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1. 600 BEAH £1% £65
£1 ILESERICE T3 FENETRREORRK
—fx % Bad ARERR ARLE
LHER2HL4E Trastuzumab Herceptin® *¥EH, 8%, #0fiOE T Chugai/Genentech/Rosche
REK
Pertuzumab  Omnitarg® Phase II Chugai/Genentech/Rosche
Ertumaxomab Rexomun® Phase I Trion Pharma
VEGFR¥ T > »¥+—  Sorafenib Nexavar®  KECRE(GHERE), Bayer/Onyx
YHEE (PI)
Sunitinib Sutent® XECHKR(HHE, HiL Pfizer
EWEES), (PI)
IVEGFHLE Bevacizumab  Avastin® KE, BE, TD{@OETHE  Chugai/Genentech/Rosche
o S L & (KA, (P m
EGFR¥UO ¥4 —¥ Gefitinib Iressa® XE, A&, £DEOETE AstraZeneca
P& 3 2 Ge/hsERRSHE), (PID) .
Erlotinib Tarceva® KETHE(3E/IBaRt#), Chugai/Roche/Genentech/OSI
(PID)
Lapatinib Tykerb® Phase III GlaxoSmithKline
MDA 7+
ZEHEE
TFrNMEYNVIF YA Lopafamib Sarasar® Phase I Schering-Plough
7r7—-¥HREE
mTORM &3 Everolimus Certican® Phase II Novartis
MEKFHZ#) PD-0325901 - Phase [, II Pfizer

(http://clinicaltrials.gov/ct/gui, ] Clin Oncol 2005 ; 23 : 5386403 X h 5]Fd)

h99, THODERIT—MEBKRTH PFTAVX
TTLHRATHVWLRTWA. LAL, F0M
BEhEWNL o L BFANTH AL FRIEL LI
HRERIZITFDHL TV,

R, FRMHERMGERE LTI IAVX
< 7THHERI R % b 5 A Y X< 7 & pertuzumab
DR, PHERFUE L FRIZHCDHMBATL D
Sertumaxomab DETAHREA TR TH S (FR1).

2. Xinoy=7

BB O  $#RICEELXRELEST
MEFELIRET 5BFDO—DIZVEGF'H 5.
ZD3b—oDH Ty 4 FTCHEVEGF-ARRH
A MEE/ 70— FNHAETHAERNT Y
TTREBEKBB B THYRSTERBEL
TWABY, FONRNY IR TOBEREIEILBITS
BEERLADIE, E2100RBYTH 5. £
BABEZIIHL, N7 73V EMEE
(90mg/m?, d1,d8,d15/ 28 H [) & (33941) &,
N ) XLV +ARINY Y7 (10mg/kg, d1,
d15) Bk B 698 (34180) 0 2 B % L 5 11148
RERELZ->TVE, 7742 ) -2V FRL ¥

} ©& %Progression-ree survival (PFS) X, /%7
Uy FEVEIBICHAS, R7 Y S FEL+AN
Ny 7HEREE, N — FET0.51(0.43-
0.62, P<0.0001) Lt EEIZBRIFTH-7-(H 1).
EHTEGIEBET, /82 5 F LV EREEIS
% THolDITH L, BEEET29.9%, sHEITTEE
REXLDOBETIY, BMETI6N, SFRAET
37.7% L, BEIZBIFTH -7/ (P<0.0001). L
P LOSTIR2 BHMICAZEZR LA (M-
‘0.84, P=0.12), HEBRIIBV'TGrade3 Ll L
DL HEER(P=0.05), ®IMLE(P<0.0001)%%F
ABTEDOLNTWS, §#0S, FEELICH
LTEHNZEABEIVLETHS. BE, &
HIZBWT L ERO 74 1 » CHEIBREIITH
nTwa,
¥ :Miller59i%, 7 AS5H 4 2) BIV
734 VBREROEBEYIABEZEIIBVT, &
N B (2500mg/m?, d1-14g3wks)
(23081) & ~/$3 < 7 (15mg/kg, d1) + ARy
¥V B RAREEEE (23200) 0 2 BB R AT o 18
NI BRRBOBREHEL TS, XNYY
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1.0 1
Paclitaxel+BV : 10.97 mo.

g 0.9 1 Paclitaxe! : -6.11 mo.

£ 08 - Hazard ratio=0.498 (0.401-0.618)

S Log rank test P<0.001

2 07 -

S 06-

F Paciitaxel+B8V

2 05 -
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-q?) 04 - Paclitaxel

5

2 0.3

o

2 0.2 -

“ 01 -

6.11 10.97
0 T T 1
0 10 20 30
Months
1 E21008%88
BV:~Ly<7

< 7B L D EHEFESIHEML 50D (19.8 s .
% vs01% . Pe0.001). SR WERHEEEIC ST 3
% vs9.1%, P=0.001), PFS(75 4 <) —x> ARBEAEED T 5 2
KHEA > 1) (4868 vs4.178, /NF— KH0.98), et T
OS(15.1H vs 145 A)izBWTEEIFZD S ho 1. hSXYX<T

2. BHIZBWTL NV YT ¥ X
VRO EIHEREBRIETP TS 5.

3. INF=TJ

&L, EGFR1B & UHER2ZBEHKROFTO L v ¥
F—-tREFTHLEFTFILEYW T NF=TD
B Geyer 50z L WEESA TS, Zh
X, 7RS40, $F%y, PFTAY
X2 7 G #E % OHER2IGHERBEBESNIH L
T, IRVIEVEDOHBABE(TNF=T
1250mg/BE IS, #R 5 Y ; 2000mg/
m?, d1-14q3wks, 1635) AR & ¥ - BmE
(2500mg/m?/ B, d1-14q3wks, 161%1) IZH.-<,
14 AR (time to progression ; 75 4 <) —
I KRS 7 F)ONF— FRT049(HR1ES4
B vs4.4H, P<0.001) (& 2), PFSiZNH¥—F
X T0.59(P=0.002) L EEICHABNSBITF L EE
TdHh o778, OSIINTF— FHT0.92(P=0.72) &
BELXEZZEDON L hol. F8F =714
v, MMM 288 L TOREBE
~OMBOTHBLE, FFRAVXTTIEL
WEHERETERESRA TV A,
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HERZBHIBEEIIHNTE I IRV XTTD
WHRHEDEE LB 2 HFREE s R THRERRD
fEATEE R, ¥ 74 HNational Surgical Adjuvant
Breast and Bowel Project(NSABP) B-31 & Inter-
group Trial N 9831 3t R, Herceptin Ad-
juvant (HERA) Trial #7213 ¥ 7-Breast Can-
cer International Research Group (BCIRG) 006
BTERIBREENTHwEW (A 3).

NSABP B-3113") > S5t (stagelIB-IIIA)
OHER2IBH FLE B E ¢, AC(anthracycline +
cyclophosphamide, 60/600mg/m?, 4 [a) fol-
lowed by /32 1) ¥ ¥+ (175mg/m? 3BT &
5., 4B L ACfollowed by /S2 1 ¥ &
+ F I AV X2 7 (8RS, ¥E4mg/kgT2
BB LRI 2 mg/kg, BH51E1IR 5 ) B0 2 #H
THBILTHED, Intergroup Trial N 9831iZEHE
DR T, ACfollowedby /¥2 1) ¥ ¥ £ VEE,
AC followed by 787 V) # ¥ )l (80mg/m? 558
%5, 120D+ F 5 AV X< TBIHESEE, ACfol-
lowedby 7327 1) ¥ ¥+ b5 AV X< 7EkKE
PR B L UBIHRSHED 3 BLEIC o T 5.



