AT

UIERAH

IEEEO-DICERM 2 AANTELELTEY, BOERDE 5 e E56H2,
BB 8 %’JL,U: SRR TEE A EITETH Y, tOTRIIEL(FRTHS.
BB, BAMEITHERE &)

BRI AE T AEEICH TN D,

%1 ETEEICHT 2 EABEORRAHE (gemcitabine L)

L : I * eSSy B S HFEE R RE i “

FUIER| l 1 B 54 5 (%) (8) : WEE
paclitasel | 4 0 7.2 Gebbia (1996)
docetaxel : 40 ' 15 7.0 Rougier (2000)
docetaxel | 21 ‘; 0 3.9 | Okada(1999)
docetaxel i 21 5 5.9 1 Lenzi(2002)
topotecan 27 ‘ 0 4.1 ' O'Relly (1996)
topotecan | 35 10 4.4 ‘ Scher (1996)
irinotecan ( 34 9 5.2 i Wagener (1995)
irinotecan | 37 1 27 7.3 ’: Funakoshi(2004) A
raltitrexed ; 42 | 5 NA , Pazdur(1996)
pemetrexed o2 6 6.5 | Miller (2000)
capecitabine | 42 ! 10 6.1 i Cartwright (2002)
5-1 | 19 21 5.6 ! Okada(2002)
tipifarnib 1 20 | 0 4.6 i Cohen(2003)
marimastat 102 | 3 4.2 I Bramhall (2001)
BAY12-9566 ‘ 138 | 1 37 | Moore (2003)

NA I not available

vig{ibx h T DNADEKR ZHE T 5. gem-
citabine 1& 30 S i T &Y 5 FEkyS—MH9 T
B % 5, gemcitabine #% deoxycytidine kinase
WwWE o TR E ) YB{ba 37 DRET5Ek
OISt H e 24, 10 mg/m?/min DEE TS
% ik (B A% fixed dose rate infusion) %3
BHETHBE I EBWESNL., TheZP TR
W, GESEEEEVE (1,500 mg/m?/150 min, 5E 1 [H,
3EH S 1EKRER) & 30 49 0 532,200 mg/
m?/30 min, 2 ¥ 1 EES) OFIER LB
FEBOTTD L, Eﬁﬁ%&‘(ﬁ@ﬁb)ﬂ:ﬁﬁﬁ[ﬁ@@
NT Wiz & EpERE S n?, BIE, I DOEER
I ¥ A3 gemcitabine DIEHER R & 5.5k Y
182 i o CKRE CEEACEEFBATO
T3,

b. FFRPUER

R & L BEEC 9 5 gemcitabine BA
SOBRI O R (F 1), docetaxel 135
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F W9 ELIR A RATF i 22BN RS HRE S iz s, T
DHEDOERTCEIRVWEBERES N>

topoisomerase I BHEH|D irinotecan i, &b
DE T b N EEIREAN T 5 5 TR
TEHE 27%, MST 7.3 » B & BIF2HMEZ R
L7z, BEEcshd 2 e f iz L T»
s, FoM, BETEREOOT vieE ) Vv
BRPUEFIT H % capecitabine  S-1 fJ>ﬂzf?‘§JéE Sy
LTE A SN T WA, capecitabine & 5-FU @
Fu R 5y 7T, BAERCKE LI ERREERDT
bhTBY, RIHE s B THERER TR

109% OFEWE & 24% OFEREIZIRHE SN

Twb, S-1kb»WETHI S L7 tegafur &
biochemical modulator OEEEHFIT, EITHRE%
st & U - BITHAES 11 AEENER T 21% OZ=EhED
Fany, BERIAE 1 RES D o3 E THETH
Thb., DTENEBEEIREERbVEHINTY
2H5FTH Y, HMls matrix &0 83 % EER



RIS A T BRI T 2B —EIROMERE, gemcitabine TH 5,
gemcitabine OEEEIC T 3 BHE(L 5~15%, MST (5~6 » ABRETH 3.
EEEFEIL, gemcitabine TR ) B LI ND-DDIEEFETH D,

(matrix metalloproteinase) % fH2 U B OFE
ZAE 5 2 k& HEYIC RS & S/ marimastat
 BAY 12-9566, BEHE I K-ras DERERLE
R Hhob I b, ras EEHDOEREREIC
DEE 7 farnesyl 1L 2 HEI T 5 - D BFE S Nz
farnesyl transferase 25 (tipifarnib), _bEEE
ERFPZHEEECFR)OE / 7 a—F VHHETH
7 cetuximab ® R EGFR Fo v ¥4 —&
FE.ZE#I 0 erlotinib, 7% & D9 FHIEF L L 5
EERSER A FIE T L CREMBAIICThb N TWn 3,
TR TR IS XS T 2 S IR R A O 158V
Smize R Twiu, SEOERI RSN
5,

c. ZHEIGIREE

gemcitabine & B A TEE R 3 % 3R HYAERA
2N, BHOHENEETCHD b, IF
gemcitabine & flDFLEA] & OFF FAFRIE HFEIER
WwERASNTED, $LOFENHERRGE2 B
T UE N B E3)SmME SN T w5, A
XA EHFNE, HPE 5-FU % cisplatin 7% &
< SR L THA SN TERERLHLT
B oieh, Bl TRO TSR 2 & CHHTUE
FlMEL N T 5,

5-FU iB 1 EOBEPRREE R O £ &
F o 5 /75 T gemcitabine L FH S, 4
M & LREL BT 22 225038 (20% RilER) 358 11 #HEL
ERCHE ST & /2208, gemcitabine &3 1 B D
5-FU O#E 26t U 7= B & gemcitabine B
R LS ILERRCE, £FRMcERE
ERRAD I > 72 (MST  EHEE6.7 » H,
gemcitabine BfH#E 5.4 » )7,

Kz H & Ll @k cisplatin T, gemcita-
bine & OFEAEEOE 1T HEERTIZ 20% 2B 2
B RNEDHE S MRS e ds, g T
Lanf 2o HLHERAR T, MERe bH

FEE D 78 gemcitabine B b ARG 4
FIEIZENL T b 00, EFEAMOBER L
FEWRD L » o, 7z, gemcitabine &
irinotecan @ ff Al & i & gemcitabine B ¥ 5
R U -8 TLAEERER b fTh iz b, fEHEE
THMEOMEESTED o1, EFHAMOZE D %
holz,

BT T, LV BEESEFITH 5 oxaliplatin
& gemcitabine OFf FE LD [T HEEEA1TH
M, B EEELERARIIMGRAED A
gemcitabine HIHEE I NEREICEN THIZ k
DIPREAT T S EE s oS, Sk T
BEAEN s EFHMOEELEZRRDL Mo
7z.

PRI 25 C 1d gemcitabine B L D B BE S i
AR R BE 2 fHEEREOHRE ST
D3, RENELMEEAFERESEAL D ERLTY
L b % <, Sk T HFARE O
BAREENTHLbDEBbNE, bHET
X, FAE, S-1 & gemcitabine OHFFEELOZ
LRSS ETRTH 5.

ATFREREER] T, matrix metalloproteinase
FH 22 3% % farnesyl transferase fH % # » gem-
citabine OHf AL OIAEACILEGEER 2 TTH L
e, RuEREEsS L » o, £ O,
EGFR [HZEH O cetuximab, EGFR # o ¥ >
+ — YIHEFE D erlotinib, HER 2 [HEFH O tras-
tuzumab, MW EHEERRET (VEGE) BHEH
@ bevacizumab 7z ¥ O 4> FE ) FE F| & gem-
citabine OPFFAEEZESTHONTE D, WMEHRH:
nTws,

ML @
1. MEHREEDNR
IR R X, RFTETT R (E Gl LB 5
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srEBsEs TR0 T v LY ) 2O R FENEAIAEE SN TNS,
gemcitabine AH0 & L - SHIGFAEEAIREREBNICE A LN TV D,
gemcitabine BE| & 1) L EEICETHREABN AR LA DD > TLAL,

%2 EFEEICNT 2SEI0UREAOARRE (55 11850

- - =9E | £FPRHPRE| 1 FEFE “

BEA AiE BUEY (%) (8) %) WEH
GEM +5-FU (bolus injection) 36 14 4.4 ! 8.6 Beriin (2000)
GEM + 5-FU (continuous infusion) 26 19 10.3 40 Hidalgo (1999)
GEM +5-FU (high dose infusion) 23 9 8.3 30 Wein (2002)
GEM +cisplatin 52 31 NA NA Colucci(1999)
GEM +cisplatin 41 11 8.2 27 Heinemann
GEM ~+cisplatin 42 26 7.1 19 Philip(2001)
GEM +docetaxel 18 6 5.4 NA Cascinu(1999)
GEM +docetaxel 34 18 8.9 29 Ryan(2002)
GEM +irinotecan 45 20 5.7 27 Rocha Lima{2002)
GEM +irinotecan 60 25 7.0 23 Stathopoulos (2003)
GEM +oxaliplatin 64 31 9.2 36 Louvet(2002)
GEM +oxaliplatin 47 11 6.2 NA Alberts (2003)
GEM +epirubicin 44 25 10.9 23 Neri (2002)
GEM +capecitabine 27 19 6.4 33 Hess (2003)
GEM +capecitabine 41 17 9.5 NA Scheithauer (2003)
GEM +raltitrexed 25 12 6.2 12 Kralidis (2003)
GEM +pemetrexed 42 15 6.5 29 Kindler (2002)
GEM +trastuzumab 21 22 NA NA ‘Safran(2001)
GEM +cetuximab 41 12 7.1 32 Xiong (2004)
GEM +bevacizumab 21 38 NA 54 Kindler (2003)

