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[ Abstract ]

(PFS) and overall survival (OS) after radical ablation therapy for metachronous liver metastases

Objective  To explore the key factors influencing progression-free survival
from colorectal cancer (CRC) from multiple dimensions, including genetic testing, clinical
characteristics, and ultrasound indicators, to identify the primary prognostic risk factors for
ablation treatment of colorectal liver metastases (CRLM) and to establish a predictive model.
Methods A retrospective, multicenter analysis was conducted, including 298 eligible patients
with CRLM. These patients were randomly divided into a model training cohort (n =208) and a
validation cohort (2 =90). Clinical data, clinical characteristics of tumor, imaging, and routine
laboratory indicators were collected for all patients. Univariate and multivariate Cox regression
analyses were used to identify the main factors affecting prognosis in patients with CRLM. Based
on the Cox model’s risk results, independent factors were assigned scores, and risk prediction
nomograms were constructed to predict 1-year PFS and 3-year OS, followed by curve validation.
Results Univariate analysis identified patient gender, age, ultrasound grayscale values =100,
and targeted therapy as factors associated with poorer PFS (P <C0.05). Multivariate analysis
confirmed that male gender, age =60, value of gray-scale ultrasound =100, and targeted
therapy were influencing factors of poorer PFS (P<C0.05). Similarly, univariate analysis showed
that BRAF gene mutation and value of gray-scale ultrasound =100 were associated with poorer
OS (P<C0.05). Multivariate analysis confirmed BRAF gene mutation and value of gray-scale
ultrasound =100 as significant factors influencing OS (P <C0. 05). Based on the model analysis of
the training set data, several highly correlated variables were included in the prognostic model for
radical ablation. Nomograms were developed to predict 1-year PFS and 3-year OS, where the
overall probability of 1-year PFS was calculated as follows: 27.5X (female) + 31X (age<<60) +
100 X (value of gray-scale ultrasound<C100) + 22.5 X (no targeted therapy). The 3-year OS
probability was calculated as: 25X (BRAF wild-type) + 100X (value of gray-scale ultrasound<C
100). The area under the ROC curve (AUC) of the 1-year PFS prediction model was 0.88 (95%
CI: 0.76—1.00) in the training cohort and 0.81 (95%CI: 0.71—0.90) in the validation cohort.
For the 3-year OS prediction model, the AUC value was 0.80 (95% CI: 0.66—0.94) in the
training cohort and 0.54 (95% CI;: 0.36—0.72) in the validation cohort. Conclusion Value of
gray-scale ultrasound, genetic mutations, and treatment modalities are influencing factors of PFS
and OS in patients with metachronous liver metastases from CRC. By integrating these prognostic
risk factors into a comprehensive model, it may effectively predict the medium-and long-term
outcomes for these patients.
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Table 1 Comparison of general data between validation group and training group
(%, %)
, P AE . 8 1 5 7 1 )

2 1] Bi%L [y ThE Sy P T 5 . R 38
UER 207 131(62.98) 77(37.02) 108(51.92) 100(48.08) 111(53.37) 105(50.48) 111(53.37)
Lisanil 90 56(62.22) 34(37.78) 54(60.00) 36(40.00) 44(48.89) 43(47.78) 39(43.33)
PN -] 0.020 1.650 0.500 0.180 2.530

P {H 0.901 0.199 0.478 0.668 0.112
411 % J5R i 9g JIT 4% 7% A B mRKER CEA FikK T

o W i H W 14 =24 <230 mm =30 mm <5 pg/L =5 pg/L
NIz 207 99(47.60)  109(52.40) 93(44.71)  115(55.29) 116(55.77)  92(44.23) 100(48.08)  108(51.92)
Ciangcl 90 41(45.56) 49(54.44) 31(34.44) 59(65.56) 37(41.11)  53(58.89) 41(45.56) 49(54.44)
pEN(:] 0.110 2.730 5.400 0.160
P 0.746 0.099 0.020 0.689
A . CA19-9 kKT KRAS/NRAS BRAF K AR
<40 kU/L. =40 kU/L i A A G AR T L el SRR T <100 =100
Il 2540 207 111(53.37)  97(46.63) 116(55.77)  92(44.23) 107(51.44)  101(48.56) 111(53.37)  97(46.63)
LNz 90 46(51.11)  44(48.89) 53(58.89)  37(41.11) 48(53.33) 42(46.67) 43(47.78)  47(52.22)
PER(:E 0.130 0.250 0.090 0.790
P {H 0.720 0.618 0.764 0.375
| % 3 sy ; , TH Ry =X

