Bl 3

B AR LR REE (B ABKTIEEL)

SANTRHREE
EIRRRRR AT - BRB AT DEIULTRRICE S S 0T%E

SYEMREE it R

mHERYL ¥ — BEFRAEEE

WRES  EFHLIEEEEORRE & LT, StagelV, BEBEESE K L, S{LBARE &
ROCEPREEIZ T TIHRERAR T O L L L, REIF A+ AT T F o+ S-1FAEE
ZRBRIBEL L, EEBRECHDS-1/ VAT TF U EEIIT B8 E T 4 MU E
I 1 IHRBRTRIET S LETELTVD,

A. BFEER

PIRAEE - BXREEEE T 2 0RIEEORED
EREBFIIS- 1/ A7 ZF RSP RIETH B, X
LIZIEMPREEED DI EEBEME LT, SP FEIZ
K& %2202 2H0ERFETH HDCS FiE
MR IR, BOHERB TEDE 82.5% (95%CI, 7
0.7-94.2) | SEHEHIMDJ{ES. 7 A>A (95%CI, 6.7-
10.7), @AFHM T IE 18.0 » A (95%CI, 15.0-20.
9) L BERIBFERESHE X/ (Nakayama, ASCO 20
09), LU 6, 3 AlZfFATADCS FiEE, 7
L— R4 ORFHERBD 2335%, FEEMELF R BRI H38%
IZH B, HESERE CEMBREEOEE LS B
B> TORFIE DD, —FH. GIBARIREDR
FREBRERNCTFRIL, ESDLRPAARE ZERT S
ZEiZLY, BEICERZRERE G ATICEMSRE
@) S ENLIEREROBRFER I TWE,
AEH 4~ i3StagelV, BRBEBBRE I L, oEEUR
# (diffuse) & R5{LFUREE (intestinal ) IZ53 1T TS
RBAREITHO Z & L. RS, o{LBIRE &
Bz, FEZ XA+ RTTF+S-18HEE (DC
SHEIE) ZEBRIAELE L, BERETHAS- 1/ AT
TFURIRCH T AEEMEE T A AMEEE T 1 1
FERBRCRILT D Z & & L,

B. BFE A
UIRRARREETT - BRBEOAERC L 2L
FIRCET 581/ AT SF B REEE P X
NS AT F /S RRE O EAEAL BT IAERER
(PC1013 B A AIZXT2DCS vs CS) ) *FHE L7,
FHAR ThH DR CARE CODCSEE O E-EZ
REET DTV A & Lz, THEEHOBEORENS,
TSEERDFHRFAREF THHIELRINTHY
B TSEE CODCSHFVE DOEEE IR L T THRFET %,

C. FRER
TEMACHTADCS vs CS) OF a2 ha—part

7 F AR, JOOGEEBRATORE - KBEET,
BAET T | a— LA ERTTh B,

F. WFFERE

1. FXHERK
TRIZ. FRREEOREE-7 Y = RA0bIX
U2 EFREE. SN RELERIE  BL1E P48-57
(2010. 06)

i RAZ. K23 A D HusEHEE S X | L AL FIRE. 8
37T HF115P2067-2074 (2010.11)

/IIRFIE, 3 R THEENL OERIWA B
- AEERED T 7 — A T A T HS-1+CDDPIA
OB, SEMOARIZLERLOTL X 5 »7S-1F#F
07207 ORISR b AREZR DT L X 5037
BRERREIR 7T 7 7 4 A644%5 P482-483(2010. 11)

2. ¥EERK
A Tsuji, J Matsubara, K Kato, et.al.
Multicenter Phase 11 Study of Bolus 5-FU and
LV Combined with Weekly Paclitaxel (FLTAX)
as First-line Therapy for Advanced Gastric C
ancer. %58[E]AAEKMEE S 2010 Mar.
i R SAREFEFEOBRK ERMBER %
MTEEELVWPARRE B L T-F—LER
LB SR ETER LTSRN e AR
F48[E B AR FERE 2010 Oct.

fmmAT, dLlRAEL, . RS, . BABEDD
vEVUITBEEILEI A T — A RIS RO
0 J7. H48E BAJEIE R FSHE 2010 Oct.

EEME, BRB+ 5k REC, i ®ERSLICH

SRR A ZICHT AT IV L FOMBERR
Br. 2480 H AERFEFESKRSES 2010 Oct.
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pallpoioc

FAFBREMERHNE (BABKRITIEERE)
SEMEHREE :
IR REEEAT - R BB AT S EAHLIBRICET D5

WMESEE WHAPAE X —EENR EARER

IEC®IT

BEIIREBZENIIES{LIRE (diffuse type) BL
UL (intestinal type) KB END (WHEN
RTE U/cmixed typeb TF7ET 5) . RiE CTrHIEMAM D
AN <, Hx OMRNHABRRRELTERT D Z L2
CREL, #7120 LEEREL ETERB H D DITH

L. B&F TIIRMRFRLPRE L TREFRBEL AR L.

EITT D EMITHEBE L2 &2 L0300 SEXS
5, IFEOSFEMTFHIFRICEIY, BBIZONWTHE
DR TFEDFHIFENBH LR 22H 5, FTH,
human epidermal growth factor 2 (HER2) 1XATEMF
ny R t—PEEEETOREREE S N0 E T,
BEIWCRBWTHT~34% THERZB BT H B T & BN HE
ENTWVWAEY, F7-, HERIZBEICBW TADOTHET
ThHAEESERINTVSE: Y,
Trastuzumab{IHER2IZHT 5E / 7 o —F LHUKTH
D, A THERZFGMFIEIZ LIRBRAGR ST b, B

FEZBE LT, 20095 D KERRIER ¥+ (ASCO) 2T,

HERZ2EG M B I %3 S EIE AL BEER (ToGA trial)
IZBUWNT, Trastuzumab O5-FU¥ 7z iZCapecitabine + C
isplatin (CDDP) ~® L ZFHEZHE (Median Overall survi
val: 13.8# B vs 11.14# B, hazard ratio 0.74; 95%
CT 0.60-0.91; p= 0.0046) 2S5 S h/=?, B DOHER2
Bt RIL A LIRE CRVWVER R H 2708, 4Bl HER2
Btk A )L A BEBIEEFIZ % L TTrastuzumabBf 1 L
WIETREL2ES (CR) PHRoN1F52FR LI OR
E7 2,

1. 5

[BE] 625, Bk

[F5F] LESRE

[BEFERE] &+

[BUREE] BiEIC GREEB@RF ., 2006623 H 7250
HEdH o, EHECENRE, BT 2 — 23T =4,
BE. FEsgigboniz=n, 2006647 YR Z2
Lipotz,

[HAE)] &E159cm, {A&E61kg, performance status (E
C0G)=1

[FREFRR]

HmER8660/ u L, #RIMMEK3945/ L, Hb 12.9g/dL, Ht 3
6. 8%, ML/MR35. 975/ L. CRP 0.26mg/dL, #AEMT. 2g/
dL, ALB 4.2g/dl, ALT 53IU/L. BUN 23.0mg/dL. Cre 0.
97mg/dL, Na 140mEq/L. K 3. 8mEq/L. CEA 101.4ng/mL.
CA19-9 468.9U/mL

[ PR AR )

