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Critical Process Parameter (CPP)
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Quality by Design (QbD)
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wiluou waziudfennuimudladundsfusiuasnssuiumakn sawdin1semuaunTEUILNTg
win Faoguuiiuguvesanuifeivinisuagnisdanisannudssdtuganin (Quality risk

management)

Quality Target Product Profile (QTPP)

VU8R AINTIUYDIRNYUENNANAMAABINTIINKEAA GBI o Wielvindndud

ANAMANNABINTT TITEANUUReRfEuazUSEANTA W

Real time release testing
nehe AnuansalunsuseliuiastuduianunnluseninenseuiunInes Lag/mie

anfuadnsa3u Feuediudeyaiineitedlunszuiunisnds (aednundudoyasindussning

ANUALVBIATAINY LAZNITAIUANNTTUIUNITHER)



Pharmaceutical Quality by Testing

#8NN13 Quality by Testing WuuuIAndLANNNIIAIUALAMNINYBINER TN ivualag

N1901329ATERINGAY N1901TIIATIZRTENINNTZVIUNTITHER (In-process testing) LAzNITNTI

q
<

1ATIVHENAIENSI3U (End product testing) WgaWInT 1Az BEARIWNUNINA 1

Drug Substance
meeting spec

\A Unit Assay
Operations Uniformity
_ Mixing In Process Impurity Product |
Compression Specs Metal Specs
Coating. . . Res Solvents
with Fixed Moisture

S Process If fails, Diss If fails.
7 Parameters materials product
Excipients e Ticonrded
discarded Acceptance discarded

meeting spec A
criteria based on
one or more batch data.
Testing must be made to
release batches

WHUNIN 1 TEUUMIAIUANAMAINAIULUINI Quality by Testing (Yu, 2008)

NIATIVNATIRNTUATATINGAU FarrufeiiendAgyuazansiiuysunn (Excipients) lugns

U s v

i5u Tnemnuadnsgidiunsgiununaeiluderinuaanizvesgasisveiuniadulaim

1%

ndysisu Fagaumartuiwransaihinldlunisudaenls wudertuiundadasidnsaguifes
T9¥unsnsaimsreiidulumuderivusnsawmndvdisu wnnliiduluaiunueiazldaiunsalase

'
=

H1ueandviewmanla anuafiuiassvestyminishiidulumudeivunlasdiulung dudelaidud

D

nIUkUYR ‘mﬂ,‘wmmammmLLUﬂiummmawmmsamLaamamm%lmamaamumwummma‘w
wiassuazamnsaudladyminuld saudsiesdundluddsundadudiuvenszuiunisuand
annsndlestuilymilenaifatudnldtenhenuiifuguatesnasy nelduuAadenan derfmun
a o ¢ Yy  a ] 1Y) 1 = 2 a o9y 1Y) oA
NI YoINANA N IEARIinINATIATABE19N1N ITesanidudanlduseiuadusieiiliosves
NITUIUNITHEN TIAUATIASATDITOAMUALRNI 2Tle1vdImaRanIs3aNAUEIAY (Drug recall)
WagN1591987 (Drug shortage) latunieniavtl wenanntd N13RTITTATIENTENINNTEUIUNTTNGR
Dun5dunsnaen9uiunilavasusazgunsnas 1y Aualauevesiaen (Content uniformity)

(%
U a (% Y a

warANNLTURRiing (Tablet hardness) TdulumiumnasinninuansaLndusdisuen 9nvis dua

54

lslanunsadsunlasuilonnsimesusetuneuiinetesiunssuiunswanimuunliluduinnis
W&n (Batch record) Inglylasusudfainmitsuiiuauadiug1veiniasy Fedawaliddiivetiy

wAluldsunlamezidsudisusndusnuiuuin

NSEUIUNTHANN18TALUIAAALANYDY Quality by Testing JsTANBULNANIZIAIEIINTD
Ligandu 1eaindaduaudedndnvesarunainvatglunisdniundnuauzvenansdum Al

wWhlalunsseyuasAmuadsunamsiwesndrdglunsyuiunisndn (Critical Process Parameters)
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LAENTEUIUNITIINTU LA IUTMUIBNUAUWaAILE1vR401ATT UludRaasaasauasly

ganguvastoinuniamendnuinnisuassriundndaainenaliussavsanieeansulavieeadn 8n

v '
C% o a

N9 szuunsUseiliungifousugfuanutulafinisienues Usennuonand g1 1uansLEe

Aa o a o

AaRlden Aredrau ennfidviin1sinwiway (Narrow therapeutic index drugs) danalvidinisled
szazattunIsiiansanisueniinnudesiiuiuiuaudndu naidndenilafe e1agyde

ninensnsndulunisinnsansiueifianudesgs

lngaguudl A muazUsansainveswdndueiniundnn1sves Quality by Testing 1u

v
1 ¢ a v <

Uy AIUNTLUIUNITHANNHANATIATALAENANIINTIAINAT BN AN UAFUTITU Ted swalviliia

Y

ANHENTUN1TYEIBIEINTSHER (Process scale-up) Tnglanmgguiuugnfidanududouss saud

Huguassaromaiannuazaniiunmsussiunanmegsmasiios (Continuous real-time assurance)
Pharmaceutical Quality by Design

Pharmaceutical Quality by Design 1884 %m’iﬂﬁﬁaﬁlﬁﬁﬂwmzL“f;JuL‘TNizUU (Systematic)

919993¥1n13 (Scientific) aguuiugIuveaINITUssidiua1udea (Risk-based) 1upuduuuosdsi

fal o

(Holistic) kawi@ie3n (Proactive) dmsunszuIunsimuIMIAnd¥nssufsuauIngausyasrndaau

wagiiuliiAnanuianudlansludiuvemdndugiiagnszuiunsuan 5IUN15AUANAMA N

a (% s

nafe WunsyuiunsesnuuukasimuIgnsin e uaznsyuIunIsnane Wi o lilanan S

[

I3 & . . Y o Y] A o
AUAINATININAUsEasA Tun1sil Quality by Design tannuadnwaenaana I mid1Ayves

o
(%

wanSoue Fadususiudlundyuvosnuld sunseisldndnsust iaaauifnuiitinunly S
fnuntiefisuldvemisiwesididylunszuiunisndn (Critical Process Parameters) viialifle
nanfusnilnuaudAnudeanisedsasinane lngazdosszyanuduiusszniniiudsves
N32UIUNTT (Process variables) laun AnaudRvesiigddguazdiuusenaulugnsdmsu uas
wsdweslunszuiunisndn Srufudnvarvemdasuild deaunsasmuadadesieg ffinan
1w TeazanmnsnviliiAanssuaunmaniiBavguuasamunnty daalildndnfasinud

[

AMNUADY1IRBLHLDY LABAINTINLY TUABUNITATNUADIAUTENBUTNEAYUDY Quality by Design

IS

frasalull RziimsaSuretenulneazdanluiidenaly)

1) A1mun Target Product Quality Profile

2)  DONLUULATWAILINANAUINADINITHALNTLUIUNSHNANNAR A U9IRINED

'
a o

3) s¥y Critical Quality Attributes, Process parameters uag Uady MlmAnANLLUSUTIURD
NANNUILAZNTEUIUNSHNANTINAUA

4) pavaNnsTUILNINaselANGnduANTnun e LTidMuneEsiaLlie

q
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Drug substance
meeting spec'

\l Unit Assay
Operations Uniformity
Mixing Process Impurity Product
Compression Controls Metal Specs
Coating. .. Res Solvents
with flexible Moisture

/ Process If fails, Diss Confirms

7\ Parameters understanding quality;
Excipients and fixin Should always
meeting spec’ N ‘g‘ Acceptance always

root causes criteria based on meet
performance. Testing
may not be necessary to
release batches
Note:

IDrug substance and excipient specifications only contain critical attributes that will impact

performance and processing of the product

WHUNNT 2 TEUUMIAIUANAMNINAIULUINI Quality by Design (Yu, 2008)

INUHUAINN 2 BFUIUNURITUADUAIUUWINIGYBY Quality by Design FIAUAINYDY
HandasePuegiuanuiaudilakagnisauANAL USRIt uan ST ULAEN TEUIUNTTNER

[

g1 niUTsufisutundnnisves Quality by Testing tu derfmuniamzvewmanfasiazgnimun
Tnsnsusznanadeyanunsudndruiuniafiethlusmusnusiisessulddmniuiunsuan
B9 soly uidm¥undnnisves Quality by Design tu fnnuasiivesnszuaunisndniiiininms
9ONIUULAYAIUANNITUIUNSHARABUSHFUNSNER TIudsdarimuniamzvemansiasiaziinay

A9AAARINUNANINARNNLAZUSEANS A NVDINAN S UANPE

9nn&nn15984 Quality by Design 1 fifeesUsznavvesnisimunnasifiseusuld
(Acceptance limits) Tudafuumamesail nsnagaufitenisazans (Dissolution test) Asiin1g
fvualiiaenndoudulumunismageuiuy in vivo snnflgawinfiasiduldle Wy sdndnsiendising
UanUaoeyiuil (Immediate release) FaflauvAnisazanem Biopharmaceutics Classification System
(BCS) Tusesu Class | waz Il namfe msazarevewansausieldidudunouiimmuasnsianug
(Rate-limiting step) @MSUNIINAABULUY in vivo ﬁ?u DB RbURPTabY Acceptance limit ﬁﬂf’l\‘m’i’nﬁ'a
Weufunisuszananandeyagunisnandounds egnslsinu dmiundndasiondifautinng
avanemu BCS Class lll way IV 9sdewhnsfinwinisavansegiddnliaenndesfunisnageuiuy

in vivo 113U

Ingaguudn defmunanzrendniugienannsagnIwunlaniannuuiniees Quality by
Testing kag Quality by Design wANINTEUU UNUIMAIALVOIUDNMUUALANIZANNUARZ LUIAIILAR
UuunNAUeE19ET Tnenann15ves Quality by Testing W uiazuN1INANYDINANAIMLAD

