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Background: Circulating tumor cells (CTCs) have been regarded as a promising biomarker 

for colorectal cancer (CRC); however, the prognostic value of post-operative (op) CTCs is still 

unclear. This study aimed to compare the recurrence prediction value of pre- and post-op CTCs 

in CRC patients treated with curative resection.

Patients and methods: Consecutive CRC patients treated with curative resection from January 

2014 to March 2015 were identified. CTCs from 2.5 mL peripheral blood were enumerated with 

an ISETdevice-CTCBIOPSY® before and after surgery. Based on the status of pre- and post-op 

CTCs, the included patients were grouped into four cohorts: pre- and post-op CTCs−, pre-op 

CTCs− but post-op CTCs+, pre-op CTCs+ but post-op CTCs−, and pre- and post-op CTCs+. 

The 3-year recurrence-free survival (RFS) rate of patients was analyzed.

Results: A total of 138 patients (79 [57.2%] male; median age=62 [43–75] years) were enrolled. 

Patients with pre-op CTCs− had a 19.2% higher 3-year RFS rate (86.2%) than the combined 

cohorts with pre-op CTCs+ (67.0%) (P=0.038). Patients with post-op CTCs+ had aa 25.6% lower 

3-year RFS rate (57.1%) than the combined cohorts with post-op CTCs− (82.7%) (P=0.001). 

Moreover, patients with pre- and post-op CTCs+ had a 25.1% lower 3-year RFS rate (53.8%) 

than patients with pre-op CTCs+ but post-op CTCs− (78.9%) (P=0.004). Multivariate analyses 

confirmed that post-op CTCs+ (HR=2.82, 95% CI=1.39–5.75, P=0.004), but not but pre-op 

CTCs+ (HR=2.17, 95% CI=0.75–6.31, P=0.153), was independently associated with shorter 

3-year RFS rate.

Conclusion: Post-op CTCs+, but not pre-op CTCs+, is an independent indicator of poor 

prognosis for CRC patients treated with curative resection. Patients with post-op CTCs+ have 

a higher risk of recurrence those with pre-op CTCs+. Evaluation of post-op, rather than pre-op, 

CTCs is warranted.

Keywords: circulating tumor cells, colorectal cancer, preoperative, postoperative, recurrence

Introduction
The metastatic process of a malignant tumor can be divided into two phases: cancer 

cells translocate from a primary tumor or metastasis site to distant organs and form 

a metastatic tumor through cloning and proliferation.1 In the first phase, blood is an 

important translocation pathway of cancer cells and these tumor- or metastasis-derived 

cells that are present in the peripheral blood (PB), termed circulating tumor cells 

(CTCs).2 With years of efforts, CTC detection from patients with most solid cancers 

has recently become a reality.3 As a new “liquid biopsy” technology, CTC detection 
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has the advantages of convenience, real-time, and minimally 

invasive, and had been gradually proven to have great clini-

cal potential for better identification of early-stage patients 

with high-risk of recurrence or metastasis who could need 

tailored, more effective treatments after curative resection.4,5 

In addition, the clinical value of CTC detection in prognostic 

evaluation and therapeutic monitoring has been confirmed by 

a series of clinical studies6,7 and meta-analysis.8–10 However, 

due to a certain degree of heterogeneity between different 

detection methods and included patients among studies, 

the prognostic value of CTC detection is still controversial. 

Particularly, regarding the change and prognostic value of 

CTC counts before and after curative resection in patients 

with colorectal cancer (CRC), relative researches were lim-

ited, but the results were different due to different detection 

methods.11,12 Moreover, the defects of the detection method 

may greatly affect the accuracy and credibility of the above 

research results.

