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FTREENNRE o7 s A VERRELL, KRICE
BEREEETERETI LT BHoRECEEY
BT HABHOMERLEE LRy — b DO LN
TEHEDEXHTY.

KICEHECHRIAOEESEHREZEHEL, Zh
DRENFOBEEESRIRLET. Fio, 8ETH
FEYNTRIRL, RIS E SR L LT 5
Z &A%, at Minimum & U COEFIFERICHEIN
TWARETT.

—75, [Enhanced] R#EDHHF TR FERL IE%SE
BL, ELELET, IVEEL TN EWIHBR
K SHEFER 1T Z &2 ROBNTHET. 20

-, ®EO CQA (EEMAER) CRETRIE

FTEME O E TR/ S X — 5 OFE, BIZEH
RO TR/NS A —y E A0 CQA #BE5
A EENEROBEL W & hEE B

* BERSAREETETEEMLES ERHAHEAXAE 1-18-1 (T158-8501)

*x e 19 6 ICH B4 4

(CPRL204E 12 B 16 B . R KBITH8EEIZLD
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Table 1 EWGIEEIGEE

Table 4 Step 2XEZXTAEBO AL b

2003 4 2 A Bk : HHPERO MY v I L~EE
WOSETAT T AL  GMPU—Z v av
2003 4£ 11 A AR : Q8 EWG fafhith

2004 £ 11 A#k - Q8 Step 2

20054 5 A7 vk : Q8(R1) EWG BEtfats
20054 11 A <0 = : Q8 Step 4 E=HK

2007 4 11 AHKE : Q8(R1) Step2

2008 £ 11 A 75 v/ . Q8(R1) Stepd

Table2 7% v EAEE (20034E7H)
GMPU— 2 v a v 7 TRIREALEY a

o BELVA/JERILESKERHDTA 7Y
A7 (BRI LHRE) 2ARICERAER
Hinashi-RmEVAT A

o Q8 : BUKIBES (Step 5)

v Q8(R1) : BHIBIZEHE (Step 4)

v Q9: BEYRI=FxT AL b (Step 5)

o Q10 : EELHEV AT A (Step 4)

o Q11 FEDORTE L HE (Step 1)

Table 3 Q8RLHIA K7 A L O

o Q8 AR (Step b)
- BRIB R O—RR ]
- FHREE (YTAEA LY Y—R)
- M OB SERER
» Q8H®E (Step4)
- BREREROT S0 —F
- Minimal and Enhanced Approaches

- HABAROEROFEM
EESESM T o AR—Z  BH
R
AVET. F- JVEBEKIEEREML SBYX

IREFVAVINEBRTAIEEHRELTHNET
IRBROFBERCE, THA VA=) T IV
A LYY —2RFBRORENEENTVET. Thb
DYFEIZ & - T, BRTA 79 A 7 VO ZE
Ul-#eryiztizs s, A/ R—v a VH#EZIND
EVWATEIREBNTWET.

T ZTCHALI-VL O, at Minimum & Enhanced
EVWOHTHBRH RS T HE L E Lich, £ETE,
MoBErbERTLELE, T, E0d Dk
7 Tuo—FxH->Td, ZTOBAKBEEZADZ
— X2, BT AHASELELTLOCRIHEh
TWABRBERHDENWSZETT. LirL, £IZK

Pharmaceutical Regulatory Science Vol. 40 No. 10 (2009)

DREPLOa AL b
- NEOBREERDDEE (H)
- FHPAVAR—AOREDES (LLERE
WETN)
- TP AR—RE R =
- UTNEALY Y —REHRE
- FH A A~2—R & proven acceptable
ranges O E{%
- BHRICET A FHR

RO Ay MIxHT 5 7R — 2 RAF
+ Most of the comments/new proposals re-

ceived from MHLW, FDA, EU and HC were
mainly editorial and have been incorporated
directly in the guideline (draft step 4, version
D.

