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ABSTRACT

Background. Patients with resected colorectal cancer

liver metastases display heterogeneous clinical behavior.

The identification of new prognostic factors would help in

making more accurate decisions.

Objective. The aim of this study was to evaluate the

survival impact of circulating tumor cells (CTCs) in this

setting.

Methods. We conducted a prospective study of patients with

resected liver metastases of colorectal cancer. Patients were

included in the study from February 2009 to January 2013.

The CellSearch SystemTM was employed for the detection of

pre- and postsurgery CTCs. A positive test was defined as two

or more CTCs/7.5 mL of blood. Recurrence rate, disease-free

survival, and overall survival were calculated, and univariate

and multivariate analyses were performed.

Results. Forty-four patients were included in our study.

After a median follow-up of 60 months (range 28–74), 32

patients experienced recurrence (72.7%). The CTCs number

was determined and the test was positive in 8 patients

(18.6%) before surgery and 13 patients (29.5%) after sur-

gery. The postoperative detection of CTCs was not related to

any clinical outcome; however, the preoperative detection of

CTCs was significantly related to behavior. All patients in

the preoperative CTC-positive group relapsed, versus 65%

in the CTC-negative group (p = 0.051). Disease-free

survival was 19 months in the preoperative CTC-negative

group versus 7 months in the CTC-positive group

(p = 0.01). Additionally, overall survival was 69 months in

the preoperative CTC-negative group versus 17 months in

the CTC-positive group (p = 0.004). Preoperative CTC

count remained significant in multivariate analysis.

Conclusions. In this cohort of colorectal cancer liver

metastases patients, the presence of two or more preoper-

ative CTCs was associated with disease progression and

poor survival despite complete resection.

Liver resection offers a chance of cure for patients with

colorectal liver metastases. Surgery combined with

chemotherapy (ChT) is the standard approach and achieves

5-year survival rates of up to 50–60%.1 However, clinical

behavior and the probability of relapse are heterogeneous

among these patients, with up to 30% of patients dying due

to relapse in the first 2 years.2 Hence, identifying prognostic

factors is desirable for accurate decision making. Several

clinical and pathological factors have been studied as

prognostic determinants, and some clinical risk scores have

been proposed.3,4 Nonetheless, treatment has improved,

principally due to major advances in surgical techniques and

the availability of more effective systemic therapies.

Therefore, the classic prognostic factors have been called

into question, and there is a need for novel biomarkers.

Circulating tumor cells (CTCs) are malignant cells shed

from the primary tumor or its metastases that gain access to

the vasculature through intravasation. CTCs are evaluated

for the identification of patients at high risk for relapse,

stratification of patients to specific adjuvant therapies, and

monitoring response to treatment in breast, lung, or

� Society of Surgical Oncology 2019

First Received: 14 January 2019;

Published Online: 17 June 2019

V. Arrazubi, MD

e-mail: varrazubi@gmail.com

Ann Surg Oncol (2019) 26:2805–2811

https://doi.org/10.1245/s10434-019-07503-8

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-019-07503-8&amp;domain=pdf
https://doi.org/10.1245/s10434-019-07503-8


prostate cancer. In colorectal cancer, the presence of CTCs

has been associated with worse prognosis in both local and

metastatic settings.5,6 Studies conducted in patients with

colorectal liver metastases are scant and heterogeneous,

and have used different detection methods.7 The Cell-

Search SystemTM is the only method approved by the US

FDA for use in clinical practice.

The aim of this study was to evaluate the prognostic

value of CTCs measured using the CellSearch SystemTM

for patients undergoing hepatic resection of colorectal liver

metastases.

METHODS

Patients

Patients were prospectively recruited at our institution

between February 2009 and January 2013. This study was

approved by the Hospital de Navarra Ethics Board, and all

patients signed an informed consent form.

The inclusion criteria were: patients aged [ 18 years,

colorectal cancer with synchronous or metachronous liver

metastases, metastatic disease confined to the liver, and

radical surgery for liver metastases (as well as primary

tumors if synchronic) performed at our institution.