NA : not available, GEM : gemcitabine

=3 EFEEICHT 2 SHHRSSE L gemcitabine BEIENE ) LEEEAER (55 11 AA5ER)

Py o | EwEO) | P Eﬁﬁ??f RME | o e
GEM +5-FU 160 7 NS 6.7 0.09 Berlin (2002)
GEM 162 6 5.4
GEM +cisplatin 53 26 0.02 7.5 0.43 Colucci (2002)
GEM 44 9 5
GEM +cisplatin 98 10 NS 7.6 0.12 Heinemann (2003)
GEM 100 8 6
GEM -+ oxaliplatin 157 27 0.04 9 0.13 Louvet(2004)
GEM 156 17 7.1
GEM +irinotecan 173 16 <0.001 6.3 ' 0.79 Rocha Lima(2004)
GEM 169 4 6.6
GEM +tipifarnib ; 341 6 NS 6.4 0.75 Van Cutsem (2004)
GEM | 347 8 6.1 -
GEM + marimastat ‘ 120 1 11 E NS 5.5 ‘ 0.95 Bramhall (2002)
GEM [ 119 | 16 5.5 }

NA : not available, GEM : gemcitabine
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BR S ANRERFS IR L LAY, BRTO UM S 7 R % B ATETRARE & M

s BATEITREE (XL T, BEHREFBRENMBELR L ZEAON TV D,

HEH LR E AR T - BFnETHRESRED MST (3 10~12 » BETETH 5.

=4 BFLETEREICHY 2 EIEA{CILEEAR

| HARS B
ML SNy U T wEH
40Gy +5FU o atiRE R (40Gy) 64 ‘ 10.4 vs 6.3 <0.05 Moertel (1969)
40~60Gy +5FU st igE R (60Gy) 194 10.1~10.6 vs 5.7 <0.01 GITSG(1985)
40Gy +5FU {bze kB (5FU) 91 8.3 vs 82 NS ECOG(1985)
54Gy +5FU 1L 3rEE L B (SMF) 43 | 105 vs 8.0 0.02 GITSG(1988)

SME : streptozotocin, mitomicin C, 5-FU, NS not significant

PIERER R RS WA, BFAOBEO: D
W YIRS RS R xR e LTIThbNTn 5,
BETTHED % < 13, EEEIR EBFEER
73 ¥ OFEERBIIRA DBIED I O W IR EE & H
Wranl-tichs, H»REBIEEELET 54
TR R & 5 O R ATE R O FEar R SR T HARr
T& T, {EHEELFEREND.

2. WS ENER
EFTETTRSE T U TE, BRI ER IR
SRRk, £ s bR LT ERE L &
g U7z HLARSER S L g Ci 4 BEBfTh
TEY, 025 15EER IFEBICBNLT,
AR E D MST 282 v b o — VD
MST &0 b FAECENRTWIZELD., chod
A D KR T, BETM bR R E
TREEE T A EHE R & LD o Tw
%, 5-FU i3t U ¢ idgig bk % 1T
TAHRCELAVONTWAIEFITH D RITIE
TESTHART P e TR B9 5 ESEIR E B -
Twa, B 1I2YBETIT» T 2 IR LRk
OFEERT, 5-FU FRABREHILFERLEO E 2
BIVEFE, RACRIR, B, WG L OMILEE
RosebuaTh D, FOM, CINERLTHRZEER
DB EWH DD, FHREIEE—RCEETDH
3, MEEBERLHEEINTDH LN, HERSB
L OVEERER I TP R OMRICEE T 2 565D
BB, WML EIEE 2 0 7 BETET RS S

| 5-FU: 200mg/m?/day FihtgiE

a»l

AR AR

Radiation : 1.8 Gy X 28 fractions (50.4 Gy)

1 5-FU EFdsstBMatsbsEE

D MST 1 10~12 » B £ 3 58EBE .

3. BT L LWiaHREE

a. GEM #rRASR{LERE

5-FU Lo HiiE#l & L T i cisplatin # pa-
clitaxel BHE SN TV BB RFZKERES> N
Tz, gemcitabine I ETHERE I L (k&
BEETOBOE—FRETH D, BEIRERE
REbET 570, BEHRHEE L OFFRICHAR D
£330, 2L OBEKABRPTTONTE R, Ly
L, gemcitabine % ffF U 72 G LB,
fESke D ik & B U CIHALE B S B B D3 T
WBENIZ H D, KR T 5-FU RS
BRI M EEIZFHIEE SN TWRWY, H
B CfT - 72 gemcitabine #f A SR (LFEFRE D
MSTE 9.5 » HTH o725,

b, BN THR

75y 7 — 2 (Bragg peak) B H L, HEEHOD
SRR AR R E PSR T B 5 R FRRE I,
vol.22 no.2 2005
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B 209 2 SHR L SEEEADIRIC
gemcitabine & BEHREUEDNHA,
HATIES iR ER 21T

) T DIERBEAED,

LAERENTOLSHERIE5-FU TH 2.

HAEES M BRG] 2R

SHRDETH D,

WLAERTH D,

FEARD X R L AHE I A F BT R AT <
BEREO & 5 A SRS TIEIBIE IR LT b bt
RS S L, BUERRABOT DN TV 5

EHVYIZS®
(b, WEHMEEOMES I LD, ETRE
Wt U T b BRI JEYIRR L & 5l A B S D3
2TCE, UL, HEEZOTFRIEISRETR
THY, LOEBENIIBEHEDRFHRD o TY
é.%@t@miﬁbwﬁﬁﬁwﬁ%tt@m
whEE X < SBhmsk S HEE U CHRIREABR &= K 4 7z
HOBIBEAEFET AN DBETHEETH
5.

Xk

1) Burris, H. A. 3rd, Moore, M. J., Andersen, J. et.

al. : Improvements in survival and clinical ben-
efit with gemcitabine as first-line therapy for

i EJII Iié—- z«?iéﬁll:ﬂ--kl?‘f’:%&#%

4)

(2]
~

D —iE % Iz & DWEIRIFIEEIEICZ B 7
x%«thyuvmnw@

G2y
fuﬁ

éﬁiﬁ

AB¥120 B4 &Rl FEff 2,520 (#142.400/M+% 5 %)

patients with advanced pancreas cancer: a
randomized trial. J Clin Oncol 15 © 2403-2413,
1997

Tempero, M., Plunkett, W. \/ an Haperen, V. R.
et al. : Randomized phase II comparison of
dose-intense gemcitabine . Thirty-minute infu-
sion and fixed dose rate infusion in patients
with pancreatic adenocarcinoma. J Clin Oncol
21 1 3402-3408, 2003

Ueno, H., Okusaka, T. lkeda, M. et al. - An
carly phase II study of S-1 in patients with
metastatic pancreatic cancer. Oncolocry in
press

Berlin, J. D., Catalano, P., Thomas, J. P. et al. :
Phase III study of gemcitabine in combination
with fluorouracil versus gemcitabine alone in
patients with advanced pancreatic car-
cinoma : Eastern Cooperative Oncology Group
Trial E2297. J Clin Oncol 20 © 3270-3275, 2002
Okusaka, T., Ito, Y., Ueno, H. et al. . Phase II
study of radiotherapy combined with gem-
citabine for locally advanced pancreatic can-
cer. Br J Cancer 91 : 673-677, 2004

J0—F 1!

BRI 1 B D 5 ,%ﬁu§&;b,%i,
B, R, SHIELReEnERe, M-
A *“%&k%ﬂ&\%@%@,bm%

A%ﬁ,+%ﬁﬁﬁ%%®%r77 G
DEE, WEEOR, BRMEREICES
FC, W —OHEFZEEICHVWTZVYANA
bl g L EH, HRENEEECF — AR
DL AT L HVAY Y TILBEDLDOE,

MEE
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R DALERE LR &gk

Key Words : B, ﬂ:???& 6‘1—\/571:”?/

BE HESWIRBRELLBRECTLISELOE
BILETRORETRERIN, TOFRIIED
TRETHA. BEBREOTFREUET LD
12k, BRI O#ER S L bk
BUFNREEOM LS LETH L. HITHE
KR LTS A Y ¥ ¥ ¥ (gemcitabine) 2SBAEE
CEHENTWDEY, ZORIRICEBRERS Y,
& B ITENBREE RO THRIERI S H
HRAREOBEIERITbATWS, AT
RENSOFH L EBEBREORMIOVT, &
EOHEE PRI T 5.

