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= Pharmacopeia

= QbD (Quality by Design)

— Quality, safety, and efficacy are designed or built into the product.
Quality cannot be adequately assured merely by in-process and finished-
product inspection or testing.
(US FDA Guidance for Industry, Process Validation: General Principles and
Practices; Il. A.)

— Quality by Design (QbD): 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. (ICH Pharmaceutical Development Q8(R2))

How to define the test item and criteria



= Examples of QbD (Quality by Design) from US FDA

— Quality by Design for ANDAs: An Example for Immediate-Release Dosage
Forms

— Quality by Design for ANDAs: An Example for Modified Release Dosage
Forms

= List of Abbreviations about QbD
— ANDA: Abbreviated New Drug Applications
— RLD: Reference Listed Drug
— BE: Bioequivalence
— QTPP: Quality Target Product Profile
— CPP: Critical Process Parameter
— CQA: Critical Quality Attribute
— DOE: Design of Experiments

QbD (Quality by Design)
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= Analysis of the RLD Product (Development of Generic Acetriptan Tablets, 20
mg)
— Clinical: Indications & Usage, Dosage & Administration, Adverse Reactions

— Pharmacokinetics: Tmax, AUC and Cmax

— Drug Release: Biopharmaceutics Classification System (BCS) Class |,
Dissolution profile

— Physicochemical Characterization

Table. Physicochemical characterization of Brand Acetriptan Tablets, 20 mg

Description White round tablet debossed with ACE
Batch No. AB9TOR

Expirv date November 2011

Strength (mg) 20

Average weight (mg) 201.2

Score No

Coating Uncoated

Diameter (mm) 8.02-8.05

Thickness {mm) 2.95-3.08

Volume (mm”)

150.02 average measured using image analysis

Hardness (kP)

7.4-101

Disintegration time (min)

14-1.6

Disiutegrn tion observation

PFapidly disintegrates into fine powder

Aszsay (% wiw of label claim)

09.7-100.2

Related Compound 1 (RC1) (%) ND
Related Compound 2 (RC2)

identified as ACE12345 (%) 0.41-0.44
Related Compound 3 (RC3) (%) ND
Eelated Compound 4 (RC4) (%) ND
Highest individual unknown (%) 0.07-0.09

Example of QbD



= Analysis of the RLD Product (Development of Generic Acetriptan Tablets, 20
mg)

— Composition: Based on the RLD labeling, patent literature and reverse
engineering

Table. Composition of Brand Acetriptan Tablets, 20 mg

. Unit Unit
Component Function (g per tablet) | (% wiw)
Acetriptan, USP Active 20.0 10
Lactose Monohvydrate, NF Filler 64-86 32-43
Microcrystalline Cellulose (MCC), NF Filler 72-92 36-46
Croscarmellose Sodmum (CCS), NF Disintegrant 2-10 1-5
Magnesium Stearate, NF* Lubricant 2-6 1-3
Tale, NF Glidant/Lubricant 1-10 0.5-5
Total tablet weight 200 100

*Magnesium stearate level estimated by EDTA titration of magnesium.

Example of QbD



= QTPP for the ANDA Product

Table. Quality Target Product Profile (QTPP) for Generic Acetriptan Tablets, 20 mg

QTPP Elements Target Justification
Pharmaceutical equivalence
requirement: same dosage form
Immediate release tablet Immediate release design needed

Dozage form Tablet

Dosage design

without a score or coating to meet label claims
Pharmaceutical equivalence
Foute of administration Oral requirement: same route of
administration
Pharmaceutical equivalence
Dosage strength 20 mg 1

requirement: same strength

' . Biceguivalence requirement
Immediate release enabling T 1

Pharmacclinetics Tpay 10 2.5 hours or less;

Bioequivalent to RLD Needed to ensure rapid onset and

efficacy
- At least 24-month shelf-life at || Equivalent to or better than BT D
Stabality .
y room temperature shelf-life
Physical Attributes
Identification
Assay
Drug product Content Uniformity Pha.rmau:e.mi-:al equiﬁ'alequ:e requii‘en.}eut: Must meet the.samg
=P Dizsclotion compendial or other applicable (quality) standards (i.e. identity,
guality attnibutes - . o
Degradation Products | assay, purity, and quality).
F.esidual Solvents
Water Content
Microbial Limts
Container closure system Needed to achieve the target
Container closure system gqualified as suitable for this shelf-life and to ensure tablet
dmg product integrity during shipping

ELD labeling indicates that a high
fat meal increases the AUC and

Administration/Concurrence with labeling Similar food effect as RID Couas by 8-12% The product can
be taken without regard to food.
Alternative methods of administration MNone MNone are listed in the RLD label.

