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ODTHA VAR—ZADBROLESD—D%HI3ITRT,

ELDNAFTV /O P—ICHAEES EMERRAEEERIEIZSH LG LRIEORK
WAZEL,. —DOREDY FEREFTEH=HIT/NYFDORE| (splitting) RV T—IL
75, BEXENREONYFEEDLSICERE BIRIE. N—_X FRITHREED
REIRVT—I) TE2OM0EHRATEIDLELH D, 1\ FH A ARIERAT—ILDFHE
EHIT, NYFBEEDF N U FIZDOWTHEHMICEE L TNER S,

5. HEMBERUVEMERREMHORE
51 —AREA|
511 SRREOHEYEDEE

UTISRT —RERIE, REOSETRROMRRER (T4hs, HEMEDETE) &R
ETDRICERET DREND D

o —RMIC, BEITRDOFAKMETEY 2YWERFEPREZGDOEERL. FRED
MEICEEERITI ATREEAEL
O VRV LBEEIBROBRDOYMNLDRT Y THEDERKRE. ZDOERICE
DEERIND, —DEREOYEMMEICEEL. ELTES—2EF
MYDER. ZBRUVRKREICEET 5, REOYEMMET. HETED
RREBETEEY SREBREIBRVENLUREORE BIZIEX, B M
V) ITBVWTRESND, BF. HETEDOLRTREALELY, BIEY
SR MMYET, RHETEOTRTERT 2THBMLY LHEEEE (FIZIL,
HiFE. B SPRAKDORNT) [CEXYRESNLIHENE . TRRIZE
HICKEBY HHHMEEN. LML, ZOHD7—XTIE BIZIE. EHE
FBICEYEHENDIRTF EXEA VIR LATF FE) | REREETRE
MAoDIEHEIVRAIVDERIE. FYRENGZLDELSD
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o RFELBIE. THMAEICBEEINTLEINESIHEZEDT. RERUTZD
HETHEOEENEUNE SN EFTFET S, COFHBEZITSHIZ. [REDH
EIRICEALT, FHYUNIEPFTEDLSICERL., FEETIREELEELS
BEICTHYMDOER. ZBRUREICHLTEDL I BEEFRIFTON., F
FRESN-EEBBAGCEREOHRETIREIEVITHLIDONE., RFELUFEMN
BRTELLIIC. REOHEIREZRZERFERMIERICHAIRERT SILE
NHd, 8. CNIFEROLELBRIEOSBAEZED

o BE. RENTMYM IO I 7 A NICHEEREFTRETRRE., ARPFRMTE
HMDE 32822 TRABSNIHEETRICEDIDLEND D

& BAMLEERIL—FENHBLTREREEZEHT HRICIE. FOKRLIEIL—
MIBFRREF 1 2HHWIEHDHEYMEMN GBS S, ICH Q7 TEE
BE Ntz GMP FIHE(E, ERIEIIL— MIBWTHENENRIICAHL SN T-FF
RMDEREIND, REOMREL, BEYLGEEEE & H£(CGMP TTEETRE
ZEMBITACEICEYREESN S,

o HEWMER., LFEMEERVBENAEICSATLIYNETHILEN DS,
BE. HEREHRGVPREEREETCHRENE L XA SN

o HEMEEF. REOEBETODEELGHAMNY LGS, CZTO EEGHERE
o1 ElF HEMEZHE, FEXFMOEMBERANTEIEEZERLED
DTHD, BE. TXATIVEXIIMOBMEFZERERKT 5-DICFERT S
NALZERIIHFELALGTRETH S,

HEMEZRTET ARICE, FLO—REFEHNZERICEEIERYSELYL. TL
5. LEO—RFEHDIRTEERT ILENHD (E 104, Hl4SH) ,

51.2 ¥ERREDOHEMEDRTE

A LS4 DBERE, FERRELITILEEREEYRR BIZE, REAXHD
WFHEYHHEON CHRE SN =1 0) OHlASDOEICKY . BEDEBRERNEASLE
RETHD, HRICE - TIE, HFEFEETRROCRZEMEREMNM HEYRIT
EOME) AR T S LB THEML LALL, LAL, ATAERAPTH
Bt L =R O—2H, SHREOHENMEDOREICEVWTRSNRAISESET S
EERYCENTENL. EDEBL-FREKRZHEYEL LTRET S ENTES,
FFEEIL. RETHAHEYEICOVT, ZOFMYTOT 7/ ILEEHTHNHITHE
115 C EANTRENE S M. RV, REEX(SBYMHETHEE TELS, REOFHYH T
A7 ANVICHEBESZANESIHERISFHEIRETH L. MEMRUVZOMDIFE
MENGD ) R HEKRIZHIET DREND D

12



513 "M AT/ no—RARE/AYVERBREEOEDEREAMHRUHEY
BEnRE

NI NAFTO/ B—EHARERVHLIEOEMERERERREDHEND H
A (starting point) TH D, HAHBTIE. Ch S (XEWRREMF (source materials)
EMEh, DB TIE, HEME (starting materials) EMEhd, BHEAMFUR(E
ICH Q5A. Q5B R UL Q5D ITTREN TS,

5.2 HEMEXSAEYEREMHICET SIFH0IRH

FERRETDIIANTOHEYMERTEMERFEMBZHE L BYGRIREREL
BHNEEELEV, ARRERRRUVFERERICH L TRESN-HEYER, Z41tE
TIRELH D,

521 EREROHAEVEORENDR UK

FHFEEE. LEENES A1 THHRSNHIHEMEORED—MEFERICEL L, RET S
BHEROEEMENED L S ITHEYMNEHRAL ., BROZUEERSBHTNEGE 5L,
SHIZIE, UTORERESCENTES -

o HEVMEROAMMERET 20T HEDEN
o LIRDOIEETRICEITIHEMEROTMIRUVEZDFSARDES LIRE
o FZROHUEMEICOVWTRET IREAEDLSICEEBERICHFST DD,

REEL. RETOHEYMEZAEICTL-BRTOREOEAERZMET SR %
ZUMO—ELT, BRI RETHD, HEVEORERVHEME LI O RKRRE
FTHOERBRBOLEIT, FBOEKBROLEDERFEHICHS, SoIc, HEVED
HEREICHRT 2B BORFLROEGARKRIER SN D,

HEME L L THROLFRGZEZERAT HEEE. —RUICEZORFEHEIZLEZER
TREEGD, MROECFRGZE(F, B, RETHIHEMEL L TOFERAICMA T,
BEOEERXFLUNOMBZZAL. AABERELTRESATVESLDTH S, Rt
BRSNAEZEAEF, mRMEFATSINAGN, B L, FRERSINCZEHLRESH
EMEELTRETHSOTHNIE, EEEDESAAITHHREINSIHEMEDEED K
REAICHE > THEMERSBITNIEE S,

BRICESTIE, TROEENED—EL-GRBEZHERT H-OIC. REREXETH
ROLRDEITHRETIRZENT H2VEAHLSIND LG, COXSBHRICIE, &
MLE-RBEIRERE REOUEIROERDO—HIZEHILENH L. BE. RIBEZ
FAN-HEMERUVRERL-ERMEOMAZRTT 2LELH D,
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522 $¥ERREOHEVMEDRENDR LK

FERRERICEVWTHBL-PRARZHEYEL LTRET 56, BFEE. RET
SHAEMEN LEDES AN ITHHR L -HEDEDEED—MRFEMIZEDK S IZH S5 H
AL, ZAMEZTIRETH D, REMEZRT CENTERWFEIZIZK, BFEERE
Y CEETROEREMEYMITEDMHNGEEEH L. Ch o DRERMHOBEEMEEET
HI_ETHD

523 A ATV / 0O—ERRE/AYEREREREDOEYRREMHXIEHEY
B 0E T

LEEHAHF VXL ICHQ5A. Q5B U Q5D IZ;SRENTLVS,
6. EIHEER
6.1 —f8RA|

EREKIT. RFOHKRVEETEOEFZN SEAMNS, BiE T 0+ XADEEIERE
VHAREZRIIT HABEEIN-EEDO—XTHS (ICHQ10) . EXDFEH BT
FYEALEFE (REETNoDHEEE) ZRAVTHRESNDIAES MZEEEGE. H6
WHRENHETIEICIIREEY ZEEBRNH D,

EEBRICEIUTOREEZETHN. CholTRESNDIDOTEAL

o WMERME (FEMH. HEME. bRk, HE. RRO—RIBEMH. £0fth)
DEHE

o HETHRODHRMCERLEEFNTLLIERE BIZIL, BRIEDIESF (N4
T/ 0 —cARE/ AYERRBERERR) XITEHERADIEF (EZEMR) )

o TERANEE (IENABRRUVIEBNSIA-2ZET)
o FRENEHE (FIZIX. HEHAR) .
6.1.1 EEERAZEORY 4

EEERE HROFELIVEALFEZREELAECIYRRTLSILELTED,
Bl ZIE, HFED CQA., IEENXIFHEAMEEITH L TIIREDFET. TALUNDERT
FRYEBALEFEEZEERLEAERICL>THET S EHTE D,

HETRLEEHEREMARET SRIC. HEROFETE, BF. HEN—EBEMHEZHEEICY
BB, RESN-ELEEERITONET—RICEDER(EDLND, RED
B (B, RRESEER) (CH115 CQADFHIEIC. KYERMNEIND, REDF
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ETE, B8 BIARE, EMBIZET D) (S0 HIFEHEICET 2B NEK, RE
MELDERD,

FYEALEFECIIBETEORARTE. XDOFELYEICSROWIREHROERE
ZEAITOT, RHDFERZLYRRITTHETE S, ChlE, SHITHEETH
RGNS A—SEHE, FEEERVREEEDFRARZAREICY S, COEEBKIL.
BRSATHAINLIZENTTOCRDOEBAREDICLIAVD FAEMRYERS &
[CEYRARENDEELH D, SYEALEFRICTEDISEEEBE, £ BRI R
MEZET D) 1T H TN A - DIREHREICEWNV T, BAMEEZ L5 LN
TZ %,