1:602 BERHE %15 65
£ 100+
< P<0.001
g
g 04
a Lapatinib plus capecitabine
g 604 {49 events; median time
§ to progression, 8.4 mo)
a 40
L3
° Capecitabine atone
g {72 evems; median ume
w204 '
» to progression, 4.4 mo)
[
2 o
o i ] L4 1 ] L
a o 10 20 3¢ 40 50 60
Weeks
No. at Risk
Lapatinib plus 163 96 52 2] 10 4 3
capecitabine
Capecitabine alone 16 73 33 14 4 1 [4
H2 SNRFT+HNYSEHARR
NSABP B-31 AC X4 ——> /371 a%xt/lq3w X 4orqw X 12
(n=1860/2700) ACX4 ——> 17 axtig3w X dorgw X 12+ Hagw
ACX4 —> N7 URXHwlgw X 12
'"(fi’;%‘;%gggg; <> ACX4 —> /toUZ%blqwX12 —> Haqw
ACX4 ——> NyYaxtwlgy X12+Haqw
o ACX4 —> Faaxtlg3w X4
%ﬁggﬁ S ACX4 —> FesftlqgwX4+Hew —> Haodw
ANETFF o+ F2%t0q3w X 6 +Haw —> Hagd3w
_ pmm
HERA — 9% — )
(n=5015) s 1 =——» Hqg3w X 1218
fepmst ool — = | U0 A

B3 N—tTFriAVEREHEMEEOBERRR
H:n—k7F>

4H| 2 2ORERTHE UiG#E % AC followed by
R & F L VEE(1,679N) 3FAC followed by /¢
25Xt + P FTRAVXTTEEAE672A)D 2
HLELTHEBIT L., 794<) -2V FF
4 ¥ b iddisease-free survival(DFS), 4 > ¥
'} — 1308, distant disease-free survival (DDFS),

RETHD., ZDHR, GH#E%3EODFSTHR
=0.48,2P=3X10"12, OSTHR=0.67, 2P=
0.015, &, BB R Yl THR=0.47, P<0.0001,

EHBIZFN IRV AT TEMA BN AT TH-
. HERBIIBWTIE, MSAVXTTEM
RIBIBIT A2 5 RILIVD ) » [ LALD
RBEEH, B3LUBVT41%, NI83LIIBW\T
29%THo 7.

HERA Trialix, #% OHWBEER T %, £
BB, MNSRAVATT1ERER, VAV
T 7 2 EBHBEEED I BLBIT, 5090A0BFS
h7-global z KFHRERTH D, PFAVZXT
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13908l 8 mg/m?, 2 [B1H LAfFiE 6 mg/m*T 38
TEHEEEIToTWA, 2006FICHRE SN/ T —
BT, PREIEHRM 1 £ TEEHFEEF(1,693A)

ENSAY XTI EEBBE(L694N) D 2 Bl

ZoWTEIREhTWwE, 794 <) -2
"~ ¥4 v MIDFS, 4 ¥ —i%, relapsefree
survival (RFS), DDFS,0S, EEHKTH 5.
2EHDDFSIZBWT, AV XY 1EiE
BELTEEBREIC I, /N F160.54 (0.430.67)
(P<0.0001) & BIFCH o 7. RFSIINY— Kl
0.50(0.40-0.63) (P<0.0001), DDFSit/¥#— FlL
0.51(0.40-0.66) (P<0.0001) Td > 7:75, OSIZHB
WTHEEZEL D e b oz — F1H0.76 (0.47-
1.23) (P<0.26)). AEBRIIBVTIFAVX
<7 1 EBBREIIL OB 2V 0D, EFE
#5710 pointskh b T 0k FER H3E50% K i
Td o I EMHT.1% & EEEENI22% TH o7
DIZH_E o7, OSIZELTIX, 2007F 0 2
EMBHDOBETIEEEZIDDO LN,

BCIRG006i%, HER2EFMEFLET ) » /3 Eidnts
B, b LBHETHLEIE) X7 OHKE
#1234 LT, AC(60/600mg/m?, 4 [])followed
by Ft# 4 (100mg/m?, 4 0)iG#(ACT)#
(1,073A), ACfollowedby Ft % ¥t + }7
Ay X< 7 1 EMEBEFE (ACTH) (1,074AN), F
+ ¥ 4 (7T5mg/m?2) + A VKT S F - (AUCE)
6@+ k3 Ay X7 1 ERKHEHE(TCH) #(1,075
ND3BERBEZToTWE, TI343YY -1
KR4 >~ MEDFS, &5 v ¥ —i308, &,
RBENBLUSTFEN~—I—FELTH 5.
BEAHT T, DFSICBVTACTHREIZACTE:C
K~ — F L T0.49(0.37-0.65) (P<0.0001),
TCHE IZACTE I [ _NH — FHT0.61(0.47-
0.79) (P=0.0002) &, 22D F 5 A Y X7 7HH
BIIBOWTHEICRIFRERIR SN, 20
DAY AT 7HAEOBMIZIEIEDLN
Aol OSHEHEINATELTY, BEBRIC
BV TiiGrade 3 D ED.LAERNDER (AER
BEAE, EmiERE, TER OREHED,
ACT#0.95%, ACTH#2.34%, TCHE1.33% T,
ACTE L ACTHEORICIIAEEN T LN/ (P
=0.016).

IS DHAERTIE, FiEevent-free survivalll

1603

BWTFIAV AT TOREBENRENRTV S
YOO, FPFAY X2 THRICL ALEBEES
EHSORPHLFMIIVETH S, F-45%
HERA studyic BT, IRV X771 EE#E
B L 2 ERBBEHOLBBITA2008F TS
M, FIAV X TOEBRSHBME RSO,
FOBRMBRIIEETHS. $/2, FFAVX
< 7 DEBRGE HUER & OB, EBlxS
P)OHELPIC LB EBbNS,

2. I F =T

FNRF T ORWEMEBREL L TOEROK
HEIRDBFETHS. HEFO—/VEHEBREL
TiTbhTwanid, ALTTOB B (Adjuvant
lapatinib and/or trastuzumab treatment optimiza-
tion trial) LT B LD TH B, Zhid, A&
Wk 1EB, F/5F = 7HMIRS, PFAY
X 7HERixs, mAERxE, BLUmRGHF
x50 42 BT 5 BNHERRTHS. 7
NFZTOWMBHPFECBIL2ERLALD
KTaRBL LTHFESIA TN S,

