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Figure 1-1: Components of cleaning Technology
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Figure 1-2: Chapter Organization
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LSL USL

Figure 2-1: Comparison of actual process spread to allowable process

spread

USL-LSL
Cp = T (Equation 2-1)

Table 2-1: Acceptance value of process capability

Process capability Defect rate Acceptance
0.33 (10/30) 31.7% Not capable
0.67 (20/30) 4.5% Not capable
1.00 (30/30) 0.27% Not capable
1.33 (4c/30) 0.0063% Capable
1.67 (50/30) 0.000057% Capable
2.00 (66/30) 0.0000002% Capable
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NiFCplFE L LB Li72, ENZFK (Equation 2-2) (Equation 2-3) (Equation
2-4) LIERSND,

When upper and lower specification limits exist

Cpk = min[Cpu, Cpl] (Equation 2-2)

When upper specification limit exists

USL—-
Cpu = Py a (Equation 2-3)

When lower specification limit exists

u—LSL
30

Cpl = (Equation 2-4)

Vel THREIL, AEWIGY., BEWIGR IR XIFERED ) 27 )b BERE A RE L.
IGVE A TEFEICRE LA REMUT & 725 £ 9 ST 572 Vel EE I
(Equation 2-3) D LRI THRIE I D, 1> T, Wi N LM T 256, FHEIT
Vel 7 — 2 OIEE, FERZETEGET — % ORERZERX L 720 (Figure 2-2) . WEHL
ROTREENTEHRTH D Cpulk, K (Equation 2-5) DERIZER SN D,

[H, EERRBICH 2 NAERINCIEIER Th 5 TR TIThI 2 TREEFMIX, ERME
DR L T LT 2R T 5 LBV OHLFMEELS ) X7 13 H 5720, IEIER TR
NN 2 ER T2 L 2EETRETH D,
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Figure 2-2: Comparison of the spread of cleaning process data to the
spread of the specification limit for cleaning process data

Cpu for cleaning process

USL.—
Cpu = —=che (Equation 2-5)
30¢
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(Equation 2-5) MHWEHINDLHDOTH Y | PF LRI\ CREM A M & L L
TEDV_NNVETHRFTEDINETTHDOTH L Z LG, WeifaE /1{E (Cleaning
Performance Value) (Pck) &RHT 5,

Cleaning performance value based on actual cleaning results of manufacturing facility

Pck = Cpu(desired) X 3U(accumulated)-I_.“(accumulated)
(Equation 2-6)

SF V) YEFHE /1 EPckiE, Cpu(desired) =1.33& 725 & & OBREDFREY O HAEFE T
HY ., AEOF—ZATIEREXE REYORRET — 2 OB H I 7z BEEHE 7118 (A ppm)
ELTRIND, Z OVEERESMEDMRIHT 7= 70 BT Z O B EVEE (B ppm) £ ¥ HAXITH
X, B ppm > A ppm& 720 | BITEDOVEE HIETHLICHRENFIRES W D THIZSITD 2
LR TE D (Figure 2-3),
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Figure 2-3: Cleaning limit and cleaning performance value
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Table 3-1: Result of an evaluation of ATP testing and residual oils & fats

based on cleaning data
ATP testing

desired

Residual oils & fats

1.00 1.33 1.67 2.00

desired desired desired desired

7.68 .63 11.64 13.59

%215 B ee 1 DB R D b DO FE

F2ECHIICBR LIEEMEAMENLEL LTED LV ETHRETE L0
Y PekZRb7m & 2 A, ATPHIEMEIE, Cpuldesired) 0.67%#BZ7=L Z AT, FREFF
KRIEMETH HRLU 4, 000LL EOEUE & 72 2 72 DI, WARERE W =RIE E Ti,
Cpu (desired) 1. 33 CPck 9. 63mg, Cpu(desired) 1.67 CPck 11.64mg, Cpu(desired) 2. 00
TPck 13.59mg & 72 1) | WM bR FFEEYETH 525mg% THEIDHER & 72~ 72 (Figure
3-1),
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Figure 3-1: Cleaning limit and cleaning performance value of residual
oils & fats based on Desired Cpu
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WZESSBIG TORSHN LV ES L0  FEEO B VEBEERIICATREIC /2 5
TEETRTEEBEZOND, BEEIIHEREEOEEORRBRVBEME T, O A =X L]
DIBENEWVSTERmAH Y WESLHRILOEERRA » MIFROZEEORE I H
RETILMER L L LEMZ QIHICE | EREOFUAERE R EERF CEE I LTV
LU TROFERT — % % b I TR IR T, Beid6e /1 Ol FiE % BICHREE
L7,
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FATE  ERLBUERMEOVLETEH T

F1f IUHIC

RN EE G OEFBICMIT 2T A RT7 A4 L OHR T, B LFERFIEOERIN G E
STEY, mEREERZRGL T A 79 A 7 Wbl TG LT < 72z, fitfe
B2 7 m B AWBETA DV AT DAL T D ENRELRD, ZORNLEZEE X,
EELBAFEOPTLL Lo TS BAR KER BN X 5 EFELEH O R 2502
B89 EEFE LR HFHFIERS S5 (ICH : International Conference on Harmonization of
Technical Requirements for Registration of Pharmaceuticals for Human Use) {2 X
D BIFIBA%E (LA, ICHQ8) [17], dWE U A7 ~F ¥ A M (LAT, ICHQ9) [18]. EZdh
B AT A (BLT, ICHQL0) [19]1D3>D T A KT A U ASEERE Sz, £72. 2010
9 H [ZInternational Society for Pharmaceutical Engineering (ISPE) %, #Fr7=7a-X
—AF A4 H 4 K& L CRisk-Based Manufacture of Pharmaceutical Products (LAF,
Risk-MaPP) Z %17 L7z, Risk-MaPPi%, ICH QUZESW =8GO ME R OEEE DR S
DOWERZ TS SERDORZXIFRY A7 2 ERT LD DORFH Y AT X—=2AR-TF
H—F 2R TObDTHDH[20], LnL, TNHDTA FTA4 EH ETEEON
ROFTENPFLTHY ., ZOEEHRIGICOVTIEIFERELEEICRRLNLTND

BfE, EEMORZEMZRT 272010, FEEFPAHTEERFHRY) X7 Z2R/FEL, #H
fET 2 FENMPOFIRELSObH L [21], £ 2 TRETIE, fFEELZIILD L
LA FEFELICB T 2/METROEHEEORE(LZBIE L. MELFO 7 L—A
U — 2 A L B E TROF TN FELRIET 2,

