to ®
excipients.

Generally “problem” drugs
In vitro dissolution may

not be reliable
®
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Volume (ml) of water required to dissolve the highest dose
strength at the lowest solubility on the pH 1-7.5 range




BCS a tool for risk management

72 Assessment of risk

What Is the risk of bio-In-equivalence between two
pharmaceutical equivalent products when in vitro

dissolution test comparisons are used for regulatory.
decisions?

2 Likelihood of occurrence and the severity of the conseguences?
2 Regulatory Decision

whether or not the risks are such that the project can

be persued with or without additional arrangements to
mitigate the risk

7 Acceptability of the Decision
IS the decision acceptable to society?




Differences in Drug Dissolution: Primary
Reason for Bio-in-equivalence(?)

‘Self-evident” - Biowaiver possible
Condition- excipients do not alter absorption
(historical data)

Solutions

Suspensions

Pre-1962 DESI Drugs: In Vivo /sypac-IR (1995)
evaluation for “bio-problem” Dissolution-IR
drugs (TI, PK, P-Chem) Draft BCS
Conventional Post-1962 Drugs: Generally (pre-/post
Tablets In Vivo - some exceptions approval)

Capsules (IVIVC..)

MR Products In VIVO SUPAC-MR
IVIVC

Chewable, etc.




Risk Factor: Excipients

2 Is the [current] approach of evaluating
excipients for decisions related to biowaiver of
oral solutions sufficient?

For BCS based biowaivers a higher standard was
adopted (by limiting biowaivers to highly permeable
drugs)

2 excipients used in solid oral products less likely to impact

drug absorption compared to liquid oral product

High permeability attribute reduces the risk of bio-in-
equivalence

2 decreased small intestinal residence time by esmotic
Ingredients

2 enhanced intestinal permeability (potentially by surfactants)




Low Permeability can pose a
higher risk of bio-In-eguivalence

Sucrose Solution

Ranitidine Conc.

Sorbitol Solution
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0 2 4 6 8
Time in Hours

Metoprolol Conc.

(ng/ml)

Hussain et al, AAPS Annual Meeting 2000
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Failure of Dissolution Tests to Signal
Bio-In-equivalence

Inappropriate “acceptance criteria”
single point criterion
Inappropriate test method
media composition (pH,..)
media volume
hydrodynamics
Excipients affect drug absorption

Other reasons (type Il error)
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Failure to Discriminate Between Bio-in-
equivalent Products: Inappropriate
Acceptance Criteria

Product B
Product B was not

Product A bioequivalent to

Product A

Log(AUCINf): Cl 94.6 - 123.6
Log(AUC): CI 89.1 - 130.0

USP Specification

10 20 30 40 50 Cmax; Cl 105.3 -164.2
Time In Minutes



Risk Factor: Failure to emulate In
VIV disselution process

7 Dissolution methods have evolved over last thirty
years as test method for lot-lot quality assurance

Dissolution volume and composition selected to
maintain “sink” conditions

2 In vivo solubilization (e.g., bile) is a complex process and is
more critical for “low: solubility” drugs

2 Invivo “sink” condition is due to intestinal permeability

Dissolution tests under certain conditions are not
‘discriminatory” (or inability to a priori define optimal
conditions)

2 Multi-media dissolution test for biowalvers

2 Several examples for drugs with pKa in 3-6 range (rule of
thumb: disselution media pH — pKa of drugs (3-6) )




Risk Factor: Failure to emulate In
VIV disselution process

When dissolution is slow (rate limiting) IVIVC have
been demonstrated, however such a correlation
may not hold when certain formulation changes
are introduced

2 For ER products a change in release mechanism

2 For IR products of low selubility drugs (e.g.,
spirinelactone and carbamezapine)

2 Rapid dissolution criteria to ensure that drug dissolution: is
not rate limiting

2 High solubllity, high permeability and rapid dissolution
are utilized to minimize the risks associated with the
use of QC dissolution apparatus and conditions for
decisions on biowailvers




“...effect of disintegration of a dosage form and dissolution of drug particles
depend on the permeability of a drug, with a low-permeability drug having a
greater effect.”

