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Objective
To assess whether postoperative detection of circulating tu-
mor cells in peripheral blood influenced the prognosis of pa-
tients with colorectal cancer after radical surgery.

Summary Background Data
In a previous study, the authors demonstrated that baseline
detection of blood circulating tumor cells does not have prog-
nostic significance in patients with colorectal cancer. How-
ever, surgical procedures may increase tumor cell detach-
ment and mobilization.

Methods
Sixty-six patients with histologically confirmed colorectal can-
cer operated on for cure were included in this study. Circulat-
ing tumor cells were detected by means of reverse transcrip-
tase-polymerase chain reaction targeting to carcinoembryonic
antigen messenger RNA in peripheral blood samples obtained
24 hours after surgery. Endpoints of the study were tumor

recurrence, overall survival, and cancer-related survival. Uni-
variate (Kaplan-Meier method) and multivariate (Cox regres-
sion model) analyses were performed.

Results
After a median follow-up of 36 months, 15 patients (23%) had
tumor relapse and 14 had died (21%), 8 of them from a can-
cer-related cause. Cox regression analysis identified lymph
node metastases and gender as independent predictors of
tumor recurrence and cancer-related survival, whereas overall
survival was dependent on the degree of differentiation of the
primary tumor. More importantly, the presence of circulating
tumor cells after surgery had no prognostic influence on tu-
mor recurrence, overall survival, or cancer-related survival.

Conclusions
Postoperative detection of blood circulating tumor cells had
no prognostic significance in patients with colorectal cancer
operated on for cure.

Despite advances in surgical and adjuvant treatments, up
to 30% to 40% of patients with resectable colorectal cancer
(CRC) develop tumor relapse during follow-up.1,2 Current
staging methods based on pathologic characteristics, mainly

in-depth tumor penetration and lymph node status, allow
stratification of patients operated on for cure according to
their risk of recurrence.3 However, these well-established
parameters are not accurate enough to predict the probabil-
ity of tumor relapsing on a case-by-case basis.

Highly sensitive molecular procedures, such as the re-
verse transcription-polymerase chain reaction (RT-PCR)
technique, permit us to detect tumor cells in different tissues
and biologic fluids. A large body of evidence confirms the
feasibility, reliability, and reproducibility of detecting cir-
culating tumor cells in patients with different neoplasms,
including CRC.4–11 However, the role of neoplastic cell
detection in peripheral blood in predicting tumor behavior
remains controversial in patients with CRC. Although initial
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mèdiques August Pi i Sunyer (IDIBAPS).

Correspondence: Antoni Castells, MD, Department of Gastroenterology
Hospital Clı́nic, Villarroel 170, 08036 Barcelona, Catalonia, Spain.
E-mail: acastell@medicina.ub.es
Accepted for publication August 5, 2002.

ANNALS OF SURGERY
Vol. 237, No. 3, 368–375
© 2003 Lippincott Williams & Wilkins, Inc.

368



studies suggested a putative effect on disease recurrence and
survival,12–15 a recent analysis from our group including a
large series of patients indicated that preoperative detection
of circulating tumor cells does not seem to influence
prognosis.16

However, clinical studies showed that some surgical pro-
cedures, such as the “no-touch” technique, decrease the
probability of CRC relapse, suggesting that manipulation of
the tumor may be relevant to prognosis. In that sense, recent
studies using RT-PCR techniques have demonstrated an
increase in tumor cell detachment and mobilization during
surgery.17–21 Considering that circulating tumor cells after
treatment denote the persistence of microscopic disease, it
was tempting to hypothesize that postoperative detection of
tumor cells in peripheral blood might constitute a biologic
marker of tumor dissemination and, eventually, a predictor
of prognosis.22

In the current study, we evaluated the prognostic value of
detecting tumor cells in the peripheral blood 24 hours after
surgery in a cohort of patients with CRC operated on for
cure using the same methodologic approach as in our pre-
vious work.16

PATIENTS AND METHODS

Patients

Between January 1996 and November 1999, 66 patients
with CRC operated on for cure were included in this study.
Some of them were part of two previously reported se-
ries,10,21 whose goals were limited to the evaluation of
circulating tumor cells. Baseline characteristics of the pa-
tients are depicted in Table 1.

