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Abstract. The presence of circulating tumor cells (CTC) is an 
independent prognostic factor for progression-free and overall 
survival for patients with metastatic and newly diagnosed 
breast cancer. The present study was undertaken to explore 
whether the presence of CTC before and during follow-up 
after surgery is associated with recurrence free survival (RFS) 
and overall survival (OS). In a prospective single center study, 
CTC were enumerated with the CellSearch system in 30 ml 
of peripheral blood of 403 stage I-III patients before under-
going surgery for breast cancer (A) and if available 1 week 
after surgery (B), after adjuvant chemo- and/or radiotherapy or 
before start of long-term hormonal therapy (C), one (D), two 
(E) and three (F) years after surgery. Patients were stratified 
into unfavorable (CTC ≥1) and favorable (CTC=0) prognostic 
groups. >1 CTC in 30 ml blood was detected in 75/403 (19%) 
at A, 66/367 (18%) at B, 40/263 (15%) at C, 30/235 (12%) 
at D, 18/144 (11%) at E and 11/83 (13%) at F. RFS and OS 
was significantly lower for unfavorable CTC as compared to 
favorable CTC before surgery (p=0.022 and p=0.006), after 
adjuvant therapy (p<0.001 and p=0.018) and one (p=0.006 
and p=0.013) and two (p<0.001 and p=0.045) years after 
surgery, but not 1 week post-surgery. The presence of CTC 
in blood drawn pre and one and two years after surgery, but 
not post-surgery is associated with shorter RFS and OS for 
stage I-III breast cancer.

Introduction

Patients with non-metastatic breast cancer are treated surgi-
cally. Adjuvant treatment is indicated if the risk for recurrence 

can be significantly reduced. Risk assessment is, thus, of 
utmost importance and is being conducted by means of 
TNM-classification and differentiation grade complemented 
by estrogen and progesterone receptor status, Her2neu expres-
sion and peri-tumor vascular invasion  (1-5). More recent 
improvement of the risk assessment is obtained through the 
molecular characterization of the tumor (6-11). These methods 
identify genetic phenotypes with a higher likelihood for micro-
metastasis that can lead to disease recurrence. Detection of the 
actual presence of tumor cells beyond the primary tumor is 
preferred, but may not be sufficient, as one cannot distinguish 
between dormant tumor cells and those giving rise to recur-
rence of the disease (12,13). The presence of micrometastases 
in bone marrow of breast cancer patients is associated with 
an increased risk for disease recurrence and death, but has 
not been adapted in standard clinical practice (14-16). A more 
attractive approach for the detection of the presence of tumor 
cells beyond the primary tumor is the detection of circulating 
tumor cells (CTC). For CTC detection a validated method is 
available (17) and several studies have demonstrated that the 
presence of CTC in patients with metastatic breast cancer is 
associated with a significantly shorter progression free and 
overall survival (18-21). In these studies CTC can be found in 
7.5 ml of blood in ~70% of metastatic breast cancer patients. 
The presence of CTC in the non-metastatic setting is consider-
able lower and is similar to that found in patients with benign 
breast disease (22). Still a relation between their presence and 
an increased risk of disease recurrence has been shown in 
several studies (23-27). Whether or not this relation also exists 
when blood is investigated for the presence of tumor cells after 
surgical removal of the tumor and during follow-up has not yet 
been investigated. In a previous study we investigated the rela-
tion between the presence of CTC before breast cancer surgery 
and recurrence free survival and breast cancer related survival 
(22) and in the present study we report the relation between 
CTC in blood of these patients at several time-points after 
surgery and extended the follow-up of to a median of 5.7 years.

Materials and methods

Study design. Four hundred and three patients with stage I-III 
breast cancer were enrolled before surgery with curative 
intend in this prospective study between September 2003 and 
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January 2009. The test result was not communicated to the 
treating physician and thus could not influence the further 
therapeutic algorithm. Blood (30 ml) was drawn from all 
patients into four CellSave Preservative tubes (Veridex LLC, 
Raritan, NJ, usa) before surgery (A-Draw), a median of 
1 week after surgery (B-Draw), after completion of adjuvant 
chemo- and/or radiotherapy or before start of long-term 
hormonal therapy (C-Draw), one (D-Draw), two (E-Draw) 
and three (F-Draw) years after surgery to measure CTC. All 
patients were treated in accordance with the Dutch national 
guidelines (28). The ethics board of Medisch Spectrum Twente 
(Enschede, the Netherlands) approved the study protocol and 
all patients provided informed consent. The primary endpoint 
of the present study was an association between the presence 
of CTC and breast cancer related recurrence and was reported 
earlier (22). In the present study, we report the relation between 
the presence of CTC and recurrence free and overall survival 
before and at several time-points after surgery. All patient 
records were reviewed in 2013 and updated for occurrence 
of breast related disease recurrence and death resulting in a 
follow-up period of 0.5-9.9 years (median 5.7)