Neoadjuvant and adjuvant ChT were allowed. The exclu-

sion criteria included: patients with any previous neoplasia

(except carcinoma in situ), macroscopic residual disease,

and life expectancy\ 3 months. If a patient was included

in the study and radical surgery was not subsequently

achieved, he or she was censored.

The treatment schedule was planned for each patient

following clinical practice, and the investigators were

blinded to the CTC account.

Patient data, including sex, age, location of the primary

tumor, pN stage, presence of synchronous or metachronous

metastases, time to appearance of metachronous metas-

tases, number of metastases, carcinoembryonic antigen

(CEA) level at diagnosis, RAS status, neoadjuvant ChT

administration, response to neoadjuvant ChT, adjuvant

ChT, type of liver surgery, liver resection margin

involvement, size of the largest metastases, and patholog-

ical regression, were collected. The CEA level was

dichotomized according to its normal or elevated value.

Patients were stratified by age (older or younger than

70 years) and number of metastases (B 3 or [ 3).

Response to neoadjuvant ChT was evaluated according to

Response Evaluation Criteria In Solid Tumors (RECIST)

criteria, and pathological regression was stratified as a

complete response if any cancer cell was evidenced:

B 50% and [ 50% residual cancer cells. If tumor growth

was found within 1 mm of the resection margin, it was

reported as involved. The Fong clinical risk score was

calculated and categorized as high risk (3–5 points) or low

risk (0–2 points).

Circulating Tumor Cell Detection

Peripheral blood samples were collected and enumer-

ated at two time points: before surgery and 2 weeks

postoperatively. On each occasion, 7.5 mL of blood was

drawn in CellSaveTM tubes for optimal preservation of

CTCs over a 96 h maximum period. Sample preparation

and detection of CTCs was undertaken using the Cell-

SearchTM assay, as previously described and validated.

Briefly, the samples were processed in a semiautomatic

system (AutoPrep SystemTM) that selects CTCs using a

surface marker (EpCAM). CTCs were immunomagneti-

cally separated and fluorescently labeled using the

CellSearch SystemTM (Veridex/Immunicon Corp.). CTC

counts were verified by manual review by two trained

hematologists independently, and discordant data were

reviewed and checked by an external consultant.

The test was considered positive if the CTC count was

C 2/7.5 mL of blood, and was considered negative if the

CTC count was 0–1.

Follow-Up

Follow-up was performed according to clinical practice.

Symptoms and CEA levels were recorded every 3 months

for 2 years, every 6 months for 3 years, then annually for a

period of 10 years. Computerized Tomography (CT) scan

was performed every 6 months for 2 years, then annually

for a period of 5 years.

Statistical Methods

Patient characteristics are summarized as frequencies

and percentages, except for age, which is summarized as

median and range. The analysis of association and pre-

diction of recurrence was tested using the Chi-square

method for contingency tables. Disease-free survival (DFS)

was measured from the date of resection to the date of

diagnosis of disease recurrence, date of death for any

reason, or the date of last known follow-up, while overall

survival (OS) was measured from the date of resection to

the date of death or the date of last known follow-up.

Kaplan–Meier curves and the log-rank test were used to

compare survival distributions according to CTC status.

The association between variables and survival was eval-

uated using univariate and multivariate Cox regression

models. Significant or near-significant variables (p\ 0.1)

in the univariate analysis were included in the multivariate

analysis.
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Data were prospectively entered into an anonymized

database, updated to 15 January 2018. IBM SPSS Statistics

20 for Windows was used for statistical calculations.

RESULTS

Patient Characteristics and Recurrence

Forty-four patients were included in the study between

February 2009 and January 2013. The main characteristics

of the entire series are shown in Table 1. The median age

of patients was 62 years, and 23% of patients were older

than 70 years. The primary tumor was located in the right

colon, left colon, or rectum in 16%, 45%, and 38% of

patients, respectively. Local lymph nodes were affected in

63% of patients. Liver metastases were synchronous in

50% of patients, and 27% of patients had more than three

metastases. The Fong clinical risk score was calculated,

and 66% of patients had a score of B 2 points, and no

patients had a score of 4 or 5 points. Sixty percent of

patients received neoadjuvant ChT, and up to 80% of

patients received adjuvant ChT.