CHEBROBRA b

- fFE 1 ERORKIERRE & O

- YTNEA L) U —REEHREGORER

B
- FHA S RR—ADHBFER
- FEBE

ETH1H0FEIL IR ThriThEWTanhER
F-oTW2HOTRHVDEHA.

RBEOBERLLTUL, TYA /A=Y TNV
ALY —=ZABEENTHWBY, Zhdsidhnid
Enhanced approach TldizW & WH Z & TEHVE
VA, Thbb, ITROBRIIAATIRZHEND
ZETY. BIE, KFORERROMEDT Fo—
#13, Enhanced & at Minimum QBT So—F
ORIZHET A DEELZTHET

2.2 HRIOWMRERL

Q8 MHEE L TWHIHRERIE, VWiw5 QbD
(Quality by Design) &FEEN B a7 FTY.
QD EZOWTZDOHA NS4 TR, TEHOBE
REICHEY, BRRCIROEBICICTEER
CESAEBW:, BAInRERVREYR2<
FOAVIMCESGBROLHARET Tu—F] LE
#LT, QOMBEINEHLE L.

ZLT, QOB+ TIE THABHRIINT S
XV@BRWET To—F (QbD EHEREIND) T
i, BIxiE, IhEComBOFA, EiatEREk,
MBEYR=TRUA Y MER, BRI T7YAIN
D&M EE U -MRAREREOFAE V-0 D
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M FOEELLTCEENS (ICH QOB | &
I TWET.

BEOERIHHAEENMR T 7 7 A1 VEE

Table 7 TRt & 51, MADOREBFEICO>WTH
kE¥BHLULEHEEREINTHWET. flaE &
HEp— b B EWEE WS TeRX— v 7 RBEND
HREAIC RS EN 2 [EEED L D BEHETH
ZOBGTa T s A MICAVET

MR Sou s A WEHELE EERERKKE
(CQA) %L T (Table 8). ZOEHI &
FLORGORBEEZRIET S0HI, BOREER
&EH, 2PN e S0 Er, {LFE,
AR, YR XA T

A4 FET4 TR, CQA DRI, BIEASEHA
DCQAZEZ DB TWET. Thabb, &E
Epsa oy s A, XRINETOEHOHR
POHEINIBHOUELEZ, RIZKT /vy
Wiz CQA Y2 FAATE LA F3. HAFRA

HizoNTY X MIEESHh, LEDZEhETH

BEV2I2RIA VML, ZOBEANECQAD

Table 7 MEEHRLT T 7 A4V

o EHBRLR a7 4 (Step 2)

o EFE  BEMERUEMHEEERL, EXLW
SEERIET D L OERCBIET & R
OREBFHIZOVWTOERRELEENTH
5.

o TOSEENBLE T T 7 A AHRHEBIREED
REOHMB LD,

Table 8 BEELEFHME (CQA)

« BE EFLWHEEORERRIET S0
o, BWYIRER, @A, ommicidhidl
5IRVEREY, b8, %N, BEDTF
FRME U

o —ARIT, FEBE, WAL, cPRME, A REE

o HEEMRET T 7 AARY SULRERTIZ
BHI TV S D SEMN D BTERN A
O CQAI, BERTutADOREDONHA FE
LTHERSRS.

o BIERI CQA DU X M, HHMFRUEET
EaBREh, MOmEAEL, TEBMEHN
BEEBIZONEEESNDZTHAD.

o BEY AT R DA MIETER CQA DIERF
SITICRWA Z LRk S.
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EFSHIEEERERIC D ES.