FH2Hi NAFTERmORGE

PRI IR SN DA AEERLAFET, ARSI L > TEY R AFET DIEE
EITH7 v 7 AN —ATREBVIYOMELZ EIFORBEHEITHIX T AN — AT
B OER S 1L 5 (Figure 4-1),
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Ty T AR —LATRETE, BWEZEET D72 DICMEDSCB i 2 58T 5.
BICHURIIEHESE 2 oRm N T4 VXV B CTh D HIRERE L 0REIZIE, T v A =—
AN A B —FRE (CHO) Ml 21X U C & T 28l ik b K< Ao Ting, =
N OEYHIRRIIERE T 2REORELZZ IO  BEZRE(LT 2 ENEETH
% [22], BMESEEMICEEL 52 2RERFORKRN LD L LT, IRE - pH - 2
JE - BIFEERIRE - RE_BLRFBRER NSV | HET HERELEUNIHERT D4
B D, HETEOZ2EEMERIEL, EHFREE, B, AV 77 % — &
DV BEE B Oy 3 E & 72 D,

BERTERIL, 7807 TRIFEROKHEPITEFE R ST 2 FUREA M
% (CHOMEAR) % SRR 2 Z LD A X — N2 [23], BAERTE SAL7IREED & iR
SH/-CHOMPII=A 7 7 A 2 (B L TR L. BIEICEDERN OFEEL Y
RU, AA AV T 742 —DOREE BT CTHERIEEEZIT ), IMKEENTET 5 L 5HEK
EEEROANAFY T 72—, BEED THLIMEEAET D,

HBERANAA )T 7 X —OEENET Lz & MIERE, O DO/ —_ A | A EIY

L. RSB D 7o b DRy BE L RTINS, MRy BE SRR IR T OB e & 1E
B BT 2 TR T, MIEAER SN T LE D LN OKMEY v R -
DNA (Deoxyribonucleic Acid : T4 F v U AR NRHE L CLEH 72D, TEXHETHX
A—=VhkBZ N IR E BT 2 NERS L [24], 2O, mOLAEFIFLT
HENRRR DR E DT 2 HERCT T AT ¢ V2 —77 & OREAYBER B CRlia % 4y
BET D HENE NS,

A A RN)—ALTRRIT, BRMEOMEZ B 2721 i arE LIBRET 5.
PEEEMIRSENZ VW EORKHEOMEZEL TOLERD Y . BRITETIT,
BHOWME O —EOEE M, AR mOME, BRMERENEOE R, BEHEKD
X R ELDN AT E O BB BRI  BE IR 07 v~ MBS HEERL L 72
Uy R7p & OflyE TRRBRMY OFRENEE & 725 [25], FFICHUAERLOFES
TiE, BHEESEICB O TR — a2 o7, —EOMERELZFFOE ) 7 u—F )L
PUEZ RS 572D BER DA FRRICT OV 7 57 n< N7 7 0 =B TREIC
BT o HFLH e EE 2o T 5 [24, 26], HBRIBOFRBEERSEIT. Ny 77—l
B Ny Ty —l, hT L0 NS T T 40—, UANABREBEER R SR
BEROT o A L2 D,

AR 2B O~ v ' ARIX, Protein AZ U WY RIZ L=/ NAEEFE L T2 T A

21



\IBE SN D, Protein NXEE T NV ERE OMMBEBEIZFEET D X L7 BT, Filk (%
o m7 ) ) IgGOFe il R RIICHE & T 2B 2R 5. —KAYIZ Z DProtein A%
WEERD Y I RICAWIHURIERGENER S TW5, Protein A/ n~ ~7'J
74— TRETRESNIZHURIE, FEO NNy 77— CIEWER D & v LBRE L7tk
FEMED /Ny 7 7 —CREGURZ U Y R0 BB S ¥, iRz ERICERT 5, 77 4
rax N7 4—%, BEIE L ENLSNOTRM DOSFORE S A A RE £
KR EDBENNC L > THBET 2 FIETH D, FUREET v & X TIIAEMFRIB ) %
FIALEEREOEWW o~ N7 7 =& ERHESN TS [27], &FID 7 a~ b
77 7 4 —TProtein AIZIFE SNTEH S 7 v AP OFUERIL, % D% {KpHL
BHIZE D UANARELLEIT ), Bl T CIIHEOBEREENEL LT W02, B
KOEMZSIERZTHENH D, T OPUFEERITE MIRE LB E ICHUREZ =
TIERBEINDTD BEOBHUTREICLIBEERORERVE-EEDE=4# 1
TNROHILD, Protein ATDZ v~ N7 7 4 —TIE—MKAIZI5 %AV HE £ T
Tot AT END N, BEMBEY N B EOTRMMN L E-TEY , 5lx
EA TR a~ b7 T 7 4 —CRETLIMNERDY . ZEOI/a~v N T 7 4 —
TENRESIND, A AV a~ N7 T 7 4 —TlX, BT A URZ|ROT =4 725
REDH T ML OERBTOND, o, MEO MM ARETHHBT, N1 e
XUTNREAL MRI VI AE— R EDOH T LANERESINDIGELH D,

WIZH R BABEICHW OGN DEWMRIEL, 7 A VARG L TW D RTEEED B
72, HHILHE D U A N AZEMRHEERPRRDOENTEY , VA NVABRET 4L ¥
—ICRVRBRTECHECTANAEZRET DLEND D, EMRAFNOOT A VAR
I, — I FEIE M 7 EIC K D U A VARIEIE L 7 4 L X —FREIEN
bDe TANE—ITEDTANARET, NEIEIZHE L 7 A L 2 OFREHBAIF I
BOT, XN EOERORERYRL o, REFENPKE IOBENIC L 5500
THDHI DD, BANCEROFMIC L DR WHEERFEE L UL BE T a2z
AuvbitTnsg[28],

U A NVARRE ST AT, BRANSIBEBICE S, SREDOLOY A X2 Lo Th
TEL-IVTHESNBES LD, RIS, ¥ 37 BORMICR AR 2T Ch
DRSS A DRy 7 7 —RIE AT T 4 v b =T a C EFRINT
WD, BAT 74 hb—arbid, ABER UAA— A THEENARBICHEEI L, &
KRN HIRGFRBREISN, B TRREI N TV ARERTH D,
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BRITRICE > TEME, SBESNE- 7o RRITFRE L FITh, 0%, /Al
DU, EEL, BAETE, TEOQME R PORMBI TRAR CERL LD, S 4K,
JRIRELE T REO /N Y 7 7 —OBEHR & B LT 5 7o | SR ORI I L 25D
S ISBETH D, o, WERISE LSBT 2720 0RK ., EHARE KN -2 —
T4 VT 4 —RECEEDNE S AT ARLETH Y | BEEH T2 ToOMkes Tt
MEnTnsd

Upstream processing

Inocul expansion Cell expansion culture roduction cultur Cell seporation

—_—>

Harvest tank Depth filter

Downstream processing

len-exchange chroematography

h h
Protsin A capture Purification
tank-1

Figure 4-1: Process flow for an antibody production process
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FIH  VelRrT —F OREAENT

i BB A KT T E A BUERR O BEIREED 28 =GR IEICH L TERITH D
TEEAMRL, EENIGEIGTE L XTI EEEME L, TP URER SR
DEZRFEBTHINETOWET — X ZHE L, WEERNOFMEITo7,