HIUN1IATITATIMTBURUTRM T UARNZ N BUSUTIAMA KA AIUAINTDINTEUIUNTTNGS WA
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d1m5unann15909 Quality by Design urazjun1snanvondndaalidndudowiiuni1snsie
Aasziifiguiutenmvuaanie Wewiniindngiuusenauiiganeiieutiasiunnnuianudilanig

N3TUIUNITNEN Laz/1M30N13AIUANNTZUIUNISNER Taunsadudulaindndandulunuunnsgiu

¢ =t

yndinmsnsieng faduluamneiiilugnsUdesruluy Real-time release vadlfaz{uvos
nsudnld vonandl Usslovdvesnisdudunsudnnisuas Quality by Design Hu anu150uankas
I¥tasialuil

1. Wnnsiugnlufivssdiuresauuaonfevesfldeuaruszansamuenan Sasienunn
Batu
nelmAnanugemdlaluddnmadunssuiunsuagimsfiavandunssumniy
1139 HUNTONUUUNANA AITLAETRIUINTZUIUNTHENTILAIY NOUNTTUIUNITHERNDTS
fnmsUsziiiuanudswudeyanisvinig

s

in133%y Critical Quality Attributes NdIHARBAMAINYDINAANUINALATI TINAUATIEN

AR S

WAL UTLUNANTENUNDNAILLNATU

danaliinAdumsmu (Robustness) ¥935N5UHURAKAZNTLUIUNITHENLINTY

o

7. nadsElevinienugsnaaInn1suseendldnannisnengd wu ansunuluszege119Inns

wiluUdsunUainendmansingioandiawmaln

ICH Q8: Pharmaceutical development

file ICH Q8 nanfsvdnasnsimuImandwnssy (Pharmaceutical development) it
nsnelminauianuinlasundndasiuaznssuIunsuangdmivdussidiungsidouiSunag
fnsausziliuanuiinane Tnefigauszasdlianansneeniuunaniaeifidaanm sudansuiuns
waniAeates elrlindndnuriniuszaniamauiidivunliegedeiies mudind1aissyliin
“Quality cannot be tested into products; i.e., Quality should be built in by design” Famuned

ANNNVBINFNAINLIAITANINNTNTIVVATIER weAnaINNTETImENITRRNwUUL IR LA

dnfuanuimnudnladesiuduninfuriuasnssuunandneiy sunesisfiesdang
FauAsziufiedrfyvsewndinil Sauat (Active pharmaceutical ingredients) ansiiiuu3unas
(Excipients) Mwugussia Lagnsyuiunsnaniiiinadenmunmuewdnfus ngosdusznauly
wiazauiiy fdadefisesrdiiuarinnsanetvasdenatu fseluil

® fedAgy

auvAn1aLANEnd (physicochemical property) wagn193313men (Biological property) 984
Frerdrdyeraduladefidmadouszdnsnmuewdn Sudionaznszuiunisnan feg199eanng
asIadAsIzRan AT amaeifdnduaziainet 1dun nsazane (Solubility) Usunasinlusaen

(Water content) wu1naun1a (Particle size) kagnisidensuveduiana (Permeability)
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o dusznaulugnsdiniu
vioiFundn asiiuiinm dennerufensfitofinussansamlunsyuiunsdnsg LWy
Anti-oxidants %3® Disintegrating agents asfansandefndonarsiiasld anududu nihiivesans
Adonld uavdnunrionadssaneUsyavBamueanansias
® ndnsiuae
Usgmsusnitmsiilsiisie maiangnssiiu (Formulation development) Samanesasis
Mssrydnvngiiddnfienadnansenudonmnnvenanfusienlsd uagnisiansandenisdmun
aUsld (Intended usage) Lazd8In19n15UINITYT (Route of administration) wonand Jasudu
UszdnSninuazaliuvasnien1andidnvetndnduainisin1sia1suInNIun1sAneiaiu
Fauuraeangns (Bioavailability) n3edrauya (Bioequivalence) waznisAnyd3suiiouly
SULUY in vitro Wag in vivo Fadlednwianuduiusszninedulddifaud annsaszneunis
finsundentiafivensuldvesdinisazansld Ussnsdendoaudiniaaifidndfiioadedduns
ANuUaeniy Useandain wioanuausalunisinlunda (Manufacturability) vesndnsdauaian
il nadenitnsnnaiinsesiiieduduaunmuemansusiluudasiadedituualy asdaed
nEngIueNaNTNIITINITUsENeUTikansiamumInyauesisnIsiy
® NITUIUNITHAN
AsiinnsesulenszUIuMSHAnTIEenld nsAruAun1THAR wagnsAsuuasiiiind u
FENINNTEUIUMTHER Tneiansanteanuusd 1Ay vesgnIsiFu (Critical formulation attributes)
Wundn $2u75Un15FNLI9I1UNITHAUINIINTEUIUNITHER Lakn Process validation, Process
verification wag Process control 53ufie deyatufinaruunnsiisidfyseninnisuandimiunis
F¥om19pddin (Clinical trial) waznswaniilosmine Sefossiniedoyaienaiinansznusoniny
o cu

WANFNeAUUTEANTN I AuEInnTalun1sinlUNEs LasAuNNVBINER NI AIRg10YU aaud
HER YUINVDITUNIINGS wazaUnIainsHANTILY

®  AYUBUITIVIUI

a a

finsesungndnnswazmararaINIaenUsean Tan ussanialuseiulgugiiuasnienil uay

Y
aunsananIfInIIzandnsuNIsTaiukazuuds 8 Ussinnianuesussyiueindenld
rADILEnIDIAMTBNld (Integrity) wagausatesiuainanizwiIndaunouen 1y waslv

QUM kATANYY T Aesaudiula (Compatibility) sevinianussquavnindaeien
29AUTZNAUVBINITNAIUINIUAFYNSSU (Pharmaceutical development)

Wemludiuilegnreldiitenianuinvessile ICH Q8: Pharmaceutical development @4

a ¥

Junisesuneteyaiuiinluimidendnainilenivesaiieninatd Snviadiesuneninnisuazdunou

I}
a vaa A

nsU{URTAEdesiU Quality by Design Tasaziden agnslsinnu wWeomluneuuinildlilung
Javindninaeinisanfiunisiiuiuunednele uiidunisuandimiiuiwuimisiaziaseadile

A108191U Design space Ma1u15nunanN13ves Quality by Design lUussenaldladmsusuuuy
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g1NUTEAYN WBNINT HATBINIIANYIMALBIAAUINIATUA NI LAdYNSTY Usenauriu
Usgaunisalanunisndnen neliiinesdninuimiudselevidanisdnindadinumanie
(Specification) vodHAndnaiLarISn1sAIVANANAINVRINTEUIUNTSHARADLY Ao ICH Q8 14

AMUUADIAUTENDUVBINISRAUIMILAEsNSSULY Fail

1. fivun Quality Target Product Profile (QTPP) 7iAgndasluiivatamnin anuvasnse
wazUszandnin Fadudunsuiiugiuveinisesnuuunandudisiiionisiauimiwndunssy

nanafe Wuaruaanisiugunmveindniueidnsaguisenis Usenauluse

e Jauddmendiin, Yoemnen1susmsen, sUluve way ssuun1siidsen (Delivery systems)
®  AULTIVOIFYEATY

®  UILANVBIIAAUTIY

Y PN v s

o N15UanUansfendrNdunusiudnyueNIwNdvaarmIans (Pharmacokinetic) hay

o

aenndesiusUkuuemidenty

® FUaN130TIVIATIANAMNUAAMAINVBINERN MY LY Sterility, Purity, Stability way

Drug release

a o 6

dmiundnduaienlvdidy ai3inissey QTPP MAeldesed1ednlaunouisunssuIUATWAIUIENS

[

arfula Famnlaifinsiivue QTPP Warmidudq azdwmalagidonatuasninginsndifgy

o

JEnINnsEUILNIRAILIEnsinsuluenas

2. Avun Critical Quality Attributes (CQAs) 999HaRA YN IBAWITOANIAARIULAE

o o a

AIVANEN BTN NAMNINNE Ay voINanTugienld 1Heein CQA nunedis aud@vnisnienin wall

'
A A o =)

W39TVINY udsdnwanimualiledlutisiveusulavseinuaininie e duduiudndueiiu

HaaunImeuinun d195u1eie1d1Ay a1aiuUTuIU NEASUNITENINNTZUIUNITNER LAy

q

D

NanAuad5a3U fregatu CA dmsunaniamisnzuuuusuuseniu (Solid oral dosage forms)
Usgnaumle Purity, Strength, Drug release Way Stability uonani efasuIdr1d1AyLas
a9iuUSuI 91357009 Particle size distribution tag Bulk density Tu CQA ¥0Nan

1 a

°o & Y ~ I3 v aa o & 1w
EﬂLi’ﬂEUW’JEJ L‘Ll’é]\‘i"ﬂ’]ﬂLUu{]"\]’ﬂEW]JJNﬁG]E]ﬂﬂJﬂ']WSUENNa@ﬂm%L%Uﬂu

9

Tneitaludu dnvazmsamninvesninsusionsznauludie Identity, Assay, Content
uniformity, Degradation products, Residual solvents, Drug release or dissolution, Moisture
content, Microbial limits wag Physical attributes iy Color, Shape, Size, Odor Wag Friability 6?;\‘1
nsfvuadnsusmaiiadudnuusiiddny (Critical attribute) fidswansgnusionmnInyes
wanauaivolidy ?Tuagjﬁummé’umw%wLmﬁLﬁmsﬁu@i@rzﬂi’feﬂumzﬁﬁé’ﬂwmmmﬁuﬁ@iﬂmﬂ