For decades, the lack of a high-sensitivity detection 

technique has greatly limited the clinical utility of CTC 

evaluation.13 Current techniques of isolating and identify-

ing CTCs can be classified into tumor-marker-dependent 

and -independent technologies. Among these, immunocy-

tology/cytometry- and PCR-based methods are the most 

widely used techniques for CTC detection; however, as two 

tumor-marker-dependent methods, both of them show low 

sensitivity and specificity.14 The CellSearch™ system (Veri-

dex, LLC, Raritan, NJ, USA), the only method approved 

by both the FDA and CFDA, is an epithelium-associated 

marker-dependent method (co-expressing EpCAM and 

CK); therefore, it misses some epithelial–mesenchymal 

transition (EMT) induced CTCs, leading to false-negative 

results.15 Recently, isolation by size of epithelial tumor 

cells (ISET), as a tumor-marker-independent technology, 

has attracted more attention in the field of CTC research.16 

Compared with the aforementioned technologies, ISET 

offers a number of advantages, including retention of cell 

morphology, non-antigen dependence, the ability to capture 

EMT-induced CTCs, high sensitivity with high specific-

ity, and it is more reliable.16 Additionally, use of ISET for 

CTC isolation and identification requires no expensive or 

special laboratory equipment. Therefore, morphological-

analysis-based and antigen-independent ISET methodology 

is widely being accepted for the clinical management of 

cancer patients. CTCBIOPSY® (Wuhan YZY Medical Sci-

ence and Technology Co., Ltd., Wuhan, China) is a novel 

one-stop ISET device, independently developed in the 

People’s Republic of China, which can automatically isolate 

and identify CTCs. Due to the excellent performance in 

capturing patient CTC, CTCBIOPSY® had been approved 

by the CFDA for clinical application in cancer manage-

ment. Also, its potential clinical value is under evaluation 

by emerging evidences.17–20

In this prospective cohort study, we sought to assess 

whether pre- or post-op CTC is more prognostic in CRC 

by using an inexpensive automatic one-stop ISET device-

CTCBIOPSY® to detect CTCs from the peripheral blood of 

138 stage I-III CRC patients pre- and post-operatively.

Patients and methods
Patient recruitment and cohort design
With approval of the Ethics Committee of Zhongnan Hospi-

tal of Wuhan University, a total of 211 consecutive patients 

with stage I–III CRC from January 2014 to March 2015 at 

Zhongnan Hospital of Wuhan University were prospectively 

recruited in this study, and all patients provided written 

informed consent. The exclusion criteria were a history of 

cancer <5 years, pre-op chemotherapy or radiotherapy, no 

pre-op CTC data available, noncurative resection, and lack 

of post-op CTC data. All data on patient demographics, 

laboratory assessment results, and pathologic outcomes were 

collected from the electronic medical record system. The 

TNM stage of CRC was based on the seventh edition of the 

American Joint Committee on Cancer. PB samples (2.5 mL) 

were collected from all included patients in EDTA-containing 

tubes (BD, Franklin Lakes, NJ) before and after surgery and 

processed within 2 hours to evaluate CTCs. Pre-op CTC 

was defined as the number of CTC evaluations closest to the 

time of surgery, and post-op CTC was defined as the CTC 

evaluation at the time of reviewing 1 month after surgery or 

before starting adjuvant therapy.

Based on the pre- and post-op CTCs status, included 

CRC patients were grouped into four cohorts as follows: (1) 

patients whose pre- and post-op CTCs were both negative 

(pre- and post-op CTCs−); (2) patients with pre-op CTCs 

negative but post-op CTCs positive (pre-op CTCs− but 

post-op CTCs+); (3) patients with pre-op CTCs positive but 

post-op CTCs negative (pre-op CTCs+ but post-op CTCs−); 

and (4) patients whose pre- and post-op CTCs were both 

positive (pre- and post-op CTCs+).

CTC isolation and identification
CTCs were enriched using the above mentioned CTCBI-

OPSY® device, as described in our previous study.17 In brief, 

a 2.5 mL blood sample of the included patient was diluted 

up to 8 mL with 0.9% physiological saline containing 0.2% 
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paraformaldehyde, then transferred to ISET tubes with an 

8 µm diameter aperture membrane. After being filtered by 

positive pressure from 12 mmHg to 20 mmHg, candidate 

CTCs were distinguished from the captured cells on the 

membrane (including abnormal cells and residual hemocytes) 

by Wright’s staining. Then, all candidate CTCs were reviewed 

and identified independently by three senior cytopatholo-

gists without knowledge of the patients’ clinical status and 

pathologic diagnosis, and any discrepancies among the three 

cytopathologists were resolved by discussion or consulting 

a fourth senior one. The reference threshold for this device 

was 1 CTCs/2.5 mL, that is, 0 CTCs per 2.5 mL blood means 

CTC negative while ≥ 1 CTCs means CTC positive.