23 FHArAR-2Z

Q8 THF-KREINLZFYA v 2X—2 (DS)
i3, BETCLRABICEAZINELE BN A
VTHRBEN TS DS DEFE% Table 91ZR L E
k2

BARZAT DI A 7Y A7 NTx—V AV E
HEDLYFETH, FHPA VZ—-ZXFDLHDdH, B
@OATIBICHE RO MR« FRUCHIDBESNELD
HEENHVET.
BIIBEBEFTVEERLETYA VAR~ 20%
BT, TOETNVMERET A ERRET D57
RN THERTEAEHE OREN DV ET. X
DOHFEBRICEBFOREY AT LORETITH
BIZRHEEHVFEFA. 2L, Table 10 KRT
I, BRELTFIFA VAR ZDHOTE
IE -« EETHHBEONTE, FHBOEREIHIC
HoTEER LB THRVERALD, HEIRE
OHF I,V ET

FiZ, FHAUR—2&, RFEEHINLEL
IFRIFBARMETCHL M IZEINTWAS [MEXhi
FHERE PAR) L OBRIZODWTHRLETHETY

Table 9 FHA v A_—Z @EHA KFAL)

o MEMNMRIEEINDZ EMNETFINHE K
DEI DR & TH ST A — & OE KT
&4 - BERMR

o THDAN—ARNTERIETDHZ L1, —&HIC
1, BELEIRREINZ.

o AR—ANA~DOBIHIEE L L &N, BF
HAREEERHELLE

o BEFEHICL VIR, HHIMBEHE - AR

Table 10 FHA v A_R— 2D EHR

o BHEEFNVEFRRLETYA L AR—RTE
DFEFAPEIET D Z L2 RETH-DICE
B2 E BN A R TH B

o FYPA AR ARZEERLRWVRY, BT
DHEBFEHIICEBTORE S AT LOFHHE
TERTAZLOTEAFEHMTHS.

o LV —BOTutRACBTHMBEOEENR
EhhiE, DS OIE, B, BEEVSETHh
B, THA U AR—ROFEFEIEHIROER
EIHIIHED.
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Table 5 #i&EB &

1. %8
AR DT S u—F
2. BIAIRREOER
2.1 REENER T 7 AL
2.2 HEELEKME (CQA)
2.3 VRITERAV b BEHEHROTIERNT A —F L8IA CQA L OEFE-S
2.4 FHA L AA—2R
2.4.1 BTEHOER
2.4.2 HEBEBTITFA L AN—RADERRCHHA
2.4.83 HMBET A L 2—2
244 THAUVAR—RERF—ARVEE L OBFR
245 FTHA L AAA— R LI ST
246 FTHA L ANR—RERFELSER
2.5 EIHERE
2.6 BET A 7Y A 7 NVEB L MEENWE
3. AELT V=N XAk (CTD) 74—y P TORAFARERR O EEE
OB
3.1 MEVRIRVA MRS - TRER
3.2 FHA L A~—2
3.3 EERELEE
3.4 FEBEEHR
4. fB%E
Wil B 28EIRRT S u—F
SR

Table 6 HHRFENOT Fu—F

[at Minimum]

- BERK, A, £HFEFHEE, BE, REMARCEERER L, E, Tet, AicEET
5, WEESHS T 7 A VOB

o« UHBAOEELEHE (CQA) OBE. ZOBER L EAOREIZEE Y R RAGTEORE
PEENEREE 2D

o FE, FMFLPOBEESHEREOBERVEE LWRE R EHIC T3 RMAOTERE L BEORIR

o EY)2BGE TR ORIR

« BEHIELRS O HFE(L

[Enhanced]

o MIAIMA R VEETROERNATME, M, BH KRBTSR L 574, EEXEEhS.

- WA, ER, URITEAAUV M EZREL, BA0O CQAIKELRITL ) AREHHMHE K
IR FA—FEBETS. )
- RS MER TR NT A —F LHFI0O CQA % BhE-3) 25RIER 2 BET 5.

o WYIREBBELHETITAH0HD, BV AR VAL MeERrEDELRBEOCIBEMBOER. -
Nic, e 2EFHA LV AR—RER/ XY TAZA LY V—RAFT AT 4 VT ONTOREN
HEND.

e BRELT, ZOLVERWLT Tu—Fick Y, BRI 73427 NVOHE 28 Uik ik
EROA ) _—a PHEIRZ b0 EELILNS (ICHQI0 TEERGHE L 2T L) 1) |
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Hm o Q8RI) ; WAEIR (WD

