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[ 186 B £ 1) FR*-CTCs. 1L ML Th BEFRFR A B 73 155 i R BERLHEAT [ iide 7 A . SR
tK. 2 Kede . Fisher BUIMAE. Logistic [IASMTRZIAHE TIEMZ (ROC) HAf
FR*-CTCs B2t AR bt AL IE R A 12N . SR FR™-CTCs /KF K FHMER
GITs AEEMIGRERE (PR AL N 0D (M ME (P<<0.05) o 4R
BAGEAE (FIB) AKPFmE, BEMEGRE (TT) AL (PLT) KSFLE Np~ Ns #1988
#h1 (P<<0.05) . Logistic [F1J7 434745 H 2o PLT AIFUEEMERIT (AT-IID & GITs # Rk
fERRE (P<<0.05) , HT0 GITs ## 1) ROC #h£k T HIF 479 0.678 (95%Cl: 0.540 ~
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receptor-positive circulating tumor cells and hemostatic function in improving
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Abstract Objective To investigate the diagnostic value of combined detection of folate
receptor-positive circulating tumor cells (FR*™-CTCs) and hemostatic function indicators in
improving the diagnosis of gastrointestinal tumors (GITs) metastasis. Methods A retrospective
analysis was conducted on the clinical data of 186 patients aged 18 to 80 years who were
diagnosed with gastrointestinal tumors via pathology and received treatment, including data on
FR*-CTCs, hemostatic function indicators, and pathological staging. The collected data
encompassed FR*-CTCs levels, coagulation parameters, and pathological staging. Statistical
analysis included t-tests, chi-square tests, fisher’s exact test, logistic regression analysis, and
receiver operating characteristic (ROC) curves to assess the diagnostic value of combined
FR*-CTCs and coagulation parameters in detecting tumor metastasis. Results FR*™-CTCs levels
and positive rates demonstrated significant associations with clinicopathological characteristics
(gender, histological type, N staging) in GITs patients (P<0.05). In patients with metastasis,
elevated fibrinogen levels were observed, while both thrombin time and platelet counts showed
significant increases in N1~ N3 stages (P<0.05). Logistic regression analysis showed that PLT and
antithrombin 111 (AT-111) were independent risk factors for GITs metastasis (P<0.05). The areas
under the ROC curves for predicting GITs metastasis were 0.678 (95%CI: 0.540-0.816) and 0.664
(95%CI: 0.512~0.815), respectively. When combining multiple factors, including FR*-CTCs, PLT,
AT-111, pathological type, FIB, TT, and gender, for the diagnosis of GITs metastasis, the AUC
increased to 0.757 (95%CI: 0.621-0.893), indicating higher sensitivity and specificity compared to
using each indicator alone. Conclusion  The combined detection of FR™-CTCs and
anticoagulation function indicators has a higher diagnostic value for the diagnosis of GITs,
providing a valuable basis for the early diagnosis of GITs, especially in metastasis surveillance.
Key words circulating tumor cells; folate receptor; gastrointestinal tumors; liquid biopsy;
hemostatic function; diagnosis
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HALIE IR (gastrointestinal tumors, GITs) £ /5 T 5 5% [l i 98 397 & 93 6 AL U299 91 F)
50% A LI, HL BT Py B S RO AR AN B — 2B R e R RIS L RRE TS A
AEAEF . TR 2 AR A PR E 2K iR 4B . (folate receptor-positive circulating tumor cells,
FR*-CTCs) sK-FAaill & — Mo B Ui As 7 i, AKBUE SR b 64, R/
Jit et A0 JBR e S5 (412 Wi o 4 S R I RS, 5 DL R A R B ) R
HIAE GE A IR 40 Ccirculating tumor cells, CTCs) #HLL, FR*-CTCs &l Al iR 5 5632 ()
CTCs KA, JLEATLUIR b B - 1o R #4400 CTCs WEaE, 34wl iR s e B4, 4T
KT FR™-CTCs fE3Ath GITs H {IZ Wi E AN . RIS, GITs B H A 1kt oh e fa
15, SRR DB, Tk, B TERRVT S FRY-CTCs BXA 1t
M HERILE GITs E#F P 2 W18 .