2 i) % (% R YT B A B AT REA VWA
e 207 108(51.92) 121(58.17) 114(54.81) 88(42.31) 120(57.69)
Lianik 90 53(58.89) 51(56.67) 60(66.67) 37(41.11) 53(58.89)
DN} 1.230 0.060 3.640 0.040

P 0.268 0.809 0.057 0.848
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B B H 1 PES N8 Jm kA7 2 B, B 2 o 45 R
s BRE MR AR IS R TR K AE =100 8 1) 25 A
STIRBERZEPFSHEMWKNER, WK 2, ZHE
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Table 2 Univariate Cox regression analysis of PFS in patients with liver metastasis

A5 b EIEES74 o o 15 Wald X2 PE HR {4 95%CI
P53 —0.915 0.143 6.404 <0.001 0.400 0.303~0.530
A =60 % —0.354 0.155 2.290 0.022 0.702 0.518~0.950
P g s 0.020 0.132 0.156 0.876 1.021 0.789~1.321
8 P B PR AT AR Sl 0.075 0.132 0.566 0.571 1.078 0.832~1.396
F I s —0.024 0.132 0.182 0.856 0.976 0.753~1.265
JEL % N Rg —0.032 0.132 0.240 0.810 0.969 0.748~1.255
IRiT T RAG 0.057 0.132 0.431 0.667 1.059 0.817~1.371
JF R 3 K B AR 0.102 0.134 0.758 0.449 1.107 0.851~1.440
CEA FikKF 0.064 0.132 0.481 0.631 1.066 0.822~1.382
CA19-9 F kK F 0.195 0.133 1.465 0.143 1.215 0.936~1.577
KRAS/NRAS 0.142 0.133 1.072 0.284 1.153 0.889~1.495
BRAF 0.119 0.141 0.846 0.397 1.126 0.855~1.483
T KB =100 0.486 0.174 2.788 0.005 1.626 1.155~2.288
fbyy —0.015 0.132 0.116 0.908 0.985 0.761~1.275
AT —0.674 0.162 4.171 <0.001 0.509 0.371~0.699
B B AT 0.090 0.132 0.687 0.492 1.095 0.845~1.417
TH w5 = —0.188 0.132 1.424 0.155 0.828 0.639~1.074

*3 HHHEBEE PFSHEEE Cox @IFSNH
Table 3 Multivariate Cox regression analysis of PFS in patients with liver metastasis

A5 HIEEX4 i e 15 Wald X2 {8 P4 HR 4 95%CI
P31 —0.824 0.147 5.621 <£0.001 0.439 0.329~0.585
Fi =60 % —0.315 0.156 2.025 0.043 0.730 0.538~0.990
P K =100 0.396 0.176 2.256 0.024 1.486 1.053~2.097
Ry —0.445 0.166 2.680 0.007 0.641 0.463~0.887

24 BHEOSWHKHRESZHE M XIS ZE RN, B BRAF [ 58 748 AR JE 48 75 K 5

BB E N OS AT 0 BRI R 48 2R WoR , & fH=100 J£ &2 OS W H E (P<<0.05), L
BRAF J P il 58 48 B8 75 K BE(H =100 J& B & #5,
2 OS 52 2 (P<<0.05), W3 4, ZHEHH
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Table 4 Univariate Cox regression analysis of OS in patients with liver metastasis

