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Genetic Polymorphisms Related to Fluoropyrimidine Sensitivity and Toxicity: Masanori Terashima (Division of Gas-
tric Surgery, Shizuoka Cancer Center)
Summary

Fluoropyrimidine such as 5-fluorouracil (5-FU) exerts its antitumor activities via anabolism by several enzymes.
Genetic polymorphisms of these enzymes related to sensitivity and toxicity of fluoropyrimidines are reviewed. Expres-
sion of thymidylate synthase (TS), a target enzyme of 5-FU, is regulated by variable number of a 28 bp tandem repeat
in the enhancer region. The double tandem repeat is associated with low TS expression, and consequently, patients
with double tandem repeat demonstrated higher sensitivity to 5-FU than those with triple tandem repeat. Single nu-
cleotide polymorphism within the second tandem repeat and loss of heterozygosity are also reported to be related to
fluoropyrimidine sensitivity. In addition, patients having a 6 bp deletion in 3'-UTR region showed remarkably high
antitumor activity by 5-FU based chemotherapy.

Genetic variations in 5-FU catabolic enzymes can also have a profound effect on 5-FU toxicity. So far 39 mutations/
polymorphisms have been identified in dihydropyrimidine dehydrogenase (DPD) gene, a major catabolic enzyme of 5-
FU. Among them, IVS14+1G> A is reported to be highly associated with severe toxicity caused by chemotherapy with
fluoropyrimidine.

A polymorphism that may influence the efficacy of 5-FU by influencing folate pools is that of the methylenetetrahy-
drofolate reductase (MTHFR) gene. CB77T mutation was associated with a higher response rate on 5-FU/folinic acid
chemotherapy. Prospective clinical trials to confirm the predictability of genetic polymorphism for sensitivity and toxic-
ity of 5-FU should be performed. Key words: Tymidylate synthase, Dihydropyrimidine dehydrogenase, Methylenetetra-
hydrofolate reductase, Corresponding author: Masanori Terashima, Division of Gastric Surgery, Shizuoka Cancer Cen-
ter, 1007 Shimonagakubo, Nagaizumi-cho, Sunto-gun, Shizuoka 411-8777, Japan

BE S5-fluorouracll (5-FU) 2R LHETE 7 v{bE) 3 ¥ RASHREEHNTRMEZ TRBED R RET S,
T, 5-FU OBRALHELNEOS 2N - BOBREORETFERHII2VWTRR TS, 5-FU OMMHEEETSH 5 thy-
midylate synthase (TS) ORBIEZT YN H—FURICHFET 5 28bp PRV ELEFIOBKIC Lo THBSLTSEY, 2R
23R CHAFEIC TSEEMES, BENICSFU L 2AMENRLH Y, T, COoRYELEFACTET S —H%E
SMLLOH & 5-FUEZHREOMALHMESATVE, 2615, 3-UTR EFET 2 6bp ORENBHOLNLEHAT
1% 5-FU o Hi R R\,

5-FU OABREEORETESH S-FUOBRCERLRIZTIENAOATVS, SSFUORLERLGREETHS
dihydropyrimidine dehydrogenase (DPD) REFIIEZh T T HHOERL LERMIRESATVI, 22 TH
IVSI4+1G>A OEETAEMTIE DPD BHOETIZE D 5-FURSBERLBEIHBAT LI LMRESNTV S,

ERT— VoMLY S-FUOHBEHRI-EWLE 2 2TiEHEDH % b D& L T methylenetetrahydrofolate reduc-
tase (MTHFR) OREFSHNHIToN D, COTIT DEROFIET 2 EF TIL 5-FU/folinic acid DLEME & 5 AME
HEVEBHLPEFEIR TV S,

SEMmECEERBICL D, 5-FU ONMENE: It FRTHELRETFSULRET S LAFERTH S,

W T 411-8777 BERBETERNTES 1007 * BERIBESALY F— - BitH
FB Ba 0385-0684/08/ ¥ 500/8& 3 /JCLS
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5-fluorouracil (5-FU) #iz Lo Et+2721k¥ ) 3
VI RBHITERATERA A2 THEES R
TRATL D, ANEECENBEEOERLES5-FUO
MRALPERELOMICMMENH LI EAREINLTVS,
FMTIX, ThoMEORIALEHTLIZLIZLY, 5
FUDRRLEBECEELREZTTRECD 2 RETFS
BiowtHiE+T2 (1)

e

Fu% ”’\\Q IUK

OPRT

FdUrd FUrd

K \

FBAL

5-FU —— FUMP — FUDP ~— FUTP

WAL EE

1. Thymidylate synthase (TS)

5-FU O E ¥ MH TH 3 fluoro deoxyuridine-5-
monophosphate (FAUMP) #* TS, 5, 10-methylene
tetrahydrofolate (THF) L= A#ESHREHRRTEE
LKL ) DNAORREFL LTI LS, 5-FUD
FRBERBETHI LENTVD, SO TSiEH
DEFHSFUDHREHAEL, TS OEWEETIES5-
FU IC#E#iE%E, —H TSOEVEETIZ5-FU KL

-+ F-RNA

RR

FdUMP «~— FdUDP — FAUTP.