1 MR EGE

11 —fRBR I © Filk 18 £~80 ¥; @ GITs £ @ KL HMAEM RGE
PESR . HERRARAE: O AL DIRE 251 @ GIFE O HAEE ThREA 4
@ AT UEYREIHFLY: @ A dE. CEREEA IR L © MRERAL. 1%
T ZRIERER S — B R BEAC B2 B 2 atbifE (G 5. PR — M BefE 8 —PJ2024-12-81)
1.2 frARESKEN

1.2.1 FR*-CTCs 5% H %% EDTA Lt i U & i K 1L 4 mL, £ H] FR™-CTCs A4S 75 & (i
WREAYRSARAR) AT

1.2.2 IMf/phe Cplatelet, PLT) i+ & EDTA Fikts & B F# ki 1 mL, {14 H
SR HTAC XN-1000 CH A A RS FrR Ao 4t) SRRkl .

1.2.3 ke ThAETRbr D- 8 4E (D-dimer, D-D) . &tILEg 5 7] (prothrombin time, PT) .
Pk 000 B DL B ) ] B s EAL EEAE Cprothrombin time-International normalized ratio, PT-INR) .
TEAL S Bk AL VS A IF] (activated partial thromboplastin time, APTT) . £F4EE )R (fibri
nogen, FIB) . #EIffgHS A (thrombin time, TT) . HUEEMLAFII (antithrombin I, AT-II)
ML 4% (A B~ (fibrinogen degradation products, FDP) % FH & Mg BRAN T ke
FBCEFFRIKIL 3 mL, A4 EShmEE T CA-700 (H AR RELFHRASH) KELE
Lawiilkivail

1.3 EWiinitE KA E



1.3.1 FR*-CTCs FHYEIZWikRitE: FR*-CTCs =8.7 FU/3 mL. #tiM4E+r11Z %5 : D-D:
0~0.50 pg/mL; PT: 11.0~16.0s; PT-INR: 0.85~1.15; APTT: 28~42s; FIB: 2.00~4.00 g/L;
TT: 14.0~21.0s; AT-III: 75%~125%; FDP: 0~5.00 pg/mL; PLT: (125~350) x<10%L.
1.3.2 HAIHNIE IR i A IR S BT, 392 IR 56 ERREZR 014y (AJCC) 28 )\ R 21 43 1
PrdEHEATIEL,

14 it ESEMT R XS M (P, Prs) Fow, HRTERA n (%) HHTE
ARe MRARVER. AFEES . REEEAL, TNM IR SRR IAT 0 b, UFF AR =40 HE
WA =5 B, THERHA R LEBCR 2 50 A ERIRAN<5 i, KA1 Fisher #iDIHEZR 2%
BEATALELLES, BRIV EFRME t AR R T Z 0 (ANOVA) HEATAH IR EL
B, ARIEASA TR YORME ] Mann-Whitney U #5658 Kruskal-Wallis 656 347 41 7] L%
K BRI 2 K %2 K & Logistics [B] )543 Hr i i FRY-CTCs A 135t 1 Th e F b il R L ik A5 B
Xof Jie g e ¥ R FROIIAN B o i3E— 3P 2| 521 # TARRHIE Creceiver operating characteristic, ROC)
ik, FIH ROC fh£k T AA (area under the ROC curve, AUC) AL FEAR I THMIEE 77, Youden
56 T 52 KT 12, DeLong #8:%% FH T ROC k12 F k56 . DL P<<0.05 N2 53 Git
YR PR R 4.2.1 5

2 R
2.1 BERER OIS FRAER GITs B3 115 1, 51k 86 ], Zotk 29 i, Fick
% 3:1, HFMFEARREREBLE 1.

F1 BEERBREER [n (%), (X£S), M (P, Prs)]