A FEIRSBERE R DB EEMEFR O DICHA SN D b — e FEIT. K
i) b U U A ERAR LT3R RIS IS X D CREARIC L 2RE CTh 5., g A
BoERFEHRSZHEE L WEEE L ICHERUEOVEND D120, B EE T
A URB IV EESET D2 L WHRAIREEER ZRT Z LT X o THERZCIP
ROSIPT 2 HENEFRE 2o TN D, BEECRM & Vo mRESMIE, iU T —
3L LTRYTERY VAESOBBERRICI YV EBOREELZRET S22 LT
wiE(bT 5, o, Ho7eTtE PR CERVWEOBEBIC LV SR REORENRE S
NDBEANC OV TIE, TiEAlIZ BNICH- L, —ERRRET 2 28Ik > THiET 5
FHENE LTS,

REFREOBE T o 23 R TRICBWTYHA XORREKOY 77 —%fF
AT2Z&iams BRTEICBWUIZa~y N AT ARELL OX IV EEFERT S
HABIEOMAB DB Lo TND, ZDD, T RN < YEEEH A R
ZENREE o TN D,

H1E TRREAfaE & F T fRAT

LAl PURFERELER 2 2 7 0 2 X OBERIC SN T, BRBXOTET — & & U
XEn B L OEEEICH T L ESEERD 2 L CEEL L, EEE AZERZE K& OCpu
ZHEMH L7 (Table 4-1),

ETHEEMECTHLR, /N PEEOILITIERDONA XV T 74—l REEDAE
PERER D NA A Y T 7 X —DCpuMEVME & 72> T\ 5, BEEAE O YRS LB EEEIc3R
BEINIZAT L —R— e RBOA T 2P LT BRI A R RS E 5 2 & T
BANZER S LD D TH DM EEICA VR_RIFERS LY EHIEA T L—FR =10
HCTOWEE D, HBEPIIELOWEEANEL DO T, BEMEO EMZERITREICEY
WIRVIFEND, N"AFT VT 7 Z—OFREDPREL RDHITE EMEFBRELS 2D AT
L— R — /U L D Pl & A EH & 7 D720, 2O EDNEEBEEONNA TV T I X
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—OWEHELE LEEBEEZOND,

WK ST BE TRE O D AYBEEE L N— A X 7 Th DR, THENCpudiE
EL 7o T D, O DBEERE OVEFEN B OEE & LT, SRR 2 IZIEmRIC AL
TR TIELONC L DWHEAFEML, 20% e —F —H 420 L CATV7ETEMLT
WHTEHEEZLND, T LTNA—RRA N 7%, KREEDOHX 7 N & LRSI
BEINTEAT L —R =)L LR A D T IRRE T/ N O A T &8 LT TR
BEEIEL 2L THRET OO THLIN, RLEOT T A7 4 NV Z —IZER T 2 mEHH
DERTH D720, R TOMRIC L DENDOD 7R INEEL TWDH RN D,

Flo, /ux N T 74—V AT L LRI O—EITOWTIL, BEEEEATZ L
TWDHDD, Cpull DWW T D 7 1 & AR AR ERERVME L 72> TV D, 7
B~ N T T 4=V AT AL, RN OBRER A BIR L, BB AIRE L THE LT
Lo LML, Zu~x T T7 40—V A7 ATARO/NZWKELUROENE 1% < £
ENTEY, HEFELICUVEEIZZR> TWD Z EARCuDfERN/NS VBB ELTEZD
no, —7h., BRITHE L, ZVOBFEBEOEVYRH L HOOET TEHEEEE /35 KA
TR ERAF L THY  NE E/N—_A NZ T ERIERIZA T L — R — LB & THEB
HEEBRIC L DB OWESET 5, BRIETII, Protein AR U W RELIET 74 =7«
=/ N7 4 =L OB LEZOL @MERTURICT 272D it 2R L
T TEBH OTH D0, FHIFEOH TiX FRER Y 7 3 OCpuDEME,
B2 7 3Tk, et A EZ T ANDENCAIER OB Z 7 2128\ TEpH (3
~ARRE) [ZT A NELTEMTh TR Y | EpHICER T 2 R ORE S LIZH D
WRERLY 7 IR SRR —V R a7, Bei B 235 < 72 o T2 ATREMEDS
bHEEZDND, 16T, FKRATHEOBREIEOEWITEEIC L 2 b OR2T TlER<,
RRTRERIZBIT 270 AEOMIROLELEETE R,

Z L CIRA A OCpus @ WV EH & U CiE, YRR 2 12T /AR O AN T IREE CTHEBR I
LOWHEEFERL. TOBRT A NI —EHEREL TAVTETLTNLZDEELLN
Do

INHDOERICEY | PUFFEIERLER A2 BE 7 0 A Ofkgs = & IZE L 72Cpuid
RiL, 72 AEEROENETNOEECHEHIE, HDHWIET vt AR CERBIILD
TRRICBIT D72 AROMHERICESW AN+ S RRETH VD | — By fii R 3K
EREICBIT 22 P=T VU THRMAE ) == 7 TF =2 R —H LT L
%% (Table 4-2) [29],
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Table 4-1: Process capability (upper limit) (Cpu) from product cleaning

data based on process equipment

tiontank-1
cationtank-2
Purificationtank-3
Purificationtank-4
Purificationtank-5

afiltration

Table 4-2: Cleanability of biopharmaceuticals manufacturing facilities

Small capacity Large capacity
Short length Long length

Large diameter Small diameter

Simple flow path Complicated flow path

Low protein High protein
Low viscosity High viscosity

Low concentration High concentration
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21 Ve aE ) DBLR D & OFFAM

F2ETRLE L) ICH-HEXOWEET — X ICHEYOWET — 2 2z, & 5CpudDfE
EHIEMEE U CERE LB E OWRREIME PckZ#HIICBR Lz, 07 7 —F I
Fe R B O P E 2 RS TRICBWV B2 WENREL L TEDOLULE
THRETEDIDNZTT O THDLZ 0D, fEEDOCUICEITHETO T 1 AT
OWTEG P OREICHET D Z ENTE S (Table 4-2), ZNHDF ut AFEHRFR
DAL, F—OWE 7 vt 22 A5 B2 55UEEDWE ) b OFREICET RO
T — X EfAIATe Z B Lo THR(LT D 2 3 TE D (Figure 4-2), —DF V., #EX
DYeHT — 2 IZFE LEE T v 2 2@ T 5B 2R EEDORMYLMELR & DE
BOT—2E2M2 5280, WERERNMEOEEMEITI LV L RD572D, kX
%95 AR (Process understanding) DEFEICHS < TROMKGEAI 2 E T, KERM
EEMT FDA) O7av AN F—2 g v HA XV ADERBALEZRIIEAETHHD
Tdh D,

W, PRI T ICRE LS BARD I ERDH DD, ZOT Fu—FIIETO~ IV
F2—A7T 2 MIEATEZ 2R TRV, URFEREORGEREICE VT, Bane
TlgGTH Y, @O FHEEEFF SO L Beleanability bW L U UHIZH 5 &
FFCEDLZEN, ZOBHT HFIEORIEE RS> TNAH Z LICEETRETH D,