A blood test was obtained in 43 patients before surgery

and 38 patients after surgery. The test was positive (two or

more CTCs) in 8 patients (18.6%) before surgery. Fifty

percent of patients maintained a positive CTC count (C 2)

after surgery, while the remaining 50% of patients nega-

tivized this parameter (\ 2). Thirteen patients (29.5%) had

a positive postsurgery test, only four of whom (30%) had a

positive presurgical CTC count.

After a median follow-up of 60 months (range

28–74 months), 32 patients experienced recurrence

(72.7%), and, at the time of analysis, 19 patients (43.2%)

were alive.

The recurrence was liver-only in 13 patients (41%),

extrahepatic in 11 patients (34%), and hepatic ? extra-

hepatic in 8 patients (25%). All patients who were CTC-

positive preoperatively relapsed, while only 65% of

patients who were CTC-negative developed recurrence

(p = 0.051). With regard to postoperative CTCs, 68% of

the CTC-negative patients relapsed, versus 84% in the

CTC-positive patient group (p = 0.27).

Disease-Free Survival

The median DFS was 18 months. Kaplan–Meier curves

showed a significant difference in DFS between patients

with preoperative negative CTCs and patients with preop-

erative positive CTCs (19 vs. 7 months; p = 0.01) (Fig. 1);

however, the difference was not significant between CTC-

negative and CTC-positive patients in the postoperative

setting (21 vs. 13 months). In the univariate analysis,

preoperative positive CTCs were associated with worse

prognosis (hazard ratio [HR] 2.7, 95% confidence interval

[CI] 1.2–6.2; p = 0.016). The other factor associated with

significantly worse prognosis was the number of liver

metastases (HR 2.9, 95% CI 1.4–6.1; p = 0.004). The

remaining factors did not show any differences (Table 2).

In the multivariate analysis (Table 3), the preoperative

CTCs and number of liver metastases remained significant.

Overall Survival

Patients with preoperative negative CTCs obtained a

median OS of 69 months compared with those who were

CTC-positive preoperatively, who obtained a median OS of

17 months (p = 0.004) (Fig. 1). The difference was not

significant in the postoperative setting. In the univariate

analysis, preoperative CTC-positive status was again

associated with worse prognosis (HR 3.6, 95% CI 1.4–8.1,

p = 0.007). The number of liver metastases, as well as

neoadjuvant ChT, showed a value close to statistical sig-

nificance. In this analysis, women had a better prognosis

than men (HR 4.5, 95% CI 1.3–15.2, p = 0.015). The

univariate analysis is shown in Table 2. In the multivariate

analysis (Table 3), sex, preoperative CTCs and neoadju-

vant ChT remained significant. In patients with

preoperative positive CTCs, the risk of death was increased

seven times after adjusting for other variables.

DISCUSSION

This study explores the prognostic value of preoperative

CTCs in resected colorectal liver metastases. This test was

a strong and independent prognostic factor for OS and DFS

in our series. Patients with 0–1 CTCs had a median DFS of

19 months, compared with 7 months in patients with two

or more CTCs. Similarly, the median OS was 17 months in

CTC-positive patients compared with 69 months in CTC-

negative patients. In addition, all patients with preoperative

positive CTCs relapsed.

There are many retrospective series and one meta-

analysis on CTC detection in metastatic colorectal cancer;8

however, the methodologies and results are mixed.