ZDPARKE, /5 XA —FH—EDEXIZ
ZOHAMNTERIET 20O THNIE, REEELE-
THLOLBONLIBEIN/-EHEELET. I
L RBHDA—DDITRT I 2H-1HE, Thi
HELE LI L > TZOIRIE DWW T EE R
WIIBONDIY, FTOELIEELER TS X
N=2ZhbrnweInThET. fz1E XY
BOEBRTIRET, 75SCORET20~30mY30RE
T3 EBELWERAEONSELET. KIZ,
HHORABICEEULRES 80~70CIZBELCLE

FLWAR—ROGRYHPTE DL LET. LL,

ZOHBAEHEOEDORER - THEF LW EREE
T, LebZELNnHDIZ R >TnairEnd &,
ZOTRWEBEXHVET. ZDiz, PARETH
EPLRTHFFA VA=W R EE A,

2%V, RE BREDNTA—-5OMICHEIER
HHDHEDIGE, BHICENALRREES T
A VA= ERA (Fig. D).

24 YTFNZALYY—R (Table 11)

Q8 AETHHAINLERIZ, YTy A0
—ZAHHVE LA, S4B Stepd T, Thid
JTNGA L)) —2AF AT+ V7 ENWIEEICE
Mz oNE Lz, EEE (REMNMESETES) &
WAEB Y, REIADUBMWERIC L - T
F9. Fh TEE MEINEARSTE TR
FHEOMGOEEREL] &2, ZOERIHE

Table1ll VT7AZA LY Y —2AFTAF 47

o VT NEA LY Y—R(Step 2)

IR —FESNTIEBERNESED X
HEGHSEORELXFTML, 20ORENHE
ENHZERRIMTED L.

WE, HOUOTEMEN TV A ERMET
CTIREHEORY LA E AT

o UTNEA LYY —RF A5 42 7(Step 4)

IRF—FIESWTIERERREO /X
FEKEGOGEEZFIML, TORENRI
TEHZ &

BE, BIESHESMHEL IRER LD
FYLEAEDY EE T

o UTNEA LYV —RTRT (0 JITRKE
SORERDER (774 FNT g s T
TAT) WEEHBIDIZENTED

o UTAZABLYY—AT AT 4 7T HEA
v FEHFT DO GMP TRH STV
HEEOLE - RETBOFHEEICIE
b oA,

- UTNRNEA LY Y —RF AT ¢ T hBE
LT R i O R R OB ik 8

- GMP TR BHEEBOER I LD G2
VY

i ol BNET,
FOMEMTIE, BREC (D708 A4L)Y -2
FATF 4 VI IBEEBORBROERE (774 F )V

BSUBE <70~80°C>, RE<20~40 mY5>T
24295 [TIRER] 2HEIZ1%LT.

X

“T—— Normal|Operation

- .Range (Space)

" Design Space

30

40

Inlet Air Flow, m3/min

80 |- —
Proven Acceptable’
©  Range —
o AT
5
®
g
e 75
@
i_
<
k¥
S
70
1
20
Fig. 1

FH A 2 R— 2 & PAR DR
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Juy s v F AT V) CBEMA DI ENTE
B ERENTWES. L, M3 Ny 52
HT A2, GMP TRHOENTWIREDO VY
2 —r RETBOFERICEIBEZRDLLI LI TE
T Z &, RERTOBEVTY. )
Table 11 D FTOT>DE#MIT, MAEOELETH
2, BEAMIMZbDTT. (VTN A4
N)—257 274 VZERBELTH, BRRE&KHOR
BERURBREDOREILEZ D] LD I ETY
¥ 7= GMP TR HMEETROEHIEDLL N
WHZETY. ZokD 2B QIWG TiHa
LTngd,

3. QHAFSIA > DKDHBHD (Table 12)
QOHA KI5 A T, HHBRR TREKHIC
EHER TR OHEREEHIEcH L, BH
BT RREAL L TR LW EBRTHWET. §xbb,
EEOCRFOREFBRT 5D, B
TEETDHLBEETHAL THET