WAL EAICH TS
A FIENEEIEE

Buzdar 552 & ), HER2BHFHTTBE 2 FLIE
BEICH LT, #Habs# sk (FEC+ Paclitaxel)
WKMNFAVART7E2MAAZ &L, pCRAME
FREDOHITHRT, KIBICHE L7-(25% 25
66.7%) Z EAHE IR T WA, LEEOHLY
BEIMIHRE SR TRV, TYXAFH 472
DURER L OHFRENETRTVAELD, Hl
DEBIFLETHH. MITAY X T ORI
TEIIBIT BTV, KIFIZBITHHER2
BEFH T IEESIH TR P T AV XS
AR LB E (1R D & 0) ORBRREER
ELT, BEE¥EEREH ARV (ZHEI)
L AEMEEERI DY, FRIELA»H
BREYBMLL. T, INFT oM
B (Neo-ALTTORER) Tid, HER2BEMEOBFT
EATILBERNICT LT, 705 F LN L T8
F=7, VIAVXTT, BIUBAHOHR%
HWEDbEHITTHET A FINERESSH Y,
FrhHRPHETE S,
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FENEROFEERYWHIC7+0—7v 7
L, ¥7:, ThooEFRLTOBERER, E%
1LEREHR, TV EVHEDOBEHLETRETL
TV LENRD L, T-FFEHNERREMET
bh, 5%, PHEATE FARFEFML 22
LHEBEETERTALRY, FEELEHLES
TEHELELHLELEEDRS,

Ehb WIS

FFREAEFNORBEOBRRIC OV T R
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», BELZERTHHD, BedED, HY
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HAPLOTYPE-BASED ANALYSIS OF GENES ASSOCIATED WITH RISK OF ADVERSE
SKIN REACTIONS AFTER RADIOTHERAPY IN BREAST CANCER PATIENTS
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Purpose: To identify haplotypes of single nucleotide polymorphism markers associated with the risk of early
adverse skin reactions (EASRs) after radiotherapy in breast cancer patients.

Methods and Materials: DNA was sampled from 399 Japanese breast cancer patients who qualified for breast-con-
serving radiotherapy. Using the National Cancer Institute-Common Toxicity Criteria scoring system, version 2, the
patients were grouped according to EASRs, defined as those occurring within 3 months of starting radiotherapy
(Grade 1 or less, n = 290; Grade 2 or greater, n = 109). A total of 999 single nucleotide polymorphisms from 137 can-
didate genes for radiation susceptibility were genotyped, and the haplotype associations between groups were assessed.
Results: The global haplotype association analysis (p < 0.05 and false discovery rate < 0.05) indicated that esti-
mated haplotypes in six loci were associated with EASR risk. A comparison of the risk haplotype with the most
frequent haplotype in each locus showed haplotype GGTT in CD44 (odds ratio [OR] = 2.17; 95% confidence
interval [CI], 1.07-4.43) resulted in a significantly greater EASR risk. Five haplotypes, CG in MAD2L2 (OR =
0.55; 95% CI, 0.35-0.87), GTTG in PTTGI (OR = 0.48; 95% CI, 0.24-0.96), TCC (OR = 0.48; 95% ClI, 0.26-
0.89) and CCG (OR = 0.50; 95% CI, 0.27-0.92) in RAD9A, and GCT in LIG3 (OR = 0.46; 95% CI, 0.22-0.93)
were associated with a reduced EASR risk. No significant risk haplotype was observed in REV3L.

Conclusion: Individual radiosensitivity can be partly determined by these haplotypes in multiple loci. Our findings
may lead to a better understanding of the mechanisms underlying the genetic variation in radiation sensitivity and
resistance among breast cancer patients. © 2007 Elsevier Inc.

" Radiosensitivity, Smgle nucleotide polymorphism, SNP, Haplotype, Early adverse skin reaction.

INTRODUCTION

Breast cancer is the most frequently diagnosed female malig-
nancy worldwide, and the number of cases has been increas-
ing. Breast-conserving surgery followed by radiotherapy
(RT) is the most common form of primary breast cancer

treatment for patients with early-stage breast cancer (1, 2).
However, RT for breast cancer patients occasionally induces .
advérse effects such as a poor cosmetic outcome (3), fibrosis

‘or thickening of the dermis (4), and radiation pneumonitis

(5), but the risk factors remain poorly understood (6-8).

Reprint requests to: Takashi Imai, Ph.D., RadGenomics Project,
National Institute of Radiological Sciences, Anagawa, 4-9-1, Inage,

Chiba 263-8555, Japan. Tel: (+81) 43-206-3138; Fax: (+81) 43-

206-6267; E-mail: imait@nirs.go.jp .

Tomo Suga and Atsuko Ishikawa contributed equally to this
work.

Conflict of interest: none.
Acknowledgments—We are grateful to all the DNA donors and the
collaborating clinicians for participation in this study. A part of the
DNA samples from healthy volunteers was provided by the Health

685

Science Research Resources Bank, Japan Health Science Founda-
tion. We express our gratitude to Dr. Ken-ichi Ishikawa, Dr. Kaori
Oota, Ms. Mutsuko Kitawaki, Ms. Tomoko Matsumoto, Mr. Ku-
niyoshi Matsumoto, Ms. Azusa Ohno, and Ms. Masayo Terada
for managing the data and editing the manuscript.

Supplementary material may be found at www.redjournal.org and
http://www2.nirs.go.jp/radgenomics/supplementary

Received March 24, 2007, and in revised form June 5, 2007.
Accepted for publication June 5, 2007.

—109—



686 I. J. Radiation Oncology @ Biology @ Physics

The adverse reactions to RT are complex, and the hetero-

geneity in normal tissue reactions can result from the com-

bined effect of several different genetic alterations (see
Andreassen et al. [9], Femet and Hall [10], and Gatti [11]
for review). Approximately 60% of the first-degree relatives
of radiosensitive breast cancer patients are themselves radio-
sensitive (12). About 90% of the variability in radiorespon-
siveness in the right-sided field can be explained by the
radioresponsiveness in the left-sided field, as shown by anal-
ysis of the occurrence of telangiectasia of the skin in patients
treated with bilateral intenal mammary fields (13). Further-
more, in vitro assays for the radiosensitivity of peripheral
blood lymphocytes have suggested that breast cancer patients
as a group are more radiosensitive than healthy controls (14—
16). This could indicate that some patients have genes that af-
fect, at least in part, both the susceptibility to breast cancer
and radiosensitivity.

Radiation effects can be categorized as early or late phase.
Early damage results from the death of a large number of cells
(e.g., in the epidermal layer of the skin) and is usually re-
paired rapidly. In contrast, late damage is more likely to result
from a combination of vascular damage and loss of parenchy-
mal cells. The late injury might improve, but repair tends to
be incomplete (17). Lopez et al. (18) found no evidence of
a relationship between early (or acute) and late normal tissue
reactions assessed in the same patients. However, some com-
mon genes might contribute to both early and late morbidity,
as suggested by the model of Andreassen et al. (9).

As yet, few studies have examined the prognostic markers
on genes with biologic functions putatively related to adverse
skin reactions. An association between polymorphisms in
DNA repair genes (XRCC1 and APEX]) and acute reactions
was found in one study (19). In addition to XRCCI, polymor-
phisms in ATM, TGFB1,XRCC3, and SOD2 genes were asso-
ciated with late reactions in other studies (20-25). Recently,
one report (26) showed no association between the single nu-
cleotide polymoxj_phisms (SNPs) in these genes and the risk of
radiation-induced subcutaneous fibrosis. Therefore, it is not
clear whether the SNPs of these genes alone could account
for the variation in individual adverse reactions after RT. Ad-
ditional investigdtions with large numbers of genes for each

adverse effect would be required to establish the effects of

such genetic variation (9).

