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oA FGFR3, GNA11l, H3F3A, IL12A, ILIR1, IL2RB,

AE Tesls B4y,
A7 2
Aol oA, A7) AZG At A AU A AS EHOR S B4
AT 3
AE == A2 oA, A7 AR AARFE AR FyE TERH AEe] X=2wd-uAd shew-
ErjE FEERA-fEU AP AEA S 5HoR e B

gge] 47

7] & ¥

woge Ao Sl FE-d BebPAaAe] Mee dZas] A8 BAPEel Bd ot og 4
ABAL, 4G BAAA FE-7 SRR B WL el BAY Do) BaF YuF AT
71 A% FAE $ Aol

AW A Aok (locally advanced rectal cancer, LARC)S, A&7+ ehZ2H(mesorectal fascia)S X33 4

2k

A F glE HF9l(unresectable margins) ¥ dAHoR gAY E HEZH(SW =W HE4)S Z2E, HE5A
Azoto g 7]1&Ed(de Wilt JH, et al., Management of locally advanced primary and recurrent rectal
cancer. Clin Colon Rectal Surg 2007;20:255-63; Glynne-Jones R, et al., Locally advanced rectal cancer:
what is the evidence for induction chemoradiation? Oncologist 2007;12:1309-18). F<%-7 3}eHHIAIAX =
(preoperative chemoradiotherapy, PCRT) % o]%9] 4%% AA (surgical resection)”} LARCO] w3t ®F
kA% 2] & (standard multimodal treatment)©]t}(Kapiteijn E, et al., Preoperative radiotherapy combined
with total mesorectal excision for resectable rectal cancer. N Engl J Med 2001;345:638-46; Rodel C.,
et al., Radiotherapy: Preoperative chemoradiotherapy for rectal cancer. Nat Rev Clin Oncol 2010;7:129-
30). PCRTE =24 Ao 9138 Folx, et WE 7eAS S7HA70. PRI thale] £& Whe-S Ko
= A= vERg F9sd A3E Jebdck(Fokas E, et al., Tumor regression grading after
preoperative chemoradiotherapy for locally advanced rectal carcinoma revisited: updated results of the
CAO/ARO/AIO-94 trial. J Clin Oncol 2014;32:1554-62; Park 1J, et al., Neoadjuvant treatment response as
an early response indicator for patients with rectal cancer. J Clin Oncol 2012;30:1770-6).

PCRT] Tjste] SHAsAL B Ad A8 WS tehlls Bl QolAl, oled@ Anue FU] Ag-

E# <l (rectal-sparing) +&4 X8EE 7FsatA @b, PRT 2 olo] w %2 AA7F LARCO tidh 49
Az ol ARk, oF 2/39] A= PCRTA| o] FE&A <l whg &2 B]-0kg-g noln]; o]2]d FAfo A PCRTE=
AXA AE JNAEA] HE vk (Lee YC et al., Prognostic significance of partial tumor regression after

preoperative chemoradiotherapy for rectal cancer: a meta-analysis. Dis Colon Rectum 2013;56:1093-101).
o], PCRT= H]-WHE-Zk(non-responders)oll A F7px1 9] F-2h-g3 e evh: 1) WAbd Ase @249 ghe) 2
o JaF& F= AV FHZ(long-term complications)d FHEW | 2) PRTE <ldte] 47 AA|7 AdA
HozMm FTYdol 44 F Y9y oz Hold & 4 df(Conde-Muino R, et al. Predictive Biomarkers to
Chemoradiation in Locally Advanced Rectal Cancer. Biomed Res Int 2015;2015:921435; Millino C, et al.
Gene and MicroRNA Expression Are Predictive of Tumor Response in Rectal Adenocarcinoma Patients

_3_



[0004]

[0005]
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[0007]

[0008]

[0009]
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Treated With Preoperative Chemoradiotherapy. J Cell Physiol 2017;232:426-435). uw}l2}A, PCRTZH-E o]9]
S A& 4 A+ WHEAH(responders) o] MBS 7lEdAlE vlo]owlA, = LARC 3kx}oll A PCRTo| o3t wH&-S
dZst7] 93 vle] entAE e 93 gt 2ol x| Q).

Sule] A57F PCRTO ik whg B AdE A3 d5atr] A%k F44 ute]enprie] e 453 vk 9l
t}(Watanabe T, et al. Prediction of sensitivity of rectal cancer cells in response to preoperative
radiotherapy by DNA microarray analysis of gene expression profiles. Cancer Res 2006;66:3370-4;
Agostini M, et al. An integrative approach for the identification of prognostic and predictive
biomarkers in rectal cancer. Oncotarget 2015;6:32561-74; Gim J, et al. Predicting multi-class
responses to preoperative chemoradiotherapy in rectal cancer patients. Radiat Oncol 2016;11:50).
Ghadimi &< REgAF 2 H]-wkgApell A 547]¢] AoletAl W= FdAE Bargh up flom | W Twatiddy
2 LARC 3R} 830l EY¥ Asg d5T F Jvh(p=0.02)(Ghadimi BM, et al. Effectiveness of gene
expression profiling for response prediction of rectal adenocarcinomas to preoperative
chemoradiotherapy. J Clin Oncol 2005;23:1826-38). Gantt 5= 33719 24 A MZ(biopsy samples)Z
SFE, REEAREY B-g3AE ERete, 2709 fAA Ol Z29dS Wl vk Qlth(Gantt GA, et al. Gene
expression profile is associated with chemoradiation resistance in rectal cancer. Colorectal Dis
2014;16:57-66). H, Guo 5 LARC #AfolA 2771 FdAE 4o =HA, REO(relative expression
orderings) #H®el <73to] PCRTO] theh &S oS53 vb Uvh(Guo Y, et al. A qualitative signature for
predicting pathological response to neoadjuvant chemoradiation in locally advanced rectal cancers.
Radiother Oncol 2018;129:149-153). g+, Chauvin ‘s LARC #Atell A PCRTOl thgh RE-&-S o 53ah7] 913 =
2919 ZZ9Ad= (proteomic profiling)® A4S ®id v} uh(Chauvin A, et al. The response to
neoadjuvant chemoradiotherapy with 5-fluorouracil in locally advanced rectal cancer patients: a
predictive proteomic signature. Clin. Proteomics 2018;15:16; Repetto O, et al. Identification of
protein clusters predictive of tumor response in rectal cancer patients receiving neoadjuvant chemo-
radiotherapy. Oncotarget 2017;8:28328-28341). 121}, LARCS} #&H Fdz 2§ T2yl FAHd = &
TetaL, @A BFA ARES HF vbol oA = obF FA A ekl

