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(57) Abstract: The present invention provides an analysis method for
providing information necessary for diagnosis of a patient who exhibits
a response to preoperative chemoradiotherapy among rectal cancer pa-
tients. It is revealed in the present invention that when nine genes, that
is, FGFR3, GNA11, H3F3A, [IL12A, ILIR1, IL2RB, NKD1, SGK2, and
SPRY?2 genes in tumor tissues of rectal cancer patients are analyzed for
expression levels in combination, a response (sensitivity) to preopera-
tive chemoradiotherapy can be predicted with high accuracy. Therefore,
a combination of the genes can be advantageously used as a biomarker
capable of selecting a rectal cancer patient who exhibits a response to
preoperative chemoradiotherapy.
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7| &ok

Bk & Aok Fhatel| M - B AL A X = o] WSS ol kY] 919
R ubof] w3k Aolth v A S, A4 SAfoll A 244
spsbARA X o o gk 8E-3-& UERU = 3R] o] e s AR S
A8kl | el #gk sloltk
v 7 7] =

A7 8 A 21 & @k(locally advanced rectal cancer, LARC)<Z,

A A7 9 (mesorectal fascia)e X $HeE A A S 4= ¢l = 9 (unresectable
margins) H YFH 2 ¥ = A G SRt S 2=, A 5A

ek o 2 7] % ¥l tl(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). <-4

3} 8} AL X] E (preoperative chemoradiotherapy, PCRT) 2 o] -9 4% 4]

A Al (surgical resection)”} LARC®l| o $F %5 t} 84| 4] %] 55 (standard multimodal
treatment)©] Th(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). PCRT= 5 & Al'He] 91918 FolaL, Fof B9
7bsd & S 720 PCRTOl thato] &2 RE-g-5 Boli= $hahi= upgh2| ¢
&t 495 YEhJ th(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 17J,
et al., Neoadjuvant treatment response as an early response indicator for patients with
rectal cancer. J Clin Oncol 2012;30:1770-6).

PCRTol thsto] bR st vy 52 7] o] 3 gk wh-3-& HEbll 3= Skt 2lof A,
ol ¢t X - F 2] A -2 E A Q(rectal-sparing) =4 A 2 E 7581
&koh PCRT 2 o] ol & =42 4] A A7} LARCO] th & 3521 Q1 2] 521 o] %] ¥k,
of 2/38] $kA}i= PCRTON| thto] Fi 4 ¢l w3 52 H]-Hh-g-3 Hol1; o] 2] g
22}l A PCRTE Y44 A& 7|34 38kt (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). U] %-0], PCRT+
H]-¥H-&-ZH(non-responders) ol A F7FA] & 28 1f FA © o) 1) WAL X 5=
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ghxpe] ghol Aol kS = 4711k 4 F-(long-term complications)
W ¥, 2) PCRTRE Qlate] 4] A7 A A 2 Fgol 544 2
A Ao 2 Aol=E 4= T (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 Treated With Preoperative
Chemoradiotherapy. J Cell Physiol 2017;232:426-435). W} &4, PCRTZ - F o] ] &
A5 = A= WE-S A (responders) 2] A B 715 8HA SFi= vlo] @.mkA, = LARC
EAtoll A PCRTOl th gt Hb5-& o Z8t7] 98k wpo] e & 7dshr] 91§
UFE g o] s ar gl

Sulol A7k PCRTO théh vh-g 3 An 5 A &3] o =aty] 913h #7314
Hlo] @ npA o] %A A& )¢k v} 1 TH(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 ‘5 WE-3-AF B |-k 2pol| M 5470 o] ol shA] EH ¥ =
FAAE ®Harsk vl gl o whe] R ukel B8 LARC 3412 83%0 A F ok
N&E 5T 5 AtH(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 G- 33711 2] 2 4¢F A4
A% (biopsy samples) 2B, g A2 B B]-RE-§ALE 731, 271 9] 7242}
ke 5z 22 oS- HHSl vl 9l TH(Gantt GA, et al. Gene expression profile is associated
with chemoradiation resistance in rectal cancer. Colorectal Dis 2014;16:57-66). & <=,
Guo 52 LARC 3tA}ol| A 277 F-AHAE 54 S Z 4, REO(relative expression
orderings) ¥} §1 0] =4 3Fe] PCRTOl tf gt HE-&-& o %3t vl A THGuo Y, et al. A
qualitative signature for predicting pathological response to neoadjuvant
chemoradiation in locally advanced rectal cancers. Radiother Oncol
2018;129:149-153). =&k, Chauvin 5+ LARC 3+4}¢ll 4| PCRT®] tf ¢+ ¥H-§-&
of| Z3F7] Yot Z 2 21 X 2 1} ¥ (proteomic profiling) 2] %A1 A& H 318 v}
%1 TH(Chauvin A, et al. The response to neoadjuvant chemoradiotherapy with
S-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). 1211}, LARC2} &A%
FAA W ZRtle] B Beta, AN D4H AHeS oD

Hho] @ mhA = o} B 1 A Rakgieh
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PCRT Hfo] Qw7 o] 7§h-E A ghsl= 8.4 % slb+= PCRT R 4 44
Aol A2l = x =234 % vhebd- 3 v H (formalin-fixed paraffin-embedded,
FFPE) A3 Al &-2] AL-8-o|t}, & kM| 32 54 I (tumor cellularity), | /\}(necrosis)-@r
22 2%l wjitoll W& A& (Fresh-frozen samples)~> AF8-2 = glom, HY