6.1.2 EEHIRZRART IBOEER

REOMEZHRT 501, EEBRZANS LT, E4ADEE CQANEYLE
BECRE. 7MRICASEEZRAINETH S, REOBRER VARG XL, B
2ERDEZRD—DOTHY., BT LELITATD CQA ZREDHRBIZEH DBEILLLY,
CQA [F. (1) MERRUVHBRAZIZEFIh, BREREZHBRLHERT S, X(F (2)

RERUVRBRAEZICEFNDGD, LROEE (BHIZE. YTILEAL) ) —REHER
(RTRT) &LT) ZRBLTHET S, HHWI (3) BBERUVEARAEXICEEFNG
WA, LROEEZBELTRIET S ENTES, LROEEDHIE LTI

o TiIENGER

o FECQAZFRATES., IRNSA—FADOIENOYERMEZAE LERY
%, HAHAHZEICEX., TOELRFITTE (PAT) AIREDEELBLNLIRED
HREDOBRIEDAIZFIATE S,

MEDREFEFEZRNEGN. FYEBALEFRRFEZRAVSMICEAHLLY. EREEDHE
AlE. CQA NZEHREDFHE R VERICEOM G TNIELE LGN, REODREICEE
ZRIFTAIREMEDH S TRIEOER., HIAE, BEELL, BIEEH. X 1 FUEE
RUEHZE., EETOILENH D,

EHEKZRART SLE. CQA ITHET SRV RVEBEENMGHERZREY 5L
DEERENIZHLD, WEXZBIHFEDCQANEEZIEPOE—RIFEHDOEMTE
YD ELEERTHAENTED, HIZIE, REAARREXEN(ATH/ 00—k
RAREEYEFRARFEETE EBELANLOBESEREVAIRFLERET HED
CIFERDRENH D, COKIBHER. REICODVWTHBREIT S EDATERED
BUGRIENGEoNGWNEEZ OGNS LMD, BMOBEERS D b (FIZE, FHEE
BEUIEAEE) NEHEBRICHEARAEND,
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HETRTHERATHSIERDEMMDOREF. TOEHLERISEL TOLWETAREE S
TL, ETEDLRTHEATIEMM LY L. RREEAEETEAT SEMHMIL. R
RICFHPZE Lo TEARENKEN, EDEH, TOLSIBEMMIZTOREZ. £
MTERATLIEMULEEMHEEYV L. SYREICEET ILENHINESIHZRERE
BIFFTEINETH S,

6.2 EEEROEROREH

EEHBBICRTERICE. EEEBOBLAOEROFHMLGRAZED., BULGLE, &
SHICRENEFRNLGTEEBROENZEHINETH S, EFNLTEEBRROENIL,
FRMICERTELL S RERBATRIZENATES (E 105, ffIsSH, ZEHX
L&k 2D EEHBOENOHF) . BEMICIK, ZENICE, REOMEZERLET 5=0HI,
EEHEROBELDERNEDLSICHEIZEEL THIEELTWLWANEHBEAT EIRNET
Hbo

ICH M4Q Tld, RZEHRBFERAMTEHICEETIEEHEBROBELADEREBEYLEIZRT
CLEHEBLTWS, CRIZIZFLUTZED S,

o HEHERUIOER -2 bE—)L (3.285.2.2)
o EMHNERE (3.25.2.3)
o SEETRRUVEZHHANDERE (3.2.5.24)
o FHEMNEME (3.254)
o FERUIERR (3.256)
7 7O+€R - RNYTF—2ar/TOREEHE
7.1 —ReRA

TAER - N\)T=230&F BRENTA—FZATHEBHT S5IEN. RERBRULA
BERMECEES L-PREK-REZEHET 5-OICHRMIODBRME L (HEETES L
BT OXEICKDHATHS (ICHQT) o

TOtR - N T—=2aviF, BEIEORGTRENSEEEZEL T, BEIEN
BIEMBEDOREE-—EL THIGTE S & & HEEMISIERA T 5 T — 2 DIRE & 5F
fizE2Hd&NTES,

REQEETRERON)T—a v EnEFERALE-EAAERE LTRBT HFTIC
T LGETNEGRSLEWN, NM AT/ 00— CREEFORETRE. RIIFEXEDODER
IRRVBREIROEGSE. 70X - N\ T—2a3 0 EaXHTH5T 2 NRBHER
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FTEHDO—EIZEETNSD (3.28.25) , BFEIF. IEFDLFESOEREREDIFEIZDL
TlE,. 7AER - N\YTF—2 3 VOFRIIEBRERGTERIZETHL,

— I TOER - N T=a vk BYLGBOEENYFICHTET—2OREE
WEETSH (ICHQ7, E1258H) . NV FRIIUTOVL OO DERITIEKEFT 5.
CNBIZRLGEL: (1) N T=2a0EF58ETRR0EME. (2 BETRENE
BOLANL, Q) BEDIRICEALTELNTVWESERT —2DEPLIEDHH,

REDQTOER - N T—2avITh0EFEE LT, YEEERLER. RUTO%®
DHBSATHA VN EBLE-BRENREZENET IHETOLRDEED-HD
TOtER - N T= a3 OEERAEO—EE LT, MIKHITIEHESE (CH Q8) %F
RIBH5IENTES,

72 N AT /70— RARE E£YEREREREICEEDORA

NAFTY /7 OO—cRARE EMERBRFERRETIE, ARPFRATEHRICERTT S
TOtR-NYT—23vEXHTHERELT, BE, BEREOTOELR - NYT
— 23 VRWIMRERBROBRFHERNEEND. TOEX-NUT—2 a3 VDNV FIE,
HEAEDRBOETHRLENYFOEREZEEL. BERATOLXERBMLIZED
ETIRENHD,

N)T—=230Ryr—U2KICHT H/MNABEHROT—2DESDOREL. MREE
TILHABRFE L -EEREETICRML TSI EF . FRIEL TSN ES MIKET
%, TDETIVERT—ILOEENTRETHY . M OEEREZRRLTNDELSE
FT—RICK VIS IRELNH D /NMAEETIILOBUEICHED LS &A1
ERIHTENIL, HWEXEIL. BERBEONY FRBRADKEFEENBLLI-TAEX - N
J)T—2a FRETEHIIENTED BEL. BEREONYFIhLH/ONI-T—FIC
&Y. TR -NYT—=2a3 0 EXHTIEOICE RSN /MIEAROBERE RN
(THRETHDH, HEHRUAHDHEERL. HAIVNIZDL S HGHBRELEL LGS
XIEHEFRBENT 2HA RS54 V2 SRTELHHE. HHBEOHRBRE/NREDAH TEE
TEHCELZEHRETEHIENTED BAIE. VMILRRKRE) .

BB BERTMY). RETRERAMY (CHQEB) RURIREMD HHEAFRME
(E FRIEBMICHEXT 2MEEFERATHTOERIZHE TS0 ILRA%E, ICH Q5A B
) ZRETHIRENETIRARETOLTAELELLEN, VO IS5 T —AH
S LDEGETRTEOIZFOAIHEIL MEEOEFILCTHONAERMHEESH
CENTELN. BERRBEOREPICHRT ILENH D,

BEREEIZSTS in vitro filED EREZREL TEBELH D, COFMETA
AR, ICHQ5B BT Q5D [TRENTLVS,
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T5 v b IA—LBEORBENAT S L = RBPEBCLERRBOBAMERL,
FEQWETRITENINY F— T IRERD S, BE. TLRT—ILAY F— 3
VIS BEERREEET A HORRNANETRRCNESHIET 27— 4%
EHBRETHS.

8. JFY-TH=AIL - FXxa A2k (CTD) #AXTOHRETIEFAREHR R UV E
|DIRH

FYEALFEZHETEORAREICERT S LICKY ., BEBFAN CTD ITHESL
TWEWNMERAEL D, HETIRORFRFRE, BF CTD DE 3.2.8.26 [SRTBEMN
Hbd. FAFEAENSELHMOERIT. BADAEIZELY CTD HHXICEEHT 5 &N
TED, Tz, WK OHQDEKRMGIREZLUTICRY . HFEEX. FEOFHROEEHIS
EPREICTRIRETH D, FHA FSAVITEVWTSRENIFED FEY Y BIZ
[E. SATHAOLIRTA Y b, BEHRE) (L. ARRFRTEHCEHEHI SFE
[z, BFEEOEESMGEVATL (PQS) ITEDERYKS (ICHQ10EH) ,

81 RBVARITAD AV MRUTOERER

MEYRIIRDAV NI, TOCRAARRUEREEICS T HRALGERETERAYT S C
ENTED, MELOHIEDIEEE LT, =, TOHEOZLEDHRAICAL LN
Tl BIAE, MERFUERUVIR/NS A—42 ZFRE CQA ITEEM TS ) RV EHER T
FERERIZRBEMR) (X, E 32826 ICENT HIENTED,

8.2 EERERE (CQA)

FECQAZ—ELL. INODHEXIIHEMEZ CQA & LI-EBHM T ERKBHERNMT
BEHOMETREROREDFREBNE (3.2.8.2.6) ITREILGITFIAIEHESLEL, LML, HEiE
[CEH 2MERITFEZE CQAITEE LIZGRICIE. TheaXF T 5@ E0HEICET
HEMAFERE. CTD HXOBULE (HIZ(E, 3.2.8.3.1 BEZTDOMODFEFHEDORERA.
3.2.8.7 BREM) ICFRITVENH D, HE| CQA ICEHET 5RE CQA DERI(. HAEIR
HEDRE (3.2P.21 HEKD) DEICEET LI LELNETHD,

8.3 THA VAR—X

RETIHEIRERO—DODERE LT, RRPFERMEHNTOEEFERVTAEX -
a2 bA—JLIZRDE (3.28.22) ITTHA VAR—RZREHTHIENTE S, @&
ThHNIE., RRRFEREHTOEEIRBRVEETHAOEEREICRSE (3.25.24)
2. BMEREZRELTE LV, WETEORFEORE (3.25.26) OEIC, THA Y
AR—REEDRNE L LHUETEORAERAREZENL. BHIT S LNEUTH D,
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ERHLGEEBBETHA VAR—ZDBERE. REORBRUVERAEOZ A M
(3.28.45) DETEREIHEMNTED,