Peripheral blood samples were obtained before and 24
hours after surgery to determine the presence of circulating
tumor cells by means of a RT-PCR technique targeting
carcinoembryonic antigen (CEA) mRNA. In our previous
investigation, the sensitivity limit of this technique was
established at approximately one tumor cell per 107 white
blood cells (5 cells per 10 mL blood).10

All interventions were done by a single team with exten-
sive experience in colorectal surgery, using “no-touch”
techniques. After surgical resection, patients underwent
standard therapeutic and follow-up measures according to
recommended guidelines.23 Postoperative adjuvant chemo-
therapy was given to all patients with stage II and III
tumors, and radiation therapy (45 Gy) was indicated in
patients with rectal cancer. Chemotherapy consisted of
5-fluorouracil by rapid intravenous injection (425 mg/m2)
and leucovorin (20 mg/m2) daily for 5 days, every 28 days,
for six cycles. No patient received preoperative chemora-
diation treatment. Information regarding the presence of
circulating tumor cells was not used to indicate adjuvant
therapy in any patient. Postoperative surveillance consisted
of medical history, physical examination, and laboratory
studies including serum CEA levels every 3 months. Ab-

dominal ultrasonography or computed tomography was per-
formed every 6 months, and chest radiography and total
colonoscopy were performed once a year. All recurrences
were histologically confirmed. The type of recurrence was
designated as locoregional (tumor growth restricted to the
anastomosis or the region of primary operation) or distant
(distant metastases or diffuse peritoneal seeding).

To assess the prognostic significance of circulating tumor
cell detection, the long-term follow-up of the whole series
was analyzed.

The protocol was approved by the institutional Ethics of
Research Committee, and informed consent was obtained
from each patient.

Detection of Tumor Cells in Peripheral
Blood

The methodology for circulating tumor cell detection has
been described in full elsewhere.10 Briefly, peripheral ve-
nous blood samples (20 mL) were obtained with standard
venipuncture techniques using heparinized tubes. Mononu-
clear cells from blood were isolated using a Ficoll gradient

Table 1. BASELINE CHARACTERISTICS
OF PATIENTS

Characteristic

CEA mRNA-
Positive
Patients
(n � 36)

CEA mRNA-
Negative
Patients
(n � 30)

P
Value

Age*
�73 years 19 16 1.0
�73 years 17 14

Gender
Male 11 12 .45
Female 25 18

Tumor location
Colon 32 26 .53
Rectum 4 4

Extent of primary tumor†
1 � 2 11 7 .58
3 � 4 25 23

Lymph node metastases
Absence 23 20 1.00
Presence 13 10

Tumor stage†
I 8 6 .81
II 14 14
III 14 10

Serum CEA level*‡
�4 ng/mL 22 19 .59
�4 ng/mL 13 8

Degree of differentiation
Well � moderate 33 27 .54
Poor 3 3

* The cut-off level chosen was its median value.
† According to the TNM classification.
‡ Referred to patients in whom serum CEA levels were available.
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and stored at �80°C. Total RNA extraction was performed
according to the method of Chirgwin. RT-PCR was done
using CEA-specific oligonucleotide primers, which were
selected to span an intron, to amplify products of different
size from the CEA mRNA (388 bp) and any contaminating
genomic DNA (1,020 bp). Samples were electrophoresed on
2% agarose gels and visualized by ethidium bromide stain-
ing. The integrity of RNA was confirmed by determining
the presence of glyceraldehyde phosphate dehydrogenase
mRNA in the same samples.

The investigator performing RT-PCR analysis was un-
aware of the clinical characteristics of patients. Positive and
negative control samples were included in each experiment.

Statistical Analysis

The main endpoint of the study was cancer-related sur-
vival. For this purpose, a study population of 60 patients
was calculated to be representative of an original population
of 150 patients fitting the inclusion criteria with a confidence
level of 0.8 (� value � 0.05). Secondary endpoints were tumor
recurrence and overall survival. All probabilities were mea-
sured from the date of surgical resection of the primary tumor.
Data on patients who were alive or had no evidence of disease
at the end of study were censored. The main endpoint of the
study was assessment of tumor resectability.