PCRT wlo] o mlAL] 7fuks AFsls 24 T dlys PRT ¥ 54 Al dol dojxe y=2dd-uA4H et
HA-¥ufF (formalin-fixed paraffin-embedded, FFPE) A7 AZ9] Algolt}. ZFUYAFEZA=(tumor
cellularity), FAt(necrosis)®t & 29l wjio] W% MWE(Fresh-frozen samples)S AlgE 4 §lo

o A $(immune infiltrates)< 3¢ ¥& #2 (downstream expression analyses)< A|3Fshc},
gy o] g
sl = A

B ogAEe PCRTOﬂ EH?‘& HheS ST e, YA E A8 ed vl A (A A2 A (gene
St Bal, 2 WA FPE 27 UES
[} o

=
NEE AgS] fA WA B4

AH&-3lo] RNAE ‘%—‘6}3194134 FDA-521E st=9o] 2 sk, 21 4
I, Age sate] Ao EAF FHAE, = FGFR3, GNA11, H3F3A, IL12A, IL1R1, IL2RB, NKD1, SGK2,
9 SPRYZ2 A HARS ZFst] FAE A 52 AYew Fe-d shipd R oid v ("
(susceptibility)"®2% AHH)S A5T F dvte A& AU

whaha], B gk e ulo] 9 wbA =4 FGFR3, GNALL, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, 2 SPRY2 %=t
& AHgske As Edtete, A el e AR R WS 5] A EARYE AT
st 3g BHHo= gt

A HE T

Bodbgol o g uhel, ZP@.P%P Fapoll A - FshPALA A R S Yehl= #xke] Hwel] 2
23 HARE Ay Y5k, AAY %X}i—‘?—ﬂ Aoz Fuly F922 ME SolA FGFR3, GNALL, H3F3A,
IL12A, ILIR1, IL2RB, NKDI, SGKZ, 9 SPRY2 Al wAHS 747t A5 GAE X BAWR] Al
ERl=

wowge] EA] oA, A7) Y BAe AL TaARY 43S Bl

w
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[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

ggel g
Aol 3xpo] FAxAA EA GHAE, = FGFR3, GNALl, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, ¥
FAS o AHInZ Fo-A A X R o3 vk (74A) S

éml

g Ak, webA, A7 fFAAEY 23S Fe-d SEHAMA R
= vlolemfARA F&3HA AFEE 4 9t

12 A AlaYA e 229AFEE YER
T 2= WEl-dlolg 4 (Meta-data analysis)? ZE9XFEE e,
% 38 PCRT wHsAl A AlauA @8 A =: PIK-Akt AZASGAZ] A% vetdoly 24432 vhet

4= vietdlolE A el 71%% PCRT Wh&Akell gk PISK-Akt AEHALEE 2o 3ak Al Hd A=

i

Sl=g)

L

% 5% nCounter(Nanostring Technologies, Seattle, WA)ol A& %+ nSolver Analysis Software v
3.0(Nanostring Technologies)ollA Background subtraction HIE A3 AS Yell+= & oo},

& 62 3 gebvE A4S veide d oot

wrg e A1) Yt FAE Q] g

PCRT Z o] m& $=24 HAZF LARCH g ZF4Q Asrelty. 18}, oF 2/39] A= PCRTO| s}
FEAel whg 52 nl-nukgS Holw | wpghA S A Ay flo] PRT-##A F-284-5 op7lshA vt 2 uy
AHE2 PCRT %ol &4 HAE ¥2 1568 LARC A E#eld FZIE n=60; 5 IIE n=96)& dIFo=
PCRTO et Skl Welshy wgs Hristar, whgxh(ehd & Ao-¢hxdt 35S 2k 32} n=72) ¥ H|-
WA (thE RE X} n=84)® WFagth. FFPE WIS EEEH IS RNAYl tigk fAx wd BAS

o

nCounter (Nanostring Technologies, Seattle, WA)S AM&3lo] Salslict. whzF 2 o=k 22|28 AR
Mg AREste], BREAE 9 H]-WkgARThel] Arolgh S yElE 97He] - AH(FGFR3, GNA1L, H3F3A, IL12A,
ILIR1, TL2RB, NKD1, SGK2, ® SPRY2 #HxH)E S5ASItE. 60719 LARC AZ2 Egold ZIESA 971¢]
FRAA Al A e wdoe] WA (n=27) E H]-1H§2}F(n=33) M| A EE3] Folstdth[ 78 &% (accuracy) = 86.9%,
Eo]%(pecificity) = 84.8%, W% (sensitivity) = 81.5%). 7] A= 969 ] LARC 3ate] =g ¢l m35
EoA AoEYoew, B-w-SAZAE PRT A5 AF3H o2 B3 ti(A SR = 81.0%, E°]% = 79.4%,

AE = 82.3%0). 47 AaYAE BE WA 9 QA 54 diste] sk, webA, 7] 971e]
FAA Al A= LARC Aol A PCRTO] digh vh--S (53 4 & ulo|ompARA AMEE 4 glown, 7]
FrdAZ ALY A= FFPE A1Z 2 FDA-S91E st=sdlo] B AlokS ARgete] 14 A"l dA 482 5 Art.
PCRTO ok RE-g-2F B B]-REZ2pol] QlojAle] BtEd A& & LARC 349 ¢ A8 &S /AT 4 vt

rE

—

; S UehiE 849 Aue] 29 4
BE AFe] fetel, Aot BARRE Ao)w Lelw FIEA AUEF FoIA FGFR3, GNALL, H3F3A, IL12A,
ILIRL, TLZRB. NKD1, SGK2. % SPRYZ S-#lte] wHalks 747k S4sle oS wabehs BAuHe A2,

oyl BNl oM, Y] Age BAE wpAslE FaWWY AP 84 5 Ao =9, B
W] BAgel glolAl, 471 A4S BN E A Red $9x4 4o Tewv-ngd sehu-x
M FFEA-fAo 4 AEY 5+ Ao