Example of QbD




= CQA for the ANDA Product
Table. Critical Quality Attributes (CQAs) of Generic Acetriptan Tablets, 20 mg

ality Attributes Is this a . .
o?:'lhe Emg Product Target CQA? Justification
Color and shape
A acceptable to the N Color, shape and appearance are not directly linked to safety and efficacy. Therefore,
ppearance patient. No visual tablet © they are not critical. The target is set to ensure patient acceptability.
defects observed.
In general, a noticeable odor is not directly linked to safety and efficacy. but odor can
Odor No unpleasant odor No aﬁ'e.c:t.patient iacceptabilit}'. For thiap{c-dut.ct. I:!.E'ithE'i'. the dﬂ.;g mbstaﬂu:.e nor the
) excipients have an unpleasant odor. No organic selvents will be used in the drg
ih:’".’;:lfl . product manufachuring process.
Afniutes < o For comparable ease of swallowing as well as patient acceptance and compliance with
ize Similar to R1LD Neo . : S -
treatment regimens, the target for tablet dimensions is set similar to the BLD.
Score The RLD is an unscored tablet; therefore, the generic tablet will be vnscored. Score
. Unscored Na . " . =
configuration configuration is not critical for the acetriptan tablet.
Friability is a routine test per compendial requirements for tablets. A target of NMT
Friability NMT 1.0% wiw No 1.0% w/'w of mean weight loss assures a low impact on patient safety and efficacy and
minimizes customer complaints.
Though identification 15 critical for safety and efficacy. this CQA can be effectively
. . e - - controlled by the quality management system and will be monitered at drog product
Identification Positive for acetriptan Yes? release. F-::-n.nulatflnu and process variables do not impact identity. ThEi'ef-::-re_Pthis CQA
will not be discussed during formulation and process development.
100% wiw of label ) Assay variability will affect safety .:3.1.1d efficacy. Process variables may affect the assay
Assay claim Yes of the dmg product. Thus, assay will be evalnated throughout product and process
development.
Content Uniformity C.“-::-n.f‘-.::-nr.:s to L'SP ) Variability 1.|1 content uniformity wi]_l affe.ct safery.aud ef'ﬂu:a.c_v. Both formulation and
) <905 meoiﬂury of Yes process variables impact content uniformity. so this CQA will be evalnated thronghout
Dosage Units product and process development.
NLT 20% at 30 minutes
in 900 mL of 0.1 N HCI Failure to meet the dissolution specification can impact bioavailability. Both
Dissolution with 1.0% wiv SLS Yes formmulation and process variables affect the dissolution profile. This CQA will be

using USP apparatus 2
at 73 rpm

investigated throughout formmulation and process development.

Example of QbD




= CQA for the ANDA Product

Table. Critical Quality Attributes (CQASs) of Generic Acetriptan Tablets, 20 mg

Is this a . .
of the Drug Product Target CQA? Justification
Degradation products can impact safety and must be controlled based on compendial ICH
ACE12345: requirements of BLD characterization to limit patient exposure. ACE12345 iz a
NMT 0.5%, commen degradant of acetriptan and its target is based on the level found in near
Desradation Products Any unknown impurity: Ves expiry BELD product. The limit for total impurities is also based on RLD analysis. The
= NMT 0.2%, target for any unknown impurity is set according to the ICH identification threshold for
Total impurities: this dimg product. Formmulation and process variables can impact degradation products.
NMT 1.0% Therefore, degradation products will be assessed during product and process
development.
Residnal solvents can impact safety. However, no solvent is nsed in the dmg product
Residual Solvents USSP <467 option 1 Yes* manufacturing process and the drg product complies with USP <467> Option 1.
Therefore, formulation and process variables are unlikely to impact this CQA.
Generally, water content may affect degradation and microbial growth of the dimng
Water Content NMT 4.0% wiw No product and can be a potential CQA. However. in this case. acetriptan is not sensitive
to hydrolysis and moisture will not impact stability.
Non-compliance with microbsal limits will impact patient safety. However, in this
) i Meets relevant . case, the risk of microbial growth is very low becaunse roller compaction (dry
Microbial Limits Yes*

pharmacopoeia criteria

granulation) is utilized for this produect. Therefore, this CQA will not be discussed in
detail during formmlation and process development.

*Formulation and process variables are unlikely to impact the CQA. Therefore. the CQA will not be investigated and discussed in detail in subsequent risk
assessment and pharmacentical development. However, the COQA remains a target element of the dmg product profile and should be addressed accordingly.
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= Dissolution Method Development and Pilot Bioequivalence Studies

— The dissolution method may differ from the FDA-recommended dissolution
method and the quality control method used for release testing.