NUAATNUANTOANUINTFIY
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3. ANsUsEUAINLLEY (Risk assessment)

dmduidenuisafunisussiiuanudedasialuduseyeglugiie ICH Q9: Quality risk
management FefinsesuitunsunaznsruiumssiunsUsadiuaudedasasison eedlsh
AL ﬁ’m%‘uL@ﬂﬂﬂi%%?ﬂﬂiaﬁuﬁﬁlzLﬁuaﬂﬂ’liﬁﬁlwdiz‘qﬂﬁi%ﬁU%ﬁﬂﬂ’li Quality by Design g
Wiy \losnnmsdsziiuanudsaduniessloNviglunisivuaindnuuenienaninuas
wsfwesfiAgdeaiunszuiunsuasladdymieliddnyiidama nsenudonunimueaan fasi
Snvie dudumsrredadduaudifyuesnsinulussazmsfinesiiiesdes Insdsnisuse

(%

a N Ay v a 1 1 o 1Y a = a v A
Lﬂﬁ’e}\‘lllE]VlA‘LEULUuﬁ’JuﬁLﬂiyﬁ’]MiUﬂ’ﬁUiBL%J‘L!?’YNZLILﬁEJ\‘i AU

® Failure Mode Effects Analysis (FMEA)

® Failure Mode, Effects and Criticality Analysis (FMECA)
® Fault Tree Analysis (FTA)

® Hazard Analysis and Critical Control Points (HACCP)
® HAZard OPerability analysis (HAZOP)

® Preliminary Hazard Analysis (PHA)

® Risk ranking and filtering

® Supporting statistical tools

4. N1FDDNBUUKALAINUATNYULENANANNF1 ARy VoInART 9 (Product design and

understanding)

nseenuuuNanduadunisivuadndndueniauaenadesiuaiiudeinisveyiden
velyl Feamrsaduduldlasnanisnuwiniendin wazdunisivunindadusiaiunsainw
Uszansnmlildnasntasdin (Shelf life) vosnanfnaivielsl Ssanmnsadudulilaonanisdnuiany
A (Stability test) il yaUszasiudnuasniseoniuunanfusianiugunuianudilaves

nuaisiAIsAIY (Robust product) fidanalvile QTPP awdl

De

NARAMIINY ADAITHAIUNLALNANAS

muual) Ineflesrusenaundrfey A9

De

[

® AUURNIINIEATIN AL WATTIINYNVBIRLNEIARY

® nsTryLarARRenUIHINTREiiNUTINN Feduediuanuianuinlaiug U uaIY
vanvangvasan s Usinaluusiazusziam
o U fsefiaunTaiatusERINamed Ay iazansiaUTI

e n1svilvigasinfuliniumunzay (Formulation optimization) dedenalylaanseisund

ANUAINURENTISIABURUaIND1E AR ULA
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anURANINNI8NINVDIFIBIEIAY 919NUI8TINDY SNBULNIIN18AIN (WY Particle size
distribution tkag Particle morphology), Polymorphism, pH, Intrinsic dissolution rate, Hygroscopicity
waz Melting point Tngianizeen98sdaduves Polymorphism Aasiin1sfiansaneg1aaziden
LﬁaamﬂmmaaLﬁmmamzmumqmmwsiaé’wmz%u6] 1 Solubility, Dissolution, Stability wag

Manufacturability Tugiuvesant@niseaiinsalsfaluddefe pKa way Stability wavaud@ni

1w leun Partition coefficient, Permeability Wa Bioavailability

IneNIlULaT dnwaen1InUAINNdAYveiIeNd 1Ay a1siiuuTunn wasaisaenuild

SYNINNTLUIUNIINEA (In-process materials) [3enlagsau Critical Material Attribute (CMA) 18819
wa A A A a = o A o Y ' PN o Y cal o o
audfnanienIn il vsedingn iudsdnvaeiidmualiledludisiseusulenie inaeindiin
YBIAIIAING LB UTUINEN AT UUTAUNINAIUNAINUA Faunnd1937n COA WBsan CQA
Todmsunandniilaainnseuaunis (Output materials) SINDINARNUNTEUINATLUIUNTHAR LAz
a [ o0 | Y o YY) o v . v & v €

HARAUNELIFU du CMA Isummmaqmmummﬂizmumi (Input materials) AIUU NARNTINN

9IARUIIUNAN S9N FotaNNTaWoNleeIEnINe Input CMAs wag Output CQAs 161

5. N1999ALUULALAIMUANITIIMOSNA1AYVOINTEUIUNIINER (Process design and

understanding)

nszuIUnIsNaneIdungTnUTENaUAIENULIBTDINTITNENYDE (Unit operations) ®a1g
| Y P D a o o eda o % | | a |

mihgUsznaunu Weliiadundndugindauaimaunimuall miiegesveinisudnersegly
SUKUUTDI3UNTSHER (Batch mode) n38ns¥uIUNSHARaE19saLilas (Continuous manufacturing
process) Fauuseanilufanssuiiesteslunszuiunisudavianianenimiagiadl lawa nsway n1s
AATUIA NITYUNTYA AITOULIS N15ABNEA kazn1siadeu n1svilimiiaaIusadilaly
NITUIUNITHENDEUTIATIREADIA TR LTUNTLA fetl (1) MIseysavesuletiadadenyilviin
ANULUSUTINNAAlaTavaA (2) 1nUiunsian1sAULUsUTIUAATY (3) SnYaen19nunIN

Yosmdniaiausaimunldeggndesiaziiedala

WTW9INNEIT09AUNTZUIUNITHES (Process parameter) MNETI WISIHLADIAIAUVDY

NSHAR LU Speed Uag Flow rate sevuneferulsmineiveslun1sndn 1wy aumgil uazAuiuy

1%
[

Mall wsdiwesniettesiunseuiunsndnazgnimuninlanuddgnseld Yuediuinaiy

wUsUsInvesnafiwesiuinase COA wioll Famnilunslwesnddgyuds wdewgninmnunas

¢

mvAusdelUmeduduInssuIunannelviinndndugindaunmauiiiivun Inedieg19ves
CPPs MAgataslunszuIunINAng13ULUUTUUIENIU (Oral solid dosage forms) Muansfianiag

nINaRgRuLsiazUIZIAN CMAs CPPs uay CQAs FI18ELDA L UNTARWINLUUTINY

o w A

dnuilalladeNdAgyAo ANUAIMUYBINTZUIUNITHER (Process robustness) A ANAILNTE

YINTEUIUNITANUADAMUNAINNA18VDIANTANY Warn15iUAULUaIANTUIDINTZUIUNNS
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sudegunsalnly loelidwadanmunin N1sANYIANUAIMUYDINTTUIUNINEGR d1unTanilaeie

N13ANYINAVDIAIULUTUTIUIINNITITLABTVBINITHAALATANYUEN1IAUA TN UVBIAITAIAY

Fanansfnwitludnisiimun CPPs NilNasoAmAINYBINEN M kanugAMuAd MU CPPs

q

(% s

WAz CMAs iioaunsaguduladndnduglaaun ImaIuiimun WuaIna 3 wansaudunus
521N Input CMAs, CPPs Liag Output CQAs

CPPs

L

CMAs lerumc?utlcal CQAs
—_— Unit o —

Operation

Input
Materials

Output
Materials or
Product

WHUNINT 3 wansdernudelessening Input CMAs, CPPs ey Output CQAs

Tunilsmhensuanges (Yu, 2014)
6. Design space

Design space #38 JUKUUNTHAAINANINTINLaEN1sHAU AT Tulunateifvesdiuys
F1UIUNTATNI TR SNNEITDIAUNTEUIUNTHEN TTNAGDNITUTEAUAMAINYDINEN A9
1y Design space @1u1sauanitinutonlesseninsindsnsdu (daun wsfimesvesn1suan

LaTANUUENNAMAINYDIATAIAY) Wasnadnsluguwuy CQAs

X I3 A a a ¢ = = = A i .
Design space Lunaniinainnisimsizilagiaiosdonislusunsuiitssndn Design of
. = & ada PP v [ o o [ v o ¢ | o
Experiment (DoE) #uiuisnsidlassairauasgiuuudaudwiunsimuaanuduiussenine
z-:{'d ! U [ a‘r.:l' ¥ gj -] Y

wUsPiiNafonsEUIUNITIUNEANSNLAINNTEUIUNTTUY 11517 DoE 1UseendldiunssuIun1sns
LNFYNTTN @MWITOAINUARILUTAD ANWATVDIANTAIAY (19U Particle size) WarW1I1HLADT
P £ [y a 1 < N v sa v A 1
AEI9IAUNTEUIUAITHAR (WU A11ULST LaztIan) TuueINadnsNfAen15As CQAs LU Blend
uniformity, Tablet hardness, Thickness wag Friability ag1¢lsfiniy losanuuienisuantas
UsznaumeMmiUsiuy Input kag Output naesanls ilrliausadnwiduusdnuiunaiesaly
nandefuld wenani duanunsalanadnslusluvureanisifinuiseniuseninediunys
(Interaction effect) Niansinn1sildsuliasvasiinlsuiiinanssnusan1siUdsunlasvesdnsa
wlsnils a1ndu Jehlugnisuananalugluuuresiufiuaninasinvesinianuvunzaunse

gausule (Design space) VosUAAZAILUT AIUNUNINT 4
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Dissolution (%)

85.0-90.0
5 80.0-85.0
W75080.0
14 W70.0-75.0
W65.0-70.0
W60.0-65.0

Dissolution (%)

Parameter 2

/ y

40 42 44 48 48 50 52 54 L) 58 &0
Parameter 1

UNUAINT 4 LandiIee s Design space IugﬂLLUU Response surface plot (@1#) tag Contour plot (1121)