LSS 2005 ; 7 : 667-672
i

BRI TR 2 BAPEED 72 DI L TH
D, NI L BTERDOE 5 L% DT 5. B
BWHSES U722 BE T b K O BRI TR ORE
TRREENTEY, BEEELAD S ELEFRIT 5%
%ﬁk@bf?ﬂf%étbt#of,ﬁrﬁﬁw

* Chemotherapy for Advanced Pancreatlc Cancer : Present and.

Future-

1) Bxd Aty 5 — P REEFIEENE (D 1040045 K
FAP R X 5T H 1-1) Hideki UENO, Takuji OKU-
SAKA : Hepato-biliary-Pancreatic Oncology Division, Na-
tional Cancer Center Hospital, Tokyo ‘

FRUEFO-DIZIE, BRPBWHEMOEEL 2 B2
LR 2 S0 72 BREO N LS NETH 5.

BERR T U C i HE 3 S—fluorouracil (5-FU) % g0
& L7ALSBEDITh T & 7208, 2 0BEHEIX
WRTE S b DT 72 Bumish” E£FTHES
BRI gemcitabine (GEM) & 5-FU D4R AL L Eis
E% (randomized controlled trial : RCT) % 47Vy, GEM &
DIT) A5 5-FU B L D B L 2 ITERBMR; B
L UEGFRPENR TV &% 1997 E£I28HE L
2. CORRBRITTCERIETHETRBICHNT S
GEM D% I HRBR AT b, 2001 4F 4 B ICHEREIC
¥ 5 GEM OMRBGEF 25K & N7z, Bumds 5 D3R
HELED, GEM OBRICH T 258 L 24aM Ik
ReCEMENTH Y, GEM IZERE, ETEE I
TAHEBROTEA L LTEEBRINTV S,

L2 L, EATHERE IS 5 GEM ORI RIS RR 45
D (EHEs ~ 15 %% ¢ H= 77 1 18 b 08 (median survival
time ! MST)5 ~ 6 2 A8I#%), & b WEBR-REE
% ROT GEM % Hl & L7 S R ARER ST
REA 2 EUHPPBR ORFE L EFREBINICTD

NTW5, KB TREZNGOH LWMEEEEICo W
T, REHRE S NBRBBROBE L P OICEH T
5.

| iemmmions s eems

GEM DBEHRSELY b ELICEN-EEELH

1344-3399 /05 / ¥500 /&3X/ JCLS
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tisk

1 ETHBICHT 5 MR RIALE (gemcitabine LI51)

il WEE I EWE (%) MST(H) ik

5-FU - Leucovorin Rijswijk & 37 9 4.4 Eur J Cancer 2004
5-FU + Eniluracil Rothenberg 5 58 8 3.6 Ann Oncol 2002
Capecitabine Cartwright 5. 42 10 6.1 J Clin Oncol 2002
s-1 Ueno 5 ' 19 21 5.6 Oncology 2005

S-1 Furuse 5 41 37.5 8.8 ASCO 2005
Raltitrexed Pazdur 5 42 5 NA Invest New Drug 1996
Pemetrexed Miller 5 42 6 6.5 Ann Oncol 2000
Oxaliplatin Ducreux 5 17 0 3.4 Ann Oncol 2004
Paclitaxel Gebbia 5 14 0 7.2 Eur J Cancer 1996
Décetaxel Okada 5 21 0 3.9 ‘Br J Cancer 1999
Docetaxel Rougier 5 40 15 7.0 Eur J Cancer 200'0
Topotecan O'Reilly & 27 0 41 Anti-Cancer Drug 1996
Topotecan Scher 5 35 10 4.4 Invest New Drug 1996
Irinotecan Wagener 5 34 9 52 Ann Oncol 1995
Irinotecan Funakoshi 5 37 27 7.3 ASCO 2004
Exateéén Cheverton 5 169 0.6 5.0 ASCO 2004
Marimastat Bramhall 5. 102 3 4.2 J Clin Oncol 2001
BAY 12-9566 Moore 5 138 1 3.7 J Clin Oncol 2003
Tipifarnib Cohen 5 20 0 4.6 J Clin Oncol 2003

MST : 477 AR 48, NA : not available

(T RREFIR)

1 s-1 =5

“a. MR, b 3 I—R% :
S-1 3 a—XMEATH, WRFE, HEBLbHCEFRICHIL, K
RIEROYEE BTz, ‘

FETIEHRL, F—N—F5 9 UL HEELERIN
Twh. £72, GEMARFIINTAEL Y FS5 4
VHRROHEDEEDERLRETHY, Hr ik

B 37201, ©GEM OREFENTE, OFE
FAAI OB, OSHAGRREORS, & LI
BB LTRALN TS, IO L7

668 HILEEGR $T7EH$E5F 200549H



HEATHEIE A~ DO PR

EPHZ T2,
- BJ]SEM D|EFHEDTX
A~ -
" gemcﬁf,’—?rént GEM ATV v BL & S -
7 ine triphosphat 7 _L < S o o
 RET5. GEM i phate & % > THIEH R % S won, S8 8 3
T BHEN— MY, GEM % 30 AN THS: ggsgfglffalids
o = M = 10 2 . ; .___:;Oooas ONC,SO
KBS 5 B - Sus oo oom o 51688853686 ¢ §29
sion) THE, X b A&  fixed dose rate infu- 228§22925° o
&&Z?Mﬁ@ﬁ%éﬂt Tempero 5”14 E‘i% #lg x
) 00 me /' /150 %, W1 BIx 3 WREE 1 cggaggoraged
WAL . b % o : N ) O -
b’l[ﬁl;’f 30 5 D51 (2,200 mg / m*/ 30 5 ok SS3383s 5
Z L o, 238 =
I2 1 B) & ORAEBILILES TR i 2le
, MST B L 1 HHEER R -
ll‘f:ck%#&%bf’ é%boﬁﬁﬂziﬁ%ﬁ)@hf @ Sl N o o © 6 W @ z
G &3 z. BLITBUE, I O@EEEE #| |®
EM OIEH 2 531072 ) 182 2 Ic HEHER AREiE
B¢ I AR ER AT FAPITDONT, K £ = S oMo o
> AR ﬁ‘{Tbﬂ’L"C\,)Z)(ECOG 6201) ’ kS i 0 © N O W oo E < 2: <t oo
2. %ﬁﬁﬁﬁﬁ]@ﬁ% 1). "é o 0 © 10
BRI S BB B C g '
y o RIS 5 GEM L o |m -
f?ﬁ%mj‘(ﬁﬂa Docetaxel ail%ﬁ%i?ODﬁ%ﬂ ¢ 2222 g 5§23 S2290
2H R S v : = p =
é;ﬁxﬁs‘%‘—ﬁﬁiﬁb:ﬂbr;ﬁzgg,M,ﬁ. )JL;&B;E‘. B o sy =®=*=
BRTIER ST E ~ 729t €D NS
RHZE IFYRATER S N0 72, Topoi ? £ E’& @ ® - ®
=D irinotecan {3 S poisomerase I g h v e T S S B R
BONHT 54 it || I Sgéeres
: - Hﬁ%ﬁgﬁ——c L - i £ T
g CHO . RN 21%, 77 s |®
can B BEEOESICE 72 ¥%3, irinote- s|Bv N NKNO oM« ~
Tu g, B ERCE ST 5P RB S 2 {RE SR INews
AR L\(\to i ! 2 z - ( ©
- ’ poisomerase I Fi & #| T e
exat z e — = T?)% ;H' iy .
ecan IZB L CUd, EITHERE #3 R I E #lo w o o '
vs. GEM @ RCT 37 b N7, exa Z exatecan = |88 888888L8% =
50 73))}% GEM?:E@ [ exatecgmﬁ@MSTﬁ§ 1’ g (uf; 22 ,': N cﬁ") § 8
w2 > N ’ ‘ = =
EEB = E T VMSTZI* 6.5 %* A T GEM H#l % | 5 o
LmEs = HCTEBPo? EBODT 9L ol Fgegy 2
//;ﬁﬁ%%ﬂ@capecitabinebiﬁ* ’ S| AR I = eg v o & § :‘!? gxon £
DHRTEY, #T '- LS B SE D o IRSRC I B
w1 109 y, EATEREICHT 2 8 T ARROES . 2
;..5) 1(;3@37)07‘:73}3‘, 24%b:ﬁqj¢@&%i)§§ﬂbgfz : B = g
[ > S - ] as , o . o =)
N , bAECERINBODOT vikY ls = ﬁhng 2@ ﬁ z 0 %
IV VREAHO S-1 1B LT 7AEEY e e EnEatg IS
. LICELCit, PRz | e 8 T g5 E o5 = & S
IS B AR A A L, R RS M lcgEsgs2t 2 >3 502
o 5 RERT37.5% (15/40) DE% - 55’5’—:’%-9'6%35&’50%’ =
L IPADOMST HRE S h, EHE o 2823202828
S-1AKH) LB, FEERBAE RT3 e, |
- g, H:Fﬁl{ . g -
1. BIEAID CT 475 (= g X
A TFRERYT . o 5 o »%
Y ﬁf(ﬁ%mﬁm”ﬂ%%?@zﬁm@ﬁﬁﬁ = | 353 £ c . B =
Wk BRI A S B IR Bl TEiiscsifpgize
I LT i %%%g%a%%éggéﬂ
= [Te) 0 9 c T = 5 "
FEesdsEszei|b
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i