BEORKRE, A¥Lx 4B) 8 (M1, 2) | %
IFés#% - U Hii#sfs (StagelV: cT3N3M1) &R2MF L.
{LEFIEDF St & oo 7o, BEREN O OAERFEMRIL.
LB ERAR (por2 > tub2: [H3) Thol-b DD,
HER2Z MR L7 & T AWM (EERLERE (THC
) 3+, FISHEL11.74) SHIBAL7=, ToGARRER [Capecita
bine (¥7-i%5-FU) +CDDP=*Trastuzumabfit] &% &
PEN, BETHOTT-OBEEE IR -1, 2006558 »»
HCapecitabine 1000mg/m? dayl-14, CDDP 80mg/m2 dayl.
Trastuzumab B A ES8mg/kg dayl. #EFE6ng/ kg% 38
1A 70 E UTCHM LT (Capecitabine. CDDPiL6H
ATNVET) , BERERIZOWVWTII, ¥ A 7 HIZ,
BHAE, BRIEWgrade 2233, L. —KFCapecitabin
eBRE LT, 2Y A 7 VBMERFIITEFHER1350/ u L& K
TLTWE%, HIEIZHEV, Capecitabine, CDDP% 75
% ~HELE, 294 7 AHOCTIC THEBRITERIZ
M, BEEY SENITREABRIE L. BoED PR) &H
EL, IBFELME LT, FORRKICHEL LRI EEE
S3ED T, 1094 7 AE%OCTICT, CREHE, 2+ A
BOCTCCREEE & 22 o7 (K1) , D% LIREE Mk
LA, 2344 27 )V B EATOCT CEHIEHEERE LR
RBRIBEAPIE L (JREBEEDH157 ) . Paclitax
elR°5FU/Methotrexatell & D& IRE & MafT L7=23, 2008
£9H, FROBICXL v KIEIhE (FIENEE,H24E
445 )

0. =&

ApNL, ERETR L4ABIEE L, HEEMICLdiffuse
type BN EEDBRE TH 7=, HERZBHETHY | Trast
uzumabFfAHEIEIZ & Bcelinical benefithGHiLsd Z &
AT AHEFTH D,

ToGARBRDFE R TlE. B I Trastuzunabff AEE &
EFRBETITENFN4T% £ 35% CTH Y . Trastuzumab
AR THIERICEDENE M7 (p=0.0017) , CRZE
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b HEBENIALNCEN TRV, TEh16fl (
5%) 761 (2%) THYH. FEETRDLVHOD, T
rastuzumabF A EEICEWMEM 2 H o 72 (p=0. 0599) ,
F72. Laurensy 3% 128517 HHER2IGME - T intestinal
typedidiffused L < idmixed type kb, W EHRE

XINTWB (32.2% vs 6.1%,720. 4%; p<0.001) ¥, F7,

Overall survival (0S) D77 N—7fEHTTlX, diff
use type TlxTrastuzumab®PFEIZ L BbenefitB A G
Ro EREESNTNDY, —F., BRI TIZH
A3, THC2+/FISHA+ F F=iZTHC3+BETIL. 0SHhRfEIITa
rastuzumabfFRBET16.07 A, FEFFABETIXIL84 A (
hazard ratio 0.65, 95%CI 0.51-0.83) & BIZIEENFR
HHRTVBY,

SF D, TGARBEEROBROiE. BERETR L. di
ffuse typeDFEREMRNE VATV A BRIZEBWTL [Tr
astuzumabfFBIZ & Abenefitid{Ev ] CHBT I, 5%
OHEZFECB VW THERBEOERE LEBIR SN BN
BHsb, LinL, AEOI S ICEBFR R4RE2 1L
FREZERYIC b diffuse typeEEDEEFNIT-DWT $ Trastu
zumabEFBENEEINDIRE THY . £ %Trastuzun
abZETEBICER LTV UTH 2 0 HER2ITEE O
BFREZMALT, RRETIERENRHDLEZLD,

G. MM ESOHE - Bk (FEEZSL, )
1REFIeE 2 L

2. ERMERE 2L

3. T DR L
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(BII#E3)

EABBREFIERMEEIE (DS ABRKRFRERE)
SAREHEE

PIBRAHEHEAT -

BREENACT S EFCERICEYT 585

MRoEE BE ER MEREHLSEAR BERE

MEES
BHR, ERICHFERHETRRFOREHA

AR AKI PR, BEREFRITIC L 2 H BB OLFREICH T 2 158K

A BFEE®

T, HILEE o4 ALk
(REHRILZRRE) OFENREIZHD H
[ZHoTETRY, REETCRFRLA%ED
BN END Lol ok
BETHEMP QL oM EICFETEBR &N
B LI TETWS, UL, {L5mE
(B mfbapis) OBk E & bICRES Y
BLLTEY, —DIIFEFZEOHETRID
H#EETHDHZ L, b —2IBEDROEA
ERREVWIETHD, Thbb, ALEE
OEFIER, FURHATHTHHEESEFROD
BE. BERIRIBEAZEPFEEICREN &
REBPFLTWA, LALRAS, BYER. 1B
ROROERFZ L OERP—FMICEET S
OPEIRFZICHEAEINTE LT, BEINC%
NETFRTLIZLEIRETHD, T TH
2, BEFEE. BARICST AERERE
FORBRL, 1BRF O BEME « FLI A ML
BELEEES BESHE L OBEEIZOWN
TRETHZE &L,

B. HfFE5ik
HAERHALECLD>E > TAEH
WEARZFEHAL, XARBEVZORNRER
DIZEBEL. »o (MEBH~OREE] I
HET5Z LIZLVHEFGI~ORELFRHA
L7256, # oml oMk % @5 OIkELiE
TEHIT 5, FHELENRERERICAR
HFIC L VEBEZEH Im % 172 VERER
T35, #itah-H eHIERIFIEEERETH D
MEREEFIT IR S, B R EER
. MK & A RRALRRAD & o DNA, RNA fHH %47
9. HILBEICHT S (BHEB) LFEREIC

BI2EEER. WRIE LEEOAREED
5 BEFE A BRI L. IBEDR
BI/EA LBIE L 2B EFREORELZITO.
(fREEE~DEE)

AL, BERFEBRS I ERK 1
2EICED T [BEFENTHFEICMFHET 5%
BAYRESICHIN T30 08s) TN E
K1 343H29 ICRAEE. BEEYE
B RBRBEEEOIATAERTERS L
N7 b BRTFEENTHIEC BT A MRS
IZELT, & M/ A BEFHFTHEOR
Bk Z +oZBE LIER S, YBRomEER
EHEFBE LTV,

C. HrEEHER
LART, Foxid, RiEMEStage I1/111

BEIZRBIT DFP-RURIEDIERBRIZB VT,
CR (BEFHK) F20HIUITS BETFO
5 -TSERM3RTH B EE, 3 -TSUTR iZ6bpDIEA
P dr HFE. GSTPI-105(I43Val T 2 BEIZ I
TCRENEL . FTEETFTHD (Favourable
genotype) FJREMEZ R I-%E . 3B EFHD S
LELU LR R OBER L. HELLT LR
TROEEDATFHB LB 21T - 7= (combined
analysis) R, Stage I/IIIRBEEEFOT
BEHETEEIMEEL AH L

(P=0. 0197) #. Favourable genotype% ##k
HOENAEGFTRIELTEETHL L DM
XHEEIT-72 (Am J Clin Oncol.
2007;30(3) :252-7), 4 [BIF & 1L B IEFEHAT R
LEFRIEBE BT,
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TNFRSF1B i#/5F 7 A1466G EEFRICER L
1466 A #FOREHTIL, CR 2155 AIREfER
BVEERHL(p=0.040), LAxL, B
BRET L 7= M196R/TH87G % 7= i3 C1493T B+
- BITIIRES R TR TN E R o7 (JExp
Clin Cancer Res. 2010 Jul 20;29:100.) ,

D. B

TNF-a ERECLDDLIEERTA IA
YTHDIN, ZODEFEERETH, TDD
% TNFR2 % =— N9 %, NFRSF1B @{=FI135 |
BRaEERICE L, M EBRDSR
BHESNTND, TOFFICOWTIIHEE
ERFRIRIC B W CITREMIBR B S D438 T
ZORBESITPRETE & OBRRRRE X
AVTE 72, RIS T b SCRRAY
WENRENTE, SEELIT3 FFR
FEEKD 1466 A/GIZIER LT 21TV, A 28
DBREHDCOLFOBERICKL LEBALIZCR %
5. BEOIRLEWVER D Z L EREL
720

i

A
[i5)

E. #

g =11

BEEREITB T B FP-RT BE OB EHDRIC
BWT TS BT, GSTP ERFED. £
= A EORRE Tk TNFRSF1B3® FEFAFR Rk
D 1466 A/GIZIEH LA 21TV, 1466 A %

B oBEBENEALC CR 25 IBFEDELEW
TEERRMLE, A%, ZTONBDOHENR
EE AL FRBRIRIERE 71T Tl < EBATHAL
FEBE KT DEREEN L0 B ¥
720, SRLBREERLIAFETH D,
F. ERERER

el
G. WFERE

1. FXER
TNFRSF1B A1466G genotype is predictive of
clinical efficacy after treatment with a
definitiveb—fluorouracil/cisplatin—based
chemoradiotherapy in Japanese patients
with esophageal squamous cell carcinoma.
Kuwahara A, Yamamori M, Fujita M, Okuno T,
Tamura T, Kadoyvama K, Okamura N, Nakamura

T, Sakaeda T. J Exp Clin Cancer Res. 2010
Jul 20;29:100.