T
f-(immune infiltrates)> &9 ¢ -2 (downstream expression analyses)-S-

73
A g,

7o) A A
713 A

o HmvﬂW&igiﬂiﬁéﬂﬁxﬁﬁﬁgi@%ﬂ%%
Hlo] @ WA (- A} Al 211 A (gene signature)" 2 5= A EHE 7| ihelr] ¥k
e A2 A a—‘l, b 252 FFPE 24 A Z S AF&31¢]

=
RNAE #5313l 2™ FDA-5¢1 4 st=9o] 2 7| EE Algsto] f-d2 24
TAS ettt 1A, A st YA 5 FHAE, =
FGFR3, GNA11, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, @ SPRY2 & 2} ]
s 2ot HAT A & A2 A A X sl g gt
W3- ("7 (susceptibility)" 2 5= A A S 5T Aok AS wAsith
upela], B a2 u}o] ¢ m}7] 2 4] FGFR3, GNA11, H3F3A, IL12A, ILIRI,
IL2RB, NKD1, SGK2, ¥ SPRY2 FH A& AL-&-3h= A& Egsh=, 249
hatell A -l A X o] BEEE ol Sal ] A g A S
A gz A& H Ao gt}
7l=3 AW H
Houkvg o] o) gfjofol b}, A Aok %XMW T2 FePALA X =29
PS8 el &= 8x19] Hdte] o gt AR E A F3l7] ¢35k, 24
%X}il‘i—ﬂ ALz Fa9 & 04—31 A Zo|| A FGFR3, GNAL11, H3F3A,
IL12A, ILIR1, IL2RB, NKD1, SGK2, & SPRY2 F# #}¢] whalakg 717} A4 3=
| 2 ﬂo}L E“H“” o] A &-E .
of FANE O QlofAf, 7] At Ak uhg A ek A= AT A
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T 3= vhol QmtA 24 &8kl AREE = v
TR ed A
[12] L1 AR A A ] E2S-AFEE YR
[13] % 2% v El-d o] B ¥4 (Meta-data analysis) 2] & 2 -F2FE S eI
[14] 38 PCRT #H8- A} §A A Al 11 A &8 A 2 PI3K-Akt A & A &4 2 o)
<A v ke o] B 414 35 VeI

[15]

[16]

[17]

[18]

[19]

!

5 4= wletulol B 4] o] 7] %% PCRT ¥k-&-Aoll o & PI3K-Akt
Az AR 324 Al wdl 2 vE ek,

%= 53= nCounter(Nanostring Technologies, Seattle, WA)©ll #| 8- %| = nSolver
Analysis Software v 3.0(Nanostring Technologies)ll 4] Background subtraction

AAE A 2E el = A Oﬂolﬂ}

562 2Tk e A4S el = A ool
gl A E A A4 FH

PCRT % o]l & 4= 4 A A7} LARCel th3t 54
°F 2/3] $bAki= PCRTON thato] 134 Q1 wb-g- &2 n]-vb-g-& H ol upgh=] g
W/dA At glo] PCRT-#& F-218-& of7|shA |t & %“33 A}= < PCRT
Foll =424 HA & W2 1568 o] LARC $HAH(Ed o]
3 E n=96)F 4 S5 PCRTOl thdt F%o] ¥l sh4 wt
HES A 52 71 9]-eh A 7 3] 58 2= $Akn=72) R H]-

\

EFEH N H 2 olth, e,

=
=

uks

HJ >
— oo

[o

o
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1~J

32}, n=84)& ¥ 3t} FFPE A= 25 E 9.8 RNAC] tf & %xjx} L]
*-21-& nCounter(Nanostring Technologies, Seattle, WA)= A}-83Fo] 4=8) 315t
ot L O g 2 2 A 3 AEA S ALE sl B9S2 2 1] -HE-S-2}7E

Folgt Hd s UrEMF 970 9] %A ZHEFGFR3, GNA11, H3F3A, IL12A, ILIR1,
IL2RB, NKD1, SGK2, ¥ SPRY2 A 2HE 5743t T} 6071 ¢ LARC 4 = <]
Efold IZZEAM 9N fd A Al 1Y A 9o e o] B3 AHn=27) &
H]-"F-8-2}(n=33)°l| A] ¥ &3] 4ol 83 T[4 & % (accuracy) = 86.9%,

o] &= (pecificity) = 84.8%, W 7F % (sensitivity) = 81.5%). /37| A 2}+= 964 2]
LARC 8219 =2l I Eo A HAFEglem, v]-gk-g-2 2 | PCRT
vl S Ay o7 Fals A (A 8 =81.0%, 5ol =79.4%, 1S =
82.3%). 7] A IHA = B WY 8h4 @ A 54 o tiste] 5 H A o] Tk
upeh Ay, 471 97) 9] F- A A A 1Y 2} 3= LARC $+Abo) 4] PCRTol T 3 wk-&-
Oﬂzﬂ T A= vol ubA A ALEE Yo, AV FAEA Al Y A =
FFPE 413 % FDA-5 1 ¥ st=9o] 2 Al oF& ARgato] 944 Al| ol
g2 4= i} PCRTO) th & wk-&-x} g Bl-wk-S-xpo] Qloj o] wd] X
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[21]

[22]