8.4 EIHEERR

FREORERUVHBRFEZIEEHREAO—HBAICAT LRV, KBBHFBFRTEHDR
EDOHERUVRBAEZOZ LY (3.254.5) DEEF. REODEANLGEEHKZENT
LEUGIGEFTHD, BEL. EMHOEE, EEIROEBERUVREDEREIL CTD
XOBULEICTRIDENHD FHAE, BEFAERUSCTOELR -2 bA—)L
(3.2.8.22) |[AMHDERE (3.2.8.23) . EEIRRUVEEFHADEE (3.2.8.24) .
BERUVRERAE (3.254.1) ) . HETRRORARICHESEEOEEHROEERIZDLY
TlE. 3.2.5.2.6 DEIZHZRIZFERT B,

9. SATHALIILIRIAD

ICHQ10 TRRBEN-RESATLOERRUBREMOERE. EF71 71V ILDOK
BIZETA2HZRVRVIZEI(RYBAOFEREZHETI230THY . ThizkY
BRoA4 T4V LDOEHBIChH- Y BEHSRELRET 5 RRRUVREETOELRD
MBE. AR CEGOBRBEETCEZELEROEENEROIEZE L CTEEINAT
nIEE 54,

FEOHETREORRELHBEE, BE. EDIA TV AV ILIChl->TH#iET 5, BiE
TREOMREICOVTIH. EEBROANME L EH T EHAMICETE L R FhIEE 520,
BELEENLBAFEE. RETEROERRUVEREHMERELIVREL. REOREZH
RICTE-HOEEEREZRET 2-OICAVNSZENTES, EHIT, HORERIF
L OEHEMN SFHMEE. ARICChoDBEMICEETE S, #EMHREL TN
TR -NYT= a3y RITBHEAITIRERS, EYTHRNGEEBROL &L TRT
Shd,

SATHA I LEBLT. RELFORETRICEEL-NBL2EET KRN LERY
HADPBETHD, COMBEERICIE. REOTOLRAFHK. BHNRERRUVZEH
EEERICHT HEMBE. REOSA 74U LIhz5T70€X - nN\)T—L 30k
VEBRIRDADMIET IEFEEEODIRNETHIN., CNLHETFICRS AL, RBE
DHEICEDDITATORRT, BETEFETL. EBEREXITTHOITRLER
ML TREREZAFIRNETH S,

BEEIL, MRS ITHM7IL0OMIC, EEBEROLEELEOFIEFTHEINIBEDNE
ENEDLSITEESNIONDIREZVEIBRFDOFICEDDIZENTED . N1 XT
D/ —CABREKDIEBNTA—FDTATHAILIRTA FOFlIZE. Fl2I12
N
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RESNE-ETOHUETREROERR. RERUVHEICIE CTHADREICRITTHZEIC
DWTEHiEi LA TN EE o0, COFHEFEETEROMEMNGERICED(LELD
Y, RESN-ZEOEZEZHINT 5012, BULERZRELGZTNAEL GG,
EFREGRTE, BRESNEEROEZEESNTT 2-ODBEYLHRKIC. REOTHY &
BEMGHATHD O, LV TOFRTHDERET 5O DHBRAEDRESD
i (CHICRESNDEDTELEL) Z5HEHENTED, CORBRIT, BHFESH
EEEQRIC, TROBYGRR (FIZAEX, FEAEAIIRERECDONT) ITBEWTERT
BRVENHD . NAATY/ OC—CRRE/ AEYERBREEOTOEREERITDOL
TIX. ICHQ5E £+ BRI 5 &,

FTRTDEERE. REVATLO—HE L THADEEER T O RZR I BELH D
(ICHQ7 XU ICHQ10) . ChiZlE, BBORHELEDERBELEE LG, THA
VAR—ZAADEEREZEL,

HEL, RBEINE-RBROZLEL., KFBORFIRVHA RS54 VI > TERHFLBIZEHR
ETIBHELH D,
10. EfEHI

CNLIFHRARICHFRLIEZLOTHY . TREEDHIFERAARERELEZLDICTER
Lo COFERIF, RITORFERZEA =, WHGIFLGERZRET S LEER
LE=£DTIEALY,

101 Hl1 . MERERVUIB/NASA—42 LEECQA L DEESIT—LEESR

CNF BRCHEONTLAMB L ELZDEARREZFRALTT YA VAR—XZHAFEL
PlZERT . CNIERISRTRIERF—L (Fl4THER) OXTyF512HLT, M
KOBFRMYOERZEZIL FO—ILLTWENSTA—FDERERET 51=DIZ. #tk
DFERUVEYVEALZFEORADEZETT,

R?“jj l R1 2?.77 2 2?‘?? 3
A ——> g —>c —> 0D
3
B)
A7y 4
R, P 35 87 Ry 2737 b F AF97 5
R~ < %iv& €
R#EAE B
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ATV TS5 ICHEVWTHREAR F OERE. EEYMIEIMBERINS, ERT. DHEAF
DIKDEERIZ &Y FHMHBERT B,

ffl# Btk 5=, KRIGIEFEAF OEROMICELCLIHEE—DRIEET D, TEED
REZCDOTOERDOFREHZHWTHERALLE :

o HiEKF DRER., FF-—ETHD
o REF—ETHD

® ffE{k F DMK BRI T HHIEEEL 0.30%THS (CHIXRERE
CQARUEZNLUBDR T v FITE T 2 FMYDRIE SN -BREREAITED )

0 EREEVPIOUEHAKLEIHEAE PFOKHISZEITIREL . FEAEE DKHE
(FEIRIREICK Y EEER[EETH S,

BREE & KDREIL. PREEF OMKIMEICHEET IRVEELGNTA—F EHHEL
f=o TOMDBEMEFIE. BRICHEONTVIHBEVRITERAAVMIKYEET
EL\&I;&;E L/T:o

CORIGIE, TROZRRIGEEXTETISEDE L

ok sy e ssis]|

. = k[H,0]F]

CCT. [FIEHEAF DEE,

EGRERICKY ., MAKDEBOEREZRRHEPHEAE E OKSSECEEMITT, LT
SR TS TEERTHENTES :
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=TT DK 7

0.60
< & K73 2.0%
S o050 + m K7D 1.5%
IS A K5 1.0%
2P 7 5%
E 040 + e K73 0.5% *
RiF
K
X 0.30 + ™
5
2 020 +
” A
& o010 ¢
H
0.00 - - . .
0.0 1.0 2.0 3.0 4.0 5.0
= (BFRI)
WEEDFE -

WERDFETIE. COBHIEHPEAE F OMKSBERMEYIx T DHIEEZE 0.30%% &
Y HKDE (%) ERMEDIFESN-HRERMDREICEMAT 5. BE. ChIEUT
DRICERELZKREDREZT S ETIT,

® ik E [XHRAKKDEE 1.0%F TR

o HFEERFHE 1 FEEDRXERFHEIZ 3 K

S YHEATZFIE .

ZRRIGEEXEE S L. TRICAR ZEMNTES (Chemical Reaction Engineering,
Levenspiel 2nd Edition, 1972)

| - 0L - e

M(Q1-X,)

[Flo HRER F OREIRE
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[H,0]o A E DK DN IRE
M=[H,Ol/[Fl,  HREAF OMBPREICHT Z2HHAE DK DONEEEDL

Xe=[XUFlo A F OBRBIKRFENLTMKS EYEEZ FRA F OWEEET
B L7=1E

Bifl] (t) S LTIDXERS T ET, PHKDELMAKDBEFRMYPDOBFELAIL
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DEVELOPMENT AND MANUFACTURE OF DRUG SUBSTANCES
(CHEMICAL ENTITIES AND BIOTECHNOLOGICAL/BIOLOGICAL
ENTITIES)

Q11

1. Introduction

This guideline describes approaches to developing and understanding the manufacturing
process of the drug substance, and also provides guidance on what information should be
provided in Module 3 of the Common Technical Document (CTD) Sections 3.2.S.2.2 —
3.2.5.2.6 ICH M4Q). It addresses aspects of development and manufacture that pertain
to drug substance, including the presence of steps designed to reduce impurities. In
addition, ICH Q11 provides further clarification on the principles and concepts described
in ICH Guidelines on Pharmaceutical Development (Q8), Quality Risk Management (Q9)
and Pharmaceutical Quality System (Q10) as they pertain to the development and
manufacture of drug substance.

A company can choose to follow different approaches in developing a drug substance. For
the purpose of this guideline, the terms “traditional” and “enhanced” are used to
differentiate two possible approaches. In a traditional approach, set points and
operating ranges for process parameters are defined and the drug substance control
strategy is typically based on demonstration of process reproducibility and testing to
meet established acceptance criteria. In an enhanced approach, risk management and
scientific knowledge are used more extensively to identify and understand process
parameters and unit operations that impact critical quality attributes (CQAs) and
develop appropriate control strategies applicable over the lifecycle of the drug substance
which may include the establishment of design space(s). As discussed in ICH Q8 for
drug product, a greater understanding of the drug substance and its manufacturing
process can create the basis for more flexible regulatory approaches. The degree of
regulatory flexibility is generally predicated on the level of relevant scientific knowledge
provided in the application for marketing authorisation.

Traditional and enhanced approaches are not mutually exclusive. A company can use
either a traditional approach or an enhanced approach to drug substance development,
or a combination of both.

2. Scope

This guideline is applicable to drug substances as defined in the Scope sections of ICH
Guidelines Q6A and Q6B, but might also be appropriate for other types of products
following consultation with the appropriate regulatory authorities. It is particularly
relevant to the preparation and organisation of the contents of Sections 3.2.5.2.2 —
3.2.5.2.6 of Module 3 of the Common Technical Document (ICH M4Q). The guideline
does not apply to contents of submissions during the clinical research stages of drug
development. Nevertheless, the development principles presented in this guideline are
important to consider during the investigational stages.

Regional requirements for post-approval changes are not covered by this guideline.

3. Manufacturing Process Development

1
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3.1 General Principles

The goal of manufacturing process development for the drug substance is to establish a
commercial manufacturing process capable of consistently producing drug substance of
the intended quality.