FEEIE I TCHICE TRV OHENHY, —D
3, AN IEHREOEEIRREAOREIC
EOEOEET TR LT, ZORLEER
B3sZETT. INHOERR, WA, 40, T
BOBBICESWTITONANET, P LIE
BT A9 RUBEOERSEENTHHLE
NHVET

—%, BAEnRRRRROT To—FTH,

Table 12

TREUCHAMS* XVIEEL T, ZOXBDFRRE
HRETHIENBEBEVET. FiL, TOXEN
WHOSBCHEL S RREHELT 0L
THRYCER, BE FTE FELET. Zob-
e ETY, BREROSECRETRELEM
THENWIZELT, TOERZ LRIEBITELS X
37, KVFEKLHERETI ZENTRIZEVET
ZORER, BRUSHBROLERZTUNRICAZ S
TEMRTEDHIEIRVET.

4. BhHYIC

TEYERL, GEYRITRVAYFEOHE
PRIz Ly, TEARS A -y EHROFUEDOEMT
ETBIENTEET. FRCES NS - TH,
BECEGTRIC L - TEHHOEBAHEIN
—BLABEOREE L LTINS D &R MG
LTnET

HROTEEETH, TROBAMEEHDTVE
L. BEHEOBERAENIBAIE, ZRICH -
TREBRELITS>2FT (Fig2). Lil, &Y
SIER S IR TRIEHE OO % = /%
SA—HFOEETHRINL T, BDTHRWEIZRKE
ROBIEA F L BT ENTEDI EEMELTH
F9. TOXIERTANE, FLOWHARRECH
HEXNTWEFavXTY.

Pk, M3 QSR OIHBEEVLLE L.

R

o EFEOLREEOMEELBET DHIDIIRE

o ERANBEME (RERUENA) , FRECHERR, PRERTEAOTEA
EERUBTEARBRULOKEC L OL I CHET IR, TOFAELTN

o THOOEEE, WA, 4%, TROBFRICESHTUTbRI~ETHY, Pl
LHLEEARNT A—FRUHEOEEREDON TV OLENRSS.

o BEMARABRT Tn—Fi, TRRCRFALFOEEL O L, TORMRC

IVEBHOFREHETHI LN TED.

o TOLEHNEAOSHEICEBYEZ HRREHEL, HONCEF L, FEULHE

Lizithids bigvy,

o EEOERR, TALNRTHROIRE, ML, PHES, BERESOMEICRIETE
BLEMT S LT, TR LREBITTEALIRFRLT I n—F 2T L
MNHEBEL 7Y, BERERBOLNEMZRE/NNRIIMEI D ZENTE D,

. TOTEOBMIIEEY R/ vXT AV (ICH QY BHR) LOMAELEILLY
TiEAT A—FEBOBMIT LR, TOFR, FRHIEHNSH-Th, BBk
LhrTRIC L ERsh, —BLEEAOREERLEOLLIZNTHD.
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BERSE ./ BREE

AR //,
FAYA TEfRTE
HERE
BRAUK RO/ 54—
Fig.2 TREROBEEESERE

5. HEEICE STEaRhbo%E, HEVENLOE B WTH

HRE1 Q8 Q9 QUOATE, FiZQ8RD
BNTETC, A LS4 voFRbBEmINEL
7z, S%IE, WrKEETRELT ERTS
PEWITZEIZREDEBWET. BICRES
EHH, WD New Paradigm &V D 2 &
TTEENRSTZIOHAFSA VICRVET &
X DHEERE THRLIZX

EHZE Q84,5 QLo LT¥IinikHicliith
BEWidiznheEn - T30 TIRIEVWDT, EEK
NIz L, EIrBFE O TIn ek b
NWEBWET,

