44259 W) H BRI AR
202449 H Journal of Nanjing Medical University (Natural Sciences ) * 1217

- U5 A .
— MR A BT R R B A E 3L 5 a8 T Fl

ORLERR G EU R YRR AR

WTHREZBNYFE R E T, VI 75 il 224005 K E T ARERERL LI #hik 224200

[ E] Bay:WE—MEn s B E (colorectal cancer, CRCO TG FVAYY FIRE Y . F53E: R FH 5 1K 28 43 M DA S de /N et
X W4 A% 32 B (least absolute shrinkage and selection operator, LASSO)-Cox [B1 13 7341 Il €5 A 5] GSE39582, 14 & CRC il J5 %
%(prognostic signature of colorectal cancer, PSCRC), FF FH AR EB A% CRC_TCGA F1 GSE17536 36 4IF PSCRC. T4l PSCRC 51
PRFG R I8 G P2 TOHAS 58 00 G 92 40 B 322 31 (1) A O S JE R 5 4R 73 T (gene set enrichment analysis, GSEA) PSCRC ¥ /£ D it -
HEE PSCRC AN PR 2 HASE 7 AN DH 22 2 1) 1015 710 26 1], st e 3 #2893 BT (decision curve analysis, DCAD VPAL TG 2R - Bea
TR G2 107 ALTTIT 2. G5 5R : AR FUH 22 T PSCRC, 2 AN FMHBAFAIE 92 HC T 5 R BORE AR e AL . TNM 23 35 (B 25 76
Wi PSCRC RS P43 (P #5< 0.001); PSCRC 5 /IR A BT BE 57 PP 73 S EVF 2 AT ESTIMATE 93 2 1035 IE A2 (P 35< 0.001), 5
VR L 9 S 3 AT DR (P 38< 0.05), 5TEALIEIZE CD4” T4 iR i (5 2 SR 5 (P #9< 0.01) o #E— 254 GSEA 43T o,
PSCRC W it 2 5 8 A BEERAK, I8 37 AR S0 A R S5 A . (02, i) R A A 2 7 HH L IR TS /i 70, C AR IO
0.765,95% B A5 X 74 0.747~0.783(P < 0.001)» )i » 7£ 3 A BAF it 77 S50 249 S s AR UG 1 4L e B ¥ 7 Wil 2 3 B sy (P 2
<0.001); PSCRC 5t 5 # Je ik vb & Je  iemein Je S540 7 221 30 1) B2 (half maximal inhibitory concentration, 1Cs) it 3 £ AH 5%
(P3)<0.00D, 5 UK. A7 4E e 5259 1Cs &% IEH E (P19< 0.001) . 4538 ABF 5% T PSCRC, N CRC HE#24E T R
LF RS, B TR ST 4R B T I FEAR A -

[R8IA] &5 Elghe: FUS B LASSO-Cox [BIH ; 697 s AI7

[(FES%ES] R735.35 [EkiRERE] A [XEHS] 1007-4368(2024)09-1217-10
doi: 10.7655/NYDXBNSN240076

A novel prognostic model for predicting the outcomes and therapeutic efficacy of

colorectal cancer

ZHANG Hu', MAO Chunrong"?, LIAN Yun"?, PANG Jie"?, WU Hongyan', DU Xinna"

'School of Basic Medical Sciences, Jiangsu Vocational College of Medicine, Yancheng 224005; *Department of
Obstetrics and Gynecology, Dongtai People’ s Hospital , Yancheng 224200, China

[Abstract] Objective: To construct a new model for predicting the outcomes and therapeutic efficacy of colorectal cancer (CRC).
Methods: Firstly, the univariate analysis and the least absolute shrinkage and selection operator (LASSO)-Cox regression analysis were
used to train the GSE39582 dataset to construct a prognostic signature of colorectal cancer (PSCRC) , and external datasets
CRC_TCGA and GSE17536 were used to validate PSCRC. The correlations of PSCRC with clinical indicators, tumor immune
microenvironment and immune cells infiltration were evaluated, and the molecular function of PSCRC was analyzed by gene set
enrichment analysis (GSEA). Next, seven factors, such as PSCRC and clinical stage, were integrated to draw a prognostic nomogram,
and the prognostic effect was evaluated by the decision curve analysis (DCA). Finally, the efficacy of immunotherapy and
chemotherapy was predicted. Results: We constructed a PSCRC, which was validated by two external datasets, confirming its high
prognostic sensitivity and specificity. TNM staging significantly affected the risk scores of PSCRC (all P < 0.001) ; PSCRC showed
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significantly positively correlations with tumor microenvironment matrix (TME) score, immune score, and ESTIMATE score (all P <
0.001), significantly positive correlations with infiltrations such as neutrophils (all P < 0.05) , and significantly negative correlations
with infiltrations like activated memory CD4" T cells (all P < 0.01). In addition, the GSEA analysis indicated that PSCRC might
participate in oxidative phosphorylation, angiogenesis, hypoxia and inflammatory response. Importantly, the newly constructed model
showed a good prognostic ability, with a C-index of 0.765 and a 95% confidence interval (CI) of 0.747 to 0.783(P < 0.001). Finally, in
the three datasets, the therapy prediction results revealed that the low-risk scoring group had a high response rate to immunotherapy
(all P <0.001); PSCRC was significantly negatively correlated with the half inhibitory concentration (ICs)) of chemotherapy drugs such
as imatinib, dasatinib, and pazopanib (all P < 0.001), and significantly positively correlated with the ICs, of metformin, sorafenib and
other drugs (all P <0.001). Conclusion: We construct a PSCRC, which provides a robust model for CRC prognosis. and also offers a