#=3 Gemmtabme N L.S'd"d‘%‘fzﬁ/ K5 L BREORE

AEE $hiEE EHIE == (%) MST(R) X

Irinotecan + Raltitrexed Ulrich-Pur 5 19 16 6.5 Br J Cancer 2003
MMC + Docetaxel + Irinotecan Reni 5 15 0 6.1 Cancer Invest 2004
Irinotecan + Oxaliplatin Cantore 5 30 10 5.9 Oncology 2004
Oxaliplatin Androulakis 5 18 0 NA Cancer Invest 2005
GEM -+ Oxaliplatin Van Laethem 5 33 23. 4 ASCO 2004
Raltitrexed -+ Oxaliplatin Reni 5 38 24 NA ASCO 2005 -
Capecitabine + Erlotinib ~ Blaszkowsky 5 30 11 5.7 ASCO 2005

5-FU -+ Leucovorin <+ Oxalipiatin . Oettle 5 23 NA " 48 ASCO 2005

MST © 7FEARIhR{E, NA :not available

7.—:&2» BNTWA5. Marimastat <° BAY12—9566 i, ﬁ*ﬁi
B4} matrix % 2% 5 8% T2 % matrix metallopro-
teinase RPAE L, BORERIMT LI L AHIRF S

NTERsN:-EHTHE. T, PSRBT Kras D2

RERFBERICAONDZ LICHEHL, ras EZAHD
Bk 3BT M E 7 famesyl 1L % H14l -+ 5 farnesyl
transferase KL Z#| (tipifarnib) A& T 5. &
bz, LERERFZERH (epidermial growth factor re-

ceptor : ECFR) D€/ 7 1 — FIWVHARTH 5 cetuxi-

mab P BIRWEGFRRF u ¥ v ¥ F—EHEH O
erlotinib, 1% PN FZ LR B B F (vascular endothelial
growth factor : VEGF) [HEH] D bevacizumab 7 ED53
FEGEAZOVTHBRRBRIEATYS. & ~n
5DH B, manmastat ¥ BAY 12-9566 13, ThEh
GEM ¥k 0T I ARBATb A, fAh
OREIC BT D GEM B % EE A EAUE L
hholz™?,
3. SHGREEORSR
GEM BB BE TH 5 I L2 bMOHR
R E B L F <, GBM % &0 - R
BT A LWIBERROHPLOREFEL 2o T
%, BETIHAEESS MAARBDBERIYLT
FhNTBY, BEIMRSTHRE STV (&
2):

5-FU i € 2 & BRI L'C&éﬁi EnTERH

% %1 T ® Y, bolus injection, continuous infusion,

leucovorin & DPEA, 7 ERRA 2 J5HEE AT GEM
YofERRALNT &L, LAL, Beln SRebiN
4772 GEM & 5- FU bolus injection & DA -3 P
GEM BJ##EH: & O RCT T, MST YR 6.7

A, GEM BB 5.4 2R 'cﬁi‘%% Rdehoi &
7=, GEM IZ 5-FU & leucovorin PHELEZVIAVD
RCT b 47N 7=2%, BEFEBED MST 13 5.85 * A, GEM
B O MST i3 6.2 2B TE%LE Ao 720, B
ETIE, SFUOTU FTy 7 Thb capecitabine &
GEM OHEE#EED RCT 2547 b, £F KRB R
7 (KPS 90-100) B T i3 MST »% bF JI # 10.1 2> A,
GEM BB 7508 LA EE (p = 0.02) ERDI D
DD, KPS60-80 DEBE D HH - EFITOE TR
HEEID D o7V, Cisplatin & GEM & TR
BEAT LI L HERAORIPRF I NIF,
Colucci b ?%¥T o 72 RCT TiF, GEM + cisplatin &
O GEM B X ) b BB MEBET M
HENTW b0, EFEHEROEELERIRD
frdno 7o, FIRELZ, irinotecan % pemetrexed {2 B8 L
b, BEAEOES ASCGEM B L Y BENRARFHE
RRL7Z2DO0O, EERHOERICEIFS Ledo
72110 SRS MH TH S oxaliplatin & EEE
% GEM % $tF L72 Louvet 5™ O#E T, B H
B3 PR ERBAFHEIERICENT
BYESINY, AFEHBCRARESRDON
% & o 72 (MST9.0 2* A vs. 7.1 A, p = 0.025).
GEM ¥ oxaliplatin OB FIHEE B L CRIAEKRET
% 5 I ABERERDT T B ) (ECOG 6201), & D
ERFINTWAS.

AFREREEH] T, marimastat tipifarnib & GEM
OBt AEEOS I HRBEIMTO Nz, GEM R
gkl OMICAEHBOZEZ RO ol P, —
¥, 2005 4E DK EEEF 4 (ASCO) T, BGFR T H
3 V& J — PRAEH O erotinib & GEM DB AFE

670

WiLREE S75 855 2005F9A



A GEM HAFEL ) AR CAFYHAERE L
CEPHEINFERRED. L L, FOEFA
3 (MST6.4 %A vs. 5.9 BB, p = 0.025), &BH
BECHLTIISORAFMABELEL LLTY
BH. DO, cetuximab =% bevacizumab 7 & O Pt
BOBKRABDSBERTHTH 5.

4 wHY T b3k

GEM B35, BERIT U CIL i 2B 1 1247
DX )T 072720, FNITHE S T GEMAEH
A 2 ZRIGROERMEISHE L T3, REHE
SNTERRABROMER LR 3 IWRT. CPT-11, ral-
titrexed, oxaliplatin, capecitabine % & 0 HERRIHT L
WHEHI 2 M AG L LI A YRS L RALNT
V3 %. 2005 4 D ASCO T3 oxaliplatin & 5-FU, leuco-
vorin D ff FIFEE & best supportive care O HLEIERERAS
fibh, ZRIBEEED S OEEH IR S
BPERICENL TV Z EXHE X N7- (MST 218
vs. 1038, p =0.0077)". EHEEE T GEMREBHIZL
THENVETA VOBEBBREIELL TV W
B, SHIOFTFCTHHRERET 5 2 & PEFS
nTwnas.,

| spuc

GEM OFEHFIZ LY, BIEIC T AL BEIRE 2
EHERTCBY, BETRABELRROBED
MRS THRE ST 5. 2005 FIiCi, $DT GEM
BMIEE X ) QEEER Do CAEEPESERTA
72338 (GEM + erlotinib) D58 X M7z, S FREHE
HEGUREEOEFIZBELL, SHBIVELE
BV INDL Z L 2HFEL 2,

X ®

1) Bumis HA 3rd, Moore MJ, Andersen J, et al. Improvements
in survival and clinical benefit with gemcitabine as first-line
therapy for paﬁehts with advanced pancreas cancer : a ran-
domized trial. J Clin Oncol 1997 ; 15 : 24032413

2) Tempero M, Plunkett W, Van Haperen VR, et al. Random-
ized phase II comparison of dose-intense gemcitabine :
Thirty-minute infusion and fixed dose rate infusion in pa-
tients with pancreatic adenocarcinoma. J Clin Oncol 2003 ;
21 : 3402-3408

3) Funakoshi A, Okusaka T, Ishii H, et al. Phase II study of iri-
notecan (CPT-11) alone in Patients (pts) with metastatic pan-

4)

5)

6)

7

8)

9)

E1T BB~ DO PR

creatic cancer [abstract]. Proc ASCO 2004 ; 23 ; # 4102
Cheverton P, Friess H, Andras C, et al. Phase III results of
exatecan (DX—8951f) versus gemcitabine (Gem)in chemo-
therapy-naive patients with advanced pancreatic cancer
(APC) [abstract]. Proc ASCO 2004 ; 23 : # 4005
Cartwright TH, Cohn A, Varkey JA, et al. Phasé 1T study of
oral capecitabine in patients with advanced or metastatic pan-
creatic cancer. J Clin Oncol 2002 ; 20 : 160-164

Furuse J, Okusaka T, Funakoshi A, et al. A phase II study of
S-1 in patients with metastatic pancreatic cancer[abstract]
Proc ASCO 2005 : i 4104

Bramhall SR, Rosemurgy A, Brown PD, et al. Marimastat
Pancreatic Cancer Study Group. Marimastat as first-line ther-
apy for patients with unresectable pancreatic cancer : a ran-
domized trial. J Clin Oncol 2001 ; 19': 3447-3455 .