A7 Felg Eokxa MEZ =0 A4 FGFR3, GNA11, H3F3A, IL12A, ILIRI1,
IL2RB, NKDI1, SGK2, ¥ SPRY2 A 2} 2] @& gk-8 7242k A 5= dA| &

s BAPY S AT

[e)
=y oA o Aok
- kg o] FA R o)) A vlo] @ kA 2 ARE-E = 7] 970 9 f-d A} <5, FGFR3,
GNAL11, H3F3A, IL12A, IL1R1, IL2RB, NKD1, SGK2, & SPRY2 - #}3= &4 €]
FAARA, 1 DL AW A (GenBank) 5ol FX|EH o 3t} o & &
FGFR3(Fibroblast Growth Factor Receptor 3) ¥ 2 o] NCBI & A|/d *H & (NCBI
accession number)T= NP_000133, NP_001156685, NP_075254, NP_001341738,
NP_001341739 ‘50|, o] & H Y 3}= -4 A mRNA2] NCBI A A 5 1=
NM_000142, NM_001163213, NM_022965, NM_001354809, NM_001354810
5 °]t}. GNA11(Guanine nucleotide-binding protein subunit alpha-11) 242 ]
NCBI ¢ Al H Z = NP_002058 o] ", ©]| & % &} - A mRNA 9| NCBI
o M| A ¥ T = NM_002067 ©]t}. H3F3A(Histone H3.3) ¥H2 A o] NCBI & A 41
H & 3= NP_005315 ©] ™, o] & 79 3= 2 A mRNAS| NCBI G A A HE =
NM_002107 ©]t}. IL12A(Interleukin-12 subunit alpha) ¥H2 2 o] NCBI & 4] 41
H & 1= NP_000873, NP_001341511, NP_001341512 5o, o] & FZH 3= F-A A
mRNA 2] NCBI &} A 4 ¥ & 3= NM_000882, NM_001354582, NM_001354583
5 °]T}. IL1R1(Interleukin 1 receptor, type I) T2 ] NCBI & Al H 3=
NP_000868, NP_001275635, NP_001307907, NP_001307909, NP_001307910
o], o] & 7Y 3= F 4 A mRNAS] NCBI & A4 ¥ & 3= NM_000877,
NM_001288706, NM_001320978, NM_001320980, NM_001320981 5] t}.
IL2RB(Interleukin-2 receptor subunit beta) T -2 ] NCBI & A H &=
NP_000869, NP_001333151, NP_001333152 5-°|H, o| & I 3}= 524
mRNA 2] NCBI &1 4|4 H 3 3= NM_000878, NM_001346222, NM_001346223
5 °] T} NKD1(Naked cuticle 1) &2 2] NCBI & A4 % = NP_149110.1 o] ¥,
ol & T &= A A mRNA2] NCBI & A4 &= NM_033119.5 o]t}
SGK2(Serine/threonine-protein kinase Sgk2) @92 ] NCBI &} A|H M3 =
NP_001186193, NP_057360, NP_733794 o], o] & Z3}= f- 1 A mRNA2]
NCBI S Al *H &= NM_170693, NM_001199264, NM_016276 -°]t}.
SPRY2(Sprouty homolog 2) @™ o] NCBI & Al *H & = NP_001305465,
NP_001305466, NP_001305467, NP_005833 50| ™, o] & 74 3}= F-A=}
mRNA 2] NCBI &} 4| 4 ¥ & 3= NM_005842, NM_001318536, NM_001318537,
NM_001318538 5 ©| t}.

Eodbgof] wpE FAURH o] o P oo A, 2 gk B EEEH A E Feld
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[29]
[30]

[31]

N

T2 AE T FGFR3, GNAL11, H3F3A, IL12A, IL1R1, IL2RB, NKD1, SGK2,
2 SPRY2 A A} o] whE 8-S = A 5ka1; 517] Ao whel =4 ¥ TBPS(Treatment
Benefit Prediction Score) #k¢] -7.269813 H.t} & 74 9-of| = PCRT®] T ¢+ Hk-5-&
Leb = 82K, PCRTON st A& el & S h=E 372 7 dom,
-7.269813 o] 3} 7 9-¢l] i= PCRT®l !l g+ §E-3-& Y e A] 8&+= 32K, PCRTY
st ZrAd s e A 8 b E RS g A

TBPS = (-0.006697)*Gygrrs + (-0.001805)*Ggnary + (-0.000373)*Gyyps +
(0.063996)*Gyy 1o + (0.015269)*Gy 1r; + (0.017445)*Gy or + (-0.003099)* Gy +
(-0.004739)*Gscxr + (-0.002763)*Ggpry»

/6}7] é]l Oﬂ }\1 GFGFR3a GGNAll, GH3F3A9 GILIZA, GILIRI, GILZRB, GNKDI, GSGKZ, I;_l GSPRYZJS
}2F FGFR3, GNA11, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, ¥ SPRY22]
S UEbdTE =, 7] Ao A A S F AR S s
17191 nCounter(Nanostring Technologies, Seattle, WA)E- A}-&3&}o] dofxl
5} ¥ ¥F& ®F(normalized expressioin level) S WEFATE A7)

g o

N
N

o

B B N o

EN okl MN EN o

(normalization) = nCounter(Nanostring Technologies, Seattle, WA )l

RO

rMT

2,

+= nSolver Analysis Software v 3.0(Nanostring Technologies)& A}-8-3} <]

