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Background: To determine the effect of adjuvant taxane-free and taxane-based chemotherapy regimens on the elimination of
circulating tumour cells (CTCs) in patients with early breast cancer.

Methods: The presence of CK-19 mRNA-positive CTCs in the peripheral blood was evaluated before and after chemotherapy,
using a real-time RT–PCR assay, in a historical comparison of two cohorts of women with stage I–III breast cancer treated with
adjuvant taxane-free (N¼ 211; FE75C or E75C) and taxane-based (N¼ 334; T/E75C or T/E75) chemotherapy.

Results: Taxane-based chemotherapy resulted in a higher incidence of CTCs’ elimination than taxane-free regimens since 49.7%
(74 of 149) and 33.0% (29 of 88) of patients with detectable CTCs before chemotherapy, respectively, turned negative post-
chemotherapy (P¼ 0.015). Patients treated with taxane-free regimens had a significantly lower disease-free survival (DFS)
(P¼ 0.035) than patients treated with taxane-based regimens; this difference was observed in patients with but not without
detectable CTCs before chemotherapy (P¼ 0.018 and P¼ 0.481, respectively). The incidence of deaths was significantly higher in
the taxane-free cohort of patients with but not without detectable CTCs before chemotherapy compared with that of the taxane-
based cohort (P¼ 0.002). Multivariate analysis revealed that the chemotherapy regimen was significantly associated with
prolonged DFS (HR: 2.00; 95% CI¼ 1.20–3.34).

Conclusion: Elimination of CK-19 mRNA-positive CTCs during adjuvant chemotherapy seems to be an efficacy indicator of
treatment and is associated with a favourable clinical outcome of patients with detectable CTCs before chemotherapy.

The target of systemic adjuvant treatment is the elimination of the
cells that escaped from primary tumour before or during its
surgical excision. Consistent data have shown that adjuvant
chemotherapy improves disease-free survival (DFS) and overall
survival (OS) in breast cancer patients (Early Breast Cancer
Trialists’ Collaborative Group, 2005). Although the reduction of
local or distant relapse rates is an absolute index of the efficacy of

adjuvant treatment, there is no validated tool to monitor its effect
(Bonadonna et al, 2005).

Circulating tumour cells (CTCs) and disseminated tumour cells
(DTCs) have been studied in metastatic and early stage breast
cancer. The detection of 45 CTCs per 7.5ml of blood before or at
any time during therapy was associated with shorter median
progression-free survival and OS in patients with metastatic breast
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cancer (Cristofanilli et al, 2004; Hayes et al, 2006); moreover,
treatment-induced decrease to o5 CTCs per 7.5ml of blood 4
weeks after the initiation of chemotherapy was shown to be an
earlier indicator of clinical response and to better correlate with OS
than the standard imaging assessment (Budd et al, 2006; Liu et al,
2009). In addition, in patients with locally advanced disease the
detection of CTCs after neoadjuvant chemotherapy is an
independent prognostic factor for early relapse (Pierga et al,
2008), whereas the decrease in CTCs during the first cycle of
neoadjuvant treatment predicts for a favourable tumour response
(Camara et al, 2007).

Recently, it was reported that in patients with early breast cancer
the relapse-free survival is proportional to the fluctuation of the
absolute number of detected CTCs during adjuvant chemotherapy
(Pachmann et al, 2008). In addition, we had shown that the
persistence of CTCs after the completion of adjuvant chemother-
apy is an independent prognostic factor associated with DFS and
OS (Xenidis et al, 2009). The aim of the current study was to
investigate the effect of adjuvant taxane-free and taxane-based
chemotherapy regimens on the elimination of CK-19 mRNA-
positive CTCs (CK-19(þ ) cells) and its association with patients’
clinical outcome.