Moore MJ, Hamm J, Dancey J, et al. Comparison of gemcit-
abine versus the matrix metalloproteinase inhibitor BAY 12—
9566 in patients with advanced or metastatic adenocarci-
noma of the pancreas : a phase I trial of the National Can-
cer Institute of Canada Clinical Trials Group. J Clin Oncol
2003 ; 21 : 3296-3302°

Berlin JD, Catalano P, Thoras JP, et al. Phase III study of
gemcitabine in combination with fluorouracil versus gemcita-
bine alone in patients with advanced pancreatic carcinoma :

- Eastern Cooperative Oncology Group Trial E2297 J Clin On-

10)

11)

12)

13)

14)

15)

col 2002 ; 20 : 32703275

Riess H, Helm A, Niedergethmann M, et al. A randomized,
prospectxve multicenter, phase Il trial of gemc1tabme 5
fluorouracil (5-FU), folinic acid vs. gemcitabine alone in pa-
tients with advanced pancreatic cancer [abstract]. J Clin On-
col 2005 ; 23 : 2005, ASCO Annual Meeting Proceedings 3
4009 -

Herrmann R, Bodoky G, Ruhstaller T, et al. Gemcitabine (G)
plus capecitabine (C) versus G alone in locally advanced or
metastatic pancreatic cancer. A randomized phase TII study’
of the Swiss Group for Clinical Cancer Research (SAKK) and
the Central European Cooperative Oncology Group. Proc
ASCO 2005 : '# 4010 -

Colucci G, Giuliani F, Gebbia V, et al. Gemcitabine alone or
with cisplatin for the treatment of patients with locally ad-
vanced and / or metastatic pancreatic carcinoma : a prospec-
tive, randomized phase III study of the Gruppo Oncologia
dell’ Italia Meridionale. Cancer 2002 ; 94: 902-910

Rocha Lima CM, Green MR, Rotche R, et al. Irinotecan plus
gemcitabine results in no survival advantage compared with
gemcitabine monotherapy in patients with locally advanced
or metastatic pancreatic cancer despite ‘increased tumor re-
sponsé rate. I Clin Oncol 2004 ; 22 : 3776-3783

Richards DA, Kindler HL, Oettle H, et al. A randomized
phase III study comparing gemcitabine + pemetrexed versus
gemcitabine in patients with locally advanced and met_aéiatic
pancreas cancer [abstract]. Proc ASCO 2004 ; 23 : # 4007
Louvet C, Labianca R, Hammel P, et al. Gemcitabine in com-
biriation with oxaliplatin compared with gemcitabine alone
in locally advanced or metastatic pancreatic cancer : results
of a GERCOR and GISCAD phase 1T trial. J Clin Oncol

HILERER H7E 558 2005429 A 671



i35

2005 ; 23 : 35093516

16) Bramhall SR, Schulz J, Nemunaitis J, et al. A double-blind

placebo-controlled, randomised study comparing gemcita-
bine ‘and marimastat with gemcitabine and placebo as first
line therapy in patiénts with advanced pancreatic cancer. Br J
Cancer 2002 ; 87 :.161-167

17) Van Cutsem E, Van de Velde H, Karasek P, et al.APhase jH]

trial of gemcitabine plus. tipifarnib compared with gemcita-

bine plus placebo in advanced pancreatic cancer. J Clin On-

col 2004 ; 22 : 1430-1438
18) Oettle H, Pelzer U, Stieler I, et al. Oxaliplatin / folinic acid /
5—fluorouracil[24h] (OFF) plus best supportive care versus:
best supportive care alone(BSC)in second-line therapy of
gemcitabine refractory advanced pancreatic cancer (CONKO
003) [abstract]. Proc ASCO 2005 : # 4031

| O EdE %
= =%

SEHRR EIRB X Y BTz NEET T A

ERST Rk PER A LN )

BETRCTL2BEMIEM 2N, BExd bIRFE R
DESHEEDE L IIChot. HE, BECKBEEDIET

TEREPEVETLTE TV ADIES, BEEXATIIES

REFEEFVTZCEALTHY, BEIBREL TRV
b2 s, BEEERHRE(HERRES) CInTK
TBHIBRBIO S EEFRIIH 13%ICEE R VDY, 2em BN
O/NEE TR I NIEH 30% I ET 5, UL, /ME
B OEBIBITLRIBIED D 6% (87 H1) (1999 FFELEHRE)
KBETED OB COFRETHS. LidtsT, Bl
DRERHEE BT BT, NEEEWPICRLRETS
PEHPoTVREE Vo THBE TR,

FEZ, RE, BREROWE, SARBRCWMYEATS
BN KR - BEAR, WIDETAeA & BhiERgs
FHRECTHIRS hiz, AEESTICER ® H T textbook
REFTIERL, AEFIDTLERDNS., FAHIBLA
B, NRE 3S EPI R ERENT FSRELT—BICEL

HONFEILTOPORERELLY, FLOMER, B

AEBESETECHPREELZEBEL LU/ F Y
RREDCBEBET A B4 VMRS ho0dh 5.
WOkAEDEBREEL LTHY $LO/E SN TEY

BESED LR FEPS T FNERET PSR

ThHHLVEZB. T, FEOFYE LTHEXK L AEE

T L ESIME SRR SN, SEADEEOFRE LT

5. EARMICAECEBEISATWAEER L TROLET
5%3. ,
AETE, MNEEQBERRBAO R EITh I 356

ownT, WREE, WERE, SEER, L TUBRERD
BE, Yyr—7, HEITEHEICILH VL. £ED
A—IVZRHITRPEINTEBY, [HERKE &R T
KL NS, [HERE & ARE ], 8B & ANEEL 2 Yo &
12, HEDETH LM ARBRERIMNEBEORRID
BAD I EERBIELVEVIEEORRLF L (E
NTV5. WRSNERSP S, MEBRROBIRIZE
STV AEDRBERERGRORBENELY S, HhLAM
BER, 794<VBR, —RARCEDIEMZ LTS
BIEHbHDL. TOERT, KEIIE  BEERIN
DEENTZDIRBL-w—HTHs. AFITEERSI—
EBRTBESOMECER S A, BEBETR L L
Ehi e,
MNEBORRRBERETRRVIIKKELRTHSE R, &
RENTEFZ T L EBEREO X o2 0% { HEEE
EBERETHDE LB, BET—I—RLIRIELA
EHREREETHS. AEBETED LVBE S AL ESRE
EHRBRENE (B 20, NEEOBNORIICE 50
PbLhiwv. SMEBEOMBERBREPLTOEITL I,
P, BHIRRRO LR BESEOBERE R LS ¢2
LB EDTHY, FEORLTRELEE IS
L7=vy,

Ad - 184 B - ZEH 15,750 M (A 15,000 F-+8 5% )
2005 £ [ISBN4-260-12267-3] EXEE5RT)

672 HILES HBT7EESE 200549 A



Jpn J Clin Oncol 2005:35(12)733-738
doi:10.1093/jjcolhyil 90

Phase | Study of Fixed Dose Rate Infusion of Gemcitabine in Patients
with Unresectable Pancreatic Cancer

Junii Furuse', Hiroshi Ishii', Takuji Okusaka®, Michitaka Nagase', Kohei Nakachi', Hideki Ueno?,
Masafumi Ikeda2, Chigusa Morizane® and Masahiro Yoshino'

"Division of Hepatobiliary and Pancreatic Medical Oncology, National Cancer Center Hospital East, Kashiwa, Chiba
and 2Division of Hepatobiliary and Pancreatic Oncology, National Cancer Center Hospital, Tokyo, Japan

Received July 20, 2005; accepted September 24, 2005; published online November 22, 2005

Objective: The purpose of this study was to determine the feasible dose of gemcitabine when
administered as a fixed dose rate infusion (10 mg/m?/min) on a weekly schedule to Japanese
patients with unresectable advanced pancreatic cancer.

Methods: Patients were required to have histologically or cytologically proven locally advanced
or metastatic pancreatic cancer for which they had received no previous chemotherapy.
Gemcitabine was administered intravenously weekly for three consecutive weeks every
4weeks. Patients at three dose levels were scheduled to receive escalating doses of gemcitabine:
1000 mg/m? over 100 min (Level 1), 1200 mg/m? over 120 min (Level 2) and 1500 mg/m? over
150 min (Level 3).

Results: A total of 16 patients were enrolledin this study between December 2003 and September
2004. Maximum-tolerated dose was not reached during the first course. Dose-limiting toxicity
was Grade 4 neutropenia. Grade 3 or 4 neutropenia was observed at Level 3 in all six patients in
the first course, and administration of gemcitabine on Day 8 or 15 was skipped in all six patients.
Non-hematologic toxicity was mild and the most common symptoms were anorexia, nausea and
vomiting. Partial response was achieved in 1 of the 17 patients (7%). Median overall survival was
7.3 months.