VgAbaol whel S e e,

IA] & Fahe] U5 A AHeitt 12y o] 5 A A d=
HEACE, E i o] W7t ol = AAldlel B =

2,

A}

9
{0
:1-‘

0
o,
T e rhm
£ 2w
>,
ot
ol
N

o4,
o
np«

s rfe
[‘10 mE
o3

-

LA

(1) RNA %

RNeasy FFPE 7] E(Qiagen, Hilden, Germany), & 3}2} 3 &} -8 9l (Deparaffinization
Solution)(Qiagen, Hilden, Germany) 2 DNase | treatment(Qiagen, Hilden,
Germany)E A}F-8-3}¢], FFPE &4 (n=156) 2.2 E| &= RNAE F%3515 0 Al §
ol Aol FARRE M Fol 5 Bhgtow, A LR EF(2017-0333)2
A& ol4H 2 (Asan Medical Center) 2] 1413 A A2l 9 ] (institutional review
board) 2] Q12 Rk}

(2) 32 & vk 7t

TR 2 A 2 Aok 32 (n=156)5 Ed|o|'d I3 E(training cohort)(n=60)
9 A% % E(validation cohort)(n=96) 2 Wt B& 3= 20144 19 H-H
2017 129 Afolof] A-golilw o A PCRT ¥ =4 2] AR & wklt}. 5
275 WA ALY, =7 A A (pretreatment biopsy specimen)©] 7}-g 6} 4]
A, e 54 el WEg Bohe gl B B el ol
SEFFA 7] A] e 3k

PCRT3= 25 ¥£3= 28 3 e M (fractions) & & 45-50.4 Gy 2| A &ko & A A] 8} o).
313t 2 Wi (Chemotherapy) 2 AFol S 2 A8 ak3 o, WAL A 5 o] A 5=
AR A 52 Foll 3 o) A A 5-2ZF 2 2721 (5-fluorouracil)(375 mg/m? daily)
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[32]

[33]
[34]

2 53 2 H(leucovorin)(20 mg/m? daily)-S- 4 ¥ 5=Al(intravenous bolus
injection) 3} L, WAL X| & & QF 7} A EFHl (capecitabine)(1,650 mg/m? daily)S-
< 23] 7ol sk Slnh 9= A A= PCRT F 55 6-85°0l] A A5kl
T4 AA = 54 AA (local excision) 2 WA A A (radical resection) &
E3EsEg] o1y, o] = A 2 A7 A <5 (total mesorectal excision, TME) 2] € 2 o]]
upe} 2 A 3FS] th(Heald R, et al., The mesorectum in rectal cancer surgery--the clue
to pelvic recurrence? Br J Surg 1982;69:613-6).

%% Wk-& 74 % (tumor regression grading, TRG)oll tl 8 57}%] ¥ (five-tier
classification)& A}-& 3}, PCRTe| tf gk kAl F4Fo] ¥ el 4] jE-g-&
3 718} 91 TH(Mandard AM, et al. Pathologic assessment of tumor regression after
preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic
correlations. Cancer 1994;73:2680-6). - &% B Al i 3}ol] whe} A Bl ¥] = TRG
ZHel L] = vhedt Ak 1) 9 3 S (AF S S Al E7F 1o b A AR
ol 2] vk ¥z (no residual tumor cells and only a fibrotic mass)], 2) 712 ¢+
| AR 22 ol At TG A ETF An A Stoll A R E T
o] ¥ B-(difficult to microscopically find residual tumor cells in the fibrotic tissue)], 3)
TR 3 S [2 S g A, Bl e AR AR WSk A wEE e

%) +r(easily identifiable dominant irradiation-related changes with residual tumor)], 4)

A 5)B(F M AL 2AL B W9} ] BN E £ Fojelvt B ARG
dominant tumor mass with obvious irradiation-related changes), 2 5) 3| &
= DEAR AR A3 AR = D3 9371 §lE(no evidence of
irradiation-related fibrosis, necrosis, or vascular changes)]. 2252 271 2] &
W E Rt v AR 2 A 9] e E 35S H]l 32k n=72) %
H]-9H-§ 22 2 A}, n=84).

(3) FAA A E4

A AF 77071 7 A}: Endogenous - A} 73071, Housekeeping -7 A} 4071)
412 nCounter(Nanostring Technologies, Seattle, WA)S- A}-8-3} ]
Aot Zhzh o] 3 (panel)ell A 9] ¥hE--2 15 ul W 2] L (aliquot) <
tR o A7) Ae]5te = RNA200ng 2 @ FEH 3 228 &
FATh /A A 244 o o] B (raw data)] 3 5= 3H(normalization)i=
nCounter(Nanostring Technologies, Seattle, WA)©ll A& %] = nSolver Analysis
Software v 3.0(Nanostring Technologies)& A}-83Fo] A Z2A} A GAFE e whe)
Tt T A o2, AYE AAF HA TS QA &S A% 2 Background
subtraction A| 71 & 3l A 6} $1 T}, &= 5+ nSolver Analysis Software v 3.0°1 4]
Background subtraction A A& 8| 4| ¢+ A -& Y eI &= A of o]t} 58}
st} 1] B] (Normalization Parameters)©l] $}©1 4], Positive Control Normalization©] 4]
POS_FE A = 8l A 6} 21, Geometric mean-s A Bl &} 531, Range + 0.3-3 &2

4743} 31 T}, CodeSet Content (Reference or Housekeeping) 3% <3} Standard =

{0

O

]