YOI HesINeITeIiuNTIUNTYS Feilnasanisidsuwdaseinisazate (ICH Q8, 2009)

Nann13999 DoE %58 Experimental design Aanisuusiusdinisiaulanalsainys (e

o oA

drunnndduiuninnd 2 Auwdstuly) lunandeiu ieasunansenuvesiiulsudazsa (Factor

]
I a A

effect) kagUisen5eninadiuls (Interaction) NisiodWANYI N1sANTUNIIANYINIUNENNITVE

Y

Dot Tngalufiduneurianun 3 Tunaudail (1) Screening Aon1sseydudsuazuisensenineia

[y

wlsidAgviselinansenudedaifine sauteanansassumwlsuaru)isenseninedaudsilad Aty

o

'
a

e liiinasedsnAnwiie (2) Optimization Aen1sATuAdAMEMUNIzEL (Optimum condition)

(%
[ Y

Yo InUsAdAIINTunaY Screening LilanavesdsiAnwdnunizaunsatdulumuinaeii

o

v A

AMUA uay (3) Robustness AonsUsziliuauiniislivesanneiidnianaindunei Optimization
atl 9NN13AINEIU8Y DoE QRWRILITUNIAINITNTNARBILUUALAY 13815831 “One factor at

. ” ! I v o Y 3 % a ! :.’I ) ei
a time” NaNIAB mamaaammamﬂmumLL‘Uﬂmmemqazmuﬂimmmmu ﬂLuGUszWY]LLUiVI

wideaggnimualiniAind Fedanalinisaasduniavasaldinaiuiu uaznanisdnwnladaiy
wUsusureudiannn ludagdu Fmsmuadinmansivainraigdmiun1sesniuukaznaaeIniy

WaNN13U9 DoE A9819L8u Full and fractional factorial design, Plackett-Burman, Taguchi, Box-

o A o 1

Behnken uag Mixture designs Inanisdnidenisnisngndesuazimunzaunduteduddgiiazilug

v Y

ANEUSIVDINTANYINAADILA TuRETUBIAAINNINIINTEUIUNISHANKAaETadedus ANedes

Y Y

Lawn Fruauvesianysuasufizeseninedulsifne anududeureiudazisnis n1snsivdaau

a

ANUgNABIIsalALazUTEAnsamusaudarisnis audglunisieuiuazainuazainlunis

U199 570899091 ANIUUS T U ULAES T EEIAN
7. MvuasInINsEmTuANsAIUAN (Control strategy)

Control strategy 3883 NISAINUATINITAIUAN FITNUFIUN1INTYAIUTURBUVD

v =2 a

Product and process understanding ‘o8 ugui s seANTAIMUBINTTUIUNITHAALAL AN INYD

[

Hansue lngAToUARUAILANI TN TNAAYYRINTEUIUNSHARLAEANYAEN AN NI ARy ves
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Migndfy Mudasindsialugasiiiu anzveguniaitazinsasiienldlunseuiunisnde

NMIAIVANTENINNTZUIUNINEN (In-process control) Farimunanizvendnsiueidniagy suda

[
v YV

FBNITUWazALDVINIINTIVRAMURAZAIUAL WsEBNTanTlsAe iailunsiuduinaisniuuay

e‘d‘ou

NsEUIUMINNLITeeglurnmuaves Upper limit kag Lower limit lngn1s1fiwesndAgyves

o

N3TUIUNINARNLALANYAULN AN NTEIAY VI TAIFUADIlITUNSARALLAZAIUANTENINNS
auflunsuanduusedn Weanunsauseiutarnuaansatunsitgalavesnsyuiuns (Reproducibility)
At Ineviluuds Control space dmsunismuauazagnelinsauras Design space AIUNUATNG

5a upNAINT 9NNMIANYIVEL Yu uazsany (2014) s3U1 Control strategy aunsadiuuneaniailu

v A A a

3 5AU AUHUNINT 5b lagsedud 1 A n1sAAn1dLazAIUAN CQAs YaHananiilaluuniy

1 (%
= aa

S2u21Ia1939 (Real time) F935n150awasuliaIu1saa I dUNISNAdBUAINSTUNISUABENI UL UL

I
1 [ YN

Real-time release 19 8nvisdadunisusziunuamimianiiuuuauiunsenisnaaeundndus
duSaguifitegafies (End-product testing) ludiuvesszdudl 2 fle n1saruAufiandiuIunig
VNAFDULUUALAN kazllAUEANEUYDIGNYUENNAMANNFIAY VDA TAIFULALNITITNB TN

d1AgUeInIzuIUnITHann18le Design space Ninnun saufAesiin1sAuadaduvesning

1 a

wUsUT9U (Sources of variability) NiNafoAMANVRINAAIMY kaEIEAUN 3 AD N1SNAADULUY

[

fafuNTustiun IadsuNanugdsasUldundn 3 lmAnauATIRSAlUANEUL NIAUATNT

Y 9

&

(%
v Y

dAYTDIAIARULAT TN S NA AR YRINTTUIUNINENBE N LTBWRINYInANNIANTY

o
[
= ;4

Tunansgnuvaa CMAs wag CPPs Miindusa CQAs UaINARA9I81 haridayan1uiadevaandny

AV

wUsUTaundnia ofls ICH Q8 (R2) s¥yin Control strategy HasRusenaustatiey Al (a) MIAIUAY
ANYUENNAUNMNIAYVBITAIY Tesaudadied1fsy ansiiinusuna Mausussaduniugugl

o

¥ o

(b) Tofmuaanzvemaning (<) N13AIUANlukAAENIIENTHENDENTNANTENUADANAINTDY
HARSTI LY NaYBINIINTEABUUINBUNIA (Particle size distribution) vaunsuaferINITazany
(d) nsununveIn1snaasulusEninen1suan (In-process) K3OLUUANNTEILLIA13Y (Real-time

release) AUNITNAFDULUUAILAN LAz (e) TUSUATUNTNTIARARL

Design space

Flexible process
parameters to respond
to variability in the
input material attributes

AU 5 (a) wansvouLuauey Control space N8l Design space (Sangshetti et al., 2017)

(b) uanITEAUUDY Control strategy Vi1 3 5¥AU (Yu et al., 2014)
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8. N13UIMsIANITHAR S luynY198Tnnagn1swauIeg19sawiias (Product lifecycle

management and continual improvement)

lunaonnnyI9iinvewdndud (Product lifecycle) U AI5HN15UTEIIUAI8ITN15N

winnssulvid g Wedsulswmasiauinunmvemdadusiuing@u 8nsuilaldlunisnaasy

a a a

UsEANSAINVBINTZUIUNITHAR BT UTUININTZUIUNITAINANNTIE1U1T0YNUlARILANMNUA way

saa o

kA dugNlan v IR A uNfieIn15nele Design space 35n15A9Na15ENIN “Process

capability” Fadunszurun1sni@ddfilgdmsun1sInAuLUsUSILYRINTYUIUNSHAR JaunIs

¥
v A

NU

Upper specification limit — Lower specification limit
6 x Standard deviation

Process capability index =

[
a o a

AN N137TIAABUAAAINANLUTUTINVBINTFUIUNTHEN D1V TUFULUUNTIATIE AL TN
919384iATU (Trend analysis) SaufUNsANYITYATLLANKATUTEAUNITITENTNNITANTUNIT

a

Id o = o [l o a [ I3 a 1 i
BRI IEFOR muﬂﬂqﬂ FUIUNTNRUINERA 9Tz ST UIUN AR TUA B AR LA
WUINNNI5UINENNIS Quality by Design (QbD) TUUszandlddmsuanamnssun1snanen

nsUsEEnAldvann1s QbD aunsaldlunmsiauimandynssudiniunssuiunisnaneni
WaINNaIENsoJULUUNAN S usieunna1aiy fregratu nszuiunsuaneda nies3ukuy
vaamadmiuldnieuen/enaa nIrUIUNTNENIIUTIAIINTD NTTUIUNTNANITITAEY TIUDS

a3 lURWIAIUIENTIATIEYA (Analytical method) lalguniu

[ [ ]

ﬁm%’maﬂa’lﬁmﬂ’ﬁaﬁ’uﬁﬁ AYNVDULAUBBUINANNSUNISNAIUINTTUIUNISHARY LU
sUkuugda (Tableting process) Lada1nuandugisunuuendnnia Tablet dosage form Wi

Y @ o 1 PN 1l dl' = [y a [y s = [
ﬁ’]ll’]iﬂW‘Ul@ Lﬂuammuﬂuquduma’mqmm‘mmimmmamam‘umamm%mgﬂLLU‘U@us] Tnedady

'
N o w

ndfgnuitendadugluuuignidenlduiniige (Form of choice) nanide n1sldenguunuy
AanandiaudtewazazaInfiandmiudlden Jsarunsaiiuaiiudueaulun1ssnuivesdUae
(Patient compliance) laun8eu 8na ndndnsegluuuidndildemuiiiniionimndndueie
'g‘du:u*usuaqma’ﬂuﬂszLﬁumamamm&ffgmmﬁ AU LaZTINY1DNMY 1LIANAIEdE1AYTDS

a [ '3 a YY) [ o o d'l ld’oj I 1 = o |
HandueiensULuUTesmad Insdulalaenseiuivhaganefdulngiuludiudsenau Falug
NANTENUATUNITAANEAIVBINARA M (Product degradation) lau1nnaa saufen1susuauinen
(Dosage adjustment) dsunandmdierziuuuvesnandulildeinndt luvaeindnsusien