2. BEEFER
2L

H. SnABTFERE O HRE - BRI (FEZET.)
1. HFFRE
2L
2. ERAFRBE
L
3. Z0Ofh
QP
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B4

FFERROTITICET 2 —RER

=5
EERA | RXEA V4 g2k | B B A HihR#E4 | HhR#t | HBRRE | —
mEE%
HEATH, |[BBA~EIRT REE, EBM FHEZ | KX 2010 | 30-34
HENH B | REEEITE B A THEMIE, (D AMRE #t
9% MR IE RINFoE.  (EE
D ZHRIBR LA EEE. R Lok
T2 FE A 2N TN L
R hidwv BIHE.
WO ? SEESFIPS
CRE®R  |SRIEFREOER | REK BEELZ25 - |¥IH  |EXR 2010  |130-138
(VAT LL=RY BETL-B
AV RDOEA R BB RO
Fuor7ET H
{k28BOOK 01
CHEE® | RBBAZREBEIC |BERE EBM Ak | FAEZE RN 2010 [79-82
BNTARARAv T L HFE
DOifFe#t & (beyond HITRRIE
progression) X3
) ?
REEHEKA WXH A R4 FRIEA B5 N—=y Hi R
F
K. Sai, Y. Saito, Additive Effects of Drug Cancer 66 95-105 2010
K. Maekawa, S.R.Kim, Transporter Genetic Chemotherapy and
N. Kaniwa, T.N. 'Mogarni, P91ymorphisms on Pharmacology
J. Sawada, K. Shirao, Irinotecan
T. Hamaguchi, Pharmacokinetics /
N. Yamamoto, H. Kunitoh, | Pharmacodynamics in
Y. Ohe, Y. Yamada, Japanese Cancer Patients.
T. Tamura, T. Yoshida,
Y. Matsumura, A. Ohtsu,
N Saijo, H. Minami.
A. Takashima, K. Shirao, Sequential chemotherapy J Cancer Res Clin 136 243-248 2010
Y. Hirashima, D. Takahari, | with methotrexate and Oncol
N.T. Okita, T.E. Nakajima, | 5-fluorouracil for
K. Kato, T. Hamaguchi, chemotherapy—naive
Y. Yamada, Y. Shimada advanced gastric cancer
with disseminated
intravascular coagulation at
initial diagnosis
Y. Horita, Y. Yamada, Effects of bevacizumab on | Cancer Chemother 65 467-471 2010
Y. Hirashima, K. Kato, plasma concentration of Pharmacol
T. Nakajima, Y. Shimada. irinotecan and its meta-
bolites in advanced
colorectal cancer patients
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receiving FOLFIRI with
bevacizumab as second-
line chemotherapy

TE. Nakajima, Y. Yamada, | Adipocytokines and J Cancer Res Clin 136 261-266 2010
T. Hamano, K. Furuta, I. squamous cell carcinoma Oncol
Oda, H. Kato, K. Kato, of the esophagus.
T. Hamaguchi, Y. Shimada
A. Sawaki, Y. Yamada, Phase II study of Cancer Chemother 65 961-967 2010
Y. Komatsu, T. Kanda, motesanib in Japanese Pharmacol
T. Doi, M. Koseki, patients with advanced
H. Baba, YN. Sun, gastrointestinal stromal
K. Murakami, T. Nishida. tumors with prior exposure
to imatinib mesylate
K. Yamada, N. Yamamoto, | Phase 1 and pharmaco- Jpn J Clin Oncol 40 404-411 2010
Y. Yamada, T. Mukohara, kinetic study of ABI-007,
H. Minami, T. Tamura. albumin-bound paclitaxel,
administered every 3
weeks in Japanese
patients with solid tumors.
Y. Fujisaka, Y. Yamada, Phase 1 study of the Cancer Chemother 66 935-943 2010
N. Yamamoto, T. Shimizu, investigational, oral Pharmacol
Y. Fujiwara, K. Yamada, angiogenesis inhibitor
T. Tamura, H. Watanabe, motesanib in Japanese
YN. Sun, MB. Bass, patients with advanced
M. Seki. solid tumors.
W. Koizumi, H. Takiuchi, Phase II study of Ann Oncol 21 1001-1005 2010
Y. Yamada, N. Boku, oxaliplatin plus S-1 as
N. Fuse, K. Muro, first-line treatment for
Y. Komatsu, A. Tsuburaya. | advanced gastric cancer
(G-SOX study)
TE. Nakajima, Y. Yamada, | Adipocytokines as new Cancer Sci 101 1286-1291 2010
T. Hamano, K. Furuta, promising markers of
T. Matsuda, S. Fujita, colorectal tumors:
K. Kato, T. Hamaguchi, Adiponectin for colorectal
Y. Shimada. adenoma, and resistin and
visfatin for colorectal
cancer
T. Doi, K. Muro, N. Boku, | Multicenter Phase II study | J Clin Oncol 28 1904-1910 2010
Y. Yamada, T. Nishina, of everolimus in patients
H. Takiuchi, Y. Komatsu, with previously treated
Y. Hamamoto, N. Ohno, metastatic gastric cancer.
Y. Fujita, M. Robson,
A. Ohtsu.
K. Hashimoto, Progression-free survival in | J Cancer Res Clin 136 1059-1064 2010
A

. Takashima,
K. Nagashima, S. Okazaki,

TE. Nakajima, K. Kato,

T. Hamaguchi, Y. Yamada,

Y. Shimada

first-line chemotherapy is
a prognostic factor in
second-line chemotherapy
in patients with advanced
gastric cancer

Oncol
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Y. Yamada, T. Arao, Plasma concentrations of Cancer Sci. 101 1886-1890 2010
K. Matsumoto, V. Gupta, VCAM-1 and PAI-1: A
W. Tan, J. Fedynyshyn, predictive biomarker for
TE. Nakajima, Y. Shimada, | post-operative recurrence
T. Hamaguchi, K. Kato, in colorectal cancer.
H. Taniguchi, Y, Saito,
T. Matsuda, Y. Moriya,
T. Akasu, S. Fujira,
S. Yamamoto, K. Nishio.
Y. Fujisaka, Y. Yamada, A Phase 1 clinical study | Jpn J Clin Oncol. 40 732-738 2010
N. Yamamoto, A. Horiike, | of temsirolimus (CCI-779 |
T, Tamura. in Japanese patients with
advanced solid tumors.
H. Kaneda, T. Arao, FOXQI is overexpressed Cancer Res 70 2053-2063 2010
K. Tanaka, D. Tamura, in colorectal cancer and
K. Aomatsu, K. Kudo, enhances tumorigenicity
K. Sakai, MA.Velasco, and tumor growth.
K. Matsumoto, Y. Fujita,
Y. Yamada, J. Tsurutani,
I. Okamoto, K. Nakagawa,
K. Nishio.
S. Iwasa, TE. Nakajima, Systemic chemotherapy for | Int J Clin Oncol 16 57-62 2011
K. Nakamura, peritoneal disseminated
A. Takashima, K. Kato, gastric cancer with
T. Hamaguchi, Y. Yamada, | inadequate oral intake:
Y. Shimada a retrospective study
D. Takahari, Y. Shimada, Second-line chemotherapy Gastric Cancer - 13 186-190 2010
S. Takeshita, H. Nishitani, with irinotecan plus
A. Takashima, N. Okita, cisplatin after the failure
Y. Hirashima, K. Kato, of S-1 monotherapy for
T. Hamaguchi, Y. Yamada, | advanced gastric cancer
K. Shirao
HK. Kim, I}J. Choi, Three-gene predictor of Pharmacogenomics Epub ahead 2010
CG. Kim, HS. Kim, clinical patients treated Journal of print
A. Oshima, Y. Yamada, with chemotherapy
T. Arao, K. Nishio,
A. Michalowski, JE. Green.
T. Watanabe, H. Tsuge, Nucleolin as cell surface J Cancer Res Clin 136 911-921 2010
T.Imagawa, D. Kise, receptor for tumor necrosis | Oncol.
K. Hirano, M. Beppu, factor-alpha inducing
A. Takahashi, protein: a carcinogenic
K. Yamaguchi factor of Helicobacter
pylori.
Doi, N. Boku, K. Kato, | Phase VII Study of Jpn J Clin Oncol. 40 913-920 2010