Eodbg o] BA oA uvloleulAR AMREE A7) 9719 §-#4x =, FGFR3, GNA11l, H3F3A, IL12A, ILIR1,
IL2RB, NKD1, SGK2, ¥ SPRY2 fHdzl= FAY FAAZA, 1 ¥ FWA(GenBank) Toll FA=o] Jrt.
o & E9], FGFR3(Fibroblast Growth Factor Receptor 3) W@z o] NCBI A4 W (NCBI accession number)
= NP_000133, NP_001156685, NP_075254, NP_001341738, NP_001341739 Solm,6 o]& :dsl= A mRNAY
NCBI oAl wZ = NM_000142, NM_001163213, NM_022965, NM_001354809, NM_001354810 %o|t}.
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[0019]

[0020]

[0021]
[0022]

[0023]

[0024]

[0025]

[0026]
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GNA11(Guanine nucleotide-binding protein subunit alpha-11) Tul&e] NCBI JAAH WHE+= NP_002058 o],
o]Z IY3I= 5742 mRNAC] NCBI 0“1]"4 HJE—: NM_002067 ©]t}. H3F3A(Histone H3.3) Wz o] NCBI A4
Ho = NP_005315 oW,  o]& Hd3l=  F1AF mRNAS]  NCBI A HZEE NM_002107  o|t}.
IL12A(Interleukin-12 subunit alpha) A o] NCBI oAl ¥e = NP_000873, NP_001341511, NP_001341512
SolH, o]& ZY3t= A mRNAS] NCBI A4 ¥HE = NM_000832, NM_001354582, NM_001354583 So|t}.
ILIR1(Interleukin 1 receptor, type 1) w1zl NCBI A4 W3 = NP_000868, NP_001275635,
NP_001307907, NP_001307909, NP_001307910 GwolH, ol& HY3s= F2A mRNA] NCBI HAMA WE+e
NM_000877, NM_001288706, NM_001320978, NM_001320980, NM_001320981 S<]t}. IL2RB(Interleukin-2 receptor
subunit beta) WA 2] NCBI A4 ¥ &= NP_000869, NP_001333151, NP_001333152 GSo]H, ol& AY3d}+=
72 mRNAS] NCBI A ¥ 5= NM_000878, NM_001346222, NM_001346223 5°]t}. NKD1(Naked cuticle 1)
Wz o] NCBI A4 HEE NP_149110.1 o9, o]& =Yl %14 mRNA2] NCBI Al ®3ai= NM_033119.5
olt}. SGK2(Serine/threonine-protein kinase Sgk2) w@¥la <] NCBI Al W& = NP_001186193, NP_057360,
NP_733794 o], o]& ZY3te= F2A mRNAS] NCBI A HE = NM_170693, NM_001199264, NM_016276 &
olt}. SPRY2(Sprouty homolog 2) ¥z el NCBI Al ®HZE NP_001305465, NP_001305466, NP_001305467,
NP_005833 So]H, o]& FY3dl= 724 mRNAS] NCBI A WHE = NM_005842, NM_001318536, NM_001318537,
NM_001318538 %5-o|t}.

Hodge] whg BAUHe A FAdelA, Ae SARSH Aer Eeld $¥xA AE S FGFR3, GNALL,
H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, % SPRY2 fFZxe] w&HS FHAHsta; slr] 2 wet A"
TBPS(Treatment Benefit Prediction Score) kel -7.269813 Xt} & 7 9ol PCRTe] digh wH&-& yepdlE 8
AH(S, PCRTOl wisto] S Uehls b= E78 5 Jdor, -7.269813 olstd 7-5-oll= PCRTl thek
W UEH A = #2H(S, PCRTOl disto] A4S UehdA & $hH= 27T 5 ¢

TBPS = (‘0.006697)*(]]7(;17]}3 + (_0.001805)*(}(;1\1;.\11 + (‘0.000373)*(]]—[3173;.\ + (0063996)*G1L12A + (0.015269)*G1L1R1 +
(0-017445)*GIL2RB + (_0003099)*GNhD1 + (‘0004739)*(}5(,& + (‘0002763)*G5pm2

}?3]’7] }':} Oﬂ }\_1 GFGFR3 l} GGNAll ) GII3F3A ) GILlZA l} GILlRl y GILZRB y GNKDl ) GSGKZ ) ‘:7% GSPRYZ—‘E LZIL FGFRS GNAll HSFSA ILlZA )
IL1IR1, IL2RB, NKD1, SGK2, % SPRY29] Hdx} wr&l=kS vpelditt, N7 ZhzEe]l AR dE e X
2k =4 717191 nCounter (Nanostring Technologies, Seattle, WA)% ARgSle] dojd nEskE W

(normalized expressioin level)S UeEhY. A7) X F3H(normalization)®=  nCounter (Nanostring

-

gl

i)

Technologies, Seattle, WA)ol A& %+ nSolver Analysis Software v 3.0(Nanostring Technologies)S A&

she] Az} PAARl whe e,

osh, W W MANE Fatel U A APk, e oE AAelE ¥ WP A AF Ao
LB wve) Wslvh o AAee] e A ok,

RNeasy FFPE 7]E(Qiagen, Hilden, Germany), 232}#3} & (Deparaffinization Solution)(Qiagen Hilden
Germany) " DNase I treatment(Qiagen, Hilden, Germany)Z& A}-&3}o], FFPE %2 (n=156) .2 5B & RNAE F
=390, Ad %q5M]gﬂ§$a}ﬂﬂ%ﬂg-%%£ﬁ,ﬂ?@EiE%@MF%%%%HE@&%%M%n
Medical Center)?] UJAHAIALS] 3] (institutional review board)?] <13 WHtt},

(2) &A 9 gk& F7}

FAQ 2 Melm Aol 32 (n=156)F Ed#°]d F S E(training cohort)(n=60) ¥ A= EEE(validation
cohort)(n=96) 2 WFArh. EE 2= 2014 1958 2017 12 Atolol| AgolibhE oA PCRT & +H 4

