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2012 D A KIS 2 CTHRK DO FE LT TH D FELTEET 360,963 A & FFETHED 28.7%
EEDD, 0L, REBREICL DR EHERKIT 47276 ATH Y| Wi, HickE FKBICET
FROZNETHD, £lo. 77 ADOEBED AMFFERERS (International Agency for Research on
Cancer: IARC) OFAIZ &% & SR TOREEA LT 2030 412 2220 5 A\ &, 2008 4> 1270 5 A
(ZHASK) 5% OB HERI S TR Y . 4%, KIBEEFEIIRAEMT 2 b0 L RIAEATW
%o REFEOEHEELE LT, 1ERTIETHIRIEN TR CThH o720, SBHHILE 72 TIERAR H
52 Enn BUETIR, TR PSR ORI ISR &2 BT 2 Wb FRIE O EEME & %
STW5, L, JuBEAlOFN R ORIEMFEEIZITE LWVERENRBDOND, DD, &
B2 D 2 — oG- B TR R A O LA IR L RV IR UEIESN D, £ OEEITS T
RFEERFHIES S b O TIE R Z<ITRANEMERREZ BHAY & L7l ORED i S 41, BeR
DYDWGFIZ D723 > T D,

5-fluorouracil (5-FU) 13V X 2 U RGEHHFRTANC IR 2F0BAI CTH Y . <6 KA
L L0 & LIz bai a4 D (LA key drug & LT STV %, 34, 5-FU @ 90% LA
FERHTAUE Fr Y I U UUKERESE  (dihydropyrimidine dehydrogenase: DPD) 23 19 %0 R
KOEWER O TR e/ NA F~—H—L LTHEASN TS, LML, BROBY T, T
H DPD OIEMEZ EEE L, 16RO ST 5 Z LIENECTH 5, — T, ERNEBRERO—
FECTHDv T/ (uracil: Ura) 723 5-FU L RIEEDPD (X W ¥ K v )L (dihydrouracil: UH2)
Rt EnD Z b, Py e Fa w205 20 (UH2/Ura) Fhid DPD & % <4 R
BN A~ —D—E LTHEBESNTWD, UL, MERSEYRE. A 4~—h— HilEE
R & o T BRIK I3 E &I BIEAT T LTl b7, [ERNEER~OERNZRFRICITE-
TRV, £ IZT, AT, FEIHEER~OERB» OGN GHEE B E L, A F
~—h—ZHWT, EyERES:—#KF15 (Pharmacokinetics-Pharmacodynamics: PK-PD) B2 kS
W72 B-FU O E BRTRRN R TR > AT L OREEEIZRE T 2 FBE R 21T - 7=,

1,2-dimethylhydrazine R KBEET AL T v bIZBiFT 5 5FU KNEIEBE ONHIEF
dihydropyrimidine dehydrogenase &1 IZ B89 5 kgt

1,2-dimethylhydrazine &% Ki#EE7 /L7 v ~ (CRC 7 v k) %fE L. CRC 7 v MIBITS
5-FU OEWNEIREIZ DWW T, TEH T > b & Og) bR ER O RNBIEE S & 2 D EKIZ D\ T
Gt L7z, CRC 7 v MIZIW T, 5-FU RN ER 5% o i o B — el dhifi T A AUCo. & U
Pty 1 XN EIUE 25% K O 42% DI 338D HaL, B 7 V7 7 A Cln (39 1.3 5N
LTz, F72. 5-FU FARRPIEE 5-1% 0 1, i BE — R R T i FS AUCo.. 1349 39%i8 LT |
JHF 00113 3 20 SR 0D [RIRESR. Fy 1380 20% Db 23588 BTz, & B2, FEH DPD {EMEITA) 1.6 50
HMATRD iz 2 E2vn, CRC 7 v MBI 2 IMBYREZN) /T A — X BEFIRIX, ERET
TOfTEH DPD OIEMAGIZ Y D 5-FU ORFEA 7 U7 7 o A Clin D¥EINZ K5 6 D L #HEZR STz,
L7c23> T, 5-FU BEE&E LIRS & OMICHEMERH L Z L 2BEIZAND &, 5-FU L5
EICBW T RREFEICEEDS < E GG CITIIRF -~ & MAE P 5-FU B0 i B2 — Ry b T
e AUC 25HEFRFC& 37, 5-FU HUEE VR OB 2 M < BENDNH D Z LR STz, K




BENTHT D EBMEFRIEICEE LT (RIS <& GG TIE7R < | AT DPD &1 % 5 &
CWNT R GRADLETH D Z RSN,

KBEALFEEICRB T 2 MY dihydrouracil/uracil (kD NA F~—H—L L TCOF R

5-FU {LFRIEICBI LT, I DPD 1EPEIZ RS W EREFTO VBN RR I NS OO, i
ROBZ IV THRIEA~ OIS FIEEE LV, 2 2 CL i UH2/Ura LEORIEE R 2T D 5 10,
M UH2/Ura tb & 5-FU (RINELRE KX DRI & OBIFRIZOWT, CRCET VT v & HNT
Rat & T > 72, BFEH DPD 1EME K QMg UH2/Ura FRIZBE L C H NE BSR4, Wi O
I OHBIREER (rP=0.934) 23RO b, E£7-. 5-FU #IRNE S % O2E 7 VT 5 2 A Clg
B O i B — IRE R T iR AUCo lC b JIFEHH DPD TEPERIER, HNAENZRD Hv, M
T UH2/Ura tb & 25 7 U 7 T 0 A Clug S OMIL AR BE — IRgfH] R T A AUC, . & DRRIIZIZZENE
FUFHBAME S HEZR 417 (Clyy rP=0.905, AUC, i rP=0.843), ZH 5 DFEEN S, IMAET UH2/Ura
i3 PEH DPD T2 Tid7e <. 5-FU &G % DB 7 U 7 T A Clyg K OV H R FE — FREf# dh
M EHEAE AUCy & Tl 5 Z LNk A AR A I ~— I —ThHZ LN E R
57z, B2, 5-FU % 20 mglkg O HET 7 HELEBEFIRNE G- L7/ R, 5-FU 5% e 7
V7 7 A Clig X OYHEH DPD JEPEILE AVE A LI R THI 45 Je TN 90% A T L ifi HH i 2 — IREfH h
T HFE AUCy ol d 1.8 5D MAFE® & 41, 5-FU B 5-BtA 1 H BB SN 2 6o HINAE)
IR L T e, BRICBWT, 5-FU 130 iR LEG STV A BUR 8RS & 5-FU iR
BAZ 1 2 ARERBAK T K OV i B — ] B T i A AUC OBEIINE, K B (263 5 & G-k s
DEIZEBEBINDREERO—2ThHDH EBFZ2 b, —J, 5-FU OIEFIRICE LT, KB
BHIRFEIT - DPD IS8 U TA b L CTE v | 5-FU £ 5-BRAARTIZ R L 7= 4 UH2/Ura
b & 5-FU #5844 10 B H O RIGIEE AR & ORISR HEBEBIMR RO bz (P=0.988), L7z
Mo T, 5-FU IZ X 2L REA T RO MAEH UH2/Ura ik, JFEH DPD {4 & OY 5-FU
HENREF ) NT A —Z DRI 5T 5-FU OFUIEENRZ & FHILSA A F~—h—ThHDH 2
EDRIE SN T, KIBEEE xS 2 5-FU O EfE IR LT, 5-FU IZ X A bk & i 179
ZETOMAES UH2/Ura LeORIEIL, BIFFT & Mt 5-FU 3B OGRS 2 SRt L7z &5
REHICHAEETH O | EBHEERIZAT A oA A~— T — LR L5 Z LR EhT,

A F~—H—% AV PK-PD ET Y 72L& 5 5-FU HUEES R TRV AT A

T DPD &M L ~UIZ i U7z 5-FU OHUEIZ R O E BT AZ A9 & LT MmiEd UH2/Ura
% T ATHLAIA AT PK-PD £ TV ZHEEE L 7o, 5-FU & 5-RMICEREL L 7= 4+ UH2/Ura beid
5-FU DR D O SGHEEEEL ke EFERAMEZ R L2 Z & D, 5-FU FHRICHE Dz i
UH2/Ura tb7 & BERIFEHEAZ O TR EE E 3 ke 2 TS5 2 & T, PK-PD E7 VT 217
72, PK-PD ET/VOZEMEIL, F_ETHOLNL CRC 7 v MIBIT 5 MAEF UH2/Ura b, il
$E 5-FU R K VKBRS AR O EE & OTEEOA M L5 5472 PD /3T A — X ORI

(coefficient of variation: CV%) X ¥ |l L 7=, PK-PD &7 VAT B 15 5 7= 5-FU &5 D if5
KR O PRI FRMEICIFIE K L (PP>0.99), E4F72 PD /T A—4i (CV%<8.3) % FHl{
HZEWTEIZ &b, 5-FU EHERTOMEH UH2/Ura te A #i745A ATE PK-PD £7 /L& W %
Z & T, 5-FU 5% O KIGIEB AR ORIFNEL 2 EREMICTRILES Z EARm@g Iz, Lz




Mo T, KRFEEF~D 5-FU |2 X 2{LFRIEZ TS 2 A mgEH UH2/Ura tbZ2JIEL, £0
% v 72 PK-PD BlEg 28 AT 2 Z &I L 0 | EBHEEERE~D FEHRIDDO6 BRAHE G5 5H05 AT HE
W2 bbDEEZ LI,

LU b, REwSCE, 5-FU AL FHRIEIC BT D ERIMEER & K3~ < | PK-PD Bia & B4 52 &
R0 MAERIEMIREE, N A A~ — I — R OFEL O EE&AIBIRIC OV TR 21T 72,
A F~—H—ZfIIANT PK-PD EF V1T, ERRESICEIT 5 TDM HofEiy —1r e LTHEH
ThH Y, HEERAREHE LB ORI E O E Z BERRHARILIC E DWW TS 5 Z L A FRE & 22 0 15
DD, KIGEALSSHRIEZ TSN D BEOFRN, BFNEHEBRICORN b0 L% %
HILd, T DOWFEREIE. ERHLERA~OE B 5 FHI T 72 R w L 72 v | 5-FU
DOEIEMFAICKRESERRTE L 9,



#B/—F 12-dimethylhydrazine R KBEET VT v MZBIT D 5FU ARNBIRBR OFREF
dihydropyrimidine dehydrogenase 7&4: 12 B9~ 2 Bt

1-1. =

K (Colorectal cancer: CRC) 13, FCKFEEZ WO SHEEIZ W T, AR LU TERD |
Mz EHHLETHS Y, AEEIE, BRFROERELZ STk~ RBEIK 25 CRC OIE & UNEITIC
BELTWS L@ SN TS 2, Bilf stage DHEFE (stage I 7213 11) OIRFITIEE O A EHHIG])
RS —fRETH Y . BB RPHEGLN TV A, EITEOBE (stagelll) OIEHRICEIL
T, EBEYIR%E S L2 50% DR TY U 3H ilRBIC X5 BRS®E S TEY .. SARINEIERT
FTEATSTHE 3, 20w, U o flEBIC L IS AR <mbic, Fus#lz vz
MBI FRIED AT STV 5,

v I UV RREHEIANCOE SN D 5-7 v A v v Z v (5-fluorouracil: 5-FU) 1 XEAL SRR &
T U, s M OESE G DL FRIE IR AW B LTV S ¥8,) JT4E, camptotecin <> oxaliplatin
72 & OFHPUEAISC bevacizumab, cetuximab, % O panitumumab 72 & DOF J 7 1 —F LA KIG
FEOWBHANHNTNDMR Y, 5-FU I3 CRC OIRMICHR b AL key drug & Z 2 50 TEY .,
5-FU & O ff RRIE DR 2 I LRk & ShTn s 219, Las L, 5-FU O IER#RIEE L
TIEHWEZERORMNH 5, 5-FU/A 278U > (Leucovorin: LV) JREZ i S 47z 974 ADK
IodE BB C BT DR AGE DOFERIC K D & Gradelll & 721X IVOLFHRERIAME, O NZEE 7213 FHF
DFEBUTZNZN 26%, 14%K T 13%DEHITBH LTS W, — i, ERREIEH %%
BTG ICIIREROBENMTON D2, RIEAEREEZ B E LTV A7 DmEDREIZR 5
ZENE L B OB CIRERE 2 T 5 Z LIXeRTHHOLTIC >0 %, BIfE, 5-FU
OHUIEE N R OUGE K O EEZREEM Z BT 272010, 2R THIAA A~ — 0 —DIREDEE
OBV TEACHFE ShTnhg 2,

Yk Ravl ¥ BikFERSE (dihydropyrimidine dehydrogenase: DPD) XA AKINE Y 2 20 U %F
D BACRBH O 72 5F, 5-FU RIEMACI ISR OH —BPE B & 72 5 s S 2 it LT v 9,
HERNICRES ST 5-FU D) 90%ITAFIRIC B3 TARRESIC L Rt shs Y, 2ok,
5-FU OENEIREI LTI H DPD IGMEDOEBNIC LW K& S EELZIT 5, BRIZBWT, HLE#H
PE, RS, MEEIE S HITIFE T 72 ED 5-FU ICBET % L A Lo @mlEid, oM E-
I$584 DPD KIEDOBHFIZL RO BV, 5-FU EHEEOBINIENZN O OFEMITHEL b D &
7o TG B8 L=iio T, BFET DPD {E IR 5-FU IR ORIVER O F I FTREZ2 /N A 4
~v——L 055 B R B, 5-FU IGRBHAARTOITIET DPD IEMEORIEIL, 4 D HE DK
HEZRETI-OICHEEREREZ 725 L, 5-FU BEFEMEOEMZ FREE T2 b0 L #HiZR SN
%,

T IR AE 1T - > DPD JEVEIZ B A KT T ATREME 2 O T 0 . Fafk L 7oAk o DPD i&
PEZEBAHE ST B P2, B, s & OFE/ NRaE IC B L <. LRk o DPD iEEIXIE
FALR P OZ N AN THBEICHIINL TV A2 9, CRC IZB L TI% DPD {&MEDIE F A0 b
TW5 Y, Zok oIz, FEMRfET O DPD IEMHICHET 2 8EI3H 5 b OO, 5-FU 5 #FOBIC
FEFICEELEZ LN HHEEIREE T CONFlET DPD iEEOEENCE T 28 IT I T e,
FEIRAEDN IR DPD JEMEIZ -2 A BIZ OV TG 5 Z &1, 5-FU o IEfEH 217 5 L CIE

i

It



WICHARRERE IO T EEXOND, T TH -HETIE, 12-VAFLE RT DV
(1,2-dimethylhydrazine: DMH) # %M CRC €5 /L7 v  (CRC 7 v k) Z{ERIL. fHpskigIC
1T % iflEi+ DPD {54 K& OF 5-FU DIERNEIREA BN DWW TIEHR 7 v b & i 217 o 72,



1-2. BBt KOG
1-2-1. 33K
5-FU., 7 7 /v (uracil: Ura) . ¥ & K 7 7 /b (dihydrouracil: UH2) . 4= 7 /L7 2 > (bovine
serum albumin: BSA), AF L o7 — BXM=aF T IRT T2 IX I VFF R URE
(reduced form nicotinamide adenine dinucleotide phosphate: NADPH) MY F L > 27 I o DUfERE
(ethylenediamine tetraacetic acid: EDTA) (EFGHiZE (Osaka, Japan) X VA L7, #EiK7 o~ b
7' 7 4 —"E 8554 (liquid chromatography—mass spectrometry: LC-MS) DERICNIEHENE & LT
s 5-7rEr 7 2L (5-bromouracil: 5-BU) 3 Sigma-Aldrich Co. (Steinhein, Germany) X ¥ [i#
A L7z, DMH RONS-(2-7 2/ =F L) A VF Ao =17 hBIKEREITF LR T3 (Tokyo,
Japan) L VEEALZZ, Vrgh ) oLa, Hlb~7 %0 h, RURXT IV RORAZ o—A3)
1747 A7 (Kyoto, Japan) LV EEA L7-, & OMORIIHIT T~ CTiifidefkdn 2 Hu7z,