. Komastu, K. Yamaguchi
. Muro, Y. Hamamoto,
. Sato, W. Koizumi,

Z > R <3

. Mizumura, H. Takiuchi.

Capecitabine Plus
Oxaliplatin (XELOX)

Plus Bevacizumab As First
-line Therapy in Japanese
Patients with Metastatic
Colorectal Cancer.
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K. Muro, N. Boku Irinotecan plus S-1 (IRIS) | Lancet Oncol 11 853-860 2010
Y. Shimada, A. Tsuii versus fluorouracil and
S. Sameshima, H. Baba, folinic acid plus irinotecan
T. Satoh, T. Denda, K. Ina, (FOLFIRI) as second-line
T. Nishina, K. Yamaguchi, chemotherapy for
H. Takiuchi, T. Esaki, metastatic colorectal cancer
S. Tokunaga, H. Kuwano, -8 I:and(?m%sed phase 2/3
Y. Komatsu, M. Watanabe, non-inferiority study
I. Hyodo, S. Morita, (FIRIS study).
K. Sugihara.
K. Shitara, T. Yokota, Phase Il study of Jpn J Clin Oncol. 40 699-701 2010
D. Takahari, T. Shibata, combination chemotherapy
T. Ura, Y. Komatsu, with biweekly cetuximab
S. Yuki, M. Yoshida, and irinotecan for pre-
H. Takiuchi, S. Utsunomiya | treated metastatic
Y. Yatabe, K. Muro. colorectal cancer harboring
wild-type KRAS.
K. Kato, K. Muro, Phase 11 Study of Chemo- | Int J Radiat Oncol Epub ahead 2010
K. Mishina, A. Ohtsu, radiotherapy with 35- Biol Phys. of print
S. Ishikura, N. Boku, Fluorouracil and Cisplatin
H. Takiuchi, Y. Komatsu, for Stage II-II1 Esophageal
Y. Miyata, H. Fukuda. Squamous Cell Carcinoma:
JCOG Trial (JCOG 9906)
K. Kato, M. Tabhara, A phase 11 study of Cancer Chemother Epub ahead 2010
S. Hironaka, K. Muro, paclitaxel by weekly 1-h Pharmacol. of print
H. Takiuchi, Y. Hamamoto, | infusion for advanced or
H. Imamoto, N. Amano, recurrent esophageal
T. Seriu. cancer in patients who
had previously received
platinum-based
chemotherapy.
AATE, ETHIEA, BB E O BERIT | BULERIE 37 151-155 2010
RGN, WWASTHEL, R BEICRITDS-1+Paclki
EARFE, KRBT, taxelf3f FH #E 1% DFeasibility
TN, BEANLER HER(0OGSG0401)
SHARBL, R
BEFL B BE(LEFEIIBITS B 3 Aperspective 3 22-26 2010
1t 5 o> Hiuss [ 2=
YRR REEAT - BREEIC
w3 AL FEIE
e L B4 HRESERAL A DI B | DABEL 7 Fv— | ] 58-61 2010
D A-YIER TN REHETT - FE 3
B A-
FEALEE Lower G.I/Colon and Rec | #EEALZERIE 37 | 20852086 | 2010
tum CancerXiF#E 11T~
R RGO R
B LR IE
N. Boku. Current Status and Jpn } Clin Oncol. 40 183-187 2010

Problems in Development
of Molecular Target
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Agents for Gastrointestinal
Malignancy in Japan.

T. Sakamoto, H. Yasui, Comparison of Int J Clin Oncol. 15 287-293 2010
N. Boku, Y. Onozawa, combination chemotherapy
S. Hironaka, A. Fukutomi, with irinotecan and
K. Yamazaki, K. Taku, cisplatin regimen
N. Machida, A. Todaka, administered every 2 or 4
H. Tomita, T. Tsushima, weeks in pretreated
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Abstract

Purpose Effects of genetic polymorphisms/variations of
ABCBI, ABCC2, ABCG2 and SLCOIBI! in addition to
“UGTIAI*28 or *” on irinotecan pharmacokinetics/
pharmacodynamics in Japanese cancer patients were
investigated.

Methods Associations between transporter haplotypes/
variations along with UGTIAI*28 or *6 and SN-38 area
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under the time—concentration curve (AUC) or neutropenia
were examined in irinotecan monotherapy (55 patients) and
irinotecan—cisplatin-combination therapy (62 patients).

Results Higher SN-38 AUC values were observed in
ABCBI 2677G>T (A893S) (*2 group) for both regimens.
Associations of grade 3/4 neutropenia were observed with
ABCC2 —1774delG (*]1A), ABCG2 421C>A (Q141K) and
IVS12 + 49G>T (*IIB) and SLCOIB] 521T>C (V174A)
(*15 - 17) in the irinotecan monotherapy, while they were

Y. Matsumura

Investigative Treatment Division, Research Center

for Innovative Oncology, National Cancer Center Hospital East,
6-5-1 Kashiwanoha, Kashiwa, Chiba 277-8577, Japan

A. Ohtsu

Division of GI Oncology/Digestive Endoscopy,

National Cancer Center Hospital East, 6-5-1 Kashiwanoha,
Kashiwa, Chiba 277-8577, Japan

N. Saijo
National Cancer Center Hospital East, 6-5-1 Kashiwanoha,
Kashiwa, Chiba 277-8577, Japan

H. Minami

Division of Oncology/Hematology,

National Cancer Center Hospital East, 6-5-1 Kashiwanoha,
Kashiwa, Chiba 277-8577, Japan

Present Address:

H. Minami

Medical Oncology, Department of Medicine,

Kobe University Hospital and Graduate School of Medicine,
7-5-2 Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan

@_ Springer

-30-



96

Cancer Chemother Pharmacol (2010) 66:95--105

evident only in homozygotes of ABCBI*2, ABCG2*1IB,
SLCOIBI*I5 - 17 in the cisplatin-combination therapy.
With combinations of haplotypes/variations of two or more
genes, neutropenia incidence increased, but their prediction
power for grade 3/4 neutropenia is still unsatisfactory.
Conclusions Certain transporter genotypes additively
increased irinotecan-induced neutropenia, but their clinical
importance should be further elucidated.