Some studies evaluated peripheral blood CTCs as well

as tumor cells in the bone marrow. It should be noted that

the meaning of the two situations may be different. Second,

the method for detecting CTCs is variable throughout

studies, and the different techniques used were not always

validated. Finally, most studies included resectable and

unresectable liver metastases, as well as widespread

metastatic disease. Our study focused on resected col-

orectal metastases, and the detection of CTCs was

performed in peripheral blood using the CellSearch
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TABLE 1 Patient

characteristics of the entire

series

Group n %

Sex

Male 31 70.5

Female 13 29.5

Age, years

Median (range) 62.5 (45–79)

Location of primary tumor

Right colon 7 16

Left colon 20 45.5

Rectum 17 38.5

Lymph node status

N0 16 36.5

N? 28 63.5

Synchronous metastases

Yes 23 52.3

No 21 47.7

Number of liver metastases

1–3 32 72.7

[ 3 12 27.3

Fong clinical risk score

1 12 27.3

2 17 38.6

3 15 34.1

CEA C 5

Yes 10 65.5

No 19 34.5

RAS status

Wild-type 19 55.9

Mutated 15 44.1

Neoadjuvant chemotherapy

Yes 27 61.4

Partial response 17 65.4

Estabilization 9 34.6

No 17 38.6

Synchronous surgery

Yes 9 20.5

No 35 79.5

Type of surgery

Limited resection 37 84.1

Right or left hepatectomy 7 15.9

Pathological regression in patients with neoadjuvant chemotherapy (n = 27)

Complete response 1 3.7

\ 50% residual tumor 11 40.7

[ 50% residual tumor 15 55.6

Adjuvant chemotherapy

Yes 37 84.1

No 7 15.9

CEA carcinoembryonic antigen
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FIG. 1 a Disease-free survival according to preoperative CTC status

(0–1 shown in blue; C 2 shown in yellow) in patients with resected

colorectal liver metastases (median 19 vs. 7 months; p = 0.01).

b Overall survival according to preoperative CTC status (0–1 shown

in blue; C 2 shown in yellow) in patients with resected colorectal

liver metastases (median 69 vs. 17 months; p = 0.004). CTC

circulating tumor cell

TABLE 2 Univariate analysis

for disease-free survival and

overall survival

Variable Level DFS OS

HR (95% CI) p value HR (95% CI) p value

Sex Women/men 2.0 (0.8–4.5) 0.117 4.5 (1.3–15.2) 0.015

Age 1.0 (0.9–1.0) 0.451 1.0 (1.0–1.1) 0.462

Preoperative CTCs 0–1/C 2 2.7 (1.2–6.2) 0.016 3.6 (1.4–8.1) 0.007

K-ras Wild-type/mutated 1.4 (0.6–3.0) 0.396 0.8 (0.4–1.9) 0.604

Fong clinical risk score 0–2/3–5 1.6 (0.8–3.3) 0.194 1.5 (0.7–3.3) 0.323

Location Left/right 1.0 (0.4–2.6) 0.981 1.5 (0.6–3.9) 0.434

Lymph node status N0/N? 1.2 (0.6–2.5) 0.593 1.8 (0.7–4.6) 0.193

Neoadjuvant chemotherapy No/yes 1.8 (0.9–3.8) 0.112 2.4 (1.0–5.7) 0.054

CEA B 5/[ 5 1.1 (0.4–2.6) 0.908 1.0 (0.4–2.7) 0.990

Postoperative CTCs 0–1/C 2 1.8 (0.8–3.8) 0.141 1.3 (0.5–3.2) 0.545

Synchronous surgery No/yes 1.8 (0.7–4.6) 0.238 2.3 (0.7–7.7) 0.175

Affected margin No/yes 1.5 (0.7–3.3) 0.352 1.5 (0.6–3.6) 0.375

Number of liver metastases 1–3/C 4 2.9 (1.4–6,1) 0.004 2.1 (0.9–4.8) 0.084

Pathological regression C 50%/\ 50% 1.1 (0.5–2.4) 0.755 1.7 (0.8–3.8) 0.197

Bold values indicate statistical significance (p\ 0.005)

DFS disease-free survival, OS overall survival, HR hazard ratio, CI confidence interval, CTCs circulating

tumor cells, CEA carcinoembryonic antigen

TABLE 3 Multivariate

analysis for disease-free

survival and overall survival

Variable Level DFS OS

HR (95% CI) p value HR (95% CI) p value

Sex Women/men – – 6 (1.7–22) 0.006

Neoadjuvant chemotherapy No/yes – – 3.6 (1.3 –9.6) 0.012

Preoperative CTCs 0–1/C 2 3.2 (1.1–8.7) 0.026 5.3 (1.8–15.5) 0.002

Number of liver metastases 1–3/C 4 2.7 (1.2–6.1) 0.018 1.3 (0.5–3.2) 0.540

Bold values indicate statistical significance (p\ 0.005)