1-2-2. ¥

TR T OB FEERITHIER R FE IR M E I U T T o 7o, FEBREI, 9 10 @i
Wistar Hannover ;2 #EVEZ ~ b (fAEE#J 310 £ 14 g) % Nippon SLC Co. Ltd. (Hamamatsu, Japan) X
DIEALTZb D& We, 7y MIEIRER, BBV 71 12 K5 (FA1 8 i b /P % 8 RFE T
AT P4 8 Wi BB H /PR 8 IReE TYHAT) D4&MF T CREEAES L OVKE A MBI E, TiH
fE%, EEREDORIF2T v MEFEBRIZHER L7-, CRC 7> ME, 7 v MESERIZ 10% wiv
DO CTHIEE L7= DMH BB KSR %2 40 mg/kg O & T 1 8], ik 10 8, 7~ MR T
CEETHZETHERILE Y, F/e, EFT v e LT, REOAHAEKEFBIERS L
DxE AWz, %Rk oY ERE T IR IT, DMH Sfé#& b 1 EM%ICIT -7, [FERIC invitro R
THWZ ik e OSE S DMH e b 1IBZICERIL 72 b O &2 vz, IEFB LIV CRC 7 >~
O EIMER, AFFRERE OV L RERER & i S A LR AR A1 X Kyoto BIKEN (Kyoto, Japan) (23]
ERE L7, E72, MEH Ura KOV UH2 IREEII# IR T kK7 v~ N7 5 7 4 — b U 7 VDU E
B &HT (liquid chromatography—tandem mass spectrometry: LC-MS/MS) % FWCHlllE L 7=,

1-2-3. JEHE FHUBIZEE

KIS MR (Aberrant crypt foci: ACF) X KIGRIEICHE L KITTRFTh D & fHIC, KigED
B RICHA SR TWS 29, Li bOFIECHEL, BTFOREEZHANT CRC 7 v Mk 5
ACF K ONK I 2 THRE A Blgt Lz 2, IEW IS KON CRC 7 v b & —Biftath, ~<v koo
v — VAR K % 50 mglkg O H & CTHEENT G- L 7o, BRI IS TR BOE S8 TH o
e~ )Y o CHER L 7-RBRE NS L, HMER, FHERE OV VR A RIE Lz, 72, &
B AT LR A w040 (2500 X g, 10 43, 25°C) (& CHLSERR Y Z Zp BRI L. b Ura, UH2
T O A AL SRR A A ) L 7=, MILFIZ 30 mL Terumo < Y & 2°® (Terumo Co., Tokyo,
Japan) Z %, 10% - IEREE AL~ U R A NP & RIBICE G- L, KIBZ IR, EE L,
BT O ERGIAL 2 i U ety & AR BR UK T4 . B Y L 72 KBS 2 B 2>
BB~ &I EIRE L, 10%F P EREE A /L~ U k2T 24 BRI E L7z, RWT, [H#iE L
Te KGRI R % 02% A T L > 7 L— KIEIRIZ T 10 s g U, ERBMEE (XF-PH-21, Nikon
Co., Tokyo, Japan; SKM-Z100A-PC, Saitoh Kougaku Co., Yokohama, Japan) % W C#Z L7,

8



1-2-4. DPD {EMEHIE

ERERR NI KO ABETER, 7 v B L~ 7 2BV T H IFES DPD {GMEICIE H NZEE A3
WS TND P IR XU CRC 7 v hOfiFE+ DPD i&VERIE I RIFEZIZ1T\ ), Tateishi
SOFENCHELTUTO L HICHE LT, EWBLUCRC 7 v b & B, v hre
H— VA K % 50 mg/kg O FHECREEN S G- L, JEr RIS CRUBBE S ¥, BHIZ, kin
U EESRERRIC CRFBLM 24T\ Pl 2 B RS & O B A E L7z, BB L7 AP 1g/3 mL
DOEIETIBmmol/L VA Y oA (pH7.4), 2.5 mmol/L b~ 27 %> ™ 2, 10 mmol/L 2- A /L1
7 hx& ) —, 025mol/lL A7 m—A 1.0 mmol/lL X2 X7 I 1.0mmol/LS-2-7 I /=
FINA Y F AT =7 LR KFERE., LTO5.0 mmol/LEDTA iz, K& FICTHREY A X
L7z, HARETHR— MEELoHE (9000Xg, 20 43, 4C) LTl LA EEE, S 6ITE050
BEf% (100000 g, 60 43fEl, 4°C), O BiEMIAEm /Y & Lz, Lowry &0 J5iE DIy Ui
B AN EREERE L, MR & 287 BIREEH 500 ug/mL (2725 K 9 35 mmol/L U g
YA (pH 7.4), 25 mmol/lL ik~ 7 x> v A, 10 mmol/L 2-ANT1 7 b= & ) — /L KR
200 umol/L NADPH Z#/Nx % Z & TH#E L, 20 7. 37CTF LA v FaX— kLT, £D%,
5-FU DOIRFEIBREA 40 pmol/L 12722 K 912 5-FU KFKZ TSI+ 25 Z & T, MOSEBIM LT,
Tateishi & O EOHEIZ L D & MIRE ¥ > /378 500 png % VT 5-FU KRR & A > F = X—
L7256, 5-FU M O A BGHEE 1 5-FU RN K 40 pmol/L & T O HEFHN TITARIEE DGR
D BTS20 KISBREE 20 4314, 500 ul KB A X /) — L&z 5 2 L TRISH =R ST,
DPD & MEI37%(F 5-FU 4 |ET 5 2 & TR L,

1-2-5. In vitro 1A% % o /37 5 R ONMERFE AT (ratio of whole blood to plasma concentration: Ry)

5-FU DIt 5 287 JERE A RITIRA A CHIE L, EEB LU CRC 7 v M B FFEE T
(2T EE S8 TR DA iR & 00 B (2500 < g, 10 43, 25°C) L Cufn#ERksy & 4y Bl
U7z, FRRHEESY 0.1, 1.0, 10 BLTA50 pg/mlL & 725 X 912 5-FU /KA % MBI Esn L
7214 37°C T L HERE A > % 2 _— b U JRAE T 5-FU R 2 JIE L C 2l 5-FU R & LTz,
IRARZ TR AT 731 A (Nanosep 30 K Omega, Pall Co., New York, USA) 128 L . 3.0y B (9000
Xg. 10 43, 25°C) L7=t&. S5z Al 5-FU JE 2 1E L C i b lgifif 5-FU JE L L
7o MR K OV M AT B-FU SR EE ) O i & L8y JERE AR A 15T,

5-FU @ Ry JIEIL FRED HIETITo 72, EFHIBLONCRC 7 v b b Rl FIZ THUMESE S H T
B HNZIMIRIC, RAKIREZ 0.1, 1.0, 10 BE 50 pug/mL & 7% K 912 5-FU /KA % MRk
IZEINL72%, 37°CT 20 43fflA % 2_X— F L, {BGIKT 5-FU IREZHIE L TR+ 5-FU
WREE L Uiz, IRARZ=0BE (9000 g, 10 43fE], 25°C) L7=#., o/ BigH 5-FU RIE %
WE LTl 5-FU IRE & L7z, MR K OMAEH 5-FU RED D Ry, #4572,

1-2-6. In vivo ¥ E)HE

EERWBEIOCRC 7 v MI—BiffEa i L=, < b3 2 — VAR KA 50 mglkg O
AR CIERENES L, B TICCEER CHMBEE LIORECEREZIT o7, BEE N CIISVEF
WHZ v 7RO TRIREZ —EIZRo T2, EFBIUCRC 7 v b &ZNENEY O L5
S EBIRNES (v) ROMIRNERED 2 50 7 L —F 125 %E LT-, 5-FU #5355 1% 5-FU %




AFRRIE KIS B CRE L7z (10 mg/mL), FANRIN B B3 EIERHGEEA T 1 RERIATV Y, DR
1% 2 m/kglhr & L7z, 3_XTOEGRBEIZIBVT 20 mglkg O & T 5-FU # 5 L7-th, #RIFHY
(/S RD D 0.25 mL DR A2 BREL L, =058 (9000Xg, 10 73f#, 4°C) L7=#., miE% 4y
U7z, 0B U 7= i 3 E & ¢ —80°CIls TSR L7z,

1-2-7. BB Ura & OV UH2 JRJEJIIE (LC-MSIMS 7£)

AR 351F % Ura KON UH2 BRI E 1 César & D F71E 2|24 U C LC-MS/MS 112 T
ST, BRERROMERICEE L, 3%BSA /KIAHE & Ura MU UH2 FEHE K VAR &2 IV CREHERR & VERK
L7z, HHER OMEYEREE 200 pl 26 L, BR&Z v 37 Fl & LT 2% TSN & A 50% A % / — /LK
WD 150 pL &0z, B L2, m0508E (12000Xg, 547, 4°C) Lz, EiEZRBREIcs
L. A Y7 aR) =g F VRAE (15:85, viv) O 5 mL 21z L <@ L%, Houm
DTBEL Tz, AR Z A vV EICB L, ERTAZREAMAH TN b5 £ (60C) TH%E
HolE L7tk 15% A % / —/ L 150 uL |2 CHEME L, £ @ 100 uL % LC-MS/MS > 27 A (API13200,
Applied Biosystems, CA, USA) (27 A L CHIE L7z, Ura 38 X OV UH2 O HHE EfrE ke (m/z) 1%,
113.1—55.0 m/z 35 KX OV 115.1-73.0 m/z |2 THT o 7=, MK OMEHERCEL 200 pl 2> 5 @ Ura & TN UH2
DEEKL ORI ZEIN I 5ng/mL UL FToHh - 72, LC-MS/IMS 1EDHIE S % Table 1-1 (277
¥

Table 1-1. LC-MS/MS condition for Ura and UH2 in samples

Items Condition
Pump LC-10AD (Shimadzu, Kyoto, Japan)
AS8020 (Toso, Tokyo, Japan)

Automatic sample injector

Column

Column temperature
Mobile phase

Flow rate

lonization

lon spray voltage

lon spray temperature
Nebulizer gas flow
Curtain gas flow
Collision gas flow
Declustering potential
Entrance potential

Collision energy

Collision cell exit potential

Quicksorb 5-ODS (2.1 mmi.d. X150 mm, 5 um size)
(Chemco Science Co. Ltd., Osaka, Japan)
25C

acetonitrile: 0.1% formic acid = 20 : 80, v/v
0.2 mL/min

ESI-positive ion mode

5500 V

500°C

8.0 L/min

2.0 L/min

4.0 L/min

46 V (Ura), 36 V (UH2)

10.5 V(Ura), 12.0 V (UH2)

21 V(Ura), 27 V (UH2)

4.0 V(Ura), 4.0 V (UH2)
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1-2-8. @k 5-FU IR EZHIE (LC-MS %)

M4, 42t K% O DPD i PERER B2 3510 % 5-FU 2 EEHIE 1T Svobaite & *¥ & Nakata & 3
DIFIEIZHEL T LC-MS IEIZ T T o 72, WTHOake 100 ul 125k L, 10 ub @ 5-BU 50% A % /
— VKA (NEBEEAERET, 250 png/mL) Z N x 7z, BRZ /R FlE LT 2%l didn &4 50% A
& ) — VKRR Z 150 L Nz, e L7k, =008 (12000 Xg, 10 43fH, 4C) L7, Lg%
15mLARY=FLilvsf7nFa—TICBL, PoFALz—T 11 mL MM L@ L
%, HOELOOBELT-, KEZ —10CTHfisE=—7 V@A L, Bk (60C) THAI
L7, B8 GOmM X7 T=v L : 7% h=FVU/L=10:90,v/v) 100 puL |Z T FAfE
L. £® 60 pL % LC-MS > 27 A (LC-MS-QP8000a, Shimadzu, Kyoto, Japan) (ZiEA LTl
E L7z, 5-FU 3 XUV 5-BU O IVE EmidELL (mfz) 1%, 129.0 m/z 38 LU0 189.0 miz IZ TiT» 7z,
F72. 5-FU OFE &L 5-BU ~OmfEHIC TR L7z, Mk 04 ikt 100 b 7> 5 0 5-FU @
TE B M O BRI Z 0240 0.05 ng/mL LL T T - 72, LC-MS ED I E 54 % Table 1-2 (27”7,

Table 1-2. LC-MS condition for 5-FU and 5-BU in samples

Items Condition

Pump LC-10AD (Shimadzu, Kyoto, Japan)

System controller SIL-10A (Shimadzu, Kyoto, Japan)

UV detector SPD-10A (Shimadzu, Kyoto, Japan)

Automatic sample injector SIL-10ADvp (Shimadzu, Kyoto, Japan)

Column oven CTO-10A (Shimadzu, Kyoto, Japan)

Column Quicksorb 5-ODS (2.1 mmi.d. X 150 mm, 5 um size)
(Chemco Science Co. Ltd., Osaka, Japan)

Column temperature 60C

Mobile phase 5 mM ammonium formate : acetonitrile = 10: 90, v/v

Flow rate 0.2 mL/min

Probe voltage -3.0kV (APCI-negative mode)

Probe temperature 400C

Nebulize gas flow 2.5 L/min

CDL voltage 45V

CDL temperature 200C

Deflector voltage -35V

1-2-9. Y EhRefEbT

5-FU DIEMEIEE 1) /3F A — & [3f#HT > 7 & WinNonlin® Version 6.1 (Pharsight Co., Mountain
View, CA, USA) ZHWWT/ »rars_— b A MEHTEIC TIT o 7o, IHISHREEER (1) 13HERAH
DB 5> DA/ DR/ N ik &2 W TR Lo, SR () 1T t=In2/ 1,
(2 & VR Tz, (i SRR B — R AR R A AUC 38 KON AR EE 1 RE— A > b — KRR dhr
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T (AUMC) TR AEEREE COEEHRIZETRARICT LV RD (AUC;s 3 LTV AUMCey)
FRLABEOMEIZ R E THMT L. TR EHMIEE L LT Cyasy/ A2 F7213 tasy X Cogasy! Azt
Cotasy/A” ZMATHEM L7 (AUCo.. 3 LT AUMC..), PRI (MRT), &5 V7 5
A (Clyy) BEIOEFIREDODMERE (Vdss) 1. Z1E 4 AUMCo.../AUC,.... Dose/ AUCo....
F O CL/MRT IZ XV R U7z, FRIIENERE 2 R DGR Fy 13 PR #5185 0D I i B — Re i
M T A AUCoco (AUCinaporta) %2 BEARP G-I D I i B — IRp [Tt T 1A AUCo... (AUG,,)
TH&HZ LIV EELE,

1-2-10. HEEHEHT
F = Z T T RO HEAEGA S (SE) T Lz, HWEHRERH)/RT A — Z IGO0 —REM
DOFETE (Student’s unpaired t-test) Z 17V, fERFE 0.05 AT 2 A EEZH D &Yl L7,

12



1-3. &

1-3-1. IEHIB LU CRC 7 v | O K O iE A fE

Figure 1-1 X IEH XY CRC 7 v NOKELE(bZR~T, ABRAE/KEZILDMH 20K LK T
FELTWAIH, WO T v FOREITHR G 10 8 B £ TN LEET 7223, DMH 2% 5 L7
BEDOT v NOREITERAEAKEZ G LRI DMH # 55144 3 B #0 DA EICED Lz,

Table 1-3 /X 1EH K OVCRC 7 v h oIk A M EkE, aFhEkE, U o ER-E, GhEREE U oo
EEr ot (neutrophil to lymphocyte ratio: NLR) , AEHF 7 /L7 I 00 T ANRT X U@T X 7 K5k
%% (aspartate aminotransferase: AST), 7 7 =27 X / JLliZf%5% (alanine aminotransferase: ALT)
KO T NH IV T v AT FH2—+E (y-glutamyl transpeptidase: y-GTP) %79, MAEMIZHB W
T, HMERBE OV o EREICH B ZITRO DR o728, CRC 7 v MIBIT D4 HERE L Y
NLRIFZIEH 7 v MK 2 fEHINL Tz, £z, mEEHIcs W TisEfh 7 v7 I AST,
ALT KO y-GTP IZH BEAITRD bieino Tz,

500

450 r

Body weight (Q)
S
o

—O- Control rats

350
—€-CRC rats

300 |
250 1 1 1 1 ]
0 2 4 6 8 10

Time after first DMH administration (week)

Figure 1-1. Time courses of body weight in control and DMH-treated rats

The rats were treated with DMH solution (10 % w/v) in the groin region at a dosage of 40 mg/kg once a
week for 10 weeks (CRC rats) or the same volume of vehicle (saline) without DMH at the same time for
the same duration (control rats). Open circle control rats; filled circle CRC rats. Results are presented as the

mean = S.E. of 5 rats.
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Table 1-3. Biochemical parameters in blood in control and CRC rats

Biochemical parameters Control rats CRC rats
Leukocyte (10°/uL) 783 + 99 945 + 103
Neutrophil (10%/pL) 88 + 19 162 + 2.3*
Lymphocyte (10%/pL) 679 + 7.7 761 + 106
NLR 012 + 0.02 024 + 0.05*
Alb (g/dL) 41 + 01 40 + 041
AST (IU/L) 69.3 + 2.9 742 + 43
ALT (1U/L) 410 = 54 56.8 + 3.2
y-GTP (IU/L) <1.0 <1.0

NLR: neutrophil to lymphocyte ratio, Alb: albumin, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, y-GTP: y-glutamyl transpeptidase

Each value represents the mean + S.E. of 5 rats.