PATIENTS AND METHODS

Patient population. In all, 545 women with operable (stage I–III)
breast cancer were treated in the Department of Medical Oncology
of the University General Hospital of Heraklion, Crete from
September 1996 to November 2008. Most of these patients (almost
60%) were treated in the context of research protocols of the
Hellenic Oncology Research Group (HORG) comparing taxane-
based with taxane-free regimens in both node-positive and node-
negative disease. One of these trials has already been published
(Polyzos et al, 2010), another (comparing dose dense FE75C
followed by paclitaxel vs FE75C followed by docetaxel in node-
positive patients) has been submitted for presentation in the
upcoming SABCS 2012, whereas the two other studies (one in
node-positive patients comparing dose dense docetaxel followed by
FE75C vs docetaxel/cyclophosphamide and one in node-negative
patients comparing docetaxel followed by epirubicin vs docetaxel
plus epirubicin) are not yet mature for final analysis. The
remaining patients (almost 40%) were treated out of protocol with
FE75C or E75C chemotherapy. There were no patients treated with
CMF. In the current study, only patients with available blood
samples both before and after the completion of adjuvant
chemotherapy were included. All patients had a complete
diagnostic evaluation to exclude the presence of distant metastases.
Of 545 patients, 392 were treated with lumpectomy and 153 with
total mastectomy. Adjuvant radiotherapy was administered in 468
patients and all patients with hormone receptor-positive tumours
were treated with either tamoxifen for 5 years or tamoxifen for 2–3
years followed by an aromatase inhibitor for an additional 2–3
years; premenopausal women also received luteinising hormone-
releasing hormone analogues for 2–3 years. Sixty (11%) patients
with HER-2/neu-positive tumours (immunohistochemical score of
3þ or FISH positive), treated before the registration of
trastuzumab in the adjuvant setting (2005), were included in the
analysis since they did not receive trastuzumab. Patients with HER-
2/neu-positive disease who received trastuzumab were excluded
from this analysis since we have previously shown that it can
eliminate CK-19 mRNA-positive CTCs (Bozionellou et al, 2004).
Patients’ follow-up consisted of clinical examination with labora-
tory and imaging studies every 3 months for the first 2 years, every
6 months for the next 3 years and yearly thereafter. Patients signed
an informed consent to participate in this biomarker study, which

was approved by the Ethics and Scientific Committees of our
Institution.

Blood samples and real-time RT–PCR assay for CK-19 mRNA
(þ ) CTCs. Peripheral blood (20ml in EDTA) was obtained 3–4
weeks after primary surgery and before the initiation of adjuvant
chemotherapy and within 3–4 weeks after the completion of
adjuvant chemotherapy as previously reported (Stathopoulou et al,
2003; Xenidis et al, 2009). The procedures of RNA extraction and
cDNA synthesis, the real-time RT–PCR assay for the detection of
CK-19 mRNA-positive CTCs as well as its specificity and
sensitivity have been previously reported in detail (Stathopoulou
et al, 2003). According to the analytical detection limit of the assay,
the presence of X0.6 MCF-7 equivalents/5 mg of total RNA was
considered as a positive result.

Statistical analysis. This is a non-randomised, correlative and
retrospective study conducted in patients with early breast cancer
receiving both taxane-based and taxane-free chemotherapy regi-
mens. Therefore, the study has not a specific statistical design and a
sample size calculation. Differences between categorical variables
were analysed by w2 tests or Fisher’s exact test. Disease-free survival
was calculated from the time of study entry to the time of loco-
regional or distant relapse and OS from the time of study entry to
the time of death from any cause. Survival curves were plotted
according to the Kaplan–Meier method and compared using the
log-rank test. Cox proportional-hazards regression analysis was
used to estimate univariate and multivariate hazard ratios for DFS
and OS. Clinicopathologic factors, known to be associated with
prognosis, were tested in univariate analysis. Variables that were
found to be significant at the univariate analysis were then entered
in a stepwise multivariate Cox proportional hazards regression
model to identify those with independent prognostic information.
A proportional hazards model with treatment covariate (taxane-
free vs taxane-based regimen), CK-19 mRNA-positive CTCs status
and their interaction was used to assess whether CTCs detection
before chemotherapy was predictive of treatment efficacy. For all
analyses, a P-value of o0.05 was considered to be statistically
significant. SPSS version 15 statistical software (SPSS Inc., Chicago,
IL, USA) was used for the analysis. This report was written in
accordance with the REporting of tumour MARKer Studies
recommendations (McShane et al, 2005).

RESULTS

Patient characteristics. In total, 211 (38.7%) patients received a
taxane-free and 334 (61.3%) a taxane-based regimen as adjuvant
chemotherapy (Table 1). Median patient age was 54.0 and 53.0
years in the taxane-free and the taxane-based groups, whereas 55%
and 52.4% were post-menopausal, respectively. The primary
tumour was p2.0 cm in 34.6% and 34.1% patients treated with
taxane-free and taxane-based regimens, respectively. In addition,
43.6% and 41.3% patients treated with a taxane-free and a taxane-
based regimen had grade III tumours, whereas 68.3% and 68.8% of
them, respectively, had involved axillary lymph nodes. ER-positive
tumours had 65% and 64.8% patients treated with a taxane-free
and a taxane-based regimen, respectively. HER-2/neu-positive
tumours (immunohistochemical score of 3þ or FISHþ ) were
detected in 13.1% and 10.1% patients treated with a taxane-free
and a taxane-based regimen, respectively. In all, 88 (41.7%) and
149 (44.6%) patients treated with a taxane-free and a taxane-based
regimen, respectively, had detectable CK-19 (þ ) cells before
chemotherapy. There were no significant differences between
patients’ clinical and tumour-related characteristics in the two
chemotherapy groups (Table 1).