Table. Acetriptan solubility in different media

Media Solubility

- img/mL)
Biorelevant FaSSGF~ 0.12
Biorelevant FaSSIF-V2~ 0.18

0.1 N HCI with 0.3% SLS 0.075
0.1 N HCI with 1.0% SLS 0.15
0.1 N HCI with 2.0% SLS 0.3

— For low solubility drugs, pilot bioequivalence (BE) studies are invaluable to
demonstrate that the in vitro dissolution used is appropriate.

Example of QbD




» Formulation Development
— Drug Substance (Physical, Chemical & Biological Properties)

Table. Acetriptan Form llI stability under stress conditions

Stress Conditions Assay Degradation Products Solid State Form
(%0 wiw) (%0 wiw)
RC1 | RC2 | RC3 | RC4
Unireated 004 ND | ND | ND | ND Crystalline Form I
Saturated Solution
0.1 NHCI (RT, 14 days) 96.9 ND | 2.3 1.1 WD N/A
0.1 N NaQH (ET, 14 days) 973 ND | 2.1 0.9 ND N/A
3% H,0, (BT, 7 days) 86.7 ND | 2.9 13 ND N/A
Purified water (BT, 14 days) 96.8 ND 1.9 1.2 ND N/A
Photostability - ,
- 7 ﬁ :_ N/ L
(ICH Q1B Opticn 1) 706 ND - ! ND WA
Heat (60 °C. 24 k) 934 ND | 52 | ND 1.5 N/A
Solid State Material
Hunudity
{open container, 90% BH, 25 °C, 7 days) 294 ND | 01 01 ND No change
Humidity and heat
{open container. 90% RH. 40 °C_ 7 days) 99.9 ND | 01 01 ND No change
Humidity and heat 47 -
{open container, 90% BH. 60 °C. 7 days) 93.9 ND | 23 02 14 No change
Photostability == -
(ICH QIB Opticn 1) 055 ND | 32 14 ND No change
Dry heat (60 °C. 7 days) 958 ND | 41 || ND 0.9 No change
Dy heat (103 *C_ 96 h) 82.5 ND | 39 | ND || 137 No change
Mechanical stress
)
(Grinding and compression) 992 ND | 0.1 01 ND No change

ND: Not Detected; N/A: Not Applicable

Example of QbD




» Formulation Development

— Drug Substance (Physical, Chemical & Biological Properties)

Table. Initial risk assessment of the drug substance attributes

_Drug Substance Attributes

Content
Uniformitv
Dissolution
Degradation
Products

Solid
State

[ Particle size |
Distribution

Eesidual

Solvents

Process Chemical
Impurities | Stability

Moisture
Content

Table. Justification for the initial risk assessment of the drug substance attributes

Properties

Particle Size
Distribution (PSDY)

Drug Substance . .
Attributes Drug Products CQAs Justification
A small particle size and a wide PSD may adversely impact blend
Assay flowability. In extreme cases. poor flowability may canse an assay

failure. The risk is medinm_

Content Uniformity

Particle size distribution has a direct impact on dmg substance
flowability and vlttmately on CU. Due to the fact that the dmmg
substance is milled, the risk is high

Dissolution

The dmg substance is a BCS class II compound; therefore, PSD can
affect dissolution. The risk is high.

Degradation Products

The effect of particle size reduction on drug substance stability has
been evaluated by the DMF holder. The milled dmg substance

exhibited similar stability as unmilled dmg substance. The nisk is low.

Flow

Example of QbD



» Formulation Development
— Excipients (Excipient Compatibility Studies, Excipient Grade Selection)

Table. Excipient compatibility (binary mixtures)*

Mixture Assay Degradants
(% wiw) (% wiw)

Lactose Monohvdrate/ DS (1:1) 00 8% ND
Lactose Anhydrous/DS (1:1) 00_6% ND
Microcrystalline Cellulose (MCC)YDS (1:1) 08 4% ND
Dibasic Calcium Phosphate/DS (1:1) 09.3% ND
Mannitol/DS (1:1) 101.1% ND
Pregelatinized Starch/DS (1:1) 100.5% ND
Croscarmellose Sodinm (CCS)YDS (1:1) 00_7% ND
Crospovidone (1:1) 09 3% ND
Sedimm Starch Glycolate (1:1) 08.8% ND
Talc/DS (1:1) 99 5% ND
Magnesinm Stearate/D5 (1:1) 05.1% ADI: 4.4%

*Conditions: 40 *C/75 % BH, open container. 1 month

Table. Excipient compatibility (interaction study)*

Mixture Assay Degradants
(% wiw) (% wiw)
All excipients 09 4% ND
All excipients except Lactose Monohydrate 00.2% ND
All excipients except Microcrystalline Cellulose (MCC) 00 8% ND
All excipients except Croscarmellose Sodium (CCS) 00_9% ND
All excipients except Talc 00 3% ND
All excipients except Magnesium Stearate 09.6% ND