**p<0.01, *p<0.05 statistically significant difference against control.

1-3-2. JEREFHIBIES

Figure 1-2 [ZIEH X TN CRC 7 v h O KHIZH T HILREFRIBIE 2" T, CRC 7 v kTl KM
/NRTEIRZE Td D ACF L ONKRIGIEE B S =23, IEH 7 v b Tld ACF L 72 I3 KGRI T#
WS niginoiz,
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Figure 1-2. Mucosal surface view of fixed colon stained with methylene blue visualized under a light
microscope

(A), (B) Topographical view of normal crypts from rats treated with vehicle without DMH once a week
for 10 weeks. The colon of rats was obtained one week after the last administration of saline. (C), (D)
Topographical view of ACF from CRC rats treated with DMH solution (10% w/v) in the groin region at a
dosage of 40 mg/kg once a week for 10 weeks. (E) Topographical view of tumors from CRC rats treated
with DMH solution (10% wi/v) in the groin region at a dosage of 40 mg/kg once a week for 10 weeks. The
colon of CRC rats was obtained one week after the last administration of DMH.

15



1-3-3. DPD JEHEIE

Figure 1-3/X1E% 7 v F X OYCRC 7 v MZE T 5 DPD IEME K MEF e e o Z o
1773w (UH2/Ura) b4 ~d, CRC 7 v kOfiflES DPD JEME & O UH2/Ura thid, 1EH
7 v MIHARTEAENK 1.6 KO LA 5OF EREIMNARD bz,

(A) (B)

2.5 — 0.5 —
.g n -
2 2 0.4 —
eh A i
= k=
£ 15 TS ——
= i = i
= =
s 1 S 02—
3 - = -
2
A 054 0.1 —
(=Y
) - -

0 0
Control CRC Control CRC

Figure 1-3. Hepatic DPD activity levels (A) and UH2/Ura ratio in plasma (B) of control and CRC rats

CRC rats were prepared by subcutaneous administration of DMH solution in the groin region at a dosage
of 40 mg/kg once a week for 10 weeks. Control rats received the same volume of vehicle without DMH at
the same time for the same duration. Experiments were performed 1 week after the last administration of
DMH. The bottom and top of each box represent the 25™ and 75™ percentile of the group (n = 5 rats), and

the solid and dash line near the middle of each box represent the mean and median values, respectively.

1-3-4. In vitro I & > <7 §EE ROV Ry
EHW 7 > MRONCRC 7 v MZI1T 5 5-FU A4 o 37 FEREA 3D 0.1, 1.0, 10 L TV50 pg/mL #]
B HMERRME O R, & Table 1-4 12737, ABFHNIFIT 2 5-FU JREFIFHIZ OV T In vivo
‘é%%%b‘iaﬁit%ﬁ CCHBIN S i 5-FU B2 EEIC ISV TR E L2, 0.1 205 50 pg/ml oD i [
IZBWT,IEFKRWNCRC 7 v MIZBIT D 5-FU MAEZ 7 EFEEGRB LR ICITENENAE
REAGITED BT, ZOREFRIHICIBWT 5-FU MEZ 7 EEAERB L O R IZ—ETH-
7’:0 Fro. BFIRETO 5-FU IINBUEHZIIT M2 37 JEREGHRIB KOV R ICBI LT MR

BWTHHAEEITIRD LN o7,
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Table 1-4. Plasma unbound fraction and whole blood to plasma concentration ratio (Ry) of 5-FU in

control and CRC rats

5-FU concentration Plasma unbound fraction (%) Ry
(ng/mL) Control rats CRC rats Control rats CRC rats
0.1 1016 + 4.9 1023 + 6.9 091 + 008 094 % 0.05
1.0 1006 + 1.8 1011 + 7.3 096 + 003 095 + 0.04
10 100.3 + 0.9 995 + 18 090 + 004 088 % 0.01
50 100.7 = 34 1015 + 05 092 + 001 090 = 0.02

The rat blood or plasmas used for the protein binding and distribution study to erythrocytes fractions were
obtained at 1 week after the last DMH administration (CRC rats) or saline (control rats). Each value

represents the mean + S.E. of 5 rats.

1-3-5. In vivo 34 EhAE
Figure 1-4 % X Figure 1-5 (%, 5-FU (20 mg/kg) % ZVEAUMRI & 72 1 FINR 4 5 L7 B0 1
1 5-FU IREHER 2R L. 15 DV 3EMENE TR/ N T A — & % Table 1-5 IZR L7z,

100

-O- Control rats
-@- CRC rats

10

01

5-FU concentration (ng/mL)
H

0.01 | | | |

Time (h)

Figure 1-4. Mean plasma concentration profiles of 5-FU after i.v. administration of 20 mg/kg 5-FU to
control and CRC rats

CRC rats were prepared by subcutaneous administration of DMH solution in the groin region at a dosage
of 40 mg/kg once a week for 10 weeks. Control rats received the same volume of vehicle without DMH at
the same time for the same duration. The PK studies of 5-FU in both groups were performed 1 week after
the last administration of DMH. Open circle control rats; filled circle CRC rats. Results are presented as the

mean = S.E. of 5 rats.
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Figure 1-5. Mean plasma concentration profiles of 5-FU after intraportal administration of 20 mg/kg
5-FU to control and CRC rats

The infusion time and rate were 1 h and 2.0 mL/kg/h, respectively. CRC rats were prepared by
subcutaneous administration of DMH solution in the groin region at a dosage of 40 mg/kg once a week for
10 weeks. Control rats received the same volume of vehicle without DMH at the same time for the same
duration. The PK studies of 5-FU for both groups were performed 1 week after the last administration of
DMH. Open circle control rats; filled circle CRC rats. Results are presented as the mean + S.E. of 5 rats

Table 1-5. Pharmacokinetic parameters of 5-FU after i.v. or intraportal administration to control and
CRC rats, 20 mg/kg

Pharmacokinetic parameters Control rats CRC rats

i.v. administration

t2 (h) 052 + 0.05 0.30 + 0.02%*
CLiot (L/h/kg) 154 + 0.14 201 + 0.07*
Vg, (L/Kg) 0.63 + 0.06 0.47 + 0.03*
AUCq., (ug-h/mL) 13.46 + 1.20 10.02 + 0.37*
intraportal administration
ty (h) 047 + 0.04 0.27 + 0.03**
AUCq., (ug-h/mL) 6.31 + 0.28 3.85 + 0.38**
Fn (%)@ 4777 + 0.02 38.08 + 0.02*

@F, (%): hepatic availability was calculated by AUCiyapora/ AUCi, Where AUCiyyaportai and
AUC;, are AUC of 5-FU after intraportal and i.v. administration, respectively.
Each value represents the mean + S.E. of 5 rats.

**p<0.01, *p<0.05 statistically significant difference against control.
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RN 54, CRC 7 v MIISIT 2 i Hri B — IRe ] dhif T i AUCo.oo 5 ORI ty, 121 E
H 25 KON 2% DI iR B, BH 7 VT T 2 A Clg (35 L3 8L Tz, £7-. 5-FU
FAAIRPN 5 5-1% o 1 o i B — BT AR TR A AUC . M OV t, 132 24040 39 2 O 43%08i70 L
THRY ., FFELEE R R OEREER F (34 20% D1 35880 b7,
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1-4. EZ%

DMH (% CRC fERRICIL & 2 Fr B MM E TH Y . DMH IZ L > TiFE S5 CRC DX
R OYRBESAROFT I3 B b CRC O Z L LRI LT % ®%) DMH #3 CRC E7 VT v MK
BT DRIV TIAS BRI N TV L L BICA SN ETF LB TH D %,
EEL. Rahman 51, KG~ORFRMEELZHOE LESFUSAE~A 7 ux7 o 72 ERL, %
DA AMEZ BT 572012, CRC T v k& HWWT 5-FU O3RMBYREEER 3K ) FEBRZ1T-> T
W5 37, —J . Karthik 51, DMH 2581 7-F v FNOKRERINE KR ERIZER T v b &
RTHBIETLEZEHRE LTS ®, $72. Hung 513, KIBREEF TN T, RiEE~—h—
Tdh 5 NLR OBIINTIEE R IER OFAEZ RET 5 b DO TH D L HE LTV 5 ), AE 0BG
BT, FTaxMERL7Z CRC 7 v MZHEWTH, WEORE &[RRI, KEEINEOREAD . NLR
DN, KA ACF L ONEE O IFE AR S 7= (Figure 1-1, Table 1-3), —#%A9iZ, DMH #%53 CRC
F v MERLO R I KIEFEIE DA A~ —T— T % ACFNEE DA % IV TRl S 115 22,
ARFHI BT H KB ACF X ONEISEOIFENHER I N7 (Figure 1-2) Z &6 KGN O
HEZN TPl DPD &1 & (8 5-FU (R NEIEEIC G- 2 5 BBIC O\ TRETT 572912, DMH 73 CRC
7y MW,

CRC 7 v kOl DPD IEMEIZ DWW THRET 21T o 7o, BLBREEWZ &2, CRC 7 v b Ol
DPD /FPEIZIESR 7 v hDOZFIL L K 1.6 (FOHEMMNFRD L7z (Figure 1-3A), = OFERIT,
DPD 7% 5-FU RNEMAVBUSIRIEIZ 31T 5 55— BB DA 2 il 92 Z L 2B BICAND &
CRC 7 v MIBIF D 5-FUNTEAAZ U7 T A (Clip) 1FIEH T v FOTH LA £ 1.6 fFDH
MEFRBTHEDOTHD, SHIT, REEEZMHWT CRC 7 v MBI Tl DPD IH M N %
HMEIZ T D72, Il DPD 1EMEZ [k U152 M) A 4~ — 1 —Th % i UH2/Ura b
240 %M L7=, Ura(E 5-FU LR, DPDIZL Y UH2 ICBILEND Z &ns ., MifET UH2/Ura
oz S5 2 & CHFIET DPD i& 1 O 5-FU GEHREZ PRI LG5 Z L Ambh T 5 9, Wt
DOFER, CRC 7 v MBI HIMHEH UH2/Ura X, IEH 7 v hOZn Ll AEZRBENAERD
Hiv7z (Figure 1-3B), 26D Z &Xx6, CRC 7 v MIET 2 il DPD JE M OHANIA & 7>
Thbd, 7v MBI DAFES DPD IGMHEOHEIZEA L Tid, W< 20 ORENRH 5, Tateishi ©
1L, DPDIEMHHIMODFE L WA I =X NI 6 RN b 00, JFEEET VT v MBI 5T
DPD {EMER TNDPD & > /37 fi3 IEH T v FOZNHICHNTEMEE R L L@ LT Y,
E7-, EHEODMH (100 mgkg) % F v hOIEMENICEET % LITIEAHER S D, v MF
I MAIC I\ T, B P IEFATHINIZ o DPD iE OB HE ST D D, b0
Mo, D7 EHLITO 2 DO RREMENR I HiLd, FH—I2, 40 mg/kg DMH @ 10 # Rz T #5-
LD, HEENFRINAEENSE X 5D, LirL, BHEFEEIHIBD 2RO b i
HWEHA T LT I R M AMEITREE RN TN ER D H AL A MmE AST, ALT KON y-GTP & *°
W LT, AMFITIXE CRC 7 v FEERT v b EDMICHERENITIRES bivieno7- (Table
1-3), L7228 > T, ARRETTIE DMH ORFREE £ 72 13RI AT T B S TR B A0 72
Rt EAT > TN b DD CRC 7 v MIBWTHFREENFHE SNl n e B2 o b,
% 12, DMH 23+ DPD IGMHEOMMN A I L2 AIREENR B 2 bivd, L, 7 v ML
EH72 DMH 13, 5.4 24 BRI CRIcRE SN s 2 L AMRESh TR 9, AMF 1L DMH
Bk LRI IZ CRC 7 » M BIFlE A LT 2 72 DFi T 1213 DMH 1Z/F/E L T
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N O EHEEIND, Lo T, CRC 7 v MIEIT LN+ DPD iEHEALIZET 2 A =X
LDZONWTIES LR RBPMETH L OO, KIBNOHEREEZ L Y T DPD IEHEOHE K
MRS AL, T ORITMEET UH2/Ura tb A IET 2 2 & TRkl LG5 2 & AR Sz,

B ICB W T S A K A NBNEZE B 2 & 72 ST ERN O —oI2, ML 7 fEEROZE(L
BT LD, FRIE TR B AN RN RN TR L 5 o R0 L OREFERNPE L,
NN ORWERARBUCEEEZ KT HEND L T2D, Y Lty X7 L OREEIZ OV CEY)
OMEBIEI 2R G 24T 5 = L3R ATV S ), Matsushita & 13i#EIC, HEETF LT v FD
MR AR A3, MRS b, BRIROEICELLTND Z 2 HiE LTS 9,
BolE, 7y MERBEIC KV FER SNZEBIEA P L ARRK TS Y X7 THHET AT I D
SRS N EAL L, Z OFER, HiEWE cefazolin °IEA T 1 A RYEHIZJES ibuprofen o 1 % o
RIFEBRPE LT EHBEL TS B9 &bz, FxlBHEIC, RMEREBRIELA b L2
P 5E A 52 1T - fE 5. B1 9 > 3K clomipramine & OX fluvoxamine 7R ML ERFEFE~DBFPEN (L L, 1ML
ERBSATER Ry SN L7 2 & 2y L7 0%, 2 T, Khan 513, 7 v b~ DMH O# 503, #i
Wi R T DR R AD ST, LA L ARFHRIELLHEL D D, Zhbommk,
ZEEEZ D&, CRC 7 v MZEBWT, 5-FU &S /37 RORMER & OFE AL, IEHE 7 > MC
AL T D b0 LTINS, L, AEETORE,. CRC 7 v ML#EIZIIT 5 5-FU I
e R IEREAFE L O RITIER 7 v hOZFNL L, HEREBENBD LN oT, B b
ML Ry IEREEF LR, B 7 v MBI T 5 5-FU & > 37 FEREA 05K 100% T
5P Enbbns kHIT, 5-FU L, X 7 fEAEEDE cefazolin (b bl s o2
fEAE: %980%) . ibuprofen (JAl: %9 99%) **9 clomipramine ([7]: 9 96%) °”% U fluvoxamine

(Al %9 81%) *Nzkb, MEH > 7 ICx T B REAEITIR, LA »> T, 5-FU s s
I FEBREMNMEN = OIZ, CRC 7 v MIBIT D 5-FU OIS R 7 iEGERITREEZ T b O
EEZ DI, ARFICIEREGRTT 5 2 SIXTE 203, CRC 7 v MIBWT Ry ICALDGRD b
b o oD, B{bA N L A% 2 AR M ERE LD S M OEREN ATREN: & L TET b b,