potential marker for predicting treatment.

[Key words] colorectal cancer; prognostic model; Lasso-cox regression; immunotherapy; chemotherapy

2 B 95 (colorectal cancer, CRC) &8 kK4 T
S H A, LE B RGO L.
I B T FALAE 2 ] (1) 2020 4FE 989 & R AIBE T
HEPPAG R TR, 2020 4F- A BRYE N HT A 1930 T34
FERER B, FET- ANEGE 1000 56, Hd, CRC KR
T 193 J3 (10%) , HE AL IR T 3L e A it , 7 =
55347 SETS NI 92 17(9.2%) , AN Fifide , 57 J& 265
247", TEFRIE, CRC A& f i LR A0 2 i g 2
—, RIREFIBOTZAE P A e 20 BIAL 51 5 3 FER
54, HR 9 RAE ks 1 K, Jo R IR X 5 1
o 28 1K TR A PR

1T CRC & 5 5 A S5k = e S A (10 SR bR 2 300 1
5 B 2, — B IR HEAE ST A Ak
T, i 1 A A O ik J 2™ E Y B, LR e 2
i Lk o 100V R 0 B vk LT A T 7 A A A
AL, TE LR A, B3 A A R I 2RI 465 . CRC
YRPRIT RGuiE N T DT E AR, P E A AT
(LN(E95

H A K 36 97 CRC 1 7 B 3 F AR Vit
7 VBRI IR T AR IR T, W S CRC B S AR A
A7 2, AE 2 R 5 5 ME A SR 52 i 3 CRC 297 &K
BT, CRC YT OIS T A AT LA Bl PR 2=
I e A BRI 5 R, SEIL AR AR IR T AR, i T
DLES B B3 T Mt B IC A R IWi2YT . B,
P CRC L5 AT 2010 B b EWVTE G IR BB A

1 M#FAE

L1 A
M I i 3 [ 2 ] 1% (The Cancer Genome Atlas,
TCGA) £ ¥ 2 (hitps: //portal.gdc.cancer.gov) T £ I

[J Nanjing Med Univ, 2024, 44(09): 1217-1226]

B CRC_TCGA (581 il B A< 1 i PR A1 RNA I 57
(RNA sequencing, RNA-seq) £ , $2 X TPM (trans-
formation parameters model, TPM) #% =X [ £ #5 , H
log2 CGRIEME+ 1D HiEAEE G . M GEO (Gene Ex-
pression Omnibus, GEO) Chttps: //www.ncbi.nlm.nih.
gov/gds) BUHE FE T 4 CRC 4 42 GSE39582 (585 14l
FEAD R GSE17536 (177 HIFEAD™, 281 id Fe e Al
PR AL B o
1.2 Fik
12,1 # B F MG 2H

AT R (421 FRASD B “survival ” BEAT ik &
WG A A7 B, 23 2H W : 0~50 vs. 50~100, TG 2K
TN B AE A7 (overall survival, O
1.2.2 5 28 3F 0k 45 Fo it 3F 38 H (least absolute
shrinkage and selection operator, LASSO)-Cox & )3 547

T LASSO ZZ S U8 : {8 I R L “glmnet” X i
P )5 1) GSE39582 H4iE AT 70 Mt » 45 2128 8 R 4
ARTEUE LT IE WA, 50 Bedm Bt AT rTAAL o

T LASSO 2 i it - 8 FH] “glmnet” £0.% 5 ¥k
Ja BBAE AT 73 B 45 B AR BAME SO BVREL, JFx
HlE AT T .
1.2.3 CRC /5 41 & (prognostic signature of colorec-
tal cancer, PSCRC) #x £ 4%