*Conditions: 40 °C/75 % PH, open container, 1 month

Example of QbD




» Formulation Development
— Initial Risk Assessment of the Formulation Variables

Table. Initial risk assessment of the formulation variables

e Formulation Variables
CQA Drug Substance | MCC/Lactose | CCS | Tale Magnesinm
PsD Ratio Level | Level | Stearate Level
Assay i Medinm

Content Uniformitv

Dissolution

ngrn dation Products

Table. Justification for the initial risk assessment of the formulation variables

F:T::;t:: = Drug Products CQAs Justification
Assav MCC-‘La:_tns_e ratio can i.:lnpact the flow prnpeﬂi?s n_f th_e
- blend. This. in turn. can impact tablet CU. The risk 13 high
Content Uniformits '[;I'cufafamual.ly. poor CU can also adversely impact assay. The
: risk 1s medinm.
MCC/Lactose MCC/lactose ratio can impact disselution via tablet
Ratio Disselution hardness. However, hardness can be controlled during
compression. The risk is medium.
Since both MCC and lactose are compatible with the drg
Degradation Products | substance and will not impact drog preduct degradation, the
risk 1s low.

Example of QbD




» Formulation Development
— DoE for the Formulation Variables

Table. Design of the 23 full factorial DOE to study intragranular excipients and drug substance PSD

Factors: Formulation Variables Levels
-1 0 +1
A Drug substance PSD (doy, nm) 10 20 30
B Disintegrant (%) 1 3 5
C % MCC in MCC/Lactose combination 333 50.0 66.7
Eesponses Goal Acceptable Ranges
. Dizszolution at 30 min (% . . i
T (with hardness of 12.0 k_P:; Maximize = 80%
. Disintegration time (min L. ) .
Y3 (with hardness of o kfr]} Minimize = 3 min
Y3 Tablet content vniformity (%o BSD) Minimize % BSD = 5%
Yy Assay (%o wiw) Target at 100% wiw 05.0-105.0% w'w
T Powder blend flow function coefficient (ffc) Maximize =6
Ts Tablet hardness@ 5 kN (kF) Maximize =5 0kP
Y7 Tablet hardness @ 10 kN (kP) Maximize = 90kP
Yg Tablet hardness (@ 15 kN (kP) Maximize =120 kP
¥y Friability @ 5 kN (%) Minimize < 1.0%
T1g Friability @ 10 kN (%) Minimize = 1.0%
T Friability @ 15 kN (%) Minimize < 1.0%
. ACEI12345: NMT 0.5%
- Degradation products (%) P PO L o
Y12 | (observed at 3 months, 40 °C/75% RH) Minimize An}{::ifﬁ;;;ﬁ?ﬂiﬁﬂiI ’

Example of QbD




» Formulation Development
— DoE for the Formulation Variables

Table. Experimental results of the DOE to study intragranular excipients and drug substance PSD

Factors: Formulation Variables Responses
Batch A E: C: 1y Y s Y-
No. Drug Disintegrant % MCC in Dissolution CU ffic Tablet
substance level MCC/Lactose at 30 min value | hardness @
P5D combination 10 kN
(dop. wm) (%0) (%) (%0) (% RSD) - (kP)
1 30 1 66.7 76.0 3.8 7.56 12.5
2 30 5 66.7 54.0 4.0 7.25 13.2
3 20 3 50.0 91.0 4.0 6.62 10.6
4 20 3 50.0 504 39 6.66 10.9
5 30 1 333 77.0 29 8.46 8.3
& 10 3 66.7 99.0 3.1 4.77 12.9
7 10 1 66.7 99.0 5.0 497 13.5
8 20 3 50.0 92.0 41 6.46 11.3
9 30 5 333 36.0 3.2 5.46 8.6
10 10 1 333 09.5 4.1 6.16 0.1
11 10 5 333 0g.7 4.0 6.09 0.1

Example of QbD




» Formulation Development
— DoE for the Formulation Variables

Dissolution at 30 min (%) |
Shapiro-Wilk Test 95 m,
W-value = 0.926 |
p-value = 0.572 £90 |
@ f
A: DS PSD (dsg, um) S ag B g
B: Disintegrant (%) o |
C: % MCC in MCCilLactose =70 -B
Combination = ‘
£ .
A Error Estimates 2508 ¢
B Negative Effects =08 4
20 |
10
0g 8
T T T T T
0.00 4 58 9.15 13.73 18.30

|Standardized Effect|

Figure. Half-normal plot of the formulation variable effects on dissolution at 30 min
(tablet target hardness of 12.0 kP)