Keywords Irinotecan - Transporter -
Genetic polymorphism - Haplotype

Introduction

Irinotecan, an anticancer prodrug, is widely used for treating
a broad range of carcinomas including colorectal and lung
cancers. However, unexpected severe diarthea and neutro-
penia are important clinical side effects from irinotecan
treatment. The active metabolite SN-38 (7-ethyl-10-hydro-
xycamptothecin), a topoisomerase I inhibitor, is generated
by hydrolysis of the parent compound by carboxylesterases
[1], and is subsequently glucuronidated by uridine diphos-
phate glucuronosyltransferases (UGTs), such as UGT1A1,
UGT1A7, and UGT1AS, to form an inactive metabolite,
SN-38 glucuronide (SN-38G) [2-4]. Irinotecan is also
inactivated by CYP3A4 to produce 7-ethyl-10-[4-N-(5-am-
inopentanoic acid)-1-piperidino]carbonyloxycamptothecin
(APC) and 7-ethyl-10-(4-amino- 1-piperidino)carbonyloxy-
camptothecin (NPC) [5]. Irinotecan and its metabolites are
excreted into the bile and urine via the action of ATP-
binding cassette (ABC) transporters, such as P-glycoprotein
(P-gp/ABCB1), multiple resistance-associated protein 2
(MRP2/ABCC2), and breast cancer resistance protein
(BCRP/ABCG?2) [6]. Transport of SN-38 from the plasma
into the liver is mediated by the organic anion transporting
polypeptide C (OATP-C/SLCO1B1) [7]. Most of the pre-
vious pharmacogenetic studies on irinotecan have focused
on UGTIAT polymorphisms and have shown clinical rele-
vance of UGTIAT*28, a repeat polymorphism in the TATA
box [—54_—39A(TA);TAA>A(TA);TAA or —40_—39ins
TA], to severe toxicities [8—10]. Based on these findings, in
2005, the Food and Drug Administration (FDA) of the
United States approved an amendment for the label of
Camptosar (irinotecan HCl) (NDA 20-571/S-024/58-027/S-
028) and the clinical use of a genetic diagnostic kit for the
*28 allele. In parallel with this advance in the USA, clinical
relevance to severe neutropenia of UGTIAI*6 [211G>A
(G71R)], another low-activity allele detected specifically in
East-Asians, as well as *28 was demonstrated in several
studies on Asian patients [I1-14]. Accordingly, in June
2008, the Ministry of Health, Labor and Welfare of Japan
approved changes to irinotecan labels (Campto and
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Topotecin) by adding a caution for the risk of severe tox-
icities in patients either homozygous or compound hetero-
zygous for UGTIAI*28 and *6 (¥28/*28, *6/*6, *28/*6)
and the clinical use of a diagnostic kit for UGTIA1*28 and
*@, Severe toxicities, however, are found in patients without
*6/%6, *28/%28, and *28/%6; therefore, other factors
responsible for irinotecan toxicities should be identified.

Several clinical studies have suggested polymorphisms
of the drug transporter genes, such as ABCBI, ABC(C2,
ABCG?2, and SLCOJBI1, might affect irinotecan pharma-
cokinetics (PK)/pharmacodynamics (PD) in Caucasian and
Asian patients. However, the results obtained from differ-
ent ethnic populations with various irinotencan regimens
are still controversial, and the genetic markers examined
also differ [13, 15-26]. We previously identified a number
of haplotypes/variations of transporter genes, including
ABCBI, ABCC2, ABCG2 and SLCOIB! in Japanese
[32, 26-29], but their clinical significance, either alone or
in combination, in irinotecan therapy has not yet been
examined.

This study aimed to identify the genetic polymorphisms/
variations of ABCBI, ABCC2, ABCG2, and SLCOIBI
which can affect irinotecan PK/PD in Japanese cancer
patients. We carefully stratified the patients considering the
irinotecan regimen (irinotecan monotherapy or combina-
tion therapy with cisplatin) and UGTIA! genotype
(UGTIAI *6 or *28), and examined additive effects of
transporter haplotypes/variations on the area under the
time—concentration curves (AUC) of the toxic metabolite
SN-38 and on the risk of severe neutropenia.

Patients and methods
Patients

The patients used in this study were the same as those
described in a previous paper [12], where details on the
eligibility criteria for irinotecan therapy, patient profiles,
and irinotecan regimens were described. In this study, 55
patients with irinotecan monotherapy (100 mg/m? weekly
or 150 mg/m? biweekly) and 62 patients with combination
therapy of irinotecan (60 mg/m? weekly or 70 mg/m>
biweekly) and cisplatin (60 or 80 mg/m?, respectively)
were included. This study was approved by the ethics
committees of the National Cancer Center and the National
Institute of Health Sciences, and written informed consent
was obtained from all participants.

Analyses on genetic polymorphisms and PK/PD

Patients” data on genetic variations and haplotypes of
UGTIAI, ABCBI, ABCC2, ABCG2 and SLCOIBI were
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previously obtained [12, 26-29]. Regarding ABCG2,
combination haplotypes were newly defined using the
previously reported haplotypes from three linkage dis-
equilibrium (LD) blocks [28]. Patients’ PK data on the area
under the concentration—time curve (AUC) and toxicities
were previously obtained [12].

Association analyses

Associations of transporter genotypes with AUC/dose
values for irinotecan, SN-38 and SN-38G, absolute neu-
trophil count (ANC) nadir, and incidence of grade 3 diar-
rhea or grade 3/4 neutropenia were investigated. For SN-38
AUC/dose and neutropenia, the patients were stratified by
the presence of UGTIAI*6 or *28 (UGT+). Statistical
significance (two-sided, P < 0.1) was determined by the
Mann-Whitney (MW) test or Jonckheere—Terpstra (JT) test
for AUC/dose, and by Fisher’s exact test and chi-square
test (for trend) for incidence of grade 3 and 4 toxicities,
using Prism version 4.0 (GraphPad Prism Software Inc.,
San Diego, CA, USA) and StatXact version 6.0 (Cytel Inc.,
Cambridge, MA). Multiplicity adjustment was not applied
to bivariate analysis, and contributions of the candidate
genetic markers to SN-38 AUC/dose values and ANC nadir
were further determined by multiple regression analysis
after logarithmic transformation of the AUC/dose values
and ANC nadir counts. The variables examined were age,
sex, body surface area, history of smoking or drinking,
performance status, serum biochemistry (GOT, ALP, cre-
atinine) at baseline, the ANC at baseline (for neutropenia),

and genetic markers including UGTIAI%6 or *28 (UGT+)
and the transporter haplotypes. The variables in the final
models were selected by the forward and backward step-
wise procedure at a significance level of 0.20 using JMP
version 7.0.0 (SAS Institute Inc., Cary, NC, USA).

Results

Definition of major transporter haplotypes
and their selected markers

For screening transporter gene polymorphisms affecting
irinotecan PK/PD, major haplotypes and their tagging
single nucleotide polymorphisms (SNPs) from ABCBI,
ABCC2, ABCG2 and SLCOIBI were selected (Tabie 1)
according to their frequencies (more than 5%) and/or from
preliminary results obtained from all patients treated with
irinotecan.