A5 HEEER bR iR Wald X2 f§ P 1H HR 4 95%CI
P51 —0.296 0.584 0.506 0.613 0.744 0.237~2.337
=60 % —0.036 0.160 0.223 0.823 0.965 0.706~1.319
Tt 375 —0.204 0.200 1.021 0.307 0.816 0.551~1.206
8 T B T AR 0.069 0.143 0.477 0.633 1.071 0.808~1.419
E A —0.200 0.145 1.377 0.168 0.819 0.617~1.088
Ji R i 98 0.115 0.143 0.798 0.425 1.121 0.846~1.486
J 1 7% 4 B 0.030 0.144 0.207 0.836 1.030 0.777~1.366
BRRAER —0.037 0.144 0.254 0.799 0.964 0.727~1.278
CEA £iEKF 0.060 0.144 0.420 0.674 1.062 0.802~1.407
CA19-9 F kKT 0.119 0.144 0.824 0.410 1.126 0.849~1.495
KRAS/NRAS —0.098 0.145 0.674 0.500 0.907 0.683~1.204
BRAF —0.319 0.147 2.172 0.030 0.727 0.545~0.969
K BE =100 —0.319 0.149 2.150 0.032 0.727 0.543~0.972
[idns 0.070 0.145 0.481 0.631 1.072 0.807~1.424
LU R Y i —0.080 0.168 0.478 0.632 0.923 0.664~1.282
B B eIy 0.037 0.144 0.256 0.798 1.038 0.783~1.375
TH w5 = —0.082 0.144 —0.572 0.567 0.921 0.694~1.221
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Table S Multivariate Cox regression analysis of OS in patients with liver metastasis

AR i EVEEYA bR iR Wald X2 {4 P 1 HR 1 95%CI
BRAF —0.308 0.147 2.091 0.037 0.735 0.551~0.981
B K =100 —0.307 0.149 2.064 0.039 0.736 0.550~0.985
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Figure 2 ROC curve and AUC of the prediction model
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Figure 3 Calibration evaluation curve of nomogram of the prediction model
3 it i J& Z A AN 1 22 53, 52 i 1L/ 1) 1 B PR 3R
T (4

T ALh B B SR 1 3 3 U R AR TR DT BR B 25
i 8 S8 A e FE B AR T IR e LU U 4 B 2
i 45 A 0L 2 RS A5 i LT AR R P MR DG AT Y
Gt AR BT WoR A B DL 2 L
e 3] S ) T BN MR RS . ER . T E 5 A%
o Jek B8 Ak BT 3 5 B 00 il TR RORRGA 1 P AR L
Hl BRI BRSO O U PR A
AR AR ) 25 1y 25, T ARGA PR IG 7 ) 32 2 B 0 B
RN 28 B 2 0 i R T moR AED T AR M R Rl
ST T X8 SO i D B % A 5 SR R R 8K
AT E A PR | AT AR PR T S DL B AR 4 B
JF5E ¥ (38 936 9T AR AT 18 48 3 BRI PR W T

Wit 7 e DR 0 2 R AR 7 T B A W 2 25
Lo 235 T e B B S8 3 B A A I TR A 3 T ] I A
5 R EPONS N a i VR Y R = R DO =N 7R
JF5E RS B8 AR IR 1R T Rl B UG B0 A4 OC T 8 A BT X
QRS PEPO IS e S (SR U EA R0/ TSY i PO T U
e R M I8 R 1) 2 S I P 45 L M i T e 7% B 3 B T

WA B AR T ST 0 6 Al 45
Ji T 5 HE 3 0 VI A4 B AR T 5 % 5 7 O Tk
b A5 2 U 1% 56 DR 28 726 19 0 L R P ARG A R OE R INR OR 96
REEAT IR B 43 B O B 2 T A DG I TS S R &
g T 2 YRR S U KU AL AT

S5 GG PR SRR R U % A% 0 b 1) R I 2 5% i I
IR Bkt PFS 19 £ BB R L P54 B &L
(08 75 K B (B 5 R TS 2Z A e M ek T, /)
BRI L I B R B B 22 DU S A O L )
Ty %A%, BB 1 TS o] RERCOR BRARS L AR AR S 4y
Bt B o o A TR S L AT % 0 kT R R R 2
12 00 3R YT = PFS A 80 i R 2 (8] st JEF
R A R A K BE A2 OS AU W & .