Example of QbD




» Formulation Development
— DoE for the Formulation Variables
— Design space

A: DS PSD (dsg, pm) .00
B: Disintegrant (%)
Actual Factor: = 4.00 S
C: % MCC in MCC/Lactose <
Combination = 50.0 =
m
. E& 3.00 S
a) Powder blend flowability (ffc): 6.00 =
b) Dissolution at 30 min (%): 80.0% E
i 2.00 5
1.00 —

0 13 17 20 23 27T 30
A: DS PSD (dsg, pm)

All responses met the predefined criteria.
Gray Zone: | One or more responses failed to meet the predefined criteria.

Figure. Overlay plot — effect of acetriptan formulation variables on responses

Example of QbD



» Formulation Development
— Updated Risk Assessment of the Formulation Variables

Table. Updated risk assessment of the formulation variables

Formulation Attributes
Drug Product = = — =
CQAs Drug Substance MCC/Lactose cCs Magnesinm
PSD Ratio Level Stearate Level
Assay

Content Uniformity

Dissolution
Degradarjnu Products
*The level of risk was not reduced from the initial risk assessment.

Table. Justification for the reduced risks of the formulation variables

F'{,'::::;]':z‘ Drug Product CQAs e
) All tablets showed acceptable assay. The risk is reduced
Assay ] .
- from medium to low.
The poor flow of the dmg substance is mitigated by using a
Drug Substance Content Uniformity roller compaction process, low dmg load and fillers that
P5D have good flowability. The risk is reduced from high to low.
The risk is reduced from high to low by controlling ding
Dissolution substance PSD and optimizing intragranular
superdisintegrant.

Example of QbD




= Manufacturing Process Development

Procsss Parametsrs Material Attributes Manufacturing e] Atiributes
- Progess Staps 0Of Cutput Matarals
Blender
mﬂm:::: Apetriptan PED
Elsnder Il sl Eqetriptan oohe CHBnGE F——
Aoetriptan fowabditty
Aotation speed (If variabis) Esend accay
Expipisnt PED Prafioler Compaction
Humber of rewclutions. ry |  Blending and Lubrioation Esarad bulk dercHy
ImtsncENar bar jon / of) E'Em“' m‘ Esenc Nowabilfy
Haolding time Esend nompmccibilly | ompastabiity
Dishangs method Exnipiamt molcbuns poment
. fot-dmi 4ot variabatty
Drur- - hopper Exoipisnt
Enironment Senperatuns and AH]
Esrad haolding tims prior to RC
Roller compantor byps
Fesec conmw cpsad Blierd accay
Daavparation Edarad uniformity
Foller curtaos decign Esend bulk dencly i Aoller Compaction Ribtian fhisknoss
Riciler precours Elend fowabdIfy RDEan denchy
Roller cpead Bilerd compreccitlity | compastabdify
[Facdlesr gapi
Erwircrernt (bamparaturs and RH)
Wl type
Blade sonfiguration | typs | orsntation T Graruls un oty
‘OcoiRation degres | Epesd Ribbon Biskness o Granule size disiibution
’“"""""g P —— » Miling Graruds Nowakilty
Humber of reayoiec Granuls bulk dencky
Emsironment (temperatuns and FH] Aty of gramuls cive out
Elenidar typa
Order of addition Granue uniomnity Y Edend acsay
110 laval mmﬂhﬂz Essnid unformity
Rotation cpeed (I variabis) Granube fovwatd — Lubwinabion Bland bulk denci)
:.lrrm-:lrmm-:\m mmnmﬁ | Final g and Essnd RowabilRy
prciflar bar (on /| of) Ay of granuke chrvs )
Hadding time Magrecium sheamts speotio Gurtaee arsa Biend comprece bl IRy | compaclabilty
Dicobangs medhod
Dinam-$o-hopper ranchr
Enveironerent (ismnperaturs and RH)
Prece type and mumber of ctations
Tawling decign Appearanos
Fedd frame paddie cpesd Dimencions (length, width, thicknscs)
Feedar fll depth Blenc accay h Waight [Individual and compoce]
Pro-oomprecsion Tome Essna uniformity Hardness
Maln oomgrscion foros Em:lmﬁlm. | Comprsccion (Tabistting) Friabilty
Frocs cpeed {dwedl time) F—— Content untomity
Hopper decign Bierd oompraccibd ity | compastabdiFy Bznay
Haoppeer 71N larvel Dicintegration
Drop height of Ninkched tablets Deccolution
Fun e

Emsironimant femmipsraturs anad RH]

Figure. Process map for Generic Acetriptan Tablets, 20 mg
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= Manufacturing Process Development