For ABCBI block 1[26], the haplotype group BJL,
which consists of */B (having —1789G>A), */J (having
—1789G>A and —371A>G) and *IL (having —1789G>A
and —145C>G), was selected because an association of the
marker SNP —1789G>A with lower expression levels of P-
gp has been reported [30]. ABCBI block 2 *2 was origi-
nally defined as haplotypes containing three SNPs,
1236C>T, 2677G>T (A893S) and 3435C>T [31]. Since
the *9 haplotype with 1236C>T, 2677G>T (AR93S)
without 3435C>T [16] showed the same trend for PK/PD
as *2 (data not shown), the current study classified the

Table 1 List of major transporter haplotypes and their markers analyzed for Japanese cancer patients

Gene Haplotype Tagging SNP Abbreviation used Haplotype frequency
in this paper " -
Monotherapy With cisplatin
(N=110)* (N =124
ABCBI1 BJL® (block 1) —-1789G>A 0.182 0.210
*2 group® (block 2) 2677G>T(A893S) B 0.382 0.379
*10 group” (block 2) 2677G>A(AR93T) 0.182 0.169
*1b (block 3) IV827-182G>T 0.200 0.169
ABCC2 *[A —1774delG C 0.373 0.371
*1C/G 3972C>T(113241) 0.218 0.266
ABCG2 *LB [*]a-*2-*1b]° 421C>A(Q141K), IVSI2 + 49G>T G 0.200 0.274
*HIC [*1b—*3-*Ic]° 34G>A(VI12M), IVS9-30A>T 0.164 0.097
SLCOIB] *1b 388A>G(N130D) 0.373 0.573
*15 .17 521T>C(V174A) S 0.191 0.153

? Number of chromasome

® BJL consists of *IB (having —1789G>A), *1J (having —1789G>A and —371A>G) and *IL (having —1789G>A and —145C>@) previously

defined [26]

© *2 Group includes *2, ¥9, *]2 and *14 haplotypes previously defined [26]

¢ *]0 Group includes */0 and *13 haplotypes previously defined [26]

¢ Combination of ABCG2 haplotypes of three blocks {block (—1)-block 1-block 2] previously defined [28]
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haplotypes with 2677G>T (A893S), *2, *9, *I12 and */4
[26], as the *2 group (*2 in this paper). Similarly, the *J0
group was classified as haplotypes with 2677G>A
(A893T), i.e., *10 and *I3, since no differences in PK/PD
parameters were observed between these haplotypes. The
*4, *6, and *8 haplotypes in block 2 [16, 26] showed
no significant effect in the current analysis (data not
shown). The ABCBI block 3 */b haplotype containing
1VS27-182G>T was selected because our previous study
showed it was associated with an increased renal clearance
of SN-38 [16].

Based on reports showing possible functional alterations
of —1774delG [32] and 3972C>T (113241) [I18, 24],
ABCC2 haplotypes containing those variations were clas-
sified as *IA and “*/C and *IG (*]1C/G)”, respectively,
according to our previous definition: */A, —1774delG;
*]C, —24C>T and 3972C>T; *IG, 3972C>T (27].
ABCC2*%2 [1246G>A (V417D)] and *IH [2934G>A
(S8978S)] [27] showed no statistically significant effects
(data not shown).

The ABCG2 combinatorial haplotypes were newly
defined as combinations of haplotypes across the three
blocks [block (—1)-block I-block 2] previously reported
[28]. Major combinations in 177 patients were the wild
type *IA (frequency = 0.291), *IIB [containing 421C>A
(Q141K) and 1VS12 + 49G>T] (0.251) and *IIIC [con-
taining 34G>A (V12M) and IVS9-30A>T] (0.107). Note
that *IIB and *IIIC are subgroups of block 1 *2 {421C>A
(Q141K)] and block 1*3 [34G>A (V12M)], respectively
[28].

The SLCOIBI haplotypes used were the major haplo-
types *1b [containing 388A>G (N130D) without 521T>C
(V174A)] [33] and *I/5-17 [containing 521T>C
(V174A)], the functional relevance of which has been
reported [34].

Association of transporter genotypes with AUC values

Since we previously found that some PK parameters,
including AUC/dose, Cmax/dose and r,, for irinotecan
and/or its metabolites, as well as incidence of grade 3/4
toxicities were affected by irinotecan regimen [12], the
following analyses were conducted using the two groups of
patients; i.e., those treated with irinotecan monotherapy
(100-150 mg/m* for initial dosage) or by combination
therapy with cisplatin (60-70 mg:’m2 for initial dose of
irinotecan). Since SN-38 AUC levels were largely depen-
dent on the UGTIAI genotype “*6 or *28” [12], the
associations of transporter genotypes with SN-38 AUC
values were analyzed within the groups stratified by the
marker UGTIA] “*6 or *28” (UGT+); i.e., UGT—/—,
UGT+/— and UGT+/+. Since the SN-38 AUC/dose level
of one patient with haplotypes ABCBI*2 [2677G>T
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(A893S)] and *14 [2677G>T (A893S) and 1345G>A
(E448K)] showed an outlying value (indicated as “e” in
Fig. 1}, this patient was excluded from the statistical
analysis. In this study, we preliminarily found that effect
of each transporter genotype on irinotecan PK/PD was
generally small. However, it was hypothesized that multi-
ple transporter genotypes might act additively as described
below. Accordingly, we adopted a statistical significance
level of P=10.1 (two-sided) to pick up candidate
polymorphisms for further evaluation of their combined
effects.

Figure | shows the association of transporter genotypes
with SN-38 AUC values in the irinotecan monotherapy. In
all patients (ALL), higher values of the SN-38 AUC/dose
were observed in the ABCBI*2/*2 [1.64-fold of —/—,
P =0.095 (MW test)] (Fig. 1b) and ABCG2*IIB [1.24-
fold of —/—, P = 0.078 (MW test)] genotypes (Fig. le)
and lower values were observed in the ABCBI*1b (block
3) [0.78-fold of —/—, P = 0.008 (MW test)] (Fig. ic)
genotype. In UGT—/— patients, an increase in SN-38
AUC/dose was observed in the ABCBI BJL [1.22-fold of
~/~, P =0.073 (MW test)] (Fig. la) and ABCG2*IIB
[1.21-fold of —/—, P = 0.082, (MW test)] genotypes
(Fig. le). In UGT (+4/— and +/4-) patients, an increase in
SN-38 AUC/dose in SLCOIBI*15 - 17 (S) [1.59-fold of
—/—, P =0.036 (MW test)] was also observed (Fig. If).
Multiple regression analysis for the SN-38 AUC/dose
(logarithm-transformed wvalues) in the irinotecan mono-
therapy revealed significant associations of ABCBI*2/%2
(coefficient = 0.212 & 0.075, P = 0.007), along with
UGT+/— (0.113 £ 0.054, P = 0.040) and UGT+/+
(0.225 + 0.088, P = 0.014) in the final model [R*> =
0.226, Intercept = 0.281 (log 10~h m*/L), N = 53],

Regarding other compounds, ABCBI*2/%2 also showed
higher irinotecan AUC/dose (1.27-fold) [66.2 (48.2-82.4)
[median (25th—75th percentiles)] for *2/*2 vs. 52.2 (40.6—
61.9) for —/— and *2/—; P = 0.063 (MW test)] and SN-
38G AUC/dose (1.62-fold) [18.0 (14.6-27.7) for *2/%2 vs.
11.1 (7.7-14.2) for —/— and *2/—; P = (.002 (MW test)].
Conversely, lower irinotecan AUC/dose for ABCBI*]10/
*10 (0.79-fold) [54.8 (44.4-65.7) for —/— vs. 43.3 (40.6—
54.1) for *10/*%10; P = 0.062 (JT test)] was detected.

For the combination therapy with cisplatin, an increase
of the SN-38 AUC/dose for ABCBI*2/%2 (1.43-fold) in
non-UGT+/+ patients (UGT—/— and UGT+/—-) (N = 55)
[3.57 (2.72-4.19) for *2/*%2 vs. 2.51 (1.99-3.28) for —/—
and *2/—; P = 0.032 (MW test)], and a decrease for
ABCBI*1b (0.80-fold) in UGT—/— patients (N = 35)
[2.03 (1.72-2.33) for *Ib/— and *1b/*1b vs. 2.55 (2.02-
3.3 for ~/—; P =0.026 (MW test)] were observed.
Multivariate analysis, however, showed no significant
contributions of these transporter haplotypes to the SN-38
AUC/dose values.
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Fig. 1 Effects of transporter genotypes on SN-38 AUC/dose in
irinotecan monotherapy (N = 54). a Excluded from statistical anal-
ysis. The bars represent the medians. UGT+ = UGTIAI*6 or *26.
a BJL contains —1789G>A, *2 (block 1) = 325G>A (E109K), *3
(block 1) = 304G>A (G102R); b *2 (block 2) contains 2677G>T

Effects of transporter genotypes on toxicities
in irinotecan monotherapy

Since 80 and 100% of UGT+/+ patients showed grade
3/4 neutropenia in the irinotecan monotherapy and com-
bination therapy with cisplatin, respectively, neutropenia
incidence was analyzed only in the non-UGT+/+ popu-
lation. Two patients were excluded from the analysis; one
patient who showed an outlier SN-38 value (indicated as
“a” in Fig. 1) and a second patient from the cisplatin-
combination therapy group who discontinued irinotecan
therapy.