staging, surveillance, and follow-up
Following the recommended recognized guidelines,21–23 

pre-op tumor staging was evaluated by colonoscopy and 

contrast-enhanced computed tomography (CT) of the 

thorax, abdomen, and pelvis, especially for rectal cancer, 

contrast-enhanced CT of the pelvis was replaced by contrast-

enhanced MRI. Adjuvant chemotherapy was administered 

to patients with high-risk stage II and stage III disease 

after histological evaluation of the surgical specimen, and 

adjuvant radiotherapy was additionally supplemented for 

patients with stage III rectal cancer. The general practice for 

post-op surveillance of stage I to III CRC included physical 

examination, interval history, and serum carcinoembryonic 

antigen (CEA) testing at 3–6-month intervals for the first 

2–3 years and at 6-month intervals thereafter for 5 years. 

Imaging, most frequently CT of the thorax, abdomen, and 

pelvis, was performed at a minimum of every 12 months 

for at least 3 years. Colonoscopy was typically performed 

within the first year after surgery and then repeated every 

3–5 years unless advanced tumors were identified. The last 

follow-up time was April 2018.

end-points
The primary end-point was 3-year recurrence-free survival 

(RFS) rate, which was defined as the proportion of relapsed 

patients within 3 years after surgery and was used to inves-

tigate the relationship between pre- and post-op CTCs status 

and tumor recurrence. The secondary end-point included the 

relationship between pre- and post-op CTCs status and other 

clinicopathological prognostic factors. Tumor recurrence was 

definitively diagnosed based on the appearance of new lesions 

on CT, MRI, and/or positron emission tomography (PET) 

images and/or histological confirmation through biopsy 

through reviewing the radiographic reports.

statistical analysis
All statistical analyses were carried out using SPSS 23.0 statistic 

software (SPSS Inc., Chicago, IL). Categorical variables were 

compared using the chi-squared test. Continuous variables 

were compared using the Mann-Whitney U-test. The 3-year 

RFS rate was defined as the ratio of the number of patients who 

did not relapse to the total number of patients within 3 years 

of follow-up, which was calculated using the Kaplan–Meier 

method and compared via the log-rank test. Patients who 

were alive without recurrence at last follow-up were censored. 

Cox’s proportional hazards model was used to identify factors 

influencing 3-year RFS. Factors significantly associated with 

3-year RFS on univariate analysis (P<0.05) were subjected to 

the multivariate model. HR and 95% CI were assessed by the 

Wald test. The cumulative hazard function was used to compare 

the risk of recurrence of different patients. All statistical tests 

were 2-sided, and a P-value <0.05 was considered statistically 

significant for all analyses.

Results
Patient characteristics
A total of 211 consecutive patients (123 males, 88 females; 

Median age=61 [39–76] years) with stage I–III CRC were 

identified in this study. Based on the exclusion criteria, 73 

patients were excluded. Finally, 138 patients (79 [57.2%] 

male; median age=62 [43–75] years) who underwent curative 

resection with pre- and post-op CTCs data were enrolled, as 

outlined in Figure 1. The clinical and pathologic character-

istics of the included patients are summarized in Table 1. 

Among all the included patients, tumors were located in the 

colon in 74 patients (53.6%) and in the rectum in 64 patients 

(46.4%); tumors with poor, moderate, and well grade were 41 

(29.7%), 59 (42.8%), and 38 (27.5%), respectively; lympho-

vascular invasion (LVI) was absent in 77 patients (55.8%) and 

present in 61 patients (44.2%); patients for T1–2 and T3–4 

were 20 (14.5%) and 118 (85.5%), respectively; patients for 

N0 and N+ were 46 (33.3%) and 92 (66.7%), respectively; 

patients for stage I, II, and III were 13 (9.4%), 67 (48.6%), 

and 58 (42.0%), respectively; patients with normal CEA 

level (<5 ng/mL) and elevated CEA level (≥5 ng/mL) were 

98 (71.0%) and 40 (29.0%), respectively.