CRC 7 v h&HWT, 5-FU EYEERRZITo7-, MEOMEICL D &, 5-FU §kNE 5 &
2510 7225 50 mglkg DI TIE, 5-FU # RN I 5% O RNENRE T4 <9725, 100 mg/kg BA E
TIFEHZ VT T A Clg WA T 5 2 EnmbnTnag ¥, &5ic, Mmigd 5-FU N 15
ug/mL LA DA 5-FU I SRIXIZIE—ETH D DX L, 40 pg/mL 2 2 % L fafid 5
TENEEENTVS O, Lo T, ARETIE, 5-FU 5 8% 20 mg/kg ICREL, T v b
TR O G351 B & I b 5-FU #8340 pg/mL LL R T 5 Z & 268 L 7= (Figure 1-4
W 1-5) , CRC 7 v NI 5-FU ZFARNICE G LizL 2 A, EWT v M PR E —RFH
HIAR MRS AUCo... S0 AT AR Vdss S OV ty 13E 21080 25, 25 OV 42%sb L, 27
UT T A Clig 3 1.3 5K L7z, FIERIZ, CRC 7 v MZBWT, 5-FU AR 5% o ifn
TR BE — R AR T TRIFE AUC . K OV typ 132705 39 KUY 43%i) L, T4 m i@ E 2h o
[A13E Fy 1340 20% 0380 73388 ST (Table 1-4) , Ry lZkACHEFTZ vt 5 9,

e

u int
RPN T, QI R, f, IXisEh & R IEREER, CLn IIFEGZ VT 702 %%
NnNENEKT, —RIZ, FaOBOPBIHISND DX, fy,E2IEClind EB L —F, & LLIEZE
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O TR T 2556, 1, Q WL T L& THhD, ARFIOMEIZL D &, fIcBIL T,
FFREDOEHIC, CRC T v FEIEFET v b EDOMICAEBERZTRO SN/~ 7=, AT, CRC 7
> M IZ 31T 5 DPD IEMENER 7 v O Z UK 1.6 OB O bl Z Linb,
CRC 7 v MZBIFT 2 5-FU ODFFEAZ VT 7 2 A CLiglZIEHR 7 v FOZ UK 1.6 fEE AL
TW5 (Figure 1-3) . VALV | FFMmpEDZE D 5-FU AT E L T L T 5 aTREMEI
BETERNEOD, CRC 7 v MIBT 2 FHIEIBEZ R DM Fy O, FEH DPD @
TEMEALICEEO IFEAE 7 V7 7 A CLin DML 726 SN bDTh D Z ENRB I, £
DOFER, EH T v M MR E — R h# N iR AUC. & O ), O L2 7 Y
T T VA Clg D¥IMZE R 572 b O EHERI SN D, Ml 5-FU R & IRR R O & OB
FRIZOW TR L2 ERRERBRIZ L D & 5-FU IBRZVIR K O oML, miEd 5-FU JREICED
< FENRE I R R G B 21T O L TRETH LW STV S 29 Hi- | 5FU B E%O
i — BERT R T RS AUC 23 T d - 72 BE Tl IR T - 7 BEICHA_E RN LH
Lz EESN TS 29, b0 RICES & KIBEEEITHT 5 5-FU B LResIc i
LC, REERICEEDS K F GG CIIFE A+ DPD OIEELICHE S IFEA 27 U 7 Z > A Cliy O
IIZ X 0 BRF~ & i PR R — R AR N RS AUC 235 DT, 5-FU SIS0 R O JEs 2 7 <
BENWRHDZENRBREND, LR T, flx0oRGEESE Z L2, miE+H UH2/Ura EEHIE
72 Bl X AEF DPD iEEE =4 U v 7 2 W BREFHADBVLETH DL EBE XL LD,
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1-5. /NE

RGN OMFLRREITITES DPD OfFEM(b 2755 L, £hidimiEd UH2/Ura ez flE+ 5 2 &
TR L2 Z VR S iz, ARFHIEBW T, CRC 7 v MILEWN® 5-FU 73AA I 2 bITRR
LI T72D3, CRC 7 v I 5-FU Z# RN K ONFIIRNICEE G- LTz & 2 A IEW T v MTH,
i B — BT R T TR AUC o0, 20 A1 B Vs K OV ty 10D L 28 7 U 7 T v A Clyg
TR L7, SHIT, CRC 7 v MZBWT, FHIELEEZ R OERER Fy, O 23780 bl
CRC 7 v MBI D AT HIEN@EE LN R O BNk Fy O 1T, ATET DPD OIGHEALIZHE S FTEAT 7
U7 T VA CLgDEIZE Y 723N bDTHD Z LIRS, TORE, EFT7 v b
P i R — RERET R T RS AUCow. 70 BFE Vdss KO ty), OO KOV EE 7 U 7 F
VA Clg DHIMZE R T2 b D EEZX LN, ZILHOFERNG, KIFEEFE KT 5 5-FU &
(LSRRI B L€ IR R AR IS D < #5585 CIIFE + DPD OIEMEALICEE IFEA 2 UV 7 F v
A CLi ®¥EAMZ L0 | @i 5-FU B K O Ho i B — R e R i f AUC 23ERE© & 37,
5-FU HLESE S0 B OWE8 2 17 < ATREVEDSV R S uiz, L7mid- T, KAGHEBE 5 DB L#E
WZBA LT, Mt UH2/Ura ELIE 72 &2 v o, &S DPD TG % Z 8 L 7c & Gk it sk ed &
N5,
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EE KR LREEIC BT B T dihydrouracil/uracil EED A F<—H— & LTOH A

2-1. =

5-FU I ZHEAT UL PRSI L A 21X U & LaHli 2 OE ALk O key drug & L TIA< AW
LTS, UL, 5-FU OIREZNRE K O BULMEEZENZ L <. @EAERICE L &R
HRHINTE S TS, Gamelin HI%, BB KGR BE 208 44 2 %4212 L 7= Phaselll 2 Jiti i i AR R
IZBWT, 5-FU @ 8 KR FHe sl 2 i 9 BRIC . (AERmAE 4 I 5-FU &5 &0 E (1500
mg/m’/week) %1772 #EL | MBEH 5-FU SR A JIE LA D& 52 UORRIE L7 5 i i i —
EfH) AR R A FE AUC J (2025 mg-h/L) (CUXNE D K 9 ICR G EBA IR LR 2 i L=, 2
Ok T, 0 i R R — B R T RS AUC %15 5 12 O B e # 5B 13 765-3300 mg/m?/week
LRERBEREEHNRD S, KEHEICESWTREBIREZIToT2HRBED 5 HE 68%7NH
VG T D Z Li3binolc, S HIT, il R — R dh N R AUC ICINE 2 & 9 10
B % PR U7 BE O AEE I O h UL, (KRR EFIZ IR D W TR G- B OWRE AT o ToREIZ A~
BEETIRD N2 DD 6 » HDIEENRD b (p=0.08), /-, 5-FU E5%ZICE
B EMEFEEICE LT, WHO TED S 17z Gradelll £ 72131V FRIAIEHL L 72 B IE, KE i
AW TERLEREOREEIT S T2RETIX 18% T > 72Ot U, i I A5 BE — iR iR T i fl
AUC 3TN E 5 & ) I G EREE LTI 4% E FERBO B0 bz, ULEORRNG,
REHBICIESW TR GEREAZIET 5 H 5L, 5-FU DENEIREDE A ZERE B TE TR0,
[Fl— DGR E2%Z T -84 T b M 5-FU JREEICME A ENE U T 218813 S sy
b EEZREWER NSRBI 5 RN B 2 biLd, Gamelin B, 5-FU & HW 72 L7205 ClE
RERHEFEICFE DWW B ERE Cldle <, 1GR3EWE =4V >~ (therapeutic drug monitoring: TDM)
EFEMTHZ LT, BEERANRIZL, DORROMNREEGDIZDOREGRG AL DEEZ T L
AT 9 2 & AIBIRIAE D18 o723 B LTI TV a B Zh s oA G| 5-FU IR
K OBmMRBLE TS 2~ — I —DORENSHROMRETH L B2 LD,

5-FU DRI K OB B OMEER SN E LWERBRO—> & LT, 5-FU REEESREIEOME A
ZEMRENT EBRFET HND, EERNICEE ST 5-FU OF) 90%IZFIEIZ I T DPD 12 X v R
WMOMEND, 5-FU OIENEIREIZATE T DPD OiEMEIC L 584 %17 %5 Z &6, T DPD
TEPEIL B5-FU OIEHRI R K OB R B A RESIT AT O—>2Th b LR EIND, LIzh> T,
5-FU % F W7o b R A TR DPD {EMEZIE T 5 2 LIk, flx OBF IS Ui h
BERETDHRICHARERE DL THOLEZ LD, L LR L, EK T, Y DPD
TEVEZ EHERE L, 1RO S5 Z L IXRETH 5, ZOffkik e LT, JifliE+ DPD &M%
B U4 2 MBS A A~ — 0 —Td 5 M UH2/Ura Lk OBIEN ST b b, 5 FTiE, I
St UH2/Ura L OIE B FR A D0 272 IEH UH2/Ura b & 5-FU (RNEhRE K ORI R D
BAfRIZDOWTC, CRCET VT v hEHWTHRFT AT 72,
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2-2. BBt KOG
2-2-1. #IK
5-FU. Ura, UH2, BSA. AF L 7 /b—_ NADPH K& ' EDTA [ZFEhiiZE (Osaka, Japan) ¥
A L72, LC-MS {EDO BRI NAEHEME & L C V5 5-BU 1% Sigma-Aldrich Co. (Steinhein, Germany)
LOA L, DMH KO* S-2-7 2/ =T )W) A VY TF AU r = ARALKEZRREIT R LR T3
(Tokyo, Japan) X VEEA L=, VAU UL b~ R TL RUXTIVUKRRRAZ B
— AT BT AT A2 (Kyoto, Japan) L VW IEA L7=, & DOMOREREI L9~ Tl 2 A
7=

2-2-2. &

TR T OEMY) ERITRERIER R P B R PEELE ([ HE CCTIT o 7o, EREMWIT. 49 10 i
Wistar Hannover &M Z ~ & ((KEEHY 315+ 17 g) % Nippon SLC Co. Ltd. (Hamamatsu, Japan) J ¥
A L7Zb D& AW, EREWMOFEE R CRC 7 v hOIERUZBI L TIE, $—%3 122 ITHT
T L7z, %7 oW EhRe 7 I 5 &K O3 ) 7 ERIT, DMH (2 X 5248 5 72 DMH &
e 1A% ICAT o 72,

2-2-3. I UH2/Ura bt % O DPD 3P O JIE

Jang & “OR X Tateishi &7k DNcHE L, CRC T v I 2 MEF UH2/Ura H & Ol
DPD i&1ED HNAESh 2 HIE L7, CRC 7 v MIZTNEIERBILARRIC RS & 44801 7 BE, 1% 1
REE 71X 7D 3 BRSO LT, FHEO T » M2 ERMR%, R BRI~y koL
v a2 — VAR K A 50 mg/kg O B CHEFEN LG L, BRI P I THRUMBUE S w72, S 57-1m
WA~/ TRBR LT NI L, & 050 E (2500Xg, 10 43f#, 25°C) 12 CiniEmsr %
BRI U iR Ura OV UH2 R S 2 55— %5 1-2-7 & [AIER D J715 T LC-MSIMS {EIZ THIE L 7=,
—J7. CRC 7 v b & MUBOE S BB E HIOKE Y o BEEEHRI TR A 1T, Pl A Bk L
b OWERAZWE L, HIREE S OFEICA G, MTE E S O R & O DPD 1O HIE X
B 1-2-4 L[ARRO I THERL LT,

2-2-4. In vivo HpdEhhe

CRC 7 v MI¥HiMfiEHK, X ML X — VAR KZ 50 mglkg O H & TIEPENE S L,
JBRER T CHEE R CYNMEE LIRECHEBRICHE L7z, B T CIISMERINA 7 o 7 & v TR
A —EICR-> T2,

CRC 7 v N &Z N E 4 5-FU B HIF[H & 377 73R8 I DT 12 BEIC/FE L 7=, Figure 2-1 1%
%7y MEOFERT 7 ha— &R T, 5-FU & 53ERITAEREEKICEM I TR L7 (10
mg/mL), EHED T v MR LT, FRI7TH (1,4,7, 10 BF) . F#% 18 (2,58, 11 #F) F72130%
7 (3,6,9, 12 #F) (2N ZH 5-FU % 20 mg/kg O ECHEEIKYS (1-3#F)., £721X1H 10, 3
H (4-6 #%) LKOV7 HIA (7-12 B) RARFRIRNTR G- L7z, EWEhieslhii 5-FU 58846 1 B B (1-3
B). 3HHE @6/ Fiix7HA (798 1K4To72, 5-FU 5% OEMBE TR/ T A —H
& AEF UH2/Ura bh & ORfR A B 002 T 5720, EWEhERBREF I T, 5-FU £ 5 ERIICAE
FiEFIRD> D 0.50 mL DI ZERE L7215, 15Oz z~ U > CUBL L -3 BRE I L, =

25



L4yBfE (2500 g, 10 43, 25°C) | HERSY A Y BRI U 7=, 5-FU % 45 SEEFIRINIC & 5 L 7=
. PRI /SRR 2> & 0.25 mL @ﬁmﬁz%%ﬁﬁib DB (9000X g, 10 43, 4°C) L7=#%.
ﬁ?’z STz, Sy B U 7 i E & C —80°CIE TR AT L7, N+ DPD i& & HIES %
7o 8 AT MR 2 [BIY U 72 2 REfEI 7212 CRC 7 b 2 BHAE U i & Ol 217 > 7=,
DPD {EMEDOREILE — 5 1-2-4 & FEROF1ETER L7z, 703, DPD {EHHIELZ V7 AT
B e o 5-FU BENEERALL T CTHAH Z L 2R L BT, WEAREE LTHWE,

ﬂ Q U U' Q u U @ U U PK and/or PD studies

Preparation of CRC rats

3 4 9 10 11 weeks
PK and/or PD studies were conducted on 11 weeks.
PK study
Group 1-3
Group 1: 7:00 h l
Group 2: 13:00 h I ;

Group 3: 19:00 h

PK and PD studies
Group 4-6
Group 4: 7:.00 h
Group 5: 13:00 h
Group 6: 19:00 h

v

PK and PD studies

Group 7: 7:00 h
Group &: 13:00 h
Group 9: 19:00 h

Group 10-12
Group 10: 7:00 h
Group 11: 13:00 h
Group12: 1900 h | 2 3

1 PD study

5 7 8 9 10day
ﬂ 1,2-dimethylhydrazine (40 mg/kg, s.c. injections once a week for 10 weeks)

v

1
!
I
1
Group 7-9 l
I
1
!
1

—_—— ) e — D e —
e df— u]-{—

O\ e —— O e ——
~1
o,
ja~)
<

;
!

l 5-FU (20 mg/kg, i.v. injections once a day at 7, 13, or 19 h)

Figure 2-1. Experimental protocols used for preparation of CRC rats and PK and PD of 5-FU

CRC rats were prepared by subcutaneous administration of DMH solution in the groin region at a dosage
of 40 mg/kg once a week for 10 weeks. The PK and/or PD studies of 5-FU in both groups were performed
1 week after the last administration of DMH.
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2-2-5. In vivo 3K J12FE R

DMH # 5\C T &b ACF 3% ONKIBIESHAREOWIE X, Bird & P& Silva & D Fik i
WU CITo7, S-FUERA3BE (468 721X 7HE (798 ORMEIEERL TH, %
HoZTNZENDOT v Moxt LENFERZIT 72, £7-. 5-FU #&5-8846 10 A HiZ, 10-12 FED %
NENDT v M LIRS ZFEERZ1T 7= (Figure 2-1), *fHREE L LT, 5-FU 85K DR T
o DA D H % % LIRFIZ CRC 7 > M L, 5-FU #GHE L [AIRRICIET ) 2R R EZ 1T -
72, CRC 7 v MIBIT 5 ACF K OKIGIELG O FRIBILIL, H—8 1-2-3 LAk FIETIT-
72o ACF ¥HIEIL, FEIRBEMSE (XF-PH-21, Nikon Co., Tokyo, Japan; SKM-Z100A-PC, Saitoh
Kougaku Co., Yokohama, Japan) Z HWTEHAIL, #7118 (ACF-1), 2f@ (ACF-2). 3
5l (ACF-3) F£7-1% 4 ML £ (ACF4") THE L, Fio. KIBEE O LT FERBEME