/4 5',10’-methylene THF ~

dUMP
THF
Dihydrofolate
T
Folic Acid Methionine

dTMP <+ dTDP <+ dTTP — DNA

MTHF

Y
5'-methyl THF

Methionine synthase

Homocysteine

DNA methyltransferase

B 1 5FU - EEROHBEAHRumRE
E1 TSREFSHLE7 oY) 3V RAMNIC L SEEDR

HEE bop ] {55 3 =33

TSER

Marsh® WA S5-FU 2R/ZR iR AW < ETERINE b B
24 %1

Pullarkat” IR 5-FU 2R/2R TH B WV IR
50 3R/3R TixH Bic WL EW

lacopetta™ RIMASEE 5-FU MBh{b#e 3R/3R TR bEREOUR2 L
221 ¥

Villafranca” TRl 7 WML HE  3R/IR THESRSDRYFE
60 #1 DFS 4 EMLTwa @D D

Park® MR  capecitabine 2R/2R THBEHRE®:
24 1

Kawakami” WA BO5-FU R 2R/3G. 3C/3G. 3G/3G Tlii#Hn)
111 ¢4 HBh M L MEDOTRAED bz

TSER/LOH

Uchida” HREBE S 2R/loss DHUMEEIRIE ZR/2R L RS
30 ¢

3-UTR

Lu™ W 5-FU based 6bp KREDZV homo B (+6/46) TRAMBEENEY:
106 ¥

TSER, 3-UTR

Kawakami' W 5-FU R#Bh{t# TSER, 3-UTR D& E 8T

90 #1

PR b 2O TSRATEF L IRFVHLEATREFTA




W35k MTH 008%FTH

TRERLTRT LI RESRTVE, TSRIEEFOR
Bipernrynri—@R (TSER) HETS28bp
p@yELEAOER (28 (2R) $LLIE3E (3R)
DREFEBILoTHEIEhTWwAS:. T%bB, 3R
IR CHE_AFECHE N TSHEEEZATA. TS 70
F—EROBETEN L EENAEL OMEIZONT
LA EEATENY, wIFhoBRRICBWTY, 2R
12 3R (ol IR R {, —F 3R TIEEEIE
W EMREh TS (%1).

%7, 4 ¢ OHEEEMIZ BT loss of heterozygosity
(LOH) #EfE+ 545, TSHMETR 18 FREEENRD
oA THICHEET 5700, FIoKB% & TR 60%
LEEIZLOH RS bna”, BIETE R L W
HEOLOHZEbETRIFTFA2ZLICLD, 2ZR3RD
EAOHLEENIR 2672 % 2Rloss TH D, 5-FU KK
I a{b2ZMiEic X b 2R/2R & Mo FMEA) R H S
naZlimEShTnd (EDY

254z, RO2FEO#VELEFIAIG—~CO—
HESZE (SNP) PHEMHBRECRDLLIL, 20O
SNP iz WEEEFTH 5 USF-1 OB EHEEINDS
7o TSRBOETAHED 51d, Kawakami 5”1,
REERIPOHEALVIC LEROBDHLNE C IS
SR, 3C TRAEMEOHRM B ADIZHL, 36D
FTUNMNEEINABSIRLEREOMRPZL VI LE
#MiELTWwA (E1),

TSER DA OREFESEE LTH, 3ROFEBRIR
(UTR) @ 6bp DREFAENT VS, ZORKIZLD
TS mRNA OFLE#E{62 4 Lb. Lu 6 it WM T5-FU
& UL EMENET S W ERICBWT I-UTR OX
ElronTlIiFL, +6/+6 2k, —6/—6bLCiE
—6/46 LB THEBYSREI B LERELTV2
(#1). Kawakami 5™ 2 0 #HOWHEIHLTTS =
YNV —-ERB LU I-UTR OSBEMITL, —2T
L TSRA* LRSEARFEATHEATRERNT
BTHAZEERAELTS (E1).

II. Dihydropyrimidine dehydrogenase (DPD)

DPD 1 5-FU ML EELZSBEETH ), £4N
KESENESFUOHBRRECFRICFETS
DPD itk -oTAMENS, Lz THRO DPD &
BLS5FUHSICIZERLOMIIRERLZMAND
b, %6212 HEEAO DPD &t L HEEL R E OMic
MEAEHLZEbHESN TS, DPD QiEEZME
TEEFELCE, 7OE—FOAFMEY, EERG
EFOM5Y L Az, DPD#®{EF (DPYD) O&HE)
#|EShTWwWD, DPYD i3 1p22 (STFEEL, 23D x2

1103

YrpoMEEh 40kb OREEHT Y, DPYD D
BIRGIRIES 3kb T, 1,058 7 I /B oMEEH
5 110kDa pEB 23— F1 3", DPYD ORETFH
B & LTid, 1 2H® splice-site R, 2 3B D non-
sense BR, BAFHOER/EH, BLUFS»FHOA/ > |
UYHOEROEH P PHOERZVLEENMES
ATWwaY, ThoBERDOIE5-FUKHLTERZE
BERLEEALBWTBHAZ O MUAFSHD,
ZCh IVSIA+HIGDA RZ 7V Y 4 DAFy Ik
h, DPD EOEHLZETHb AL L, ER 5
FU #5121 ) grade3 2\ L 4 OREHRBD b i
FD 28% k=BT IVSI4+IG>A DERSBO S
EHERATVEY, —F, IVSI4+1G>A OMEICH
LTRABMTKELZENS), ABATRISHERLE
BHENLN, TYTALBEATIREOHEREL, i
BEARREINECERFBD LA TR W, 5-
FUOKMZBEL2FHT2 B8, DPDEEOHSE
%, DPYD RIETHHOBITICLEA2 ) —= v /iR
HahTwad, Skl LdbIFEIKBVTIRIVSIA+
1G>A DREFERNMITLITI BBRELVWLDLE
ABNRTWV3,

JE4E, DPD DR OE R0 HEER Tdh 5 dihydropyr-
imidinase (DHP) @ G883A OZERIZ L h MM % 5-FU
OBEFHBRTEZ L bMESATNEY,

M. Methylenetetrahydrofolate (MTHFR)

MTHFR i 5, 10-methylene THF #* & 5-methyl
THF ~OZR LML, ER7—VEHEBTIMET
»5 (A1), £RLALESZ, 5 10-methylene THF
it FAUMP, TS : b ic=STEARHREEEREL,
DNA D& RBEEL b 6110, 5-FU FHMEER
2RATHEDICRLATSH S, MTHFR ORETFS
R LTIHCTITHE{MONTHENY, MTHFR®
HEMAMET T 5 2 LIk b 5-methyl THF Q¥4 5.
10-methylene THF %, M homocysteine ® L
FEHLND, COSBIAA TIVTALLIRILE
WwHh, T/T OFEN12~15%I, C/TOAT OIS
50% B oh b, HBEBMICEWTE77T/T D
#1T 5-FU/Leucovorin D{EFMEEIC X 2 TUEBTH A
B EHRESh TR,