In the present study, to analyze the effects of individual ge-
netic variation on adverse skin reactions we focused on early
skin reactions during and immediately after RT, as defined
by the National Cancer Institute Common Toxicity Criteria
scoring system. We considered (/) how candidate genes for
genotyping should be selected, (2) how cancer patients for
genetic analyses should be chosen, and (3) which genetic an-
alytical methods should be applied. First, in previous studies
to systematically select candidate genes for effective geno-
typing we examined the skin reactions among the mouse
strains with heterogeneity in response to ionizing radiation
(27, 28), and the association between the expressed genes
and interstrain variation was assessed using comprehensive
high-density microarrays (27-30). We also used human cell
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culture lines with highly variable in vitro radiosensitivity to
search for genes that contribute to the variation (31, 32). In
addition, we have searched for potential radiation susceptibil-
ity genes by systematic in vitro screening with siRNA (33). In
the present study, we also analyzed other genes that may be

. related to radiosensitivity, including some in the DNA repair

pathway (9, 10, 34-37).

Second, to evaluate the extrinsic risk factors for adverse
skin reactions, we studied a group of 284 breast cancer pa-
tients who had undergone breast-conserving surgery and
RT (38). The analysis tested for associations among 45 clin-
ical factors. Severa: extrinsic risk factors were identified and
subsequently used in the present study to exclude patients
who were ineligible for genetic analysis.

Third, in the present study we applied haplotype analysis
instead of sole SNP analysis. Population genetic principles
describe how variation is structured into haplotypes and indi-
cate that the statistical power of association tests using
phased data is likely to increase with reduction’in dimension
(39-41). Genetic analysis of haplotype frequencies enables
the detection of predisposing haplotypes, even without typ-
ing the true functional SNP, by using SNPs for which sin-
gle-locus analysis shows no association (42). In the present
study we used a genetic haplotype approach to investigate
polymorphisms in 137 genes that were candidates for affect-
ing the risk of early adverse skin reactions (EASRs) after RT.

METHODS AND MATERIALS

Subjects

A total of 399 breast cancer patients were enrolled from nine col-
laborating institutions in Japan: the Research Center Hospital for
Charged Particle Therapy of the National Institute of Radiological
Sciences; Chiba Cancer Center; St. Luke's International Hospital;
Shiga University of Medical Science Hospital; Kanazawa Univer-
sity Hospital; Toyama University Hospital; Nagoya City University
Hospital; Tohoku University Hospital; and Yokohama City Univer-
sity Hospital. All patients underwent RT after breast-conserving sur-
gery between 2001 and 2005 and were followed for >8 months. Al
the patients and 227 healthy donors provided written informed con-
sent to participate in the study, which was approved by the Ethical
Committee at the National Institute of Radiological Sciences and
by each collaborating institution. All identifying information was
managed at the Medical Information Processing Office of the Re-
search Center for Charged Particle Therapy, National Institute of
Radiological Sciences.

A multi-institutional study of nongenetic risk factors for adverse
skin reactions to RT among breast cancer patients showed that the
institution, operative procedure, and magnitude of photon energy
were associated with the development of adverse skin reactions, de-
spite variable selection procedures (38). In the present study patients
who underwent mastectomy were excluded, and the collaborating
institutions were all equipped with appropriate treatment modalities
and performed breast-conserving RT with linear-accelerated elec-
tron facilities. As a result, 154 of the 284 patients described in the
previous report (38) were eligible for the present genetic investiga-
tion and were included, along with an additional 245 new patients
who were enrolled after the previous analysis.

The National Cancer Institute Common Toxicity Criteria scoring
system, version 2 (http://ctep.info.nih.gov), was used to grade
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radiation dermatitis developing within 3 months of starting RT. The
distribution of patient EASRs was Grade 0 in 22, Grade 1 in 268,
Grade 2 in 105, and Grade 3 in 4 patients. The patients were dichot-
omized into a low-grade (LG) group (Grade 1 or less, n = 290) and
a high-grade (HG) group (Grade 2 or greater, n = 109) for-genetic
analysis. The clinical features of the groups are shown in Table 1.
Except for the age distribution, no significant differences were found
between the two groups in any of the features, including the photon

.energy used for RT (Table 1). The patients were not stratified any
further for this genetic analysis.

Candidate genes and SNPs

The selection of candidate genes for SNP typing was determined
from our previous comprehensive gene expression analyses (29-33)
and the published data (see Appendix 1 for supplementary refer-
ences). A total of 137 candidate genes were chosen (see Appendix
2, Supplementary Table). Information on SNPs for the candidate
genes was obtained from the Japanese SNP database (jSNP, http://
snp.ims.u-tokyo.ac.jp) (43) and the dbSNP database (http://www.
ncbi.nlm.nih.gov/SNP/) (44).

To test the experimental conditions for the mass extension assays
(45) with human genomic DNA and to examine the allele frequen-
cies of the selected SNPs in the Japanese population, typing of the
SNP markers was performed using blood samples from the 227
healthy subjects in the control group. Furthermore, several loci
were typed to confirm the allele frequencies in the Japanese popula-

Table 1. Clinical patient features

LG HG Difference
Characteristic (n =290) (n =109) ®)
Age at RT (y)
Mean + SD 54+ 10 50+ 11 0.032 (CA)
Range 26-88 30-77 :
Family history 157 (54.1) 52 (47.7) 0.26 (FE)
of cancer
TNM stage 0.58 (FE)
. classification* : :
0 13 (4.5) 5 (4.6)
I 179 (61.7) 61 (56.0)
I 94 (32.4) 42 (38.5)
m 3 (1.0) 0(0.0)
Unknown 1(0.3) 1 (0.9)
Drug therapy 0.32 (FE)
Chemotherapy 50 (17.2) 12 (11.0)
Hormonal therapy 136 (46.9) 47 (43.1)
Both 35 (12.1) 14 (12.8)
None 69 (23.8) 33 (30.3)
Unknown 0 (0.0) 3(2.8)
Radiotherapy
Photon energy level* 0.46 (FE)
176 (60.7) 60 (55.0)
6-MV 111 (38.3) 47 (43.1)
Both 3.0 2 (1.8)
Dose (Gy)f .
Mean 49.97 49.87
Range 46.0-60.0 46.0-50.0
Multileaf collimator 244 (84.1) 96 (88.1) 0.35 (FE)
Wedge filter 285(98.3) 106(97.2) 0.46 (FE)
Boost 86 (29.7) 26 (23.9) 0.26 (FE)

Abbreviations: LG =low grade; HG = high grade; RT = radiother-
apy; CA = Cochran-Armitage test; FE = Fisher exact test.
* Due to rounding not all percentages add up to 100%.
Fractionation size was 2 Gy, 5 times per week.

tion using DNA samples from other healthy subjects provided by the
Health Science Research Resources Bank, Japan Health Science
Foundation (Osaka, Japan) (46).

SNP typing )

Extraction of genomic DNA from whole blood was performed
with an automatic nucleic acids isolator, NA3000S (Kurabo, Osaka,
Japan) or with the QIAamp DNA blood kit (Qiagen, Hilden, Ger-
many). The DNA concentration was measured using PicoGreen
reagent (47). .