Conclusions: Gemcitabine administered at a rate of 10 mg/m?/min was tolerated up to
1500 mg/m?, but 1200 mg/m? represented a more appropriate recommended dose in further
studies owing to neutropenia in Japanese patients with advanced pancreatic cancer.

Keywords: advanced pancreatic cancer — systemic chemotherapy — gemcitabine ~ fixed dose rate infusion

INTRODUCTION

Pancreatic cancer is the fifth most common cause of cancer
death in Japan, with an estimated 19000 deaths annually (1).
Early-stage diagnosis of pancreatic cancer is difficult because
of the lack of specific early symptoms, and surgery with cura-
tive intent can be performed in only 5-20% of patients 2).
The prognosis for unresectable pancreatic cancer remains
extremely poor.

Gemcitabine (2',2'-difluorodeoxycytidine) is a novel pyrimi-
dine antimetabolite with a broad spectrum of antitumor activity
against various solid tumors, such as pancreatic and lung
cancer (3). This prodrug is initially phosphorylated by deoxy-
cytidine kinase to gemcitabine monophosphate, with subse-
quent phosphorylation steps yielding gemcitabine di- and

For reprints and all correspondence: Junji Furuse, National Cancer Center
Hospital East, 6-3-1, Kashiwanoha, Kashiwa, Chiba 277-8577. Japan.
E-mail: jfuruse@east.nce.go.jp

triphosphate (4). Gemcitabine triphosphate inhibits DNA syn-
thesis by competing with deoxycytidine triphosphate for
incorporation into DNA by DNA polymerase (5). A dose of
790 mg/m? gemcitabine weekly for 3 weeks every 28 days was
recommended for Phase II studies on the basis of a Phase I
study in which gemcitabine was administered as a once-weekly
30 min bolus infusion (6). This dosing schedule was used in
subsequent Phases II and TII studies, and once-weekly 30 min
infusion of the 1000 mg/m” dose was subsequently selected as
the standard schedule (7,8). In a randomized clinical trial,
gemcitabine was confirmed to provide a survival advantage
over 5-FU in addition to symptom-relieving benefits in patients
with advanced pancreatic cancer (8). Based on these resuilts,
gemcitabine has generally been accepted as the standard
chemotherapeutic agent for advanced pancreatic cancer. How-
ever, the advantages in terms of survival rate are inadequate,
and various chemotherapeutic regimens have been investi-
gated in clinical studies in efforts to prolong survival.

i* 2005 Foundation for Promotion of Cancer Research
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The cellular pharmacokinetics of the active metabolite,
gemcitabine triphosphate, in mononuclear cells have been
examined in previous studies, and the rate of gemicitabine
triphosphate accumulation and peak intiacellular concentra-
tion were highest at a dose rate of 350 mg/m2 over 30 min,
during which steady-state gemcitabine levels of 15-20 pmol/l
were achieved in plasma (6,9). A dose ~10 mg/mz/min that
achieves plasma gemcitabine concentrations of 15-20 pmol/l
would thus maximize the intracellular rate of accumulation
for gemcitabine triphosphate. This schedule of gemcitabine
administration, with fixed dose rate (FDR) infusion of
10 mg/m*/min, would enable exposure to higher concentra-
tions of gemcitabine, and should improve clinical efficacy.

Phase I studies of FDR infusion of gemcitabine in the United
States recommended a Phase II dose of 1500 mg/m2 (10,11).
A subsequent randomized Phase II trial comparing this FDR
gemcitabine infusion schedule and high-dose gemcitabine
(2200 mg/m?) using a standard 30 min infusion showed
improved median survival time for the FDR arm (12). The
FDR infusion schedule is expected to become the optimal
method of gemcitabine administration, but has not previously
been assessed in Japan. We, therefore, conducted a Phase I
study to determine whether FDR infusion of gemcitabine would
be tolerated in Japanese patients with unresectable advanced
pancreatic cancer. The primary objectives of this study were to
confirm whether the recommended dose in the United States,
1500 mg/m> over 150 min, would be feasible in Japanese
patients and to determine the relationship between dose and
toxicity for gemcitabine administered using the FDR infusion
schedule. The secondary objective was to evaluate antitumor
activity of the schedule.

PATIENTS AND METHODS
PATIENTS ELIGIBILITY

Eligibility criteria for enrollment in the study were as follows:
(i) histologically confirmed pancreatic ductal adenocarcinoma;
(ii) unresectable locally advanced or metastatic disease;
(ii1) no previous treatment for pancreatic cancer except sur-
gery; (iv) age 220 and <74 years old; (v) Eastern Cooperative
Oncology Group (ECOG) performance status of 0-2; (vi} ade-
quate bone marrow (leukocyte count 24000 cell,s/mm3 , plate-
let count =100000 cells/mm® and hemoglobin =9.0 g/dl),
renal function (serum creatinine concentration =upper limit
of normal) and hepatic function (serum bilirubin level
2.0 mg/dl, serum albumin level 23.0 g/dl, serum aspartate
and alanine transaminase (AST and ALT) levels =<2.5 times
upper limit of normal); (vii) life expectancy =8 weeks; and
(viii) written informed consent from the patient. Percutaneous
biliary drainage was performed in patients with obstructive
jaundice, and these patients were required to have serum
bilirubin levels of 2.0 mg/d!l and serum AST and ALT levels
<3 times the upper limit of normal before enrollment. Exclu-
sion criteria comprised serious complications such as active
infection, active gastrointestinal ulcer, cardiac disease or renal

disease; central nervous system metastasis; marked pleural
effusion or ascites; symptomatic interstitial pneumonitis;
and pregnancy or lactation for women. This protocol was
approved by the National Cancer Center’s institutional review
board for clinical investigation.

TREATMENT METHODS

Gemcitabine (Eli Lilly Japan K.K., Kobe, Japan) was admin-
istrated intravenously at 10 1ng/n12/min, weekly, for three con-
secutive weeks, followed by a week of rest. This cycle was
continued until disease progression or serious adverse effects
developed or until the patient requested discontinuation. When
patients developed leukopenia of <2000/mm?>, neutropenia of
<1000/mm?, thrombocytopenia of <70 000/mm®, total biliru-
bin >2.0 mg/dl or AST and ALT levels >5 times the upper limit
of normal, gemcitabine administration was suspended until the
patient recovered. If a rest period of >4 weeks was required
owing to toxicity, the patient was withdrawn from the study.

STUDY DESIGNS

Patients at three dose levels were scheduled to receive esca-
lating dose of gemcitabine. At the first dose level (Level 1),
gemcitabine was administered at a dose of 1000 mg/m”.
The dose level was increased to 1200 mg/m” for Level 2
and 1500 mg/m? for Level 3. Patient cohorts had a minimum
of three patients at each level. If no dose-limiting toxicity
(DLT) was observed in the initial three patients during the
first cycle of treatment, the dose was advanced to the next
level. If DLT occurred in the initial three patients, three addi-
tional patients were studied at the same dose level. If two or
more of these six patients experienced DLT at that level, the
dose was escalated to the next level. The maximum-tolerated
dose (MTD) was defined as the highest dose level at which
more than two of the six patients experienced DLT during the
first cycle of treatment. If DLT occurred in three patients at
Level I, the dose was reduced to 8§00 mg/m2 (Level 0). DLT
was defined as follows: (i) Grade 4 leukopenia or neutropenia;
(ii) febrile neutropenia; (iii) Grade 4 thrombocytopenia or
Grade 3 thrombocytopenia requiring transfusion; (iv) =Grade
e 3 non-hematological toxicity with the exception of nausea,
vomiting, anorexia, fatigue and constipation; and (v) any toxi-
city requiring two consecutive skips of administration or a >4
week delay in treatment. Toxicity was graded according to the
National Cancer Institute common toxicity criteria version 2.0.

CLINICAL ASSESSMENTS

Physical examination, complete blood cell counts, serum
chemistries and urinalysis were performed at baseline and at
least once weekly after initiating treatment. Patients underwent
dynamic computed tomography (CT) to evaluate response at
4-8 week intervals after start of treatment. CT was performed
by obtaining contiguous transverse sections using the helical
scanning method at a section thickness of 5 mm. Tumor
response was assessed according to the World Health Organ-
ization criteria (13). Serum carbohydrate antigen (CA)19-9



jevels were measured monthly by immunoradiometric assay.
Progression-free survival was calculated from the first day of
treatment until evidence of tumor progression, clinical pro-
gression or death owing to any cause. Overall survival was
calculated from the first day of treatment until death owing
to any cause. Survival data were analysed using the Kaplan—
Meier method.

RESULTS
PATIENT CHARACTERISTICS

Between December 2003 and September 2004, a total of 16
patients were enrolled in this study. Dose escalation schedule
and the number of patients at each level are shown in Table 1.