AAPS PharmSci 2001; 3 (3) article 24 (http://www.pharmsci.org).




ICH Q6A DECISION TREES #7: SETTING ACCEPTANCE CRITERIA

FOR DRUG PRODUCT DISSOLUTION , ] / |

What specific test conditions and acceptance criteria are appropriate? [IR]

Clin. Pharm.

Product

Design
(Postulate - dissolution significantly

Confirmed : affect BA? »
Based on mechanism /V

Develop test conditions and acceptance ¢

and/or empirically) .
Manufacturing yd

and Controls \
Do changes in~~_HOW (reliable)?

formulation or ﬁe these changes controlled
manufacturing variables by another procedure

affect dissolution? and acceptance
criterion?

Overall Risk-based
YES
vo CMC: Why?
y 2
Adopt appropriate test condition;
and acceptance criteria without

regard to discriminating power, to
pass clinically acceptable batches.

Adopt test conditions and acceptance
criteria which can distinguish
these changes. Generally, single point
acceptance criteria are acceptable.

Overall CMC Systems approach (e.g., link to morphic form,
particle size, stability failure mechanisms) CMC: Why? Then HOW?

distinguish batches with unacceptable BANA_

Design of P

suolred}19ads 3 S|0J1u0



Metoproelol IR Tablets:
In Vitro - In Vive Relationship

Rapid
901 W % /!
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Metoprolol IR Tablets: Experimental &
Simulation Data
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Dissolution - Attributes: Casual Link

Dissolution isa function of processing variables:

Dissolution = f (Ex1, Ex2, P1, P2, PS...)

Ex1, Ex2 = Excipients (USP/NF)
P1, P2 = Process parameters (time, hardness ...)
PS = Drug particle size (specification)

Y =Dg+ b1 Xy +DbyXy +b3Xz+
D12 X1 Xp + D13 X X3 + Doz Xo X3 + ...




Dissolution Test for QC/QA: What isit telling us?

Cumulative Dissolution and Disintegration Data:
Critical Formulation Variables

MCC(-)
SSG(+)
[MgS(-)]

B
=2
[a)
(o))
=1
(@]
=S

Corresponding
JDisintegration Time
Data  ——=

—— — — — ——

0 5 10 15 20 25 30 35
Timein M inutes

Pharm Dev Technol. 1997 Feb;2(1):11-24.




Generalization?

e Similarity between training (FDA/UMAB) and test (ANDA)
formulations

FDA/JUMAB1 2 3
Binder v v X
v

4 5 6 7 8 9
v v v v v X
Diluent A X X v
Disint. v v
DiluentB Vv Vv <

Lubricant v Vv

Granulation
method

X
v
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Equipment (D/OP)

Drug attributes
and dissolution test conditions




Test Prediction Prediction
Formulation Error 9o : Error %o :

‘ QﬁO) Qﬁ))
-2 -2

ANDA
AND A

1
2

ANDA 3 \ 13 13
4 -6 - 4

ANDA
ANDA 5
ANDA 6
ANDA 7
8
9
o)

ANDA
ANDA
Innovat
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Fermulation “Design Space” for BE?

Component SUPAC Max changein
Reco. component having no
L imit Impact on dissolution
(Level 2) (15% or less difference
In dissolution)
lluent A (IN) 10% 15%
lluent A (OUT) 10% 30%
lluent B 10% 70%
Disintegrant (I N) 2% 7%
Disintegr ant 2% 3%
(Out)
Binder 1% 5%
L ubricant 0.5% 2%

Similarly a “design space” for Shelf-Life would be needed.




Process “Design Space” for BE?

Process options — Direct compression or wet
granulation

Equipment and process parameters based
on “manufacturability” criteria

Design space boundary — acceptable
dissolution

Similarly a “design space” for Shelf-Life would be needed.




CGMP Initiative

" Improveit“

" Unableto prove"
Continuous I mprovement Why? Do what you say
Innovation orrective and Preventive
Actions’

"Say what you do"




The character of the guestions we
ask greatly influences the
appropriateness of the answers
we develop - www.systems-thinking.org

“L_earning Is not compulsery.... neither is survival” W. Edwards Deming