TEXT PFS Y52 0 PR 22 4317 v, 8 380 1 Ol AT 1%
Xt PFS KB T — @ M m, 45 5 5%
Forh, 2o P T s e AT, I K R R B 22 AR W 2
517 X N RN e 8= W 1 v b e B ]
1 F S TR0 B 2 1 1 938 2R S0 76 18 X6F i 988 Bk 3 5 3R 21
RGO ) O IV e 1o A KR S @ | DR O



- 106 - WG BB K 2 2 it

8546 51

LA s v [ P 5 T 38 A R TR 3 3k 19 2 e Al
A REAE R AP RE B b O 2 R AR B T R AR A PR AP AL
EAHE AR L R P FEARBF 5T 5 PFS 22 S Al
KX —ZR G I KW AR AT X — 45 2R
4 S IR AT BE 2 T AR A9F 5 A B SR R R R
A BT A RAFAE — 2 B Dy ATITRZ W 1 2548
AHERATE . BEAN HL AR XS PES (932 Wi Al B [N
A I AV AE AL B R PR T AT BT AN [R) . — L4 o)
251y n] RE 2 B JR 8 O 2 D) E RLIE B RO B X nl
REMIIL 2R PES, A S D R 5w 5 Fhd ok SRR A
KHX A —E AR AE PFS 225 Lo BR T
DL PR ER L R A 1 R A it IR B 8 A 1) 28 R R
Wy 36 7 LR AS NS 7 05 B n] EXS PES 7=
F AN i e SN R S I i g TP
W, LA TE K 48 WS 4 SR A R SR
F A CNONNESR - S E S IR iR W OF i/ =R
FEDNGAE o e BRE (R ) RE A3 b P S ok 4
7 JiJRE PN TR AG R 52 2% TTRE X I Rl IR T B SR #R
22 WTTZ WG T OR 5 - PR . 7E RSBl oL T
R JEEAEL Y 728 Ak 3 T RE 55 R P IS B9 AR AT O . T
e Mg o ek v A 9 9 2 Y BRI A R L K R A
S Th i PR Z R AT RETE ML AR A 2 A B R AT
A AE B X BlA T A IRPT . BUAR LR AT ST
71N K DR 98 5 T He B oR 3 L A 2 48 1) i BURH SG 1
BAEAB T # BRAF 28748 H 5851 3 4F OS
WOR T —E W GETE A ORI L TR I X AR BIE 5
RN AR 5 B H PR Z 8 5 S HA i Tt — 2
AT WA o I HE AN T 42 1) e R o e S i B 7
HJTF Ly REAE T 2 B2 0 I AR i R A AT i R 2 RUA
213 HG v SR A T 2 A i k- R I 2
AE T i | JIFJOE A8 53R I 55 R R EOE TSN R &
BORFET AL R AR By A7 718 o T M AT 4R
S S A Y sl 5 S BT 2 BE S R O AE A IfL
Ik R PRI B SRS RS2 AR 25 A AR
SFHEAERE RSB T LESHTAE R
NN R CEA KKK 5 538 A A7 i ) Yy
BT A ROF B B s 2L A G . CEA DU
BN 5 R MR R RO T — Rl AR WIS
DT o 25 WA 3 A7 A 2 P e g L TR A sl o i
T 2 UM PR L T 1 2R G 4% E 25 it [RAR AT BE 5 2T
i ges R 2R A9 L CEA Rk K P 5% Jh @i ol i+
WA G TS5 R B H T IX — 2 B 4
R AT BEAFE R IR A N R L 30 FF TR R B AT R
HUASE A i PRATE 58 FAR SC B BT 5 A7 R4
LA A5 R B R e BN L R HOR TV BR