Single nucleotide polymorphism typing was performed using the
MassARRAY system (Sequenom, San Diego, CA) according to the
manufacturer’s instructions. In brief, polymerase chain reactions
were performed in 5-uL reactions with 2.5 ng of DNA template
and final concentrations of 1 mmol/L MgCl,, 200 umol/L diethylni-
trophenyl thiophosphates, 0.1 U of HotStarTaq Polymerase (Qiagen),
and a primer concentration of 200 nmol/L under the following condi-
tions: 55 cycles at 95°C for 20 sec, 56°C for 30 sec, and 72°C for
1 minute. The mass extension reaction was performed using the
‘MassEXTEND enzymes-thermosequenase, hME termination mixes,
and hME extension primers; 55 cycles were performed for 5 sec at
94°C, 5 sec at 52°C, and S sec at 72°C. After desalting, the reaction
products were loaded into the SpectroCHIP and -analyzed by
matrix-assisted laser desorptionfionization time-of-flight mass
spectrometry. The primer sequences are available on request.

Statistical analysis

Allele and genotype frequencies for each polymorphism were cal-
culated, and the Hardy-Weinberg equilibrium was evaluated using
the chi-square test among healthy donors and among the breast can-
cer patient group. Statistical significance and the strength of the as-
sociations between the grade of EASR of the breast cancer patients

.and each of the SNPs or haplotypes were assessed using the two-

tailed Fisher exact test and odds ratio (ORs), respectively. The cal-
culation of 95% confidence intervals (CIs) of the ORs was performed
by evaluating the statistics for a random sampling of 10,000 iterated
permutations at fixing the total numbers of both cases and controls.
These statistical analyses were performed using SNPAlyze soft-
ware, version 6.0 (http://www.dypacom.co.jp/e/products/package/
snpalyzefindex.html; DYNACOM, Chiba, Japan). Pairwise linkage .
disequilibrium (LD) analysis and haplotype analysis (expectation-
maximization algorithm) were also performed using the SNPAlyze
software, UCSC Genome Browser Gateway (http://genome.ucsc.
edu/cgi-bin/hgGateway), haplo.stats (http://cran.r-project.org/src/
contrib/Descriptions/haplo.stats.html) (48),-and Haploview, version
3.32 (http://www.broad.mit.edu/mpg/haploview/) (49). Because
testing multiple loci could have led to false-positive associations ow-
ing to multiple testing, we estimated the false-discovery rate (FDR)
(http://faculty. washington.edu/~jstorey/qvalue/) (50, 51) and used
FDR <0.05 as a criterion for additional analysis of loci assoc1ated .
with radiosensitivity. :

RESULTS

SNP markers for candidate genes

The ontologic classification of candidate genes for the as-
sociation study is shown in Fig. 1. Approximately one-half of
the gene set was categorized into DNA repair, transcription,
cell death, or cell cycle control.

The SNP sites of the candidate genes were selected using
position and allele frequency information obtained from the
JSNP and dbSNP databases. First, 1,025 SNP sites were
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Fig. 1. Ontologic classification of candidate genes for typing. Total of 137 candidate genes assigned to biologic categories
by Gene Ontology database at hierarchy level 7.(59). The axis indicates the number of genes. Some genes were categorized
into multiple classes. Genes indicated as “function unknown” were not categorized, although our quantitative analyses of
gene expression using comprehensive microarrays suggested that differences in their expression might contribute to varia-
tions in radiosensitivity of mouse strains or human cell lines (29-32).

chosen from the 137 candidate genes. The mean value of the
SNP sites per gene was approximately 7. Of the 1,025 SNP
sites, 26 (2.5%) showed a low sensitivity for distinguishing
alleles in our typing system and were removed from further
analysis.

-Of the 999 SNPs (Appendix 2), 359 sites were excluded

because they were not polymorphic in our breast cancer "

patient group. In addition, 104 sites were excluded from
the following association study because of their low allele
frequency (minor allele frequency, <5%). Two tri-allelic sites
were not analyzed further. Two other SNP sites were ex-
cluded because of disjunction to the Hardy-Weinberg equi-
librium (p < 0.001). Also, 22 SNPs were removed ‘from
additional analysis because the genotypes of these SNPs
were identical to those of the respective contiguous SNPs. Fi-
nally, 510 SNP sites on 123 genes were subjected to testing.
The positional properties of the SNPs are shown in Table 2.

Table 2. Position of SNPs

SNP position No. of SNPs (%)
5’ Flanking 124 (24.3)
Exon

5 UTR 6(.2)

Synonym 33 (6.5)

Nonsynonym 43 (8.4)

3’ UTR 23 (4.5)
Intron 186 (36.5)
3’ Flanking 95 (18.6)
Total 510 (100)

Abbreviations: SNP = single nucleotide polymorphism; UTR =
untranslated region.

Typing accuracy was estimated to 99.95% by retyping of
34,206 reactions for 761 individuals, including healthy do-
nors and breast cancer patients.

Allele and genotype frequencies

To select the loci for haplotype analysis, the allele and ge-
notype distributions for each SNP site in the HG group of pa-
tients were compared with those in the LG group. To avoid

false-negative findings, we set the significance level at

0.05. Of 510 SNPs, 14 sites for 10 genes showed association
with the EASR grade in allele frequency (Table 3). In geno-
type frequency, 21 SNP sites for 17 genes showed an associ-
ation with the EASR grade according to either a dominant or
a recessive model (Table 3). Nineteen genes containing 25
SNPs were subjected to LD mapping and haplotype analysis.

Association between haplotypes and EASRs after RT

Linkage disequilibriums were measured by D’ among the
SNPs on each of the 19 loci, using the allele frequency data
of the breast cancer patients, and LD maps were constructed
(data not shown). Haplotype tag SNPs were first selected us-
ing the Haploview program. Then the overall differences in
the haplotype distribution between the HG and LG groups
were assessed using the haplo.stats program, and sets of tag-
ging SNPs showing the lowest p value were selected for 19
loci. Haplotype differences with p <0.05 and an FDR <0.05
were revealed in RAD9A, PTTGI, LIG3, REV3L, CD44,
and MAD2L2 genes (Table 4).

Haplotypes with a possible risk and the effect of each hap-

‘lotype are presented in Table 5. ORs are presented for com-

parison of the risk haplotypes to the most frequent haplotype
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Table 3. Association of SNPs between high- and low-grade groups