Pre-op CTCs, post-op CTCs, and 
clinicopathological characteristics
As shown in Figure 2, pre-op CTCs were negative in 29 patients 

(21.0%) and positive in 109 patients (79.0%), while post-op 

CTCs were negative in 75 patients (54.3%) and  positive in 
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63 patients (45.7%). Of the 29 patients with pre-op CTCs−, 

18 patients (62.1%) were post-op CTCs– and 11 patients 

(37.9%) were post-op CTCs+; while, of the 109 patients with 

pre-op CTCs+, 57 patients (52.3%) were post-op CTCs– and 

52 patients (47.7%) were post-op CTCs+. The relationship 

between pre- and post-op CTCs status and clinicopathologi-

cal characteristics of 138 included CRC patients are shown 

in Table 1. Pre-op CTCs are positively correlated with tumor 

grade (P=0.020) and serum CEA level (P=0.042), in contrast, 

no significant association was found between pre-op CTCs+ 

and other clinicopathological characteristics (P>0.05 for 

all others), such as gender, age, tumor location, LVI, tumor 

invasion (TI), lymph node metastasis (LNM) and tumor-node-

metastasis (TNM) stage. Post-op CTCs+ were only positively 

correlated with tumor grade (P=0.017) and not significantly 

correlated with gender, age, tumor location, LVI, TI, lymph 

LNM, TNM stage, or serum CEA level (P>0.05 for all others).

Pre-op CTCs, post-op CTCs, and 3-year 
RFs rate
The median follow-up was 41 months (range=20–49 months). 

During the follow-up period, a total of 40 patients (29.0%) 

Figure 1 Flowchart of study design.
Abbreviations: CT, computed tomography; RT, reverse transcriptase; CTCs, circulating tumor cells; pre-op, pre-operative; post-op, post-operative.

211 Patients with stage I–III colorectal
cancer during January 2014 to March 2015

73 Excluded
10 Patients with history of cancer < 5 y
34 Patients with pre-op CT or RT
16 Patients without pre-op CTCs available

2 Patients with noncurative resection
11 Patients without post-op CTCs available

138 patients with stage I–III colorectal
cancer with pre-op CTCs

29 Patients with pre-op CTCs negative 109 Patients with pre-op CTCs positive

19 Patients with
post-op CTCs negative

Cohort I
Pre-op CTCs: (–)
Post-op CTCs: (–)

Cohort II
Pre-op CTCs: (–)
Post-op CTCs: (+)

Cohort III
Pre-op CTCs: (+)
Post-op CTCs: (–)

Cohort IV
Pre-op CTCs: (+)
Post-op CTCs: (+)

11 Patients with
post-op CTCs positive

57 Patients with
post-op CTCs negative

52 Patients with
post-op CTCs positive

experienced recurrences, and the 3-year RFS rate for all 

patients was 71.0%. The 3-year RFS rate for the 109 patients 

with pre-op CTCs+ was 67.0%, which was significantly 

lower than the 86.2% 3-year RFS rate in the 29 patients with 

pre-op CTCs− (P=0.049) (Figure 3A). The 3-year RFS rate 

was 82.7% for the 75 patients with post-op CTCs− com-

pared with 57.1% for the 63 patients with post-op CTCs+ 

(P=0.001) (Figure 3B). The 3-year RFS rate was 94.4% for 

the 18 patients with pre- and post-op CTCs−, compared with 

72.7% for the 11 patients with pre-op CTCs− but post-op 

CTCs+ (P=0.141) (Figure 3C). The 3-year RFS rate was 

78.9% for the 57 patients with pre-op CTCs+, but post-op 

CTCs−, compared with 53.8% for the 52 patients with pre- 

and post-op CTCs+ (P=0.006) (Figure 3D).

Furthermore, the 3-year RFS rate of the 52 patients 

with pre- and post-op CTCs+ was 53.8%, which was sig-

nificantly lower than that of the pre- and post-op CTCs− or 

pre-op CTCs+, but post-op CTCs− cohort (pre- and post-op 

CTCs+ vs pre- and post-op CTCs−: P=0.019; pre- and post-

op CTCs+ vs pre-op CTCs+, but post-op CTCs−: P=0.006), 

but similar to the cohort of pre-op CTCs− but post-op 

CTCs+ (P=0.220) (overall log-rank P=0.001) (Figure 4A). 
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Table 1 Clinical and pathologic characteristics of included CRC patients (n=138) 