JE R R M AT i EER R, S5 RE
B P 2 % 1) S8 A TR) 1 2 s S M T I BB SR 1Y
AEAE B R IR LB IR T B K, T
SR FH IR 7 T B A X5 3= 6, D s 2 g B
1B AR AT B K 52 11 5% 10 #0585
I WS FR A I A D BERE A BEAR A B S = e
IR 75 K BEA 1 & o 43 BT JHF TR 7% 3% 995 AL il /S PFS
1 OS (52 K Z 55T 0T B8 52 Wi I e 5% AR T6 1 31
S U O fa s PR 2R K A I DR 0000 A O AR 3 )
Ja BEARE . AHE 5 1 S B AR T . O AR 5 r 4
T 5 3 31 B A Sy Jmy B o T 4R A5 1) 390 5 XU A6
RIPE 43 2 55T /N AR 19 B8 R T AR A5 09 B AR 4K
AR D> AR . AR AR T B AT B RGE
] B RO () K RT3 X6 A BT 5 T 35 118y JRU R A 750
PEAT B UE B IE s @ A BF 55 o 35 20 FRE (6 ) T 0 i)
24 5% JHF I3 % 5 K 1 TS R ) ) RN 1 S T 2
W 2 15 BE S A O T JOE 7% % B B 1) ¥R 97 A= A
ARES FiE— 0 LW 5 AT R R @ &2 il T i
PRIG YT AR B BR ] A B 5 02 54l i [l Jist e F 5, A
VAR — R M B R s O i FARR b £
HUOD T L B R IRAS — TR R R AT A Ak o by
TRV P e R EBUIR B AW T 08 P 1) WL A 7 119 22 7 B
VE 2 XHF 8 45 5 7= A — @ W RE M . 3K i Ml oy 5300/ 2
BN A RE AR IR B . R T H T
B A AS TR RRASE 1) 22 rhc I R BIF 9 35 47 76 25 LA 1B
Z 500 10 JR B BT IR SR 1T LA Ry AR B 5 1) 25 2R
SEARXT PG . EIR ST IR AE 2
T B R o S T DIORS 40 B A A 5 HEBR A o U)K
B — A i 4R T A R R ) o b B T I R I Ui
XPZIRYT 7 2T AT 0 KRS TP AG

ZE ik il ad Xt 298 91 S i v G g T i
BB RIBEW RS PES 1 OS A 56 3 48 3 47 [l
JET 1A U 494 4 AT 5 B R R R A A XU PR 2R A A
S5 B TR) A0 B0 IR IR AR BB S R R A T —
AN AEXT R 1Y 25 5 TS XU AR O R AT T gk,
SO NI NG VI = N | DO i B N LB Ll
5538 I B AE 3K — TS KBS S AR W I R S
B AT A i R P S S i R B 2 HF .

(5% k]

[1] Eriksen JD, Thaysen HV, Emmertsen KJ, et al
Implementation of a standardized surgical technique in robot-
assisted restorative rectal cancer resection: a single center
cohort study[J]. BMC Surg,2022,22(1) :360.

[2] Wang LJ., Wang HW, Jin KM, et al. Comparison of



P TEE FEIRA I B P IR TN 45 LM O T A B S T R T BUR SR TR R R A .

107 -

(3]

[4]

(6]

(8]

(9l

[10]

[11]

[12]

[13]

[14]

sequential, delayed and simultaneous resection strategies for
synchronous colorectal liver metastases[ ] ]. BMC Surg,2020,
20(1) :16.

Rankovic B, Zidar N, Zlajpah M, et al. Epithelial-
mesenchymal transition-related micrornas and their target
genes in colorectal cancerogenesis[ J]. J Clin Med, 2019, 8
(10):1603.

Qu H, Zhai H, Zhang S, et al. Dynamic radiomics for
predicting the efficacy of antiangiogenic therapy in colorectal
liver metastases[J]. Front Oncol,2023,13:992096.

Spiers HVM, Lancellotti F, de Liguori Carino N, et al.
Irreversible electroporation for liver metastases from
colorectal cancer:a systematic review[ ] ]. Cancers (Basel),
2023,15(9) :2428.

Liu X, Quan J, Shen Z, et al. Metallothionein 2A (MT2A)
controls cell proliferation and liver metastasis by controlling
the MST1/LATS2/YAP1 signaling pathway in colorectal
cancer[ J]. Cancer Cell Int,2022,22(1) :205.

Gerovska D, Garcia-Gallastegi P, Crende O, et al. GeromiRs
are downregulated in the tumor microenvironment during
colon cancer colonization of the liver in a murine metastasis
model[J]. Int J] Mol Sci,2021,22(9):4819.

Yuan Y,Wang J.Xu M,et al. 20(S)-ginsenoside Rh2 as agent
for the treatment of LMN-CRC via regulating epithelial-
mesenchymal transition [ ] ]. Biosci Rep, 2020, 40 (3):
BSR20191507.

Molla NW, Hassanain MM, Fadel Z, et al. Effect of non-
disease on recurrence rate and liver

alcoholic  liver

regeneration after liver resection for colorectal liver
metastases[ J ]. Curr Oncol,2017,24(3) ;:e233-¢243.
Filippiadis DK, Velonakis G, Kelekis A, et al. The role of
percutaneous ablation in the management of colorectal cancer
liver metastatic disease[ ] ]. Diagnostics (Basel) ,2021,11(2) :
308.