Bz, ARPFFOToAZBbhsZ 8D
T, HAMETEKHONTNWHDIE, EDLHR
Yo —TZOREPRTINT, REBLOEANZD
WROTIRY A7 ZETFTIREZIENWIZETT.
RIRAE TR HBRITONTNBZ EEBNETH,
FNEIHPIRTVWETHHIUBICELX B ZEER
WEF

ZDEHIZE, TOBERTHAINWSLRERIfth
TWETH, Az, FEVRI7IZVAYMEN

AL, BEF-THW38FED T oY T
», ~EZINIHTRELTARLENDI T ER,
—HA KA VICRVEGE L BNWET
FIRBETCEINEETH AW, EZTUX
IR@ED ST D, EFNHFBBRBHEIEATHE
ES3DEI) 27 B ETTCE OS> LD
FPLXTL<VET. RBEYRELBOFTHETE
RTAHIENTEDLEVWIBRTIE, BEOHDZ
EEBWET
FOXDI LD, Q8 TW - TWARRNLT
To—FLnWSZENEBNWETL, HTLBHTY
A VAR-ZERFTDED, FOIDIEKRRE
BHBEER > THDEND I EE LiRNWE, fIhE
LWz s AR IR RV ENnS &
FhlzzERnwEn3551, BARKIEERE-T
2%: 3t

X R
1) RERE GIER ICHIAFFA4Y, Q8D

g s RE, RUMBRE - ERSME T + —
S ABREY VRY Y L, 20074 12R.
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INSIDE ICH-MHLW

Working Groups Ramp up
Quality-based Implementation

Tsuyoshi Ando, Yukio Hiyama, Yoshihiro Matsuda,
Tamiji Makanishi, and Haruhiro Okuda

Representatives of Japan’s MHLW report on recent
ICH activities and what the ministry expects from Q11.

he International Conference on
THarmonization’s Implementation

Working Group for the quality trio
(Q-IWG) held its third meeting in Yoko-
hama, Japan, this past June. Established
in October 2007, the group’s mission is to
promote consistent implementation of ICH
Q8 Pharmaceutical Development, ICH Q9
Quality Risk Management, and ICH Q10
Pharmaceutical Quality System around the
world and to help industry and regulators
maximize the benefits that can be gained
from interaction between the guidelines.

Quality-trio implementation

Because the concepts and principles
within ICH Q8, Q9, and QI0 are rather
new, it is important to provide clarity
on how they can and should be used.
Since April 2009, Q-IWG has published
40 questions and answers on the ICH
website addressing common questions
and concerns. Topics addressed include
design space, real-time-release testing,
good manufacturing practices, knowledge
management, and software solutions.

Tsuyoshl Ando is areviewer in the Office of
Biologics of the Japanese Pharmacedticals and
Medical Devices Agency (PMDA| and serves as the
Ministry of Health, Labor, and Wettare (MHLW) Q11
deputy topic leader; Yukio Hiyama" is section
chief for the Division of Drugs at the National
Institute of Health Sclences (NIHS) and the MHLW
Q9 and Q10 topic leader; Yoshihiro Matsuda
is a reviewer 10 PMDA's Office of New Drugs

(OND) and the MHLW Q11 topic leader; Tamiji
Nakanishl is a reviewer in PMDA's OND and

the MHLW Q-IWG topic leader; and Haruhiro
Okuda is director of the Division of Organic
Chemistry at NIHS, all in Tokyo, Japan, hiyama@
nihs.go.jp. Industry is welcome to submit
proposals to Q-IWG at www.ach.org.
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The relationship between continuous-
process verification and process validation,
and the topic of postapproval product-
related inspections have been identified
for further discussion.

In June, Q-IWG assigned case-study
topic coordinators to write and publish
articles and position papers on the quality
trio guidelines. In addition, Q-IWG agreed
10 sponsor three workshops in 2010—one
in each ICH region (North America, Eu-
rope, and Japan)—to enhance harmonized
implementation training among industry
and regulators. The workshops will be
conducted by ICH experts involved in the
guidelines’ development.

