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more genetic markers supported on the supporting
means. The prediction method comprises: a first step
of hybridizing a genetic marker with labeled DNA
prepared from a subject to be examined; a second step
of identifying nucleotides of both alleles of the labeled
DNA hybridized with the genetic marker; and a third
step of determining the combination of the identitied
nucleotides of both alleles of the labeled DNA as being
a risk genotype when the combination of the identitied
nucleotides corresponds to a specified combination,
and predicting that the subject is predisposed to
develop a late adverse reaction in a urinary organ
after radiation therapy when the number of the risk
genotypes is three or more and that the subject is not
predisposed to develop a late adverse reaction in a
urinary organ after radiation therapy when the number
of the risk genotypes is two or less. The method
enables to predict whether or not a subject is affected
with a late adverse reaction in a urinary organ after
radiation therapy.
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FTo WIRERDO A FPUE DV AT ~DIRAGH)ZE S OB A5 A fgsd L . SNP
DAL EIIRERO A F PG E D BARZ 3572012, AUC—ROC (ROCH
RO T OmIFE) MR ENT 20 FH LTz, AU IZduT~— B — DR LA ik 5% ]
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[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

RHZ R TEDD THEL Y, 7238, WIRER DA E BUG DY AT ~DIRARH)IZE B
BAR R BORGERIE, AUC—ROCHABRENT IZ IR ESNDHO TR,

ZIVETITIMIRERO A E RGO FRITIEII L THRWO T, AFEIIZIBWT
%, AUC—ROCHIFENTIZEBITFHAUCH0. 5IDKEVMEZ /R SNP (XIESN
PO A D) | L0HFFLIL0. 7780 EOSNP CUISNPOFAAEIHE) & T2
I3 TR EEFRL TD, 728, AUCH0. 5EVHZEIE, A H UG O FAE T
FENRB0% THLHEVIZEEZERT D,

Fio VATBAG FRIDIRNTILE D IO BARFFAC L TV AT DN TH L,
B2 1L MassARRAYY AT L& W B AR T2 AL 72 E0 T2 D TESD, Mass
ARRAYY AT 2% HWVZIBAR T2 A 7 DFNAIX, Fil 21X, Suga T, Ishikawa A, K
ohda M, et al. “Haplotype—based analysis of genes associated with risk of adverse sk
in reactions after radiotherapy in breast cancer patients.” Int J Radiat Oncol Biol Ph
ys, 2007, 69, p685-693.1Z SN T,

FLTC, HRHA B EEHERESE O — RO OBFEEPCaidf OSNPsOZ A
VU R, BIAE, Ty e — OB E (Fisher’ s exact test) TR
HZEWTED,

Fio, BEHZR AT, Bl Z X, SNPAlyze/ 7t =7 (N—ar6. 0, http://
www.dynacom.co.jp/e/products/package/snpalyze/index.html; Dynacom, T-EE IR
HARE) 2 528 Tz el TEs,

WA AFEINARD BRI S DI R AR O BRI AT 55 S O FIE T 7
I (BUF BUCTHRAE TG E I &) ) T2V T35,

AFEINARDFIE T ARFBEINMRDDNAT 7% TR AE T 7 1%
ThD, AFEINMRDIGIETRITIEIL, LT DHEIART Y T POHE3AT Y T a5
TUD,

FIAT V1R, AFEIAREDNAT » SR FF SN O s~ — 1 — (
A%, BiiFe L7z (a) ~ (e) ITRLIZDNAT I —7 DB h) & HIE )bl il L 7=
RS -~ — B — AT VFEAXFTHDNA R XTIV AFR) 1% 8 O
kLT AERRDNAE 2 NAT VT A XSEDAT Y Thb,
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[0039]

[0040]

[0041]

[0042]

HE GO LUTZDNASIL, B2 0E AIEX S THLOPCafli B ORISR
ORABAR LN DER I 727 ) ADNAZ ),

Bl Z X, 22507 ) ADNAGOHIIE, B2, 7780 - ONA3000S72E
O HEERE B AT 550 B2 0E, QlAamp DNAIML v b (Qiagenth, /150,
RAVED oL DR O T MWL ZETHEHIATIZENTED,

