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Abstract: [ Objective] To study the relationship between circulation tumor cell (CTC) and clinicopathological char-
acteristics in early and middle stage colorectal cancer, and to evaluate the diagnostic and prognostic value of peripheral
blood CTC through dynamically monitoring the changes of peripheral blood CTC in the patients before and after operation.
[ Methods ] Prospectively 67 patients with early and middle stage colorectal cancer were included , and 20 healthy
volunteers served as contrast during the same period. Peripheral venous blood (7.5 mL) was collected 24 h before radical
operation, 3 months after radical operation and in control group. SE-iFISH technique was used to isolate and identify
CTC. The cutoff value of CTC in diagnosis of colorectal cancer was determined by the receiver operating curve (ROC) and
Youden index. Kaplan—Meier and log—rank methods were used for survival analysis and multivariate COX regression analysis
for multivariate correction. The value of CTC in the diagnosis of early and middlestage colorectal cancer was evaluated
comprehensively, and then the relationship between CTC in peripheral blood and clinicopathological characteristics and
prognosis was synthetically evaluated combined with clinicopathological characteristics and postoperative follow—up data.
[ Results ] The positive rate of CTC in patients with early and middle stage colorectal cancer was significantly higher than
that in healthy people (91.0% vs. 5.0% , P < 0.01). The CTC enumeration was significantly correlated with the depth of
invasionand tumor location (P = 0.001, P = 0.044 ), but not with gender, age, tumor size, lymph node metastasis, TNM
stage , CEA level and CA-199 level. The preoperative CTC enumeration were not correlated with the above—mentioned
clinicopathological parameters. Preoperative CTC had no predictive significance for disease free survival (DFS) and total
survival (0S) (AUC = 0.359, P = 0.068; AUC = 0.428, P = 0.423), and postoperative CTC critical point of 3/7.5 mL
had predictive significance for DFS and OS (AUC = 0.936, P < 0.001; AUC = 0.863, P < 0.001). It was found that
patients with early and middle stage colorectal cancer were divided into two groups: good prognosis group (CTC < 3 after
operation or the number of CTC after operation was equal or decreased with the number of CTC before operation ) and bad
prognosis group (CTC = 3 after operation or the number of CTC after operation was higher than the number of CTC hefore
operation ). The DFS of the good prognosis group was significantly longer than that of the poor prognosis group (43.7
months vs. 20.4 months, P < 0.001 ;48.7 months vs. 26.8 months, P < 0.001), and the OS was also significantly longer
(54.7 months vs. 43.3 months, P < 0.001; 54.8 months vs. 45.1 months, P < 0.001). Multivariate analysis showed that
CTC = 3/7.5 mL was a bad independent factor of DFS and OS. [ Conclusions] CTC has high clinical value in patients with
early and middle stage colorectal cancer. Preoperative CTC values can not predict the prognosis of early and middlestage
colorectal cancer, but postoperative CTC values and dynamic detection for CTC changes before and after operation can
independently predict the prognosis of early and middle stage colorectal cancer.
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Fig.1 Identification of CTC in colorectal cancer using the SE-iFISH platform
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A : The sensitivity of CTC, CEA and CA-199 in the diagnosis of colorectal cancer was compared using the subject operating curve analysis. B :
Comparison of CTC and CEA as blood—based markers. The red horizontal line indicated the CEA threshold of 5.0 ng/mL. C: Comparison of CTC and
CA-199 as blood—based markers. The red horizontal line indicated the CA—199 threshold of 37 U/mL.
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Fig.2 Association of CTC number with serum CEA and CA-199 levels from colorectal cancer patients
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Table 1 Association of preoperative and postoperative CTC with clinicopathological parameters

Variations n Preoperative CTC P Postoperative CTC P

Gender 0.588 0.339
Male 44 3(1.25,4) 3(2,4)
Female 23 3(1,4) 2(2,3)

Agelyears 0.438 0.902
<60 33 2(1,4) 3(2,4)
> 60 34 3(1.25,4) 3(2,3.75)

Tumor site 0.351 0.044
Colon 35 2(1,4) 3(2,4)
Rectal cancer 42 3(2,4) 2(2,3)

Tumor differentiation 0.748 0.835
Poor 11 3(2,5) 3(2,4)
Moderate 48 2.5(1,4) 2.5(2,4)
High 8 3(2,4) 3(3,3)

Diameter/cm 0.201 0.990
=45 28 3(1,5) 3(2,4)
<45 39 2(1,4) 3(2,3.75)

Invasion depth 0.269 0.001
T1-T2 10 2.5(1,3) 2(1.2,3.25)
T3-T4 57 3(1,4) 3(2.5,4)

Lymph node 0.805 0.056
NO 45 3(1,4) 2(2,3)
N1-2 22 2(1.5,4) 3(25,4)

TNM 0.529 0.529
I 9 3(1,3) 2(2,3.5)
I 37 3(1,45) 2(2,3)
Il 21 2(1.5,4) 3(25,4)

CEA/(ng/mL) 0.234 0.591
<5 39 2(1,4) 3(2,4)
>5 28 3(2,5) 3(2,3)

CA199/(U/mL) 0.382 0.779
<37 49 2(1,4) 3(2,4)
> 37 18 3(2,4) 3(2,3)

i FH Kaplan—Meier fll Log—rank J5 & #t— 2577
B & BLAR BT CTC 4 4 8UH 5 DFS #l OS T4t i |
HY(P=0.155,P=0.729; K 4),
242 RJE CTC # A4 T A FAMm DFS #2 08 AR5
CTC < 311 48 #] (71.6% ) , K Ji CTC = 3 11 19 ]
(28.4%) ., ARJFCTC < 3ZH DFSFI0SHIH CTC = 3
2H i R (DFS:43.7 A ws 204 A, P < 0.001;08S:
54.4 J vs43.3 H,P<0.001; K5),