AAE B, 4 XN 5 A FAY, =2 A (pretreatment biopsy specimen)©] 7}g3dhA] EAY, T
= FES Y s e ¢ gl FAE 2 Aol 23A7A &k

PCRTE 25 B+ 28 X @M (fractions) & 45-50.4 Gy Azo = A3y, 382 M (Chemotherapy)< 2 Ab
olF2 Agsglion, HAMA AEY AA F E OAHA F Fo| 3€d AAH 5-ZEFoEZREAG-

fluorouracil)(375 mg/mq daily) % F 33X (leucovorin)(20 mg/m2 daily)= A" FAl(intravenous bolus



[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]
[0035]

[0036]

SE=S06 10-2263984

injection)dtqli, WA A®  Hob  AFIAE (capecitabine) (1,650 mg/m daily)S Wl 23]
AFEAT. &4 AAE PRI T5%F 6-85 ] AAIErt. F€4 A= 54 ZA (local excision) %
WAL HA(radical resection)S EFER o™, ol A2 uHE A % (total mesorectal excision, TME)2]
Ao ulg} AAIF T} (Heald R, et al., The mesorectum in rectal cancer surgery——the clue to pelvic
recurrence? Br J Surg 1982;69:613-6).

F9F ¥k$ A% (tumor regression grading, TRG)o| ™3k 57}%] ¥F(five-tier classification)g ARg3}o],
PCRT®] oigh At Fe] Wy vhg-& H718klth((Mandard AM, et al. Pathologic assessment of tumor
regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic
correlations. Cancer 1994;73:2680-6). 7 T 2 Afstel we} ME == RG 7Hel2e]= o3 2o
1) 9A FE[AF FF AEV g X A golgwt BF¥E (no residual tumor cells and only a
fibrotic mass)], 2) A9 &d IFE[HFA =7 Fd IF TF Ax7 dvlF oA #EET] olEw
(difficult to microscopically find residual tumor cells in the fibrotic tissue)], 3) &7 3 E[AF =
& g, uale AP AT wshyr A #EE $ S(easily identifiable dominant irradiation-
related changes with residual tumor)], 4) A 3|&5[Wwsl WALA ZA-3d Wslel b7 Wulsh FoF o
olg]7} ##¥ (a dominant tumor mass with obvious irradiation-related changes), % 5) 33 {1 [HAA
ZA-EE 53, A 2= dd W7 §1S(no evidence of irradiation-related fibrosis, necrosis, or
vascular changes)]. BAEL 2719 & EFZ ERF3IGTH WA 52 A9 S 35S HQl 3l

n=72) R H-RESAH(TE RE $Ak, n=84).

X

(3) fraap e &4

olo 1%
o rlo

nCounter (Nanostring Technologies, Seattle, WA)& ARg&3le]l Fast3itt. Z+z+9] 4 (panel)ol A2l 1t
15 pl ¥2l3(aliquot) S EsRon, A7) AL F RNA 200 ng ¥ 2 ¥ES} A Z2HE L3130,
A2 43 dlo]E (raw data)2] ¥3}(normalization)E nCounter(Nanostring Technologies, Seattle, WA)el
A 3%+ nSolver Analysis Software v 3.0(Nanostring Technologies)S AF&3le] A=A} @AANE ] wha} 4=
gt AR, Ay AAT B HAES A9E & Background subtraction HAE s|AIESI T,
% 5% nSolver Analysis Software v 3.0014 Background subtraction AIZE A RS Yehlls o
oflojtt. st dhebnE (Normalization Parameters)el $1oJA], Positive Control Normalization®lA POS_F&
A= A BFL, Geometric means A EE}IL, Range & 0.3-3 o2 AAEANT. CodeSet Content (Reference or
Housekeeping) ¥ %3} Standard & A A 3}al, Codeset Content™ Endogenous X AE-, Normalization Codes
= Housekeeping S HAES 247 Helslal, Geometric means M E3on | Range & 0.1-10 2= AA3}9)

U = 62 FE8 g AAS YEdls A dolt.

(4) SAEA

FAA(ZE 77070 AR Endogenous A& 7307W, Housekeeping AR 407%) wE
q Iz

Efold IIZTE P #AE IZIE9 AW W3 FlolA|lw Zixé(xz—test) 2 I g HA
(Fisher's exact test)& ARE3te] B7I8l3lom, p < 0.065 EASFH R Fold Ao JhF6girt.

(5) BAA %3 FHA 4 (Statistical Combination Gene Analysis)

B Ao nE EARNE o 22 FA TR 37 R Aol (open source statistical programming
environment R language)(Version 3.4.3)S AMgE3sle] 433} t). Edold ZIEoA, AFUE (-HXEE
E5te] AolstA HEEE FAA(DEGs)E FEE S Addd Bew BEFI(p <0.05 ¥ | F=-1H3}(fold-
change)| >1.5), PCRT A& wWEALE B]-wk3xte} H|wWEAT. DEGsE F7i2 oz 2A2g 3784
(univariate logistic regression)< AF&3Fe] Mk (shortlist)slitt. A2HE DEGse] 5 Zgste] 43131
a1, 47 %3 (gene combinations)®] ¥ F+ o A& AREste] ALl

7] HeIA, ne AW DiGs F ola, kit ZFdel LA FAAY Foluh,

ogwE 2A28 3FEA (multivariate logistic regression analysis)E F33te] FdA AlZ2Y ] (gene
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)
[t

4 9]

TH FA1A AlZYAH(p < 0.05, AUC > 0.08, W= (sensitivity) > 75% % 5o|%(specificity) > 75%) & k-
fold nx} #AFol o3 AFssle] HA F4A ¢ (gene combination)S TAS AL, EFold ZITEE 2
Mol FE(EH Y AE 2 A AE)IR Uro] Edold AECAMS 7|E & H2E AEd H&3te] A
2 Zlesien, Edfeld AES AF AES #xw2 AR uolar olE 3003 whESHY
H2ESth. A ee A8 AEC diste] p <0.065 F73te] AlLtsgitt.

rj;i

signatures) R Y&l dA& SAAT(p<0.05, E 5).

o

=

i

[oX

(6) ™EHEA (meta-analysis)