DNAJRSEDOWE D PicoGreenid 3k & DO THIRORILZ T 52 THIET HZ
EPTED,

LT, BB~ — =N AT VAT HDNAR, Bl AREICRG L2t
VAT G OT TR AT G L I L= ) ADNAS %
VZPCR (polymerase chain reaction) 572 812 &Ko Tls -~ — & — LARMHR) 7228
AN AT DDNAZ RN ZHIES B D ZLIC IS D LR TED, 7o D
DNAZ, $l21E100~200basest L& HE LV, s F~—B—,DNATVHF
ARE L HENATOE D72 Th D,

BB, B AT TN R OT T B AT A T B U T ERL A 2 o8
T&ED,

R E L L CIE, DNA~ A7 T LAY AT MSTRIIINE S 2ot sz v
HZELTED, Ao, fl2IE, Cy3°Cyb/aE DIERNFNDOEDEH WL E
INTED, T, BT R E L E B D e TED, SBIT,
Bl x X, ©FF 2 (biotin) Z > TRl AN N T 2268 TES,

ZOINTT HERG -~ — I — AT VAR T HIERDNAZAFR S 528 8C
ED.

DDEERDNAVL, ATREL 72 2B s~ — 0 — SR 72 BBl A2 975
7o, BIn T~ —H—NATVFAXIELIENTED,

BAGF~— I — LAERDNA L DNATVE AT ZHDHE RO RS (H5) A
TGCOFAELEREIL LS TEE T L2 DM ERETHONHFEL, FilziE, 2
NODHEEL DR EH3100~200bases D15, 1M NaClz & Lo 1 T42~60C
DEMTAATIVEARSEDHENTED,

bHAH ZOFIAT Y AN INATIVE AR TEDNASRNAT VL AXD
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[0043]

[0044]

[0045]

[0046]

SREEDS 42 TR0 TZDNAZ FEIC IO T2 TR G ENLZLTNDETHA
W B2, 0. BM NaCla 3 i CEIR~60° COFRMTHET 52813 T
&2

F2AT N, BB~ —ENAT VARSI TR DNAD AR 17 % ]
ETDAT YT ThDH, BlZIE, B4 F L THEFRL TRIFIEAMHMIHE T 22808
TED, Fio, BEAE TR L TRBTIEERAMODNAT LA AF v ) —(2ko
THETHZENTED,

FBAT Y TNE B2AT 7 TREE LTZAE DN A D [ 5 s O A G o
Rrs2276015IZ 2N TIEGG THHY 1T | rs27429461 2DV TUITT UECT THDH Y
B 1813762642 DN TIECCTHLHE A | rsl1267581Z DV TEITT XIECT THS
Bt KOV, rs226TA3TIZ DWW TEGG THOL B E VAV s TR Th o HEL
YRV AY AR 1T E 3O DL ERF DA IO BRI IR 125 1T DR SR OB A
EROGHFIEL SN E TR . SiLVAZ AR T BIOED2OLL T ThHHG AT
KRRTEHR 2 BT DI IR ER OB FH SO BIEL N E T AT v 7 ThHD

2B VAV U RO G DR, AFEAE DO IVIAG L2720
THD,

2 i 45l
1. JFikEp et

ZOWIICEEND197 NDBE VL, B E ARSI (THER, A ARE)
[ZBTFDPCaDTeO DC—AA L RTOKAERICSINE THDH, RTOREL227
NDREFEZRR T —I%, ZOWHRICSINT 57D EmICLOA T4 — LR a
MERRHEL T2, BOBRE AR SR T DM PR B XX 2O &G LTZ, & To
NI BORBREE 2R A OFFE T O R 1 FRIBIR DT OIFSEE o & — Il
R SR IS Lo TE STV D,

ECDDOERE DI N—7 (n=132 )%, 20024E1 H 25200643 4 DRIZS
L7z, 220D BHE DI —7 (n=65 A\) 12200643 H 2252006412 ORI
STz,
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