The univariate analysis was done by constructing proba-
bility curves according to the Kaplan-Meier method and
comparing them by the log-rank test. Variables included in
this analysis were age, gender, tumor location, extent of
primary tumor, lymph node metastases, degree of differen-
tiation, and circulating tumor cell detection. For continuous
variables, the cut-off level chosen was their median value.
Variables actually reflecting a combination of independent
parameters (i.e., tumor TNM stage) were not included as a
single covariable but rather decomposed in the correspond-
ing original counterparts. However, to confirm the absence
of any potential confounding effect of tumor stage, survival
analysis was repeated after stratifying patients according to
the TNM classification.3 Variables achieving a probability
value of less than 0.1 in the univariate analysis were sub-
sequently introduced in a multivariate stepwise proportion-
al-hazard analysis (Cox model) to identify those variables
independently associated with survival.24

Categorical variables were compared by means of the chi-
square test, applying the Yates correction when necessary.
Length of follow-up was described as median and range.

Survival analysis was done in February 2002. All calcu-
lations were performed using the SPSS software package
(SPSS Inc., Chicago, IL).

RESULTS

CEA mRNA expression was detected in peripheral blood
samples from 36 of 66 (55%) patients with CRC 24 hours
after radical surgery. This figure resulted from the positive

conversion of 4 of 15 (27%) baseline CEA mRNA-negative
patients, as well as negative conversion of 19 of 51 (37%)
baseline CEA mRNA-positive patients (Table 2). Patients
with positive and negative CEA mRNA expression after
surgery were similar with regard to baseline characteristics
(see Table 1).

Circulating Tumor Cells and Tumor
Recurrence

The median follow-up of the whole series was 36 months
(range 14–73). No patient was lost to follow-up. Fifteen of
66 patients (23%) operated on for cure had tumor recurrence
at the end of the study (distant metastases in 10, locore-
gional relapse in 5). The univariate analysis disclosed that
the probability of tumor recurrence was significantly corre-
lated with gender (log-rank � 3.87, P � .04) and the
presence of lymph node metastases (log-rank � 7.04, P �
.008). However, postoperative tumor cell detection in pe-
ripheral blood was not associated with a higher probability
of tumor relapse (Table 3). Indeed, recurrence of the disease
was observed in 8 of the 36 (22%) CEA mRNA-positive
patients and in 7 of the 30 (23%) CEA mRNA-negative
patients (log-rank � 0.70, P � .40) (Fig. 1). No patient
experiencing positive conversion after surgery developed
tumor relapse during follow-up. After adjusting for tumor
TNM stage, the probability of tumor recurrence remained
identical in both groups (log-rank � 1.54, P � .21) (Fig. 2).
These results were also reproduced when either locore-
gional relapse (relative risk 0.23, 95% confidence interval
0.02–2.67; log-rank � 1.59, P � .20) or distant metastases
(relative risk 0.58, 95% confidence interval 0.15–2.22; log-
rank � 0.65, P � .41) were considered.

The Cox regression model, including those variables se-
lected in the univariate analysis, as well as circulating tumor
cell detection, identified the presence of lymph node metas-
tases and gender as the variables independently associated
with tumor recurrence (Table 4).

Circulating Tumor Cells and Overall
Survival

At the end of follow-up, 52 of 66 patients (79%) operated
on for cure were alive. The univariate analysis disclosed that

Table 2. CORRELATION BETWEEN
TIMING OF BLOOD SAMPLE COLLECTION

AND CIRCULATING TUMOR CELL
STATUS

Baseline (Before
Surgery)

24 Hours After
Surgery

Number of
Patients

Positive Positive 32
Positive Negative 19
Negative Negative 11
Negative Positive 4
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the probability of overall survival was significantly corre-
lated with the degree of differentiation (log-rank � 19.88,
P � .0001) and lymph node metastases (log-rank � 5.33,
P � .03), whereas a trend was observed for tumor location
(log-rank � 2.84, P � .09). No difference was observed
when patients were classified according to the circulating
tumor cell status after surgery (see Table 3). In fact, 29
(81%) CEA mRNA-positive patients and 23 (77%) CEA
mRNA-negative patients were alive at the end of the study
(log-rank � 0.39, P � .33) (Fig. 3). After adjusting for
tumor TNM stage, the probability of overall survival re-
mained identical in both groups of patients (log-rank �
2.27, P � .13).

Degree of differentiation was the only variable indepen-
dently associated with overall survival in the Cox regression
analysis, there being no confounding interactions with the
presence of blood circulating tumor cells after surgery (see
Table 4).