Tab.1 Basic clinical information of patients [n (%), (X £S), M (P2s, P5)]

Variables Total
Gender
Male 86 (74.80)
Female 29 (25.20)
Age (year) 61.86 +8.82
T stage
T: 2 (1.70)
T, 3 (2.60)
T3 96 (83.50)
Ta 14 (12.20)
N stage

No 29 (25.20)



N; 34 (29.60)

N2 30 (26.10)
N3 22 (19.10)
M stage
Mo 79 (68.70)
M1 36 (31.30)
Clinical stage
Stage I 0
Stage 11 16 (13.90)
Stage 111 63 (54.80)
Stage IV 36 (31.30)
Diagnosis
Gastric tumor 52 (45.20)
Colon tumor 30 (26.20)
Rectal tumor 15 (13.00)
Others
Esophageal tumor 8 (7.00)
Small intestinal tumor 2 (1.70)
Liver tumor 3 (2.60)
Appendiceal tumor 2 (1.70)
Pancreatic tumor 3 (2.60)
FR*-CTCs (FU/3mL) 9.49 (8.60, 11.35)
D-D (pg/mL) 0.75(0.39, 1.72)
PT (s) 11.3 (10.80, 12.40)
PT-INR 0.95 (0.87, 1.02)
APTT (s) 26.3 (24.80, 28.70)
FIB (g/L> 3.04 (2.55, 3.62)
TT () 17 (16.30, 17.80)
AT-IIT (%) 92.4 (84.60, 101)
FDP (pg/mL) 2.43 (1.50, 4.27)
PLT (xL0%L) 175 (136, 222)

2.2 FR*-CTCs ER WARKFH Ltk FR™-CTCs /K FHIE = T B (2=-2.438,P<
0.05); e ) FR*-CTCs /K “F-(Z = -2.406, P= 0.016 )l FR*-CTCs fHM: % ( 2= 5.412, P=0.014)
Yy E T AR, N 9 FR*-CTCs /K F Ni~Ns 8 (Z =2.006, P=0.045) . H4

43¢0 FR*-CTCs /K*F- A1 FR*-CTCs FHPER W LS it %R (P>0.05) . W% 2.
# 2 FR*-CTCs 7K F PP ZRAEA [F) 45 ) ) Ee 3¢

Tab.2 Comparison of FR*-CTCs levels and positive rates between different groups
FR*-CTCs positive UZ/ZZ P FR*-CTCs level tiz P
Rate (%) value  value (FU/3 mL) value value
Gender 0566  0.452 -2.438 0.015

Variables




Male
Female
Age (year)
<45
=45
Pathological Type
Adenocarcinoma
Others
Metastasis
Yes
No
T stage

Clinical stage
Stage I1
Stage III
Stage IV
Diagnosis
Colorectal tumor
Gastric tumor
Others

60 (69.8)
23 (79.3)

3 (75.5)
80 (72.1)

80 (75.5)
3(33.3)

13 (76.5)
70 (71.4)

0
3 (100.0)
80 (72.7)

25 (86.2)
58 (67.4)

55 (69.6)
28 (77.8)

13 (81.2)
42 (66.7)
28 (77.8)

3(71.1)
34 (75.6)
17 (68.0)

0.464

2.171

0.488

1.000

0.014

0.776

0.061

0.058

0.496

0.338

0.784

9.29 (8.53, 10.86)
10.9 (9.19, 13.70)

9.46 (9.20, 9.81)
9.49 (8.62, 11.41)

9.50 (8.73, 11.44)
7.14 (6.63,9.77)

9.19 (8.75, 11.03)
9.50 (8.60, 11.44)

7.87 (7.87,7.87)
10.0 (9.85, 10.47)
9.49 (8.62, 11.44)

9.85 (9.14, 12.06)
9.34 (8.24, 11.16)

9.40 (8.61, 11.15)
9.81 (9.05, 11.62)

9.30 (9.00, 11.04)
9.43 (8.45, 11.17)
9.81 (9.05, 11.62)

9.50 (8.62, 11.17)
9.40 (8.78, 12.29)
9.40 (7.86, 11.09)

-0.229

-2.406

-0.173

3.485

2.006

-0.956

1.011

0.847

0.819

0.016

0.862

0.175

0.045

0.339

0.603

0.655

" - " no test statistic.