C6TTT LA DER L LTIt A1208C A6 TWw 3
#%, MTHFR Q5@+ ET 2225 $ 0D, 5-FU Ol
BHRICEEERIZERWESR TV,

sHH
5-FU it - REBRZoRGETFEED o HENDR
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PREETFHTAZILENTEEZDDDH5, LAL,
FZMTHY LT EF TOMEIZT T retrospec-
tive 2B TH D, 5#I1L, prospective ZEERMRKIC L
) 5-FU O#RLEEE T RLZBEFFEIIOWT
BRELTWSZEHEREBRDN S,
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Perspectives of molecular targeting agent
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Masanori Terashima
O M S R A R —
Blkey vords) £/ 70— 0fith, FOo> %+ —€EBA, VEGF, EGFR |
FUEOIEMIERERR O A< 7 AHR), S6ICIETE
2 ®Ic £ MEHELBERIh TV, £/ 20—+ ik

EEOFTFROVEREDOMEBITIZERE L b0t
Hh, HESREOFERICBNTH, K%L GIST
T FRRaYTERMEDOEHIIREER & L TEMS
hTwd. BAEICBVTIRAEARRTERRELTY
ZVLOOFMICEL TS, =F SF Lo FEGER
EOMBEGERISETP CHLS. FMTIE, WHISHL
THEEITh OFFIRATERRO MR L THE
T 5,

T3 T ERAFE A DO TR

FFIENEREE AT A EE )y o—F kL
EFF i hd, £/ 27 0—FLifkizSa=
ARFEIMBENAY, b MRS LSS RS
FISHMBE 24700, {EREfoMESIfEv:, F2
ZiE (TZEHOL < AHR), & MMk (TE

DOEFIZE LTI GFL, TOHRBICLIEES
hTtwa'(®l). —Fh EGSFELEBDEIZFO
L H—YHEEHN (& -tnib) THH, 23X
FWHEETF L7 - EnTwa,
SFEMNERROBN L LTI, o #
HCERICE R A 0 T e L LTifRme
PHEHENTE L, TOLHTHENIZEEIIST
WwALDELTIE, ErbB 77 3 —%, MmEAREN
BT (vascular endotherial growth factor | VEGF)
EMBITENS. ErbB 77 3 —IZi2 ErbBL (E
RAHFa T (epidermal growth factor recep-
tor : EGFR) ), ErbB2(HER2/neu), ErbB3(HER3),
ErbB4 (HER4) @ 4 ©® subtype AWFEIET 545 =
D3 L EGFRIzMTAaFO 35— FHEHE L
T gefitinib % elrotinib #%, #LEGFR#ifkL L T ce-
tuximab % EAME SN TWE., T/, HER2IZHL
T bHi HER2HifE & L T trastuzumab 2'HIR 2T

|1 E/720-FiinE0EHK

Prefix Target Source Suffix
Variable =cilr)- cardiovascular -u- human ~mab
-tul(m)= miscellaneous tumor -0 mouse
—xi= chimeric
-2u- humanized
-axo- rat/murine hybrid
=xizu- chimeric+humanized
(k1) & YEIE)
HILESLE, 31 @ 833—838, 2008 833




EGFR HER2

| Proliteration I

Metastasis I 1 Anti-Apoptosis I

H1 #@EOSTFHIVEERESTIEN

w3, —, VEGF ZI#iE O EICHKE 8 &
AHELTWE45FTHY, HlVEGF HE (bevaci-
zumab) %, VEGF receptor =% 5 2 (B #F #,
VEGF trap &P MBS TVA, £z, AT
MRS 7S I EERICBVWTEELFTTFTHS
PI3K, AKT, mTOR, Aurora kinase 7z &' & 453-F#E
BERED Y -7y PELTHEN#EDERLTWES
(E 1.

BT ic a7 5 FRayiEREII O WTENT 5.

£/ & a—+ Lk

1. #i VEGF #iifd

< bevacizumab>

bevacizumab IX¥EFEAEEME AT LT, (L&
L OO THMEZ ERCRIFER S TS D, Bk
IZBWTIEBE R 2 —Rig# L L TR
BEHE BT oM TwAS, B LT o HH
L DRI L SBEREERSERESNL TV S,

Memorial Sloan-Kettering Cancer Center @

Shah 571247FIO WAEZR 5 TNCRE - WA (R
M) Ex&E LT, irinotecan (CPT) & cisplatin
(CDDP) L DBt & 2 EEERHE TAEEERE M L 7=,

G A r ¥ 2.— )Lld bevacizumab 15mg/kg % day 1
iz, CPT 65mg/m’, CDDP 30mg/m’% day 1, 8Ic
#FEL, CHEIEMIEIIRNETLOTHA,

Follow-up $8M DS fli%12. 274 A OB T time to
progression (TTP) @ Rf#iZ8.34 A, £FMM
OFRHREIZ12.30 B L HESINT Y5, FHETTEMR
LAHETA34BI-BT 2 FACR, 20815 PR £ ¥
ESh, TYHFEILIE5% TH -7z bevacizumab I= X
HAEEMEOBEOMBIIBD 5Nz h o /hf,

Grade3/4@ i st A1261 (25.5%) ICEHGR,

FORRIE. 8 FIAtEESEEOHER (CTHRETE
BHHN7), 4 FAESBIRMERE (55 20I33IC
L BHONE) Thotte ThB12HP 8 H
PHAREIREE UEA L ooiEmiim S iz, £6IT
FEREEZFLTWVWAY 1AOATIAAREK
Grade3® M ASEE & & L7z, bevacizumab iz & 5
Grade3D WM X134 (28%) BB LN, £
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Tt 1l BITLHEEY, 2R THOZEILNEDS
177, bevacizumab R O MmitER L KOFEER
ABHENELDOD, 83WADTTPIRINETD
SR X AR L T 5 LR ESMTH
He

Dana-Farber Cancer Institute @ Enzinger &I
30F o WA - A QoFARE) FaRELT,
bevacizumab & docetaxel (DOC) DO#FEME (AV-
ATAX) OB IAEEEET ML /2. bevacizum-
ab5mg/kg % dayl, dayl5Z, DOC 35mg/m’'%
dayl, 8, 1512385 L, ChE28B LD EL 7.
13 A EOEFATHERPER STV (b3
2401, SR EL6H]). E 7 Grade3/4DHEFHR
ELTiE, Ebwdim46 (13%), £HBEwk4 6
(13%), R 4% (13%), fFpzREd 361 (10%),
ERER2F (7 %) ZEVBOHLNA, 235ITH
MR OFEATIRET, 1HITCR, 5#TPRAS
Beh, EHEII6.1%THolze ZRBIZBNT
§ i LB LRI bDD, MEREET
SEMEHS L LTHHOEMERZDOHTHELE
Eibohs,