<@ [y Yal d' v 1 o v 1 a [ dl’ c{' o A a

sUsuulnanunsausultivweigndeuasusiugilaunnndy Bndadeniendfgyfe nsuiunisuan
gfintu fanududeutosniiuassulszanantdligunndadisuiunszuiunisnangueuuduy

o

ag3lsinu nMsawgnsisudmsuguuvedaiy Sududssinsatazdndonauautives

o 1%

fedAnydunan Weswnlunsdifmeddylaudfnisaraensenisgadudigsnnelatey
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(Poor solubility or absorption properties) a1alimunzanlunisiuimuigasiiFugunuuede

\esnndsalidiusunuesngnsvesen (Low bioavailability) eglusyaudiduiu

nsldudnnisves Qbd Lildsintantzdunounishndundnfasionln (Drug
development) Wity usasnsadluusuldldfunssuiunisuanevesnandasefilasunistu
neideusmfula v3er1UN5Y1 Process validation waauriu I venseuunsaelavannis
93 QbD franenazdinmsdudunisunegraduszuunazsioiilesegudn osudenaazdosnisiasy
nssUaunsinuioadandenlsssevinanssuauntsindsiu lesainudnnisves QbD
fithughdsarudmnudilalusdnfusiuasnssuiunasdnegnusiass msldvdnms QoD Feanunsn
soganmsimuInszuIunsraniiteglmineutulaldinntuiagldsundnfasiid anniwoens
asiiane

[

AUNEIRYIIAYLIITIwaBend Ay resmsiauINIsndsnssuly ICH Q8: Pharmaceutical
Development 9199usa Ity F9vaajuiuInantiunsussyndldunannis QbD dmsunssuiunis

a < al gj Y2 dy
NEW]EJ’]EULLUUEJ’]L@J@I@EJ@%LE]EJ@ ANUTUNDUNIAD LU

1. AU Quality Tareet Product Profile (QTPP)

MsimundnuaEIguAmveskEafusisULuUsdin Wielklaunm aaasade uay
Uszansamanuiiiua lagvinldudy nsimusiidenun wiiiioatesns Sililasseasidonis
FanFieseiielildundmuanidesns mausidunisimun dnuasmagunimvsandn s
Feaglinadnsunlugunuuvestorivuanisnmenimuaziadl (Physical and chemical requirements)

WaUseleruluNISINHUNISHAIUY N15PAFUIIAUARTNKALAITHANN SIUTINITUSIITINNITAIY

v awv s v o

\d@e9 119991nn15NTNIT8TN15ANMUA QTPP U8INaR A g Nifnean1sHaUn Ia19vTN dualiinaing
Bumlunrsfauindadudliluianimgndesieudisunseuiunis n1sivun QTPP dmiuy

a [ I3 [~ a [ 2Ky Qgil
nanN g dinaunsaasunslnedaUlas el

ekl PGP
Indication seyvausliniandin
Dosage form Solid dosage form: Tablets
Characteristics E.c. size, shape, coating, scoring
Delivery system Oral route
Dosage strength(s) szq@hawﬁﬂﬁ@LLazﬂ%uwmﬁﬁwwuﬂ
Container closure system | (a) Primary - Blister pack, Secondary — Carton

(b) Protect from light and humidity

Purity and impurity limits szqmmeﬁmaﬂammm%a waznaeaudeuivensuly
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Stability profile ® Chemical property — pH, pKa, Log P
® Physical property — particle size and shape distribution,
polymorphism, solubility, hygroscopicity, melting point

® Biological properties — pharmacokinetic, pharmacodynamic,

biocavailability

2. 3¢y Quality attributes

LY a

TaeUnfuda Quality attributes Aedasiuidlusesu nOAv (FredfyuazansiinySua)
arsnaruiildszninanszuiunisndn (in-process materials) uazindvfusidigagy dog1emeq
Quality attributes dmsusendrfguasinduinaidnsogudmiundndusiendn Awanslunisa
Funs el ansnsofnwfisdinds Quality attributes TuusiagmienisnangosvasersUuuy Solid

dosage forms laluniAruINTIELEL

endndty ndysfusidnsagy
Appearance Appearance
Particle size Identification
Polymorphic forms Hardness
Water content Uniformity of dosage
Organic/inorganic impurities Dissolution
Heavy metals Degradation products
Residue on ignition Assay
Assay etc. Microbiological limits etc.

3. @ WPUNISY1 Risk assessment

nsUssfiuanuidsadulumundninasiaisivualy ICH Q9: Quality risk management
Usgneudetuneuvesnisuszidiuaiandes (Risk assessment) msmuammmﬁm (Risk control)
NINUNIUAILAES (Risk review) uaznsdeansaudesiiiinty (Risk communication) il
neldnsourean1syin Risk assessment Sidunaudsil (1) szylgmiiin (Risk identification) Tne
anunsnisdsistoyadoundmwesdiamiinsznusenunm audAniiurededinalavesu iy
wazgnenauseleviiiiu (2) Uszifiuanides (Risk analysis) maqﬂmmﬁazq %qaguuﬁugmﬁuaq
ANuSIArINIswazauUaendeveylden Taglduannslunisusaifiude anuazdulunisie
Uaym (Probability) Augusssveslam (Severity) waga1uanu1salun1snsiany (Detectability)
(3) n3Usiliunanades (Risk evaluation) Wleuanisefuainuddyvesauidssiilaniunig

Usatliundl AUl IngUszasandnaodnisvii Risk assessment A tielviaiunsaiivun Critical
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Quality Attributes (CQAs) ¥panansiauainay Critical Process Parameters (CPPs) U94N5¢UIUNTT

nanle

w3esdlefduiifendmsuldlunsussifiunnudes Toun Ishikawa fishbone diagram Lag
Failure Mode Effects Analysis (FMEA) Tnganansaldmugruls esandadoanuidssvzeain
vastlymfinulu Ishikawa fishbone diagram anunsailumundaseiuanuddyesnuides
Rofae FMEA analysis faog1assununnd 6 wansnisuszifiuanudeddagldiniesdie Ishikawa
fishbone diagram dwfunszurumsnaneisin nsdruvesuandevdeiaulafinw Feegneld
n3DUYDY QTPP it wiun lusiegsiiie Drug assay wavduvesisUauansanvnniotladondnd
danansenusedsiirnddne lunsalifléun Raw materials, Blending, Milling wae Tableting (ugu

ToglusaziuwlsundnanuisawusdasaaniuduysdasMiertaals

Blending Milling | | Tableting

Time Time Hardness
Batch Size Pressure Press Speed
>]| Meets Assay Specification
Excipients Years Experience Sampling
AP Training Method

Raw Materials ‘ |m | | Analysis |

WNUNINT 6 Lansn1sUsziiiuaudeslagldin3osils Ishikawa fishbone diagram

mmumvmumimammm@ (Betterman et al., 2012)

4. Mmvua Critical Quality Attributes (CQAs) wag Critical Process Parameters (CPPs)

[

919 CQAs hag CPPs Lﬂu‘wwm:ﬁma%w%aﬁﬁﬂﬁmmﬁagjma‘léfﬂiawm QTPP %4019

o

Wavuulas CQAs uay CPPs fnanazdssansznusognssnfuvosHandnsivienszuiunisuas L
nadndiemilsde nsiUABuLasiiddyues COAs uaz CPPs e 1athlugmnuduimanvemansiasii
Liiduluma QTPP fidmun fegradu QTPP dmivsfineaszyiiananuuss (Strength) uay
sULUUE1 (Dosage form) Falsidnindu CQas ilesnmifuguandafliaiusadouutasls
ued1nsu QTPP ﬁiz‘uq f9 Assay, Content uniformity 3o Dissolution ¥adu CQAs 1ilodan

Y] A A 19 o o u A a
aﬂ‘@mzLV@WULU@SULL‘U@QI@WWN@?LLTJTUaﬂq@imqi‘UVﬁ@ﬂigUUUﬂqimam
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v & A o A

CQAs vosnansiusidnsaguindudnuvauznisnunmiiddayiuanads Product performance
loun Aanw pudaensie wasUszansamanuiinvun Tuvaed CPPs 1Wudadelunszuiunisnan
Msaslinisaruau wWelilandnduelinunmauiinuakasnszuIUN1SHEATAUENLENBENS

HOLDY FBE1INITAINUA CQAS LAy CPPs U8INIZUIUNISNARSINA L ULAASTUN DU DURIUHNUNTNT 7

Pharmaceutical unit Dosage form Critical process Critical quality
operations parameters (CPP) attributes (CQA)
Fluid bed granulation Tablets Inlet air temperature, binder Particle size distribution (PSD),

spray rate and air flow rate  bulk and tapped densities,
flowability and angle of repose
[16]

Roller compaction Tablets API flow rate, lubricant flow  Tablet weight, tablet dissolution,
rate, pre-compression hardness, ribbon density [17]
pressure

Film coating Coated tablets Inlet air temperature, air Appearance (coating defects,
flow rate, solid level, gloss, and color uniformity),
coating pan speed, spray disintegration time (dissolution
rate of the film coating) [18]

WRUNINA 7 WaERIAIN15ANUA CQAs Wag CPPs U89nN5EUIUNISHAR

susuvedinuazendawedau (Zang et al., 2016)

Tudurainisuansiulsiifnasdonszuiunisndn Wesainnszsuiunisudneussneuluiag
ManETUABURLERIEINTTUIUNSHAR D8 UTENOURY N5 IAYILNUATNASEUIUAS %58 Process
map avtrelfansaussfiulladeiidmansenunaznadnsiildanusaznszuiunsuandes Sni
LansmuduTuS Az nszUIunsHARgaldagadusTuL Freg e aunIng 8 uana Process

map F09NTFUIUNTHARYLIAIUTURDUNTNALRIN NIABNDA Wagn1siAdouling) lnoufaznass

]
a

ANBIULEAINTEUIUNMIHENL Y YNATTLIIINNIPNUTIBVBINADIAAT INput YBINTLUIUNTHARTY
& v Y ! Y] a . =& = I3
ANATHUIINATIUUUYBING DILARIFILUTUDINTEUIUNIHER (Process variables) Feilguuuuidu
da3237n1u (Independent variables) kaza1u1sanIuAula aneAsTUIINAIUEIVDINADIARS
anuwuiilia1nnszuIuns (Process attributes) Fafigunuuliiudaszainiu (Dependent variables)