The first administration of 1200 mg/m? of gemcitabine in one
patient receiving Level 2 was later found to have bcen infused
over 90 min, departing from the FDR of 10 mg/m?/min. As a
result, an additional patient was added to Level 2 and ultimately
seven patients were treated at Level 2. Patient characteristics
are shown in Table 2. The 16 patients received 60 courses of
gemcitabine. Median number of courses administered per
patient was 3 (range 1-9 courses). All 16 patients were evalu-
able for toxicity, but the Level 2 pauem not infused with
gemcitabine at a rate of 10 mg/m” 2/min was excluded from
the evaluation of DLT.

ToxiCITY

Toxicities of the 15 patients evaluated for DLT during the first
course are shown in Table 3. The first three patients enrolled on
Levels 1 and 2 did not experience any DLT, but one of the six
patients at Level 3 experienced DLT. MTD was not reached
in this study However, since all six patients at Level 3
(1500 mg/m* over 150 min) experienced Grade 3 or 4 neu-
tropenia after Day 1 or 8 of the first course and did not receive
the second or third dose of gemcitabine, an additional three
patients were entered at Level 2 to accurately determine the
recommended FDR for gemcitabine. Finally, no Grade 4
hematological toxicity was observed in any of the six patients
at Level 2, and Grade 3 neutropenia developed in three of these
patients. While five of the six patients received the full three
doses of gemcitabine in the first course, the remaining patient
did not receive the. thud dose owing to Grade 3 neutropenia.
Level 2 (1200 mg/m } was therefore selected as the
recommended dose for further studies of this FDR gemcitabine
regimen in Japan.

Table 1. Dose escalation scheme

Dose levels Gemci[abine (mg/m:/wk) Infusion time (min) n
1 1000 100 s
2 1200 120 7
3 1500 150 6
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Table 2. Patient characteristics

Variable No. of patients (n = 16)
Gender - -

Male 7

Female 9

Median age (range) 62 (47-74) years

ECOG performance status

0 11
1 4
2 I

Disease stage
Locally advanced 3
Metastatic 13
Site of metastatic disease
Liver 10
Lung 3

3%

Distant lymph nodes
CA19-9 before treatment (U/ml)

=37 4
>37, <1000 6
>1000 6
ECOG, Eastern Cooperative Oncology Group: CA19-9. carbohydrate

antigen 19-9.

Table 3. Toxicities across first course by patient

Dose levels

Level 1 (n=3) Level2(n1=6) Level3(n=6)

Grades Grades Grades

{2 3 4 1 2 3 4 1 2 3 4
Leukopenia o 0 2 0 3 1 2 0 0 2 4 0
Neutropenia 0 0 2 0 1 2 3 0 0 0 35 1
Anemia 1 1 2 0 2 3 0 0 4 2 0 0
Thrombocytopenia 1 2 0 0 2 0 t 0 O 2 1 0
Anorexia {1 0o 0 2 0 1 0 2 2 0 O
Nausea | 1 0 0 1 0 1 0 4 1 0 O
Vomiting 0L oo 0 0 ! 0O 1 1 0 0
Rash 0 6§ 0 0 2 2 0 0 1 3 0 O
Fatigue 2 00 0 2 0 0 0 0 1 0 0
Fever 0o 1 0 0 0 0 0 0 Lt 0 0 0
Mucositis 01 00 06 0 0 0 0 0 0 0
Alopecia 0o 0 000 0 0 0 1t 0 0O
AST. ALTelevation 0 t 0 0 1 1L 0 0 0O 1 0 O

AST. serum aspartate transaminase: ALT, serum alanine transaminase.

Toxicities throughout the entire period of this protocol were
assessed in all 16 patients enrolled in this study (Table 4). The
most common toxicity was leukopenia, particularly neutrope-
nia, with 13 of the 16 patients (81%) developing Grade 3 or 4
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Table 4. Toxicities during entire course by patient

Dose levels

Level 1 (n=3) Level2(n=17) Leveldn=6)

Grades C_‘:radcs Grades

P2 3 4 4 2 3 4 b 2 3 4
Leukopenia o 0o 2 0 2 2 3 0 0 ! 4 1
Neutropenia o 0 2 0 t 1 3 0 0 0 3 3
Ancmia 0 2 0 1 5 1 0 3 2 1 0
Thrombocytopenia r2 0 0 2 1 1 0 0 2 2 0
Anorexia 1o 1 0 4 0 1 0 4 2 0 0
Nausea I 0 t 0 4 0 t 0 5 1 0 0
Vomiting o o 1 o0 2 0 [ 0 ! 1 0 O
Constipation o 0o 0o 0 0 1 0 0 1 0 0 0
Diarrhea 6o 6 06 0 1 0 0 0 0 0 0 0
Rash 6 o 0 o0 3 2 0 0 2 0 0
Fatigue 1 [ 0 0 2 0 0o 0 0 | 0
Fever ot 06 0 0 0 0 0 2 0 0 0
Mucositis o 1+ 0 0 0o 0o 0o 0 0 0 0 O
Alopecia 6o 6 0 0 1 1 0 0 3 0 0 O
AST, ALT elevation 0 1 0 O 1 1 O 0O 0 I 0 O

AST. serum aspartate transaminase: ALT. serum alanine transaminase.

neutropenia during treatment. Non-hematological toxicities
were generally mild at all levels, and one patient developed
Grade 3 nausea, vomiting, and anorexia at Level | and Level 2,
respectively. Skin rashes were mild, but tended to occur in a
larger number of patients as the dose was escalated.

TUMOR RESPONSE AND SURVIVAL

Partial response was achieved in | of the 16 patients (6.3%),
but no complete responses were observed. Overall response
rate was thus 6.3% (95% confidence interval = 0.2-30.2%).
No change was noted in 12 patients (75.0%), and progressive
disease was in two patients (12.5%). The patient with DLT
was not evaluated for tumor response because she received
standard gemcitabine chemotherapy as second-line chemother-
apy before the evaluation. Serum CAIL9-9 levels were
reduced to >50% in 2 of the 12 patients (16.7%) in whom
pretreatment level was elevated to above the upper limit of
normal.

Disease progression was finally observed in all patients and
12 of the 16 patients died of disease progression. Median
progression-free survival was 3.2 months, and overall median
survival time (MST) was 7.3 months (Figs 1 and 2).

DISCUSSION

Gemcitabine is a prodrug that requires initial intracellular
phosphorylation by deoxycytidine kinase, ultimately undergo-
ing phosphorylation to the active gemcitabine triphosphate,
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Figure 1. Progression-free survival of all 16 patients.
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Figure 2. Overall survival of all 16 patients.

a cytotoxic agent that inhibits DNA synthesis. Tempero et al.
(12) reported on intracellular concentrations of gemcitabine
triphosphate in peripheral blood mononuclear cells in a ran-
domized trial comparing FDR infusion over 150 min and high-
dose gemcitabine (2200 mg/m?) using a standard 30 min
infusion. The rate of gemcitabine triphosphate accumulation
in patients who received conventional infusion decreased
markedly after the end Qf infusion (30 min), whereas patients
who received gemcitabine as FDR infusion exhibited linear
accumulation of the triphosphate throughout the infusion.
Intraceflular gemcitabine triphosphate concentration in the
FDR arm was 2-fold higher than that in the conventional
infusion arm.

In the United States, two Phase I studies have been per-
formed to determine the recommended dose for FDR infusion
of gemcitabine (10,11). Brand et al. (11) conducted a Phase |
study at dose levels of 1200 mg/m?, 1500 mg/m® and
1800 mg/m”, administered on Days 1, 8 and 15 of a 28 day
cycle. MTD was defined as 1500 mg/m?, with granulocytope-
nia and thrombocytopenia representing the DLTs. Brand et al.
concluded that myelosuppression was more severe than



anticipated based on previous reports regarding standard gem-
citabine administration. Touroutoglou et al. (10) conducted the
other Phase T study of FDR infusion of gemcitabine in wh1ch
the weekly dose was escalated from 1200 to 2800 mg/m? for 3
weeks every 4 weeks. They reported that MTD was 1800 mO/
m?, and recommended a Phase IT starting dose of 1500 mg/m?*
owing to myelosuppressive effects.

The present study evaluated the safety of FDR infusion
of gemcitabine and identified the feasible dose for Japanese
patients with unresectable advanced pancreatic cancer. This
Phase I study was conducted using dose levels of 1000, 1200
and 1500 mg/m?, administered on Days I, 8 and 15 of the
28 day cycle. DLT was observed in only one patient at Level 3,
and MTD was not reached in this study. However, all six
patients displayed Grade 3 or 4 neutropenia during the first
course at Level 3, and no patient received all three doses
of gemcitabine during the first course. In contrast, three
patients at Level 2 experienced Grade 3 neutropenia, and
only one patient had to skip the dose of gemcitabine on
Day 15. Based on these results, the recommended dose should
be 1200 mg/m” in further studies of FDR infusion of gem-
citabine in Japan from the perspective of dose intensity for
gemcitabine.