HIE, #T - BEEMEXRE LT capecitabine
}= bevacizumab % L3 2 BERMSIAEEEE (AVA-
GAST) #. Al - Witkism RS 8RR SHEIT
FTHLH, HHEICETHERS L bevacizumab
DRBB =T L EARMEEOREICLEZE, I
i ERoOBERIECEL VERTHLEOT, KD
AENZHB VTS WHIZHH T 2 bevacizumab DISFAA*
Kz ahn s,

2. #1EGFR #i{$

1) cetuximab

L EGFR #Hi{$ T 5 cetuximab IXERBIEAREZ
LT, FilsAE R THEIMEY R EN TS,
B TIE TR, =RERICBVTIREReERE L
TR hTwa, FHTHBILZ LiE, &8
WRE L CEFEROESFHAL, TORE LR
FRIAEMIESONEZ L ThI,

WA A EEFRBEE L L TiZ, Bologna @ Pinto
5'A*38510 EGFR B0 Bl & U206l - Hiks
A (£FIRE) %X E L C5-fluorouracil (5-FU)/
leucovorine (LV)/CPT (FOLFIRI) X cetuximab
THFRETAERBIARBREERL . EHRAT
¥ 2 —JbiZ cetuximab % # [@400mg/m’, 2@ E >
5250mg/m'%l 1 @5 L, ZTihi @O bi-week-
ly @ FOLFIRI A S HEL L DTH B, £

P UEERFITS Y, 3461 CHARF A FEETET,
4 FA*CR, 11#H°PR TEHHII4.1% Tho7.
TTPOhSfHEII S A A THY, £FEEMO Pz
167 B CTh otz REESLEIZLS EGFROEHR
R L USRI I Y, SRS 0R
BEASH VM E E DA o P AR M IS
e or. % Grade3/4OWE L L TIXETF
PR A E1660 (42.1%) =, EEWREZT8H
(21.1%) B/, FGHEIIIENBITTILES
{nbon, TTP LEFHMMIZZ W E TOHMAHN
FUE LA ks L ) dELTED, Bitoliad
B#TH AL LI LEEDEREDMBIZMATENS T
5e

Lordick 6" 1352 O W# % 6 &l - BESH
# (F<TRM) TAME LT AIO upper GI study
group M trial & L T oxaliplatin/5-FU/LV (FUFOX)
IZ cetuximab % ¥ % BEARM TABUR & FEHE L 720
TG A 2r < 21— Wik cetuximab 250mg/m’, oxalipla-
tin 50mg/m’, LV 200mg/m’, 5-FU 2000mg/m’ (24
EEMFFSEEE) * F£hFidayl, 8, 15, 22 (cetuximab
It day29%) 5L, ChE36HBTELIZEDET
LOTHrE, SUMEESRF TS S, 42 Graded/4
OWHEL LTIHTHEL76 (33%) 2, #K %126
(23%) =, =HEBEEE 56 (10%) ICEBXN7z. 46
FICHUARIE ) RABEATAE T 4 4 (8.7%) IZCR %,
268 (56.5%) i< PR %80, ¥RIHIL65.2% THo

o TTP OR3Hillid7 .65 A, EFFEM O 2AHIZ9.5
# AT o7:. EGFR D53 & Az & DM
AR T RO 25 o oo AIGMIKIZ65% L WV HERD
HERL, EEOHMMLERTH S Lo HERHEN
R CHRIEENARETHBLLTVE,

Z MBI IZ cetuximab (2B L T capecitabene/
oxaliplatin (XELOX) & @fER#MiER, docetaxel/
cisplatin/5-FU (DCF) & OfrRABEDRKRBIAE
ERiETECha (|2).

2) matuzumab (EMD72000)

$LEGFR @ & MEHETSH D matuzumab (28 L
TLEERBTORBEFfTHLIL T 5, Royal
Marsden Hospital @ Rao 5" it EGFR ZHEBEH4 D
W& fEA%T M E L T epirubicin/cisplatin/
capecitabine (ECX) #iEE OFFRAIC LSRR 14
BErERL, 7o bla— L TRELAEAHRESZ T
gL, BEHOBVWERETHLLLTWS, B
LABWE L ICHFERCRESPTHOHANEDL LR

Tz,
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=7 Phase HE
E/o0-F)iE

Bevacizumab mi4 MASERER 4 (T34 T B paclitaxel & oxaliplatint DRSS EOHA

E-Rig ] docetaxel/irinotecan/cisplatin & DA

Bl docetaxel/cisplatin/5-FU & OB

B Oxaliplatin/docetaxel & Of#H

=mE capecitabine/cisplatin+ /—bevacizumab

BEmig #iAN - #1% ECX+/—bevacizumab (bevacizumab B R{LEMEHE I -2

O bevacizumab ¥32AMHET)

Cetuximab B B#E

B|o4 #ii oxaliplatin/5-FU+radiation & DA, #ifk docetaxel & DA

ERIE | capecitabine/cisplatin & DA

B cisplatin/high dose 5-FU/LV & Of#E

3L ] irinotecan/cisplatin & Rl - Wa¥IC# T 3 Irinotecan/cisplatin & DA
Catumaxomab  SI48 WELRTE - AETRBONS - HRMBEAES

EFF{Lath
Erlotinib WI/I48 WA oxaliplatin/5-FU+ BUHIRMIE & OG B, WENEH
o hi i FOLFOX Emf#E
ERIg ] bevacizumab & DH A
E-SiE ] cetuximab & OHEA
Bortezomib BmIAR irinotecan & DHAOFH &
Lapatinib R IE | capecitabine & DA
WI/M48 paclitaxel & DOHA
Sunitinib EIE cisplatin/capecitabine % L < i oxaliplatin/capecitabine & DH#H
W14 cisplatin/5-FU £ DA
®I148 S-1/cisplatin £ DA
BmIAE irinotecan/5-FU/LV & OB
B4 {EEMEEREFACH T HA
B8 B
Sorafenib W I1/148 capecitabine/cisplatin & O A
XL880 W48 B
Everolimus ®|n4E B
Vorinostat W|IE irinotecan/5-FU/leucovorin & Off B