SR, P —= Ty R T AN D2 0Dy MT, BEE2: 10OEIETHT
bz,

Ro—=o 7y T, 109 ANDRIE (82, 6%) 137 L —RODYEIR [ L2 s
iz, 2L T, 23 ADOXER (17, 4%)121E, RTO3H A KIZ, 7L —R1OPEIREEE
Dd>oTz,

TAMEY T, 56 AR5 (86. 2%) 37/ L —RODPIREE R BT, £LT
COANDRIZ (13, 8%) i, ZL—R1T7 1L —R208EREERH T,

B O, C— AL RTERLEL O EZ G FE R, DLRTCEEMIC
FIASI TS (Tsuji H, Yanagi T, Ishikawa H, et al. “Hypofractionated radiotherap
vy with carbon ion beams for prostate cancer.” Int J Radiat Oncol Biol Phys, 2005, 6
3, p1153-1160., Ishikawa H, Tsuji H, Kamada T, et al. “Risk factors of late rectal bl
eeding after carbon ion therapy for prostate cancer.” Int J Radiat Oncol Biol Phys,
2006, 66, pl084-1091.),

B DKy D5 Phase IOWFFEIT B GRS TO6. OGYED Ui &% % 1F72, 66

. OGYED b #r sl E, SIRM EAPNIC 20 5312 3 1 TG STz, AL ES
FrRUNT, PCalZB 9 A RIALEZ B 13D 2 1T TuviRioTz,

PR FR DM A BOS FERR ) 1, Late Effects of Normal Tissue-Subjective,
Objective, Management, and Analysis scoring systemZ 5 F L CHIE L7z (LENT-SO
MA tables. Radiother Oncol, 1995, 35, p17-60.), F21Z“subjective (FE&LAY) ” HF =
J—&“management (581 " 7 2V — 2 EHEHL LT,

PEIRBEEDRIT Y ZIRIROE@) Th-o7z, 7' —FR0I%, RTRIOIRERE gL T
FEANGRRNS TER, 7T =R, « 7 T B — DI 2 DR 504 B
DOTE (R H ST IEN) wﬁaz’)%é JLU—R2iE, o =Ty — O
(74 5T, F2002 (Wife ) L DFFR T %) ki e D, E%% DB DT D
AATNIXC—AF U RTH 37 HITBIEE SN2 ieb RER L —RThD,

2. MRS T M O'SNPs

TR YT 3617 22 0% 5 Lol B AL 2 1R ST OARFEWIE & O,

RS - DOYAR, . UMassARRAY S A7 A (Sequenomfl:, o F == AU 74
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[0054]

[0055]

[0056]

=T ) TR R A 7 MR, LARTRFR L 72 (Suga T, Ishikawa A, Ko
hda M, et al. “Haplotype—based analysis of genes associated with risk of adverse ski
n reactions after radiotherapy in breast cancer patients.” Int | Radiat Oncol Biol Ph
vs, 2007, 69, p685-693.)

PCaffF |t 42208 T, 118D S - TA50DSNPs 3 EAR T-fFHTIC
MLz,

EMNHOT ) ADNAOHIHIL, BB HE A7 4 (NA3000S, 77wt
« RBRF. AARED 72QIAamp DNAIML#EF > (Qlagenth:, /L7 2 RAVIE) TIT-
720

DNAJEE L, PicoGreenidZ& - L CHIE L 7= (Singer VL, Jones L], Yue ST, e
t al. “Characterization of PicoGreen reagent and development of a fluorescence—bas

ed solution assay for double—stranded DNA quantitation.” Anal Biochem, 1997, 249,

p228-238.).
BAR L AAE T DD HENLT T~ —BHIE, MBS U TERL -,
Tt RIfEAT

B BN DOV TRNL AR T SRR PRS2 R LT, LT —F 44—
DAL~V L, R R — 2 RPCall B VIV — T ENENTHA T
o THEE LT,

PERBEE D71 —REPCati B DSNPs D4 2 Dt FRBIH, 22l
T 43— D E PR E (two—tailed Fisher’s exact test) 2~ CHEE L7,

ZNHDOHEF R ATIL, SNPAlyze 7Ry =7 (/3—T226. 0, http://www.d
ynacom.co.jp/e/products/package/snpalyze/index.html; Dynacom, T-EEWR . H A[EH
) L CTHELIT LI,