Allele (M/m) Genotype (MM/Mm/mm) Dominant model Recessivi
1e Chr Mm HG (n=218) LG (n=580) P OR (95% CI) HG (n=109) LG (»=290) r - OR (95% CI) 4 OF
2L2 1 GC 141777 318/262 0.013  1.51(1.10-2.09) 48/45/16 86/146/58  0.25 1.45 (0.83-2.90) 0.0087 1.87
IR3 1 GA 166/52 480/100 0.043  0.67 (0.45-0.98) 65/36/8 203/74/13  0.31 0.59 (0.23-1.74) 0.056 0.63
IR3 1 CT 116/102 3617219 0.023  0.69 (0.51-0.95) 35/46/28 120/121/49  0.063 0.59 (0.35-1.03) 0O.11 0.67
12 2 CT 199/19 552/28 0.043  0.53 (0.29-1.01) 90/19/0 262/28/0 NC NC 0.037 0.1
1 3 GA 155/63 388/190 0.31 1.20 (0.86-1.71) 51/53/5 137/114/38  0.017 3.15(1.38-13.92) 1.0 0.98
3 4 TC 170/48 473/107 0.27 - 0.80(0.55-1.19) 70/30/9 188/97/5 0.0036 0.19 (0.04-0.59) 091 097
17 5 TC 199/19 500/80 0.054  1.68 (1.01-3.05) 91/17/1 21311473 1.0 1.13 (0.18-2.28) 0,036 1.83
il 5 CT 195/23 476/104 0.012  1.85(1.20-3.12) 88/19/2 199/78/13  0.37 2.51(0.74-7.15) 0.018 192
il 5 AG 159/59 380/200 0.051  1.42 (1.02-2.00) 59/41/9 122/136/32  0.47 1.38 (0.67-3.60) 0.033 1.62
il 5 GA 126/92 383/197 0.032 0.70 (0.51-0.98) 35/56/18 127/129/34  0.24 0.67 (0.36-1.31) 0.040 0.61
3K7 6 CT 21177 539/41 0.045 2.29 (1.13-7.36) 102/7/0 249/41/0 NC NC 0.038 240
] 6 GT 113/105 3531227 0.024  0.69 (0.50-0.94) 31/51/27 104/145/41  0.016 0.50 (0.29-0.88) 0.19 0.71
iL 6 GT 104/114 335/245 0013  0.67 (0.49-0.91) 24/56/29 97/141/52  0.069 0.60 (0.36-1.03) 0.028 0.56
p) 9 CT 208/10 528/52 0.039 2.05(1.11-4.94) 100/8/1 . 242/44/4 1.0 1.51 (0.19-3.06) 0.037 220
1A 10 GA 205/13 525/55 0.12 1.65 (0.95-3.55) 98/9/2 236/53/1 0.21 0.208 (0.08-1.26) 0.047 2.04

11 CT 118/100 3697211 0.018  0.67 (0.49-0.92) 27/64/18 118/133/39 043 . 0.79 (0.44-1.54) 0.0034 048
A 11 TC 183735 432/148 0.0045 1.79 (1.22-2.77) 76/3112 161/110/19  0.077 3.75 (1.13-10.19) 0.012 1.85
A 11 CG 196/22 488/92 0.041  1.68 (1.06-2.93) 87/22/0 203/82/5 0.33 NC 0.058  1.69
} 14 TC 113/105 347/233 0.045 0.72 (0.52-0.99) 29/55/25 108/131/51  0.25 0.72 (0.42-1.29) 0.058 0.61

17 GC 144774 435/145 0.013  0.65 (0.46-0.92) 49/46/14 158/119/13  0.0060 0.32(0.13-0.73) 0.093 0.68
L1 19 CG 131779 390/178 0.10 0.76 (0.54-1.07) 39/53/13 141/108/35 1.0 0.99 (0.52-2.12) 0.030 0.60
Lt 19 GC 126/92 377/203 0.070  0.74 (0.54-1.02) 34/58/17 130/117/43  0.88 0.94 (0.52-1.86) 0.016 0.56
1 19 CT- 154/64 443/137 0.10 0.74 (0.53-1.06) 59/36/14 168/107/5 0.015 0.37(0.17-0.84) 0.50 0.86

19 GT 126/92 362/216 0.22 0.82 (0.59-1.13) 30/66/13 117/128/44  0.52 1.33 (0.70-2.84) 0.020 0.56
T 22 AG 154/64 390/190 0.39 1.17 (0.85-1.66) 52/50/7 142/106/42  0.039 2.47(1.18-7.82) 091 0.95

iSNP = reference single nucleotide polymorphism; ID = identifier; LG = low grade; HG = high grade Chr = chromosome; M = major allele; m = minor allele; OR

erval; NC =

insufficient sample size to perform calculation.

are used for Fisher exact test and calculation of OR and its 95% CI (bootstrap method).
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Table 4. Haplotype association and FDR

Gene SNPs for haplotype p* FDR
RADSA 152255990, 12286620, rs917570 0015 0.033
PTTG1 152910190, 13811999, rs1862391, 0.016  0.033

' 12961951
LIG3 53744355, rs2074518, rs3744357 0017  0.033
REV3L 15190246, rs240962 0.023 0.033
CD44 rs187116, 1s3794116, 1s3794107,  0.026 0.033
158193
MAD2L2  rs2294638, rs746218 0040 0.041
NFE2L2  rs1806649, 1s2364724 0.067 0.053
TGFBR3 131926261, 152296620 0068 0.053
ALAD rs818707, rs1805312 0.091 0.055
TGFB3 12268622, rs3917145 0.10  0.055
SH3GL1  rs2705, rs243387 0.11 0.055
RAD17 rs3756402, rs299081 0.11 0.055
OGGl1 11801129, rs2075747 0.11 0.055
XRCC1 125487, rs2682585 017  0.075
.NEIL3 rs3805169, rs13112358 0.22 0.092
MATIA 152993763, 1s2282367 028  0.11
MAP3K7 151144158, 15157692, 15205343, 038  0.14
153757244, rs282065
BAX 15918546, rs3745693 043  0.15
COMT 1s2020917, rs3087869 063 021

Abbreviations: SNP = single nucleotide polymorphism; FDR =
false-discovery rate.

Estimates of FDR based on g values (http://faculty.washington.
edu/~jstorey/qvalue/); tuning parameter, A = 0.2.

* p value for global statistic corresponds to test for overall asso-
ciation between haplotypes and risk of adverse skin reactions.

" in each locus. In the CD44 gene, the haplotype GGTT signif-

icantly increased the risk of EASRs compared with the most
common haplotype GGTC (OR =2.17; 95% CI, 1.07-4.43).
The overall difference in the haplotype distribution was as-
sessed in REV3L (simulation-based p = 0.023), but no stra-
tum with a significant risk haplotype was observed. The
haplotypes CG in MAD2L2 (OR = 0.55; 95% CI, 0.35-
0.87), GTTG in PTTG! (OR = 0.48; 95% CI, 0.24-0.96),
TCC (OR = 0.48; 95% CI, 0.26-0.89), and CCG (OR =
0.50; 95% CI, 0.27-0.92) in RAD9A, and GCT in LIG3
(OR = 0.46; 95% CI, 0.22-0.93) were associated with a re-
duced risk of EASRs compared with the most common hap-
lotype in each locus. These results have suggested that the
group of breast cancer patients in this study could be stratified
by specific haplotypes and that the individuals with the hap-
lotype GGTT in CD44 were at a significantly greater risk of
EASRs compared with those with haplotypes CG in
MAD2L2, GTTG in PTTG!, TCC or CCG in RAD9A, and
GCT in LIG3. -

DISCUSSION

The ultimate goals of our ongoing research are to find ge-
netic variations that are associated with radiosensitivity and
to use this information to identify genetic markers. In this re-
port we analyzed the haplotypes of genes that were candi-
dates for affecting the risk of EASRs after RT. Variations
in the candidate genes were considered as haplotypes because
the statistical power of the association tests using phased data
is likely to increase (39-42). A total of 123 genes covering
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510 SNPs were subjected to the first screening. From the
LD maps for the 19 genes selected by the screening, the
haplo-tag SNPs were selected for each locus. Global haplo-
type analysis (p <0.05) and consideration of FDR (g <0.05)
showed that CD44, MAD2L2, PTTGI, RADYA, LIG3, and
REV3L loci were associated with EASR risk. We found hap-
lotypes associated with an increased risk of EASRs in CD44
and other haplotypes associated with a reduced risk of
EASRs in MAD2L.2, PTTGI, RAD9A, and LIG3. No signifi-
cant risk was observed for any haplotype in REV3L.