2.3 IER M T RE SIHACE MR B IIR R

>0.05) . W% 3.

GITs A HEBAN FIB K VFE T RERA(Z =
-2.199, P<<0.05) , NofA TT /K F&ET Ni~Ns# (Z2=3.029, P<<0.05) , No# PLT 7/KFi

F N1~ Nz # (Z=-0.217, P<<0.05) , HoAth &40 5] ) ik & i ThREFeAn it Eb 3 B Ge it X (P

#£3 1LEmINEES GITs BEBIIRAR

Tab.3 Correlation between coagulation function and GI1Ts metastasis

|74

N stage

vz P M stage

Variables
Yes

value value

N1~ Ns

value value Mo

M1

74 P

value value

D-D (pg/mL) 0.740

0.902 0.367

0.740

0.779 0.436 0.750

0.730

0.087 0.930



(0.38, 1.61) (051, 1.84) (0.49, 1.84) (039, 1.49) (0.41, 1.60) (030, 1.79)

PT () 11.300 11.200 -0.527 0597 11.300 11.300 0197 0.844 11.200 11.600 -1.240 0.215
(10.80, 12.40) (10.80, 11.90) (10.80, 12.40) (10.72, 12.47) (10.70, 12.40) (10.88, 12.53)
PT-INR 0.950 0.930 -0.517 0.605 0.950 0.950 0.2740.784 0.950 0.960 -0.830 0.407
(088, 1.02) (0.87,1.02) (089, 1.02) (087, 1.02) (0.88,1.02) (0.8, 1.03)
APTT (s) 26300 26500 -0.422 0.673 26500 26.250 0.364 0.716 26.300 26.700 -1.348 0.178
(24.65, 28.87) (25.40, 27.50) (25.60, 27.80) (24.60, 28.87) (24.60, 28.25) (25.60, 29.48)
FIB (g/L) 3110 2.440 -2.199 0.028 2.820 3110 -1.3010.193 3.040 3.100 -1.656 0.098
(271, 3.66) (2.20,3.27) (2.36, 3.47) (271, 3.61) (245, 3.44) (2.75,3.97)
TT () 16.950 17.400 1.514 0130 17.500 16.800 3.029 0.002 17.000 17.000 0.353 0.724
(16.30, 17.70) (16.70, 18.00) (17.00, 18.50) (16.20, 17.60) (16.30, 17.95) (16.28, 17.52)
AT-II (%) 93.120 86.780 -15140.131 89.240 93.180 -15770.116 91.720 93.210 -0.628 0.527
(11.50) (11.37) (10.47) (11.91) (11.95) (11.05)
FDP (pg/mL) 2.460 2.400 -15100.132 2.500 2170 -0.8980.370 2100 2500 -1.199 0.230
(154,3.77) (150, 4.67) (1.64,5.05) (145, 3.75) (140, 4.14) (169, 3.95)
PLT (x10%L) 184.500 140000  -1.5040.133 150.000 187.500 -2.1700.030 169.000 184.000 -0.353 0.724
(149.25,228.00)  (112.00, 184.00) (117.00,203.00)  (152.25, 228.00) (135.50,224.00)  (136.75, 218.25)

2.4 WIFXt FR*-CTCs /K FHIBEM  NWHG FR*-CTCs /K7 K HLFHMERLE GITs by B h
FIER, Sk pra T B 102 B, 0 NEERARERA, #t—2 00, K FR™-CTCs /K
P FEYEZRAEA R A R W B 2R (P>0.05) . W3 4.