Q11 makes headway
Representatives of the ICH Q11 expert
working group discussed the pending
guideline on Development and Manufac-
ture of Drug Substances, including chemi-
cal entities and biotechnological/biological
entities, during the Yokohama meeting.
The group prioritized iterns that need im-
provement in the guideline's text, which
currently exists as a concept paper.
Participants agreed that the scope of Q11
should not be limited to what to file in a
common technical document (CTD)—the
bulk of the concept paper-—but also should
address the more general concepts of drug-
substance development and manufacture.
The group also discussed sections on
starting materials, process validation, de-
velopment, and control strategy. The group
intends to create a revised draft of Q11, in-
cluding a new product life-cycle section, at
its St. Louis, MO, meeting in October 2009.
A Step-2 signoff (1.e., consensus by all ICH
parties) of Q11 is expected in June 2010.
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Japan's perspective
One challenge facing Japan’s Min-
istry of Health, Labor, and Welfare
(MHLW), an ICH party, with regard
to Q11 is that the quality of informa-
tion on drug substances submitted in
new drug applications (NDAs) is often
inadequate, especially when using the
drug-master-file (DMF) system. This
inadequacy occurs because DMFs are
often prepared by companies that are
unfamiliar with NDAs. Despite being
created in a CTD format, in many
cases, the DMFs' description of manu-
facturing process and justification of
control strategy are insufficient, lead-
ing to increased review time and work-
load on the part of the regulators.
In addition, Japan's Pharmaceutical
Affairs Law was revised in 2004 to in-
troduce the use of marketing business
licenses. These new licenses, which re-
placed traditional manufacturing busi-
ness licenses, enabled pharmaceutical
drug marketing authorization holders
{MAHs) to outsource their products, a
practice that is expected to increase sig-
nificantly in the coming years. MHLW
also expects MAHs to appropriately
carry out technology transfer and to
perform change-management controls
based on knowledge obtained in devel-
opment studies, with the goal of accel-
erating continual improvement.
MHLW hopes that Q11 can be a use-
ful tool to encourage communication,
not only between industry and regula-
tors, but also between manufacturers
and outsourcing partners. Under Q11,
pharmaceutical companies will be en-
couraged to clearly state the ratiopale
for their manufacturing process and
control strategy in their NDA docu-
ments and within any outsourcing ac-
tivity agreements. PT
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Time-Dependent Changes of Oxytocin Using '"H-NMR Coupled with
Multivariate Analysis: a New Approach for Quality Evaluation of

Protein/Peptide Biologic Drugs

Akiko Ouno,*%® Nana Kawasaki,” Kiyoshi Fukunara,? Haruhiro Oxupa,? and Teruhide YAMAGUCHI®

e Division of Biological Chemistry and Biologicals, National Institute of Health Sciences; and b Division of Organic
Chemistry, National Institute of Health Sciences; Setagaya-ku, Tokyo 158-8501, Japan.
Received September 2, 2009; accepted September 29, 2009; published online October 5, 2009

A new method that combines 'H-NMR and principal component analysis (PCA) was employed to obtain the
quality evaluation of biopharmaceuticals, with regard to their quality, consistency, and differences in protein
modification patterns. To assess the feasibility of the method, three "TH-NMR spectra of oxytocin (OXT) were col-
Jected every 7d (at Day 0, 7 and 14), and time-dependent changes in the spectra were found by PCA of the 'H-
NMR signals from 0.5—9.0 ppm, excluding the region around the water signal (4.6—5.0 ppm). Although the
three OXT spectra seemed similar by simple visual inspection, time-dependent differences among the three spec-
tra were clearly distinguished by a PCA scores plot. Peak changes indicating both OXT decomposition and the
emergence of new OXT decomposition products within the timeframe of the experiment were also observed by a
PCA loading plot. The results demonstrate that this method can evaluate the consistency of biopharmaceutical