ARJG CTC T+ 19 25 11 (37.3% ) , ¢ F 5L MK
142451 (62.7%) . CTC V-5 FEARLL 1) DFS F1 0S

IR 5 CTC 38 & 4] i 3 #E K (DFS: 48.7 H vs
26.8 7 ,P <0.001;08:54.8 7 vs 45.1 A ,P <0.001;
’6).
25 GEMETMENREERZMSEZSM
FIHHL R Cox B3] JRURS: [l 1455 780 St 5]
GRS Y VAN NV N A N
% (CEA 7K F . CA199 /K- L) J CTC BUE #4743
Bro ZBARE TNM 733 R JG CEA > 5 ng/mL R
J& CTC = 3 1~/7.5 mL AR J5 CTC EU{E 3 it 5 DFS
ARG H K. RIFH ik 4 MEEHAZH
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A': Postoperative CTC has greater significance in predicting DFS, while preoperative CTC has less significance in predicting DFS. B: Postopera-

tive CTC has greater significance for OS prediction , while preoperative CTC has less significance for OS prediction.
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Fig.3 Prediction effect of CTC on disease free survival and overall survival by ROC curve
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A: There was no significant relationship between the average DFS in patients and preoperative CTC (P = 0.155). B: There was no significant

relationship between the average OS in patients and preoperative CTC (P = 0.729)
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Fig.4 Relationship between preoperative CTC values and disease free survival and overall survival
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A: The average DFS in patients with P3M (postoperative 3 months) CTC < 3 was significantly better than that P3M CTC number = 3 (P <
0.001). B:The average OS in patients with P3M CTC < 3 was significantly better than that P3M CTC number =3 (P < 0.001).
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Fig.5 The relationship between postoperative CTC value and disease free survival and overall survival
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0.24 Patients with elevated P3M CTC number
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A': The average DFS in patients with those with P3M CTC reduced and unvaried P3M CTC number (compared with preoperative CTC number )

was significantly better than those with elevated P3M CTC number (P < 0.001). B:The average OS in patients with those with P3M CTC reduced and

unvaried P3M CTC number (compared with preoperative CTC number) was significantly better than those with elevated P3M CTC number (P < 0.001).
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Fig.6 The relationship between CTC value before and after surgery and disease free survivaland overall survival
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Table 2 Univariate and multivariate Cox regression assignment table

Variations Assignment

Gender 1=Male 2=Female

Agelyears 1= <60 2=>60

Tumor site 1= Colon cancer 2= Rectal cancer

Tumor differentiation 1= Poor 2= Moderate 3= High
Diameter/cm 1=<4.5 2==4.5

Invasion depth 1=T1-T2 2=T3-T4

Lymph node stage 1=NO 2=N1-N2

TNM stage 1=I stage 2=1I stage 3=II1 stage
CEA 1= <5 ng/mL 2=>5 ng/mL

CA-199 1= <37 U/mL 2=>37 U/mL

CTC 1= <3 numbers/7.5 mL 2= =3 numbers/7.5 mL

Change in CTC values

1= Elevated CTC

2= Reduced and unvaried
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Table 3 Univariate and multivariate Cox regression for disease free survival and overall survival

DFS 0S
Variations
HR P 95% C1 HR P 95% C1
Univariate Cox analysis
Gender 0.745 0.547 0.286~1.940 0.742 0.620 0.228~2.412
Age 0.787 0.594 0.326~1.900 0.669 0.481 0.219~2.045
Tumor site 1.070 0.886 0.427~2.682 1.084 0.894 0.332~3.545
Tumor differentiation 0.814 0.624 0.358~1.850 0.494 0.174 0.178~1.366
Diameter 1.186 0.703 0.494~2.850 1.991 0.229 0.648~0.621
Invasion depth 3.742 0.198 0.501~27.598 2.008 0.503 0.261~15.456
Lymph node stage 2.384 0.052 0.991~5.732 5.088 0.006 1.596~16.865
TNM stage 2.153 0.041 1.032~4.492 3.523 0.017 1.255~9.892
Preoperative CEA 1.397 0.455 0.581~3.357 0.908 0.865 0.297~2.7717
Preoperative CA199 1.640 0.310 0.642~4.039 1.573 0.428 0.513~4.822
Postoperative CEA 3.882 0.003 1.603~9.400 3.244 0.035 1.089~9.665
Postoperative CA199 2.307 0.067 0.942~5.651 1.603 0.433 0.493~5.212
Preoperative CTC 0.427 0.083 —-0.851~0.490 0.547 0.290 0.179~1.673
Postoperative CTC 35.522 0.000 9.968~126.583 15.406 0.000 3.411~69.579
Change in CTC values (Pre— and Postoperative ) 2.541 0.001 1.473~4.384 2.644 0.008 1.289~5.505
Multivariate Cox analyses
Postoperative  CEA 2.351 0.001 1.190~4.660 1.664 0.406 0.500~5.538
Postoperative  CTC 33.473 0.000 7.916~141.541 8.011 0.011 1.619~39.628
Change in CTC values (Pre— and Postoperative ) 2.004 0.140 0.795~5.047 2.413 0.128 0.775~7.512
TNM stage 1.950 0.161 0.766~4.969 2.438 0.000 1.459~4.074
Lymph node stage / / / 18.69 0.000 2.110~165.91
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