R4 WITXt FR-CTCs K HIgZm
Tab.4 Effects of chemotherapy on FR*-CTCs levels

) Non-metastasis Metastasis Zly? P
Variables
n=17 n=85 value  value
FR*-CTCs level (FU/3 mL) 9.19 (8.75, 11.03) 9.39(8.22, 11.13) 0.355 0.723
FR*-CTCs positive rate (%) 13.00 (76.5) 57.00 (67.1) 0.228  0.633

2.5 FR*-CTCs B KB A (LB M ThREFaARXT GITs B BEHMME LI GITs BE R EH
NN &, W AREBAN FR-CTCs. PLT. AT-III. FIB. TT. 4E&. AR EL
RAPEATHRIK K Logistics [71 V95047, 45 R 2R PLT Al AT-IILE GITs H B GERIE R (K 5.
Y A2 Logistics [ JH#E—5 04, @I 6: 4% FR*-CTCs. PLT. AT-III; FiH 7.
4% FR™-CTCs. PLT. AT-III. JHEA, iR 8. H4F FR'-CTCs. PLT. AT-III. JiBEE
A, FIB A1 TT; #%9: (U FR*-CTCs. PLT. AT-III. JBEIRAL, FIB. TT AR, FHo
BT %5 A B B BB £ I FH IR ROC HIZR 107 AUC SRR MRS 18, ISR Eon) GITs $6 4511
TNE . FE, FAHRKREERE ) afER DA ME0E bR, i E 2



(N 7D 5 R S B RRRIE N 2 BRI 4T . 45 427K : FR*-CTCs.
IR Th RS 5 EER RIS 6 ZIRAREC A PG AUC, BURIEAIRE R AR T 0 —JR 4
R R (P<<0.05) (3£ 6) o NVPAl FR*-CTCs X B84 F /A (1 5Tk, A FRT-CTCs
AR AR (B 10) , BN AT-IIL. PLT. JREEEAL. FIB. TT AERIE N HEAE T,
BT GITs H X ROC 4041 (3 6) o RH DelLong ta4a %A 5G] ROC #h £k AT 7 =
PERSS, 25 IR, LA ROC 6~ROC 10 Z M LR % %R (P>0.05) . #&/~ FR*-CTCs
TERCE FABIG RS HO,, BERSPRTH A2 W K UM AR S0, AR IR 7 FLAE GITs #88
PRA A ) AN

&5 FR*-CTCs. PLT. AT-IIRRERRILE GITs BB LW HAHEE Logistics B JHAHT
Tab.5 Univariate analysis of FR*-CTCs, PLT, AT-III, and pathological type in diagnosing
GITs metastasis

Variables p SE Z value P value OR (95% CI)

Age -0.020  0.030 -0.668 0.500 0.98 (0.92-1.04)
Gender 0.107 0.617 0.174 0.862 1.11 (0.33-3.72)
FR*-CTCs 0.024 0.108 0.218 0.821 1.02 (0.89-1.23)
PLT 0.013 0.006 2.222 0.026 1.01 (1.00-1.02)
AT-III 0.056 0.025 2.212 0.027 1.06 (1.00-1.10)

Pathological Type
Others - - - - -
Adenocarcinoma -1.109 1.205 0.920 0.351 0.33 (0.04-4.23)

" - " denotes the reference group.

K6 ZIetrRMEBREITE GITs HBH ROC RAESHT
Tab.6 ROC characteristic analysis of individual and combined multi-parameter assessment
for GITs metastasis

Group AUC 95% ClI Cutoff value Specificity Sensitivity
ROC1 0.513 0.380-0.647 9.200 0.529 0.612
ROC 2 0.678 0.540-0.816 166.500 0.706 0.592
ROC 3 0.664 0.512-0.815 83.700 0.529 0.816
ROC 4 0.489 0.425-0.552