Characteristics No. of patients No. of pre-op
CTCs (+)

c2

value
P-value No. of post-op

CTCs (+)
c2

value
P-value

gender [n (%)] 0.028 0.866 0.002 0.966
Male 79 (57.2) 62 (78.5) 39 (49.4)
Female 59 (42.8) 47 (79.7) 24 (40.7)

age [n (%)] 2.686 0.101 0.294 0.587
<60 years 71 (51.4) 60 (84.5) 34 (47.9)

≥60 years 67 (48.6) 49 (73.1) 29 (43.3)
Tumor location [n (%)] 2.089 0.148 1.216 0.270

Colon 74 (53.6) 55 (74.3) 37 (50.0)
Rectal 64 (46.4) 54 (84.4) 26 (40.6)

grade [n (%)] 7.838 0.020* 8.154 0.017*
Poor 41 (29.7) 38 (92.3) 25 (61.0)
Moderate 59 (42.8) 41 (69.5) 27 (45.8)
Well 38 (27.5) 30 (78.9) 11 (28.9)

lVi [n (%)] 0.586 0.444 1.657 0.196
absence 77 (55.8) 59 (76.6) 31 (40.3)
Presence 61 (44.2) 50 (82.0) 32 (52.5)

Ti [n (%)] 0.015 0.904 0.004 0.950
T1–2 20 (14.5) 16 (80.0) 9 (45.0)
T3–4 118 (85.5) 93 (78.8) 54 (45.8)

lnM [n (%)] 1.070 0.376 1.183 0.365
n0 46 (33.3) 34 (73.9) 18 (39.1)
n+ 92 (66.7) 75 (81.5) 45 (48.9)

TnM stagea [n (%)] 2.133 0.344 3.553 0.169
i 13 (9.4) 9 (69.2) 3 (23.1)
ii 67 (48.6) 51 (76.1) 30 (44.8)
iii 58 (42.0) 49 (84.5) 30 (51.7)

Cea level [n (%)] 4.117 0.042* 1.984 0.159
<5 ng/ml 98 (71.0) 73 (74.5) 41 (41.8)

≥5 ng/ml 40 (29.0) 36 (90.0) 22 (55.0)
Overall 138 (100.0) 109 (79.0) — — 63 (45.7) — —

Notes: a The seventh edition of american Joint Committee on Cancer staging system; * P<0.05.
Abbreviations: Cea, carcinoembryonic antigen; CRC, colorectal cancer; CTCs, circulating tumor cells; lVi, lymphovascular invasion; lnM, lymph node metastasis; n, 
number; op, operative; Ti, tumor invasion; TnM, tumor-node-metastasis.

Figure 2 The number and change of patients with CTCs negative and positive 
before and after curative resection.
Abbreviations: CTCs, circulating tumor cells; Post-op, post-operative; Pre-op, 
pre-operative.

Pre-op [n(%)] CTCs (–) CTCs (+) TotalPost-op [n(%)]

CTCs (–) 18 (62.1) 57 (52.3) 75 (54.3)

63 (45.7)

138 (100.0)

52 (47.7)

109 (79.0)

11 (37.9)

29 (21.0)

CTCs (+)

Total

The cumulative hazard function for different pre- or post-op 

CTCs status group indicated that the risk of recurrence was 

higher in the post-op CTCs+ group compared with pre-op 

CTCs−, post-op CTCs−, and pre-op CTCs+ group (overall 

log-rank P=0.001) (Figure 4B).

The stage-specific 3-year RFS rate of the four patient 

cohorts is shown in Figure 5. In patients with stage I or 

stage II (Figure 5A) disease, the 3-year RFS rate of the four 

cohorts was not significantly different (overall log-rank: stage 

I: P=0.325; stage II: P=0.225). However, among patients 

with stage III disease, the 3-year RFS rate in the pre- and 

post-op CTCs+ cohort was significantly lower than that of 

the pre- and post-op CTCs− or pre-op CTCs+, but post-op 

CTCs− cohort (pre- and post-op CTCs+ vs pre- and post-op 

CTCs−: P=0.049; pre- and post-op CTCs+ vs pre-op CTCs+, 

but post-op CTCs−: P=0.039), but similar to the cohort of 

pre-op CTCs−, but post-op CTCs+ (P=0.194) (overall log-

rank P=0.022) (Figure 5B).