(SKM-Z100A-PC, Saitoh Kougaku Co., Yokohama, Japan) (= C&Hlll L. JEE{AFE (tumor volume: TV)
1% Yoon & O e L | R X (AR ICTHEE L,

2-2-6. B Ura UV UH2 BB HIE  (LC-MSIMS %)
MAEFCEHIC I 1 5 Ura OV UH2 B EERIE L, 55— 1-2-7 &[RRI LC-MS/MS k% HW T35
i L7

2-2-7. B 5-FU EEHIE (LC-MS i)
M5 J OF DPD #E PN E R IZ 38 1T 5 5-FU IREHIE X, 35— 1-2-8 & [FIERIC LC-MS iE4 H
UWNTCE R LT,

2-2-8. B REMEHT
5-FU O3EMBIRESH /R T A —Z (X, §—i 1-2-9 L REEIC. f#FT Y 7 - WinNonlin® Version 6.1
(Pharsight Co., Mountain View, CA, USA) Z W\ T/ v 8— kX v MEFTEIC L 01T 72,

2-2-9. HEHENT

T 2T N T AR ERRSE (S.E.) TR L7, M UH2/Ura e & fiTliES DPD & fiE, 5-FU
Be 514D Clygy, I AP — FERTHIHR T HIRE AUCo., F 7213 5-FU £ 5-Bilth 10 B B O KIGAEE A
& OMBIBIRIZ, TNENERONTEIT O Z & TR L, [BlfE T WX EREL (coefficient of
determination: r?) | & 0 W L7, BEIL. —IoRE S ECHT (one-way analysis of variance: one-way
ANOVA) #1T7-7-& & Bonferroni test IZ X 2 ZBHHW 21T o7, WTiLh, LHEFE0.05 LN EH
HZEH Y SR LT,
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2-3. f&

2-3-1. 1 UH2/Ura b O DPD {E % H NZEH)

Figure 2-2 | CRC 7 v MZH1) it UH2/Ura bk & OVl DPD iEPED H NEEh & 7R,
CRC 7 » MZH T 2 il DPD iEPEIZ 4% 1512 1.77 =0.12 nmol/min/mg protein & f KA %7~ L.
“F#% 7 FIZ 0.26220.05 nmol/min/mg protein & /& 72 V) E DZ2I1FKI 6 15 Tdh - 7= (Figure 2-2A) .
—J7, M#EH UH2/Ura bt DPD [RAIERIC P74 1 RFICic KA (0.4310.02) &R L, ik 7 RIS
i (0.24+0.01) &7V, ZDFETHK 25T - 7= (Figure 2-2B) , I UH2/Ura k. & ATl DPD
T & ORIV FHBEBIFR 23558 BTz (rP=0.934, Figure 2-2C)

(A) 25— B) o6
g i LE b e S
= s 0.5 -
a2 -
= 1 o 0.4
£ 15+ == = - _
g - F oz == i
E 5 03
z 1 S -
' = 2 ] —
E "‘ #E T ;
0.5 —
E 0.1 —
SR 1
0 0
7.00h 13:00h 19:00h 7.00h 13:00h 19:00h
(C)  2s; r?=0.934
=
[
S 27
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S
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0 01 02 03 04 05 06

UH2/Ura ratio

Figure 2-2. Circadian variation of DPD activity levels in the liver (A) and the plasma UH2/Ura ratio
(B) and linear correlation with DPD activity levels in the liver for the plasma UH2/Ura ratio (C)

Data were obtained from the study in CRC rats under the following conditions: lights on from 8:00 to
20:00 h, and light off from 20:00 to 8:00 h. The bottom and top of each box represent the 25" and 75"
percentile of the group (n = 4 rats), and the solid and dash line near the middle of each box represent the
mean and median values, respectively (A, B). ~p<0.01, p<0.05 statistically significant difference against
rats treated at 7:00 h on the same day. "'p<0.01 statistically significant difference against rats treated at

13:00 h on the same day. n = 12 (C).

28



2-3-2. 5-FU (RINERE D H N8 &% QU UH2/Ura bt & S Bh ey R T A — & & OBAf%

Figure 2-3A (X CRC 7 » MZxt LC, Rl 7 R, % 1 WRFE 7213 F1% 7 IRFIZ 5-FU % 20 mg/kg
O B THEIFARNE G- L 72 % 0L miET 5-FU BE 0B L2 R, b2, 5FU 2ZnEh
[FIRFZNC 1 B 1A, A RN S 2170 5-FU L A & 55844 3 7213 7 A B o F#im4Ed 5-FU
T EEHERS & = N H Figure 2-3B U8 C (27”9, Table 2-1 1345 5= & BEO M UH2/Ura b
OSSR ENE X T A — Hffi 7, 5-FU & 5-BRAGRTCERE L 72 f 8 UH2/Ura b &% OY 5-FU H[a1§%
RN P G-1% D08 tyo, BE 7 VT T 2 A Clyor, LR EE — R N HEfE AUCo., (ZBA L T
HNEE 2GR0 -, —7. 5-FU RE# 5% O Mg UH2/Ura b j OSSR B iR /R 5 4 — &
EIC HNABNIEE® Hivd, 5-FU #5884 7 B BICEL S A7z i UH2/Ura lb OV 7 U 7
7 VA Cligtld, 5-FU 85846 1 B BIZH~, ZNZIIRA TR 56 LN 45% A B L,
T — IR R T RS AUCo., (2B L CIE K 1.8 (5 DA B2 K ANR® b LTz, SWBhieEEREY
BERTICERE L 72 iAEH UH2/Ura bh & 5-FU & 55 D28 7 U 7 7 2 A Clyg F 7ol difn i — REfH
iR T A AUC.,, & DRINCIZZ AL ENIE £ 7213 A DB AR S bz (Figure 2-4, Cly: r° =
0.905, AUC,...: I’ = 0.843),
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Figure 2-3. Mean plasma concentration profiles of 5-FU after i.v. administration of 5-FU, 20 mg/kg,
to CRC rats at different times of the day for 1, 3 or 7 days

(A) Mean plasma concentration profiles of 5-FU after i.v. administration of 20 mg/kg 5-FU at 7:00,
13:00, or 19:00 h on Day 1. (B) Mean plasma concentration profiles of 5-FU after i.v. administration of 20
mg/kg 5-FU at 7:00, 13:00, or 19:00 h for 3 days on Day 3. (C) Mean plasma concentration profiles of
5-FU after i.v. administration of 20 mg/kg 5-FU at 7:00, 13:00, or 19:00 h for 7 days on Day 7. (O) 7:00 h;
(A) 13:00 h; ([1) 19:00 h. Results are presented as the mean®S.E. of 4 rats.
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Table 2-1. Biomarker that was determined before the PK experiments and PK parameters after i.v. administration of 5-FU (20 mg/kg) to CRC rats at 7:00,

13:00, or 19:00 h

Biomarker and Day 1 Day 3 Day 7

PK parameters 7:00 h 13:00 h 19:00 h 7:00 h 13:00 h 19:00 h 7:00 h 13:00 h 19:00 h
(Group 1) (Group 2) (Group 3) (Group 4) (Group 5) (Group 6) (Group 7) (Group 8) (Group 9)

Biomarker

UH2/Ura 0.30£0.01  0.39+0.03"  0.25+0.01°"" 0.20+0.04 0.30+0.06 0.1940.01  0.14+0.03® 0.17+0.03*  0.19+0.03

PK parameters

ty (h) 0.25+0.02  0.37+0.03°  0.56x0.04 " 0.30+0.02 0.34+0.07 0.53+0.14  0.50+0.09°  0.81+0.24°  0.76+0.08

CLt (L/h/kg) 1.51+0.11  1.81+0.09°  1.42+0.09'" 1.16+0.13 1.43+0.20 1.15+0.04°  0.96+0.11°  0.99+0.09°®  1.10+0.06°

Vg, (L/kg) 0.39+0.02 0.52+0.07 0.67+0.03" 0.44+0.03 0.41£0.05  0.47+0.07°  0.52+#0.07  0.71+0.18 0.61+0.06

AUC,._.. (ng-h/mL) 13.5#1.1 11.2+0.6" 14.2+0.9" 17.9+2.1 14.8+2.1 17.5+0.6° 215421 20.6+1.8°  18.4+1.1°

**p<0.01, *p<0.05 statistically significant difference against rats treated at 7:00 h on the same day.

"p<0.01, 'p<0.05 statistically significant difference against rats treated at 13:00 h on the same day.

#n<0.01, ®p<0.05 statistically significant difference against rats treated at the same time on Day 1.

®p<0.05 statistically significant difference against rats treated at the same time on Day 3.

Each value represents the mean + S.E. of 4 rats.
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Figure 2-4. Linear correlations with the plasma UH2/Ura ratio for CL, (L/h/kg) (A) and AUC.,
(ug-h/mL) (B) after i.v. administration of 5-FU administration, 20 mg/kg

The plasma ratio of UH2/Ura was determined before the PK experiments. CL;, and AUC,., obtained
from the plasma concentration—time curve of 5-FU in Figure 2-2 were calculated using non-compartmental
PK analysis using a computer program, WinNonlin® Version 6.1 (Pharsight Co., Mountain View, CA, USA),
n = 36.

2-3-3. 5-FU #ifgi e 5441235 1) 2 ik 1 DPD JiE{% & i UH2/Ura bt & o BfR

Figure 2-5 (X CRC 7 » MZXF LT, A1 7 K, % LR E 72137 7 IRKFIZ 5-FU % 20 mg/kg ©
MAET, ZRENFEFZNC 1 B 1E, #A 7 B EEIRNE S 217 7B+ DPD JEMHE & O
fmAEd UH2/Ura bz md, ®HPREEZ » B &ROV5-FU 58844 1 B B2V T, fEH UH2/Ura
bR OViFfig T DPD JEMEIL 14 1 RFICROR & 72 0 P 4% 7 RRICIRIR & 72 D BN BT BT 78,
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5-FU £ 5:046 3 LUV 7 H HIZBW L ARNEHNRBD L7, W oEGRICEN T H X
BET v MR, ZRENAREIZHED L=, Figure 2-6 1%, 5-FU £ 5 ERANIHA S A7z i
UH2/Ura kb & 5-FU # 5% 1215 D=+ DPD i1 & oBR &2 ~d, [BlRafrofE S, migEH
UH2/Ura bt DA AS 0.09-0.49 DO#iPHIZ IS N T, Wi ORNZIZ R IIFRORRTE D Ll
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Figure 2-5. DPD activity (A) and plasma ratio of UH2/Ura (B) in untreated rats with CRC obtained
at 7:00 h, 13:00 h, or 19:00 h (control) or after i.v. administration of 5-FU, 20 mg/kg, to rats with
CRC at 7:00 h, 13:00 h, or 19:00 h for 1 day, 3 days, or 7 days

"p < 0.01, Tp < 0.05 statistically significant difference against rats treated at 7:00 h on the same day, which
was evaluated by one-way ANOVA. ¥p < 0.01, *p < 0.05 statistically significant difference against rats
treated at 13:00 h on the same day, which was evaluated by one-way ANOVA. **p < 0.01, *p < 0.05
statistically significant difference against control, which was evaluated by Student’s unpaired t-test. The
plasma ratio of UH2/Ura was determined before the PK experiments. The hepatic DPD level was

determined 2 h after PK experiments. Results are presented as the mean + S.E. of 4 rats.
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Figure 2-6. Correlation between the plasma ratio of UH2/Ura that was measured prior to 5-FU
treatment, and the hepatic DPD activity after i.v. administration of placebo or 5-FU, 20 mg/kg, to rats
with CRC at 7:00 h, 13:00 h, or 19:00 h for 1 day, 3 days or 7 days (n = 48)

The hepatic DPD level was determined 2 h after PK experiments. All data points generated at any time

point were included in this analysis.

2-3-4.1f B UH2/Ura beh & Tl S % APkt DPD {4 & 5-FU R @hie=2 < F X — ¥ & OBf%k

Figure 2-7 |%.5-FU & 5:8844 1.3 X OV 7 H HIZ35 T, 5-FU £ G- ERTIZERE L 7= 4+ UH2/Ura
e B “RIENFE ERAR A VTP L 72 TR DPD #&ME & . 5-FU 8541015 b 7= S Eh e <
7 A—5 L ORMRZ T, FFIET DPD 10> THIME & i i B — RERE B AR T A AUC... & O[]
(IR OBIRICH Y . BH 7 U T T 2 A Clig MO ty, & ORISR o BIFR A
RO BTz, —F . IFlE+ DPD IEMETHIME & A 45FE Vds & ORI, A& 72 BEERITRD &
Nighotz,
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Figure 2-7. Correlation between hepatic DPD activity predicted by the observed plasma UH2/Ura
ratio that was measured prior to 5-FU treatment, and pharmacokinetic parameters of 5-FU, (A)
AUC.o, (B) CLyot, (C) t12, and (D) Vdss (n = 36)

To predict DPD activity from the observed plasma UH2/Ura ratio, the regression model was selected on
the basis of coefficient of determination (r?) and our results showed that quadratic regression curve (DPD
activity = 11.3-(UH2/Ura)® — 0.97-(UH2/Ura) + 0.04, r* = 0.865) was applied (Figure 2-6).
Pharmacokinetic parameters were obtained from the plasma concentration-time curve of 5-FU after i.v.
administration of 5-FU (20 mg/kg) to rats with CRC at 7:00 h, 13:00 h, or 19:00 h for 1, 3, or 7 days.

2-3-5. 5-FU #2205 B0 B N Bh % ONfn S o UH2/Ura b & RABRE (R & O BtR

Figure 2-8 [ CRC 7 » MIx LT, 417 KE, 8 L RFE 713714 7 IRfIT 5-FU % 20 mglkg @
MET, ZRENFEFZIC 1T A 11, #EH 7 HEFEIRAE G 21T 5 72820 ACF o R rHER
FREEHANRT, 7ok, MIREEE LT, FH LRFICARAEKEZ 1 B 1E, #EE 7 B REIRN
Be b %47 o 12 BED ACF B OHER & O ¢ TR, XtFREED ACF 2135 5846 10 H H E TRED L
VXHIMETE 2SR H A2 A3, 5-FU #H BTV T o ICE S L2 5A T ACF Bl L
7o 5-FU &% LIRpIC & G- L 7o e (1Tl DPD JEMERERE) O ACF #kiX, 5-FU % i1 7 RFE
TV T REICE G U7 (st DPD TS PEH 25 & 70 1 MIRERE) O F L & T, b7y
IMER AR BT,
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Figure 2-9A [Z CRC 7 v MZxt LT, 81 7 W, P4 1 RFE 71314 7 REIZ 5-FU % 20 mg/kg
OHET, ZNENRFFZNC 1 H 18], #H 7 HEEIRNE G- 21T > 72 BEO KRIBESG AR O/ H
WA R, 2B, AREEL LT, % LRHCARAEKEZ 1 B 1, #H 7 AESIRNES %
1T o T- B O KRIGIEB RO B #E b 0FECRd, ACF Ok AHER & [FER. <HREED KAGIE S
RFEIT P 5-BR4A 10 B B & CHIMEM 278 H 7223, 5-FU B GHHIWT ORI G L-5EA T
b, RIGHS AR Uiz, BBRGEWL 2 L2, 5-FU #5546 10 H B O KGR L <,
5-FU BEHRERI CHERZNHEO bz, T72b b, 5-FU #71 L FICk G L& (IflE+ DPD
TEVEEERE) O RIGIEAREE 1.5620.40 mm® Th > 7= DIxt L, 5-FU Z 2P 7 BRC 5 L=t

(ATt DPD IHMEARAERE) o KIBIEEARE L 0571021 mm* TH Y. ZDHEITH 3B TH-T7-
(Figure 2-9B), Figure 2-10 I% 5-FU £ 5-Bi44 10 H B O KIGHES RS & 5-FU £ 5-BlAATE AT B
L7z A UH2/Ura b & FRBEBEMR 2R L TR Y . i3 O NIZIRVFEBIBIFR TR BTz,
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Figure 2-8. Mean number profiles of ACF in CRC rats given i.v. either placebo or 5-FU, 20 mg/kg, at
different times of the day for seven days