1

{

M

b b )
O]

o oo % g
ok
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A A 3}Fal, Codeset Content= Endogenous i A&, Normalization Codes +
Housekeeping - A A& & 72H7} 4 B3} 31, Geometric mean< A1 815131 ©. ™| Range
=0.1-10 o2 A4St & 62 FE=3t g H AA S vEh = & ool
[35] 4) T A4
[36] Efold 23 E X AF AT E ] W A Wg= Zhol Al A A (-test)
2 s A o] A A 73 A (Fisher's exact test) S AF-8-31o] H 718191 01, p<0.055
AT R Fod Ao (553t

[37] (5) B A4 23} 7 A} ¥4 (Statistical Combination Gene Analysis)
[38] HAFo| e REEARAE 0 £+~ 54 L2713 317 R ¢ o] (open

source statistical programming environment R language)(Version 3.4.3) A}-85}¢]
Tttt EFold T ENM, AFHE -HAEE Fato] AolatA
e B = {1 AHDEGs)E Hrd 52 AubdE Ao g BH8ke](p <0.05 &
| =-1 3}(fold-change)l >1.5), PCRT A #] ¥t-3-2}5 H]-¥k-3-2} 2} v &} T}
DEGsE #7112 v & 2 2] 2~ ¥ 3] 7 ¥4 (univariate logistic regression)2
A-g-8Fo] A (shortlist) 3t 3 T A DEGs®| 78 & 3sho] A ekl it
- 2} 23} (gene combinations) 2] & & T A& ARE-5He] AlALell o)

[39] 2

n!
— K! (n — k)!
[40] 2F7] 2ol A, n& AdkE DEGs % §7°] 3L, ki= 2%3le] A1 71§ 29
GOt}
[41] oA EF 2 2] 228 3] 7] 7-4] (multivariate logistic regression analysis)& <=8l 5}¢]

% A} Al 714 ] (gene signatures) 2 A8 2] 5H4] B of HAAl &
=748 A th(p<0.05, 3. 5).
[42] FTH FAX A ZY A (p <0.05, AUC > 0.08, T 75 (sensitivity) > 75% 2
o] &= (specificity) > 75%)E k-fold n.x} 71 ol o &l Al F3}ato] A 2] 9] -}
F(gene combination)& E4 A th Edlo]d A3 E= 2719 E=(EH Y
E QR AIF A E)RE tro] Eflold AlECAM S 7] 3 HAE A E
sto] A& Felstgl o, Efold AlEe Al M ES] $ArS
FHE UL o] & 3003] whasto] HlAESEQAIT A= Al Al Eo|
te] p<0.055 7 38te] AlLlsrsic.
[43] (6) M EF-2] (meta-analysis)
[44] Edold 3 En=60)° t) 3t | EFEA] & 53 51| PCRT HH-g-A}oll A
A sle A 5 217 2 (signal transduction pathways)E 574 31 Ul W E}F -4
CBS Probe PINGS™(Protein Interaction Network Generation System, T g7 =
53155 A110-0957386 % )& AH-&ato] = shlth V] eI,
Yo 2hg8hs A 2 A A 2 F(gene combination) 2] A AL A & A

R [/ =28 A2 (interaction distance) 2 73 % 28 Wl %= (interaction frequency)

N Jfm

Y
m o

]

Nol:o

£ 0 X
ol, 4

rlo

o>

o2
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[45]

[46]

[47]
[48]
[49]

ﬂ

212 5487 919 5/ RES ALE Sl vl du g
3 A}-8-(protein-protein interactions) =& (PPI module), Path-Finder
& (Path-Finder module), Path-Linker =& (Path-Linker module), Path-maker
% & (Path-maker module) ¥ Path-Lister %5 (Path-Lister module). &4 ¥
1+ A} &-& Kyoto Encyclopedia of Genes and Genomes(KEGG)
dolH o] A2 EH dojx A SH3E 2 2 Wl (mapping) 5} 9 tH(Kanehisa M,
et al. The KEGG databases at GenomeNet. Nucleic Acids Res. 2002;30:42-6).
Fo g BB AE et AR groll whet 7HE 2 1071 9]
NENFARE Al

NG A 2o} FAE = 23 F A A= (combination genes) 2| T&
ARte o 2 A PCRT Rb-g-Aboll M 7H8 7213t | 25 54871 918t
Edold Az EQ wEhEA & =5
Zrzy el ANz ekg 2ol thshe], Al 1Y A - Akek G 3 Ag- sk A AR 4

0%

Il

SAA ABGE MRS AAerAT) Zhzbe] AE WA R Yol A 7HE e
FAA FEAE 5T 100%2 5ol o] ol thul A FEAE 57} 75% o 42
NEOR st FEAE FAAE AASHAHE ). ¥ FEFE N
FAAE 2= 7 e 109 AENHY 22 Edo]d msEe

FA 2R E TSRO, FA4 AT A S Y N Ew g 2o

) 2] A] 71 .