3.1.1 Drug Substance Quality Link to Drug Product

The intended quality of the drug substance should be determined through consideration
of its use in the drug product as well as from knowledge and understanding of its
physical, chemical, biological, and microbiological properties or characteristics, which
can influence the development of the drug product (e.g., the solubility of the drug
substance can affect the choice of dosage form). The Quality Target Product Profile
(QTPP), potential CQAs of the drug product (as defined in ICH Q8) and previous
experience from related products can help identify potential CQAs of the drug substance.
Knowledge and understanding of the CQAs can evolve during the course of development.

3.1.2 Process Development Tools

Quality Risk Management (QRM, as described in ICH Q9) can be used in a variety of
activities including assessing options for the design of the manufacturing process,
assessing quality attributes and manufacturing process parameters, and increasing the
assurance of routinely producing batches of the intended quality. Risk assessments can
be carried out early in the development process and repeated as greater knowledge and
understanding become available. Either formal or informal risk management tools, such
as recognised tools or internal procedures, can be used.

Knowledge management (as described in ICH Q10) can also facilitate manufacturing
process development. In this context, potential sources of information can include prior
knowledge and development studies. Prior knowledge can include established biological,
chemical and engineering principles, technical literature, and applied manufacturing
experience. Data derived from relevant prior knowledge, including platform
manufacturing (see Glossary) can be leveraged to support development of the commercial
process and expedite scientific understanding.

3.1.3 Approaches to Development

ICH Q8 recognises that “Strategies for product development vary from company to
company and from product to product. The approach to, and extent of, development can
also vary and should be outlined in the submission.” These concepts apply equally to the
development of the drug substance manufacturing process. An applicant can choose
either a traditional approach or an enhanced approach to drug substance development,
or a combination of both.

Manufacturing process development should include, at a minimum, the following
elements:

e Identifying potential CQAs associated with the drug substance so that those
characteristics having an impact on drug product quality can be studied and
controlled;

¢ Defining an appropriate manufacturing process;

e Defining a control strategy to ensure process performance and drug substance
quality.

An enhanced approach to manufacturing process development would additionally include
the following elements:
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e A gystematic approach to evaluating, understanding and refining the
manufacturing process, including;

o0 Identifying, through e.g.,, prior knowledge, experimentation and risk
assessment, the material attributes (e.g., of raw materials, starting materials,
reagents, solvents, process aids, intermediates) and process parameters that
can have an effect on drug substance CQAs;

0 Determining the functional relationships that link material attributes and
process parameters to drug substance CQAs;

e Using the enhanced approach in combination with QRM to establish an
appropriate control strategy which can, for example, include a proposal for a
design space(s).

The increased knowledge and understanding obtained from taking an enhanced
approach could facilitate continual improvement and innovation throughout the product
lifecycle (see ICH Q10).

3.1.4 Drug Substance Critical Quality Attributes

A CQA 1is a physical, chemical, biological, or microbiological property or characteristic
that should be within an appropriate limit, range, or distribution to ensure the desired
product quality. Potential drug substance CQAs are used to guide process development.
The list of potential CQAs can be modified as drug substance knowledge and process
understanding increase.

Drug substance CQAs typically include those properties or characteristics that affect
identity, purity, biological activity and stability. When physical properties are important
with respect to drug product manufacture or performance, these can be designated as
CQAs. In the case of biotechnological/biological products, most of the CQAs of the drug
product are associated with the drug substance and thus are a direct result of the design
of the drug substance or its manufacturing process.

Impurities are an important class of potential drug substance CQAs because of their
potential impact on drug product safety. For chemical entities, impurities can include
organic impurities (including potentially mutagenic impurities), inorganic impurities
e.g., metal residues, and residual solvents (see ICH Q3A and Q30). For
biotechnological/biological products, impurities may be process-related or product-related
(see ICH Q6B). Process-related impurities include: cell substrate-derived impurities
(e.g., Host Cell Proteins (HCP) and DNA); cell culture-derived impurities (e.g., media
components); and downstream-derived impurities (e.g., column leachables). Determining
CQAs for biotechnology/biological products should also include consideration of
contaminants, as defined in Q6B, including all adventitiously introduced materials not
intended to be part of the manufacturing process (e.g., adventitious viral, bacterial, or
mycoplasma contamination).

The identification of CQAs for complex products can be challenging.
Biotechnological/biological products, for example, typically possess such a large number
of quality attributes that it might not be possible to fully evaluate the impact on safety
and efficacy of each one. Risk assessments can be performed to rank or prioritise quality
attributes. Prior knowledge can be used at the beginning of development and
assessments can be iteratively updated with development data (including data from
nonclinical and clinical studies) during the lifecycle. Knowledge regarding mechanism of
action and biological characterisation, such as studies evaluating structure-function
relationships, can contribute to the assessment of risk for some product attributes.
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3.1.5 Linking Material Attributes and Process Parameters to Drug
Substance CQAs

The manufacturing process development program should identify which material
attributes (e.g., of raw materials, starting materials, reagents, solvents, process aids,
intermediates) and process parameters should be controlled. Risk assessment can help
identify the material attributes and process parameters with the potential for having an
effect on drug substance CQAs. Those material attributes and process parameters that
are found to be important to drug substance quality should be addressed by the control
strategy.

The risk assessment used to help define the elements of the control strategy that pertain
to materials upstream from the drug substance can include an assessment of
manufacturing process capability, attribute detectability, and severity of impact as they
relate to drug substance quality. For example, when assessing the link between an
impurity in a raw material or intermediate and drug substance CQAs, the ability of the
drug substance manufacturing process to remove that impurity or its derivatives should
be considered in the assessment. The risk related to impurities can usually be controlled
by specifications for raw material/intermediates and/or robust purification capability in
downstream steps. The risk assessment can also identify CQAs for which there are
inherent limitations in detectability in the drug substance (e.g., viral safety). In these
cases, such CQAs should be controlled at an appropriate point upstream in the process.

For chemical entity development, a major focus is knowledge and control of impurities.
It is important to understand the formation, fate (whether the impurity reacts and
changes its chemical structure), and purge (whether the impurity is removed via
crystallisation, extraction, etc.) as well as their relationship to the resulting impurities
that end up in the drug substance as CQAs. The process should be evaluated to
establish appropriate controls for impurities as they progress through multiple process
operations.

Using a traditional approach, material specifications and process parameter ranges can
be based primarily on batch process history and univariate experiments. An enhanced
approach can lead to a more thorough understanding of the relationship of material
attributes and process parameters to CQAs and the effect of interactions. Example 1
(see Section 10.1) illustrates the development of process parameters using prior
knowledge and chemistry first principles.

Risk assessment can be used during development to identify those parts of the
manufacturing process likely to impact potential CQAs. Further risk assessments can be
used to focus development work in areas where better understanding of the link between
process and quality is needed. Using an enhanced approach, the determination of
appropriate material specifications and process parameter ranges could follow a
sequence such as the one shown below:

e Identify potential sources of process variability;

e Identify the material attributes and process parameters likely to have the greatest
impact on drug substance quality. This can be based on prior knowledge and risk
assessment tools;

e Design and conduct studies (e.g., mechanistic and/or kinetic evaluations,
multivariate design of experiments, simulations, modelling) to identify and
confirm the links and relationships of material attributes and process parameters
to drug substance CQAs;

e Analyse and assess the data to establish appropriate ranges, including
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establishment of a design space if desired.

Small-scale models can be developed and used to support process development studies.
The development of a model should account for scale effects and be representative of the
proposed commercial process. A scientifically justified model can enable a prediction of
quality, and can be used to support the extrapolation of operating conditions across
multiple scales and equipment.

3.1.6 Design Space

Design space is the multidimensional combination and interaction of input variables
(e.g., material attributes) and process parameters that have been demonstrated to
provide assurance of quality. Working within the design space is not considered as a
change. Movement out of the design space is considered to be a change and would
normally initiate a regulatory post approval change process. Design space is proposed by
the applicant and is subject to regulatory assessment and approval (ICH Q8).

The considerations for design space addressed in ICH Q8 for an enhanced approach to
the development of the drug product are applicable to drug substance. The ability to
accurately assess the significance and effect of the variability of material attributes and
process parameters on drug substance CQAs, and hence the limits of a design space,
depends on the extent of process and product understanding.

Design space can be developed based on a combination of prior knowledge, first
principles, and/or empirical understanding of the process. Models (e.g., qualitative,
quantitative) can be used to support design spaces across multiple scales and equipment.

A design space might be determined per unit operation (e.g., reaction, crystallisation,
distillation, purification), or a combination of selected unit operations. The unit
operations included in such a design space should generally be selected based on their
impact on CQAs and do not necessarily need to be sequential. The linkages between
process steps should be evaluated so that, for example, the cumulative generation and
removal of impurities is controlled. A design space that spans multiple unit operations
can provide more operational flexibility.

The development and approval of a design space for some biotechnology/biological drug
substances can be challenging due to factors including process variability and drug
substance complexity (e.g., post-translational modifications). These factors can affect
residual risk (e.g., potential for unexpected changes to CQAs based on uncertainties
related to scale sensitivity) which remains after approval of the design space. Depending
on the level of residual risk, it may be appropriate for an applicant to provide proposals
on how movements within a design space will be managed post approval. These
proposals should indicate how process knowledge, control strategy and characterisation
methods can be deployed to assess product quality following movement within the
approved design space.

3.2 Submission of Manufacturing Process Development Information

The information provided on the development of the drug substance manufacturing
process (primarily in Section 3.2.5.2.6 of the application) should identify significant
changes during process development, link relevant drug substance batches with the
developmental stage of the manufacturing process used to prepare them, and explain
how prior knowledge, risk assessments, and other studies (e.g., experimental, modelling,
simulations) were used to establish important aspects of the manufacturing process and
control strategy. Process development information should be logically organised and
easy to understand. Manufacturers can present process development information in a
number of different ways, but some specific recommendations are provided below for
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consideration.