Crypt multiplicity was determined as the number of crypts in each focus, and was categorized as
containing 1 (ACF-1), 2 (ACF-2), 3 (ACF-3), 4 or more aberrant crypts/focus (ACF-4%). Mean number
profiles of ACF-1 (A), ACF-2 (B), ACF-3 (C), and ACF-4" (D) in CRC rats given i.v. either vehicle or 20
mg/kg 5-FU at 7:00 h, 13:00 h, or 19:00 h for 7 days. (e) vehicle; (o) 7:00 h; (a) 13:00 h; (o) 19:00 h.
Results are presented as the mean + S.E. of 3-4 rats.
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Figure 2-9. Tumor growth curves observed in CRC rats administered either placebo or 5-FU, 20
mg/kg, at 7:00, 13:00, or 19:00 h for seven days (A) and tumor volume on Day 10 (B)

(@) vehicle; () 7 h; (A) 13 h; (0) 19 h. Results are presented as the mean + S.E. of 3-4 rats.
*p<0.05 statistically significant difference against rats treated at 13:00 h on the same day.
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Figure 2-10. Linear correlations with the mean plasma UH2/Ura ratio that was measured prior to
5-FU treatment for the mean tumor volume on Day 10 after i.v. administration of 5-FU, 20 mg/kg, at
different times of the day for seven days

(0) 7:00 h; (A) 13:00 h; (o) 19:00 h. Results are presented as the mean + S.E. of 3-4 rats.
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2-4. %

BEIRIZEB VT, 5-FU DG EA RE ISV TIRE LI, 5% OmE T 5-FU R
(21349 100 {5 OEEB R SN TR Y . Z OEKR K& OME RN O Y B HE O 288 D3 IR R AR R
BOFEDO—>E LTEZ LTINS ®8 5.FU OERNBEIREDEBIRFD—oI2, 5-FU DFH
3% Tdh D DPD T b5, L7zh-> T, 5-FU #5811 DPD iEMEL~bd L < IEF & FOik
LGN F~—H—%RETHZ LKLY filx DBFITE U535 OV HRIR D /6
ERVGLHEEZ NS, £ THAIX, HiET DPD {EMEOBEER NS A~ —I— & LTHDL
% g UH2/Ura ORI EB R 2D D 5720, CRC 7 v MBI 5 5-FU iG#E T Tl
i UH2/Ura k& HUEEDE & OBIRIZOWTRGET L, A A~—D—& L ToOFAMEZFEm L
77

i DPD J&4E & O UH2/Ura FelZiZ, B NZEB)OAFIED R S 4L, W ORITITIR
FHRABIFR O L (Figure 2-2), Jiang &%, 7 v MiFEH DPD OIEMIX, 7 » MAERERH
CHEBEFDYITRKRERY, Ty MEBIRETH DIERICRIKE 2D E@E LTS 9, =
niE., Kt clEon-fR e —84 5, £7=. Boisdron-Celle 5%, FEEKIZEIT S DPD KZH
FHDOAY Y —=2 7% DPD iHM A7 2B, s UH2/Ura teZ2Ed 5 2 & i3
BN FEO—>THD ERELTVD 9 DEnZ b, CRC T v MIBWT, MmiEHh
UH2/Ura Fel 3T DPDYEMED B NEE) & S 2 MRS A A~ — I — L2 2 Z LR S
77

ARRFHZFBWT, 5-FU ZFR1 7 W, P4 L RFE 721314 7 RRICERIRIN BLIE 38E 5- 24T - 7o 3L
BEH I VT T A Clyg K ONMHREE — IRefE] R T iR AUCo ICBI L T HNEE A R S 7

(Table 2-1), & 52, 5-FU # G ERNZERE L 72 i UH2/Ura b & 5-FU 5% 0287 V7 5
VA Clygy & 72 i i — RER AR FrfE AUCy ., & OENZIE, ZAIVENIRWFERIBIR RO &
7= (Figure 2-4), ERIRICIS\WT, 5-FU FRfeAf 21215 D7 it d 5-FU IR L C HNAH)
DIFAERF ST Y O, MifEf 5-FU JEE & i 4% ERP DPD 15 & ORI B O BRI
HHZERHESNTND ™, Lo T, 5 SN 5-FU O 90%I TP o DPD 12k - T
R#fsEhbZ a2 EETHLE. CRC T v MIBWT, 5-FU Of#ITATIET DPD i&MED B NZEHE)
IZfE-> T2 L L, MEH UH2/Ura toid 5-FU RN G5 D2 7 U T T 0 A Clyg LK QML HT R EE
— IR R AR TR AUC 2 THI LIS D2 A B AA A ~— T —Th D Z LB L e o7z,

CRC 7 » MI*FLT5-FU Z401 7 K, F1& LIRFEITFH 7T RICENZLL B 1A, @ 7
A EERIRINBE 52 1T o 7o R, 5-FU HEHE G RFZES, WINoEGRAICE W THL 287 U T
7 A Cly 138 U, i i — BpfT ik T i AUCo 38N L Tuhiz (Table 2-1), $7-. 5-FU
HGEA 55 O FEH DPD 1EME R QNS+ UH2/Ura ik, 5-FU EALE T » MZHE~_FEICED L
TR, BNZENERD bhp)s- 7= (Figure 2-5), Kuwahara & 1%, stagelll/IVa £ 38 - bR
ICHER L7235 4 D H AR NEF ZXIRIT, 5-FU KOV AT T F U 0FH (FP) Wik a iifT4 % LT,
5-FU mif%5-f (500-550 mg/m?/day) MifTHED e LR 58 (400 mg/mP/day) FEfTHED B#H %
bl L, 5-FU (RPNEHRE e BRI RIC O W TRE 21T -7 D, ZOREE, WREE b, FP L 2
P A 7V EICHIE L 5-FU I, 1 YA 7V B ORIFELNHEE Lz g 5-FU JREEIC
e, AEICEM Lz, &5, 1Y A 7 VBICRS bv- Mg 5-FU B HNEENT, 24
A 7 )VH TIEZDFENRRBO Do T2, £72, Hishinuma 5%, 7 v & HWT5-FU OEN
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TR KA T HATRIRN I G- OB O W TIRGETT 2728, 7w M 5-FU & 5 i placebo % %%
FTRFIRN RS- L, £ 0 48 B¥ff#£1C 5-FU OBIRNTE G- %21T -7 Y, ZOfEE, 5-FU S TH# 51
T, placebo JeATH 58 & il L T, 5-FU O Td % 5-fluoro-dihydrouracil (DHFU) @ AUC
WHEBIZEAD U, 2 ORI ATHR G BITIKET 20235580 bivlz, —F4, 5-FU SEATHIRNE
512 X% DPD mRNA 3 X OV v R FEEOEBIMGE S e o7, 61, 5-FU S TH R
N 51X DPD F Bl &I 138 % 5 %2 9712 DPD {HMHAHE L, ZOfEER, 5-FU OERNEIRENZ
L LT mTRBMEDS B 2 B LD LRl Tnd, Lk Z &6 CRC 7 v MIxfd % 5-FU D
et G- 13 DPD ISMEDIR T2 & # L, £ OfEH., 5-FU OfGHEENMK T 5 Z & T 5-FU DR
WEIRED AINEEINHA LT b D LR STz, 5-FU B GA b2 6T 2 b oLdEL, T4
HMsEf 5-FU BEO LR 2 & BEAREORREZFET L AEENS D 2 L b, KGR
FREITH LT IR L 5-FU Z #5452 B121% DPD JEMEK FICHE S 5-FU RETBEDIR T 2 % 84
HREThDHEEZOLNT,

AR UH2/Ura b & T DPD 1514 & D BfR 238 L7z [mlifdhfi 2 A< i UH2/Ura b
FEHED S 1T DPD {EMEE A FHIL . Z O FHIfE L 5-FU O3EWERE TR/ T A —& & ORf%
IZOWTHRRT L7e, BRIRICBWTHEEEE M+ DPD IEMEZRIET 5 2 L IXREEA D 5720,
A RIOREHERIIEERISA T 2BICIEFICHEA E 20155 LB 2 bivd, e UH2/Ura thoo5E
HME D> & P DPD 1S PEAE 2 P32 BR o [ElFE, EREIC ST, BUF o ik dhifil%
Fiv 7= (Figure 2-6),

DPDactivity=11.23-(UH2/Ura)’ —0.97-(UH2/Ura)+0.04

). HEREREE (DPD activity = 5.34 - (UH2/Ura) — 0.73, r? = 0.8196) % VT Pl &3k 2 72 23,
ZoEYFETIE, @i UH2/Ura tE oo FEHIEAS 0.09 726 0.14 OHiPHIZIBW T PRI S U5 P
DPD JEMAEDR A D E 72> TLEW, EEICTHIT L Z EPARNETH -7, Z o b & LT,
DI EBLUTD 2 DORFEMENEZ BN D, H—I2. MiEH UH2/Ura b & T DPD JEME(#
ORNZIX, v 7 EA REEOBMRICH 2 FIREMEN T b s, I, MdEd UH2/Ura bt & TR
th DPD {EMEE & ORI OBIENEZ R T T2, Vo TN DT /N B 2 ovd, AR
AT, ZNBOAEEMEIC OV CREL <BRFHE L TV oo s UH2/Ura kb o> SEHIE A3
0.09 725 0.46 OFIFHNIZIS T 5 IFEH DPD IEMEEZ TlIT 572912, EFEo ZRi#AE Fuv
72o 5-FU OIEMEIRESE) /8T A — & O FERE Z 4EH UH2/Ura e & 7l L7 JiFE+ DPD %1%
DOTRMEICK LTT ry b Lic& 2 A, MR E —REHE fh#R T g AUCe.. M OVBE 7 VT J v A
Cliot & TRWVABIBILR 27 U L 08ty & 1359V FRBEME 27~ L 7= (Figure 2-7) . Z @ Z & 13, Tukamoto
ERMELTVANAE D —HBLTWa, #51E, 5-FU 71 K5 v 7 Th 5 capecitabine |2 [
L CAHR AR B RE T 5 L (physiologically based pharmacokinetic model: PBPK model) % #4E L .
capecitabine flix 4% ¢ 5-FU o Ifi. Hrii B — IR dhgt T A AUC 13 DPD {& MBI - T
SHEERIICHA T2 2 kv 2L —var LT0s ™, b ofE L Y | i+ DPD Gk
13 5-FU H[E] & OV fge 4 G- 1% oD I i E — ] R T fiFE AUCo.cos B 7 U 7 T 0 A Clyg KUV
Pty (|2 RAT T HERR - TH Y | M UH2/Ura e &8 & ) U 72 JiFig DPD {&M: T
B K& o T, 5-FU i 515 D RMENREF T A — X OEEN TR TE L ENH LN o
77

5-FU # 5% O FUEE R 2 Mt 572®. CRC 7 v hDOKIFICH T D ACF Bk OEEHAFREIC
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DOWTIREF L72, 5-FU SEALE T » b TlE ACF Bk OVKABIE S (A O BEMME M 23386 7= 28,
5-FU #5-8£7 v hTld ACF £ ORISR FE O 238 8 Haviz  (Figure 2-8, 2-9A), BRIV
WZ LT, 5-FU & 5BHAA 10 B B O RIBEGAFEICEI L T, 5-FU 2 /F% 7 RRCR G- L72RE (T
H DPD JEVEARAEEE) O KRIGIESATEIL, 5-FU & /I 1 IRFIC 8- L7 #E (Pl DPD & 1 s )
DIEBARFE DK 1/3 12 F TR LTz (Figure 2-9B), % 7=, fiFlig+ DPD JEMEEEREIC BT,
5-FU #5545 3 H H  ACF X3, & D> 5-FU # 58 & b~ HIIMEm) 23558 & 4v7- (Figure 2-8)
FESARIEIZ k35 5-FU OFAIE A 7 = X L3t~ 2RI KD < Z ERM BTV 5, fEEM
PICH Y IAENT-5-FU 1T Ura LRI UERIE T LA X 7 LAF RIZiEE# S DNA L TOYRNA O
HRERET S ¥, F7-, 7AF X7 LAF RIEF I DAEEHKEESE (thymidylate synthase
TS) ZARIEMAL L., ZOfEE DNA SR EMET 2 %, b ORMMA b =X A%, BT
2B D 5-FU EEICKET S ™, &5, B OEKARZMICE LT, £ FRUT v MY
LA REEHINIZ 35 1T 5 DNA AR KL OISy 2413, DPD fEMEAS B il & 7~ 9 A5 (2 Fb . DPD i
PEDMEAE 275 BRI RS AT DD &V 9 BNEBIOFIERRO BTG P02 Lk,
5-FU O3EFUEFF DA RILE CH D Z L 2B ET 5 L 5-FU D)L DNA /E.\EEM,%AM;H#FHEJ

RS BBET b0 LBz LD, ZnHDZ L, ODPD IEED HNEENZ L W #FR S
7o AR e OIS HARG PN 5-FU W EE 25 8h, QRSSO KW x4 5 ezt A W‘f@ak W 2
DSORFNHK T, 5-FU # 5% D ACF Bk OIS ARE OB ENEL LIzbD EEZ bR
7oo T 725, DPDIEMEIZHSUNT 5-FU DGR 25 2% Z & T, 5-FU DRI R % ek
PRI &E A D TR RIR S 7z, & BT, ARRFHTIW T, 5-FU e & G- BAARTIZ BRI L 72 i
$Er UH2/Ura tb & 5-FU #5:-5844 10 A H O KIGIE AR & O RICITRMEBIBIR 2R b7z

(Figure 2-10), LA EOFER XV | 5-FU 12 X b5 9L 2 579 2 pio M4 UH2/Ura bhix, JIF
JEH DPD 1EVE KL O 5-FU O3EMENREFHI/NT A —2 DH72 57, 5-FU OHUEEZE A S THI L
BAOMBENA T~ ==l D EeEZE2OND, LEEDN-> T, KIBEEE»OE LN EH
UH2/Ura tiE, 5-FU OFUEENREO THIZ ATREE L, 5-FU Ok 7o & 5 IR0 R OV G- & 2 Ik
ETHEERERE 2D | IGRAED M LR O L FRIEICB T Dm0 EAIRE 7267
DEEZLND,

ARFEIZBWT, CRCT v MIHIT25-FUEH [ ToMmfEHUH2/Uratt & HlEE 20 R & 0B
WZOWTHRIL, A A~— T —& LTOFRAMERET 52 LM TEN, 15007 LT
TRERICBEALTT v Fb e hEAMFT 225G, HET 2808355, £ REDT v hOWMAHIC
BT, DPDIFMER O FUH2/Ura b3k BTl & 72 B 2 & S S T0 529, L
L., 7y MIKHEIZIEEN L, BRICKEM AL Z 509, & FOHFEAIRY XL LMo TE %
T 5, L7=23- T, DPDIEH L ONLEFUH2/Uralb B8 2 7 » bbb b~EAMFT D56, W
FHOETES A 7 VOENEEEBIZANDLEN DD,
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2-5. /MR
ARENT BV TH & 1, L UH2/Ura te & 5-FU OIRNENIE K ONARN T & OBRIZ W T,

DMH #%% CRC €7 V7 v b & AW THRF 21T o7, &+ DPD {iEME & At H UH2/Ura HiZix
HNEB D iEsE Sav, li# OBNCIEEWHHBIBR AR bz Z L2 6, miEH UH2/Ura i
i DPD &M & R M 58 2R BN A F~—H—Th D Z N L 7 o7, £7-. 5-FU
ORI H DPD 1EMED H NZEE) & 22 b L, i UH2/Ura X 5-FU & 5% 0al 7 Y
T T 2 A Clyg & OV R FE — RERI AR FiifE AUC, . % TS5 Z L kD A A~ —H—T
bHZEbHLMNERoT, EHIT, 5-FU Ot LI T DPD {EHEOIKR TAHEE L, €D
fi k. 5-FU ORFIRENMK N9 2 Z & T 5-FU (RNENRED A NEENH A~ LN 5 Z L RS h
7oo 5-FU OGN b 72 b3 b OLENL, KIGREEE I L TR GHREE1T HOBRICEE S
NHREHERTHLEEZOND, S 51T, JIFET DPD IEMEDZEENZIG U T RIBIER AR D2
MRBD BT Z DD 5 FUIC L L FRIEE M1 T3 2 i M it UH2/Ura ki, i+ DPD
TEYER O 5-FU OIEMENEZH) ST 2 —F ORHTe5F . 5-FU OFEENEE & Tl L1 2 R
NAF=—H—,RBbDEEZBND, LEN-T, KBEEREICETS 5-FU O@EEMHIC
BI L C. 5-FU 2 X B b5 3E 2 {79 2 Ao g+ UH2/Ura O BIE L, B & HUiEL )
Fizxtiis L7z 5-FU OfGFRFHI B TE . @lbERICIAT 2GR A A~—T1—L 72 L
/5 Z Eaorant,
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=8 NAF~w—b—%ANEPKPDETY FI2k % 5-FU HUEESHE TR 25 A

3-1.