~ Combinations of these haplotypes in multiple loci might
determine the complexity of an individual’s radiosensitivity.
Andreassen et al. (9) suggested a- model consisting of multi-
ple genes with different effects on clinical radiosensitivity to
explain patient-to-patient variability in normal tissue reac-
tions after RT. The identification in the present study of
five genes with different contributions to clinical radiosensi-
tivity seems to support their model. Because a haplotype of
one gene increased the risk of EASRs but other haplotypes
of other genes reduced the risk of EASRs, the combined ef-
fect of haplotype contribution should be considered patient
by patient. The present haplotypes, however, could only be
estimated statistically. Therefore, the real haplotypes of these
genes must be determined experimentally. This would pro-
vide an understanding of the mechanisms underlying the

genetic variation in radiation sensitivity or resistance among

the population and would enable the prediction of the risk
of EASRs before RT. It might be possible to perform the
required experiments using a recently reported new method
for haplotype determination (52).

Five of the six genes shown in Table 5 (REV3L, MAD2L2,
PTTG1,RADYA, and LIG3) encode for proteins that act in the
nucleus. The functions of three of them (MAD2L2, REV3L,
and PTTG1) are related to chromosome maintenance, involv-
ing sister chromatid separation and the mitotic spindle check-
point (see Nasmyth [37] for review). This suggests that
functional variation might cause the malfunction of cell cycle
regulation and lead to genome instability, including aneu-
ploidy. The functions attributed to the identified genes appear
consistent with the early damage that resuits from the death of
a large number of cells in the epidermal layer of the skin (17).
CD44 is a transmembrane adhesion receptor that is the major
cell surface receptor for the nonsulfated glycosaminoglycan
hyaluronan and is reported to be involved in lymphocyte ex-
travasation (53). Appropriate repair after radiation injury and
inflammation requires a resolution of the inflammatory re-
sponse and removal of extracellular matrix breakdown prod-
ucts. We have previously analyzed interstrain variations in
irradiated murine lung and found an increase in the number
of CD44-positive cells in radioresistant mice (29). Therefore,
the finding that this haplotype is associaied with patients who
developed EASRs was of great interest.

Our previous in vitro study showed that genes in the base- -
excision repair system, such as LIGI (data not shown) and
PCNA, were likely candidates for genotyping (31). This
base-excision repair system has been suggested to play

a role in repairing DNA damaged by ultraviolet light and
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“Table 5. Estimated frequency of haplotypes and association with risk of EASRs

" Estimated frequency® Effect
Gene  Haplotype* Pool (n=798) LG (n=580) HG(n=218) OR(95%CI} pt
CD44 GGTC 0.40 0.42 0.33 *1.0 (Reference)
GGTT 0.25 0.22 0.30 2.17 (1.07-4.43) 0.010
AGTC 0.13 0.12 0.14 1.79 (0.82-3.90) 0.18
AGTT 0.068 0.058 0.093 2.09 (0.93-4.67) 0.040
AGAC 0.049 0.054 0.034 1.07 (0.36-3.18)  0.68
AGAT 0.048 0.052 0.037 0.80 (0.27-2.40) 1.0
AATC 0.038 0.041 0.030 0.88 (0.26-3.01) 0.82
AATT 0.023 0.026 0.014 0.84 (0.12-5.83) 0.77
REV3L GC 0.54 0.56 0.48 1.0 (Reference)
TT 0.41 0.38 0.48 1.47 (0.90-2.39) 0.014
GT 0.044 0.045 0.041 0.96 (0.43-2.14) 0.84
TC 0.010 0.014 NA NA NA
MAD2L2 GG 0.57 0.54 0.64 1.0 (Reference)
CG 0.31 0.34 0.24 0.55 (0.35-0.87) 0.0044
CA 0.11 0.12 0.11 0.81 (0.46-1.42) 0.45
PTTGI GCTG 0.24 0.23 0.27 1.0 (Reference) .
ACTG - 0.21 0.22 0.19 0.94 (0.51-1.71)  0.29
ACTT 0.20 - 0.19 0.23 1.29 (0.73-2.27) 0.82
GTTG 0.13 0.15 0.079 0.48 (0.24-0.96)  0.0081
GCGG 0.090 0.094 0.076 0.86 (0.41-1.82) 0.29
ACGG 0.064 0.064 0.061 0.86 (0.39-1.90) 0.60
GCTT 0.036 0.025 0.059 2.17 (0.78-6.03)  0.13
GTTT 0.016 0.022 NA NA NA
RAD9A CTC 0.74 0.71 0.82 1.0 (Reference)
TCC 0.11 0.13 0.073 0.48 (0.26-0.89) 0.017
CCG 0.11 0.12 0.073 0.50 (0.27-0.92)  0.022
CTG 0.033 0.036 0.023 0.51(0.18-1.39) 0.28
LIG3 GCC 0.42 0.41 0.45 1.0 (Reference)
cce 0.25 0.24 0.29 1.14 (0.68-1.90) 0.63
GTC -0.20 0.21 0.15 0.76 (0.45-1.29)  0.10
GCT 0.11 0.13 0.041 0.46 (0:22-0.93)  0.0004
CcCT 0.015 0.007 0033 . 3.73 (0.66-21.05) 0.021

Abbreviations: EASRs = early adverse skin reactions; NA = not applicable; other abbreviations as in

Table 3.

* Haplotypes observed with >1% frequency in pool.
Haplotype frequency was estimated using haplo.cc function of the haplo stats.
¥ Odds ratio obtained using recursively the estimated posterior probabilities of pairs of haplotypes

per subjects as weights in the logistic model (haplo.cc function of the haplo.stats).
$ The p-value based on the score statistics corresponds to the test for association between the specnﬁc
haplotype and the risk of ASRs. .

ionizing radiation (54, 55). The SNPs on the members of this
pathway, NEIL3, APEXI, POLB, POLDI, POLE, XRCCI,
LIGI, LIG3, PARP1, PNKP, PCNA, and FENI, were sub-
jected to genotyping analysis. Allelic and/or genotypic asso-
ciations were observed between the SNPs on NEIL3, LIG3,

and XRCCI and EASR risk, but an association between the

haplotypes of these genes and EASR risk was suggested
only for the LIG3 locus (Tables 3-5).

RAD9YA was selected because it was reported to act as
a damage sensor in the DNA damage checkpoint response
(56). This gene product is a subunit of the heterotrimeric
RAD9-RAD1-HUS1 complex. RADSA also interacts with
the anti-apoptotic bcl-2 family of proteins (BCL-2/BCL-x;)
suggesting a role for RAD9A in regulating apoptosis after
DNA damage (57). We propose that if cells contained -un-
usual activity of these gene products, the cell cycle would
not be completed after RT. The increased number of defec-

tive cells could activate the immune system, but not the
apoptotic system, and cause inflammation.