CellSearch system. The CellSearch system (Veridex) was used 
to measure CTC. Four 7.5-ml aliquots of each patient were 
analyzed within 72 h after blood draw. This system immu-
nomagnetically enriches CTC from 7.5 ml of blood targeting 
the epithelial cell adhesion molecules (EpCAM). The enriched 
cells are labeled with the nucleic acid dye 4',6-diaminodino-
2-phenylindole (DAPI) and antibodies specific for leukocytes 
(CD45) labeled with allophycocyan (APC) and specific for 
epithelial cells (cytokeratin 8, 18 and 19) labeled with phyco-
erythrin (PE). Images of CTC candidates were captured by 
a semi-automatic magnetic fluorescence microscope and 
presented to experienced operators for classification as CTC 
when the cells were >4 µm, expressed cytokeratin and lacked 
CD45 (17). The operators were blinded to the clinical status of 
the patient.

Statistical analysis. Two databases were created, one with 
the results of the CTC analysis, patient ID and inclusion date 
and one with the clinical data from the patient charts both 
were merged at the time of the analysis at the hospital. The 
following clinical data were included: age, menopausal status, 
tumor stage on basis of TNM classification, estrogen/proges-
terone receptor status, Her2Neu receptor status, differential 
grade of the tumor based on the Bloom-Richardson method, 
adjuvant treatment, date of recurrence if occurred, location 
of recurrence (local vs. distant), date of breast cancer associ-
ated death or non-breast cancer associated death. ER and PR 
positivity was defined at 10% or more. Her2Neu positivity 
was defined as 3+ or 2+ with confirmation. The time until 
recurrence was defined as the time between date of inclusion 
and the date on which the recurrence was confirmed with an 
appropriate diagnostic test. Follow-up time was defined as the 
time between inclusion date and the date of the last check-up. 
Patients with no objectified recurrence at the end of follow-up 
were considered free of recurrence. Statistical analysis was 
done using the SPSS version 20.0 (IBM, Armonk, NY, USA) 
an R (29). A p-value <0.05 was considered to indicate a signifi-
cant difference. All tests were two-sided. Patients were divided 

into two groups: those without any CTC, and those with at 
least one CTC. Between-group differences in categorical 
variables were tested by the Pearson's Chi-squared test and 
in case of small numbers the Fisher's exact test. For between 
group differences in continues variables the Mann-Whitney U 
was performed. All significant univariate prognostic factors 
where included in a multivariate Cox proportional regression 
model. Interdependent covariates where removed from the 
multivariate model using stepwise elimination, using P>0.10 
as criteria. Kaplan-Meier curves for disease free survival, 
cancer related death and overall survival were generated and 
compared using the log-rank test.

Results

Patient characteristics and relation to recurrence and 
survival. Between September 2003 and January 2009, 403 
patients with stage I-III breast cancer were included into the 
present study. Their age ranged from 29-90 years (mean and 
median of 59). Recurrence of disease was observed in 57 of 
403 (14.4%) patients, 43 (10.7%) patients died of causes related 
to breast cancer and 57 (14.1%) patients died of breast cancer 
or other causes. Patient characteristics and whether or not a 
significant relation was present between the presence of CTC, 
RFS and OS is shown in table I. 

Prevalence of CTC. The prevalence of CTC in the patients 
before and at several time-points after surgery is shown in 
table II. In 75 out of the 403 patients (19%) CTC were detected 
before surgery. At the time-points after surgery this frequency 
slowly decreased to 18, 15, 12, 11 and 13%, respectively.

Association between presence of CTC before surgery, disease 
recurrence and survival. A total of 57 (14.4%) patients devel-
oped disease recurrence and 43 (10.7%) patients died during 
follow-up. Of the 75 patients with CTC before surgery, 17 
(22.7%) developed a recurrence compared to 40 of 328 (12.2%) 
patients without CTC (p=0.019). Of the 75 patients with CTC 
before surgery, 19 (25.3%) died compared to 39 of 328 (11.9%) 
patients without CTC (p=0.003). Kaplan-Meier plots for RFS 
and OS for patients with and without CTC before surgery in 
Fig. 1 show a significant difference in RFS (p=0.022) and OS 
(p=0.006) indicating that the presence of CTC is a negative 
prognostic indicator.