Y FIIZE(n=60)e] gt wWENHEAS  Faste] PCRT  wHEAMA] EA3td AEWEH 2 (signal
transduction pathways)®] 439, ®WEEAES  (BS Probe PINGS (Protein Interaction Network
Generation System, el 5355 A10-0957386% ) A&ste] Fas1qint. 7] 2ol A8}
v FHA 2 AR 23 (gene combination)®] F3HAF FE2-E A®[FS A8 A (interaction distance)
2 4528 Hl%(interaction frequency) 515 A7l 98 5709 RES AREst): iy 235 2
4 (protein-protein interactions) X% (PPI module), Path-Finder X% (Path-Finder module), Path-Linker
25 (Path-Linker module), Path-maker 2% (Path-maker module) % Path-Lister 2% (Path-Lister module).
4% FHAE5E Kyoto Encyclopedia of Genes and Genomes(KEGG) ©lo]EjHjo]~2RE dojzl AsHHER
2 d (mapping)sttF(Kanehisa M, et al. The KEGG databases at GenomeNet. Nucleic Acids Res.
2002;30:42-6). Ao A& H ARt FHAe] ol Wt 7P 52 10719 ASRSAEE dE it

AR AEEE 23 FAAES(combination genes)] 5 AAFSFO 2 PCRT ¥HS-xlol| A 714 §-2 3
HAA2E 5457 Y, Edold ZEES HEREAS 35t

Azte] AERadzel taiel, ATUA G4 AEALeE GAASY G4 AEE WES Aa
o Az AENsAR deld b Be f04 4EAE £E 10052 skl olo] viaA BEAs St
756 ol g Vo sel FEAG FAAE WYL 2. ¥ YBAE UE FAGE 2E Y B
0718 AEABPRE Edold nEY S4RNY FARGon, F04 ATUAE BAH AFWE 2ol

2. NEZAFH
(1) 488 std 54
X1 B AT ZZEY JdFHETH EAS 8o Ao, Edold ZIE W HF IIJE ApoldA B
HoZ f3 ol AU
¥ 1
Efoly ZIE % HF ZFTEQ gadHysty 4
Edolyd IZTE AE IAZE P-4t
(n = 60) (n = 96)
< %4 27 (45.0%) 53 (55.2%) 0.282
44 33 (55.0%) 43 (44.8%)
3l= IR 9 (15%) 18 (18.9%) 0.596
FTEE B3 e 51 (85.0%) 76 (79.1%)
AEste 0 (0.0%) 2 (2.0%)
A T-TA T1 0 (0.0%) 0 (0.0%) 0.810
T2 4 (6.7%) 9 (9.4%)
T3 53 (88.3%) 78 (81.3%)
T4 3 (5.0%) 4 (9.0%)
A N-TA NO 2 (3.3%) 10 (10.4%) 0.225
N1 24 (40.0%) 40 (41.7%)
N2 34 (56.7%) 46 (47.9%)
A M-eHA MO 58 (96.7%) 94 (97.9%) 0.639
M1 2 (3.3%) 2 (2.1%)




[0046]
[0047]

[0048]

[0049]

SE=506 10-2263984

He gy T-oHA Tis 1 (1.7%) 2(2.0%) 0.908
T0 9 (15.0%) 16 (16.7%)
T1 3 (5.0%) 4 (4.2%)
T2 17 (28.3%) 25 (26.0%)
T3 30 (50.0%) 46 (47.9%)
T4 0(0.0%) 3 (3.1%)

e ghd N-tHA| NO 41 (68.3%) 66 (63.8%) 0.762
N1 10 (16.7%) 22 (22.9%)
N2 5 (8.3%) 8 (8.3%)

W g4 N-tHA MO 59 (98.3%) 95 (99.0%) 1.000
M1 1 (1.7%) 1 (1.0%)

ooy WEE4; T, F%; N, d(node); M, Ao]

(2) WA 2 vl-wkg2} 7he] % AR e o] B

Efold ZIENM W& (n=27) L H]-WFE-x}(n=33) 7}+e] Afoldt
o2 FosHA olstAl FHAFA((p < 0.05). ThHF 2
I FAaxEs A

147) A7 #2844 (up-regulated) H ATHE 2).

HEATH((p < 0.05). WHEAFo A, 287

F 2
Efold ZZEoA WA E H]-ukg2} e Ao U E = FHx
Sr. No. AR} p-%k Fold-®¥3}

1 ID1 2.17E-02 -2.78
2 WNT11 1.99E-02 -2.32
3 NKD1 1.90E-03 -2.27
4 SEN 2.45E-03 -2.24
5 LAMAS 8.51E-03 -1.96
6 CACNA1D 5.06E-04 -1.96
7 IKBKB 9.91E-03 -1.88
8 PLA2G4F 5.89E-03 -1.83
9 CDK6 3.63E-03 -1.79
10 CIC 1.21E-02 -1.76
11 SMARCB1 5.80E-04 -1.75
12 SRSF2 3.07E-03 -1.73
13 IKBKG 1.51E-02 -1.68
14 BAP1 9.01E-03 -1.68
15 SPRY2 1.52E-03 -1.65
16 AXIN2 5.01E-03 -1.65
17 GNA11 6.73E-03 -1.64
18 FGFR4 1.69E-03 -1.64
19 FGFR3 1.05E-03 -1.62
20 HDAC10 1.08E-03 -1.62
21 SGK2 5.64E-03 -1.6
22 H3F3A 2.42E-03 -1.58
23 EPHA2 1.74E-02 -1.57
24 U2AF1 4.56E-03 -1.56
25 [TGB4 3.14E-03 -1.56
26 TRAF7 6.07E-03 -1.54
27 CBL 5.56E-03 -1.53
28 MAP2K2 1.99E-03 -1.51
29 BMP2 3.06E-02 1.5
30 CDC14B 5.16E-03 1.51
31 CACNAZD1 1.13E-02 1.52
32 ETV7 1.37E-02 1.55

I}, 47/730 A=
g Bk, ol 47 FA

23 (down-regulated) ¥ oW,
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33 STAT1 1.89E-02 1.56
34 [TGB3 2.98E-02 1.57
35 FAS 2.59E-02 1.58
36 IL1R1 2.31E-02 1.61
37 RASGRP1 3.42E-02 1.69
38 IRS1 1.17E-02 1.7
39 BMP8A 1.776-02 1.75
40 [L12A 3.73E-02 1.99
41 CD40 1.51E-03 2.18
42 [L2RB 1.27E-02 2.33

E=-WFH(Fold change) = WHAe] Bt WA £E& v-wexe] BE WA FEoz ol it

oAk,
(3) §84 AT A AW 9 2AsE 57 B4

2bAF oal, 9] FHEA AlaYATE HA e fHdx 27

(gene combination)¥S IS, 7] 9702 A= FGFR3, GNA11, H3F3A, IL12A, ILI1R1, IL2RB, NKDI,

SGK2, % SPRY20]t}, BE F AUAES 2-Z= wxznzE A3, Ay 9o $AxF AayHs b

A R OH-REEAE FESkeE JojA dEE HFE(86.9%)F UEMATHE" Y IZECA FIHE
84.8%) (3% 3).