Univariate and multivariate analyses of factors associ-

ated with 3-year RFS rate are shown in Table 2. In univari-

ate analysis, the presence of LVI, deeper of TI, more LNM, 

higher AJCC stage, pre-op CTCs+, and post-op CTCs+ 

were associated with lower 3-year RFS rate. Multivariate 

analyses revealed that post-op CTCs+ (HR=2.82, 95% 

CI=1.39–5.75, P=0.004), but not pre-op CTCs+ (HR=2.17, 
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95% CI=0.75–6.31, P=0.153), was independently associated 

with shorter 3-year RFS rate as well as with the presence of 

LVI (HR=2.26, 95% CI=1.11–4.62, P=0.026) and higher 

TNM stage (HR=11.25, 95% CI=4.04–31.34, P<0.001).

Discussion
Currently, new diagnostic methods that can predict risk 

and early identification of metastasis are eagerly needed to 

improve the survival of CRC patients. CTC, as the important 

medium for hematogenous metastasis of cancer, has been 

proving to provide a mass of relevant information about tumor 

metastasis.2 In the present study, our results showed that post-

Figure 3 Three-year RFs rate by pre-op and post-op CTCs status. (A) Patients with pre-op CTCs− (n=29) vs pre-op CTCs+ (n=109). (B) Patients with post-op CTCs− 
(n=75) vs post-op CTCs+ (n=63). (C) Patients with pre- and post-op CTCs− (n=18) vs pre-op CTCs−, but post-op CTCs+ (n=11). (D) Patients with pre-op CTCs+, but 
post-op CTCs− (n=57) vs pre- and post-op CTCs+ (n=52).
Abbreviations: CTCs, circulating tumor cells; Post-op, post-operative; Pre-op, pre-operative; RFs, recurrence-free survival.
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op CTC is more informative than pre-op CTC. Patients with 

pre-op CTCS+ had an absolute 19.2% lower 3-year RFS rate 

than those with pre-op CTC−. However, CTCs normalized 

in >50% of patients with pre-op CTCS+ following surgery, 

and the 3-year RFS rate of patients with pre-op CTCS+ but 

post-op CTC− was similar to that of patients with pre-op 

CTCs−. Conversely, those patients with pre- and post-op 

CTCS+ had at least 25.1% lower 3-year RFS rate than those 

with either pre- and post-op CTCs− or pre-op CTCS+, but 

post-op CTCs−. Additionally, patients with post-op CTCS+ 

had an absolute 25.6% lower 3-year RFS rate than those with 

post-op CTCs−. Furthermore, the impact of post-op CTCS+ 
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was demonstrated by the hazard function curves over time, 

which showed a higher hazard rate in the post-op CTCS+ 

cohort compared with pre-op CTCs−, pre-op CTCS+ and 

post-op CTCS+ cohorts. Multivariate analyses also confirmed 

that post-op CTCS+, but not pre-op CTCS+, is an indepen-

dent indicator of poor prognosis, which further demonstrated 

post-op CTCS+ was more prognostic than pre-op CTCS+. 

When evaluating the results by tumor stage, it was clear 

that pre- and post-op CTCS+ was able to stratify patients 

with stage III rather than stage I and II, probably because 

Figure 4 Three-year RFs rate of the four patient cohorts. (A) Patients with pre- and post-op CTCs− (n=18), pre-op CTCs−, but post-op CTCs+ (n=11), pre-op CTCs+, but 
post-op CTCs− (n=57), and pre- and post-op CTCs+ (n=52). (B) hazard functions for disease recurrence of different pre- and post-CTCs status. 
Note: a Pre- and post-op CTCs+ vs pre- and post-op CTCs−, P=0.019; pre- and post-op CTCs+ vs pre-op CTCs−, but post-op CTCs+, P=0.220; pre- and post-op CTCs+ 
vs pre-op CTCs+, but post-op CTCs−, P=0.006. 
Abbreviations: CTCs, circulating tumor cells; Post-op, post-operative; Pre-op, pre-operative; RFs, recurrence-free survival.
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of limited recurrence in the latter two groups, with a 3-year 

RFS rate >92.3% and 91.0% for stage I and II, respectively. 

These results were consistent with the previous published 

literatures.12,24 All above findings suggested that, with regard 

to recurrence risk judgment, measuring post-op CTCs rather 

than pre-op CTCs is more instructive.