Association between presence of CTC at several time intervals 
after surgery, disease recurrence and survival. Blood was 
drawn in 367 of the 403 (93%) of patients a median of 1 week 
after surgery. Although the proportion of patients with CTC 
was similar (19 vs. 18%) no significant associated was found 
between the presence of CTC and RFS and OS (table III). 
To investigate whether this was due to the difference in the 
number of patients with blood drawn after surgery the same 
analysis was done for the blood drawn of these 367 patients 
taken before surgery and is shown in italics in table III. This 
clearly shows that the presence of CTC in the same group of 
patients is highly significant in the blood drawn before, but 
not after surgery. After completion of adjuvant therapy blood 
was drawn in 263 of the 348 patients that received adjuvant 
therapy. Presence of CTC was significantly associated with 
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Table I. Characteristics of the 403 patients and their relation to 
recurrence free survival (RFS) and breast cancer related death 
(BCRD).

			   %	 RFS	 OS
	 N	 %	 CTC ≥1	 P-value	 P-value

Stage				    0.001	 <0.001
  I	 178	 44	 16
  IIA	 122	 30	 18
  IIB	 52	 12	 17
  IIIAa	 40	 10	 31
  IIIBa	 9	 2
  IIICa	 2	 1

T stage				    0.026	 <0.001
  T1	 229	 57	 15
  T2	 154	 38	 22
  T3a	 12	 3	 30
  T4a	 8	 2

N stage				    <0.001	 <0.001
  N0	 261	 65	 18b

  N1	 98	 25	 12b

  N2a	 42	 10	 34b

  N3a	 2	 1

Histology				    0.603	 0.971
  Lobular	 44	 11	 23
  Ductal	 341	 84	 19
  Other	 18	 5	 11

Differentiation				    <0.001	 <0.001
  I	 98	 24	 11b

  II	 184	 46	 18b

  III	 121	 30	 25b

ER				    0.017	 0.002
  Positive	 341	 85	 18
  Negative	 62	 15	 24

PR				    0.068	 0.028
  Positive	 289	 72	 14b

  Negative	 114	 28	 30b

Her2/neu				    <0.001	 0.107
  Positive	 81	 20	 24
  Negative	 322	 80	 17

Adjuvant				    0.597	 0.959
chemotherapy
  Yes	 150	 37	 22
  No	 253	 63	 16

 Adjuvant				    0.879	 0.94
radiotherapy
  Yes	 295	 73	 17
  No	 108	 27	 22

Table I. Continued.

			   %	 RFS	 OS
	 N	 %	 CTC ≥1	 P-value	 P-value

Adjuvant				    0.193	 0.282
hormonal therapy
  Yes	 192	 48	 13b

  No	 211	 53	 24b

Age
  continues

Menopausal status				    0.441	 0.183
  Pre	 119	 30	 22
  Post	 284	 70	 17

areduced to one category in statistical analysis due to low numbers. 
bdenotes a significant difference in coincidence of unfavorable CTC 
using the χ2 test.

Figure 1. Kaplan-Meier graphs of (A) recurrence free survival and (B) overall 
survival of breast cancer patients with 0 CTC/30 ml and >1 CTC/30 ml of 
blood before surgical intervention. 
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RFS and OS (table III). Presence of CTC in blood drawn 
1 year (n=245) and 2 years (n=162) after surgery was also 
significantly associated with RFS and OS (table III). This 
significant difference was not reached in the same group of 
patients when considering the CTC in the blood drawn pre-
surgery. The presence of CTC in 83 patients with blood drawn 
3 years after surgery was not significantly associated with RFS 
and OS (table III). Fig. 2 shows the Kaplan-Meier plots for 
OS for patients with and without CTC after surgery (Fig. 2A), 
1 year after surgery (Fig. 2B), 2 years after surgery and 3 years 
after surgery (Fig. 2D).

Multivariate analysis for disease recurrence and survival. 
Multivariate logistic regression analysis was performed to 

identify the parameters most significant for RFS and OS of 
breast cancer patients. For this the univariate significant 
parameters for RFS and OS were used. Table IV shows this 
analysis in which conditionally stepwise elimination of least 
significant parameters was applied for recurrence RFS and 
OS.