MR PSCRC MR V53 F1 73 (6. %5 (509% ) 5 8 2
S NP, A R AL “survival” i “survfit” B8 200 AT
PR E UG Z 5. B, I R & “pROC”
“ROC” MR HLTE 1 4 3 4R A1 5 4 3 AN [R) S kAT 52310
#H TAEFFAE (receiver operating characteristic, ROC)
fh 28 70, I AE ] “oi” B& HOUE Al 28 R T AR Carea
under curve, AUC) F195% B 15 [X 7], 3K 15 5 £ AUC
5. B JE . 2 BT PSCRC AR V4 5 28 35 B 7 I



544 5559 1
20249 A

KB, BER. G o, — R LGS B TS R N SR T .
B R R = R CH AR » 2024, 44(9): 1217-1226

*1219-

] &5 5y LS R R R R B AR A 2 TR R R
1.2.4  SF3RHHEFAF| 324 PSCRC

MR 2 it 5P A Sk 8 BA 81 GSE17536 Al
CRC_TCGA " PSCRC I X 17>, B 1iE PSCRC I3
JERR .

1.2.5 PSCRC #9 % 4

3 M1 TNM 23 B35+ PSCRC RS BF-23 B 50
1.2.6 PSCRC 5 it /& # 3 3% (tumor microenviron-
ment, TME ) F= % 7% 4@ f,iZ- 14 48 % P&

3 3R F “ESTIMATE” #1“CIBERSORT” 5 %
BAF1) o 45 AN A A ¥ TME B 53 0 g8 4 92 4 ff 3 Ji)
P . R R A (2.1.6 BRAS) “psych” 1 “corr.test”
BB PSCRC SR 45 15 TME & 96 47V 431
P8 A IR R 73 2 18] B B R AR A 5¢ R 8 IR
“gaplot2” FAFALHAT AT AR .

127 G &5 47 PSCRC

FFH R A “clusterProfiler” 3 17 3L K & ££ 79 #r
(gene set enrichment analysis, GSEA)", P < 0.05 fll
F5 R K L (false discovery rate, FDR)<0.25 &7~ %
A G B T “ggplo2” AR ALEEAT T AL .
1.2.8 #MJE3| & B L% 5tk

8 R AL “survival " 34T LG AG RS AR B A 5
I HEAT Cox [91 13 43 7, A8 T “rms™ 60, 44 1 191 /5 91) 45
B, R HE S, AT TR . 534, il “survival”
LI T AL, 48 “stdea. R SCEFHEAT U o T 28
53 #1 (decision curve analysis, DCA) .

1.2.9 %I & 77 Fa A7 TN

5, f# F TIDE Chttp: //tide.dfci.harvard.edu) Tit
W47 PD1 A 5T CTLA4 % 2 6 97 Wal B2 o AR 4
PSCRC AR 73 KoK £ 90 8 2. 4, 5w AR 4
] S IR TT W LR 22 5 . SRS, I R AL “pRRo-
phetic” Fil ] CGP (cancer genome project, CGP) £ #i&
P g7 25 U
1.3 “iF7rk

F| F Cox [B] 5 F11 Log-rank #8246 73 A A~ [7] 45, 1] 13
JGZE 5 K MR I AT T B R ) B, SR
BRI HEAT A RME DT P <005 NERA
it = 3
2 5 R
2.1 MBKAE

N T K5 PSCRC, FI JH B R 3R A A7 7 M i 2k 17

GSE39582 BA %1, 35453 OS A K 2 663 4N (T
P <0.05), #7045 R un & 1A Fis.

2.2 LASSO-Cox /i i PSCRC

TENZEEA 51 GSE39582 H I H LASSO-Cox 7%
T CRC OS b7%%, ME R E 4 0.037, 345 1 HH 181
F R R PSCRCCE 1B GO, He KUK 2 H i 51 8 2K
“N: Risk score=0.34x(ZEB1-AS1)+0.08x(PTPN14) +
(= 0.11) x (MYB) + 0.05 x (LINC00973) + 0.03 x
(GDI1) +0.04x (SLC2A3) +0.01 x (SIX4) + (~0.08) x
(ACAT2) +0.04 X (KRT6A) + (= 0.18) X (ZNF552) +
0.06% (SEMA4C) +0.29% (KIF7)+0.09x (GABRG2) +
( =0.09) x ( TNFRSF14) +0.09% ( LINC0O0638 ) +
( —0.14)x (0IT3)+0.25% (HCN4) +0.73x (OFCC1) .
K XU 41 CRC B3 0S & 8 F s KU 4L (P <
0.001, & 1D), ROC f#f £k 7R PSCRC & —Fh B 5 K
UF BB NE AR R TS AR (BB . Hod,
ZNF552.0IT3.MYB.TNFRSF14 fll ACAT2 {15 /&
CRC OS I R#PER 2=, FoAR ZE DR ) R 1k 72 CRC 0S
MARFEZREE .