ANATTEONINNNATUVIIVBINABILAAY Output YBINTEUIUNITHANTIY

re—Elender Fill Volume—
r=—Crder of Addition:
—nNumber of Rotations—
—Rotational Speed
e—Compression Farce =——
—Tooling Design
le—Product Temperature —
[+—Spray Rate
—Atomization
r—Coating Weight Gain —

f4—Press Speed

——Raw Material Attributes—m Pl Uniformity

Tablet Weight ——

Blending Compression ~ [——Tablet Hardness —— 4 gpetic Coating  |—Dissolution———

—Raw Material Levels—— p Exci pig Nt Uniform ity m—] D55 0/ UTiON e

—
—
—
—
—

ggggg

igh
s
s
o
iof

——————

Dissolution —

API Uniformity —f
Tablet We|
Tablet Hard

—— Excipient Uniformity —s
e WD IS TUPE CONTEITT i
-Tablet Thicki
— Visual Uniformity —|

——Tablet Disintegra

LEUNINT 8 LaRd Process map YDINTTUIUNISHARLIIR (Betterman et al., 2012)
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5. A1nuA Design space

n3i1vium Design space AISANTLUNISAENEINITH Risk assessment wda Hioaunsath
tadefiauladnun (CQAs uay CPPs) undlasizvineldognagnies insesdlefidonldlunisimun
Design space e Design of Experiment (DoE) atfuisnisitanunsauansauduiududeufjfizen
S9WIN Inputs wag Outputs TeanszuIunIslunarefifnieléinseu Design space fifua tngain
fls1uv049 Design space ATUNENLNaY ICH Q8 7ina 134 19duudn Faaunsoasuladinnig
Wasuwaslalaiindunield Desien space arlifaifumsasuntasdisndudewdafunheny
Miugua Turausfinisiasunasiiiniunisuen Design space srfioTndunisdsunlasiides
¥unseysiRanmieanuiiuguase fegises Dok Mdenllunszurumssdnenguuuuedie

WaZELIAAADU FaLaRIlULAUNINT O

Pharmaceutical unit Dosage form Design of

operations experiment (DoE)

Fluid bed granulation Tablets Fractional factorial design
(screening)

Central composite design
(optimization)

Roller compaction Tablets Fractional factorial
statistical design

Film coating Coated tablets Central composite - face
centered -
response surface design

WHUAINT 9 wains DoE Tidentdlunszuiunisudnezuiuueude

waveudiaLAdeu (Zang et al., 2016)

wuIRANANUDY DoE %38 Experimental design Aa n157a1u15a09nwuulilUsHudwUsN

aulaunnin 2 vliavuldlunanfeddy iedunanaansmintulundagiuusvieufisensening

fauusle dmsuludunounsniiiiandn Screening azanunsaszylaindudslaiduiudsidfyse

HAANENARINTT InedsnsiseuitsuasdudeutiosNganivuldluduneuil Ao Factorial design

= A

Faanansauuseanidu 2 35fe (1) Full factorial design dlorwuadwlsiaula@nwndusuiu k fuds

'
P

1 2 S¥AUNANIINAGBIAD TEAUAT (WNUAT -) LAZIEAUEY (WNUAT +) A8TTIUIUNITNARDINIAY

WU 25 feg1atu FauUsNauladnuIn 3 H1uUs 8LIUIUNITNAADIINAY 2°= 8 N1SNAABY
[ d' d'dv o Ly [ o 3 Qy
FALAUNING 10(2) WEAINITOBNABLUUNITNAABINLAUTIIUIU 3 AUT NHINNTIINITNAABILETIFU

U sa v o | A vy o o w ] v aaa L w =
NﬁﬁWﬁVﬂfﬂ'ﬂ%U’ﬂULLV]‘L!V"]’]aiJﬂ’liLWE]vLﬁﬁZﬁ]U“UENﬂ'J’]QJﬂ']ﬂf}ﬂw,mazmﬁLLUiLLaZUQﬂiEJ'ﬁ%M’J’NGYJLLU?V]

A [

AR 981915AM10 2931170V UAD INUIUVINITNABDUTTUM LT UILVDIFILUsRauTe

aa A

Jeenaldwmnnganlunsflfdruaudinusuinndn 6 @anus (2) Fractional factorial design 1 U35
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ANYINNAYBIIDWIN LRI INEINTALEAILUTIIUIUNUINAIALTIIUIUNTNAADIN T aUNIN

1n8ARLEDNDENNANLNATIRNIZUNFILUSHINEUN LUYNNNTMAa09 AduanalubaunIng 10(b)

X3 X3 ‘:Xz
X3
« L]
. X, /xz ]
X X, ;

() (b) (©
UWHUAINT 10 WaR9IS DoE dmsusudsdnuau 3 fuds (a) Full factorial design

(b) Fractional factorial design (c) Central composite design (Lundstedt et al., 1998)

ANENEIINNNSY Screening U&7 TumBUABINABNNTI Optimization el Rldnseunie
U3naivedaneiiminyau (Optimum condition) Teeanuduiusseninaiuusfidfyuasnadns
fifvun %QiﬂﬁﬁﬁmﬂﬂﬁlﬂmﬂﬂugﬂLLUUﬂiWWﬁL‘%‘Uﬂ’jW Response surface N1UNIIANUIUIAYENATT
nepdneanswasnisuszananalaslusunsuneuiames fregrutulusunsy Minitab el
LaneansMAdesns nidluisnisuseuiadiuusiddaiielild Response surface fidoin1sAe
Central composite design Faldudnnisiieadu Full factorial design #3® Fractional factorial
design usiiinsrurunsnaaadinseunguuntu lnedmunliudasduvsiiszdunsmaaosly
FEAUNAN (NUAT 0) LLazszﬁuﬁLﬁuizﬁqu‘%aﬁmmﬁﬁmum FawanslunaunIng 1000 degna
Y94 Response surface IMNNIANYIAUMIIZALNVBIRILUTIIUNU 2 AIwds tald pH wazaamgll
Tneusnaidaumnzauealifianuduiusfunsuanmavesdnio fumiweanan winu

s v o

Tuog iUTLAUVBIHATNETIABINTT AauansluwaunINg 11

WHUAINT 11 wanesaee1a Response surface YaiakUsinuay 2 miuUs Lawn pH wazaamgil
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6. 581 Control strategy

Control strategies Aia 33n157ldlun1sAruau lelriulaindnuuenisnaninuas
w15 imesfiddny 1iun CQAs, CPPs uaz QTPP Wulumufssyld saufsnsdmunuinsnig
duunslunsdifiwuinuszdvsamesnszuaunsideavulunninasiiimun weiesdlendeslily
SzUIUNMIAING1IRe Process Analytical Technology (PAT) Swineduesedionsessuuiildlunis
ATIEBUMNTEELIA1939 (Realtime measurement) ¥38n523@UD8 19530137 (Rapid measurement)
dnfuansnasuillsrninanszuiuniasdn (in-process materials) iiielldtoyaiiannsndusuay
manzanvoinszuIunsluaunseislindn Ausidnioguiiaslizeunsgudunuainuaz
UsyAvBnw nanidndenilaie nsld PAT azannsouduldinssuiunstu  dudumsegnigld

Design space 7IN1un

35N15MIVABULALAANIUNTZUIUNITAYNITIATIENAIDE 19N BT ENINNTZUIUNST ey

Y

= =

PAT anansaudseantitu 3 Uluu nanfie (1) At-line measurement fin1sAsiieg1auenaanain

° a s a Y Y] . )~ =
N3EUIUNTT UagyNTiasieniuTualndlAgaiunszuiuns (2) On-line measurement 01574
AI9819UNAIUKENDBNIINNTEUIUNITULEALUER wage1alinsAudiegrudignssuiunisi
(3) In-line measurement liiiin15Asir0g1998nNNTLEUIUNTT Fearanseiilanislugunuududa

wazliduiaiudlesna LLazﬁm'}mmL%fﬂuﬂﬁi‘imwsﬁmnﬂdwaaagmmuﬁﬂénm

Tngunfuda waidans Spectroscopy wuandunilsulunisussyndldsauiu PAT leun
Infrared spectroscopy, Raman spectroscopy, UV-Vis Spectroscopy ke Nuclear Magnetic Resonance
(NMR) 7191l 38n139118ugeanlugnainnssuniaundynssume Near Infrared spectroscopy (NIR)

= =l a a ¢l < (Y Y YY) [l . . .
Wesndwalalunsiesginnaisaslududadsuiegidlunszuiunis (Non-invasive analysis)

o
P [ Y

shudeliIndudedamseusag19d msunIs eIzt uanaind NIR Fadumaiiafigniinuaialy

Y

USP llag European pharmacopeia Wesannilunfeuldlunssuiunisudndniunisnsiageu

v @

manwal (Identification) Waganwagianie (Characterization) vevingauuazaIsRenuldsening

1 a v (3

NITUIUATHAR SINTINTIATITAMBEIIERNu Arpg1ewasnsiumaila NIR Tultluunagmioey

NTZUIUNINARNONTIVADUNITITNDTAAYTINGITDI AalaaslULNUNING 12

Unit operations Parameters Description
Crystallization Polymorphism and particle size of the indomethacin powder In-line [41]
Determine API and residual solvent contents On-line [42]
Co-precipitation Turbidity monitoring, and in situ crystal size monitoring On-line [43]
Freeze-drying Moisture content analysis In-line [44]
Hot-melt extrusion Screw speed and drug loading In-line [45]
Powder mixing Monitor blending uniformity In-line [28]
Compression Content uniformity On-line [46]
Continuous granulation process Show the variation in solid state (transform anhydrous theophylline to In-line [47]
theophylline monohydrate)
Fluidized bed granulation Determine the moisture content, size distribution, and bulk density In-line [48]
Fluid-bed coating Film thickness on pharmaceutical pellets In-line [49]