5-FU [T ks FHRIE D key drug & S 4L, IFlET TO DPD {EMERAA A~ —H—& L TH
HNTWDN, ZOWEIXNEECTH 5, DPD IGMED RN A A~ —F— & LT, M UH2/Ura
EEMEBUEEIR~ DA 723 A~ —H— & LCTHEH SN TV D, RIETIE, M+ UH2/Ura
DORUEBEFREZMNPD DT, CRC 7 v MIIBTF 5 5-FU 1EH# T CoOMmEEH UH2/Ura b & 5-FU @
HWENRE TR T A — 2 ROGUEE IR & ORI OV TRET L, A A ~——L LTOHH
PEDRIE STz,

BN LA L RS U CHEITT % PK-PD &7 VIENTIZ. S 5121 % 3ok
IR 2R 2 2 LN ATREE 25 ), L= »> T, PKPD EF/UIENT 2 V% 2 & THiIfET
A& FINTHIR LT Rl e B G O SRR A RIS A Z e TE B T s nic, Emf
BREHEMN Tt D M DR EZ KRS D31 A~ — 1 — % PK-PDET /MIEATHZ & T,
MAFFEYPRIE . A F~—T— EhE V- TZBRIE T2 EERICBEEM 5 2 R ARE L 72
0. ERHEERICIEATHZ ENTED LB D, RETIX, 5-FU OFIEERE TR A7
LOWEZHIE LT, CRC 7 v MIBIT HIMAEH UH2/Ura thZ £ 7 /WITHAIA A TE PK-PD £
TERMEL, B TH LN mEH 5-FU IR &K OKIGIESARE Ok B #ERE OfE R 2 AV C|
FOH RIS THRE LT,

il

-
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3-2. BB L UFE
3-2-1. In vivo 3P E)HEE K TN In vivo 3K )7 SEER

PK-PD &7 VN DESIZHV D CRC 7 > MIZI1T 2 MEH UH2/Ura tb, g 5-FU JREE & OY
RIGIES AR O EREIX, 55 5 2-2-3 005 2-2-5 DFKIZTHLNZT —X &2 H -,

3-2-2. PK-PD E 7 /L DS
PK E7 /L

PK &7 /LT ARMLOTE B E (Akaike’s Information Criteria; AIC) " 3-—S% | 2-3 28— |
A bPETAERAL, UTFOX (1) KUK 2) ZH0THT v MEOF BT 5-FU #1EZ7>
& Y B RR I L RR AT 21T - 7,

AL Ak AO A0 ®
d‘:;t“) Ko A ) —kyn - A (D) @

ALK AT ENEIRTESR 2 o X— F A P ROSR 2 0 /3— R A D 5-FU EA # L ke,
Kioe KO kot IZZALEHL 5-FU DI RHEEEL, KB 2 X— b A MinBRIfa v/ — R A v
F~?D 5-FU OBATEZRTHEEBKL ORI /3= A FIPBIREER = /3= R A F D
5-FU 17 % 2 B E 5 & 97, B2 /R 5 2 — & OBLHUIMEHT Y 7 -~ WinNonlin® Version
6.3 (Pharsight Co., Mountain View, CA, USA) % W T FA/NT A —Z EH L 13sr U C3EhE
L7,

PD £7 /v
KBS AFEZ PD /T A—% L L7- PD EF/LOMEIL, Simeoni ©H DHA UL,
Unperturbed and Perturbed growth model Z AV TiT7 > 7=,

Unperturbed growth model (i} FEEE)
g7 VENIC T DIEG AL, A7 < & b IEFHEAIIINIC IV T, FEEBIn I s
T5 8, DMH ICE > THFE SN T v M RIBIESIZRIBYIEE CH 5 P2 Loz, AEO in
vivo 3£ )P FEERIZIS N T RFHRBED KIGIEEG AT O BN AFIRIREEN B DR o T 2 &0
KIGIEBEAAFE OBHIZLL T O TR LT,
dv(t)
dt
vV ED Vi, L CRC 7 v MTRIT D RIGEF AR L O DMH ffé#k G- 1 #[##% (5-FU
HBRAAERT) OKRIGIEGHATEZ R L. Ao 1THEEBIEAVITHIN T 2 KIBIESHIATE 4 38— RH L E
¥ (day") TH 5,

=4, -V(t), v(0)=Vv, (3)

Perturbed growth model (5-FU ZLiERE)
=FC.o Unperturbed growth model 1%, AEEHIRE2S L5 A48 0 K9~ 2 & TR ABEA I L TWv
% ERE LTV DA, Perturbed growth model 1, FUEANC Z&EE S 720 < S 2O EEAR I X5
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Gl % 1R | BB HIIRSEICE D 2 L 2 E LT\ 5, Figure 3-1 3 Perturbed growth model % Ht
D AN7= PK-PD =5 /L O TH 5, Perturbed growth model (233 1T 2 FEIEE I 0> B 5 a2 1%
Unperturbed growth model (2351} 2 KEGIEGARFE v ()OO —E %2R T x, )ZHWT, K (3) D v (1)
Zoxg OICEEHZ - TET, APK-PD EF /L TIE, 5-FU IEZ DTG U TS HEEE E
Bz bleb T EE LRI 73— R A FHIZEIT 2 5-FU DIRE C, () & 5-FU DOFEHLHR
DR AR TER K 2 AN T 5-FU OFEGIRZ X L T\ D, —F, MoFiEEAlREL. 5-FU ©
HEE S5 A e L 2 59~ 2 HUBEISE 20 R FE B I T RF R ) e S AT D, 2 DRI TR 2 3B 3~ 2 7212,
A PK-PD &7 /L1 transit compartment model Z H Y A4LCu %, transit compartment model 1%, A= {&
WNE DR HRAFHIIRRIE & R CHR AR T 2560, R ARG %155 F CITREHIAY
TBER D DHAICELSANDNEETATHS ¥, 5-FU IC & 5 B E 52T 7 MBS AN 2 1k
B, MRS OWEITEE IS Uk 2 7o Be a2 42 C BofBCITMISEICE D LB 2 bhvd, Zh
5 OHIAEIRE, o B AIMFEH AL, — R E R ki (day?) & HWTEBIT 5, & PK-PD
BT MTBNTUR, FREMMT LB NRT A -2 HEEOEEREICESE, 4 DOa L/ "— A
ks BAERL X215 transit compartment model & V=, LA FIZET VR E R,

% = 7%, () K, -C,(0) - %, (1) @)
% =k, - C,(t) - X (t) —k; - X, (1) (%)
6 i 0 - %, 01 ©
- k-, )
R LAOREAG) ®
v(t) = X, (t) + X, (t) + X5 (t) + X, (t) + X (1) 9)

Xy 0)= Voi X, 0= X3 0)= X4 0= X5 (0)=0 (10)

1 ER UH2/Ura be 4 N CRESE A &2 T35 5 72, K PK-PD £ 7 /MZEB T K= > 73— |

AL RHBFU R C, )X (1) KO (2) LU FoX (1) #HWTHEI L,
C,(t)y=A 1)V, (11

Vo 3R =t 8= b A v MBI 5 5-FU O AERE 27T, Gamelin & * & Ben &0 ®iz
£ &, MR UH2/Ura b & 5-FU oIt r U 7 7 > A2 F 7213 & ORI BIRIR 2R
LTS, SHIZ, CRC 7 v haHWEARFHTIBW T, M UH2/Ura kb & 5-FU O kIH
FETERL ke & DORNTFABIBIR2VER® H AL TV % (Figure 3-4: r? = 0.743,y = 9.19x + 2.51), L7273 > T,
Equation 1 123517 % 5-FU 14258 B iE 5 ke 12OV T, s UH2/Ura Eb % VW TRLF o (12)
N THILTZ,

k =9.19-UH2/Ura+251 (12)
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X (12) 1T D IHEH UH2/Ura ik, 5 &8T5 in vivo 7 v M FEBRIZEBW T 5-FU O
H-BASRIE RN DALz FZERBAGAIRF I OB R 31T 2 EME (AT 7 1K, 0.30; 7% 1 I, 0.39;
#% 71, 0.25) Z M /= (Table3-1), $£72, CRC 7 v M &AW ARFHIB W T, M4+ UH2/Ura
& 5-FU T EEL ke ZBR < th O SEMBIRE TR /X T A — & & ORITITHEBARIRDGR O i 7e
MolzZ b, 1), X (2 LUK (11) 1B 2B HEEE kipe ko XNV, 1Ein vivo 7
v NEBTORETOT v MNHIBIT 2 F¥EEZ V- (K 2.783, kot 2.808, V,: 0.310), 5-FU #:45-
% O FEIEHIFEIZ KAF T M4 UH2/Ura FL OSSOV CRHMIT 5 72 9, iEH UH2/Ura b % 254k
SETLEITBIT D 5-FU HREZLOIEGHEBOHER AL I 2 b—3 9 L Rl LT e v
~ L7=% @ % Figure 3-2 (27779,

i.v. bolus injection of 5-FU

Central Peripheral
compartment} 12
partmen compartment
A, GV J€ Ay, GV,
, » k21 » »
k. <2 UH2/Ura
PK model
PD model
k
1 1
cycling X4 £s Cell
tumor cells damaged damaged damaged damaged death
cells cells cells cells

Figure 3-1. Scheme of the pharmacokinetic-pharmacodynamic (PK-PD) model

Ao, the rate of exponential tumor growth; ki, first-order rate constant of transit; k,, measure of drug
potency; Az, 5-FU amounts in the central compartment; A,, 5-FU amounts in the peripheral compartment;
C4, 5-FU concentration in the central compartment; C,, 5-FU concentration in the peripheral compartment;
V4, central volume of distribution; V,, peripheral volume of distribution; ke, elimination rate constant; ki,
rate constant of central compartment to peripheral compartment; Kk,;, rate constant of peripheral
compartment to central compartment.
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- - -UH2/Ura=0.10
— - - UH2/Ura=0.25
--------- UH2/Ura=0.50
— — UH2/Ura=0.75

Tumor volume (mm?)

Time (day)

Figure 3-2. Effect of plasma UH2/Ura ratio on simulated tumor growth curves

The simulations were performed assuming i.v. bolus injection of 20 mg/kg of 5-FU for 7 days. ki, =
2.783 h™, ky; = 2.808 h*, V, = 0.310 L kg™, Ao = 0.081 (control), 0.011 (5-FU treatment) day™, k; = 6.63
day™, k, = 0.014 mL-pg™ day™, vo = 3.8 mm®. ky,, rate constant of the central compartment to the
peripheral compartment; Kk,;, rate constant of peripheral compartment to central compartment; V,
peripheral volume of distribution; o, the rate of exponential tumor growth; ki, first-order rate constant of
transit; ko, measure of potency of 5-FU; vy, tumor volume measured before 5-FU treatment (t = 0).

3-2-3. 7 — X fiEHT

PK-PD &7 VAT I3~ 7 - WinNonlin® Version 6.3 (Pharsight Co., Mountain View, CA, USA)
ZHWTHEM L7z, PK XOPD /3T X —Z T2 NENEMS & TR/ 5 lka VW THEE L
7z, EZ (uniform, Uy £721% V) 1E, BEEDHT &K /8T A — 4 ORHEEEOEBREKI LS X %
R U7z, PDETMZHBWTRY = 78—k A2 b 5-FU IR C, DI, PK /3T X —& |2
THEE LTz, 72, PK-PD ET /NI 5-FU $ 55 O KIGIEGHARE ORRZ LI, [
—Z v MERIZEL 2O TIH <, &7 v MEIBT 2 FHEGEERBEORGHZE(LTH D, D
72, PK-PD 7 /MIRIT 537 A= fEIZ, %7 v MEOMEET 5-FU 25 K& ORI AR
DI 2 I THEE L7, BUEIX, —JoldE 5ot (one-way analysis of variance: one-way
ANOVA) #1T7-7-& & Bonferroni test IZ X 2 ZBHHK 21T o7, WLy, LRFE0.05 LT EH
HEDY LHEW LT, PK-PD ETARHTIC L VLN E /ST A — X OHEERE L., ZEiRik

(coefficient of variation: CV%) & H\W\CFK L7z,
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3-3. &

3-3-1.CRC 7 v MMZBIF 5 5-FU & PK AT K O 4 UH2/Ura Lt

Figure 3-3 1%, CRC 7 v MIXI LT, £ EN 7 HKZIZ 5-FU % 20 mg/kg O & THiE], 3
AME72137 BREFRIRNE G L 72 % O SEIE T 5-FU IREEOHER TR T 5 PK ET V2 V27
4T 4 U TRERERT, ARET T L D MAEF 5-FU JRE O FHIE & EHEIXIZIERI T Th - 7o

(r* > 0.99, Figure 3-3), Table 3-1 137G SN 7=AHED PK /3T A — & OHEEE & QN UH2/Ura
PR 2R3, S ENRE FEER O BAAARTI BRI L 72 i UH2/Ura bt & 5-FU & 5% O1H i
FEER ke (= 0.743) PR — BRI AR T HIFE AUC.. (I =0.865) H/zid®&&s/ V7T 7 %
Cli (FP=0.936) & ORICITAHBERIMRNFRD H 417 (Figure 2-4), — 75, Z DD PK /8T A —4
T2 5 kg, koo Vi KONV, & EH UH2/Ura b & O BICFIBIBIMR ITRRD Do 7z,
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Figure 3-3. Model fitting of the plasma 5-FU concentration profiles using 2-compartment model
analysis after i.v. administration of 5-FU, 20 mg/Kkg, to rats with colorectal cancer at different times of

the day for 1, 3, or 7 days
Each point represents the mean plasma 5-FU concentration + S.E. obtained from 4 rats.
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Table 3-1. Biomarker obtained before the PK experiments and PK parameter estimates obtained by fitting the model to the plasma concentration data after

i.v. administration of 5-FU, 20 mg/kg, to CRC rats at 7:00, 13:00, or 19:00 h calculated using 2-compartment model analysis

Biomarker and Day 1 Day 3 Day 7

PK parameter estimates 7:00 h 13:00 h 19:00 h 7:00 h 13:00 h 19:00 h 7:00 h 13:00 h 19:00 h
Biomarker”

UH2/Ura 0.30+0.01 0.39+0.03” 0.25+0.01°""  0.20+0.04 0.30£0.06  0.19+0.01 0.14+0.03®  0.17+0.03*"  0.19+0.03
PK parameter estimates (CV%)

ke (W) 5.13(15.0)  6.11(7.8)  4.49 (15.6) 3.61(15.4)  5.68(20.3) 3.94(11.0) 458 (19.4) 4.05(27)  4.31(3.5)
ki (0 2.33(71.2)  2.35(16.0) 2.80(27.9) 1.65(52.4)  2.83(50.6) 1.28(30.6) 529 (32.2) 3.54(4.2) 2.36 (5.3)
ko1 (0 489 (38.1)  259(7.6)  1.99(19.0) 2.94(26.0)  3.79(19.1) 2.02(19.3) 3.07 (14.5) 1.86 (3.3) 1.38 (5.8)
AUCq., (ug-h-mL™) 12.7 (4.4) 10.3(39)  135(5.9) 16.0 (5.5) 13.9(76) 159 (5.1) 209 (47)  19.3(0.9) 17.4 (1.5)
CL: (L-h™ kg ™) 1.57 (4.4) 1.94(39)  1.49(5.9) 1.24 (5.5) 144 (77)  1.25(5.1) 0.96 (4.7)  1.04(0.9) 1.15 (1.5)
Vi (L'kg™) 0.31(17.4)  031(10.7) 0.33(19.4) 0.35(18.4)  0.25(25.8) 0.31(14.0) 0.21(22.7)  0.26 (3.1) 0.27 (4.3)
V, (L'kg™) 0.15(26.1)  0.29(6.9)  0.46 (13.2) 0.19(19.8)  0.19(17.9) 0.20 (12.6) 0.36 (85)  0.49 (2.3) 0.46 (5.0)

CV, coefficient of variation; UH2/Ura, plasma dihydrouracil/uracil ratio; ke, elimination rate constant; ki, rate constant of central compartment to peripheral
compartment; kj;, rate constant of peripheral compartment to central compartment; AUC,_, area under the plasma concentration time curve from 0 to oo; CLyy, total
clearance; V1, central volume of distribution; V,, peripheral volume of distribution.