Discussion

Several studies have shown that the presence of tumor cells in 
blood of breast cancer patients before surgery (22,24,25,27) 
and with metastatic disease (18-20) is associated with poor 
outcome. To simplify the interpretation of the CTC results 
patients with metastatic disease are subdivided into those with 
favorable CTC (<5/7.5 ml of blood) and those with unfavor-
able CTC (>5/7.5 ml of blood) (18). In actuality, the peripheral 
blood circulating tumor cell load reflects the prognosis of the 
patient and the larger the CTC load the lower the survival 
time (30,31). By fitting the distribution of the CTC frequency 
in patients with metastatic disease in whom CTC were detected 
it was calculated that a 10-fold increase in CTC corresponds 
to a decrease in survival of 6.6 month and suggested that this 
trend continues at CTC concentrations that cannot be detected 
with current technology (31). Efforts are ongoing to determine 
whether CTC indeed can be identified in all patients with 
metastatic carcinomas by probing larger blood volumes for 
the presence of CTC (32,33). To detect a breast cancer tumor 
before the disease is disseminated using circulating tumor 
cells will be even more challenging (34). One of the largest 
difficulties is the discrimination between those tumor cells 
that can cause harm and those that may remain dormant. 
This is exemplified by the presence of micro-metastasis in 
the bone marrow in ~30% of patients at the time of diagnosis, 
but although their presence is associated with an increased 
risk for disease recurrence not all of the patients with micro-
metastasis will develop a disease recurrence (15,16). Likewise, 
not all patients in which CTC are detected before surgery will 
develop a disease recurrence (22,25,35). Aneusomie of CTC 
has been demonstrated in patients suspect for dormant breast 
cancer suggesting that at least some of these cells are indeed 

Table II. Prevalence of circulating tumor cells before surgery and at several time points after surgery.

	 (A) before	 (B) after	 (C) after	 (D) one year	 (E) two years	 (F) three years 
	 surgery	 surgery	 adjuvant therapya	 after surgery	 after surgery	 after surgery
	 n=403	 n=367	 n=263	 n=235	 n=162	 n=83	 --------------------	 ------------------	 ---------------------------------	 -------------------------	 -------------------------	 ----------------------------
CTC	 n (%)	 n (%)	 n (%)	 n (%)	 n (%)	 n (%)

0	 328 (81)	 301 (82)	 223 (85)	 215 (88)	 144 (89)	 72 (87)
≥1	 75 (19)	 66 (18)	 40 (15)	 30 (12)	 18 (11)	 11 (13)
1	 48 (12)	 33 (9)	 31 (12)	 21 (9)	 13 (8)	 9 (11)
2	 4 (1)	 12 (3)	 6 (2)	 4 (2)	 2 (1)	 0 (0)
3	 6 (2)	 8 (2)	 0 (0)	 0 (0)	 0 (0)	 1 (1)
4	 5 (1)	 4 (1)	 0 (0)	 1 (0)	 0 (0)	 0 (0)
>4	 12 (3)	 9 (3)	 3 (1)	 4 (2)	 3 (3)	 1 (1)

along-term hormonal therapy is not included in the adjuvant therapy.

Table  III. Relation between the presence of CTC and recur-
rence free survival (RFS) or overall survival (OS).

		  Unfavorable	 RFS	 OS
	 N	 (%)	P -value	P -value

Before surgery	 403	 19	 0.022	 0.006

After surgery	 367	 18	 0.852	 0.182
(before surgery draw)		  19	 0.006	 0.005

After adjuvant TX	 263	 15	 <0.001	 0.018
(before surgery draw)		  17	 0.026	 0.013

After 1 year	 245	 12	 0.006	 0.013
(before surgery draw)		  16	 0.672	 0.320

After 2 years	 162	 11	 <0.001	 0.045
(before surgery draw)		  23	 0.720	 0.275

After 3 years	 83	 13	 0.439	 0.056
(before surgery draw)		  27	 0.591	 0.787

For each time-point during follow-up (FU) the recurrence free survival 
(RFS) and overall survival (OS) for this subset of patients was also 
calculated from the before surgery draw analysis (shown in italics).
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Table IV. Multivariate Cox proportional hazard regression analysis of univariate significant parameters with a conditional step-
wise elimination of the least significant for recurrence free survival (RFS) and overall survival (OS).