3.2.1 Overall Process Development Summary

It is recommended that the manufacturing process development section begin with a
narrative summary that describes important milestones in the development of the
process and explains how they are linked to assuring that the intended quality of the
drug substance is achieved. The following should be included in the summary:

e List of drug substance CQAs;

e Brief description of the stages in the evolution of the manufacturing process and
relevant changes to the control strategy;

e Brief description of the material attributes and process parameters identified as
impacting drug substance CQAs;

e Brief description of the development of any design spaces.

Following the overall process development summary, the manufacturing process
development section should include more comprehensive information, as recommended
below.

3.2.2 Drug Substance CQAs

The CQAs of the drug substance should be listed, and the rationale for designating these
properties or characteristics as CQAs should be provided. In some cases, it might be
appropriate to explain why other properties or characteristics that might be considered
potential CQAs are not included in the list of CQAs. Links or references should be
provided to information submitted elsewhere in the submission (e.g., 3.2.5.3.1,
Elucidation of Structure and other Characteristics) that supports the designation of
these properties or characteristics as CQAs. Some discussion of drug substance CQAs as
they relate to drug product CQAs can be appropriate in the pharmaceutical development
section of the application (e.g., 3.2.P.2.1 Components of the Drug Product).

3.2.3 Manufacturing Process History

A description and discussion should be provided of significant changes made to the
manufacturing process or site of manufacture of drug substance batches used in support
of the marketing application (e.g., those used in nonclinical or clinical studies or stability
studies in support of a marketing authorisation) and, if available, production-scale
batches. The description should usually follow a chronological sequence ending with the
proposed commercial process. Batch information (batch size or scale, site and date of
manufacture, route and process used, and intended purpose [e.g., in a specified
toxicology or clinical study]) and supporting data from comparative analytical testing on
relevant drug substance batches should be provided or referenced (e.g., Batch Analysis,
Section 3.2.5.4.4).

For biotechnological/biological drug substances, the reason for each significant change
should be explained, together with an assessment of its potential to impact the quality of
the drug substance (and/or intermediate, if appropriate). The manufacturing process
history section should include a discussion of comparability during development as
described in ICH Q5E. A discussion of the data, including a justification for selection of
the tests and assessment of results, should be included. Testing used to assess the
impact of manufacturing changes on the drug substance and the corresponding drug
product can also include nonclinical and clinical studies. Cross-reference to the location
of these studies in other modules of the submission should be included.
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3.2.4 Manufacturing Development Studies

The studies and risk assessments used to establish important aspects of the commercial
manufacturing process and control strategy cited in the application should be listed (e.g.,
in tabular form). The purpose or end use of each cited study or risk assessment should
be provided.

Each cited study or risk assessment should be summarised with a level of detail
sufficient to convey an understanding of the purpose of the study, the data collected, how
it was analysed, the conclusions reached, and the impact of the study on the
manufacturing process or further development of the manufacturing process. The
particular parameters and ranges studied should be described and discussed in relation
to the proposed operating conditions or design space for the commercial manufacturing
process (as described in 3.2.S.2.2). The risk assessment tools and study results on which
a design space is based should be adequately described. Example 2 (see Section 10.2)
shows a possible communication tool for presenting a risk ranking for parameters
evaluated during development of a design space. Where development refers to specific
prior knowledge, the relevant information and data should be provided and, where
appropriate, the relevance to the particular drug substance should be justified.

Small-scale models used to support development of the commercial manufacturing
process should be described.

4, Description of Manufacturing Process and Process Controls

The description of the drug substance manufacturing process represents the applicant’s
commitment for the manufacture of the drug substance. Information should be provided
to adequately describe the manufacturing process and process controls (see ICH M4Q
3.2.5.2.2).

The description of the manufacturing process should be provided in the form of a flow
diagram and sequential procedural narrative. The in-process controls for each step or
stage of the process should be indicated in the description. Scaling factors should be
included for manufacturing steps intended to span multiple operational scales when the
process step is scale dependent. Any design spaces in the manufacturing process should
be included as part of the manufacturing process description. Example 3 (see Section
10.3) gives an example of the presentation of a design space for a biotechnological
product.

Many biotechnological/biological products have complex upstream processes and use
splitting and pooling to create a drug substance batch. An explanation of how batches of
drug substance are defined by the manufacturer (e.g., splitting and pooling of harvests or
intermediates) should be provided. Details of batch size or scale and batch numbering
should be included.

5. Selection of Starting Materials and Source Materials
5.1 General Principles

5.1.1 Selection of Starting Materials for Synthetic Drug Substances

The following general principles should be considered in determining where the drug
substance manufacturing process begins (i.e., in selecting starting materials).

o In general, changes in material attributes or operating conditions that occur near
the beginning of the manufacturing process have lower potential to impact the
quality of the drug substance;

0 The relationship between risk and number of steps from the end of the
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manufacturing process is the result of two factors, one concerning the physical
properties of the drug substance and the other concerning the formation, fate,
and purge of impurities. The physical properties of a drug substance are
determined during the final crystallisation step and subsequent operations
(e.g., milling, micronising), all of which occur at the end of the manufacturing
process. Impurities introduced or created early in the manufacturing process
typically have more opportunities to be removed in purification operations
(e.g., washing, crystallisation of isolated intermediates) than impurities
generated late in the manufacturing process, and are therefore less likely to be
carried into the drug substance. However, in some cases (e.g., when peptides
or oligonucleotides are synthesised on a solid support), there is a more limited
relationship between risk and number of steps from the end of the
manufacturing process;

e Regulatory authorities assess whether the controls on the drug substance and
drug substance manufacturing process can be considered adequate, including
whether there are appropriate controls for impurities. To conduct this
assessment, enough of the drug substance manufacturing process should be
described in the application for regulatory authorities to understand how
impurities are formed in the process, how changes in the process could affect the
formation, fate, and purge of impurities, and why the proposed control strategy is
suitable for the drug substance manufacturing process. This will typically include
a description of multiple chemical transformation steps;

e Manufacturing steps that impact the impurity profile of the drug substance should
normally be included in the manufacturing process described in Section 3.2.S.2.2
of the application;

e EKach branch of a convergent drug substance manufacturing process begins with
one or more starting materials. The Good Manufacturing Practice (GMP)
provisions described in ICH Q7 apply to each branch beginning with the first use
of a starting material. Performing manufacturing steps under GMP together with
an appropriate control strategy provides assurance of quality of the drug
substance;

e A starting material should be a substance of defined chemical properties and
structure. Non-isolated intermediates are usually not considered appropriate
starting materials;

e A starting material is incorporated as a significant structural fragment into the
structure of the drug substance. “Significant structural fragment” in this context
1s intended to distinguish starting materials from reagents, solvents, or other raw
materials. Commonly available chemicals used to create salts, esters or other
simple derivatives should be considered reagents.

All the general principles above should be considered in selecting Starting Material(s),
rather than strictly applying each general principle in isolation (see Example 4, Section
10.4).

5.1.2 Selection of Starting Materials for Semi-Synthetic Drug
Substances

For purposes of this guideline, a semi-synthetic drug substance is one in which the
structural constituents have been introduced by a combination of chemical synthesis and
elements of biological origin (e.g., obtained from fermentation or by extraction from
botanical material). In some cases, it might be appropriate for the applicant to describe
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the manufacturing process starting from the source material (microorganism or botanical
material). However, if it can be demonstrated that one of the isolated intermediates in
the synthetic process complies with the principles outlined above for the selection of
starting materials for synthetic drug substances, that isolated intermediate can be
proposed as the starting material. The applicant should specifically evaluate whether it
is possible to analytically characterise the proposed starting material, including its
impurity profile, and whether the fermentation or botanical material and extraction
process impact the impurity profile of the drug substance. Risks from microbial and
other contamination should also be addressed.

5.1.3 Selection of Source and Starting Materials for
Biotechnological/Biological Drug Substances

Cell banks are the starting point for manufacture of biotechnological drug substances
and some biological drug substances. In some regions, these are referred to as source
materials; in others, starting materials. Guidance is contained in ICH Q5A, Q5B, and
Q5D.

5.2 Submission of Information for Starting Material or Source Material

Applicants should identify all proposed starting materials or source materials and
provide appropriate specifications. Proposed starting materials for synthetic and semi-
synthetic drug substances should be justified.

5.2.1 dJustification of Starting Material Selection for Synthetic Drug
Substances

The applicant should provide a justification for how each proposed starting material is
appropriate in light of the general principles for the selection of starting materials
outlined above in Section 5.1.1. This can include information on:

o The ability of analytical procedures to detect impurities in the starting material;

o The fate and purge of those impurities and their derivatives in subsequent
processing steps;

e How the proposed specification for each starting material will contribute to the
control strategy.

The applicant should provide, as part of the justification, a flow diagram outlining the
current synthetic route(s) for the manufacture of the drug substance, with the proposed
starting materials clearly indicated. Changes to the starting material specification and
to the synthetic route from the starting material to final drug substance are subject to
regional, post-approval change requirements. In addition, regional requirements
concerning starting material suppliers may also be applicable.

An applicant generally need not justify the use of a commercially available chemical as a
starting material. A commercially available chemical is usually one that is sold as a
commodity in a pre-existing, non-pharmaceutical market in addition to its proposed use
as starting material. Chemicals produced by custom syntheses are not considered to be
commercially available. If a chemical from a custom synthesis is proposed as a starting
material, it should be justified in accordance with the general principles for the selection
of starting materials outlined above in Section 5.1.1.

In some instances, additional purification steps by the drug substance manufacturer
might be called for to ensure the consistent quality of a commercially available starting
material. In these instances, the additional purification steps should be included as part
of the description of the drug substance manufacturing process. Specifications should
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normally be provided for both incoming and purified starting material.

5.2.2 dJustification of Starting Material Selection for Semi-Synthetic
Drug Substances

If an isolated intermediate is proposed as the starting material for a semi-synthetic drug
substance, the applicant should provide a justification that explains how the proposed
starting material complies with the general principles for the selection of starting
materials outlined above in Section 5.1.1. Otherwise, the applicant should describe the
manufacturing process starting from the microorganism or botanical material, as
appropriate, and these materials should be qualified.