quality.
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The biotechnology industry has grown significantly in the
past decade and continues to grow at a rapid rate. Biophar-
maceuticals such as oxytocin (OXT), insulin, and somatropin
are large, complex molecules that are receiving increased at-
tention as therapeutics in humans, particularly since this
class of molecules can potentially exert pharmacological ef-
fects that are unattainable by synthetic chemical products.
However, while biologics show great potential value in medi-
cine, many technical hurdles must be overcome before such
treatments are made practical. In particular, since biologic
drugs are typically derived from living sources such as mi-
croorganisms, plants, or human or animal cells, the produc-
tion and use of such material introduces certain hazards that
are not presented by small molecule drugs manufactured
through chemical synthesis.” In addition, to fully understand
the mechanism of action of a protein/peptide drug, not only
the primary amino acid sequence but also the folding, post-
translational processing, and multimerization properties of
the biologic within the cell must be considered. Moreover,
different cell types or cell growth conditions may yield dif-
ferent protein modification patterns, as well as different im-
purities, into the desired product.> Therefore, all of these
complications may potentially influence the intended phar-
macological effect of biologic drugs. With respect to safety
and efficacy concerns surrounding biologics, the consistency
of biologics between production lots, including maintenance
of tight quality control specifications, is an important consid-
eration for manufacturing biologic drugs.

To date, many analysis methods, such as sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE),*"
capillary electrophoresis (CE),® mass spectrometry (MS),
tandem MS (MS/MS),” liquid chromatography-mass spec-
trometry (LC-MS), high-performance liquid chromatography
(HPLC)® and nuclear magnetic resonance (NMR), are em-
ployed to evaluate physicochemical characteristics and pu-
rity, and thus determine the quality of biopharmaceuti-
cals.2*>'9 However, characterizing the full complexity of bi-

* To whom correspondence should be addressed.  e-mail; ako-ohno@nihs.go.jp

ologics by present examination methods is still currently dif-
ficult. Therefore, new analytical techniques that provide more
detailed evaluation of biologic quality are necessary. Among
the various analytical techniques, we focused on NMR profil-
ing as the most suitable tool for rigorous quality evaluation
because this approach can provide structural information on
all compounds contained in product lots, and can distinguish
structural differences. Principal component analysis (PCA) is
often useful for profiling and classifying sample groups, and
to characterize the most effective valuables in separation
compounds.!? Therefore, small differences in product
quality, e.g. a structural change or the appearance of a de-
composition product, are thought to be appropriately evalu-
ated by the combination of PCA using multivariate statistics
and 'H-NMR.

Herein, we demonstrate that 'H-NMR spectroscopy cou-
pled with PCA can provide a molecular fingerprint to pre-
cisely characterize a specific protein/peptide, using the deter-
mination of time-dependent changes of OXT as an example
of this method. The results suggest that this new methodol-
ogy can be useful for the quality evaluation of a manufac-
tured protein/peptide biologic drug.

Experimental .

Chemicals and Reagents All reagents used for 'H-NMR experiments
were purchased from Wako Chemicals, were of analytical grade (purity
>99%), and were used without further purification. Deuterium oxide (D,0,
isotopic purity 99.9%) containing 0.75% 3-(trimethylsilyl)propionic-2,2,3,3-
d, acid, sodium salt (TSP) was purchased from Aldrich (St. Louis, MO,
US.A.). TSP was used as an internal standard at a chemical shift (§) of
0.0 ppm for '"H-NMR measurements.

Sample Preparation and 'H-NMR Spectroscopic Analysis OXT
(5 mg) was dissolved in 60 ul of D,O containing 0.75% TSP, 30 ul of 0.2M
phosphate buffer (pH 6.2), and 510 ul of ultrapure water to produce a 600 i
solution for NMR measurements. The sample was introduced into an NMR
test tube, and nuclear Overhauser effect spectroscopy ('H-NOESY) spectra
were recorded every 7d at 25 °C using a Varian 600 MHz NMR spectrome-
ter equipped with a coldprobe. Thirty-two free induction decays (FIDs) with
77K data points per FID were collected using a spectral width of 9615.4 Hz,
an acquisition time of 4.00s, and a total pulse recycle delay of 2.02s. The
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