
Abstract. Background: The aim of the present study was to
detect circulating tumor cells (CTCs) in the peripheral blood
of patients with non-metastatic colon cancer and to evaluate
whether there is a diurnal variation in the CTC counts.
Furthermore, the study aimed to examine the correlation
between CTCs and TNM stage, other paraclinical variables
and prognosis. Patients and Methods: Blood samples were
collected from 20 consecutive patients with colon cancer
TNM stage I-III at four different perioperative time points.
Detection of CTCs was performed using the immunological
assay CellSearch®. Results: CTCs were detected in 1 out of
60 preoperative blood samples, resulting in a detection rate
of 1 in 20 patients (5%; 95% confidence interval=0.1-25%).
None of the postoperative blood samples had CTC levels
above the cut-off value (≥2 CTCs/7.5ml blood). Conclusion:
The presence of CTCs in non-metastatic colon cancer is rare
and barely detectable with the only commercially available
assay for detection of CTCs, the CellSearch System.   

The presence of circulating tumor cells (CTCs) in the
peripheral blood of patients with metastatic breast, prostate
and colorectal cancer has proven to be a strong prognostic
marker (1-4). Two prospective studies have evaluated CTCs
in patients with metastatic colorectal cancer and
demonstrated that the presence of CTCs was an independent
predictor of decreased progression-free survival and overall
survival (1, 4). These studies used the only commercially
available assay for detection of CTC, VERIDEX, the
CellSearch®, Circulating Tumor Cell Test (LLC). This
semiautomated immunological technique has been approved
by the US Food and Drug Administration for the detection

of CTCs in metastatic breast, prostate and colorectal cancer.
Allard et al. (5) evaluated the CellSearch System and
established a cut-off value of ≥2 CTCs per 7.5 ml peripheral
blood in patients with various metastatic carcinomas. With
this method, CTCs were detectable in approximately 30% of
patients with metastatic colorectal cancer (1, 4). 

Only a few studies have utilized the CellSearch System in
non-metastatic colorectal cancer. Sastre et al. (6) demonstrated
that CTCs were detected in 26% of patients tested
postoperatively, but two other studies reported lower detection
rates, 7% of patients tested preoperatively (7) and 15% of
patients tested postoperatively with the Cellsearch assay (8).
There are no data on the prognostic significance of CTCs in
non-metastatic colorectal cancer applying the CellSearch assay.     

With reference to these results a study was conducted to
determine the presence of CTCs pre- and postoperatively in
patients with non-metastatic colon cancer. The aims were: to
evaluate whether there was a diurnal variation of CTCs
preoperatively, to correlate the presence of CTCs with TNM-
stage and other paraclinical variables and to determine
whether the postoperative presence of CTCs predicts
recurrence.    

Patients and Methods

Patients. The prospective study included 20 consecutive patients
with non-metastatic colon cancer, who underwent curative colon
resection at the Department of Surgery, Roskilde Hospital, Denmark
between February and July 2010. The study was approved by the
Danish National Committee on Biomedical Research Ethics. The
inclusion criteria were signed informed consent, newly diagnosed
and histologically verified adenocarcinoma of the colon (TNM stage
I-III), absence of other malignant diseases and no prior chemo- or
radiotherapy. All the patients were preoperatively assessed with a
computed tomography (CT) scan of the thorax and abdomen.
Patients with distant metastases (TNM stage IV) were excluded. The
tumors were classified according to the fifth edition of the TNM
classification of the International Union Against Cancer (9). The
patient characteristics such as age, gender, tumor location, TNM
stage, histological differentiation, venous invasion, lymph node
metastasis and carcinoembryonic antigen (CEA) level were recorded
(Table I).
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Blood samples. Peripheral blood was sampled via an intravenous
cannula on four separate occasions: three times preoperatively and
once postoperatively. The first two blood samples were collected the
day before surgery at 8 am and 8 pm, and the third blood sample
was drawn at 8 am on the day of surgery. The fourth blood sample
was drawn 30 days after surgery and before starting adjuvant
chemotherapy. 

CTC detection. All blood samples were collected into 10 ml
CellSave® Preservative Tubes (Veridex, LLC). The samples were
maintained at room temperature and processed within 96 hours after
collection according to the guidelines at the manufacturer. The
analysis was blinded and conducted by trained specialists at Source
BioScience, Nottingham, UK, without any information concerning
the clinical characteristics of the patients.