5.2.3 Qualification of  Source or Starting Materials for
Biotechnological/Biological Drug Substances

Guidance is contained in ICH Q5A, Q5B and Q5D.
6. Control Strategy

6.1 General Principles

A control strategy is a planned set of controls, derived from current product and process
understanding, that assures process performance and product quality ICH Q10). Every
drug substance manufacturing process, whether developed through a traditional or an
enhanced approach (or some combination thereof), has an associated control strategy.

A control strategy can include, but is not limited to, the following:

e Controls on material attributes (including raw materials, starting materials,
intermediates, reagents, primary packaging materials for the drug substance,
etc.);

e Controls implicit in the design of the manufacturing process (e.g., sequence of
purification steps [biotechnological/biological drug substances], or order of addition
of reagents [chemical entities]);

e In-process controls (including in-process tests and process parameters);

e Controls on drug substance (e.g., release testing).

6.1.1 Approaches to Developing a Control Strategy

A control strategy can be developed through a combination of approaches, utilising the
traditional approach for some CQAs, steps, or unit operations, and a more enhanced
approach for others.

In a traditional approach to developing a manufacturing process and control strategy, set
points and operating ranges are typically set narrowly based on the observed data to
ensure consistency of manufacture. More emphasis is placed on assessment of CQAs at
the stage of the drug substance (i.e., end-product testing). The traditional approach
provides limited flexibility in the operating ranges to address variability (e.g., in raw
materials).

An enhanced approach to manufacturing process development generates better process
and product understanding than the traditional approach, so sources of variability can
be identified in a more systematic way. This allows for the development of more
meaningful and efficient parametric, attribute, and procedural controls. The control
strategy might be developed through several iterations as the level of process
understanding increases during the product lifecycle. A control strategy based on an
enhanced approach can provide for flexibility in the operating ranges for process
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parameters to address variability (e.g., in raw materials).

6.1.2 Considerations in Developing a Control Strategy

A control strategy should ensure that each drug substance CQA is within the
appropriate range, limit, or distribution to assure drug substance quality. The drug
substance specification is one part of a total control strategy and not all CQAs need to be
included in the drug substance specification. CQAs can be (1) included on the
specification and confirmed through testing the final drug substance, or (2) included on
the specification and confirmed through upstream controls (e.g., as in Real Time Release
Testing [RTRT]), or (3) not included on the specification but ensured through upstream
controls. Examples of upstream controls can include:

e In process testing;

e Use of measurements of process parameters and/or in process material attributes
that are predictive of a drug substance CQA. In some cases, Process Analytical
Technology (PAT) can be used to enhance control of the process and maintain output
quality.

Regardless of whether a traditional or enhanced process development approach is taken,
the use of upstream controls should be based on an evaluation and understanding of the
sources of variability of a CQA. Downstream factors that might impact the quality of the
drug substance, such as temperature changes, oxidative conditions, light, ionic content,
and shear, should be taken into consideration.

When developing a control strategy, a manufacturer can consider implementing controls
for a specific CQA at single or multiple locations in the process, depending on the risk
associated with the CQA and the ability of individual controls to detect a potential
problem. For example, with sterilised chemical entities or biotechnological/biological
drug substances, there is an inherent limitation in the ability to detect low levels of
bacterial or viral contamination. In these cases, testing on the drug substance is
considered to provide inadequate assurance of quality, so additional controls (e.g.,
attribute and in-process controls) are incorporated into the control strategy.

The quality of each raw material used in the manufacturing process should be
appropriate for its intended use. Raw materials used in operations near the end of the
manufacturing process have a greater potential to introduce impurities into the drug
substance than raw materials used upstream. Therefore, manufacturers should evaluate
whether the quality of such materials should be more tightly controlled than similar
materials used upstream.

6.2 Submission of Control Strategy Information

The information provided on the control strategy should include detailed descriptions of
the individual elements of the control strategy plus, when appropriate, a summary of the
overall drug substance control strategy. The summary of the overall control strategy can
be presented in either a tabular format or in a diagrammatic format, to aid visualisation
and understanding (see Example 5, Section 10.5 for example of a control strategy
summary in tabular form). Ideally, the summary should explain how the individual
elements of the control strategy work together to assure drug substance quality.

ICH M4Q recommends that the individual elements of the control strategy reported in
an application be provided in the appropriate sections of a submission, including:

e Description of Manufacturing Process and Process Controls (3.2.S.2.2);

e Control of Materials (3.2.5.2.3);
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o Controls of Critical Steps and Intermediates (3.2.S.2.4);
e Control of Drug Substance (3.2.S.4);
e Container Closure System (3.2.S.6).

7. Process Validation/Evaluation

7.1 General Principles

Process validation is the documented evidence that the process, operated within
established parameters, can perform effectively and reproducibly to produce a drug
substance or intermediate meeting its predetermined specifications and quality

attributes ICH Q7).

Process validation can include the collection and evaluation of data, from the process
design stage throughout production, that establish scientific evidence that a process is
capable of consistently delivering a quality drug substance.

The drug substance manufacturing process should be validated before commercial
distribution of resulting drug product. For biotechnological processes, or for aseptic
processing and sterilisation process steps for drug substances, the data provided in
support of process validation is included as part of the marketing application (3.2.5.2.5).
For non-sterile chemical entity drug substance processes, results of process validation
studies are not normally included in the dossier.

Generally, process validation includes the collection of data on an appropriate number of
production batches (see ICH Q7, Section 12.5). The number of batches can depend on
several factors including but not limited to: (1) the complexity of the process being
validated; (2) the level of process variability; and (3) the amount of experimental data
and/or process knowledge available on the specific process.

As an alternative to the traditional process validation, continuous process verification
(ICH Q8) can be utilised in process validation protocols for the initial commercial
production and also for manufacturing process changes for the continual improvement
throughout the remainder of the product lifecycle.

7.2 Principles Specific to Biotechnological/Biological Drug Substance

For biotechnological/biological drug substances, the information provided in the dossier
in support of process validation usually contains both commercial-scale process
validation studies and small-scale studies. Process validation batches should be
representative of the commercial process, taking into account the batch definition as
detailed in the process description.

The contribution of data from small-scale studies to the overall validation package will
depend upon demonstration that the small-scale model is an appropriate representation
of the proposed commercial-scale. Data should be provided demonstrating that the
model 1s scalable and representative of the proposed commercial process. Successful
demonstration of the suitability of the small-scale model can enable manufacturers to
propose process validation with reduced dependence on testing of commercial-scale
batches. Data derived from commercial-scale batches should confirm results obtained
from small-scale studies used to generate data in support of process validation.
Scientific grounds, or reference to guidelines which do not require or specifically exclude
such studies, can be an appropriate justification to conduct certain studies only at small-
scale (e.g., viral removal).

Studies should be conducted to demonstrate the ability of the process to remove product-
related impurities, process-related impurities (ICH Q6B) and potential contaminants

12



Development and Manufacture of Drug Substances
(Chemical Entities and Biotechnological/Biological Entities)

(such as viruses in processes using material from human or animal origin, see ICH Q5A).
Studies carried out to demonstrate the lifetime of chromatography columns can include
experimental studies carried out in small-scale models but should be confirmed during
commercial-scale production.

The limit of in vitro cell age for commercial production should be assessed. ICH
documents Q5B and Q5D provide further guidance for relevant products.

When platform manufacturing experience is utilised, the suitability of the control
strategy should be demonstrated and the drug substance manufacturing process should
be appropriately validated at the time of marketing authorisation application. Usually,
full scale validation studies should include data derived from the final manufacturing
process and site(s) used to produce the product to be commercialised.

8. Submission of Manufacturing Process Development and Related
Information in Common Technical Documents (CTD) Format

The use of an enhanced approach to process development results in the generation of
information for which a location in the CTD is not defined. Process development
information should usually be submitted in Section 3.2.5.2.6 of the CTD. Other
information resulting from development studies could be accommodated by the CTD
format in a number of different ways and some specific suggestions are provided below.
The applicant should clearly indicate where the different information is located. In
addition to what i1s submitted in the application, certain topics referenced in this
guideline (e.g., lifecycle management, continual improvement) are handled under the
applicant’s Pharmaceutical Quality System (PQS, see ICH Q10).

8.1 Quality Risk Management and Process Development

Quality risk management can be used at different stages during process development
and manufacturing implementation. The assessments used to guide and justify
development decisions (e.g., risk assessment and functional relationships linking
material attributes and process parameters to drug substance CQAs) can be summarised
in Section 3.2.5.2.6.

8.2 Critical Quality Attributes (CQAs)

The CQAs of the drug substance should be listed, and the rationale for designating these
properties or characteristics as CQAs should be provided in the manufacturing process
development section of the application (3.2.S.2.6). However, detailed information about
structural characterisation studies that supports the designation of these properties or
characteristics as CQAs should be provided in the appropriate CTD format sections (e.g.,
3.2.5.3.1 Elucidation of Structure and other Characteristics, 3.2.S.7 Stability). Some
discussion of drug substance CQAs as they relate to drug product CQAs can be
appropriate in the pharmaceutical development section of the application (3.2.P.2.1
Components of the Drug Product).

8.3 Design Space

As an element of the proposed manufacturing process, the design space(s) can be
described in the section of the application that includes the description of the
manufacturing process and process controls (3.2.S.2.2). If appropriate, additional
information can be provided in the section of the application that addresses the controls
of critical steps and intermediates (3.2.S.2.4). The manufacturing process development
section of the application (3.2.S.2.6) is the appropriate place to summarise and describe
process development studies that provide the basis for the design space(s). The
relationship of the design space(s) to the overall control strategy can be discussed in the
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section of the application that includes the justification of the drug substance
specification (3.2.S.4.5).

8.4 Control Strategy

Although the drug substance specification is only one part of the total control strategy,
the section of the application that includes the justification of the drug substance
specification (3.2.5.4.5) is a good place to summarise the overall drug substance control
strategy. However, detailed information about input material controls, process controls,
and control of drug substance should still be provided in the appropriate CTD format
sections (e.g., description of manufacturing process and process controls [3.2.5.2.2],
control of materials [3.2.5.2.3], controls of critical steps and intermediates [3.2.S.2.4],
drug substance specification [3.2.5.4.1]). A brief description of relevant changes to the
control strategy during the evolution of the manufacturing process should be provided in
Section 3.2.S.2.6 of the application.