Process Parameters Material Attributes Manufacturing Quality Attributes
Of Input Materials Process Steps Of Output Materials
Blender type :
Order of addifion  Acelriptan PSD
Blender ill level ME;:p:{nEuf:srv::_eI:; —Ehn d wifomity
Rotati iFvariable etriptan flowabi
H"’" ;pee?t vﬁ ) Excipient PSD Pre-Roller Compaction Blend assay _
un .m rEvolutions Excipient flawability Blending and Lubrication —} Blend bulk density
Intensifier bar (on ] off) . . Blend flowakbility
Holding fime Excipient bulk density Blend .y iy
- . end compressibility | compactabi
m——— Expintnostue o
Drum-to-hopper ransfer xeipient lot-to-lot vanability
Envirenment (temperature and RH)

Figure. Process map for Generic Acetriptan Tablets, 20 mg
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= Manufacturing Process Development
— Initial Risk Assessment of the Drug Product Manufacturing Process

Table. Initial risk assessment of the manufacturing process for Generic Acetriptan Tablets, 20 mg

Degradation Products

*R.C: roller compaction

orug Product Pre-RC~ Blending |  Roll T— Final Blendi

CQ4s :::l_i Lub 1‘ilj"E ::l 1'iuv]1::llg C umup a:‘iﬂn Milling an][;l;uh:::; i‘lilugn Compression
Assay Medium Medium Medium
Content Uniformity

Dissolution Medinm Medmum

Table. Justification for the initial risk assessment of the manufacturing process

Pre-Roller Compaction
Blending and Lubrication

Process Steps Drug Product CQAs Justification
Suboptimal pre-roller compaction blending and lubrication
Assay may cause variable flowabality of the blend. The nisk 1s

medium.

Content Uniformity

The PSD and cohesiveness of the drug substance
adversely impact its flowability which, in turn, affects CU.
The risk 1s high.

Dissolution

Blending process variables may impact the distribution of
CCS in the blend which could impact disintegration of the
granules and, ultimately, dissolution of the tablets. The
risk 1s medium.

Example of QbD




= Manufacturing Process Development
— Initial Risk Assessment of the Drug Product Manufacturing Process

Table. Initial risk assessment of the process variables
Process Step: Pre-Roller Compaction Blending and Lubrication
Output Material CQA: Blend Uniformity
Variables | Risk Assessment | Justification and Initial Strategy
Input Material Attributes i ]

The pilot BE study mdicated that a dgg < 30 um 1s
needed for bioequivalence. Based on several lots
of acetriptan analyzed during preformulation, the
drug substance meeting this dgg criterion has poor
flowability (ffc < 3.50) which may mmpact BU.
The risk 15 high.

The specific energy of acetriptan Lot #1-4
indicated that acetriptan 1s moderately to highly
cohesive which will make achieving BU more
challenging_ The risk 15 medium.

The ffe value of acetriptan Lot #1-4 suggested
Acetriptan flowability Medium poor flow which could impact BU. The nisk 1s
medium.

Filler comprises the majority (~ 80%) of the
formulation. MCC grade B02 and lactose
monochydrate grade A01 are used m a 1:1 ratio
because this ratio demonstrated good flowability
(ffc = 7). Glidant and lubricant are used in small
quantities and are unlikely to impact BU. The risk
is low.

Acetriptan PSD

Acetriptan cohesiveness Medium

Excipient flowability

Example of QbD




= Manufacturing Process Development
— Initial Risk Assessment of the Drug Product Manufacturing Process

Table. Initial risk assessment of the process variables

Process Step: Pre-Roller Compaction Blending and Lubrication
Output Material CQA: Blend Uniformity
Variables Risk Assessment Justification and Initial Strategy

Blending Variables

Different blender types have different mixing
dynamics. V-blender is selected based on
equipment availability. The nisk 1s low.
Blender tyvpe
However, if the blender type 1s changed durning
scale-up or commercialization. the risk should be
re-evaluated.

Order of addition may impact the ease of evenly
dispersing ingredients charged in lower quantities.
Materials are added in the following order:
lactose monchydrate, CCS. acetriptan. talc. and
MCC. The risk 15 low.

Fotation speed 1s often fixed by equipment
constraint. Different size blenders have different
rotation speeds. The rotation speed for the 16 qt
blender 1s fixed at 20 rpm. The risk 15 medmm.
Under- or over-blending will result in suboptimal
BU. The risk 1s hugh.