PEPRBE R OV AL CODE I 72 SNP < — 4 — 28R 572012, bL—=
7y b i L T — A — ORI EE LR 52 AUC —ROCHEHER /34T (Hanley
JA, McNeil BJ. “The meaning and use of the area under a receiver operating charac
teristic (ROC) curve.” Radiology, 1982, 143, p29-36.) &~ THER L 7=,

AUC—ROCHEIZHENT 2~ — A —DORIFNUL, L FOEI THS:
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[0057]

[0058]

(1) A E/SNPsZKEET 5,
Q)KL S (k=1, -, K)ZERTD.
(B)x B3{x , =, x JOHDTIHAUC—ROCHIRERDIITPS =x ZFGET
Do
(DPS ELTEESNDZEEIRNT, x (k=1, - KI-D&HERT D,
(5)PS +x 3PS +x, =+, PS +x JOHDOFHIAUC—ROCHTALARHLD
IZPS =PS +x ZRET 5.
(6)x (k=1, -, K—=2)ZfERT 2 R HIETHRIET,

PRI PEIRFEFI T DR M2 TR D7l ITN o~ — I — DR L, 7
Aty e IV TAUC—ROCHTR ST CELITHEE L=,
4. Hn R

118 DA PEIZ BT HE RS0 DSNPsP Ca i O U &M 28
W2 52 Dl L ORESIV, ORI TR 21T 72, ZORE ., 450D S
NPsDHH 121345 M OPCafBE 7 N — 72BN T ERI T ) -7z, E5IT, 27
fEDOSNPsIL, XL As TARE DMED o 7o (AT — 723 s T (<5%))
728 ARl OB FE BRI LT, FT2, OEOSNPsiE, fEFE L o 71—
FIZBNTN—=TF 4= T AL RGBT (p<0. 001) DTHHTLZR
Daoiz, Fiz, 29 DOSNPsITBE R N ENENOBHET HSNPsOHD & [F—
Thole DT, EBRDLGHBERIN LT,

WoT, 109H DML FED 3T DOSNPsZELIZHT LT,

ZNBDOSNPsOALERFFEZ R LR,

[0059] [F1]



WO 2009/008412 16 PCT/JP2008/062297

Position n (%)

5'-Flanking 87 (23.3)

5'-UTR 4 (1.1)

cSNP 30 (8.0)

sSNP 23 (6.2)

iISNP 138 (37.0)

3’-UTR 20 (5.4)

3’-Flanking 71 (19.0)

Total 373 (100)

[0060]  HR1HOBEEE : SNPIX—Ha K27 (single nucleotide polymorphism) . UTRIZFHEN

FRELEE (untranslated region) . cSNPIEFERIZRE LSNP (nonsynonymous SNP) | sS

NPIEFFEEHLSNP (synonymous SNP) . iISNPJE A2 ;22 SNP (intron SNP) 7%

R

[0061] HFr—= 7By NMeBITAr—RADOBRE (VL —R1LE)arta—roiE (&7

L —FR0) DRI Z R 21077,

[0062] [F2]
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Grade O Grade 1+
Characteristic (n=109) (n=23) p

Age during RT (y)

Mean + SD 69+5 68 + 6 ‘

Range 56-87 54-77 0.39'
Smoking habit

Yes 17 (15.6) 2 (8.7) 0.60*

Quit 36 (33.0) 10 (43.5)

Never 56 (51.4) 11 (47.8)
Hormonal therapy 72 (66.1) 17 (73.9) 0.63*
T stage! 0.87*

T1 31 (28.4) 6 (26.1)

T2 35 (32.1) 9 (39.1)

T3 42 (38.5) 8 (34.8)

T4 1 (0.9) 0 (0.0)
Radiation dose (GyE)*

57.6 2 (1.8) 1 (4.3) 0.33*

60.0 3(2.8) 0 (0.0)

63.0 3 (2.8) 0 (0.0)

66.0 101 (92.7) 21 (91.3)

72.0 0 (0.0 14.3)