In terms of incidence of grade 3/4 neutropenia in iri-
notecan monotherapy (Table 2), ABCC2*]A-dependent
increases [0, 25.8 and 50.0% for —/—, *1A/— and *]A/*]A,
respectively; P = 0.014 (chi-square test for trend)] were
observed in UGT (—/— and +/—) patients. Higher inci-
dence with ABCG2”IIB was also found in UGT (—/— and
+/—) patients [9.5% for —/— and 35.3% for *“IIB/— and
“IIB/*IIB, respectively; P = 0.049 (Fisher’s exact test)],

(A893S); ¢ *1b (block 3) = IVS27-182G>T, *2 (block 3) = 3751G>
A (V12511); d *IA contains —1774delG; e /IB contains 421C>A
(Q141K) and 1VS12 + 49G>T; f § = SLCOIBI1#15 - 17 containing
521T>C (V174A)

and with SLCOIBI1*15 - 17(S) in the UGT+/— patients
[15.0, 28.6 and 100% for —/—, S/— and /S, respectively;
P = 0.076 (chi-square test for trend)].

Multiple regression analysis for the ANC nadir (logarithm-
transformed values) was conducted. The final model
[R2 = 0.466, Intercept = 1.088 (log counts/pL), N = 52]
revealed associations of ABCC2*IA/*IA (coefficient =
—0.339 4 0.088, P = 0.0004), ABCG2'IIB (—0.131 £
0.067, P = 0.057) and SLCOIBI1*15 - 17 (—0.136 =+ 0.066,
P = 0.046) in addition to UGT+/— (-0.134 £ 0.073,
P = 0.074) and UGT+/+ (—0.238 £ 0.117,P = 0.047) and
ANC at baseline (0.541 + 0.226, P = 0.021), but association
of ABCBI#*2/%2 was not significant (—0.158 £ 0.095,
P =0.104).

Although total incidence of grade 3 diarrhea was low
(11%), an ABCBI*2-dependent increase was observed
[0, 15.4 and 28.6% for —/—, *2/— and *2/*2, respectively;
P = 0.022 (chi-square test for trend)]. Note that all patients
who experienced grade 3 diarthea had neither the
ABCC2*]C/G nor ABCG2'TIIC genotypes.

a
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Table 2 Effects of transporter genotypes on incidences of grade 3/4 neutropenia in Japanese patients treated with irinotecan monotherapy

Gene Genotype UGT—/— UGT+/— UGT (—/—, +1—)
No./total % P value No./total % P value No./total % P value
Exact* Trend® Exact® Trend® Exact® Trend®
ABCBI] BJL (block 1)°
—/— 3/14 214 >0.1 4/15 26.7 >0.1 >0.1 7/29 24.1 >0.1 =>0.1
+{— 07 0.0 2/9 222 2/16 12.5
++ on 0.0 0/1 0.0
*2 group (block 2)
—/— /5 200 >0.19 >0 514 357 >01% >01  6/19 316 >0.19 >0l
+— 1/11 9.1 0/13 0.0 1724 4.2
+/+ 175 20.0 1/1 100 2/6 333
*]b (block 3)°
—/— 2/9 222 >0.1 4/18 222 >0.1 >0.1 6/27 222 >0.1 >0.1
+/— 0/11 0.0 2/9 222 2120 10.0
+i+ 0n 0.0 071 0.0
ABCC2 *1A
—i— 0/11 0.0 >0.1 0.031 0/5 0.0 >0.1 0/16 0.0 0.022 0.014
+/— 2/8 25.0 6/23 26.1 8/31 25.8
++ 172 50.0 12 50.0
ABCG2 "B
—/— 0/13 0.0 0.042 3/19 15.8 >0.1 >0.1 3/32 94 0.049 0.057
+/—= 3/8 37.5 3/8 375 6/16 37.5
++ 01 0.0 0/1 0.0
SLCOIBI *15-17
—f— 2/12 16.7 >0.1 3/20 150 >0.1 0.076 5732 15.6 >0.1 >0.1
+i— 19 111 2/7 28.6 316 18.8
+/+ 171 100 1/1 100

* Fisher’s exact test for (—/—) versus (+/— and +/4)

P Chi-square test for trend

¢ Three patients bearing *2 (block 1) or *3 (block 1} were excluded
Fisher's exact test for (—/— and +/-) versus (+/+)

One patient bearing *2 (block 3) was excluded

d

[

Effects on toxicities in combination therapy
with cisplatin

Since only four patients (6.0%) experienced grade 3 diar-
rhea from the cisplatin-combination therapy, association
analysis for diarrhea was not done.

Grade 3/4 neutropenia incidence was higher with
ABCBI*2 [47.1, 63.3 and 85.7% for —/—, *2/— and *2/*2,
respectively; P = 0.073 (chi-square test for trend)] in UGT
(—/— and +/-) patients. In UGT—/— patients, a higher
incidence was also observed with ABCG2*IIB [55.6, 83.3
and 100% for —/—, *IIB/— and *IIB/*IIB, respectively;
P = 0.075 (chi-square test for trend)]. Conversely, the
incidence was lower with ABCG2*IIIC [71.4% for —/—,
and 25% for *HIC/I— and "HIC/HIC, respectively;
P = 0.006 (Fisher’s exact test)] in UGT (—/— and +/—)

@ Springer

patients. Notably, all patients homozygous for ABCG2?1IB
(N = 5) or SLCOIBI*15 - 17 (N = 1) experienced grade
3/4 neutropenia. The effect of ABCC2*IA on neutropenia
was not consistent among the UGT genotypes in contrast to
the results from the monotherapy. Multiple regression
analysis was not applied to the neutropenia parameters in
the cisplatin-combination therapy because, as described in
the next section, contributions of minor variations could
not be ignored.

Minor genetic variations possibly related
to grade 4 neutropenia

We have detected a number of rare non-synonymous
variations of the transporter genes to which statistical
analysis could not be applied. Since grade 4 neutropenia
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Table 3 Minor genetic variations detected in non-UGT+/4- patients
who experienced grade 4 neutropenia

ID Gene Genetic variation
Nucleotide change Haplotype*
(amino acid substitution)
bl ABCBI 304G>C (G102R) Block 1 *3
b2(B)" 1804G>A (D602N) Block 2 *12
b3(BY® 1342G>A (E448K) Block 2 *14
b4 3043A>G (T1015A) Block 2 *16
b5 3751G>A (V12511 Block 3 *2
cl ABCCZ 1177C>T (R393W) *7
gl ABCG2 376C>T (Q126X) Block 1 *4
g2 1465T>C (F489L) Block 2 *2
g3 1723C>T (R575X) Block 2 *5
s1(S)° SLCO1BI] 1007C=>G (P336R)
52 311T>A (M104K)
ul UGTIA? —3279T>G, 1941C>G *60-*1B (+/+)

* Defined in previous papers for ABCBJ [26], ABCC2 [27], ABCG2
128] and UGTIAT {35]

® Linked with ABCB/*2 (B)

¢ Linked with SLCOIBI*15 - 17 (5)

occurred in non-UGT+/+ patients at rates of 8.0% (4/50)
in the irinotecan monotherapy and 20% (11/55) in the
cisplatin-combination therapy, we investigated possible
contributions of these minor transporter variations and
another low-activity UGT-haplotype, UGTIAI"60-IB
[35], to severe neutropenia.

Among the rare variations detected, eleven heterozygous
transporter genetic variations and one UGTIAI"60-*IB
homozygote were found in non-UGT+/4- patients who
experienced grade 4 neutropenia (Table 3). These variations
include an amino acid substitution leading to reduced in
vitro activity, ABCG2 1465T>C (F489L) [36], and the stop
codons, ABCG2 376C>T (Q126X) and 1723C>T (R575X)
[28].