Spurr LF, Martinez CA, Katipally RR, et al. A proliferative
subtype  of  colorectal liver metastases exhibits
hypersensitivity to cytotoxic chemotherapy[J]. NPJ Precis
Oncol,2022,6(1):72.

Cheung KS, Chen L, Chan EW, et al. Statins reduce the
progression of non-advanced adenomas to colorectal cancer:a
postcolonoscopy study in 187 897 patients[ ] ]. Gut, 2019, 68
(11):1979-1985.

Booth C,Nanji S, Wei X, et al. Management and outcome of
colorectal cancer liver metastases in elderly patients: a
population-based study[J]. JAMA Oncol,2015,1(8): 1111~
1119.

Hackl C, Neumann P, Gerken M, et al. Treatment of
colorectal liver metastases in Germany:a ten-year population-
based of 5 772 of primary colorectal

analysis cases

[16]

(171

(18]

(191

[20]

[21]

[22]

[23]

[24]

[26]

[27]

adenocarcinomal ] ]. BMC Cancer,2014,14:810.
Kawamura H, Honda M, Takiguchi K, et al. Clinical impact of
primary tumor site in stage [V colorectal cancer:a statewide
cohort study[J]. Anticancer Res,2021,41(11):5693-5702.
Hazhirkarzar B, Khoshpouri P, Shaghaghi M, et al. Current
state of the art imaging approaches for colorectal liver
metastasis[ ] ]. Hepatobiliary Surg Nutr,2020,9(1) :35-48.
HiHEHE L 7 AT Bl . KRAS, NRAS K& BRAF 3 8 %8 25 55 45
HWA R 1 S R L)) R W B R R 2 2 4, 2022, 44 (1) : 1-
6.

Fujino S, Miyoshi N. Oct4 gene expression in primary
colorectal cancer promotes liver metastasis[ J]. Stem cells
international,2019,2019:7896524.

Lewis AL, Holden RR, Chung ST, et al. Feasibility, safety
and pharmacokinetic study of hepatic administration of drug-
eluting beads loaded with irinotecan (DEBIRI) followed by
intravenous administration of irinotecan in a porcine model
[J]. J Mater Sci Mater Med,2013,24(1) :115-127.

Zhu C, Ren X, Liu D, et al. Oxaliplatin-induced hepatic
sinusoidal obstruction syndromel[ J]. Toxicology. 2021, 460
152882.

Matsumura T,Noura S, Hirota M, et al. Two cases of hepatic
encephalopathy after chemotherapy for metastatic colorectal
cancer[ J]. Gan To Kagaku Ryoho,2018,45(4) :694-696.

Xie HL,Gong YZ,Kuang JA,et al. The prognostic value of
the postoperative serum CEA levels/preoperative serum CEA
levels ratio in colorectal cancer patients with high
preoperative serum CEA levels[J]. Cancer Manag Res,2019,
11:7499-7511.

de Gooyer JM, Elekonawo FMK, Bremers

Multimodal CEA-targeted

AJA, et al.
fluorescence and radioguided
cytoreductive surgery for peritoneal metastases of colorectal
origin[J]. Nat Commun,2022,13(1):2621.

Tran NL, Ferreira LM, Alvarez-Moya B, et al. Continuous
sensing of IFNa by hepatic endothelial cells shapes a vascular
antimetastatic barrier[ ]]. Elife,2022,11:e80690.

Zhou H, Shen H, Xiang F,et al. Correlation analysis of the
expression of mesenchymal circulating tumor cells and CD133
with the prognosis of colorectal cancer[J]. Am J Transl Res,
2023,15(5):3489-3499.

Zhang SM, Shen C,Li J,et al. Identification of Hub genes for
colorectal cancer with liver metastasis using miRNA-mRNA
network[J]. Dis Markers,2023,2023:2295788.

Gavriilidis P, Katsanos K, Sutcliffe RP, et al. Simultaneous,
delayed and liver-first hepatic resections for synchronous
colorectal liver metastases: a systematic review and network

meta-analysis[]J]. J Clin Med Res,2019,11(8):572-582.
(AL mE . RmE)