Table 4-2: Process capability limits for total organic carbon (ppb) for
process equipment based on desired process capability index (Cpu)

Ultrafiltration
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Process Capability Limit = (Cpu y..,uqy X 3 0 ) + Mean

384ppb Limit (Purification tank-2)

Figure 4-2: Process capability limit and acceptable daily exposure
(ADE)-based limits

BAF e

EEGHOZEME MWEERIET D 9 X TROERWVMBEDOEETH L REICER %
YT, EREOPUREREER I OWE TR CERBIN TV HIEEOERET — 4 nHE
A OVEFRE ) &t ERICRRT Lz, £, BE 7 v X0 2 L 12 Cpu ZEHT
L7CRERIZOW TR, e AEsmOZNENOEERHEE HIE, HH0IET7Trt R
B CEIN D TRICHIT 27 vt RIROMHERICESWZFHAR SRR TH Y |

PR HRELER ISR T 5 — R =T VU TRRmMRA L 7 ) —= o 7 — 4
M—FHLTWDH I EEEENIRT I ENTE T, o, BEERENME Pck 7 71—
FIZED | FREEOFREFAIHMHEL RS LRICBW TURE 2 2E L LTLE
DL~V ETHPETEDNERT ZENTET,

W, PURREOBH TRV T, KE TR, "Rt od]
EDBRERENEFRY LN BEIZ T 0 AREICAE LT, B OHENS
WIZER—EBNCEH LN TEY, WEAY T —a VBT 2EERREEL to T
%o ZDEIZOWTF & 1% Degradation Study Z4T\ >, EBREWERZE TV DD T,
RETHET D,
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FHE AN AFERMLBT D TR AIE(LEHE

F1f IUHIC

EIRLOLEELTERT D720, FHEFPHTHEEFRY A7 ZRE L, BEET
D FIEDN GNP OFIRFE L ODODH D, ZOBRERRIUIES VAT N=ZF - 77
o —F %, International Council for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use Q9 Quality Risk Management (LA, ICH Q9) TivE
VR =3P A L MCBET LA R7A4 ) KlIEICHEY, BEELOMEEE~DOHEIL
MDARAIRESINTEY, ZOB2FITEERLEEREOWEEF N 77— a o OREEE
WZOWTHEHAPEALTWD, ZHET, WREEROERSREEMOLZEMFTMmE L Tk
HEANYTF—va COREEEIE, A —T 4 U —tEAMR%E L7z 1/1000, 1/10000, 10ppm
EWV o T EENIEEMICIRE SN TEY | BEBREORTE L L TRZIBRMIZZ L
IR B o7, 2010 229 HIZ International Society for Pharmaceutical Engineering
(ISPE) 1%, #7c7eX— R T A A4 K& L T Risk-Based Manufacture of
Pharmaceutical Products (LA, Risk-MaPP) % 3§47 L7=[20], Risk-MaPP MOFeA =
TN TIE, —EMRD VB ORFRRT T —FILESNWTL Y AT XA
FNfERT D ZEMROOENTED, BESOEEIZESWRFMELRET D720
\CERFE ) R OB RRE R T 5 #5F & (NOAEL) <2 Permitted Daily Exposure (LA
. PDE) Xi% Acceptable Daily Exposure (LA F. ADE) 3 STV 5, Z DL
o7 T 2015 £ 3 HIZ European Medicines Agency (EMA) 7> EU-GMP Annex15
Qualification and Validation (LLF. EU-GMP Annex15). [RIFFIF{TIZ Pharmaceutical
Inspection Convention and Pharmaceutical Inspection Co—operation. Scheme
(PIC/S) 7% PIC/S—GMP Annex 15 Qualification and Validation (LA, PIC/S-GMP
Annex15) B Z N L HLET SH7z, EU-GMP Annex15 & (NPIC/S-GMP Annex15 Ti, ¥
WY F—va COREREITBEEFRFMET 2 2 L ARDLN TR, HEEAY T —
va CRREEMEDRREIC PDE XU ADE 23RH 7= [30], EHEMBIER G O v 13 EZK
DR IBGS EICE DO TEEREETH Y, METESCCHEZE S AT LADWE
EENNY T —va L OEGSEE LTHRALEROT A R4 VTHESA TN,
W\ 7T — g b3, S TRERBEHROBEWIERIZEIDF v ) —F—1"—N)
HEMBEOMEITRRDY X7 272 bR ENE TRk L THER O BEE FIE 4
ML L., TOWEFIRIC KL VIEFICEWBAELILEND ZLE2BEET 52L& TH
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%o HEOWEEEEOHFTRILOF, & N OEFE~DOEKIEFZR) CHEEFI R FAIR
WUZEDNT2 ) 27 ORFERERAEN QP OHIZER L>2oH 5 [21],

EU-GMP Annex15 % TN PIC/S—-GMP Annex15 (231 % PDE X% ADE DR E X, BEHET
—ANLEIHEINTBENOEEIHIND Z LI5S, BBV TIIE b~
OEEIZLDBET =P RR L TWH7=0MmBFFA D PDE XX ADE 2R ETH I &
DRETH D, TDIZHE%L DOGAE, BERICESDWIZEREMLEEFNREOMME
/Threshold of Toxicological Concern(LAT., TIC) 7 7 u—F Il Lo TERESINDZ
LD, TIC 77 a—FiL, JREREmERBENTOIL TRVEEME IO\ TERE
T A ROWEMERMET 272DICHV LN, BEOHEMENIETICEEY A Ficb b
DT, MERNOMEFLEYEOFMICER L ST\ 5[31], TIC ITHEMTH D72
W, WEANY) T —va CORBEERET 5. LVEERBRHNARARTHD,
ZIZTTC T 7 u—FZHWD5E, 5L 2088 B N EEZRICNELL TS
DA EBEREMHE 20 TIC ZRFRRBILCHSE L. 1E3 Y X 7 R AT
DICDDFT IR FIENLEEIRD,

BLRFHEBRZ 2 EONA T 7 Ju o=tk vEEINL X o RI 8, R RTF
RROZE S OFERIT N EN D AR D & T 2801 A AEEMLIL. &R
PRAE MRS | ZFAVE & S U MIIEEEMEIZ pH ME L &R L, EEAICRNE E R 2 &R
HMOENTWDS, —REICHEERLZIZILDHEL O FEERGOEERFEORIT 5
7' ABRE T, BEAILR T L H VALAIRCEIRICE S O BRE Tl S D 72
O, B DTDOY NI EOREE T LT EEbR TS, LhLAaRb, ZhE
TEEMICEET L ¥ L EORERBIZOWVWTORBENDVEL L, b O
UTIFFEMRFER R SN TE LT DN TERLDPEDEIRON), XiTE-72<
FRELTOZ20E, Wb RSN TWRW32, 33],