Additive effects of transporter gene haplotypes
on neutropenia

Since multiple transporters are involved in irinotecan PK/
PD, severity of toxicity might depend on the number and
combinations of the low-activity variants, each of which
does not effectively affect PD. To examine this possibility,
we surveyed relationships between ANC nadirs and com-
binations of haplotypes associated with grade 3/4 neutro-
penia (P < 0.1) and the minor variations associated with
grade 4 neutropenia (listed in the previous section); the
data for selected haplotypes/variations are depicted in
Fig. 2. For the combination therapy with cisplatin
(Fig. 2b), homozygous SLCOIBI*15 - 17 was included,

but ABCC2*IA was excluded since its effect in the
cisplatin-combination therapy was not consistent among
the UGT genotypes.

In the irinotecan monotherapy, ANC nadirs in most
patients with either one or more of ABCG2"IIB,
SLCOIBI*]5 - 17 and the minor variations were lower
than the median ANC nadirs of both UGT—/— and
UGT+/— patients without them (None) (Fig. 2a). In par-
ticular, the effects were more evident in patients bearing
two or more of the selected haplotypes/variations (includ-
ing the UGT+). Among the patients who experienced
grade 3 or 4 neutropenia, 80% of patients had two or
more candidate haplotypes/variations in the UGT (—/— and
+/—) group (Fig. 2a).

In UGT+/— patients with the cisplatin-combination
therapy, ANC nadirs of the patients with ABCBI*2/*2,
ABCG2*IIB/1IB, SLCO1BI*15 - 17/¥15 - 17 or any minor
variations, and their combinations were lower than the
median values of patients without these markers (None),
except for one patient with ABCBI*2/*2 and
SLCO1BI*15 - 17 (B/B + S/—) (Fig. 2b). Also, in
UGT—/- and UGT+/— patients, the effects were more
evident in the patients with two or more of the selected
haplotypes/variations. Among the patients who experi-
enced grade 4 neutropenia, 82% of patients had two or
more candidate haplotypes/variations in the UGT (—/— and
+/—) group (Fig. 2b).

It was noted that the additive effect of g/ [ABCG2
376C>T (Q126X)] was not observed in the heterozygotes
(gl/—), but was evident in the compound heterozygotes
with another ABCG2 genetic polymorphism, *IIB, (G/gl)
(Fig. 2a, b).

Regarding the combined effects of the above transporter
genotypes on SN-38 AUC values, higher levels were
observed in patients with the candidate haplotypes/varia-
tions of two or more genes in the monotherapy, but this
trend was not always evident in the cisplatin-combination
therapy patients (data not shown).

Discussion

In this study, we showed possible additive effects of
transporter and UGTJA] genotypes on irinotecan PK and
PD. Since mmltiple transporters are involved in irinotecan
PK, it is likely that a functional alteration of one of the
responsible transporters can be compensated by other
transporters; thus, changes in PK/PD parameters by trans-
porter genotypes may not always be large. However, the
overall elimination rate of irinotecan or its metabolites
might be altered under the conditions of simultaneously
reduced activities of multiple transporters, higher irino-
tecan doses, or reduced UGT activity.

@_ Springer
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Fig. 2 Additive effects of transporter haplotypes/variations on ANC
nadirs in irinotecan monotherapy (a) and combination therapy with
cisplatin (b). UGT+ = UGTIAI*6 or *28; B = ABCBI*2;
C = ABCC2*]A; G = ABCG2'IIB  (open circle, *IBFIIB);
S = SLCOIiB1*15- 17 (open square, *15-17/¥15-17); bi-
ul = minor variations listed in Table 3. a None = non-(C, G, § or
minors), b None = non-(B, G, § or minors). The bar in each genotype
represents the median. The dotied lines in each UGT genotype show
the median values of patients without any selected transporier
polymorphisms/variations (None). The lines (G3 and G4) represent
the border of grade 3 and 4 neutropenia

In the irinotecan monotherapy, the increasing effect of
ABCBI1*2/%2 (block 2) on SN-38 AUC/dose was evident
while contributions of ABCBI BJL (block 1), ABCBI*]b
(block 3), ABCG2*IIB and SLCOIBI*15 - 17 were not
significant in the multivariate analysis. For neutropenia,
additive effects were suggested for ABCC2*IA/*IA,
ABCG2*[IB, SLCOIBI*15 . 17, and possibly some minor
genetic variations in addition to UGTIAI*6 or *28
(Fig. 2a). The association of ABCBI*2 (block 2) with
grade 3 diarrhea was also observed.

In the combination therapy with cisplatin, an increase in
the SN-38 AUC/dose by ABCBI*2 and for a decrease by
ABCBI *1b were observed, but the multivariate analysis did
not show their significant contributions. Regarding neutro-
penia, additive effects of ABCB1*2/%2, ABCG2*IIB/IIB,
and possibly, SLCOIBI*15 - 17/*15 - 17 and some minor
variations were suggested (Fig. 2b).

@ Springer

Thus, in both regimens, the associations of ABCBI*2
(block 2) with higher SN-38 AUC/dose levels and toxici-
ties (diarrhea or neutropenia), and additive effects of
ABCG2*IIB and SLCOIBI*15 - 17 with UGTIAI*6 or *28
on neutropenia were observed. The current study also
suggests that combination genotypes with two or more
genes could have a greater effect on neutrophil count
reduction than a single gene, indicating a quantitative
property of multiple genetic factors affecting phenotype.
These findings could partly explain a large interindividual
variation in irinotecan toxicities within each UGT
genotype.

In this study, influences of the transporter genotypes on
SN-38 AUC/dose did not always correlate to an influence
on neutropenia as observed in the combination therapy
with cisplatin and in the case of ABCBI*2 (block 2) in the
monotherapy. Although weak negative correlations were
observed between the SN-38 AUC level and ANC nadir,
the SN-38 AUC values of patients who exhibited grade 3/4
neutropenia (ANC nadir < 1,000 counts/uL) were fairly
diverse, especially in the combination therapy with cis-
platin (Fig. 3). It is likely that the extent of toxicities
depends not only on systemic exposure levels of the active
metabolite for which hepatic UGT activity is a large con-
tributor, but also on the elimination from the target cells
(neutrophil progenitor cells or enterocytes) where trans-
porter function might be more critical.

Our previous study showed the association of ABCBI
block 2 *2 [1236C>T, 2677G>T (A893S) and 3435C>T]
with lower renal clearance of irinotecan and its metabolites
[16]. The current data obtained in the irinotecan mono-
therapy also suggest higher AUC/dose for irinotecan, SN-
38G, and SN-38 with ABCB1*2/*2. Since a high affinity of
P-gp for irinotecan is known, lower elimination rate of
irinotecan could also result in higher plasma levels of its
metabolites. Other studies have also suggested associations
of the haplotype 1236T-2677T (corresponding to our *2
group in this study) with a reduced excretion rate of P-gp
substrates [37] and SN-38 [25], and associations of the
haplotype 2677T-3435T (corresponding to our *2 group in
this study) with paclitaxel-induced neutropenia [38].

For ABCC2, ABCC2 —1774delG, a tagging SNP of */A,
was reported to be associated with low promoter activity
and cholestatic or mixed-type hepatitis [32]. Patients with
ABCC2*1A/*1A together with ABCB1*2/*2 or ABCG2"IIB
showed higher values of SN-38 AUC (Fig. 1) and neutro-
penia in the monotherapy (Fig. 2a), but these trends were
not evident in the UGT—/— patients treated with cisplatin-
combination therapy (data not shown). Thus, the effects of
ABCC2 might be dependent on combinations with other
genetic and non-genetic factors. Conflicting clinical out-
comes of ABCC2 3972C>T, a marker of *I1C/G, were
reported to cause higher AUC of irinotecan and its
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