Order of addition

Rotation speed (rpm)

Number of revolutions

Example of QbD




= Manufacturing Process Development
— Process Development (DoE)

Table. Design of the 32 study to investigate pre-RC blending and lubrication process variables

Factors: Process Variables Levels
0 1 2
A Number of revolutions (N,..) 100 200 300
B Acetniptan dgg (um) 10 20 30
Responses Goal Acceptable Ranges
Y, Blend Assay (% w/w) Achieve 100% w/w | Assay mean of all locations: 93 0-105.0% w/w
Y, Blend Umiformaty (% RSD) Minumze % RSD % RSD of all locations: < 3%

Table. Results of the pre-RC blending and lubrication optimization study

Factors: Process Variables | Response
Batch A B: Y,
No. Nier Acetriptan dug BU

- {(pm) (% RSD)
21 100 10 89
22 100 30 54
23 300 20 2.5
24 100 20 6.8
25 200 20 3.0
26 300 10 3.2
27 300 30 23
28 200 30 2.8
29 200 10 43

Example of QbD




= Manufacturing Process Development
— Updated Risk Assessment of the Drug Product Manufacturing Process

Table. Updated risk assessment of the process variables

Process Step: Pre-Roller Compaction Blending and Lubrication

Output Material CQA: Blend Uniformity

Variables

Risk Assessment

Acetriptan PSD

Number of revolutions

Blender fill level

Justification for the Reduced Risk

In order for the blending process to be robust
enough to accommodate different acetriptan PSD),
an in-line NIE method was developed for
blending endpoint determunation. Blender fill
levels from 35-75% had no impact on blending
endpoint. The risk was reduced from high to low.

Table. Updated risk assessment of the manufacturing process for Generic Acetriptan Tablets, 20 mg

Drug Product
CQAs

Process Steps

Assav

Content Uniformity

Dissolution

Degradation Products

Pre-RC Blending
and Lubrication

Roller
Compaction

Milling

*The level of risk was not reduced from the imtial nsk assessment.

Final Blending

. . Compression
and Lubrication P

Example of QbD




= Approach to Process Validation
(US FDA Guidance for Industry, Process Validation: General Principles and
Practices; Il. B.)

— Stage 1 — Process Design: The commercial manufacturing process is
defined during this stage based on knowledge gained through development
and scale-up activities.

— Stage 2 — Process Qualification: During this stage, the process design is
evaluated to determine if the process is capable of reproducible
commercial manufacturing.

— Stage 3 — Continued Process Verification: Ongoing assurance is gained
during routine production that the process remains in a state of control.

= o Process Design#tZ_ & I} % 2. CPP & % f2fx 22 pF & g 22 » (— 4L % Risk
Assessment® > = ¢ ~ B h 'k R P 2 £ DoEY mEE ¢ B A SCQAH
EP)e

= d Process Design#tz_& 1) k2. CQA A B A2 fxsc 3 % &P end F PF JFARFERR ©
(- A A A& R ST FAIEP ) o

« A& Fh%E T 0 FAIEUARSCPPE & 0CQA > 2 {4 chBl feFEsc s B
g2 3 > CPPECQAR a5 — 3R o

Process Validation




o B EREFEARY AR ESEERF(rP R 2R RED ?)
= Pharmacopeia

= Guidance from Agency or related Association (ICH, WHO, ISPE...)

— Recommended Changes to Withdrawn FDA Draft Stratified Sampling
Guidance Document

(ISPE (International Society for Pharmaceutical Engineering) Blend and
Content Uniformity Group December, 2014)

— ANSI/ASQC Z1.4 Sampling Procedures and Tables Package (American
National Standards Institute (ANSI))

How to take samples and define the sample quantity




| Blend (Samples): Sample at least 3 replicate samples from at least 10 locations in the blender or drum |

e

Assay 1 sample per location

D0
| Blend Uniformity Acceptance Criteria — Stage 1: 50 < 3.0% of target |

Fail Pass

| Assay samples 2 & 3 per location |

50 = 5.0% of Target 50 £ 3.0% of Targst '
BU Stage 2 Blend Uniformity is Acceptable

A 31550 550% L
Conduct VCA and of Target Dosage Units (Samples): During filling or
imvestigation. compression, take at least 3 samples from at
Was root cause: least 40 locations across the batch
L L'
Product /  Anabytical/ N Blend Uniformity Assay at least 3 dosage units from at least 20
Process Sampling is Acceptable predetermined locations throughout the batch
L L
Dosage Units (Samples): During Acceptance Criteria - Stage 1
fling or compression, take ot Al individual values within 75.0-125.0% and,
least 3 samples from at least 40 Complies with statistical test to provide an
locations across the batch appropriate kevel of assurance to comply with
' USP <905 for n®
ko
Assay at least 3 dosage wnits from Fail -l Pass
at least 40 predetermined Assay at least 3 dosage units from the re-
locations throughout the batch maining 20 locations not tested in Stage 1.
I s

Acceptance Criteria = Stage 2
All individeal walues within 75.0-125.0% and,
Complies with statistical test to provide an appropriate level of assurance to
comply with USP <9052 for n*

o , Fail o Pass
[ oot st o | [ iena 8 coment untormty arescceptabi

*n is the total number of assay results.