LU 12 uanansUszgndld NIR Tumionszuiunsndn (Zang et al., 2016)
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lngaguuds n1siaumandunssulaguseyndldnannisves QbD a1uisadiunisuy
#uguauiailalundadamiuaznssuunsean anunsakdstunounisatiunishuleswiu
ponlalu 6 Tunou AansluLiunINg 13 s1easideamuilanaiuinaitiu Ml Waladdey

Mendan1sandunisasadunndunounds drasasaildmnuadianeveinsujua siudenis

a

Annunasau indaduantasnssuiun1snslidequannfiuediseiiios (Continual

improvement)

\
4. \ 5
Determine | ' Determine
CQAs and » £ Design

CPPs i

3. Perform
risk
assessment

2. Identify
quality
attributes

6. Identify
Control
strategy

1. Define
QTPP

WHUAINT 13 kanawuInnamsussendlivdnnis QbD Tunsyuiunisndne

Tutlagdu ndnnisees QbD finsuuUssgndldlunsiauimandunssueganinawinsluy
AAMEAE NI INARLIEeUTEINA TaeBudunuuresidudesluainnisudnduyes USFDA el
sgurnlungAIniey A.f.2011 %LmLLuamqm5ﬁmqumawwﬂiiuﬂWim§mmmﬂzy, (Generics)
men1sUsegndlindnnis QbD laeddmualvigTueuginndnviaudilakazidiludniunisli
aSAumeluiounnsnu a.a.2013 noumsunsuuimisnisUssgndlddmiunisnanenzuuuy
UanUaaeyiudl (Immediate release) wazUanuassuuuaauus (Modified release) (Taylor, 2011)
agslsfinny ndnnisaenandeladnisderuldidungrunedwiuguoygiandneilulszmalng
ynusifundnnsfifuflseusuluseduana ulinseiu nsensnasisaavldusznandninasiuay
FBnslunsudnen (GMP) SedulddmsugFueygmnane Jsuansfannuanunsalunisdiuns
wAnllananAnriiunzaumugaymnglunsld uagliinnnuidsduduaunm Yseansam
wazauasnsesefuilaa Taslumnuiuvesiiaviuiuimadnnns GMP Sadunumaiidaeduli
F5veynnndndndunisnielénseunuiAnues QbD wufy iilesus QbD wWisuailouiluiilosd

[ I o

Usgneudimeiuliinduesednsvunalugluguuuures GMP fiawnsavihanuldegisgnieuas

Y

LY

adaue il 31nNsAn¥ILaEINTIEIITINNTINNE TR UNANNTT QLD Wi & AYLAUI NS

o
Z, o o & v =

ASUaUIANGne1azaInTaInanni1s QbD uUseynaldlaegralivseansainiu dndusded

AAINSNLNEITBIIUNAINNAIYENVIIBINIG AIDEINTU LNEVANEAS AFINTTUAIENT TN hay

-2 =b.

ngranansied WWudu s9udayaainsNianiuaIn1saf1un1suInIsIan1slasanas (Project

management) ioaunuazauaulinfanadnsilulunuszeznanfinmundausluszauniside

o w A

uwagiiaun 3nvie Jadeddgae ulsuigauamunmainguimsseavgaatuayunazaandulinig

Afiuni3dn59qae Mty mngsueygandndaudnvazaeninanuuai luiloswiuiu Jauans

wlduiazUszauanudnialunisussandldudnnis QbD lunszuiunisnanlietiauiueu
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unil 5 asduasdaiauanus

asu

o=

#&NN13909 Quality by Design Aian13119kuukazas9sIngulindaduguaznIzuIuNg
nAniAsadosiuiinunmdulumudemnuaniouinsgiuiisnds fauandsanndnnisaaiud
138177 Quality by Testing ﬁ@mmwmaqmﬁmﬁmsﬁgﬂﬁmumimEJwamsm’sﬁﬁLmﬁzﬁl,ﬁmasmlﬁm
TneAsnnsadslindnsausidaunmauidenislifuddeudunssuviunisndamundnnisvos
Quality by Design 1 ﬁaaaguuﬁugwumawé’ﬂmmimﬁmﬂmwumﬁmuLLazm'ﬁUizLﬁum']mﬁm

Fathlugnssuiunsiaumiandsnssy (Pharmaceutical development) iiaUszasAidniaunay

q

(%
Y |

AebiAnauiAudlanslud v ndn SusuaznseUIUNTHANDE1NLYIAT SUAIULANTEaNKUY

'
& o U

anwENNAUNINTAAYveEadaauazTTwes i Ay lunsEuIuNIINER SaudunIsUTEEY
ANUdsLianualadud Ay NTnasenMNINUBIHEATMY TINTINITNABUAILTINITVDY Design

of Experiment (DoE) tienmun Design space MidANumBLNzaNdnsudnUsndAymaiadinyslu

o

a a

NILUIUNTTNAR 6'?5&ngiamiﬁmum%%msmmm (Control strategy) iofusudsuszaninnuves
NIEUIUNTHAALALAMNNYBINAATTT JUNTLIANTTUIUNINARASTLAzTiNTnTIaRAR LAY
ariauolulsransnmusenszuIunsHanegselies fuuuda seisnsaadinarunaely
w&n3Y8s Quality by Design 1 deabiianisensgauansgulunuAun NN ERTuLaE

USLANTNINVDINTLUIUNISHAN DN INAL O U

ails wlImann15ues Quality by Design lildasAniuslnddmiuanamnssunisudnen
= 3 9 Y o @ ] I v Y Y a
fenseilu n1suszendldndnnisdenartoraduanurimendrfyvedudne luusvmalneg
\Wesannisaiiunisdndudeddnineinsisyaainsuazauuszuna 1wy n1sdnnisinausuliiu

yaansinetoslunszuaunsudndudnuiuinn w3en1sassmyaaInsidaulie Iy gRnzaIu

a [

Inglanizmearingindnduedanududounnnniuazwuimanailulddniadefisuiveiad

Gl =

Fegndudesldsuusranaaaisogudelanalunsiauinssuinaudu o fenaneliiinainuaidd

Y Y

=3

wseruanneglunmsaniiuns JenadutymuazeUassanesindedvluniyuvosindniey

UDLAUDLUY

o o

dwiuuuImianisuiavesdSueuginlunisuszendldndnnis Quality by Design 1u

faavhilenudiuiinisadeiiuguanudenudlalundnnisvesiFueygn uasumuivnisdasa
mMsufoRnamhssunaigiudntedoniefiddry Imwu";&mumﬂ%’gmsﬁmﬁﬂmsﬁnausuﬁgq
mamguiuarU ORI Ueyyneg1 s elhAnAuimuidlesgsgndeauasdeansiisanny
Fosmsntefiamsnsdiunsvesihenuniaizesudnauieu nisuimunszeznaivanza

dniudsusygalunisiSeuiwasihluuialaeseneuinisusenmadeduldmungmneseld
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NANUIN LLEAS Input material attributes, Process parameters Wag Quality attributes

YodusarniIeNIINangaedmTunandueigngUwuu Solid oral dosage form

Phar ical unit i

P

Input material attributes

Process parameters

Quality attributes

Particle size

Particle size distribution
Fines/oversize
Particle shape
Bulk/tapped/true density
Electrostatic properties
Moisture content

Particle/granule size
Particle/granule size
distribution

Fines

Particle/granule shape
Bulk/tapped/true density
Adhesive properties
Electrostatic properties
Hardness/plasticity
Viscoelasticity
Brittleness

Elasticity

Solid form/polymorph
Moisture content
Granule porosity/density

Particle size distribution
Fines/Oversize
Particle shape
Bulk/tapped/true density
Electrostatic properties
Hardness/plasticity
Viscoelasticity
Brittleness

Elasticity

Solid form/polymorph
Moisture content

Blending/mixing
* Type and geometry of mixer
Mixer load level
Order of addition
Number of revolutions (time and speed)
Agitating bar {(on/off pattern)
Discharge method
Holding time
Environment temperature and RH

Size reduction/comminution
Ribbon milling
* Ribbon dimensions
= Ribbon density
= Ribbon porosity/solid fraction

Impact/cutting/screening mills
e Mill type
* Speed
e Blade configuration, type, orientation
® Screen size and type
* TFeeding rate

Fluid energy mill
* Number of grinding nozzles
* Feed rate
* Nozzle pressure
* Classifier

Granule/ribbon milling
e Mill type
* Speed
* Blade configuration, type, orientation
e Screen size and type
* TFeeding rate
‘Wet granulation
High/low shear granulation
e Type of granulator (High/low shear, top/bottom drive)
e Fill level
* Pregranulation mix time
e Granulating liquid or solvent quantity
e Impeller speed, tip speed, configuration, location, power
consumption/torque
* Chopper speed, configuration, location, power consumption
® Spray nozzle type and location
* Method of binder excipient addition {dry/wet)
e Method of granulating liquid addition (spray or pump)
e granulating liquid temperature
e granulating liquid addition rate and time
® Wet massing time (post-granulation mix time)
e Bowl temperature(jacket temperature)
* Product temperature
* Post mixing time
e Pump Type: Peristaltic, Gear type
e Granulating liquid vessel (e.g., pressurized, heated)

Fluid bed granulation
e Type of fluid bed
e Inlet air distribution plate
s Spray nozzle (tip size, type/quantity/ pattern/configuration/position)
e Filter type and orifice size

Blend uniformity

Potency

Particle size

Particle size distribution
Bulk/tapped/true density
Moisture content

Flow properties
Cohesive/adhesive properties
Powder segregation
Electrostatic properties

Particle/granule size
Particle/granule size distribution
Particle/granule shape
Particle/granule shape factor
(e.g., aspect ratio)
Particle/granule density/Porosity
Bulk/tapped/true density

Flow properties

API polymorphic form

API crystalline morphology
Cohesive/adhesive properties
Electrostatic properties
Hardness/Plasticity
Viscoelasticity

Brittleness

Elasticity

Endpoint measurement

(e.g., power consumption, torque,
etc.)