A total of 27 cSNPs for CD44, LIG3, and REV3L and none
for MAD2L2, PTTG1, and RAD9A genes were recorded in
the jSNP or dbSNP database when this research began. How-
ever, because of a lower allele frequency (not polymorphic or
<5%) in our patient group, these cSNPs in CD44, LIG3, and
REV3L were not used for the haplotype analysis. At present,
we cannot explain how the specific haplotypes with a greater
risk affected the function of the gene products. It is possible
that SNPs in regulatory regions (rSNPs) or in untranslated re-
gions of mRNA contribute to functional differences in genes.
With respect to PTTG1, the SNPs in the estimated haplotype
(rs3811999 and rs1862391) were located within 2 kb from
the transcriptional start site, suggesting that they might affect
transcription of the PTTG! gene. Regarding CD44, rs8193
was located in the 3’ untranslated region of its mRNA,
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indicating that this SNP might cause stability of CD44
mRNA. Searching functional SNPs in the genes identified in
the present study would facilitate the understanding of mech-
anisms contributing to variations in radiation susceptibility.

The rs25487 (Arg399Gin) polymorphism on XRCC1 re-
portedly associates with the risk of early skin reactions after
RT in breast cancer patients (19). Our findings suggest an as-
sociation between the Arg399Gln genotype in XRCCI and
the risk of EASRs (dominant model in Table 3). However,
no overall significant difference in the haplotype distribution
in the XRCC! gene was detected between the HG and LG
groups (Table 4). Associations between the markers C-509T
(rs1800469) in TGFBI (20, 22, 23) and Val16Ala (rs4880) in
SOD2 (20) and late adverse effects in breast cancer patients
have been reported. To test whether these polymorphisms
were also associated with early skin reactions, we examined
these polymorphisms in our subjects. However, no associa-
tion between these SNPs and EASRs was detected.

We also analyzed in detail the SNPs within and surround-
ing the ATM gene. The marker Asp1853Asn (rs1801516),
which is associated with late reactions (24, 26), was not poly-
morphic in our 399 breast cancer patients and 115 healthy
Japanese women. The marker IVS22-77 T>C (1s664677),
which has also been reported to associate with late reactions
(21), was not associated with EASRs in our study. Further-
more, we analyzed this region spanning approximately 200
kb with 53 SNPs selected from the jSNP and dbSNP data-
bases; 34 SNPs were not polymorphic and minor allele
frequency of 6 SNPs were <0.05. The remaining 13 SNPs
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were not associated with the risk of EASRs. Because the
ATM gene has been reported to lie within a large single LD
block according to the HapMap data (D' >0.8) with HAN
Chinese and Japanese populations (58), these markers seemed
to cover most of the ATM gene. The distinctive features of

- our study, which could have influenced the results, were the

following: (1) that we analyzed EASRs that occurred within
3 months of starting RT; (2) that we tested the reported SNPs
that were able to be typed using our matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry-based
technique; and (3) the Japanese ethnicity of our subjects,
which might have had some bearing on their radiosensitivity:
The use of selected genes imposes some limitations on our
findings. The candidate genes for genotyping were selected us-
ing a limited number of gene expression analyses, in addition
to the published genes we were interested in. Because the Hap-
Map data has only been available recently, it might be able to
perform a genome-wide association study for radiosensitivity
in cancer patients. Furthermore, we emphasize the importance
of a subsequent association study with a large number of
patients and/or a meta-analysis of multiple populations.

CONCLUSION

We identified six novel haplotypes associated with the risk
for EASRs after RT using a large-scale candidate-genes ap-
proach. Focused investigations of functions related to the hap-
lotypes in these genes will improve our understanding further
ofhow genetic factors contribute to individual radiosensitivity.
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Dofequidar Fumarate (MS-209) in Combination With
Cyclophosphamide, Doxorubicin, and Fluorouracil for

Patients With Advanced or Recurrent Breast Cancer

Toshiaki Saeki, Tadashi Nomizu, Masakazu Toi, Yoshinori Ito, Shinzaburo Noguchi, Tadashi Kobayashi,
Taro Asaga, Hironobu Minami, Naohito Yamamoto, Kenjiro Aogi, Tadashi Ikeda, Yasuo Ohashi, Wakao Sato,
and Takashi Tsuruo

Purpose :
To evaluate the efficacy and tolerability of dofequidar plus cyclophosphamide, doxorubicin, and

fluorouracil {CAF) therapy in comparison with CAF alone, in patients with advanced or
recurrent breast cancer. Dofequidar is a novel, orally active quinoline derivative that reverses
multidrug resistance.

Patients and Methods
In this randomized, double-blind, placebo-controlled trial, patients were treated with six cycles of

CAF therapy: 28 days/cycle, with doxorubicin (25 mg/m?) and fluorouracil (500 mg/m?) adminis-
tered on days 1 and 8 and cyclophosphamide {100 mg orally [PO)) administered on day 1 through
14. Patients received dofequidar (900 mg PO} 30 minutes before each dose of doxorubicin.
Primary end point was overall response rate {ORR; partial or complete response). In total, 221
patients were assessable.

Results

ORR was 42.6% for CAF compared with 53.1% for dofequidar + CAF, a 24.6% relative
improvement and 10.5% absolute increase (P = .077). There was a trend for prolonged
progression-free survival (PFS; median 241 days for CAF v 366 days for dofequidar + CAF;
P = .145). In retrospectively defined subgroups, significant improvement in PFS in favor of
dofequidar was observed in patients who were premenopausal, had no prior therapy, and were
stage IV at diagnosis with an intact primary tumor. Except for neutropenia and leukopenia, there
was no statistically significant excess of grade 3/4 adverse events compared with CAF. Treatment
with dofequidar did not affect the plasma concentration of doxorubicin.

Conclusion
Dofequidar + CAF was well tolerated and is suggested to have efficacy in patients who had not
received prior therapy.

J Clin Oncol 25:411-417. © 2007 by American Society of Clinical Oncology

anthracyclines, epipodophyllotoxins, topote-
can, dactinomycin, and mitomycin."®” These

Despite the advances in chemotherapeutic interven-
tion, many cancers are either inherently resistant or
develop resistance to chemotherapy.'? Conse-
quently, multidrug resistance (MDR) remains a ma-
jor obstacle to the successful treatment of cancer.*
One mechanism by which MDR operates is via the
increased cellular efflux of cytotoxic compounds
due to increased expression of membrane transport
proteins such as P-glycoprotein (P-gp) and MDR-
associated protein (MRP)."** MDR affects many
structurally and functionally unrelated agents in-
cluding cytotoxic drugs that are hydrophobic,
natural products, such as taxanes, vinca alkaloids,
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represent some of the most commonly used chemo-
therapeutic agents.

In tumors with low levels of P-gp expression at
baseline or diagnosis, P-gp expression increases after
exposure to chemotherapy agents, thus leading to
the development of MDR. In breast cancer patients
who had received prior chemotherapy, P-gp expres-
sion has been shown to increase from 11% in un-
treated patients to 30% after chemotherapy.®
Furthermore, compared with P-gp-negative tu-
mors, a significant increase in resistance to paclitaxel
and doxorubicin was reported in P-gp positive
breast cancer tissue, irrespective of prior therapy.
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