2. N @an

(1) B 5

T1e AT A5 E Qe 54
W A% A5 E Afolo] A BAIH o= Fold zol = §19]

ot

-4 l_ET;d

o
=}
12
ot
po
©
=

m
o
©
ol
K
1.011
[
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[50] [31]
CHold o= B 7F 255 e 54
Edold ZZE AL 2ZE p-3k
(n = 60) (n = 96)
4 w4 27 (15.0%) 53 (55.2%) 0.282
44 33 (55.0%) 43 (44.8%)
ik I E 9 (15%) 18 (18.9%) 0.596
ZFZ2r Bile 51 (85.0%) 76 (79.1%)
ARz 0 (0.0%) 2 (2.0%)
A2FA T-¢hA 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-vHA NO 2 (3.3%) 10 (10.4%) 0.225
N1 21 (10.0%) 10 (11.7%)
N2 31 (56.7%) 16 (17.9%)
AAFA M- MO 58 (96.7%) 94 (97.9%) 0.639
Ml 2 (3.3%) 2 (2.1%)
e T-w A Tis 1 (1.7%) 2(2.0%) 0.908
TO 9 (15.0%) 16 (16.7%)
T1 3 (5.0%) 1 (1.2%)
T2 17 (28.3%) 25 (26.0%)
T3 30 (50.0%) 46 (47.9%)
T4 0(0.0%) 3 (3.1%)
e A N-T A NO 41 (68.3%) 66 (68.8%) 0.762
N1 10 (16.7%) 22 (22.9%)
N2 5 (8.3%) 8 (8.3%)
dg ek N9 MO 59 (98.3%) 95 (99.0%) 1.000
Ml 1 (1.7%) 1 (1.0%)
[51] ofol: 2] 814 T, <& %; N, A (node); M, # ]
[52] (2) BH-3-AF 2 B]-9EZ-2} 1ho] Aol &k - z) ke of H-A
[53] Efo]lyd ZFE|A U2 (n=27) L B]-¥F-S2(n=33) 7+2] 2o 3§22}

vk o] A A 47/730 A AME O] BAIA 2 f-2] 1A Aol sl A
A H ATHp < 0.05). ThHE ZA 28 3] A4 & Fato], o] 5 470 FHAE
Z 427 FAAES AEEA Hp < 0.05). ¥H-5-AFoll A, 2870 |- A A7}

A e (down-regulated) ¥ 31 2™, 1471 FA 2A7F 2 & (up-regulated) =] A THGEE
2).
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[541  [32]
Edold ZEEoA wk-g2} F 8]-§k-&2} ghof] Aol St A W = {7}
Sr. No. A =} p-4k Fold-¥ 3}
1 ID1 2.17E-02 2.78
2 WNT11 1.99E-02 2.32
3 NKDI1 1.90E-03 2.27
4 SFN 2.45E-03 -2.24
5 LAMAS 8.51E-03 -1.96
6 CACNAID 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 SMARCBI1 5.80E-04 -1.75
12 SRSF2 3.07E-03 -1.73
13 IKBKG 1.51E-02 -1.68
14 BAPI 9.01E-03 -1.68
15 SPRY2 1.52E-03 -1.65
16 AXIN2 5.01E-03 -1.65
17 GNAL11 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 ITGB4 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
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29 BMP2 3.06E-02 L.5
30 CDC14B 5.16E-03 1.51
31 CACNA2DI1 1.13E-02 1.52
32 ETV7 1.37E-02 1.55
33 STATI1 1.89E-02 1.56
34 ITGB3 2.98E-02 1.57
35 FAS 2.59E-02 1.58
36 ILIR1 2.31E-02 1.61
37 RASGRP1 3.42E-02 1.69
38 IRS1 1.17E-02 1.7
39 BMPSA 1.77E-02 1.75
40 IL12A 3.73E-02 1.99
41 CD40 1.51E-03 2.18
42 IL2RB 1.27E-02 2.33

[55] % =-W3}(Fold change)© HE-5-AF2] o wtd 42528 HI- H 4t

FEoE o] Autaglnt,

[56] B) FAA AT A o] AE D ZA] ¥ 3] A
[57] 42709 Aolsi Al B ¥ = KA k-E = WAk

A2 A 7F # A 9] 1774 A} 23 (gene combination) ¢!

S 3lo

=

 EERLEEEE
15k Tk 4471 97) <)

7 A}+= FGFR3, GNAL11, H3F3A, IL12A, IL1R1, IL2RB, NKD1, SGK2, %
SPRY20|t} B& FH §- A4 Al 2UHE] 2-Z2 = wadF 23t 4] 971¢]
FAA Al 2 A = v A D HEEE RS RSk QoA dad