[0063]  F2FP OMSEE : RTIZH G #RIEH (radiotherapy) . SDITAE #E(R % (standard deviati
on) . GyEIZftt#: (Gray equivalent) Z27R9°,
PR EZS DBE DS HIL, 7L —RODOBFENI09AN, Z1—R1DHEHE )23
AN Tz,
F2, N O T =23 — T =P ThHD,
13X, T4 v v — DEEMERROE Tt SN2 oD 7 ) —7 OO A
MR,
TIZ, RGO E TH D,
. B rehDdicicd =t T =Y DOEFD100% 12172570,
[0064]  14fE DA FHEDSNPsiE, X s 8 38 s+ (EHOE T L Thd
DEMEDET L (F3) ) I Lo THEIRBEE SBIH L TV,
[0065] [%3]
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[0066]

[0067]

[0068]

[0069]

F3H DM B SNPIX—Hi F £ (single nucleotide polymorphism) | IDIZ B
71% (identification) . Chrid¥ea ik (chromosome) , MIEAY % — 7 LL (major allele)
m{E~ A7 —7 L /b (minor allele) , NCIZFHRL TR W GHEZFHATT D123
TINEPAF 5 THHZEZLD) ZE% R, £, pldpflE (A EME=R) . ORIZA Y
A, CUHE X EZRT,

Fio, KITIE, Ty —DEEMWRERE THOITENTZ2 0D )L —7 DD
et BEMEZRL TS,

FAC 7T —FDOEFHRRIZE DL RBITRTEOIT, rs2276015 (SARTD AL
¥ —T VLIV RINLEG ) &~ AT —T L IEZENZENCGECTHY, rs2742946 (ID3)
DAV =T VL= AFT =T LIUIENENCETTHY, rs1376264 (EPDRDAV ¥
—T LI A T =T L IIFNENCETTHY, rs1126758 (PAH) AT v—T Lk
VAT =T LIUIENENCETTHY, rs2267437 (XRCCO)AV v —T L L&~ AT
—T VL IIENENCEGTHLZEN 3ol

PEIRBEE DFEIE DY AT DI NEE LY AT DI NEE L2 K TELSNP~—7
—I&, RO AUC —ROCHIFR T2 AF ] L 7= R B ik L > TolEL Tz, #L
T, ROCHIHRD F O mifilz b WIS Wic~— 0 —% BEFERITR IR LT,

ZOHEERWTEIRS -~ — A —I4, 152276015 (SART1) | rs2742946 (ID3) , r
s1376264 (EPDR1) | rs1126758 (PAH) &rs2267437 (XRCC6) DA T -7z,

AUC—ROCHI#RIL, ZNHD5 50~ —h—%fi 35 2LT0. 8613 (F

4),
[%4]
SNPs combination AUC-ROC
1s2276015 0.635
1s2276015 + rs2742946 0.718
1$2276015 + rs2742946 + 151376264 0.776
1s2276015 + rs2742946 + rs1376264 + 0.825
rs1126758

152276015 + rs2742946 + 151376264 + 0.861

rs1126758 + rs2267437
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[0070] A DOWEE: SNPIZ—H#E £ M (single nucleotide polymorphism) , AUC—RO
CIZROCHIHD T D fifE (area under curve of receiver operating characteristic) %
R

[0071]  BERFFRITIEZ VR RICED S, £/ ORAND | TIRSLEAG OG0
HD3, rs2276015 (SARTIIZ DN TIEGG THDHY | rs2742946 (ID3)ITDUVNTIET
TEOCTTHLYA rs1376264 (EBPDRINZ DV TIECCTHAH A rs1126758 (P
ARIZOWTIEITT A RCT THLGE . K Urs2267437 (XRCCOUIZDWTIZGGT
DO AT BAR L TELZEN 0o T2,

[0072]  BERFEEOVRAZZ TR 52 N0D8 s~ — 0 —DOFIMEET AT 5721
L INBHDOB R~ — I —ET ANy N CELIZHT LT,

K5IE, TAMEY MTBIT LA E R EBHF OB OFEMZRL THD,
[0073] [%5]