For isolation and enumeration of CTCs, the Cellsearch®

Circulating Tumor Cell Test (Veridex, LLC) was used. This assay
consists of a semiautomated system where cells expressing
epithelial-cell adhesion molecule (EpCAM) on their cell membranes
are enriched by immunomagnetic separation using ferro-fluids
coated with EpCAM antibodies. The isolated cells were
fluorescently labeled with nucleic acid dye 4,2-diamidino-2-
phenylindole (DAPI) and  monoclonal antibodies against cytokeratin
8, 18 and 19. Monoclonal antibodies against cluster of
differentiation 45 antigen (CD45, a common leucocyte antigen)
were used to distinguish epithelial cells from leucocytes. Further

identification and enumeration of CTCs was performed by the
CellTracks® Analyzer II, a semiautomated fluorescence microscope.
Finally a gallery of cellular images was reviewed by a trained
specialist who made the ultimate selection of CTCs. CTCs were
defined as nucleated cells (DAPI-positive) staining positive for
cytokeratin and negative for CD45, and showing cellular
morphology. The results were expressed as the number of CTCs per
7.5 ml peripheral blood. The cut-off value for a positive result was
chosen to be ≥2 CTCs per 7.5 ml blood (5).

Statistical analysis. The Chi-square test was used to compare the
present results with findings of other studies. The level of
significance was set at p<0.05 (two-sided). All the statistical
calculations were carried out using SAS version 9.1 for Windows
(SAS Institute, Cary, NC, USA). 

Results

Twenty patients were included in the study, 12 males and 8
females, with a median age of 70 years (range 44-86). The
patient characteristics are summarized in Table I. One patient
died of respiratory complications 11 days after surgery and
was excluded from the postoperative 30 days’ follow-up.
Two patients underwent open surgery and the remaining 18
were operated laparoscopically. All the tumors were
adenocarcinomas. Three patients were diagnosed with TNM
stage I, 8 patients with TNM stage II and 9 patients with
TNM stage III. Preoperative CEA levels were elevated 
(>5 ng/ml, range 9-110 ng/ml) in three patients.

A total of 79 blood samples were collected and no
samples were rejected due to processing errors. Only 1 out of
the 60 preoperative blood samples had ≥2 CTCs/7.5 ml
blood (1.7%; 95% CI=0.04-9%), resulting in a detection rate
of 1 in 20 patients (5%; 95% CI=0.1-25%) (Table II). None
of the 19 postoperative blood samples had CTC levels above
the cut-off value (0%; 95% CI=0-18%). One postoperative
blood sample was positive for 1 CTC/7.5 ml blood. Given
the low CTC yield, there was no statistical power to
determine diurnal variation, correlation between CTCs and
paraclinical variables or impact on prognosis. 

Discussion 

The most widely used method of detecting CTCs in non-
metastatic colorectal cancer is reverse-transcription
polymerase chain reaction (RT-PCR) (10-14). Uen et al. (10)
used a multi-marker RT-PCR method and found detectable
CTCs in 137 out of 438 patients (31%) with TNM stage I-III
colorectal cancer. This result was supported by Sadahiro et
al. (11) who also used RT-PCR to detect CTCs in 44 out of
200 patients (22%) with TNM stage I-III colorectal cancer.
Other RT-PCR studies have demonstrated lower detection
rates of 4-6% (13, 14). These studies are difficult to compare
because of heterogeneous study designs, especially
differences in laboratory techniques and choice of marker
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Table I. Patient characteristics. 

Characteristics All patients (n=20)

Age, median (range), years 70 (44-86)
Gender

Male 12 (60%)
Female 8 (40%)

Tumor location
Right colon 9 (45%)
Transverse colon 2 (10%)
Left colon 0
Sigmoid colon 9 (45%)

TNM stage
I 3 (15%)
II 8 (40%)
III 9 (45%)

Differentiation
Well 9 (45%)
Moderate 7 (35%)
Poor 3 (15%)
Unknown 1 (5%)

Venous invasion
No 18 (90%)
Yes 2 (10%)

Lymph node metastasis
No 12 (60%)
Yes 8 (40%)

Preoperative CEA level
<5 ng/ml 17 (85%)
>5 ng/ml 3 (15%)



genes. Generally, the RT-PCR method is considered to have a
higher sensitivity than the immunological techniques, but the
specificity of RT-PCR may be hampered by high numbers of
false-positive results due to contamination or target genes
expressed in non-malignant cells (15-18). Therefore, the
CellSearch System, a commercially available immunological
technique that has been validated and found reproducible (1,
4-6, 19, 20) was chosen for the present CTC measurements.  

In the present study, CTCs were found in only one
preoperative sample (5%) (Table II), in accordance with the
findings of Wind et al. (7), who found CTCs preoperatively in
2 out of 31 patients (7%) with non-metastatic colorectal cancer.  