42 5(86.9%) 5 UEMN AT Ed o] I E A 7k E(sensitivity) = 81.5%
1 E o] % (pecificity) = 84.8%)(3% 3).
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[58]  [3£3]
AR AT Fu
Sr. FrAd A Al 21 A 221228 | wAA |AUCT | RIAE | Bol%
No. A p-ak | = (%) (%)
4oL
(%)
1 |ETV7_H3F3A_HDACIO_| 7.60E-04 72 0.841 77.8 81.8
ID1_ILIR1_SPRY2
2 |H3F3A_IL12A_IL1IR1_N | 1.13E-04 79.7 | 0.868 77.8 87.9
KD1_PLA2G4F_SGK2
3  |H3F3A_HDACIO_ID1_IL| 1.81E-04 75.7 | 0.878 77.8 93.9
IR1_NKDI1_SPRY2_STA
T1
4 |H3F3A_HDACI0_IL1R1 | 7.47E-04 57 0.822 81.5 75.8
_PLA2G4F_SGK2_TRAF
7_WNTI1
5 [H3F3A_IL12A_ILIRI1_N | 1.99E-04 77.3 [0.871 81.5 90.9
KD1_PLA2G4F_RASGR
P1_SGK2
6 |FGFR3_H3F3A_HDACI1 | 4.65E-04 81 0.851 77.8 84.8
0_IDI_IL1R1_IL2RB_TR
AF7_WNTI11
7 |FGFR3_GNA11_H3F3A_| 2.56E-04 83.3 |[0.869 81.5 84.8
IL12A_IL1IR1_IL2RB_N
KD1_SGK2_SPRY2
8 |FGFR3_H3F3A_IL12A_1 | 3.56E-04 73.7 |0.870 77.8 84.8
L1R1_IL2RB_NKDI1_SG
K2_SPRY2_TRAF7
[59] * AUC: 21413} 1 4 (area under the curve)
60]  ARE A4 AT ASh g e st S5t Ba g e dEst
GhwleE 34 A 4 D A 8 A S0 A = PCRT BHS 3 -0l 5
4 © = (significantly and positively) ¥ & 5| 1t} W 2] 81 4] T-tk A= PCRT
HE-3-3} -] 8} A 24 S Z (significantly and negatively) ¥ ¥ ATHGEE 4). ThH EF
YA S aAstel §alA A A, AL 2 W el s Tgl Aol el Al &
SoksHoAe 1 A sk, 5704 A1 A, 4, 2 98 TR PORT w82
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7342l o) 2 A (predictors) 91 2 &2 E1 ¥ ATHGEL 5).

[61] [34]
PCRT Wh-&- 2ol A B A2 Al 1Y A o] o S5ke] vl sk 24~ ¥
3]+ (p < 0.05)
H 1 N2 Coef? |SE4Coef)|Z-2=3 p-4k

FH A

FGFR3_GNA11_H3F3A_IL12A_I | 60 |3.204371 [0.693663 |4.619491 | 3.85E-0
L1R1_IL2RB_NKDI1_SGK2 SPR 6
Y2 (low vs. high)

SRR

GENDER (Male vs. Female) 60 |1.170379 |0.549265 (2.130811 |3.31E-0
2

GRADED_DESCRIPTION 59 |-0.78707 |0.783116 |-1.00506 |3.15E-0
(Moderate vs. Well) 9 1

CLIN_T_TNM (T2 vs. T3-T4) 60 |-1.38629 |1.185853 |-1.16903 |2.42E-0
4 1

CLIN_N_TNM (NO-N1 vs. N2) 60 |-0.63372|0.528492 |-1.19912 | 2.30E-0
4 1

CLIN_M_TNM (MO vs. M1) 60 | 16.8437 |1696.7343|0.009927 | 9.92E-0
6 1

PATH_T_TNM (Tis-TO-T1-T2 vs.| 60 |-2.23359 |0.605857 |-3.68666 |2.27E-0
T3) 2 4

PATH_N_TNM (NO-N1 vs. N2) 56 |-0.04879 |0.956183 [-0.05103 |9.59E-0

PATH_M_TNM (MO vs. M1) 60 |-15.3961 |1455.3975|-0.01058 |9.92E-0
7 6 1
[62] 1eFof: CLIN; 47341, PATH; ¥ 2] 514, T; & 4, N; A(node), M; 71 °]
[63] 2Coef; Al5=(Coefficient)
[64] 3SE; 3.5 H 2}(Standard error)
1

hS A~
N; W Ee] 5
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[66]  [3E5]
FAA A IUA, A, R e S G 1] Bl o ohA R E-A
iR Odds Ratio 95% CI2 p-4k

FGFR3_GNAI11_H3F3A_IL12A_ILIRI_IL 25.6 471 - 139.23 | 0.0002
2RB_NKDI1_SGK2 SPRY?2 (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
[67] 1eFof: CLIN; 47341, PATH; ¥ 2] 514, T; & 4, N; A(node), M; 71 °]
[68] °CT; 21 ] 1-7H(Confidence interval)
[69] @) AEE §-H1x A YA DS
[70] AEE FAA A IUA =, A LS EM=96)°1 4, B]-8H-3 227 F PCRT
HESAE 81.0%2 AFEE LR3I (3 6)
[71]  [¥6]
3k2} Z PCRT HH-8-8 of| Z8F= 97l 524 A A1y =] o] o4 218 37}
FrAA AT A FGFR3_GNA11_H3F3A_IL12A ILIR1 IL2RB_N
KD1_SGK2 _SPRY?2
2R Y 374 p-gk 4.62 X 10+
W2k AZE AEE (%) 83.3
AR} 9
Edoly A5 (%) 86.9
A E 7174 (%) 81.5
E ol & (%) 84.8
HE-S (%) 81.5
AZAE A B (%) 81.0
7k (%) 82.3
E ol & (%) 79.4
PPV! (%) 87.9
NPV2 (%) 71.1
[72] IPPV; YA o] S| (Positive Predictive Value)
[73] 2NPV: &4 ol 5 %] (Negative Predictive Value)

[74] PCRT ®k-g-9] 97} -2} A| 72U #] o S AH(predictive)i=, - =,
PI3K-Akt A T A3 A 2 5 L3138 KEGG Al 3 2(5 3 L & 4), Yol A 9
ZZH el gt Q1 Aol B vzt 2 ulo] 2] 2 79 (Human cytomegalovirus

2
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infection) @ <17+ 3} 2 wjnlo] ¢ 2 793 (Human papillomavirus infection)®l] <= 7]
AAHAJT, FAA Al ZUA L} AHH =2 F 328 Hl % 73 2= GRB2,
HSP90AA1 2 HSP9OAB1S ¥ 331 th(E 7).