Theoretically, post-op evaluation has been suggested 

to better reflect the most relevant CTC status because it 

reflects the combined information of preoperative CTC, 

intraoperative tumor cell release by surgical manipulation, 

and rapid apoptotic death of shed cells.25 Previously, Patel 

et al24 detected the change of pre-op and post-op CTC count 

based on reverse transcriptase-polymerase chain reaction 

(RT-PCR) method, and the results showed that the positive 

rate of CTCs was significantly decreased at 24 hours after 

surgery compared with before surgery in patients with 

CRC, and the clearance of CTCs within 24 hours of CRC 

excision was the greatest in tumors with the best prognosis. 

Bessa et al11 reported that the presence of CTC detected 

by RT-PCR targeting CEA mRNA 24 hours after surgery 

did not correlate with tumor recurrence or survival in 66 

CRC patients operated on for cure. Ikeguchi and Kaibara26 

detected pre- and post-op CTCs of 59 gastric cancer patients 

by RT-PCR method, and found that gastrectomy could spread 

gastric cancer cells into the PB from primary tumors; how-

ever, such circulating gastric cancer cells might be destroyed 

within a short time. Furthermore, post-op CTCS+ patients 

might have better disease-free survival and overall survival 

than post-op CTCs− ones if the blood samples were post-

operatively collected within 48 hours. In contrast, Galizia 

et al12 recently used flow cytometry to isolate the pre- and 

post-op CTCs of 76 CRC patients who underwent surgical 

resection and identified CTCs based on epithelial surface 

antigen (EpCAM/CD326). The results demonstrated that a 

high level of post-op CTCs was the only independent factor 

related to cancer relapse which accurately predicted tumor 

recurrence. Our results also found that post-op CTCS+, but 

not pre-op CTCS+, was the independent factor related to 

cancer relapse. Moreover, our study applied a one-stop ISET 

device to identify CTCs preoperatively and postoperatively, 

compared with the detection methods mentioned in the above 

study (RT-PCR or flow cytometry based on EpCAM/CD326). 

This method has the advantages of being inexpensive, auto-

matic, higher sensitivity, and reliability.16 Therefore, our 

results provided more reliable information on the prognostic 

value of post-op CTCs.

Our results also indicate that post-op CTC may inform 

the frequency of surveillance. Patients with post-op CTCS+ 

had a higher risk of recurrence compared with the pre-op 

CTCs−, post-op CTCs−, and pre-op CTCS+ groups. This 

might support the argument that more aggressive adjuvant 

therapy and more frequent follow-up are worth considering 

for these patients, as reported by a previous study.12 How-

ever, we cannot conclude from these data sets if additional 

treatment and imaging would be beneficial in patients with 

post-op CTCS+. Maybe, a short interval follow-up CT scan 

is feasible for stage III CRC patients because we found that 

the 3-year RFS rate for stage III patients with pre- and post-op 

CTCS+ was 23.1%, which was significantly lower than the 

pre-op CTCS+, but post-op CTCs− cohort. However, we did 

Table 2 Univariate and multivariate analysis for predictors of 3-year recurrence-free survival

Predictor Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Clinical predictors
gender (Male vs Female) 0.93 0.49–1.75 0.816 — — —
age (<60 years vs ≥60 years) 0.62 0.33–1.16 0.136 — — —
Tumor location (Colon vs Rectal) 1.02 0.55–1.89 0.955 — — —

Pathological predictors
grade (Poor vs Moderate vs Well) 0.69 0.45–1.04 0.077 — — —
lVi (absence vs Presence) 4.04 2.02–8.10 <0.001* 2.26 1.11–4.62 0.026*
Ti (T1–2 vs T3–4) 1.87 1.13–3.08 0.014* 0.93 0.51–1.68 0.803
lnM (n0 vs n+) 1.53 1.09–2.15 0.015* 0.68 0.43–1.09 0.106
TnM stagea (i–ii vs iii) 9.56 4.08–22.37 <0.001* 11.25 4.04–31.34 <0.001*

laboratory predictors
Cea level (<5 ng/ml vs ≥5 ng/ml) 1.39 0.73–2.66 0.321 — — —
Pre-op CTCs (negative vs Positive) 2.82 1.01–7.92 0.049* 2.17 0.75–6.31 0.153
Post-op CTCs (negative vs Positive) 2.97 1.53–5.76 0.001* 2.82 1.39–5.75 0.004*