In the 19 postoperative samples, no sample with CTCs
above the cut-off value was found. One sample was positive
for 1 CTC/7.5 ml peripheral blood, but according to Allard et
al. (5) this can be present in healthy individuals. The result
was significantly different from that of Sastre et al. (6) who
identified CTCs postoperatively in 17 out of 66 patients
(26%) with TNM stage I-III colorectal cancer (p<0.05, Chi-
square test). The differences can probably not be explained
by the small sample size in the current study, but rather by
laboratory differences, such as variation in the subjective
verification of CTCs. In the study by Maestro et al. (8),
CTCs were detected in 25 out of 164 patients (15%) with
non-metastatic colorectal cancer, which was not significantly
different from the present result (p>0.05, Chi-square test). 

To overcome the inability to detect CTCs, Lalmahomed et
al. (21) have recently described a method to improve the

sensitivity of the CellSearch System. The authors increased
the blood sample size from 7.5 ml to 30 ml in 15 patients
with colorectal liver metastases. The 30 ml of blood where
thereafter reduced to a volume of 7.5 ml of enriched blood
by density gradient separation. The median number of
detected CTCs increased from 1 (0-4) in 7.5 ml blood to 2
(0-9) in 30 ml blood. In the current study, the preoperative
blood sample size was increased to 30 ml (10 ml peripheral
blood collected on three different occasions, within two
days). Although the present results suggest otherwise, it is
possible that the procedure described by Lalmahomed et al.
(21) might also increase the CTC yield in patients with non-
metastatic colorectal cancer. 

More sensitive assays are needed to increase the
percentages of detectable CTCs. Wong et al. (22) have
developed a different immunological approach using a
gastrointestinal-specific anti-cytokeratin 20 antibody to
detect CTCs. They were able to demonstrate CTCs
preoperatively in 58 out of 101 patients (57%) with stage I-
III colorectal cancer and furthermore to detect a decrease in
CTCs in 51 of these 58 patients (88%) after surgery (22). 

The release of cancer cells from the primary tumor or
metastases to the circulation is called shedding. It is
unknown whether this process is continuous or dependent on
a circadian rhythm. To our knowledge, no data exist on the
diurnal variation of CTCs in non-metastatic colorectal
cancer. In the current study, it was not possible to
demonstrate a significant diurnal variation of CTCs because
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Table II. Circulating tumor cell counts and clinical data.

Patient no. Age Gender TNM stage Preoperative CTC count sample
(years) CEA level ng/ml 1 2 3 4

1 44 M III 9.6 0 0 0 0
2 73 F II 2.3 0 0 0 0
3 59 F III 1.4 0 0 0 0
4 62 M III 3.9 0 0 0 0
5 70 M II 13.9 0 0 0 0
6 85 M II 1.9 4 0 0 -
7 58 F III 1.8 0 0 0 0
8 64 M III 0.6 0 0 0 0
9 48 M I 1.1 0 0 0 1

10 82 M I 3.6 0 0 0 0
11 82 F II 3.1 0 0 0 0
12 60 M III 3.9 0 0 0 0
13 71 M II 0.9 0 0 0 0
14 78 M II 2.0 0 0 0 0
15 81 F I 1.9 0 0 0 0
16 69 F III 1.5 0 0 0 0
17 86 F II 110.2 0 0 0 0
18 77 M III 1.4 0 0 0 0
19 85 M II 3.1 0 0 0 0
20 64 F III 4.2 0 0 0 0



of the low number of detectable CTCs. Tentatively, the
preoperative sampling period may have been too short.
Interestingly, intra-patient variation was found in the CTC
counts. As demonstrated in Table II, the first preoperative
blood sample of patient six was positive for CTCs, whereas
the latter two were negative. The results suggest that CTCs in
non-metastatic colon cancer are rare and that negative
findings occur in repeated sampling with the applied method.
In another study on patients with metastatic breast cancer, no
significant differences between day-time and night-time CTC
counts were found using the CellSearch method (23).  

The percentage of patients with detectable CTCs increases
with advancing TNM stage, as has been documented in
several studies (6, 8, 22). Because of the low CTC yield in
this study, a correlation between CTC and TNM stage, other
paraclinical variables, and the potential impact on prognosis
in non-metastatic colon cancer, could not be demonstrated.

In conclusion, the ‘true’ percentage of detectable CTCs
with the current immunological assay remains unclear, but
given the low CTC yield in non-metastatic colon cancer with
the present assay, it seems unlikely that this approach can be
used in a clinical setting to predict patients at high risk of
recurrence. More sensitive assays or larger volumes of blood
may increase the detection rate of CTCs. Thus, further
studies primarily directed at improving the CTC detection
methods are warranted before the clinical value of CTCs in
non-metastatic colon cancer can be truly evaluated. 
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