[75] [3£7]
PCRT Rb-g-2he} #hed s F A4 Al A 2 9 52 4o 2hg N
FAA
AR S A NS A
A2 Pathways in cancer
PI3K-Akt signaling pathway
Proteoglycans in cancer
Human cytomegalovirus infection
Human papillomavirus infection
F g8 NE F44 |GRB2
HSP90AAL
HSP90AB1
[76] 4) ZA~H 39 #4853 X5 g3 o5 A 5(TBPS, Treatment Benefit

S|
Prediction Score)2| A4t

[77] A7) 9F e vk o g A E 97) o] -4 2}, = FGFR3, GNAL1, H3F3A, IL12A,
IL1R1, IL2RB, NKD1, SGK2, % SPRY22] 3ol thabo] vh g & %] 2 ¥
3| HEA (univariate logistic regression)% B3to] Aozl 4 {-AAE 3 A Al

A e & 89

[78] [3£8]
4 3]+ A5 %k
FGFR3 -0.006697
GNAI1l -0.001805
H3F3A -0.000373
IL12A 0.063996
IL1R1 0.015269
IL2RB 0.017445
NKD1 -0.003099
SGK2 -0.004739
SPRY2 -0.002763

[79] nCounter(Nanostring Technologies, Seattle, WA)E- A}-83} o] dof X 97 F-#A A},

< FGFR3, GNA11, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, ¥ SPRY2
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[80]

[81]

[82]

[83]

[84]
[85]

[86]

Aze] s waD W 4 448 99 A5 G A8kl T Ao
ute}, X & a3 of| = A <S=(TBPS, Treatment Benefit Prediction Score) S
At ad ot

TBPS = Crorrs™Grarrs + Conan®Gonan + Crzrsa*Grspsa + Ciina®Giiina + Ciuiri*Giiiri
+ Ciore™Giiore + Crior*Grior + Csoxo™Gisoko + Cspry2*Gspry2

71 Aol Chanaz AT FAAE 37 Al 22 YEHH, Goaxs
nCounter(Nanostring Technologies, Seattle, WA)Z AL-g3he] Do & - A2
FE3HE WS vetin ek, A7 & 89 AR E, TBPSE &t
2 of upeh gk Alabd 4 QT

TBPS = (-0.006697)*Gggrrs + (-0.001805)*Genanr + (-0.000373)*Gyzpsa +
(0.063996)*Gyy 24 + (0.015269)*Gyy 1z + (0.017445)* Gy orp + (-0.003099)*Gnypr +
(-0.004739)*Gscxo + (-0.002763)*Gspry>

A7) ¢} o]l AlALE TBPS 42 -7.269813 &4, ©]+= PCRTel t) 3 i+
of| 8 = 9l = 7] 4k(threshold) & 2 ARE-E = T}, =, 22 $hajo] A

FGFR3, GNA11, H3F3A, IL12A, ILIR1, IL2RB, NKD1, SGK2, 2 SPRY22]
TAE A7 FAskAL, 4] Aol whet dof Xl TBPS gtol -7.269813 B} &
73 -olli= PCRTel o & ¥h-&-2& Webli= 2=, PCRTO thsho] 244 &
e = S2hE shdE S glon, 7269813 o] &t 4 -0l = PCRToN o g
Bh3-& YEbW A &= 2K, PCRTO tiéte] ZH-Al & Uehl Al & sk =
i 5= gl
3.
+ Aol A, LARC $2tol| A PCRTON o g 1E-3-
FAA A YA FA R AT H A A7 90
B o) S Ay A tiste] 37k g3 A zheth ) A7 FAA
Al Az 710l Barg Az # o) H
BEER o 5T 5 At 2) FA2 2 242 FFPE & 3 FDA-5 1€
stmglo] 2 Alof& Abgstel =alE 4= vk ' 3) 972

‘

—

A

71 Ao AFEH ARG UL & I EA ASE AT ubelA, A7)
HHH-& Q1A M " (clinical setting)®ll 1 7] 4-8-2 4= At}
=& AJ 82 PCRTON 3 HEE-& o 58 4= = 9719 f-AA A2 A =

27HA T gk 1A ofu & Zh=rk A A, 97 o] KA Al LY A S AREsEA
gl ¥l b3 25 PCRTE A 2] 3 = 91 o, o] = A 4-H.E 4 ¢ (rectal-sparing)
TEE ol = Uk H A AR B e A= v R 2] A

A A (radical resection) @} T H & T TS 3|5t AFEE 9o,
gk gho] Ag "Hojmd 4= 9l = AF(stoma) F A& Fol=H AFEE 5 9
A, W& v Q1 LARC 321 9] A 5o frel & o 9low, o]= o] 2] &
hApatol| A 5740 A o] AL EEE vl m 8 A Q1 AR AL A "ol i3 =&

WAl 4= 971wt o 3, Bl &4 Q1 PCRTE 1% =4 A 5o A&
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[87]

[88]

3] 4= Atk LARCO] #-24 ¢ 54 o] 7] ¢k o] 2 gk 5t5 & 3 LARC
ghabe] A Al AE R 4o A :

71 A Aol 29 97 o] 7 A= el A

o] 42" (dysregulated) ¥ TH(Waaler J, et al. Novel synthetic antagonists of canonical
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