9. Lifecycle Management

The quality system elements and management responsibilities described in ICH Q10 are
intended to encourage the use of science-based and risk-based approaches at each
lifecycle stage, thereby promoting continual improvement across the entire product
lifecycle. Product and process knowledge should be managed from development through
the commercial life of the product up to and including product discontinuation.

The development and improvement of a drug substance manufacturing process usually
continues over its lifecycle.  Manufacturing process performance, including the
effectiveness of the control strategy, should be periodically evaluated. Knowledge gained
from commercial manufacturing can be used to further improve process understanding
and process performance and to adjust the control strategy to ensure drug substance
quality. Knowledge gained from other products, or from new innovative technologies,
can also contribute to these goals. Continual improvement and successful process
validation, or continuous process verification, call for an appropriate and effective control
strategy.

There should be a systematic approach to managing knowledge related to both drug
substance and its manufacturing process throughout the lifecycle. This knowledge
management should include but not be limited to process development activities,
technology transfer activities to internal sites and contract manufacturers, process
validation studies over the lifecycle of the drug substance, and change management
activities. The knowledge and process understanding should be shared as needed to
perform the manufacturing process and implement the control strategy across sites
involved in manufacturing the drug substance.

An applicant can include in the original submission a proposal for how specific future
changes will be managed during the product lifecycle, including changes to the control
strategy. As an example of life cycle management of process parameters for a
biotechnological product, see Example 2, Section 10.2.

Any proposed change to the manufacturing process should be evaluated for the impact on
the quality of drug substance and, when appropriate, drug product. This evaluation
should be based on scientific understanding of the manufacturing process and should
determine appropriate testing to analyse the impact of the proposed change. For
chemical entities the appropriate testing to analyse the impact of the proposed change
could include, but is not limited to, an assessment of current and potential new
impurities and an assessment of the test procedures’ abilities to detect any new
impurities. This testing should be performed at an appropriate point in the process (e.g.,
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on an intermediate or drug substance) after the proposed change. For process changes
for biotechnological/biological drug substances, see also ICH Q5E.

All changes should be subject to internal change management processes as part of the
quality system (ICH Q7 and ICH Q10). This includes movements within the design
space, which do not require approval by regional regulatory authorities.

Changes to information filed and approved in a dossier should be reported to regulatory
authorities in accordance with regional regulations and guidelines.

10. Illustrative Examples

These examples are provided for illustrative purposes and only suggest potential uses.
This Appendix is not intended to create any new expectations beyond the current
regulatory requirements.

10.1 Example 1: Linking Material Attributes and Process Parameters to Drug
Substance CQAs - Chemical Entity

This example illustrates development of a design space using prior knowledge and
chemistry first principles. It depicts both a traditional and enhanced approach to
determination of the ranges for parameters controlling the formation of a hydrolysis
impurity during Step 5 of the following reaction scheme (also used in Example 4).

Step 1 Ry Step 2 Step 3
A —> l gy, ——> C —> D
R; 2
(B)
Step 4
Ry Purification Ry Step 6 Step 5
J g << ) g «—— F «— E
R3 ‘ R3 ‘
Final Drug “Crude”
Substance Drug Substance

After the formation of intermediate F in Step 5, the mixture is heated to reflux. During
reflux an impurity is formed through hydrolysis of intermediate F.

For the purpose of this simplified example, this is the only reaction of intermediate F
that occurs during this reflux. The following assumptions were used in the design of the
process:

o The concentration of intermediate F remains approximately constant;
e Temperature remains constant;

e The acceptance criterion for the hydrolysis impurity in Intermediate F is 0.30%.
(This is based on the CQA in the drug substance and the demonstrated capacity of
the subsequent steps to purge the impurity.);

e The initial amount of water in the reflux mixture depends on the amount of water
in Intermediate E, which can be controlled by drying.

Time of reflux and water concentration were identified as the most important
parameters affecting the hydrolysis of intermediate F. Other potential factors were
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determined to be insignificant based on prior knowledge and risk assessment.

The reaction was expected to follow second-order kinetics according to the equation
below:

d[hydrolysis_impurity] _ K[H,0]F]
dt 2

Where [F] refers to the concentration of intermediate F.

Through simple experimentation the following graph linking the extent of hydrolysis to
time and the water content of intermediate E can be generated:

Hydrolysis Degradation at Reflux
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Traditional Approach:

In a traditional approach this information would be used to set a proven acceptable
range for % water and time that achieves the acceptance criteria for the hydrolysis
impurity of 0.30% in intermediate F. This is typically done by setting a target value and
maximum such as:

e Dry Intermediate E to a maximum water content of 1.0%;
e Target reflux time of 1 hour and a maximum reflux time of 3 hours.

Enhanced Approach:

The 2»d order rate equation can be integrated and solved explicitly (Chemical Reaction
Engineering, Levenspiel 2n Edition, 1972).

| et - .0l -[FLe

M(1- X,
Where:

[F ]0 refers to the initial concentration of intermediate F,
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[H 2O] refers to the initial concentration of water,

M = [H 2O]0 / [F]O refers to the ratio of the initial concentration of water to
the initial concentration of intermediate F, and

Xp = [X ]/[F]O refers to the time-dependent concentration of the
hydrolysis degradant of intermediate F divided by the
initial concentration of intermediate F.

Solving this equation for time (f) permits the calculation of the maximum allowable
reflux time for any combination of initial water content and target level for the
hydrolysis impurity. (The initial concentration of intermediate F in the reflux mixture
will essentially be constant from batch to batch.) The following graph shows the
combination of conditions required to ensure that the hydrolysis impurity remains below
0.30% in intermediate F.

Interdependence of Reflux Time and Water Content in
the Formation of Hydrolysis Impurity

Conditions that produce a level of
0.30% of the hydrolysis impurity

Operating above the line will produce
more than 0.30% of the hydrolysis

3.0 . .
impurity

Reflux Time (hours)
N
o

N
o
Il

=
o
Il

o
o

0.0 1.0 2.0 3.0 4.0 5.0
Water Content (%) in Intermediate E

The area below the line in the plot above could be proposed as the design space.
Summary:

While both the traditional and enhanced approach provide ranges of water content and
time to control the formation of the hydrolysis impurity, the enhanced approach allows
more manufacturing flexibility.

10.2 Example 2: Use of Quality Risk Management to Support Lifecycle
Management of Process Parameters
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This example illustrates how results from an iterative quality risk assessment can be
used to communicate the rationale for classification and proposed future management
of changes to process parameters. Relevant parameters for establishment of a design
space for a Q-anion exchange column are shown in this Risk Ranking Histogram. The
histogram showing the ranking of parameters is intended for illustrative purposes only
and is not all inclusive, nor is it meant to be applicable to all products that may use ion
exchange chromatography.

Initial Filing

A quality risk assessment utilising prior knowledge and development studies can be
used to rank process parameters based on their relative potential to have an effect on
product quality if parameter ranges were changed. The histogram shows the potential
impact to quality for future changes to parameter ranges based on the knowledge and
understanding at the time of submission. Process development studies and interaction
studies were conducted to establish design space boundaries for each of the higher risk
parameters (parameters A-F) that impact CQAs. Parameters G, H and I were also
challenged in the development studies and shown not to impact CQAs under the
conditions studied. Changes to the ranges of these parameters could still carry residual
risk (based on prior knowledge/uncertainties, including potential scale sensitivity).
Parameters J-T were considered lower risk parameters based on documented prior
knowledge, and therefore an impact on quality attributes is not anticipated. The
ranking of parameters from the quality risk assessment can be used to communicate
with regulators regarding a lifecycle management approach to assure continual
improvement throughout the product lifecycle.

Lifecycle Management Options

Risk should be reassessed throughout the lifecycle as process understanding increases.
Recommendations regarding lifecycle management changes can be found in the
Pharmaceutical Quality System (PQS) as described in ICH Q10.

Working within the design space is not considered as a change. Movement out of the
design space is considered to be a change and consequently any extension of ranges for
higher risk parameters (i.e., parameters A-F) outside the design space would normally
initiate a regulatory post approval change process.

An applicant can include in the original submission a proposal for how specific future
changes to parameters G, H, and I will be managed during the product lifecycle.
Extension of ranges for lower risk parameters (J-T) is addressed primarily via the PQS
and does not require prior regulatory approval, although notification may be called for
depending on regional regulatory requirements and guidance. If it is determined
subsequently to the filing that there is a change in the risk ranking, such that an
extension of ranges for a parameter represents a higher risk, this change should be
appropriately filed through the regional regulatory process.
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Risk Ranking of lon Chromatography Process Parameters
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10.3 Example 3: Presentation of a Design Space for a Biotechnological Drug
Substance Unit Operation

This example is based on a design space for a drug substance purification unit operation
(Q-anion exchange column run for a monoclonal antibody in flow-through mode),
determined from the common region of successful operating ranges for multiple CQAs.
This figure illustrates a potential depiction of a design space based on successful
operating ranges for three CQAs and the wuse of prior knowledge (platform
manufacturing) in developing a design space. The ranges represented here indicate
areas of successful operation. Operation beyond these ranges does not necessarily mean
that drug substance of unacceptable quality will be produced, simply that these
operating conditions have not been studied and therefore the quality of the drug
substance is unknown.

Viral clearance and Host Cell Proteins (HCP) ranges were derived from multivariate
experimentation (see ICH Q8). The successful operating range for DNA was derived
from prior knowledge (platform manufacturing) which in turn was derived from results
of multivariate studies performed on related products. The successful operating range
for HCP lies within the viral clearance and DNA successful operating ranges. In this
example, the diagrams below show how HCP limits the unit operation design space
compared to viral safety and DNA. Consideration of additional input variables, process
parameters, or CQAs could limit design space further.