“http: //www .cancer . gov/clinicaltrials

3. #i HER2/neu #if%

< trastuzumab>

i HER2#ifE T 5 trastuzumab X, T TIZHHE
# & AT T A MEREREE L TES
o Tva. BEIzBWT b HER2OBHEF LRt
(EFHEIEOONLZ 06, AREIMFINT
v 5, BIE, HERZBMEITHMEERE LT, 1E%
#E(Z trastuzumab @ _EFE IR T RAET 5 EES
[EIERARS MABEER (ToGA study) ASEITHTH B

4. EFOMOHF
< eatumaxomab™>
RS #AE =53 L T\ % epithelial cell adhesion

molecule (EpCAM) & T #ifs Lt CD-3iZF BRI
AT B L L bz, Feipan st Ll (Bimne,
w07 7r—%, NKARELZY) b#Ee T 254T
H2%, Litto THBDRLUSCREFIEOHMMIC
L AV RAMARE S LS. WA L CIRdmL
S - EREREONS - WA S OBRRS
THERISETHRTHS (E2),

ESFLaD

1. EGFR F0O3i %7 — tIE#A|
1) gefitinib
b E I MERAEI T L TSRO 61T
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v % gefitinib (2B L T BEICA 5 EERS TAHI
BAEHE A", TOFROMGERER T HETRS
R L LT250mg £ 7213500mg @ gefitinib A%EO
#Eah. TOER 18.3% THSBEE{L (PR+
SD) @z, AEICEZLVLOEERT
T, FMBTCERYPLEENTHE, ELAF
Mok LTI, THLES, ARTRERIBOLRZ,
Rojo &' i TGHERT tR OAEHE & B v TR ASEAHRET
17\, G EGFR OREJAFHIZHM S h Ty
BizbAdbh b THUEBRIRAE O o/ H
L T PI3-Akt A PS5 L TV S REME R L T
Whe

2) erlotinib

gefitinib & EIREIZ IR/ HRRRT I THZDIEHA TR =
LT3 erlotinib (L THL HMENR & LR
WIS S LTV 5, Dragovich 5" (&7061
D% 6 Rl BB S OO EER| L AR
& LT, erlotinibl50mg/B #0035 L2, WH (26
Bl) TIARBPIATEE L 2h o7, AHWESEMS
(44¢1) TIZ1HITCR, 4FITPRP BN £
CHERRE LTI EE £56ER rhsehe
DEH SN, FIE, {bFMEL OUFRME, 1L
AR & OBFRIIC X HTRIGEE, {Ro3-FIRaviE
ML OOFASEOBES [IEHBRIGETPTH S
(#2).

2, JOF7J/—LEEEH]

< bortezomib>

ZRERMMOIGHEL LT, bIETLERESS
b Twvib, BH;IZA L T irinotecan & DHFH
FHEIZL 2RSS [HERBEI TP THL",

3. muitiple TK EEE#]

1) lapatinib

EGFR & HER-2DME&EHITSH ), BB TH
AR AN T D, BIcH L Tid paclitaxel &
DOEFRREIZ L 2ERE T/ IHERBRI TR TH S
(E2).

2) sunitinib

imatinib B {£% gastrointestinal stromal tumor
(GIST) it L THZIEAFER 2T v b, VEGFR,
platelet-derived growth factor receptor. kit,
FLT-3DBEEM AT 5. FHIo0 L Tl b
EARGUEG T 2 BH T ORER TR, L3
RELOBRICE HHES [ HEB BT TH S
(F2),

3) sorafenib

Raf kinase, VEGFR-2, VEGFR-3, PDGFR,
KIT, FLT-3% LM+ D% F—HY2HE T 2. ¥l
BWTHMIEISE A TE Y, HAELIETLR
NP TH S5, WA L T capecitabine/cispl-
atin &£ OBFRAICZ X ZFERS [/ [EEERETPTH
5 (#2),

4) XL880

¢-MET 3 X O VFEGFR * [H# ¥ %5, c-MET i1
hepatocyte growth factor DZFETH LA, WH
BVWTHLRIABE L FERIHENRT I 2N T
vih, HFE, WA 3 EERE IHERERASETTP T
H5 (£2),

4. T OO TFRAEER

1) everolimus (RAD001)

mammalian target of rapamycin (mTOR) @
EHITH S, imatinib FHEGIST =X+ 5 EMEL
LTHRBEhTEA, BE bOIFETHEETAIREL
7-EEERSE I HEBRASEITP TH S (¥ 2).

2) vorinostat (SAHA)

histone deacetylase (HDAC) ®E®H T 5.
HKENZBWTEEM T M) > 73licxf L TR S
NTwih, {EanEE OFFIIC L SRR [ R
HEITPTHD (E2).

BHOIZ

Z T AR L 2o EEH DA Z &, VEGF-trap ®°4i
TRAIL-RUA{E T % mapatumumab b B %xT$
& LEREEBFEEEN TS, S6IZRRIZI
c-MET OE## T35 ARQ197, Src kinase [H¥
#lTH B AZD0530. $LIGF-IR #ifk. Aurora ki-
nase FHEHIZ & Bl oo 2aEhiE ML S,
COFFRESLLBERFTHY), LOBOEET
HEREEDH LTS, EUESEICELTE, b
PENERBMEOPLNFELERIATHE", &
iz, WHD - WFRMBNINE S e S o EH RIS B
5 EFEERTEORE, R - BERTFHOLOD
T—H—OEELZELHETHEL Tyinkithidl
Hizv,
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Prognostic role of immunosuppressive acidic protein in patients with
esophageal cancer

M. Kogure, S. Kashimura, S. Matsuyama, S. Ohtani, Z. Saze, Y. Odashima, T. Saitoh, N. Soeta, F. Osuka,
Y. Hoshino, T. Saito, S. Terashima, M. Terashima, M. Gotoh