T CAETHE., EFTRERICLD X VXV EDORELN RGN T — a v 2ES
TR DA D D & W I BRI D, (BEMEDH 2B FIEZHESLT 272D
EEDT,

B2 e IRE ORIE LA
EEOIL, BEAKROT VA VERIBERRE CbETFF v XV EThDHE /) /1
— T NAGUREBRZE T D% RTVEERT ) O LA-RY 77 VLV LVER
VKENE/Sodium Dodecylsulfate—Polyacrylamide Gel Electrophoresis (SDS—PAGE) {Z T
B L, BERFMEZIEF ITIE L~V ETIERBTE 2 2 L 2RT 2 EITAEN LT [34],
ARETIE, NA AEEGHEER GO REER T — VZBIT D7 e e dmiE & L
T, RO ST % 2/ BEORNELZ EERIZEHIT 2 FEO B MR LTz,
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EEROERE L TERAF I T 2P TR, EEVHF/Cleaning In Place (CIP) +7E
& P B /Steam In Place(SIP) | & L < IX /% v F & {& ¥ % /Immersion Batch
Cleaning (IBC) | 23EME S 572, FEAFE L FIZEOFREFFMEICTUE LI=%IZE /7

2 —F AHERTIEL L TW S 25l L7z, NEkiE#EE S L ISR 2 FEiE
&L, ENTNEFHEYT 2 FE L LT SDS-PAGE ([ZhN % K~ 7 XE - HIBEE/Surface
Plasmon Resonance (SPR) & FVCEEAM L 7=,

1 KRITIE

HE5ETIE, MEERLOBERTRICHTS 7 0< i 2T AOBRIFHE IS T
Veidra ﬁ#mﬁ%ﬁwmkﬁofwkmm FIT, b Zaw b RT AOER
PR T 2 BAEERORG RN 2T —A M r—2 & LCEREL, TSl E21T - 72,
MREEDX SR & LI HUREIE LR COWEOFETRETIL, TCIP+SIP) & LI I8 FF
LA EOIZTEER (CT: Caustic Immersion) | WEMIINTWAHD T, HREITETOH
RERRFREEIC NS O L7k, FUREZEL A NEL L T 5 233 -l 42 FEhE L 7=,
TR HER RS 13X (Equation 5-1) THEH XN 5,

Maximum antibody residue = Maximum antibody Production per liter of culture
x Maximum culture volume
x Maximum residue rate
(Equation 5-1)

ZHE TOERBROMFB PR RERERH T, /RREREICH T 2 &R ER
(X 2,000L, ¥EEIK 1L H7- 0 OFRKRIUFELERIT 3g/L BEF L 2> TWD, £,
R TROEINRL 90%L EZRL TWAr—2ANEL, Z7u<w h AT L0k
BB IR T OMEREEOEIIR R TS 10%E 7056720, BESNOIRKREEEITT
O X O EHTE % (Equation 5-2),

Maximum antibody residue = 3g/L x 2,000L x 10% = 600g
(Equation 5-2)

2, BLERE OWEEE TIL, KEMELT MY 7 AZFR L2 0EAl & LT 2%NaOH
Z 50L LLEFEA L TV A 72D, BEEAIF O KPURIBE L 600g/50L=12¢/L & 725, 1€
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ST, o7 idilgiRie s EEICHRT - OICLERBEEFIR 2 EEARM L, 12¢/L
L EOHUERBEIZ/: D X )RR L 7=,

1. fEAREK

(1) Preparation of samples
Monoclonal antibody (mAb). Formulation Buffer (FB): 50 mM histidine, 6% sucrose,

0.1% polysorbate 80(pH 5.9). 1N Sodium hydroxide solution, 1N Hydrochloric acid

(2) SDS-PAGE

NuPAGE LDS Sample Buffer (4x). NUPAGE MES SDS Running Buffer (20x) . Marker12
unstained Standard., NuPAGE 4-12% Bis-Tris Gel 1.0x10well, NuPAGE Sample

Reducing Agent (10x). Ethanol(HPLC: high performance liquid chromatography).
Acetic acid

(3) SPR

Amine Coupling Kit, Biacore Maintenance Kit type2, HBS EP+ X10 Buffer, Glycine 2.0,
Acetate 5.0, NaOH 50, Human recombinant
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2. ARy TN

MFRE RO — A M — A E L, RAMREN 12¢/L LLEIC22 X5 I TR

FETHHEL L 7~ (Table 5-1),

Table 5-1: List of samples prepared

Sample Sample Reagent Autoclaving Reagent Note™
name A B
Blank FB™ 0.5N Yes 0.5N HCl
NaOH
mAb-intact mAb No No No Untreated
mAb-control mAb pbw ™ No DDW™!
mAb-Caustic/autoclave mAb 0.5N Yes 0.5N HCl NaOH treatment (8 h) and
NaOH autoclave 15 min
mAb-Caustic only (8 h) mAb 0.5N No 0.5N HCl NaOH treatment (8 h)
NaOH

*1: Sterilized water/Deionized distilled water (DDW)

*2: Formulation Buffer (FB)

*3:"h" is an abbreviation for hours, "min" is an abbreviations for minutes in this table.

(1) Add 1mL of Reagent A (0.5N NaOH or DDW according to Table 5-1) to each samples

(mAb or FB) in order to simulate CIP or Cl.

(2) Heat-treat with autoclave (121°C, 30 minutes at 15 psi.) to simulate SIP, only for the

corresponding samples.

(3) Add 1 mL of Reagent B to neutralize alkali. (0.5N HCI or DDW according to Table 5-1)
(4) Add DDW to adjust the mAb concentration to around but less than 12g/L.
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H3FH BRERUOBE
- fE R

1. SDS-PAGE D#E R

#It/Reduction (R) &t & L CiEk, &FEES 7L 39 L & Sample Buffer 15 pL,
Reducing Agent 6 pL Z{E & L. 100°CT 1 R L72%. BIRF THEILZ, 7=,
JEiEIT/Non—Reduction (NR) G & L Tidk, K##Y 7/ 45 L & Sample Buffer 15
uL Z{B& L, 80 CT 3 wEfRFF L%, BRETHALL, =— &% 12 ul IZH#H
KL, VkEh/X > 7 7 —MES SDS Running Buffer & F\ >, ¥kENSH% 200V/120mA/100W/30
IPWTRE L., CBBYEAIT-T-,

(1) CIP+SIP

MEEORR E LR ERELRE COWRFOETLERTERmMI N TS [CIP+SIP)
ZFEEL, CIP BRICHEA SN D TEHITH L KER LT MY U NEIRICE 2T v VAL
B L SIP LR G EA— N7 L—T7 TERE LT MBLE I CTHIBL L 72, £ DR R,
TIVH VAR L BB A L 7=V U RB W, (BSFEONEIC 7 T 7 A M
Bbha "y R ah, RELL TS Z L3R TE 7= (Figure 5-1, Lane 8,
Lane 9),