**p<0.01, *p<0.05 statistically significant difference against rats treated at 7:00 h on the same day.

"p<0.01, 'p<0.05 statistically significant difference against rats treated at 13:00 h on the same day.

#n<0.01, ®p<0.05 statistically significant difference against rats treated at the same time on Day 1.

*Pp<0.01, "p<0.05 statistically significant difference against rats treated at the same time on Day 3.

Each value of biomarker represents the mean + S.E. of 4 rats. Each value of PK parameters was estimated from the mean of 4 rats. Statistical significance was evaluated by

one-way analysis of variance (one-way ANOVA) followed by Bonferroni test. “We have reported in detail in our previous studies (chapter I1).
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Figure 3-4. Linear correlations were observed between the plasma UH2/Ura ratio and k., AUC_,
and CL after i.v. administration of 5-FU, 20 mg/kg, to CRC rats

Each point represents the estimated value of PK parameters obtained from the mean of 4 rats.
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3-3-2.CRC 7 v MZHIF 5 PK-PD fi#tfT

Figure 3-5 (%, CRC 7 v MIZENZEI e 5L 5-FU % 20 mg/lkg O & T 7 H[HFRIRNE 5
L 72 B D KIGIES RFE ORI b & | i UH2/Ura b2 B A7z PK-PD €7 /L% W CiE
Wy a b=y a Ul E R T, AT T IUIC K D 5-FU # 55% O RIGIEB AR ORI EL DT
HE & FEZRMEIXIZIER U Th 72 (rF > 099, Fig. 3-5), Table 3-2 1%, 4T v MEED L RAGNEE
RFEME A A PK-PD E7 /WZ Y TED 2B LT A EED PD X T A —2 O TRl Z~T, 155
N THEOEEBRE N D, BIF72 PD RT A —2fH%E THIT 5 2 LB TX7 (CV% <8.3), 5-FU
DIEFNFDOFE A KT ko S OFEE B AT 5 KIGIESHARE 2 R — R EH 0 1B L
T, TRZENHNEENDZERD BTz, ko LU ® HNEEY) Y X A%, 4E UH2/Ura tkoZ i &
T, WoZEE) 2R LTIz,
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Figure 3-5. Simulated time-course profile obtained using the PK-PD model with biomarker,
dihydrouracil/uracil (UH2/Ura), and observed data for tumor growth after i.v. administration of
5-FU, 20 mg/kg, to CRC rats

Rat experiments showed linear correlations between the dihydrouracil/uracil (UH2/Ura) ratio and the
elimination rate constant, k. (r* = 0.743, y = 9.19x + 2.51). The value of k. in the PK-PD model was
estimated using the mean value of the UH2/Ura ratio (7:00 h, 0.30; 13:00 h, 0.39; and 19:00 h, 0.25)
obtained from the animal studies before 5-FU treatments and by using the following equation: k. =
9.19-UH2/Ura + 2.51. Because we did not observe linear correlations between the plasma UH2/Ura ratio
and other PK parameters, the mean values obtained in the rat experiments were used for calculating the
values of ki, (2.783), ky; (2.808), and V; (0.310) in the PK-PD model.
Each point represents the mean tumor volume * S.E. obtained from 34 rats.
*p<0.05 significant differences in tumor volume (TV) were observed between the rats that were
administered 5-FU at 13:00 h and that received 5-FU at 19:00 h on Day 10. Statistical significance was

evaluated by one-way analysis of variance (one-way ANOVA) followed by Bonferroni test.
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Table 3-2. PD parameters obtained by fitting simultaneously the model to the tumor volume data in

CRC rats

PD parameters (CV%) Control 7:00 h 13:00 h 19:00 h

k; (day™) o 7.83 (0.8) 6.63 (1.2) 7.68 (0.5)
ko (mL-ug™-day™) —_— 0.020 (0.5) 0.014 (0.9) 0.029 (0.3)
Ao (day™) 0.081 (5.2) 0.012 (8.1) 0.011 (8.3) 0.079 (1.2)
Vo (mm?) 3.70 (2.6) 3.83(0.1) 3.83(0.1) 3.83 (0.1)

CV, coefficient of variation; ky, first-order rate constant of transit; k,, measure of potency of 5-FU; A,
the rate of exponential tumor growth; vq, tumor volume measured before 5-FU treatment (t = 0).

Each value of PD parameters was estimated from the mean of 3-4 rats.
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3-4. BE

BRIRICH1T 2 5-FU O ER&FHIBE L T, TDM %%ﬁﬁﬂ“é Z L R P B — W R
F AUC 1 (20-25 mg-h/L) (TINE D X o EGEZHME Lcha. ARmfEZ HEIZ 5-FU O 5-&
AL EAT o T e L élz??%‘iﬁﬁ@Efjﬁ’%{ﬁ@ﬁ%@rﬂ&t%ﬂé%éfﬁu@ﬁ f&?)ﬁz/}%wm&)%ﬂf
VW5 9, UL, TDM #1795 HAE TH - Th. 5-FU T L DR IEO BRI IR R TS
fj‘b\f:&%@&ﬁrk 72 % b 5-FUILV DFFAREEIC I\ CIE s i i i 2 — e AR T i f AUC ﬂz

ICILE B 72D I3 T 4 AR (1-10 /) BSnE L5 9, 22T, JREBEARTIC, 5-FU D3

xjﬁ%fﬁi’ﬁﬁﬂ%b B F~—H—ORIE & PK-PD fifir il Gt s 2 LT, lxDEFET L
RN~ & il PR EE — e R A AUC fﬁ&@#ﬂéﬁ%%%‘:ﬁé )k =2
REINHREE D b D B X HILD, ARRETTIX, CRC 7 v MIEIF 5 5-FU B5-% O RIGIEE
RFE ORI ZA L A2 T 5 7212, 5-FU & 5-Aill \—fﬂ‘%ﬂflﬂ’]l;xqj UH2/Ura k% &5 WAL AR IA
/T2 PK-PD BT VA LT,

CRCZ v hiZ TL’C ZERITHE . LR 72 X THRRIC5-FU 2 20 mglkgD & T, 2 HUIA
REZNC 1 H 1], 8 H 7 H RN G- 2170 5-FURG-BAAL, &K VT H B b7z iiEhs-FU
BRENG2— a3 /"= b A FET NV E MO TIIT 21T 72, £ ORGSR, 5-FUDIH R E Xk,
B 7 )T T ACLig S OMIL i B — B3R R N i AEAUC 1238\ T H NZEB) 23R8 & 41, 5-FU
B 5-BRAAHTIC A D 7o A UH2/Uratt & 22U FRBIBILR 2338 H v 7z (Figure 3-4), =
FERIL, F2ETH LN, A /R— R AV MEITOFRER LG L TV, Lieh> T, i
UH2/Uralb (35-FUH: 5-1% O W IS L EHike, 225 7 U 7 7 1 ACLuge S OV HPE JEE — REfE] bR T ik
AUCy . & T LI DA A A F~—T1—Th D Z L DRE I LT,

CRCT v MIBIT %5-FUH 51 O RIGIEG AR ORFHEIRHER 2 T3 572012, PK-PDET /L
EE LT, KET LD S S, PDET /T, TUEEZIREZ AT 2P EIZRE LT % OMEE
HIE O BEAIE A B4 B BRIV B 70Ty D Unperturbed and Perturbed growth model 2 £:f L7-, 8
BT v NIRRT IS, D7 & b2 ORIV T, a4 5 2 &2
151 C3 0 8 Unperturbed and Perturbed growth modelix = i@ # 34 2 DICEH ST 5%
M, RN, FUBANIAERNICE G ST 6 Z ORI E TITdH 5 FLE ORI Tk 7R
B, Z DT IHUEA ;6%%7};%F&UE#FEJ (EAF T BB, e DBIG BT 572

2. PR OPK-PDE T /W, < OV 7 FIVREME 2 L TR A2 BB T 554 & Rk,
Transit compartment model 3= < Y & 41287 Unperturbed and Perturbed growth modeliZ | Transit
compartment model 23 fHAIA F 41TV 5, Simeoni 5%, Unperturbed and Perturbed growth model % Hx
D ANTZPK-PDETIVEMEEE L, T v MIHUREA 2 &5 L TR b A 7 IESHARE o e R O HERS
DGR HPK-PDET/VIENT 24T 9 Z & T, FURAIRG A7 ¥ 2 — /v L EEHEIEOHER & ORI
IZOWTHRHZIT- 7=, FOREE, PK-PDETIVERNT L 0 15 5 7= HumAl % 5% O g (R o
e T AOHERS OO T & SERMEIRIEIE B L7 (rF > 0.98) Z L 25 PKPDEF L Z NS Z & T,
PUEAIOFL 2 O 5 EF 721355 A7 ¥ 2 — WIS Ul B RE O 2 b 2 TRIT 25 2 & A AEE
HoLEMELTND™, Sungbld, Urab5-FUD 1 K5 w 7T 5 Tegafurd 44T d 5 UFTIC B
L C. PBPKE7 /L & Unperturbed and Perturbed growth model & % #1745 1>t 7-PBPK-PDE 7 /L % 1#
L, T v MR D UFTE G5 OB O RERIRHERS 2 TR L7270, ZOfE%, UFTHUE
BN TN AT T SR IE M E O E AR E B O BIZOWTPRIT 5 Z LITkPI L, & 55%E
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OEFNLIZEE LT, PBPK-PDET L OFHANAN TH S LHE L THE™, LD Z &b, 5-FU
B H#%DOCRCT v MIEIT 2 KIGIEEG AT ORERIAHER 2 73 25 72 ® 12, Unperturbed and
Perturbed growth model 2%l L 7=PK-PDEF /L DIEENG A TH D L EZ BTz,

PK-PDET NVEHNWD Z LI E V| 5-FUEH%DCRCT v MIEBIT D RIGIEBAREORRAZE
{baftz 52 ENA[RETH - 7= (Figure 3-5) , 5-FU5-BHAARTICERER L 7= Mg rhUH2/Urakt % v
TRIGIEBAREORBHIZ L E T 512H720 . S-FUDIRIND B 114 I8 B 5 ik, % i
UH2/Uratb s & Pl L7z, 5-FURE 7 U 7 T > ACLdd. THIIHE E 8k e~ i UH2/Ura
e mWHHBIRRMR 2R LT 2D T (Figure 3-4) . F4 1T I AEHUH2/Uratk 22 & Il L 724
Y27 V7T T ACLaDEZ AW TPK-PDET M 21T > 72, LorL, &5 27 V7T 7 2 ACLgD
TFRNE A IV TZPK-PDE 7 /VREHT Tl 1H I TEE ke D THIE 2 W 2 55 B T e +43125-FU
B 5% O RIGIEG AR OB E L EZ FHIT 2 2 LN TE eh oo, MAEFHUH2/Urakk ) & O
SR T Hke THIE 2 F O T ILE T UH2/Urakt 235-FU % 5% O RGIEIS AR O FR RO ZE I K IE

WL I 2 L—var LERBRENS LD X 912 (Figure 3-2) . MEFRHUH2/Urakt & ONH 2k
L TEH K FE-FUDHUEGE 2N R A R E ST 2 EHERRFTH L Z LT LN TH D, 5-FUDHUE
IR DRI ITRE ~ 22 R F MBI 55928 A UH2/Urabk ) B 038 5 3 i Sk D T
B 2 AW TZPK-PDET MIT L o T, 5-FUDTERZIR Z THIT 5 Z L vie Th o7z, LLED#E
B X MAETUH2/Urakt 2 #20A A T2PK-PDE T LIE, 5-FU 5-1% O 1R E) B DR IR 2L &
TFHT DDA TH D Z LRIz, KEEE~DO5-FUDE IEMEHIZE L T, 5-FUIZ
X DAL A b T 5 RO mAEH UH2/Urakk O Il 7E J O'PK-PDE 7 VAT 135-FU O B L5
BEBTDHZENTEIARIGFREK CTH Y | 5-FULFIRIEDBRKRNRZUET 2 H 0 L HifF
b,

PK-PD EFAEMTIZ L D S5 PD £EFANT A—F D H 5, 5-FU KHE RIS A £T Kk,
B OFRERBREH T IS5 2 RGBS ARE 2 K7 EE D ICB L T, HNZEE D v, miE
H1UH2/Ura tb D HINZEEY Y XA LW OZEB) 2R LT, PD BT V3T A — X IZNZTUEBIEGE,
M B K OB EORE 2 23, L7z > T, 26D PD TFANRTA—=Z Z N5 2
& T ISR A R oML S & SRR SNWT T VR U VT 2 ENFRETH V|
NEIEE AR D SPGB R DIE W 2 BT 92 Z & A3k 5, Simeoni © 1%, Unperturbed and Perturbed
growth model I3\ T, JEBEITH LML LT NTG A —F ThH D kX, EMEGOMI12FR L, U
N A ST 5= DICEHE AR RT A—Z Th D Lk~ TWn5 M 8 ik ~7= & 5 2. DPD
TEPED B NZEENZ K0 3558 S Av7c it L ORGSR N O 5-FU R EE O Z8H) & [ 551 0D 3741 &
SVED HNAENZ XV | 5-FU 5% OEGHIARE OV ENE LI bD R sind Z L
5. HNERT k MONEFHEAEE 2 KT A (2 BNZEFEO b, TDOEE Y X A% DPD
EEDOHAEB Y AL LWOFEH ThHoTEFELXbND, ZDOLX DT, PK-PD ET VRN L 0 15
LAz PD NT A =R ERNWD Z LT, FIPFERER R OVEBFRVER 2 8 i TR 95 2 &
MATREL 72D Z L6 PK-PD 7 VIRHT IXE BN S B~ 7o A 2 72 IR R C b 57217
T, A S OFEYHFBERPEC BIGH AR TH L b D L WIFS LD,
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3-5. /NE

CRC 7 v MZEIF 5 5-FU #5-m1OMAEF UH2/Ura ter 5 5-FU #5514 O KIGIEEHARE 0 B
BHER 2 THI9 5 72012, T UH2/Ura th & & 5 VICHLZA AU TS PK-PD £ 5 L 258 LT-, I
HErf UH2/Ura LRI DPD {5 &~ [HERY A A~ — 1 —ToH 0 | 5-FU DIENDH DIEK
W ER ke S 2 Z &6, 5-FU B 5ANIE bz miEd UH2/Ura Heas B I RH B EE ke
Z TP, PK-PD BT IWUIT 21T o 72, £ ORER, PK-PD &7 /VI#T L V15 54172 5-FU & 5-4%
DIEFHARE O FHE & EREITIZIE—F L, ZEREO/NSWRIFR PD /T A — 2 H% Tl
HTENTETZ, LIEN- T, 5-FU #5HT0MmiEH UH2/Ura lL X T PK-PD E7 V2 WA Z &
T, 5-FU £ 5% O KIGIG AR ORI 2L 2 E BN TR LSS 2 LR S vz, K
BE~0 5-FU @ EfE IR L, iffEd UH2/Ura bez &7 WL AGA A TE PK-PD &7 /LILEE
BZET 5 TDM HOMEHTY — L& LTHRATH Y, MR B &3 B o $ 38 8 O & % Bl
FRILICEE SV TS 2 Z R FfEE 2D b D EEZHND, ZOZ Lid, BE ORISR
FIZHFET LT TR, BHEOHRR - RFAHERZ b EBT b0 LHIffSh D,
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IS

BRI DIEBNEEREEZ B9 L LT, 7 e 2 VUV REEAICH D 5-fluorouracil OEEATERE
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