Department of Surgery 1, Fukushima Medical University, Fukushima, Japan

SUMMARY. Immunosuppressive acidic protein (IAP) suppresses several immune responses in vivo and in vitro,
and high preoperative IAP levels could predict the impairment of the host’s immunity. In this study prognostic
significance of preoperative IAP levels was investigated in 68 esophageal cancer patients with curative resection
and eight with non-curative resection. The curative group had significantly lower levels than the non-curative
group (4324183 pg/mL vs. 739 +235 pg/mL, P <0.0001). The IAP levels were associated with T-status
(P < 0.0001), lymphatic invasion (P < 0.05), and p-stages (P <0.0001). When 5-year survival rate of patients
with curative resection was compared by setting various cutoff values of IAP between high and low IAP
groups, several cutoff points (400-580 pg/mL) were revealed to be significantly associated with survival. Set-
ting cutoff value of IAP to 560 pg/mL resulted in a most significant difference of 5-year survival rate of
patients between the high and low IAP groups (13.9% and 61.5%, P <0.0001). These data indicate that pre-
operative IAP level is a useful parameter to predict the prognosis of esophageal cancer patients after curative

resection.

KEY WORDS: immunosuppressive acidic protein, esophageal cancer, prognosis.

INTRODUCTION

Immunosuppressive acidic protein (IAP) was first
isolated from ascitic fluid and serum of cancer patients
as a non-specific and soluble immunosuppressive
factor with a molecular weight of 50000." It has
been shown that IAP suppresses several immune
responses in vivo and in vitro including both phyto-
hemagglutinin (PHA)-induced lymphocyte blast
formation and mixed lymphocyte reaction, and
belongs to the alpha-1 acid glycoproteins.™ Two
mechanisms are known to be involved in IAP
production. In cancer patients, IAP is produced in
the lymphocytes and macrophages and is associated
with tumor progression.' In the inflammatory
response, IAP is produced by hepatocytes with IL-6
stimulation.® It is well known that IAP has strong
immunosuppressive activity.

Address 1o correspondence to: Michihiko Kogure, MD,
Department of Surgery I, Fukushima Medical University,
Fukushima, | Hikarigaoka Fukushima, 960-1295, Japan.
Email: kogure@fmu.ac.jp
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In our previous study, it was revealed that the
preoperative serum IAP level has good association
with the status of progression in gastric cancer, and
may be useful as a prognostic factor.® However, few
reports have been seen in association with IAP and
esophageal cancer patients. Here we show that
preoperative IAP levels can be a prognostic factor
for patients with esophageal cancer after radical
operation.

MATERIALS AND METHODS

Subjects

This study included 76 patients, 41-79 years of age
(mean age, 63.2years) with previously untreated
esophageal cancer, whose serum IAP levels were
measured between April 1990 and March 2000 in
the Department of Surgery 1, Fukushima Medical
University, Japan. After serum IAP levels were
measured, curative resection was performed in 68
patients. In the curative group, preoperative or
postoperative treatment including chemotherapy
and/or radiation was administered to 58 patients
©2007 The Authors
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but not the remaining 10 patients. In the non-curative
resection group, pre- or postoperative treatment
including radiation was given to four patients but
not the remaining four,

In our institution the standard operation is
subtotal esophagectomy and retrosternal gastric
transposition with cervical esophagogastrostomy
and lymphadenectomy. Malignant tumors were
staged according to the 2002 International Union
Against Cancer (UICC) TNM classification and
Guidelines for Clinical and Pathologic Studies on
Carcinoma of the Esophagus (9th edn.) of the
Japanese Society for Esophageal Disease,

IAP measurements

Venous blood samples for marker determination
were taken before surgery or any other treatment.
Serum JAP samples obtained from patients were
measured in one laboratory (Mitsubishi Yuka, BCL,
Tokyo, Japan) by the single radial immunodiffusion
method. The reference values of 378 healthy
volunteers were 245~514 pg/mL.

Statistical analysis

Prognostic nutrition index (PNI) was determinted
using the formula reported by Onodera et al.” The
Mann-Whitney and Kruskal-Wallis tests were used
to evaluate any association between the preoperative
IAP levels and prognostic factors of esophageal
cancer, including pathologic TNM stage and
clinical-pathologic parameters. The preoperative
IAP levels between two groups were compared
using Student’s r-test. Analysis of survival was
performed by the product-limit estimate by the
Kaplan-Meier method, and the curves were
examined by means of the log-rank test. Overall
survival was calculated from the day of surgery
until the day of death or the date last seen. Simple
and multivariate regression analysis was used by
Cox’s proportional hazards model to assess the
prognostic value of preoperative serum IAP levels
and to determine an appropriate threshold level.
Hypothetical threshold levels were set at 20 pg/mL
intervals ranging from 300-600 ug/mL. Survival
was then compared between the highest and lowest
risk groups at each threshold level, and the
regression coefficient and 95% confidence intervals
(CI) were estimated. Patients were divided into two
groups depending on whether the IAP levels were
above or below the determined threshold value.

RESULTS

The distribution of preoperative serum IAP levels
of all patients is shown as a histogram in Fig. ]
© 2007 The Authors
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l"ig. 1 The distribution of p

acidic p (I.AP) leve.ll of 76 patients
including curative (n = 68) and non-curative resection (n = §).
The values range from 178-1330 pg/mL with a median of
417 pg/mL.

IAP(pg/mL) P < 0.0001

1400 4

Curative Non-curative
Fig.2 The puopu-auw mean serum immunosuppressive acidic
protein IIAP} levels in cnmivdy operated patients (n = 68) and
til (n = 8). The curative group has
l.iy lower levels than the non-curative group
(P <0.0001).

with values ranging from 178-1330 pg/mL (median
417 pg/mL). Preoperative serum IAP levels in
thecurative group (n=68) and non-curative group
(n=8) were 4324183 and 739 £ 235 pug/mL, respec-
tively, and the curative group had significantly
lower levels than the non-curative group (Figs2.
P <0.0001). Non-curative cases in general had
locally advanced disease involving the aorta, which
could not be surgically resected.