From ISPE Blend and Content Uniformity Group December, 2014

Example of Sampling Plan




AR B K 2 — fist A R 0K 2
S2 §83 S4 Il I

|
2 to 8 A A A A A A B
9 to 15 A A A A A B C
6 to 25 A A B B B C D
26 to 50 A B B C C D E
51 to 90 B B C C C E F
91 to 150 B B C D D F G
151 to 280 B C D E E G H
281 to 500 B C D E F H J
501 to 1200 C C E F G J K
1201  to 3200 C D E G H K L
3201 to 10000 C D F G J L M
10001  to 35000 C D F H K M N
35001 to 150000 D E G J L N P
150001 to 500000 D E G J M P Q
500001 to  over D E H K N Q R

From ANSI/ASQC Z1.4

Example of Sampling Plan




AQLAtIKE (IERHAEH)
0 15 25 40 65 10 15 25 40 65 10 15 25 40 65 100 150 250 400 650 1000

Al2lnlinlnlnlnliclicolo 8001801223 3 4[5 6|7 8[1011[1215]2122[3031
B | 3 01 1 2|2 3[3 4|5 6|7 8|1011[14152122({3031|44 45
c| s onG@nzzs3456'.-'smnms::zzsf_muﬁ/\
D | 8 0:@0122334 s 6|7 8[1011[1415[2122(3031]42 45| A\
E | 13 01 12)23|3 45 6|7 8|1011|1415(2122[3031 [44 45| A\
F | 20 < ﬂl@@lzzl345678101111152l22/\/\/\
G | 2 Vo 12233 4[5 6|7 s|wnfiaisz122[ A
H | 50 \/01@812233456?3101“4152122/\
180 Vo 12|12 3345 6|7 s|wonsis|2122| A
K | 125 V|01 12[23(34s 6|7 shonfia1sl2122[ A
L | 200 V01l @1223 3 4[5 6|7 8|1011[1415(2122| A\
M | 315 \/01@ 1 2(23]3 4|5 6|7 8[10111415|2122| A
N | 500 o 120233 4|5 6[7 shonpasfaizn A
P | 800 N0 1 1 2(23|34|56|7 8|1011]1415[2122
Q |1250|0 1|4 12/23(34|56|7 8|1011[14152122
‘AL
R | 2000 12(23(34|56|7 8[1011]1415/2122

L BRI TE—EEE T - B0 SRR RS - BT
> REACF—E R & -

Ac: fIAE -

Re . FEH# «

From ANSI/ASQC Z1.4

Example of Sampling Plan
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Important Items for IPC and Product Release




Process Analytical Technology (PAT)

= A Framework for Innovative Pharmaceutical Manufacturing and Quality
Assurance

= A system for:
— Designing, analyzing, and controlling manufacturing
— Timely measurements (i.e., during processing)
— Critical quality and performance attributes
— Raw and in-process materials
— Processes

(US FDA Guidance for Industry, PAT - A Framework for Innovative
Pharmaceutical Development, Manufacturing, and Quality Assurance)

Process Analytical Technology (PAT)




Process Analytical Technology (PAT)

Off-line Analysis performed | Days
in Laboratory

At-line Analysis performed | Minutes
on factory floor

On-line Automated sampling | Seconds
and analysis

In-line No sampling - < 1 second
instrument in
process

From US FDA Guidance for Industry, PAT - A Framework for
Innovative Pharmaceutical Development, Manufacturing, and
Quality Assurance

Process Analytical Technology (PAT)




Development of In-line NIR for Blending Endpoint Determination

= T0 assess the homogeneity of the blend, % RSD was calculated for each
moving block of ten consecutive spectra and plotted as a function of number
of revolutions.

rJ
o

H —acetriptan dgg 20 pm

N
e

0 100 200 300 400 500
Number of revolutions (N,.,)

—
on

RSD of Moving Block (%)
o )

<
2

o

Figure. % RSD of the moving block of the NIR spectra for acetriptan d90 of 20 ym
blended for 500 revolutions

Example of Analytical Technology (PAT)
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— QbD (Quality by Design)

— DoE (Design of Experiment)

— CPP, CQA

e FOERGFEUARY P2 AR AR RF(rP iR 7R ?)
— Pharmacopeia
— Guidance from Agency or related Association (ICH, WHO, ISPE)

Process Analytical Technology (PAT)

Summary