42709 ZolatA EAH= FAA

o,
g
i
Iy
Bl

(sensitivity) = 81.5% % Eo]%(pecificity) =

X 3
A2 Al A SR
Sr. No. A AU A 2289 37 | 2A= . w7k Eo|x
~ A = AUC
p-#k de% (%) (%) (%)

1 ETV7_H3F3A_HDAC10_ID1_IL1R1_SPR 7.60E-04 72 0.841 77.8 81.8
Y2

2 H3F3A_IL12A_IL1R1_NKD1_PLA2G4F_ 1.13E-04 79.7 0.868 77.8 87.9
SGK2

3 H3F3A_HDAC10_ID1_IL1R1_NKD1_SPR 1.81E-04 75.7 0.878 77.8 93.9
Y2_STAT1

4 H3F3A_HDAC10_IL1R1_PLA2G4F_SGK2 7.47E-04 57 0.822 81.5 75.8
_TRAF7_WNT11

5 H3F3A_IL12A_IL1R1_NKD1_PLA2G4F_ 1.99E-04 77.3 0.871 81.5 90.9
RASGRP1_SGK2

6 FGFR3_H3F3A_HDAC10_ID1_IL1R1_IL 4.65E-04 81 0.851 77.8 84.8
2RB_TRAF7_WNT11

7 FGFR3_GNA11_H3F3A_IL12A_IL1R1_I 2.56E-04 83.3 0.869 81.5 84.8
L2RB_NKD1_SGK2_SPRY2

8 FGFR3_H3F3A_IL12A_IL1R1_IL2RB_N 3.56E-04 73.7 0.870 77.8 84.8
KD1_SGK2_SPRYZ_TRAF7

* AUC: =+A13} W& (area under the curve)

AEE FA1A AlaYAe ddHE e B3] #d[AdS AESY. dHE B4 da, A 2 AdEd §Ad
24 A2 A= PCRT WEE 3 frolatAl A o= (significantly and positively) #HH AT, W4 T-dAl=
PCRT ¥+&3} f-9o)8tA] &4 o & (significantly and negatively) ZEEHJATHE 4). thiz BAS F3)sto] &
A AlaYA, A, 2 HEEH T-'dA Atole] #aAdS Husku. 2 Ay, 34 AlaYA, A, 2 e
S T-" A= PCRT HE&-9] mH A o5 (predictors)d] AL2 SJAFAT(E 5).
H 4

PCRT WH-g-Aboll A Mg F1x Al aUxel oFzke sk 2228 A2 (p < 0.05)
Eﬂ‘?l N2 Coef3 SE4(Coef) 7225101 p~#k
T FHA
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FGFR3_GNA11_H3F3A_IL12A_IL1R1_IL2RB_NKD1_SG 60 3.204371 0.693663 4.619491 3.85E-06
K2_SPRY2 (low vs. high)
At 54
GENDER (Male vs. Female) 60 1.170379 0.549265 2.130811 3.31E-02
GRADED_DESCRIPTION (Moderate vs. Well) 59 -0.787079 0.783116 -1.00506 3.15E-01
CLIN_T TNM (T2 vs. T3-T4) 60 -1.386294 1.185853 -1.16903 2.42E-01
CLIN_N_TNM (NO-NI1 vs. N2) 60 -0.633724 0.528492 -1.19912 2.30E-01
CLIN_M_TNM (MO vs. M1) 60 16.8437 1696.73436 0.009927 9.92E-01
PATH_T TNM (Tis-TO-T1-T2 vs. T3) 60 -2.233592 0.605857 -3.68666 2.276-04
PATH_N_TNM (NO-N1 vs. N2) 56 -0.04879 0.956183 -0.05103 9.59E-01
PATH_M_TNM (MO vs. M1) 60 -15.39617 1455.39756 -0.01058 9.92E-01
‘ofol: CLIN; 9444, PATH; elsh, T; 5%, N; d(node), N; 70|
“Coef ; Al (Coefficient)
°SE; %z WaH(Standard error)
4 —
Ny AEe
5
FAR AlYA, A, D gelstd F9 @A e #EAgel dieh oA 24
L‘Fl 0dds Ratio 95% CI° P-4t
FGFR3_GNA11_H3F3A_IL12A_IL1R1_IL2RB_NKD1_SGK2_SPRY2 25.6 4.71 - 139.23 0.0002
(low vs. high)
GENDER (Male vs. Female) 2.26 0.48 - 10.72 0.3048
PATH_T_TNM (Tis-TO-T1-T2 vs. T3) 0.08 0.02 - 0.46 0.0042

‘oko]: CLIN: Q1AM PATH: Welshd
o1 AlZ -7+ (Confidence interval)

(4) Add x4 AlauA He

T;

9%, N; ZH(node), M; #o]

AlE a4 AlauAs, de AZEW(n=96)00A4, Bl-whg A= R PCRT We-AHE 81.0%¢] H&:== 23}

Ak, (% 6)
* 6
32} F PCRT HH&-S dSshe 9/l A Alauxe] g4 A& 37}
TR AT A FGFR3_GNA11 H3F3A_IL12A IL1R1_IL2RB_NKD1 SGK2_SPRY2

B 3 B ] ~_ 4

22 2~¥ RN b %k 462 X 104
wx A5 A= (D) 83.3
F32 5 9
Efolyd HNE A= (%) 86.9
U= (%) 81.5
Eol% (%) 84.8
vk (%) 81.5
s AE A% (%) 81.0
s (%) 82.3
Eol% (%) 79.4
PPV (%) 87.9
NPV (%) 71.1

_11_
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'PPV; %A o= (Positive Predictive Value)

NPV 24 of|&X] (Negative Predictive Value)

PCRT wH&-2] 97] FAxF A|lZU A dFAH(predictive)®, U-3d H=2, PIK-Akt ASHAFZE E3H3F KEGG
AsHIAAZ(E 3 L E 4), oMo Z=zgIFERE, 2AZF AlolEYZd=Eufolgx~ %
cytomegalovirus infection) % I3t s Zwlufo]e]2 74<d (Human papillomavirus infection)ol]
Ak, A Aoy BEE =& Aag WE A& GRB2, HSPI0AAL H HSP90ABL-S E3H8ISITH R
7).