(2) CI

AREEMREORUTREICBITS 7 a~ N AT LAO—ETHEfE L T\ 5 /KERL
TR U LEREVRAl S LIORBEIC K DEEERAELTZ, TORR, 8 FRERIEL
-V TNV TEMLIZE Z A Smear EIE X117~ (Figure 5-2, Lane 6, Lane 7)., FH
fle7o /N ROVELS 2878 Smearing L CW=Z &Enn BRI O T VA VALERIZ LY T
K2 PGS, FUEBEERNELL TWD 2 ENERTE T,
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2 34 56 7 8 910

Lanes 1: Marker; 2: Blank (NR); 3: Blank (R); 4: mAb-intact (NR); 5: mAb-intact (R); 6:
mAb-control (NR); 7: mAb-control (R); 8: mAb-alkali/heat treated (NR); 9: mAb-alkali/heat
treated (R); 10: Marker. (R): Reduction condition, (NR): Non-reduction condition

Figure 5-1: Effects of "CIP + SIP"
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2 3 4 56 7 8 910

Lanes 1: Marker; 2: Blank (NR); 3: Blank (R); 4: mAb-intact (NR); 5: mAb-intact (R); 6:
mAb-alkali treated (NR); 7: mAb-alkali treated (R); 8: Blank (NR); 9: Blank (R); 10: Marker. (R):

Reduction condition, (NR): Non-reduction condition.

Figure 5-2: Effects of "CI" (Caustic immersion)
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2. SPR D#ER

KEEALT N U O AERICE DT A VA E A4 — N7 L—T1Z X D INEVLER % i L
72 NA-degraded D% > 7 /ZEBNWT, B TFEDOMNBEICT Z 7 A MeBbhb v
ROBHEENTWED, EREOEETERICITEDO XL ) REENRTTWDINMHRT L7
», X5 Non—degraded & D FLERFERRZ LM L7, ., FEIEMHEORIEIZIL SPR fEHT4E
B & L C. BIACORE T100/T200 (GE healthcare) & U\ Sensor Chip CM5(GE healthcare)
RV, =R 25 C [ CHEfii L7=, Sensor Chip CM5 E~DEELIL, 7I v H v
Vo7 7a ha— I - TITV, pHb5. 0(10 mM FEEEHE) O T CEE(LEILRU &
T 250012722 X 9 ITHATE Uiz, 72 fE UG I, Running #Z &K & L T HBS-EP+10X
ZLORBARLTHERL. A > Y =7 v a 3T A—2 & 5E 30 1 1/min (& TR
180 FOICERXE L CHIE LTz, B/ 8T A —X —OfITEL, 74 7% A = AHFFIC
BUEITAY 7 b7 E LTHRICEFEDOH D SoftMax Pro Y 7 b v =7
(Molecular Devices ) ZHWTIiT-7=,

SPR % A\ T Non-degraded K O NA-degraded OV > 7 /NAZDWTE /) 7 a—F )L
PUE DR ATEM 2T L= & Z 5. Non—degraded TiXE / 7 o —F L Hiikicxt-4 58
HINRFEETEMEZH LTV, NA-degraded Z LB L 7= & 2 A, FOEETEREZZESE
IZRoTED, filks L TOFERFMRABRETE 72RO NN E N ) ERE
/o (Figure 5-3), TOZ EIZED, 7AW VABEKRUOBMEIZL>T, £/ 7
B —F PR DOREETEENRDIND 2 E DR DL N TE T,
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Response (RU)

oncentration (Ug/m

Concentration (pg/ml)

A: Non-degraded, o: NA-degraded.

Figure 5-3: Binding affinity analysis of monoclonal antibodies using
BIACORE

= 2 IF E5

TT VB R OBER AT Z LIk 0, F 7 a—F APURITEERIC oM L,
EEEE L RDND Z ERHALNIC ST, o, TADIVAEORTH > THT IV
AVICRFEMBEINDSZLIZED, NMEband Z & bR Iz, U EDRER K
D BATOPURERLHM COWRFOETRTERMINTWHEMR EHBY CIP KL TSIP
ZEM LTSS, B/ 7 e —FAFKITISEINEETEE L RDND Z LR TE
77

F7-. SEIRE L UT-HKEAE 3g/L ODF ) 7 a—F AHHENR, U— X Nr— R &
IR 12g/L OIKBEEOSMHET, 740 ) ABEK OBULEIZ LV 5 I EETEED
Kbl Z b FUE /7 v —F AR THUREA R 3g/L LT ORKEEL TH
MUT, BEERET OTURREIZSEIOBFSEME LD BIES R, BUTOBEEFIEIZL -
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TRRODIEZZ T D Z L2 %, > T, AEOMHFNEZY —A N —2REXLHZ L
(&0, S%MOMEOMKEERZRET 25607V —XE LT, BATS
ZERTEDEEZLND,

BAF FE®

mwﬁu% BN 7 — 3 OFREREIXEEFEOFMT 5 2 AR OIE

L REANY T =y a VIREEOREIC, PDE XX ADE 2SERH SN7-, BEFE WIHA B
‘itFA@&guiéﬂ@ThﬂﬁQ7afmﬂék . fh B4E @ PDE X% ADE %
RETHZENHETHY  ERICESWETIC T e —F TRESNDZ LIk D,
LU0 6, TTC [FRFE R BHERBROBITON TRUVMEFEWEIZ OV TCOHEME TH
LT, Beg U T —a COEBEERET L5E. LVEERBKBFHDPARARTH
als

Z I TAETIE, L5885 BB EEZICREL L TO DR NEERSE
L7720  RIEEREEN) T —2 a D EEDTICRDLFRENRS D L VI BLEND
BEMEDH D2 BN R FIEEMESLT D12 DITRET 2D 7=,

raw hVAT LAOBRITEIC BT D BAEROESREEZ Y — A N r—2 L LT
BRIE L. WeigeHli 21T > 7, PURERELRE COWEFOETR TERmMI N TS ICIP
+SIP) KON I8 REH L EORIENHE ] TRETE CONKRREEEYUE L, £/
7 a—F NVHUERORELITHEE S L < IZEMEDZ L% SDS-PAGE & UF SPR % AV CFHAfh
L7z, TOREER. 7Tl UVREK OCBWES 5 VILERE O 7 VI U IRIBLE TE /
Ja—FNAHUEDRRNEL SN D Z & DR TE 7o,
SEIORFIRIGIEIT /) 7 o —FAFUETH 5720, [ CHEREIRL THIUTHRITO
P HIEIC L > CREO S ZZ T 52 EREZ NS, 51X, SDS-PAGE & ¥ SPR
DOFRNTIZ LD RIEALFHl FE & 8 4 B TR FEE T — X ISV TREEE
@’ié%ﬁkmAAbﬁt%tﬁ%M%rwkLT@%%@@\%/7m~+wﬁ
KLIAN O & FEIRSOmE A b & D9 2
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H1H HEOELYD