Characteristic Grade 0 (n=56) Grade 1+ (n=9) p

Age at RT (y)
Mean + SD : 68 + 6 68 £7
Range ' 51-80 52-79 0.991
Smoking habit
Yes 7 (12.5) 0 (0.0) 0.76%*
Quit 16 (28.6) 3(33.3)
Never 31 (55.4) 6 (66.7)
Unknown 2 (3.6) 0 (0.0)
Hormonal therapy 47 (83.9) 6 (66.7) 0.35%
T stage? ' 0.70*
T1 9 (16.1) 2 (22.2)
T2 31(554) 4 (44.4)
T3 16 (28.6) 3(33.3)
Radiation dose (GyE)
57.6 15 (26.8) 1 (11.1) 0.25%
63.0 37 (66.1) 6 (66.7)
66.0 4 (7.1) 2 (22.2)

[0074] FTSHT DM BT HOWTIEER2L[FHI L THA,
HERPEELS SBEDONIT. VT —RODEENE6 AN, ZT—R1DOBEI5 A,
T —R2DEFENANTH-T-,
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[0075]

[0076]

[0077]

R, T4 v — OEEEMERRE O SN2 007 L — 7 DOk IA
MR,

Tid, SHEDORORE T D,

I, B bizied, =t T =Y DOEFR100% 21T 72570,

TANEYMEIZ L —R20YRRIEFIAED A DX G2 5 ATV, SEFHA E A
X, B OV T ICB W THr —AD B Lo b —/ L BF O THIIE e
STEEODEREN =~ — =R HET LDAUC—ROCHBIIX0. 770
(ZEELTC, ZIHD5 DO~ —H— IR IRFEE OHINT VA7 AT B2 BRI
HolzZ LR THD (X)), 7k, K1, ER ORI —=2 7y (n=132
N)&EHERTTRTT AN EY (=65 A) I8 552D s~ —74— (SART1, |
D3, EPDR1, PAH, &k UXRCC6) DALAEHEIZIB1F HROC (receiver operating ch
aracteristic) Z7R 9777 TdD, [AXPEIHEIL, 1—Specificity (FF 5% L) 27~ L | #it
filll L Sensitivity () 27797,

Fo, VAZBAG THRBT-0DBELREHN2RT, 7, K21%, VAV RO
JER i R EANT T A ThD, M212E, ARFT165 ADEHE DL —RODHE
PREESE (FVN—) & 32 ADZ L —R 1L EOFEREEE (B vS—) E0VRETH
Do

PEPRBE A2 32 NDBE DHIBED29 A (90. 6%)121%., 3L EDYAZ#iL+
o7z,

UL 3s | PEIRBEE D762 NDIEF (31, 5%)1T%, 3DLL EDOVAZ A
R BHoT,

5. Bt

AFEI T, PCatiE DC— A4 L RTHRICHEIRIEHZFIET DL UARY &P &
b B FHTEASS>DF L EIE T~ — b —F R ETAZLNTE-, 2 b
DIBAB -~ — I —I1%, BITARFEINE B D LLRI T 7 G G728 AR T I BUEAT (Sug
a T, Ishikawa A, Kohda M, et al. “Haplotype—based analysis of genes associated wit
h risk of adverse skin reactions after radiotherapy in breast cancer patients.” Int J R

adiat Oncol Biol Phys, 2007, 69, p685-693.. Ishikawa K, Koyama-Saegusa K, Otsuk
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[0078]

[0079]

[0080]

a’yY, et al. “Gene expression profile changes correlating with radioresistance in huma
n cell lines.” Int J Radiat Oncol Biol Phys, 2006, 65, p234-245.. Ban S, Ishikawa K,
Kawai S, et al. “Potential in a single cancer cell to produce heterogeneous morphol
ogy, radiosensitivity and gene expression.” ] Radiat Res (Tokyo), 2005, 46, p43-50.
. Iwakawa M, Noda S, Ohta T, et al. “Different radiation susceptibility among five st
rains of mice detected by a skin reaction.” | Radiat Res (Tokyo), 2003, 44, p7-13..
Ohta T, Iwakawa M, Oohira C, et al. “Fractionated irradiation augments inter—strai
n variation of skin reactions among three strains of mice.” ] Radiat Res (Tokyo), 200
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