E7
PCRT W54t $lel HA4 ATUA-2d 42 % 5 4548 0% F44
A/re J5AE N HA4

A= Pathways in cancer

PI3K-Akt signaling pathway
Proteoglycans in cancer

Human cytomegalovirus infection
Human papillomavirus infection

T2 g N f§RAk GRB2
HSP90AAL
HSP90AB1
(4) Z2A2Y 3 #4S 53 X7 59 oF H4(TBPS, Treatment Benefit Prediction Score)e] A4k

479 e wpgoz ANE el §14,
SPRY29] ZJtell st
A

FGFR3, GNA11, H3F3A, IL12A, IL1R1, IL2RB, NKD1, SGK2, %

=

=
-
o 22 ~E 3)HEA] (univariate logistic regression)S Esfe] dojzl 7+ HA

Tl

24
* 8
FAA EER LT
FGFR3 -0.006697
GNA11 ~0.001805
H3F3A -0.000373
IL12A 0.063996
ILIR1 0.015269
IL2RB 0.017445
NKD1 -0.003099
SGK2 ~0.004739
SPRY2 -0.002763

nCounter (Nanostring Technologies, Seattle, WA)E A}&3lo] Aoz 971 2 *+, = FGFR3, GNA1l, H3F3A,
IL12A, IL1R1, IL2RB, NKD1, SGK2, 2@ SPRY2 Z}zte] #3td dhalsr 2 ZF fxxH 39 Ag i3k A3

[S-N

g Ao wel, X8 &3 o= HS(TBPS, Treatment Benefit Prediction Score)& AAFslAT.

TBPS = Cecrra*Grorrs + Conarn*Gonanr + Cugpsa*Guapsa + Croiza*Griiza + Cromi*Grmt + Croors*Griors + Cykor*Gkor + Csoro*Gsre +

Copryz*Gspryz

71 Aol A Counes AT FARS A A5 #& YUERNM, Gaage nCounter (Nanostring Technologies,

Seattle, WA)E AM&3le] Aozl g Fdxte] F=3td Ld#S veldd. uwelbd, 47 & 89 ZAyzH¥,
TBPS+= 3t7] Aol e} 3k ALkd 4 Q).

=1

_12_
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TBPS = (-0.006697)*Grgrrs + (=0.001805) *Ggar + (=0.000373)%Gyspsy + (0.063996) %G1y + (0.015269)#Grp +
(0.017445)*Gpops + (=0.003099) *Gykpr + (=0.004739) *Gggre + (=0.002763 ) *Gapry2
F7)19 3o

= 88 5
wARe 77

AAFE TBPS %S -7.269813 Z A, o] PCRTO] thak whs-S o =3 4= 9l 715 %k (threshold) 2.
olth. =, AA<r #xjollA] FGFR3, GNAL1, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, 2 SPRY2¢]
ZAsta, 7] Ad ule} dolz TBPS ko] -7.269813 H.r} & 7-9-o& PCRT| tisk wh3S o}
metel S vehie Sahe B8E 5 glon, -7.260813 o]ake) 9o PCRT
el gbe $AH(S, PORTO tiste] 7S dEhlA g S wdE S Ao

O

¢

u
£
(e
rlet
=
o A\
-
(@)
=}
—
2,

Toll A, LARC Zkx}oll A PCRTel df gt dE

97 §A AlaYUAE 71Ed Bud o= AlaYAd ek 3712 228 FHS 72t 1)
A AlaYAHE 7] By AU Ao S 9
HAA e EA2 FFPE A& 9 FDA-51% st=glo] B A oks o ; )

AaYAE 71EY AT AFgE ARY g 2 ZIEAAM HAFHAG. webd, A7) Ee ddE A
(clinical setting)ol €A A&= 4 Ur}.

E2 JEgn= PCRT gk vESS A5 4 A&
o AA, 9] FHA ALY 2 =,
(rectal-sparing) &= olod 4 vk, 4 AA ==&
resection)®} #HHHE F& FHFES II3=u AEE 5 9
(stoma) AL Zoled AR = duh. 4, ¥ kg g9le LARC A} %
ol olggt FAwrol A HAdAol ek HlE&A ] A RAL A5 dig =ES