Circulating Tumor Cells and Cancer-
Related Survival

At the end of follow-up, 8 of 66 patients (12%) died of
tumor progression. In the univariate analysis, cancer-related

survival was dependent on lymph node metastases (log-
rank � 9.25, P � .002) and gender (log-rank � 3.74, P �
.05), whereas a trend was observed for degree of differen-
tiation (log-rank � 3.35, P � .06) (see Table 3). Again, this
parameter was unrelated to the presence of blood circulating
tumor cells after surgery (log-rank � 0.31, P � .57) (Fig.
4). After adjusting for tumor TNM stage, the probability of
cancer-related survival remained identical in both groups of
patients (log-rank � 0.1, P � .92).

Presence of lymph node metastases and gender were
independent predictive factors for cancer-related survival
(see Table 4).

DISCUSSION

The results of the current study indicate that postopera-
tive detection of tumor cells in peripheral blood by means of
RT-PCR targeting CEA mRNA has no prognostic signifi-
cance in patients with CRC operated on for cure. The
probability of tumor recurrence, overall survival, and can-
cer-related survival were not influenced by the presence of
circulating tumor cells after surgery. This conclusion arises
from the analysis of the long-term follow-up of a large

Table 3. UNIVARIATE ANALYSIS OF TUMOR RECURRENCE, OVERALL SURVIVAL, AND
CANCER-RELATED SURVIVAL

Variable

Probability of Being Free of
Tumor Recurrence Probability of Overall Survival

Probability of Cancer-Related
Survival

RR (95% CI)* P value RR (95% CI)* P value RR (95% CI)* P value

Age†
�73 years 1.38 (0.48–3.96) .55 1.44 (0.48–4.33) .51 1.61 (0.35–7.26) .54
�73 years 1‡ 1‡ 1‡

Gender
Male 2.70 (0.96–7.14) .04 1.48 (0.87–2.50) .13 3.74 (0.89–15.72) .05
Female 1‡ 1‡ 1‡

Tumor location
Colon 1.64 (0.21–12.57) .63 2.92 (0.78–10.88) .09 1.87 (0.22–16) .56
Rectum 1‡ 1‡ 1‡

Extent of primary tumor§
1 � 2 1.25 (0.69–2.22) .45 1.86 (0.41–8.44) .41 1.92 (0.23–16.16) .53
3 � 4 1‡ 1‡ 1‡

Lymph node metastases
Absence 4.00 (1.33–12.5) .008 3.41 (1.13–10.33) .03 12.95 (1.57–106) .002
Presence 1‡ 1‡ 1‡

Serum CEA level†
�4 ng/mL 1.54 (0.48–5.00) .45 1.42 (0.48–4.17) .52 0.92 (0.21–4.05) .91
�4 ng/mL 1‡ 1‡ 1‡

Degree of differentiation
Well � moderate 3.85 (0.49–33.3) .17 11.02 (2.93–41.43) .0001 5.88 (0.68–49.75) .06
Poor 1‡ 1‡ 1‡

Circulating tumor cell status
Absence 0.64 (0.22–1.85) .40 0.58 (0.19–1.74) .33 0.62 (0.12–3.25) .57
Presence 1‡ 1‡ 1‡

* Relative risk (95% confidence interval) of being free of tumor relapse and/or alive.
† The cut-off level chosen was its median value.
‡ This group served as the reference group.
§ According to the TNM classification.
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series of patients with nonmetastatic CRC in which the
prognostic value of detecting neoplastic cells in blood was
assessed by using a multivariate methodology and after
adjustment for tumor stage, thus making unlikely a potential
bias due to confounding interactions among variables.

In recent years, great efforts have been made to identify
patients at high risk of tumor relapse after surgery. Identi-
fication of this subset of patients is especially meaningful in

CRC because of the existence of effective treatments. So
far, prediction of tumor recurrence mainly relies on the
histopathologic characteristics of the resected specimen,3

indicating adjuvant chemotherapy or radiation therapy in
patients with stage II and III tumors. However, not all
patients with such lesions will develop tumor recurrence in
the absence of these treatments, which are not exempt from
conspicuous side effects. Accordingly, identification of

Figure 1. Probability of being free of tumor recurrence in patients with colorectal cancer operated on for
cure according to the presence (continuous line) or absence (dotted line) of blood circulating tumor cells
after surgery.