Notes: aThe seventh edition of american Joint Committee on Cancer staging system; *P<0.05.
Abbreviations: Cea, carcinoembryonic antigen; CTCs, circulating tumor cells; lVi, lymphovascular invasion; lnM, lymph node metastasis; op, operative; Ti, tumor invasion; 
TnM, tumor-node-metastasis.
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not have the power to determine the significance of post-op 

CTCs in patients with stage I and II disease, due to the 100% 

and 82.6% 3-year RFS rate for stage I and II patients with pre- 

and post-op CTCs+, respectively. In addition, we also found 

that there were 11 patients (37.9%) turned to positive after 

surgery in the 29 patients with pre-op CTCs− in our study, 

and the 3-year RFS rate of this group was not significantly 

different compared with that of persistent negative before 

and after surgery group. This change of CTC in PB before 

and after surgery was intriguing. As we all known, CTCs 

refer to tumor cells that released from the tumor lesion into 

the blood. In the process of curative resection, the internal 

environment changes caused by anesthesia and surgical 

stress, the inadvertent squeezing of tumor by the surgeon, 

and the pneumoperitoneum pressure during laparoscopic 

surgery may induce the primary tumor to release tumor cells 

into the bloodstream, which might lead to the patients having 

a negative pre-op CTC that turned out to become positive 

after operation. Presumably, this may be the reason why 

some doctors have observed that surgery may induce distant 

metastasis of tumors. However, due to the small number of 

patients and the relatively short follow-up time, our results 

should be interpreted with caution, and larger-scale, longer-

term follow-up studies are requires to verify this.

In our study, we used the CTCBIOPSY® combined with 

Wright’s staining to isolate and identify CTCs. As an ISET 

device independently developed by China, it has the advan-

tages of being inexpensive, automatic, and efficient. It also 

has been demonstrated to have high capture efficiency for 

both EpCAM positive and negative cells in our previous 

study,17 which showed that it has the potential of capturing 

both epithelial and non-epithelial tumor cells. Subsequently, 

a series of clinical studies have gradually confirmed that it 

can efficiently capture epithelial, epithelial/mesenchymal, 

and mesenchymal CTCs from PB of multiple tumor patients 

and exhibits an important clinical application value in tumor 

efficacy monitoring and prognosis evaluation.18–20

To our knowledge, this is the first prospective cohort 

study utilizing the ISET technology to evaluate the prognostic 

influence of pre- and post-op CTCs in CRC patients who 

underwent curative resection, and, more importantly, it is also 

the largest study to date. Although the detection technology 

advantages and larger sample size improve the reliability and 

persuasiveness of results, this study was still subject to several 

limitations. First, although the CTCBIOPSY® device used in 

our study has many advantages in the capture of CTCs, its 

reliability has only been validated in a few small studies from 

the People’s Republic of China previously, and multi-center, 

large-scale studies from different countries are need in the 

future. Second, timing of post-op CTC measurement was not 

strictly uniform, although it was limited to CTC detection at 

the time of reviewing 1 month after surgery or before starting 

adjuvant therapy. Third, we did not evaluate the optimal CTC 

cut-off value of this data set, but only used one as the cut-off 

point based on previous studies. Fourth, the limited included 

patients of every cohort and the single center reduced the 

persuasiveness of this prospective cohort study.

Conclusion
In summary, we designed a prospective cohort study which 

used a one-stop ISET device able to identify CTCs in an 

inexpensive, automatic, and reliable fashion to compare 

the prognostic value of pre- and post-op CTCs in patients 

with stage I–III CRC who underwent curative resection. The 

results showed post-op CTCS+, but not pre-op CTCS+, is 

an independent indicator of poor prognosis. After curative 

resection, CTC can normalize and the patients with pre-op 

CTCS+ that normalized after surgery have similar outcomes 

to patients with pre-op CTCs−. Evaluation of post-op, rather 

than pre-op CTC is warranted. Furthermore, patients with 

post-op CTCS+ tend to have a higher risk of recurrence 

after 3 years of surgery, which might justify a risk-adjusted 

and individualized surveillance strategy. Confirmation of 

these results using a multicenter, large scale trial with a 

uniform detection time and optimal cut-off value would 

be beneficial.
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