DFS disease-free survival, OS overall survival, HR hazard ratio, CI confidence interval, CTCs circulating

tumor cells
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SystemTM, a validated tool approved by the FDA. Our

results are in line with most papers reporting a significant

role of preoperative CTCs. Similarly, the detection of other

circulating biological materials, such as circulating tumor

DNA (ctDNA),9–11 are also being developed as prognostic

tools.

The optimal cut-off value defining CTC positivity in

patients with colorectal cancer is unresolved. Different

studies used various cut-off values to assess the clinical

significance of CTCs. The highest cut-off value used is

three or more CTCs/7.5 mL of blood;6 however, cut-off

values of one or more CTCs/7.5 mL, or two or more CTCs/

7.5 mL have also been associated with poor prognosis in

patients with colorectal cancer.12,13 It should be noted that

the cut-off value may be different between metastatic

disease and disease-free settings. This difference is well-

established in breast cancer.14,15 In our study, we selected

two or more CTCs/7.5 mL. For a cut-off value of three or

more CTCs/7.5 mL, the difference in OS was also signif-

icant (69 vs. 16 months; p = 0.00), but the number of

patients with three or more CTCs was small (six patients).

For one or more CTCs/7.5 mL, no differences were shown,

which may be because the detection of one CTC has low

sensitivity and can be found in healthy subjects or patients

with nonmalignant diseases.16 In this sense, the detection

of two or more CTCs/7.5 mL can be assumed to be a

pathologic value. In a meta-analysis of CTCs in colorectal

cancer, the impact on prognosis was independent of the

cut-off point selected.8

Some clinical scores have been proposed as a prognostic

approach for predicting recurrence after liver resection; the

Fong Clinical Risk Score is probably the most extended

predictor. This score evaluates node-positive primary,

disease-free interval \ 12 months, number of metastases

[ 1, diameter of liver disease[ 5 cm, and CEA[ 200 ng/

mL; however, the improvement in surgical techniques, as

well as the more intensive and effective ChT used, may

have modified the impact of these factors. In our series, the

Fong Score was not a prognostic factor measured as a

discrete variable or as a dichotomous variable (\ 3 points

vs. C 3 points; data not shown). Of the five factors inclu-

ded in this score, the only significant variable in our study

was the number of metastases[ 3 for DFS. However, for

OS, not even the number of liver metastases remained

significant.

In our analysis, sex remained significant in the multi-

variate analysis. We can suggest some hypotheses as to

why this is so, such as the proportion of rectal cancer being

higher than usual in our study (40%); a worse prognosis in

men with rectal cancer has been described;17 and the

average age of the men in our study was slightly higher

than that of women (64 vs. 59 years; p = 0.10).

The need for neoadjuvant ChT is the last significant

factor in the multivariate analysis. In our series, patients

who required treatment with neoadjuvant ChT had a worse

prognosis. One possible explanation is that the need for

neoadjuvant ChT is probably a surrogate factor of a com-

plex clinical situation with more advanced disease.

There are several limitations to our study. First, the

number of patients recruited was relatively small, and,

second, the study was conducted in a single institution.

Testing a greater number of patients and performing an

external validation would be desirable for establishing the

role of CTCs as prognostic factors in the preoperative

setting of patients with liver metastases from colorectal

cancer.

CONCLUSIONS

Our series suggests preoperative CTCs as a useful tool

for predicting the clinical behavior of colorectal cancer

after liver surgery. These data need to be evaluated indi-

vidually according to the characteristics of the patient, the

extent of the surgery planned, and the eventual subsequent

treatments. In this respect, the evaluation of tumor biology,

beyond anatomical data, seems to be a promising approach.
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