The relationships between the distribution of
preoperative serum IAP levels and pathologic TNM
classification and parameters was evaluated (Table 1).
The IAP levels were significantly associated with
T-status (depth of invasion, P < 0,0001), lymphatic
invasion (P <0.05), and p-stages (P <0.0001), but
not with N or M statuses, differentiation, or blood
vessel invasion,

Then, we focused on identifying a cutoff value
for IAP levels that more closely correlated with risk
of death to evaluate the prognostic significance of
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Table 1 Distribution of immunosuppressive acidic protein
(IAP) levels according to pathologic TNM classification and
parameters

IAP levels (ug/mlL)
Variables Cases Median Range P.value
Curative 68 396 176~1330
With treatmentt 58 423 178~1330
Without treatmentt 10 316 219413
Non-curative 8 658 455~1164
Total 76 417 178~1330
T-status < 0.0001
Tis 3 3m 358413
Tl 21 335 213~541
T2 9 433 298~772
T3 31 450 178~1330
T4 14 614 354~948
N-status NS
NO 36 395 213~868
N1 37 425 178~1330
NX 3 863 675~1164
M-status NS
M0 69 413 178~1330
Mla "3 282 223367
Mib 1 765 765
Unknown 3 863 675~1164
Differeatiation NS
Well 28 432 213~1164
Moderate 2 417 229-1330
Poor 16 374 178~948
Lymphatic invasion <0.05
Positive 47 430 178~1330
Negative 23 354 213868
Unknown 6 626 418~863
Blood vessel invasion NS
positive 49 431 178~1330
negative 7 34 213~868
Unkoown 5 613 481~863
Stage < 0.0001
0 3 373 358413
I 14 293 213-434
I 23 430 286~772
m 32 507 178~1330
v 4 324 223~765
T luded pre- or postoperative ch herapy and/or
radiation.

IAP levels in our patient population; therefore,
cutofl levels of IAP were studied every 20 pg/mL
between 178 and 1330 pg/mL.

The relationship of overall survival to different
cutoff points of IAP in patients with esophageal
cancer are shown in Table 2. Several cutoff points
were revealed to be significantly associated with
overall survival of patients, but the most significant
association was recognized at the cutoff value of
560 pg/mL (P =0.0001).

The overall survival curves of curatively operated
patients according to IAP status using the cutoff
point of 560 ug/ml. was compared between the
high and low IAP groups (Fig. 3). Five-year sur-
vival rates in the high and low IAP groups proved
to be 13.9% and 61.5%, respectively, and showed
statistically significant difference between the two
groups (P < 0.0001).

100 1 P < 0.0001
80
F3 IAP < 580 pg/mL (n=59)
£
E 40 1
@ 284 IAP > 560 pg/mL (n=9)
04

o 20 40 60 &0 100 120
Manths
Fig.3 The overall survival curves of curatively operated
patients according to immunosuppressive acidic protein (IAF)
status (above or below the cutoff point of 560 ug/mL). Five-year
survival rates in the high and low IAP groups were 13.9% and

61.5%, respectively, and showed statistically significant difference
between the two groups (£ <0.0001).

Univariate and multivariate logistic regression
analyses were performed to assess prognostic fac-
tors for 5-year survival of patients after curative
operation (Table 3). IAP status, PNI status, depth
of invasion and lymph node metastasis were found
to significantly predict the prognosis of esophageal
cancer in univariate analysis. In the multivariate
analysis of these four factors, depth of invasion
retained a significant association with survival
(relative risk, 9.702, 95% CI, 1.260-74.689,
P=0.0291).

DISCUSSION

The prognostic characterization of cancer patients
can often be estimated according to tumor
progression, including lymph node metastases.
Therefore, the evaluation of intraoperative and
pathological findings is the most reliable predictor
of outcome; however, it is difficult to estimate
prognosis before treatment, including operation,
except for very early or advanced-stage cancer
patients. Tumor markers, such as squamous cell
carcinoma and cytokeratine 19, are available for
monitoring the tumor and estimating prognosis,
providing additional information.

On the other hand, it has been found that immu-
nosuppressive factors are contained in the serum of
cancer patients, and has been suggested that these
factors are closely related to their prognosis.™'® It
now seems that the prognosis of cancer patients is
associated with the balance between tumor progres-
sion and immune state of the host. In particular,
IAP has been observed to suppress several immune
responses and to have high levels of serum in gas-
tric cancer®® colorectal cancer'™' ovarian cancer®
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Table 2 Relationship of overall survival to differcat cutoff points of immunosuppressive acidic protein in pati

with hageal cancer

¥

- Lower-level group (< pg/mL) Higher-level group (ug/mL)

(1)

point No. of patients No. alive Survival (%) No. of patients No. slive Survival (%) Significance
300 13 10 769 35 34 61.8 P=048
320 16 13 813 52 3 59.6 P=0.15
340 20 16 80.0 48 28 583 P=0.13
360 26 21 80.8 42 23 548 P=0.03
380 30 22 733 38 22 579 P=0.19
400 36 28 7.8 32 16 50.0 P=0.038
420 38 30 79.0 30 14 46.7 P=0.013
440 45 34 75.6 23 10 435 P=0.00071
460 47 36 76.6 21 8 38.1 P=0.0016
480 51 37 .5 17 17 412 P=0.0266
500 53 38 7.7 15 6 40.0 P=0.0224
520 53 38 7.7 15 6 40.0 P=0.0224
540 54 39 722 14 5 357 P=0.0063
560 59 42 N2 9 2 n2 P=0.0001
580 61 43 70.5 7 1 143 P =0.0009

renal cancer'*'* and esophageal cancer.' Sakamoto
et al. reported that the prognostic value of pre-
operative serum IAP levels was valuable in clinical
trials of patients with gastric cancer after curative
resection.' In advanced solid cancer, Ebina eral
reported that the survival rate for the low
(< 580 pg/mL) IAP group was significantly higher
than for the high (> 580 pg/mL) IAP group treated
with biological response modifier-activated , killer
therapy.’ In colorectal cancer, Munemoto et al.
reported that the survival rate was significantly
better in the group under 65 years with preoperative
IAP levels < 700 pg/mL treated with postoperative
adjuvant immunotherapy.® More noteworthy is a
report by Ohwada et al. who administered tegafur/
uracil with or without protein-bound polysaccha-
ride K (PSK) to stage colorectal cancer patients
and demonstrated that the survival rate was signifi-
cantly higher in the PSK-administered group with
significant depression of serum IAP levels than in
the control group." In esophageal cancer, Sakurai
et al. described that the expression of indoleamine