2.3 SPF3RIAF] 3 E PSCRC

N IE PSCRC F TS 03 W 1 24N A6 4
i A A 4T E . GSE17536 A1 CRC_TCGA BA %1 73
M 7R, AR RS VE 20 2HL 1 OS 535 T v U P40
(P < 0.001, B 2A B, Tl 5 U FRS 57 1t 25
B (& 2C.D). HZNF552.0IT3.MYB.TNFRSF14
HTACAT2 3£ K ) 2235 /& CRC OS R P 1 R &=, 2L
RFIFFIFRIE R CRC OSHIAR KR (K 2EF).

2.4 PSCRC %k

IRV PSCRC & 15 1] g B A — /N 1 CRC Iifa
PREFAE, XF PSCRC #EAT T RALE, 45 2R E.7R PSCRC X,
B8 43 B4y A 52 3 T 40 (P < 0.001) W N 2 (P <
0.001) . M 43 1 (P < 0.001) F195 # 43 ] (P < 0.001)
(1) 25 5 m (B 3A~D) o
2.5 PSCRC 5 TME 48 X &

TME J2& 3T 45 3k iRl & A2 R R 559697 Bt 70 4
(K35 5, TME 7 b8 328 2 < TR 26 009 58 36 7 i 1 5
MR R EEERY Y. A T PSCRC 1R
CRC THIIZNBE, 23471 T PSCRC 5 TME $8 45 PA b2 5%
YR AR M . 5 BB IR, AN [F BA I H PSCRC
KU VE 57 57 ) 5 228 VP 0 2 38 IEAH ¢ (7=0.47, P <
0.001;r=0.42, P < 0.001;r=0.34, P < 0.001, 5% ¥
4y % IE A (7=0.25, P < 0.001; r=0.31, P < 0.001;
r=0.11, P < 0.001) , 5 ESTIMATE ¥4} & & 1F A %
(r=0.40, P < 0.001; r=0.34, P < 0.001; r=0.25, P <
0.00) (B 3E~G) o BEAM, ANFBAFI ) PSCRC XU 1Y
43 55 rR R A R IR T R 3 IEAH SR (P < 0.01, P <



F44EH M

*1220° Mon B R OK ¥ ¥R 20244E9 H
A Genes P value Hazard ratio(95%CI) B 204 21=0.04
ZEB1-AS1  <0.001 e — 1.67(1.36-2.05) ' i ";ECNZI 5&1;6*
PTPN14  <0.001 oo et 1.89(1.44-2.47) 1.5 KiF7] / /[TNFRSF14
MYB <0.001 1.0~ 0.62(0.49-0.78) “g 1.0 ACAT2)
CDX1 SO001 re 0.71€0.59-0.84) £ MYE)
LINCO0973 S5'001 pooememeent1.95(1.38-2.75) £ 051 oIT3
GDIl <0001 | B Ennean 1 189(134_266) {3
SLC2A3  <0.001 e 126(1.11-1.42) 01
SIX4 <0.001 poemeeme et 1.97(1.36-2.85) 0.5
AGMAT o 0.62(0.47-0.80) LINC00973
TT T UL L L L
0.6 1.0 1.4 1.8 22 2.6 4 , : o
Hazard ratio(95%CI)
c . 2=0.04 K
$11.0- 1 7
E g
§108- |HWHMHM[ o
= 0
Huum
é 10.4+ H -~ 200
51021 ” | H | = 1504,
£10.04 § 100
T £ 50
-10 - E o
logz()\) ZEB1-AS1  Expression
PTPN14
D E @ | ‘MYB
GSE39582 1.0-G5E39582 LINC00973 -4-20 2 4
21.04 Risk score GDI Risk score:
= mlow SLC2A3 Olow
= 0.8- “High 081 SIX4 0 High
E e g
s . . ACAT2
EO.S “-‘.M’k = 0.6 KRT6A Status:
2 034 . k= ZNF552 ® Al
£ |P<0001 7 041 “Time: AUCCOSZCD PG @ Dead
7 0-HR=2.78,95%CI(2.09-3.70 o e KIF7
i R 95%C1(2.09-3.70) =1 year:0.70(0.80-.60) | | |GABRG2
Lowhidd 354 @i 029/ " 3 year:0.69(0.75-.63) TNFRSF 14
; 5 year:0.71(0.76-D.66) LINC00638
High{l76 65 13 2 | 0k year: OIT3
0 50 100 150 200 0 02 04 06 08 10 HCH4
Time (months) 1-Specificity OFCC1
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Figure 2 Validation of PSCRC to predict clinical outcome
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