	V ariables	 Categories	 p-value	 Hazard ratio	 95% CI

RFS	 CTC	 Negative vs. positive	 0.057	 1.96	 0.98-3.17
	 Her2Neu	 Negative vs. positive	 0.039	 1.82	 1.03-3.20
	 Differentiation	 I vs. II	 0.157	 2.02	 0.76-5.38
	 Differentiation	 I vs. III	 0.017	 3.38	 1.25-9.15
	 N-stage	 N0 vs. N1	 0.023	 2.04	 1.10-3.76
	 N-stage	 N0 vs. N2 and N3	 0.028	 2.17	 1.09-4.34

OS	 age		  <0.001	 1.05	 1.03-1.08
	 CTC	 Negative vs. positive	 0.002	 2.60	 1.43-4.72
	 ER	 Negative vs. positive	 0.003	 0.36	 0.19-0.71
	 Differentiation	 I vs. II	 0.423	 1.46	 0.58-3.68
	 Differentiation	 I vs. III	 0.021	 3.06	 1.18-7.90
	 N-stage	 N0 vs. N1	 <0.001	 3.14	 1.69-5.84
	 N-stage	 N0 vs. N2 and N3	 0.050	 2.20	 1.00-4.85
	 T-stage	 T1 vs. T2	 0.595	 1.17	 0.66-2.08
	 T-stage	 T1 vs.T3 and T4	 0.016	 3.00	 1.23-7.33

Figure 2. Kaplan-Meier graphs of overall survival of breast cancer patients with 0 CTC/30 ml and >1 CTC/30 ml of blood (A) after surgery, (B) 1 year after 
surgery, (C) 2 years after surgery and (D) 3 years after surgery.
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tumor cells but in a dormant state (12). Furthermore, cells clas-
sified as CTC can also be detected at low frequency in patients 
with benign disease suggesting that they may not be tumor 
cells which can explain part of the absence of recurrence in 
CTC positive patients with cancer (22).

In the present study, we investigated the presence of CTC 
in 30 ml of blood before and during follow-up after surgery to 
determine whether CTC could be detected and whether or not 
their presence after surgery was still related to poor outcome. 
Results of the pre-surgery blood were presented before (22), 
but here we extended the follow-up and investigated the role 
of CTC in blood drawn during 3 years of follow-up. The 
longer follow-up increased the significance of the presence of 
CTC and CTC are highly significant in multivariate analysis 
for OS. The proportion of patients with CTC detected before 
surgery (19%) was not different in the weeks after surgery 
(18%). Surprisingly, CTC presence was highly significant for 
RFS (p=0.022) and OS (p=0.006) in blood draw pre-surgery, 
but not in the post-surgery blood for RFS (p=0.852) and OS 
(p=0.182). Possible explanations are that the cells detected in 
the post-surgery blood are epithelial cells or tumor cells with 
no metastatic potential shed during surgery. Alternatively, 
these cells are similar to those observed in patients with 
benign disease  (22). Remarkably, the same phenomenon 
is observed in patients undergoing surgery for colorectal 
cancer (36).

Presence of CTC in blood drawn after adjuvant therapy, 
but before starting long-term hormonal therapy was highly 
significant for both RFS (p<0.001) and OS (p=0.018). This 
may not be surprising as this patient group already has a 
higher risk for disease recurrence as compared to those not 
receiving adjuvant. This significance was, however, also 
observed in the patient group comprising patients that did 
not receive adjuvant therapy as the presence of CTC was 
significant for RFS and OS in blood drawn one and two years 
after surgery. Remarkably, CTC in blood of the same patients 
drawn before surgery was not significant. These results 
indeed indicate a potential important role for the monitoring 
of patients treated for breast cancer, but also highlight that 
improvement of CTC technology is needed before it can 
play a role in clinical practice. Relative simple improve-
ment in CTC technology can be obtained by automation of 
the assignment of objects as CTC and optimization of the 
definition by which the human error and subjectivity can be 
eliminated (37). Further needed is confirmation at the genetic 
level that the cells identified as CTC are indeed tumor cells. 
Technology to detect genetic abnormalities associated with 
cancer in CTC is indeed feasible (12,33,38-43) but will need 
to be implemented in this setting. Still remaining is the chal-
lenge to discriminate between those tumor cells signifying 
impeding relapse and those that do not (44). Availability of 
larger numbers of CTC will help to address these questions 
and be obtained by probing larger blood volumes for the pres-
ence of CTC (30,33,34) and alternative phenotypes (45,46) or 
physical characteristics (47-49). 

In conclusion, CTC found in the blood at several time-points 
after surgery for breast cancer extends our knowledge to what 
already has been shown for CTC detection before surgery, it is 
also associated with a shorter RFS and OS. However, improve-
ment in the determination and characterization of CTC is 

necessary in order to design randomized trials guiding the 
effect of the adjuvant therapy or starting pre-emptive therapy 
in those patients with presence of CTC after surgery.
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