The design space is applicable only within specified conditions, including
1. Appropriately defined quality criteria for input materials;

2. Appropriately selected CQAs and process parameters.
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10.4 Example 4: Selecting an Appropriate Starting Material

Step 1 Ry Step 2 Step 3
A ——> l gz ———> C ——> D
R3 2
(B)
Step 4
Ry Purification Ry Step 6 Step 5
J g << ) g «—— F «— E
R3 4 R3 4
Final Drug “Crude”
Substance Drug Substance

This example illustrates the importance of considering all general principles described in
Section 5.1.1 when selecting an appropriate starting material, rather than applying each
general principle in isolation. The example is fictional, based on a linear synthesis for a
relatively simple molecule, and is not intended to convey any particular meaning in
relation to the number of steps.

The desired stereochemical configuration in the drug substance results from the
synthesis of compound B in Step 1 from a commercially available achiral precursor A
and a stereo-selective reagent. A small amount of the opposite enantiomer of compound
B is also formed in Step 1. Once formed, both stereochemical configurations persist
through the synthetic steps that follow, so the drug substance also contains a small
amount of its undesired enantiomer as a specified impurity. In accordance with the
principle that manufacturing steps that impact the drug substance impurity profile
should normally be included in the manufacturing process described in Section 3.2.S.2.2
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of the application, it could be concluded that Step 1 should be described in 3.2.S.2.2, and
that A should be considered the starting material.

However, for this manufacturing process, it is also known that all of the significant
impurities in the drug substance (other than opposite enantiomer) arise from Steps 4, 5,
and 6. Steps 2 and 3 have no impact on the drug substance impurity profile, and the
only impact from Step 1 is with regard to the enantiomeric impurity. Furthermore, it is
also known that the stereocentre first formed in Step 1 is stable to the manufacturing
conditions in all of the steps that follow (i.e., no racemisation occurs or is ever likely to
occur), and that a suitable analytical procedure exists for measuring the amount of the
opposite enantiomer in compound D. Therefore, provided compound D is in accordance
with most of the other general principles described in Section 5.1.1, it would be
reasonable to propose D as the starting material instead of A in accordance with the
principle that early steps in the manufacturing process tend to have a lower potential to
impact drug substance quality than later steps. In this example, the only impact of Step
1 is on the amount of the enantiomeric impurity in the drug substance, and this could
alternatively be controlled through an appropriate limit on the amount of the opposite
enantiomer in compound D. Information on Steps 1-3 would be made available to
regulatory authorities in order to justify such a proposal as per regional expectations.

A similar argument could be made if the stereocentre in the drug substance originated in
the commercially available precursor A instead of being created in Step 1.

10.5 Example 5: Summary of Control Elements for select CQAs

This example illustrates how part of a drug substance control strategy might be
summarised in tabular form. The tables show how an applicant can communicate
information on multiple elements of a drug substance control strategy and guide the
reviewer to sections of the CTD where detailed elements of the control strategy are
described or justified. Such control strategy summary tables should not contain the
rationale or justification for the controls but should simply indicate where the
information can be found in the application for marketing authorisation.

There are multiple ways of presenting this information, and two are shown below. One
table shows more detail than the other to illustrate that there is a range of possibilities
for presenting this information. The amount of detail included in a control strategy
summary table is up to the applicant and is not related to the type of drug substance.
CQAs and control elements shown in the tables below are only examples and are not
intended to be a comprehensive representation of all elements of a drug substance
control strategy. The tables should not be considered templates. The section of the
application that includes the justification of the drug substance specification (3.2.5.4.5) is
a good place to summarise the overall drug substance control strategy.
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5a. Example of a Possible Control Strategy Summary — Biotechnological Products

Section(s) in

o ]].?rtug Control Strategycf('gz Drug Substance CTD where
ubstance Detailed
Information is
CQA
Q Located
Contaminants | Summaries of viral safety information for 3.2.5.2.3
in biologically | biologically-sourced materials
sourced
materials Detailed information including for 3.2.A.2
materials of biological origin, testing at
(Viral Safety) | appropriate stages of production and viral
clearance studies
Residual Host | Design space for an individual unit 3.2.5.2.2
Cell Proteins | operation (e.g., see Example 3)
Target range for consistent removal 3.2.5.2.5
assured by validation
Analytical procedures and their validation | 3.2.5.4.2 and
3.2.5.4.3
Specific Controls implicit in the design of the 3.2.5.2.2
Glycoforms manufacturing process including a
summary of process control steps (e.g., cell
culture conditions, downstream
purification, holding conditions etc.)
Characterisation to justify classification as | 3.2.S.3.1

CQA (cross reference to nonclinical/clinical
sections if relevant)

Control of Critical Steps, Testing program

3.2.S.2.4 and/or

and specifications 3.2.5.4.1
Justification of specification 3.2.5.4.5
Stability 3.2.8.7
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5b. Example of a Possible Control Strategy Summary — Chemical Entity

Type of In Process Controls on Impact of Is CQA Tested
Control Controls Material Manufacturing |on Drug
(Including In- Attributes Process Design | Substance/
Drug - process Testing (Raw Included in
Substance and Process Materials/Starting Drug
CQA (3.2.5.2.6) / Parameters) Materials Substance
Limit in Drug /[Intermediates) Specification
Substance | (3.2.5.4.1)
Organic Purity
- Impurity X Design space of the reflux unit operation Yes/Yes
NMT* 0.15% composed of a combination of %water in
Intermediate E and the reflux time in
Step 5 that delivers Intermediate F with
Hydrolysis Impurity <0.30% (3.2.5.2.2)
- Impurity Y Process parameters Yes/Yes
NMT 0.20% Step 4 (3.2.8.2.2)
p(H2) >2 barg
T <50°C
In-process test Step
4(3.2.5.2.4)
Impurity Y <0.50%
- Any individual Spec for starting Yes/Yes
unspecified material D
impurity (3.2.5.2.3)
NMT 0.10%
- Total impurities Yes/Yes
NMT 0.50%
Enantiomeric Purity Spec for starting Stereocentre is No/No
- S-enantiomer material D shown not to
NMT 0.50% (3.2.5.2.3) racemise
- S-enantiomer (3.2.5.2.6)
<0.50%
Residual Solvent
- Ethanol In-process test In-process No/Yes

. Toluene
NMT 890 ppm

during drying after
final purification
step (3.2.5.2.4)
LOD <0.40 %

In-process test Step.
4(3.2.5.2.4)

<2000 ppm by GC

results correlated
to test results on
drug substance
(3.2.5.2.6)

Process steps
after Step 4 are
shown to purge
toluene to levels
significantly
below (less than
10%) that
indicated in ICH
Q3C (3.2.5.2.6)

* NMT: not more than

1This approach could be acceptable as part of a control strategy when justified by submission of

relevant process data that confirms the adequacy of the process design and control.

The

manufacturing process should be periodically evaluated under the firm's quality system to verify

removal of the solvent.
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Notes concerning Table 5b

The above table is based on the route of synthesis presented in Example 1. The Control
for enantiomeric impurity is based on Decision Tree 5 from ICH Guideline Q6A, which
allows for control of chiral quality to be established by applying limits to appropriate
starting materials or intermediates when justified from development studies. In order
for this approach to be acceptable data would need to be provided in 3.2.5.2.6 to
demonstrate the stability of the stereocentre under the proposed manufacturing
conditions.

The table summarises only a portion of the control strategy that would be presented at
the time of initial submission and does not include all CQAs of the drug substance. The
example control strategy provides for control of some CQAs at stages in the process prior
to the drug substance. The elements of the proposed control strategy described in the
application would be justified by the applicant and subject to regulatory assessment and
approval.
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11. Glossary

Chemical Transformation Step:

For Chemical Entities, a step involved in the synthesis of the chemical structure of the
drug substance from precursor molecular fragments. Typically it involves C-X or C-C
bond formation or breaking.

Contaminants:

Any adventitiously introduced materials (e.g., chemical, biochemical, or microbial
species) not intended to be part of the manufacturing process of the drug substance or
drug product. (ICH Q6B)

Continuous Process Verification:

An alternative approach to process validation in which manufacturing process
performance is continuously monitored and evaluated. ICH Q8)

Control Strategy:

A planned set of controls, derived from current product and process understanding, that
assures process performance and product quality. The controls can include parameters
and attributes related to drug substance and drug product materials and components,
facility and equipment operating conditions, in-process controls, finished product
specifications, and the associated methods and frequency of monitoring and control. (ICH

Q10)
Critical Quality Attribute (CQA):
A physical, chemical, biological or microbiological property or characteristic that should

be within an appropriate limit, range, or distribution to ensure the desired product
quality. (ICH Q8)

Design Space:

The multidimensional combination and interaction of input variables (e.g., material
attributes) and process parameters that have been demonstrated to provide assurance of
quality. Working within the design space is not considered as a change. Movement out
of the design space is considered to be a change and would normally initiate a regulatory
post approval change process. Design space is proposed by the applicant and is subject
to regulatory assessment and approval. (ICH Q8)

Intermediate:
See ICH Q7, ICH Q3A, and ICH Q5C.

Impurity:

See ICH Q3A, ICH Q6A and ICH Q6B.

Lifecycle:

All phases in the life of a product from the initial development through marketing until
the product’s discontinuation. (ICH Q8)

Platform Manufacturing:

The approach of developing a production strategy for a new drug starting from
manufacturing processes similar to those used by the same applicant to manufacture
other drugs of the same type (e.g., as in the production of monoclonal antibodies using
predefined host cell, cell culture, and purification processes, for which there already
exists considerable experience).
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Process Robustness:

Ability of a process to tolerate variability of materials and changes of the process and
equipment without negative impact on quality. ICH Q8)

Quality Risk Management (QRM):

A systematic process for the assessment, control, communication and review of risks to
the quality of the drug (medicinal) product across the product lifecycle. (ICH Q9)
Quality Target Product Profile (QTPP):

A prospective summary of the quality characteristics of a drug product that ideally will
be achieved to ensure the desired quality, taking into account safety and efficacy of the
drug product. (ICH Q8)

Real Time Release Testing (RTRT):

The ability to evaluate and ensure the quality of in-process and/or final product based on
process data, which typically include a valid combination of measured material
attributes and process controls. (ICH Q8)
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