Blend uniformity

Potency

Flow

Moisture content

Particle size and distribution
Granule size and distribution
Granule strength and uniformity
Bulk/tapped/true density

API polymorphic form
Cohesive/adhesive properties
Electrostatic properties

Granule brittleness

Granule elasticity

Solid form/polymorph
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AMANUIN LLEAS Input material attributes, Process parameters Wag Quality attributes

YousarmhieMInangasdmunansiaueienzuuuu Solid oral dosage form (si9)

Pharmaceutical unit operation

Input material attributes

Process parameters

Quality attributes

Particle size, distribution
Fines/oversize
Particle shape

Cotesi ; -
Electrostatic properties
Hardness/plasticity
Viscoelasticity
Brittleness

Elasticity

Solid form/polymorph
Moisture content

Particle size, distribution
Fines/oversize
Particle shape
Electrostatic properties
Hardness/plasticity
Bulk/appeditrue density
Viscoelasticity
Brittleness

Elasticity

Fill level

Bottom screen size and type

Preheating temperature/time

Method of binder excipient addition (dry/wet)
Granulating liquid temperature
Granulating liquid quantity

Granulating liquid concentration/viscosity
Granulating liquid holding time
Granulating liquid delivery method
Granulating liquid spray rate

Inlet air, volume, temperature, dew point
Atomization air pressure

Product and filter pressure differentials
Product temperature

Exhaust air temperature, flow

Filter shaking interval and duration

Drying

Fluidized bed

Inlet air volume, temperature, dew point
Product temperature

Exhaust air temperature, flow

Filter type and orifice size

Shaking interval and duration

Total drying time

Type of tray dryer

Bed thickness/tray depth (depth of product per tray)
Type of drying tray liner (e.g., paper, plastic,
synthetic fiber, efc.)

Quantity carts and trays per chamber

Quantity of product per tray

Drying time and temperature

Air flow

Inlet dew point

Vacuum/microwave

Jacket temperature
Condenser temperature
Impeller speed
Bleed air volume
Vacuum pressure
Microwave power
Electric field
Energy supplied
Product temperature
Bowl and lid temperature
Total drying time
Roller compaction/chilsonation
Type of roller compactor
Auger (feed screw) type/design (horizontal,
vertical or angular)
Deaeration (e.g., vacuum)
Auger (feed screw) speed
Roll shape (cylindrical or interlocking).
Roll surface design (smooth, knurled, serrated,
or pocketed)
Roll gap width {(e.g., flexible or fixed)
Roll speed
Roll pressure

Granule size and distribution
Granule strength, uniformity

Flow

Bulk/tapped/true density

Moisture content

Residual solvents

API polymorphic form or transition
Purity profile

Moisture profile (e.g. product
temperature vs. LOD)

Potency

Cohesive/adhesive properties
Electrostatic properties

Ribbon appearance (edge attrition,
splitting, lamination, color, efc.)
Ribbon thickness

Ribbon density {(e.g., envelop
density)

Ribbon porosity/solid fraction
Ribbon tensile strength/breaking
force

Throughput rate

API polymorphic form and transition
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AMANUIN LLEAS Input material attributes, Process parameters Wag Quality attributes

YoausarniIeNIINangaedmTunansiueiegUwuu Solid oral dosage form (si9)

Phar

unit i

P

Input material attributes

Process parameters

Quality attributes

Solid form/polymorph

Particle size, distribution
Fines/oversize

Particle shape
Electrostatic properties
Hardness/plasticity
Bulk/tapped/true density
Viscoelasticity
Brittleness

Elasticity

Solid form/polymorph

Particle size, distribution
Fines/oversize
Particle shape
Melting point
Density

Solid form/polymorph
Moisture content

Particle/granule size
and distribution
Fines/oversize
Particle/granule shape
Cohesive/adhesive
properties

Electrostatic properties
Hardness/plasticity
Bulk/tapped/true density
Viscoelasticity
Brittleness

Elasticity

Solid formy/polymorph
Moisture

Particle/granule size and
distribution
Fines/oversize
Particle/granule shape
Cohesveladhesive properties
Electrostatic properties
Hardness/plasticity
Bulk/tapped/true density
Viscoelasticity
Brittleness

* Roller temperature
* Fines recycled (yes or no, # of cycles)

Extrusion-Spheronization
Type of extruder (screw or basket)
Screw length, pitch, and diameter
Screw channel depth
Screw blade configuration
Number of screws (single/dual)
Die or screen configuration {e.g., radial or axial)
Die length/diameter ratio
Roll diameter (mm)
Screen opening diameter (mm)
Screw speed (rpm)
Feeding rate (g/min)
Type and scale of spheronizer
Spheronizer load level
Plate geometry and speed
Plate groove design (spacing and pattern)
Air flow
Residence time

Hot melt extrusion
Screw design (twin/single)
Screw speed
Screw opening diameter (mm)
Solid and liquid feed rates
Feeder type/design
Feed rate
No. of zones
Zone temperatures
Chilling rate

Tabletting
Type of press {model, geometry, number of stations)
Hopper design, height, angle, vibration
Feeder mechanism (gravity/forced feed, shape of wheels,
direction of rotation, number of bars)
Feed frame type and speed
Feeder fill depth
Tooling design (e.g., dimension, score configuration,
quality of the metal)
Maximum punch load
Press speed/dwell time
Precompression force
Main compression force
Punch penetration depth
Ejection force
Dwell Time
Encapsulation
Machine type
Machine fill speed
Tamping Force
No. of tamps
Auger screw design/speed
Powder bed height

Extrudate

Density
Length/thickness/diameter
Moisture content

API polymorphic form and transition
Content uniformity

Throughput

Pellets after spheronization

Pellets size and distribution

Pellets shape factor (e.g. aspect
ratio)

Bulk/Tapped density

Flow properties

Brittleness

Elasticity

Mechanical strength

Friability

Extrudate density
Length/thickness/diameter
Polymorphic form and transition
Content uniformity

Throughput

Tablet appearance

Tablet weight

‘Weight uniformity

Content uniformity
Hardness/tablet breaking force/
tensile strength
Thickness/dimensions

Tablet porosity/density/solid fraction
Friability

Tablet defects

Moisture content

Disintegration

Dissolution

Capsule appearance
‘Weight

‘Weight uniformity
Content uniformity
Moisture content
Slug tensile strength
Disintegration
Dissolution
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AMANUIN LLEAS Input material attributes, Process parameters Wag Quality attributes

YoausarniIeNIINangsedmTunanfueigngUwuu Solid oral dosage form (si9)

Pharmaceutical unit operation

Input material attributes

Process parameters

Quality attributes

Elasticity
Solid form/polymorph
Moisture

Tablet dimensions
Tablet defects
Hardness/plasticity
Density

Porosity

Moisture content

Tablet dimensions
Tablet defects
Hardness/plasticity
Density/porosity
moisture content

Size/dimensions
Polymer type
membrane thickness

Pan coating
Type of pan coater (conventional or side-vented)
Pan (fully perforated or partial perforated)
Baffle (design, number, location)
Pan load level
Pan rotation speed
Spray nozzle (type, quantity, pattern, configuration,
spray pattern)
Nozzle to bed distance
Distance between nozzles
Nozzle orientation
Total preheating time
Inlet air flow rate, volume, temperature, dew point
Product temperature
Individual nozzle spray rate
Total spray rate
Atomization air pressure
Pattern air pressure
Exhaust air temperature, air flow
Total coating, curing time and drying time

Fluid bed coating
Type of fluid bed coater
Fluid bed load level
Partition column diameter
Partition column height
Number of partition columns
Air distribution plate type and size
Filter type and orifice size
Filter differential pressure
Filter shaking interval and duration
Spray nozzle {type, quantity, pattern, configuration)
Nozzle port size
Total preheating time
Spray rate per nozzle
Total spray rate
Atomization air pressure
Inlet air flow rate, volume, temperature, dew point
Product temperature
Exhaust air temperature, air flow
Total coating, curing and drying time

Laser drilling
Conveyor type
Conveyor speed
Laser power
Number of pulses
Type(s) of lens(es)
One or two sided
Number of holes

Coating efficiency

Core tablet weight before and after
preheating

Moisture {gain/loss) during
preheating

Environmental equivalency factor
Coated drug product (e.g., tablet or
capsule) appearance

% weight gain

Film thickness

Coating (polymer and /or color)
uniformity

Hardness/breaking force/Tensile
strength

Friability

Moisture {gain/loss) during overall
process

Residual solvent(s)

Disintegration

Dissolution

Tablet defects

Visual attributes

Coating efficiency

Core tablet weight before and after
preheating

Moisture {gain/loss) during
preheating

Environmental equivalency factor
Coated drug product (e.g., tablet or
capsule) appearance

% weight gain

Film thickness

Coating (polymer and /or color)
uniformity

Hardness/breaking force/tensile
strength

Friability

Moisture {gain/loss) during overall
process

Residual solvent(s)

Disintegration

Dissolution

Tablet defects

Visual attributes

Opening diameter (internal and
external)

Depth

Shape of the opening
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