Figure 2. Probability of being free of tumor
recurrence in patients with colorectal cancer
operated on for cure after stratification by tu-
mor TNM stage and according to the pres-
ence (continuous line) or absence (dotted line)
of blood circulating tumor cells after surgery.
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more accurate predictors of tumor relapse on a case-by-case
basis seems mandatory. Development of molecular tech-
niques that can detect tumor cells in different fluids and
tissues appeared to be a promising approach to accomplish
this goal. In fact, the detection of minimal residual disease
in lymph nodes and bone marrow has been demonstrated to
predict the prognosis of patients with CRC.25–28 Con-
versely, although the presence of blood circulating tumor
cells has been associated with a poorer prognosis in other

neoplasms,29 no influence on survival was observed in the
largest series of patients with CRC published so far, when
detection was performed preoperatively.16

To our knowledge, this is the first study evaluating the
prognostic influence of blood circulating tumor cells in
samples obtained after surgery. Several experimental30 and
clinical17–21 studies have demonstrated that surgical proce-
dures increase tumor cell detachment and mobilization in
CRC. In addition, a recent study has observed a clearance of
circulating tumor cells after excision of primary CRC, and
the rate of positive samples did not change significantly
during follow-up.22 These observations provided the ratio-
nale to assess the role of postoperative detection of tumor
cells in peripheral blood as a marker of tumor dissemination
and, ultimately, as a predictor of prognosis. Unfortunately,
the results of the current study argue against this interesting
approach. Indeed, in a similar manner to that reported for
preoperative detection,16 the presence of blood circulating
tumor cells detected by RT-PCR targeting CEA mRNA 24
hours after surgery did not correlate with tumor recurrence
or survival in patients with CRC operated on for cure.

The apparently unequivocal results of this study, how-
ever, deserve some comment before we can draw definite
conclusions against the utility of detecting blood circulating
tumor cells in patients with CRC. First, different molecular
targets (CEA, guanylyl cyclase C, cytokeratin 18, 19, and
20, among others) have been used for this purpose, reflect-

Table 4. MULTIVARIATE ANALYSIS (COX
REGRESSION MODEL) OF TUMOR

RECURRENCE, OVERALL SURVIVAL, AND
CANCER-RELATED SURVIVAL

Tumor recurrence
Lymph node metastases (�2 � 8.23, P � .05)
Gender (�2 � 4.69, P � .03)
Circulating tumor cell (�2 � 0.91, P � .34)

Overall survival
Degree of differentiation (�2 � 8.12, P � .004)
Lymph node metastases (�2 � 2.08, P � .14)
Tumor location (�2 � 2.29, P � .12)
Circulating tumor cell (�2 � 1.72, P � .18)

Cancer-related survival
Degree of differentiation (�2 � 2.3, P � .13)
Lymph node metastases (�2 � 13.55, P � .0002)
Gender (�2 � 7.76, P � .005)
Circulating tumor cell (�2 � 0.02, P � .90)

Figure 3. Probability of overall survival in patients with colorectal cancer operated on for cure according
to the presence (continuous line) or absence (dotted line) of blood circulating tumor cells after surgery.
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ing the absence of selective and specific markers of colo-
rectal tumor cells. The use of a multiple mRNA marker
assay could overcome this important limitation, as has been
shown for the detection of CRC cells in stool samples.31,32

Second, identification of circulating tumor cells represents a
stochastic event because cell shedding is an intermittent
process and they circulate in non-homogeneously distrib-
uted clumps.33 Blood sampling at different time points may
help in improving this approach. However, in contrast to the
previously mentioned study,22 another longitudinal analy-
sis34 has observed that blood sampling within 40 days of
surgery can lead to spurious and inconclusive results. In this
latter study, only two of the eight positive patients 24 hours
after surgery remained positive during follow-up, whereas
two negative patients after surgery became positive during
follow-up. Finally, circulating CEA mRNA-positive cells
might not correspond to the cancer cell subpopulation in-
volved in metastatic spread. In that sense, it is important to
keep in mind that dissemination is a complex, multi-step
process in which tumor cell detachment and mobilization
are the first, necessary, but not sufficient stages of a highly
inefficient process. Identification and further characteriza-
tion of these mechanisms may provide new markers for the
detection of circulating tumor cells in patients with CRC;
consequently, the effectiveness of this approach for predict-
ing prognosis will need to be revisited.
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