T3, BEEAQ PRTE Q3 %4 x589 Ao Iy

%

KR
=
SEY ATe LARC SR AAAe AE 2 del A AN & Ak,

=
lo
o
2
2L
>,
X
A
R
rlr
Do
N
L
X
ofy
fo
o
el
ox
o

(o]
=
it

tlo
o N
R

A71 AayAe] xIgd 9ol FAAE oA o] dFH(dysregulated) Bth(Waaler J, et al. Novel
synthetic antagonists of canonical Wnt signaling inhibit colorectal cancer cell growth. Cancer Res.
2011;71:197-205; Marshall KW, et al. A blood-based biomarker panel for stratifying current risk for
colorectal cancer. Int. J. Cancer 2010;126:1177-86; Chang YT, et al. Verification of gene expression
profiles for colorectal cancer using 12 internet public microarray datasets. World J. Gastroenterol.
2014;20:17476-82; Stanilov NS, et al. Monocytes expression of IL-12 related and IL-10 genes in
association with development of colorectal cancer. Mol. Biol. Rep. 2012:;39:10895-902; Fromme JE, et
al. FGFR3 mRNA overexpression defines a subset of oligometastatic colorectal cancers with worse
prognosis. Oncotarget 2018,9:32204-32218; Feng YH, et al. MicroRNA-21-mediated regulation of Sprouty?2
protein expression enhances the cytotoxic effect of 5-fluorouracil and metformin in colon cancer
cells. Int. J. Mol. Med. 2012;29:920-6; Ayoubi HA, Investigation of the human H3.3B (H3F3B) gene
expression as a novel marker in patients with colorectal cancer. J. Gastrointest. Oncol. 2017;8:64-69;
Feng YH, et al. Deregulated expression of sprouty2 and microRNA-21 in human colon cancer: Correlation
with the clinical stage of the disease. Cancer Biol. Ther. 2011;11:111-21). FGFR3%= A AlolA 3}
dEEy | Ax 24 2 ol5s EXgozN dFAA(oncogene) A ZHE-3THFromme JE, et al. FGFR3 mRNA
overexpression defines a subset of oligometastatic colorectal cancers with worse prognosis. Oncotarget
2018:9:32204-32218) . GNA11> G ©¥d <t MB RS w1k, thged qhellA Tek(carcinogenesis)ol #
o] 8t} (Shoushtari AN, et al. GNAQ and GNA1l mutations in uveal melanoma. Melanoma Res. 2014;24:525-34;
Van Raamsdonk CD, et al. Mutations in GNA1l in uveal melanoma. N. Engl. J. Med. 2010;363:2191-9).
SPRY2 AL ENTE FHXgro s A7geto el ol 71oJgkth(Zhang Q, et al. Atypical role of sprouty
in colorectal cancer: sprouty repression inhibits epithelial-mesenchymal transition. Oncogene
2016:35:3151-62). SGK1= olF R T2 Ze Hyo] A A wolabm  ZAgetelA Fxd
(upregulated) ¥l th(Eide PW, et al. NEDD4 is overexpressed in colorectal cancer and promotes colonic
cell growth independently of the PI3K/PTEN/AKT pathway. Cell. Signal. 2013;25:12-8). walx], A7) 974
A Al H = PRI digh 9hgS oS53 5 sl A85 =74 ¥nk oyl LARCO] Aol gt w7t

U549 949 5 ok,

_13_
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[0083] Qofst, LARC #=pollA] PCRTOl ik ¥H&-S o5 4 e 970
!

A4 AIUAE FFPE AE 9 FDA-$E shEsol oAk
PCRTO]l @k whg-2k B wl-wkgxfe] glojAel stq A= A2 LARC #hxbe] ¢ A8 a8& MAe

730 Genes)

3

1 nCounter Assay
I (Pancancer Pathway Panel,
1

1

1

1

1

1

I [

i

1

1

Expression Data ]

Correlation Analysis ]

(__r___\

Genes

1
1
1
1
1
1
:
:[ Differentially Expressed ]
1
1
L

g ™

> Combo Gene Analysis

Machine Learning
( Cross Validation )

Candidate of Gene
Signatures
& ™
> Meta Data Analysis
o _/

Univariate / Multivariate
Analysis

4

[ Gene Signature ]

I

{ Validation ]
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EH2

Differentially
Expressed Genes

Protein Database
(UniprotkKB, SwissProt)

Protein-Protein l I
Interaction Analysis

Protein Interaction
Database
(BioGRID, DIP, IntAct,

PPl Genes HPRD, MINT)

Protein Matching
Signal Transduction Database
Pathway Analysis {iProClass)

[ 1

Signal Transduction
Pathway Database

Related Signal Transduction Pathways

(KEGG)
High Interaction Frequency
Gene Analysis In-House Meta
I Database

Calculate TBPS

[ Protein Matching
Drug Matching Database
(iProClass)

L]

Drug Database
(DrugBank)

Precision Medicine
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W setact & saction OR Back 4 hemeb cd imm B :
|| Backoround subtiaction® wil subtract estimated background from Rew count, Backsround cin be estimaced from blank lane, ‘Zﬂk
Bisgative: Conlol DRobE counts of can be B defingd court value, mcmmmwbmmuuwwamul

theeshald will Bll taw count #t of d b
Emwm:mummammmmmmawm«mdmm
Probe counts =3 than h e thy i cownt valie,
Bmuwmmhmﬂmmmmm

- T Th Lk

| Bithground Subtacton @ Bichgound Thestholdiss

! Mt conred count

s Msete g Count  Saleciud
g HEG.A (375 | Iril
B
11—
THES T
NES.O
HES 3
Toumshoid tu[masn < |l Negutrm Contils

ﬂ-—' wEandan daviaboin

= [ Theesnodd count vaiue

Thchoid courd v |

|| Mommalization Parametes ¥

I Seiect Normalization troels) gnd specty Pty ! m
1, Select posiive cantna| nomaizstion pammeters,

2. Select codeset content nomuEzalion parameters,

=¥ & CodeSet Contore ‘or Hogsalweging) N

[ﬁmnm |

l S i | et pormalizatios Genea a3 detiot for subnequent experimarts, |

Codesst Content innmmcm-
Poob =" ClawsMa. AogCoumt ROV, !mu, cuuu-.._ AvgCoun ROV
AL Endoganous.  TIADIS B . s, . TE SE .
ACVRIS  Endopnous  MEET 13l o ‘ [ TIEA
DORE Eopaus LI GG e, Ve, G 7'?”!-
ACVRZA  Endogencus.  NEEM B Mousekne.. IR 184
KT} Endogenous. 1554 197 .57 cmla Housslee., 23 |
AETZ Endegsnous 212161 WOTI0  Mousebes.,  SIATE  WLoM
BTE Endoganous  dBes i |(@CNOTE  ouselss. ST mOm
ALK Endoganous 1456 ® Housetas.., AR T2
ALK mEE  Anm Moysslgs,,  STAE EEEM
MK R W5 | DGR Mousebve.,
AMER Endogenous AT 101,548 DNASC I Houselse. ZaT 20471
DER 1 3 Heuseler.,  ERET W,
ANGPTI  E L] 157625 Housetee., m D& atd
e Endogenous IS0 EAITI -] EACCY  Mousekws .  Cia@ed Mg -
Tren _guomedic maan = %0 comouts nomalzation tettr

Flag tanes ¥ nnimalization Bacier s cotilge ot | 095 - 10 range |
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