ROC 5 0.510 0.397-0.623

ROC 6 0.723 0.579-0.867 0.791 0.588 0.816
ROC 7 0.741 0.601-0.880 0.768 0.588 0.867
ROC 8 0.745 0.602-0.888 0.750 0.588 0.908
ROC 9 0.757 0.621-0.893 0.762 0.588 0.908
ROC 10 0.748 0.608-0.888 0.752 0.588 0.888

ROC 1: FR*-CTCs; ROC 2: PLT; ROC 3: AT-III; ROC 4: Pathological type; ROC 5: Gender; ROC 6: F



R*-CTCs+PLT+AT-III; ROC 7: FR*-CTCs+PLT+AT-IlI+Pathological type; ROC 8: FR*-CTCs+PLT+AT-III+
Pathological type+FIB+TT; ROC 9: FR*-CTCs+PLT+AT-III+Pathological type+FIB+TT+Gender; ROC 10: P
LT+AT-III+Pathological type+FIB+TT+Gender.

3 Wik

S EML, hEE GITs ®iale e BIE. 45 B A 8 O R AT
i, HRAEFRBE, 450057 T BOELLRIEERUER, X2 FERSHEE T FEE
P, RAERERGUR 125, IR FAIBESHUR 19-9 45 IS MR bx SVt 2R T GITs
(Y R A 8T, (L DR bR £ S5 R P B PR A S R S FE RN R 22 57, % GITs s By M WA P
B9, GITs HR R eim T i, M S# AZLTE. BTx—IR, WwER
TARH L VbR B A UERIZ T GITs () 56 7% 2 0 22,

CTCs MR MEMRI AL B, HEN MBI EAE R RS, @I G IR R R A
Wik, BT MR T AR A RE AL R 40 i i Ja T HA AR B, TR A ALY, RS2 ARTE B
T8 LR A5 e pg rh i B Rk, HTE IE R NI H A L P AR, [Fw, bR 2
REA% I I 2 FPALH e I BB A S5 L R A ThRE, FnT Re R AR B 15 508
FAHETUA, HR LT FR*-CTCs Bt & LB IIRERIREIN, T GITs ¥R 2 Wi B HE M
i

AWFTEEM], LI EE FRT-CTCs K T B3, X T fe S5 gosd m i ie 2
PRIRIL . U A R S PR B S5 R 3 0%, AT S 0 e 240 i ey 422 28131, {2k CTCs
HIRE T ZE KA IR (8] . fdig F 38 FRY-CTCs /KT FIBH M %6 iy T HoAdpg B 2R AL 8 3, (A
FR*-CTCs K-V AIFHTERAE N 2 I i fE 22 7, Bitt, At —2B 4R 5T FR*-CTCs E T
GITs #:H Hh it B2 A -

W7 % B3 FRP-CTCs Bt 3 A1 FR*-CTCs 7K A& I 7] i it i s mig 3214150, fifi #5142 L 5L {1
Bt AHIEFE 0 A AT AT AT 1) GITs &%, KIW FRY-CTCs /K-F R SHPEZRAEA ST B e
FERIR LR L R W 2 % (P>0.05) , #Eith, BEREHERRALIT R AT 2% R R AR 22,
Ktk FR*-CTCs BEMER AP AIE N GITs i g B2 Wit B Z 5 b . %5 R 3 =] B
SIMT 2R TR G A B R S R R, 5 SR BEOCRE AR B AT IE PERT 7, CLMIR L)Y
FZ55%F FR*-CTCs Rl (1540 o

GITs ¥ #2 5 1L Bt Th RECR AL 2 M AFAE B ZAH RN, Rpoil /2 FIB. TT M PLT £ #2415
R AR Z S, Pom ILEEIN D) R 03 v] R 2 MR e e R vh ) S BE3A Yy . Rtk 72 H
H TR 2T RE U7 R 1 T R FE AR IR B A



AWFFEIR, FR*-CTCs A ILEEMINAEIRbRT AUC B & T 4R bR ARl , - FLIEK
SR T GITs A2 LW RGUE ARy R B4R m . X — 45 AT BE 5 IR R B8 v 1k
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