2,3-dioxygenase (IDO), which restricts cellular
immunity, was significantly correlated with serum
IAP levels and the survival rate was worse in the
group with IDO overexpression.' To our know-
ledge, this is the first report analyzing the prognostic
significance of IAP levels in esophageal cancer.
Our studies have demonstrated that the cutoff
value of IAP was able to discriminate between
patients at high and low risk for poor prognosis.
The appropriate IAP threshold value of 560 pg/mL
was determined using Cox’s proportional hazards
model, and is as high as the value (580 pg/mL) in
several clinical trials with gastric cancer patients
described by Sakamoto' but is lower than the
value (1100 pg/mL) in ovarian cancer patients by
Scambia."? The differentiation of serum IAP levels
between respective organs seems to depend on the
specificity of the organs. It is notable that we could
determine the threshold value of preoperative
serum IAP levels which influence the prognosis of
esophageal cancer patients with curative operation,
but only depth of invasion was found to be associated

Table3 Univariate and multivariate analyses of prognostic variables for survival in curatively resected patients

Prognostic No. of Median
variables si cases (months) Univariate Significance Multivariate
IAP status < 0.0001 0.0810
< 560 pg/mL 59 315
= 560 pg/mL 9 8.7
PNI statos 0.0002 0.2632
<43 5 14.0
=43 63 250
Lymph-node metastasis 0.0024 0.0725
Negative 32 315
Positive 36 15.0
Depth of invasion 0.0002 0.0291
Tis, Tl 24 31.0
T2, T3, T4 s 18.5
PNI: prognostic nutrition index = (Albumin x 10) + (Lymphocyte count x 0,003), IAP = immunosuppressive acidic protein.
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with a high risk for poor prognosis in multivariate
analysis. Additionally, when 76 patients, including
eight with non-curative operation, could be assessed
in multivariate analysis, then TAP (P =0.0086) and
depth of invasion (P =0.0175) proved to be signifi-
cant prognostic factors (data not shown). There is a
propensity for patients with non-curative operation
to have higher serum IAP levels than patients with
curative operation,

Botti ef al." reviewed certain evidence about the
importance serum IAP levels in the role of cancer
development and progression, related with immuno-
suppressive factors as well as transforming growth
factor-beta (TGF-P), protein pl5E, interleukin 10
(IL-10), prostaglandin E2 (PGEZ2), mucins, suppres-
sive E-receptor (SER), immunosuppressive acidic
protein (IAP), and adhesion molecules. Furthermore,
Ohm et al.”” demonstrated that vascular endothelial
growth factor (VEGF) produced by solid tumors
was an important soluble factor inhibiting the
immune system. In these immunosuppressive cyto-
kines and factors, two factors are reported to be
associated with the prognosis of gastrointestinal
cancer patients: IAP in gastric cancer patients'’ %!
and E-cadherin in esophageal cancer patients
However, there were few reports associated with
serum IAP levels and prognosis in esophageal
cancer patients.

Two mechanisms are known to be involved in IAP
production: one is produced by T lymphocytes, B
lymphocytes, polymorphonuclear leukocytes, and
macrophages in cancer patients, which, when asso-
ciated with tumor progression and serum IAP levels,
reflect the immunosuppressive state of the host
immune system,' and the other mechanism is pro-
duced by hepatocytes after stimulation with IL-6
with no relation to cancer progression, which is
associated with inflammatory response®* It is
well known that the CD4 antigen plays an impor-
tant role in the immune system. Yamaguchi et al.
reported that modulation of the CD4 antigen by
IAP on the lymphocyte surface was correlated with
the increment of serum IAP levels, but details of
the immunosuppressive mechanism is unclear.
We suppose that IAP may begin to be excessively
produced by lymphocytes and macrophages when
the Th2 cytokine-dominant state has been achieved
in Th1/Th2 cytokine balance, impairing the immune
system of cancer patients. Therefore, it appears that
the overproduction of IAP represents a generally
immunosuppressive state in the host. Whatever the
mechanism involved, IAP itself has strong immuno-
suppressive activity. In conclusion, although further
prospective studies of a larger population are
needed, our data suggest that IAP levels in serum
are useful as a prognostic predictor. Further inves-
tigation is in progress to clarify the relationship
between IAP, IL-10 and PGE2.
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Single Course of Intraperitoneal Chemotherapy Followed by Multiple Course of Systemic Chemotherapy for
Gastrie Cancer Patients with Peritoneal Dissemination: Imano M*!2, Yasuda T*!, Hirai N*!, Sinkai M*!, Peng
YF#!, Yasuda A*, Shiraishi O*!, Takemoto T*!, Nishiyvama A*!, Iwama M*!, Nakamori Y*), Imamoto H*!, Itoh T*3,
Satou T*3, Okuno K*!2, Shiozaki H*! and Ohyanagi H*! (*!Department of Surgery, **Department of Ambulatory Treat-
ment Center, **Department of Pathology, Kinki University School of Medicine)

The progndais of gastric cancer complicated by peritoneal dissemination is very poor and treatment for peritoneal dis-
semination is very difficult. Conventionally, intraabdominal chemotherapy with CDDP and MMC has been administered.
However, it is not very effective and not generally available at present. Recently, treatment of peritoneal dissemination
with S-1 and Paclitaxel it may be useful to combine treatment of peritoneal dissemination using these drugs with system-
ic treatment for gastric cancer. Therefore, we administered a single course of intraperitoneal chemotherapy followed by
multiple courses of systemic chemotherapy for gastric cancer patients with peritoneal dissemination. In this trial of in-
traperitoneal chemotherapy followed by systemic chemotherapy with S-1 and Paclitaxel as the initial treatment for gas-
tric cancer patients with peritoneal dissemination, we demonstrated the usefulness of this regimen with regard to both
anticancer effect and toxicity.

Key words: Gastric cancer, Peritoneal dissemination, Intraperitoneal chemotherapy, Systemic chiémotherapy
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