BHCERLOREM & E AR T 5 L CRER ORIV EDO TR TH D,
BLEMEAZ O Mk 2 H4A L, WEEHELEIHRICESTD, EEENRT 52
ER L A RIRCEIERR AT Z LIk o TRERZ EB I (CIP) R EEIRE (SIP)
TLHEDRSEAINTWD, EBEORET 4 Tl BHELZBERHETLI2H
R H D Pl OEECRER & W o R ESFGIIEBROEREEXHET L2 L T
LI b, LLRns, mFEOEEEORSIH(L, BERROAEER L, &
ERZEMOMRREELEZER LT, BMEEHER D 2 &R RN OBFE L BEE T
RICBET 2RI+ Th 5, ARFFECTIL, Taid TROBEHEELEOR#E{LZ B L.
L VEALTEFIEL L TRETLFZORFNERFIEO—>Th D TIEEIEREZ AV,
BT — 2 N OZORENZEBNICFHET 2 FIELIRE L, BICHkELREIC
LB 2 R BORIE RSN F— a L OFMEE LTERAL., EEEOHLH
IR G CFHE B & it LTz,

RONCHE L ETIE Fim & LTARBEOE R MO AR Z R~ GRS Oz 7R LTz,

F2ETIE, MBEY ARV AL NOWED 1 > Th L LREENENE AW T
3 oFELRE Lo, e TRETITEFAEREEUT E 22 L0 kET 5720, ¥
AR VEE X FIRBUE CRE S, TRIBREIEEMIE IRHRE A ZE L7 TRENEEK
Cpu CHH D, £2T. &5 Cpu DEZBIEEL L TRE LEHEOEREEDR
FHERHIHE 2 S TRV CEED 2 BN EE L TEDO LV E TR T
L ERIEE LT, BEERESIE Pck 2872 ICBR LTz, ZOBRIZEIY, TRET
OREEFEFET — X NI 5 2 & THExIGE B L OEHEMEIZ X & 95K O BERE
NEDHLDEFET D2 LNFIREL 70 v | BUESRE N 2 WO B DR 2 2 &M
T&hr7urba—T 4 TROaNR NRETNVEBRET LI LN TET,

FIETIE, F2EICBWTIRE L TERENERIC X 285N OB FIEICS
WTERANMTTHOWEEOREZ S LICERE LTz, ZOWMETIE, BEEEL LTAIP
HE L MR EREOHAZHERE L T 5D, LIRS, Cpu KUY Pek DEHT
235 ATP B IZ 3T D IREEMECHARRE DR EICS T 2EEEDO U A7 Lo
MRS A EREMITRT I ENTE, BEFHMFEZO b O, UTEEMERE T IEE A
ETVERSD ZENghoT-, E£7-. Cpu KO Pck &9 FEHERI 2 TIRAE T
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V=& HWCTEHI T 2 FIEIT. BARRY R0 O BEIFRE ) & SLat RIS EEL T 5 &
ET, LOBENREREECESSHE CORZLHMN IV ES L0 FHEED
B WVEEDHEGAIICATREIZ 72 2 Z L 2R 2 LR TE T,

FAETIE, EREOTMKERDIERH CERIN TV IR TROEE T — 4 %
b LICTREEAFBEAWT, WEEHOFMFIELRIEL -, FUAERLOBHTRE
TILEEAY AR O/ S VKBS CHER SR O R EFE DA MR < | Beid OBEEE )3
BHWEEDONTEY, Cpu OFFITICEY 7 v~ by AT AR ELEFE M ElE TR O
BEER I CHABRUVME L oo TV D Z E MBI L7, Cpu OFERIT, e im0z
TNOEESLTEEFHE, HHNNET o AR TEEIND TRIZBIT 2 7k R
DOMERIZESWEFHAR TS FEETH Y . FURRIERLERF IR T 2 — K=
=T VTR E ) = T AR L TWAD D EEEEMICRT Z &N
T&7o, £72. Pk ZHEAL T, %OWEEN) T —a 7w harzgstd s b
THERBERLROLWEEY 7 ) o TERAROY 7 ) o 7O R B EREEC T
BV R 7&R7EORGTEFIREL T 5 FIEEHNT 52 LICHRII LT,

EHETIE., F4ZOTMBEREL L L2/ a0~ by 2T L0 REITIE I 1) 5 E4
PERF OV LY — A M r— XL LTRE L, KEELRE COWREFOELRET
FEfi TS TCIP+SIP)] KO 18 KL EORELER | CRE TR CoftiFi K
FREEZNF L, £/ 7 0 —F AHUEONEITHE S L < IHEEOZAL % SDS-PAGE
BN SPR 2 FWTFHEI L7, £ ORGSR, PURITB S TREO T VA ) LEE K OBVLERZ
X BENICHM L., BAREELEDND Z ERHLNCRY . RIE(LIEM 2 TG
NIEBUZ X DN & fAB DT T e Ml A A RE T 5 2 LN T,

Ho2fi MELERABREET VOB

BOEE T vk RIBEEE O =— XAOBITHIET 2720 ORISER R D Hiv b
7o, B A MTEE LWHIRRDI 230D — 75, 2007 FELABE DR < B MICE 3 5 E4F
DFEEL, BEOBENTRICKRERELE RS> TWDIVi], BEOSERIEDT,
WETIHIETDIEE A RN, ZOZ LITFRICEREEICE > TRERHEL
o Ty, BROESCAEEICEREICEET 2EERLERICIS, ZoOXIEEN
TW5 [36, viil, BEICE L CE EERBIEEDRE IZ2ERIND LONENZD,
BEREICESWZ P OREILZSNTE LT, 20ROV ICEMOBEIIMLTOHE
KO OFEAEEOFIEIZOWT, BafEEOREHEFHEIEGRE CHEl SN T
W5 [37], BAEHEIE. RAEREATEIEREOKFRIZAIT T, HACCP D& % FIZHE
DN BAEE R O ORIR & 7 D HaaRax i OfAEEHEZ £+ 2 2 L1270 5 [38],
ZNE CTEAF@EIL. HACCP L MAEEHROERAHEL TWeDTHLD, 1
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AMBRO N D REREEITHIGT 720, 2016 £ 12 Ai1c8E - T, FE, BR5e
BEETOETORMEEEZT LR E LT, HACCP I X 2WAEFHOHIE(LAED S
Z &l o7zlii], HACCP &IIENERERZFERE & R IRERE OB RKE TH L =
—T vV AREEZNOLRRIN, FEICEZORRAZHEL WL a— VR F &
— RThHd, NFETEHORBICELIEI DD ZWHEROEEEEFIEL IR RV, &
S OEECIMTIZB T2 H 6 B0 TR TRADBZNN D HEMBYRED G
EEHOLPLOHIT L, TOBRICESHWTHETRO EOEBTED X ) 723tk s
LMLV RERMREELZENTELINEVHIBEEFHAZEDEY, ht
EEANCER T 5, DFE D HACCP 1%, EMEIZ A OREEEE TOTRI L ICE M
Lo TS TERI A BICEEDSIEIC /RN A I B TR ERICER - 32
BT O TREREHRFIETH D, ZOMEZ AL ERKEILE TOENE O THEIZ HACCP
FEPHES N, ELREILICTRAMO/NS YA 7 L03EY | HACCP BNEAIND
Z L2725 (Figure 6-1),