Preclinical data, using primary human tumor cell lines
including pancreatic carcinoma, have suggested a possible
dose-response relationship, and exposure to high concentra-
tions of gemcitabine, independent of infusion duration, might
correlate with improved cytoxicity and enhanced clinical
effectiveness (12). Thus, a randomized trial of gemcitabine
comparing high-dose gemcitabine (2200 mg/m?) administered
using a standard 30 min infusion to FDR infusion of
1500 mg/m* over 150 min was conducted in patients with
locally advanced or metastatic pancreatic cancer according
to the results of two Phase I studies in the United States
(10-12). Although no difference in tumor response was
noted between the 30 min infusion and FDR arms, MST was
reported as 5.0 months in the 30 min infusion arm and 8.0
months in the FDR arm (P = 0.013), and 1 and 2 year survival
rates were 9.0.and 2.2%, respectively, in the 30 min infusion
arm, and 28.8 and 18.3%, respectively, in the FDR arm. In the
study conducted by Burris et al. (8), MST for UemCItabme
using the standard 30 min infusion of 1000 mg/m* was
5.7 moaths, and 1 and 2 year survival rates were 18 and 0%,
respectively. A retrospective analysis reported that the MST of
patients in Japan treated with gemcitabine by standard infusion
of 1000 mg/m? was 5.7 months (14). In comparison, survival
outcomes of patients treated using the standard 30 min infusion
are similar, and MST is <6 months. In contrast, in a study
with a limited number of patients using FDR infusion, MST
was 7.3 months and similar to MST in the FDR arm of the
randomized trial in the United States (12).

The most common toxicity for FDR infusion was myelosup-
pression, particularly neutropenia, as noted in a randomized
trial by Tempero et al. (12). In our study, Grade 3 or 4 neu-
tropenia developed in 81.3% of patients, and Grade 3 or
4 leukopenia and thrombocytopenia were observed in 62.5

Jpn J Clin Oncol 2005;35(12) 737

and 18.8%, respectively. By contrast, a Phase I study for
the standard infusion of gemcitabine in Japan reported rates
of Grade 3 or 4 neutropenia, leukopenia and thrombocytopenia
of 36.4, 27.3 and 0%, respectively (15). The FDR infusion
schedule thus seems more hematologically toxic. Conversely,
the non-hematological texicity of FDR infusion was relatively
mild. Grade 3 nausea and vomiting that occurred in 12.5% of
patients on FDR infusion resembled the results obtained with
standard infusion in the Japanese Phase I study, in which 9.1%
of patients developed Grade 3 nausea and vomiting. Skin
rashes were more frequent with FDR infusion, with 50% of
patients developing Grade 1 or 2 skin rashes, than with stan-
dard infusion, in which 27.3% of patients developed Grade 1
or 2 skin rashes.

Various regimens of gemeitabine in combination with poten-
tially synergistic drugs have been trialed to improve prognosis
in patients with unresectable pancreatic cancer (16-22), and
FDR infusion of gemcitabine has also been applied-to com-
bination chemotherapy with other anticancer drugs (20-22).
A Phase I1I study comparing standard infusion of gemcitabine,
FDR infusion of gemcitabine and combined FDR infusion of
gemcitabine and oxaliplatin is under way as an ECOG study in
the United States. The results of that study should be awaited
before deciding whether FDR infusion of gemcitabine alone
can be used as the standard treatment for unresectable pancre-
atic cancer. However, data from the present study confirm that
FDR infusion of gemcitabine is tolerated by Japanese patients,
and continued evaluation of FDR infusion, alone or in com-
bination with other agents, is warranted in Japan.
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CHEMORADIATION THERAPY FOR LOCALLY
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INTRAOPERATIVE AND CONFORMAL EXTERNAL
BEAM RADIATION THERAPY WITH OR WITHOUT
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ABSTRACT

Purpose: We reviewed retrospectively two studies which we conducted before to clarify
the efficacy and feasibility of chemoradiation therapy with a combination of
intraoperative radiation therapy (IORT) and conformal external-beam radiation therapy
(EBRT) alone in one study and with protracted therapy 5-fluorouracil (5-FU) in another
study in patients with locally advanced pancreatic carcinoma.

Methods: Fifty-four patients with unresectable locally advanced pancreatic carcinoma
diagnosed on the basis of the dynamic computed tomography findings and who satisfied
the criteria for our clinical studies were reviewed. There were 24 patients in the radiation
therapy alone study (Group A) and 30 in.the chemoradiation therapy study (Group B).
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The radiation therapy in both studies consisted of IORT (25 Gy) followed by EBRT (40
Gy in 20 fractions, 5 times/week) beginning 2 to 4 weeks after IORT. In group B,
protracted 5-FU infusion (200 mg/m?) was concurrently combined with EBRT. We
compared efficacy and adverse effects on these regimens.

Results: At laparotomy cancer spread in the abdomen was detected in 20 of the 54
patients: 9 of the 24 patients in group A and 11 of the 30 patients in group B. It had
spread to the liver in 10 patients, to the peritoneum in 5 patients, to both the liver and
peritoneum in 4. patients, and to a distant lymph node in one patient. The overall
response rate for the primary pancreatic tumor was 25% in group A and 23% in group B.
Grade 3 or 4 toxicity was observed in 50% of the patients in group A and 54% of the
patients in group B. The most common toxicities were anorexia and nausea. The overall
median survival time (MST) of the 54 patients was 7.7 months, and the 1- and 2-year
survival rates were 29.6% and 9.3%, respectively. The MST of the 34 patients without
cancer spread in the abdomen was 11.9 months, as opposed to 5.4 months in the 20
patients with cancer spread in the abdomen (P<0.0001). However, there was no
significant difference in survival between group A and group B.

Conclusions: Approximately one-third of patients clinically diagnosed with locally
advanced pancreatic carcinoma already had metastatic disease at the time of diagnosis.
The chemoradiation regimen consisting of IORT plus EBRT and continuous infusion 5-
FU was no better than radiation therapy alone. Systemic chemotherapy should be
developed as part of chemoradiation therapy for locally advanced pancreatic carcinoma.

Key words: pancreatic carcinoma, intraoperative radiation therapy, conformal external-beam
radiation therapy, chemoradiation therapy, 5-fluorouracil.

INTRODUCTION

Unresectable pancreatic carcinoma without distant metastasis is classified as “locally
advanced,” and patients with locally advanced cancer have a particularly poor prognosis.
Based on the results of three randomized trials chemoradiation therapy or chemotherapy
alone has been thought to be a reasonable approach to the treatment of locally advanced
disease.[1-3] In previous reports on the treatment of locally advanced pancreatic carcinoma
the external-beam radiation therapy (EBRT) doses ranged from 40 Gy to 55 Gy, and various
chemotherapy regimens using 5-fluorouracil (5-FU) were combined with radiation therapy in
an effort to improve the efficacy of radiation therapy.[4-6] In other studies, high radiation
doses have been administered by using combinations of intraoperative radiation therapy
(IORT) and EBRT or high-dose conformal radiation therapy.[7-11] IORT or conformal
irradiation using a three-dimensional irradiation system enables the radiation dose to tissues
surrounding the pancreas to be reduced.

Between January 1993 and May 2001, we conducted two consecutive prospective studies
of intensive chemoradiation therapy consisting of a fixed radiation dose delivered by IORT
followed by conformal EBRT with or without protracted infusion of 5-FU for locally
advanced pancreatic carcinoma.[12,13] In the first study, we used combined radiotherapy
consisting of IORT plus EBRT to evaluate the efficacy and feasibility of intensive
radiotherapy alone. In the second study we combined the same radiotherapy with concurrent
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infusion of 5-FU. We then retrospectively compared the results in the patients treated by
radiotherapy alone and chomeradiotherapy in these two clinical studies and assessed the
efficacy and feasibility of intensive radiotherapy and chemoradiation therapy in patients with
locally advanced pancreatic carcinoma.

Table 1. Patient Characteristics

No. of patients in each study

Variable IORTZ+EBRT (n=24)‘ IORT+EBRT with 5-FU (n=30)
Gender

Male 11 19

Female 13 | 11
Median age (range) 61 (45-83) years 58 (32-75) years
ECOG performance status

0 13 19

1 10 9

2 1 2
Primary site

Head 13 10

Body and tail 11 20
Tumor size (cm)

>2.0,< 4.0 11 15

>4.0,<6.0 13 15

Metastasis not detected by CT

Absent 15 19

Present 9 11
CA19-9 before treatment (U/mL)

<37 7 10

>137,< 500 10 11

> 500 7 9

ECOG, Eastern Cooperative Oncology Group; IORT, intraoperative radiation therapy; EBRT, external
beam radiation therapy; 5-FU, 5-fluorouracil.