7 Principles

HACCP Plan Manufacturing

Figure6-1: Model - HACCP plan and food manufacturing

EIMORE T 0 ARRRICOTZ > THRINEMGE L, BEICE o THERRIBE
FEERET D0, HIZ10FEEZ BREZ 2T 60, 20701213, EEG
EEITIREFEICET 2 EMREE L LT, RSO THlRIINL T BN 2 &S
L2dnudeblen, —F, MBEmLBETLIMLERHD . PR IR = —X
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MEER (BIFE) ([CELRECEXDF N7 vl 7 L& OF Tldk, 2F0REREE
BT ZERSHEREZH LTV BERD D, ERMOGE., ERGOIERHERAR
ORZEMIZETAEBEELZHEERT A7 DEYE [Good Laboratory Practice] (GLP)
K OERKLGELEE BT A8E - SVEEFEO M [Good Manufacturing Practice| (GMP)
DEEIRIZEY AN b, FEFRICERICESF SN TS (Figure 6-2) [39],

GLP <° GMP TIXEEMOLZEMELHNMELHER T D5 L TRERIEOEFELLH Y | &
L OBREM N OREDOME LA ZE L TEEIN TS, FliX, #ET o0
EEINTHE. FIFEHEREROBLE D ORI ORHEDZED b Hofd Sl O m B 1T 78
WD, BHSERH~ORHPZER ST 5 [40],

Good Laboratory Practice (GLP) Good Manufacturing Practice (GMP)

Process development

Figure 6-2: Product flow - pharmaceutical manufacturing processes

T—=%T7 7T XRROBEAPLEIBIZLD ELRERECERMIT, AT 7TV RMOT ke
AEFXTHY, WERFFXCIERE DRI TS b, HEED L
I IRERRRI ISR B, B OELE T 1 AL, B OEE & e ORIRIC
RETLF 3% <. NOREME ’J:D%Wﬂﬁéirbé@T“ﬂﬂJLﬁ%Z@ﬁi%b\ib\‘f‘%é[41]
Z L CTEREMOBLE Y v AFFICIE, KEECHEEO R RBRNEME T, B ITRIE
B NEDH R E D A 77fo75)4:| DISBWEWSTZ RN D S [42], RERDFEA
HRIZK D/ UvnURBMEH s E R BOE R AR S h 2 R fn O E 5 i O B 5 BR
RITES TRV LT, G 0t AR ITEHF TBIT T 5720, 2R
BN-HIM TR A AR LN bED 5 Z LI d, o, BUEHE TIIRGH
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SNTANL—Z =D ERRBRIZIED , 2N EN 07 vtk 2 G U BGRE A IT V.
FNENOHBEIIE U BEEZ T TWIDONRERTH D, LLAERL, BHCE
ELOBLE T o ABRICE T, I E THRERBOALR L TRE Y 0w X F CE
FriA A TR IR\ RER (2 35 & SRR AT - N RS 72 59, EICEbD 7 m
TARVBGEFRPL N ECOEF LB-E ) v E2FERAL, REIC—EHEOH S
KGN TE DA EFHTZICEZD Z ENEEIZRD,

Z I TARMEOF T, B EESCERLORIERIEZ I E S BE TFH7
BLA CHE L 7= ERLEORT T — % & 7 0t 2 R OGESR EICBIE LS L 72
% dt'E LERHGRGEE O PDCA A 7 VBTV EEE LTz, 2F 0, BEEREEICES
T WE TR EE T A — 2 — O AR, BENSBERICT 4 — Ry 735
T L THNMBEFERSRELLI N TOTIE, BRSO EEELICIERT 2 L
MTEDLLOIERYD, ZOREARPICA YA 7V ZEIT Z & THEEMROR L & SERE
OFEROESLDFREIC 2D LB X D,

SthiE, AHFZE TR L7 8LEEF T — 2 0O TRENEROMITICE SO =Rt
D, BUERNICH -7 v AEHEEORIRIZ M TR ZED 5,
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NOMENCLATURE

Cp

Cpk

Cpu

Cpl!

usL

LSL

USL,

Oc

Me

PcK

Cp u (desired)

o{accumu/ated)

)u{accumu/ated)

: process capability

: process capability index

: upper process capability index

: lower process capability index

: upper specification limit

: lower specification limit

: standard deviation

:mean value

: upper specification limit of cleaning process

: standard deviation of cleaning process

: mean value of cleaning process

: cleaning performance value

: desired upper process capability index

: standard deviation based on actual results of manufacturing facility

: mean value based on actual cleaning results of manufacturing facility
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Abstract

The capabilities of cleaning processes have been statistically evaluated using data from both
food and pharmaceutical manufacturing facilities, using the Process Capability Index (Cpu), which
is one of the several indices used in Quality Risk Management.

At first, the capability of cleaning processes for securing food safety and quality was statistically
evaluated from actual data obtained from the cleaning processes of food manufacturing facilities
using Cpu. The approach presented in this study could be used in establishing sampling strategies
and reducing the risk of insufficient cleaning, which are important factors to consider in future
cleaning protocols.

Secondly, the capability of cleaning process was evaluated for an antibody drug manufacturing
facility using Cpu. Consequently, the capability of the cleaning processes for all equipment used in
actual production was successfully evaluated. The study demonstrated that the cleaning process
for the bioreactor, cell separation equipment, and ultrafiltration/diafiltration system had high
process capabilities. It also indicated that the chromatography system and the purification tank
had relatively low Cpu values compared to other equipment, yet they still fell within their cleaning
limits. For the purification process of antibody drugs, which uses extensive horizontal piping with
relatively small diameters and equipment having large product contact surfaces, cleaning is
generally considered to be difficult. Using the Cpu, it was determined that the cleaning process for
chromatography system and the purification tank were the lowest of all the manufacturing
process equipment.

Additionally, the evaluation of the cleaning procedures was carried out by modeling the cleaning
conditions for the chromatography system and the purification tank in actual production as the
worst-case scenario. The maximum residue of antibody from the purification process was treated
with “CIP + SIP” and “CI” (immersion to alkaline solution for more than eight hours), which are
procedures used in the actual cleaning processes of antibody drug manufacturing equipment, and
the inactivation of monoclonal antibody was evaluated by observing the changes in the structure
and biological activity using the SDS-PAGE and SPR. As a result of this evaluation, it was confirmed
that these monoclonal antibodies were inactivated by the alkaline / heat treatments or immersion
in alkaline solution for at least 8 hours.

Process development and manufacturing activities are linked to each other like two wheels
connected through technology transfer and feedback. The results of this study suggest a new
PDCA (plan-do-check-act) cycle, incorporating HACCP (Hazard Analysis and Critical Control Point)
system in food manufacturing or GMP (Good Manufacturing Practice) in pharmaceutical
manufacturing, to provide feedback from quality assessment based on manufacturing data and

assist technology transfer between process development and manufacturing departments.
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