The median number of CK-19 (þ ) cells before adjuvant
chemotherapy was 2.0 (range, 0.6–1115.0) and 1.5 (range,
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0.6–897.0) MCF-7 equivalents/5 mg of total RNA for the taxane-
free and taxane-based groups, respectively.

Effect of chemotherapy regimens on the elimination of CK-19
mRNA (þ ) CTCs. The proportion of patients with detectable
CK-19 (þ ) cells was significantly decreased from 43.5% (n¼ 237
patients) before chemotherapy to 34.9% (n¼ 190 patients) after the
completion of adjuvant chemotherapy (McNemar test, Po0.001).
The reduction rate of CK-19 (þ ) cells was significantly higher in
patients treated with taxane-based than with taxane-free regimes
(11.4% and 4.3%, respectively; P¼ 0.002, data not shown).
Regarding patients without detectable CK-19 (þ ) CTCs before
chemotherapy, 83.7% and 80.5% of those treated with a taxane-free
and a taxane-based regimen, respectively, remained CK-19
negative after chemotherapy (Table 2; P¼ 0.547). On the contrary,
for patients with detectable CK-19 (þ ) cells before chemotherapy,
74 (49.7%) and 29 (33.0%) of those treated with a taxane-based and
a taxane-free regimen turned negative after chemotherapy (Table 2;
P¼ 0.015). Moreover, the median number of CK-19 (þ ) cells
before and after therapy was significantly decreased in both groups
(taxane-based group: 1.5 and 0.6 MCF-7 equivalents/5 mg RNA,
respectively (Po0.00001); taxane-free group: 2.0 and 1.1 MCF-7
equivalents/5 mg RNA, respectively (P¼ 0.017), data not shown).

Detection of CK-19 mRNA-positive cells, chemotherapy regi-
mens and clinical outcome

Disease recurrence and DFS. After a median follow-up period of
71.0 months (range, 4–147), 122 patients (22.4%) developed a
distant (n¼ 96; 78.7%) and/or a loco-regional (n¼ 26; 21.3%)
recurrence. The incidence of clinical relapses was significantly
higher among patients with detectable CK-19 (þ ) CTCs after the
completion of therapy (33.2% and 16.6% relapse rate for patients
with and without detectable CK-19 (þ ) CTCs post-chemotherapy,
respectively (Po0.00001). The median DFS for the whole group of
patients has not yet been reached; however, the relative risk of
recurrence was significantly reduced in patients who were treated
with taxane-based regimens (RR¼ 0.68; P¼ 0.035, Figure 1). In
addition, the median DFS was significantly improved in the group
of patients with detectable CK-19 mRNA (þ ) cells who were
treated with a taxane-based regimen compared with the patients
who were treated with a taxane-free regimen (10-year DFS rate
61.3% and 47.8%, respectively; P¼ 0.018, Figure 2A). In contrast,
for patients without detectable CK-19 mRNA (þ ) cells before
chemotherapy there was a slight but not significant difference in
terms of DFS between the two cohorts (10-year DFS rate: 70.2%
(taxane-free group) and 80.0% (taxane-based group) P¼ 0.481,
Figure 2B).

The effect of taxane-free and taxane-based regimens on the
clinical outcome has been further investigated according to their
effect on the CK-19 (þ ) CTCs; for this purpose, the patients’
clinical outcome was analysed according to their CTC status both
before and after chemotherapy. The incidence of clinical relapses

Table 2. Detection of CK-19 mRNA-positive cells before and after adjuvant chemotherapy according to chemotherapy regimen

CK-19 mRNA status after chemotherapy

CK-19 mRNA status before
chemotherapy

Chemotherapy CK-19 negative CK-19 positive P-value

CK-19 negative Taxane-free (n¼123) 103 (83.7%) 20 (16.3%) 0.547
Taxane-based (n¼185) 149 (80.5%) 36 (19.5%)

CK-19 positive Taxane-free (n¼88) 29 (33.0%) 59 (67.0%) 0.015
Taxane-based (n¼149) 74 (49.7%) 75 (50.3%)

Table 1. Patients characteristics

Taxane-free
regimen

Taxane-based
regimen

Characteristics n % n % P-value
Patients enrolled 211 334

Age, years

Median 54 53

Range 30–75 26–76

Tumour size, cm

T1 (p2.0) 73 34.6 114 34.1 0.955

T2 (2.1–5.0) 120 56.9 189 56.6

T3 (45.0) 18 8.5 31 9.3

Lymph nodes

N0 67 31.8 104 31.1 0.980

N1–3 78 37.0 123 36.8

N43 66 31.3 107 32.0

Histology grade

Grade I, II 119 56.4 196 58.7 0.656

Grade III 92 43.6 138 41.3

ER

ER(� ) 64 30.3 112 35.5 1.000

ER(þ ) 119 56.4 206 61.7

Unknown 28 13.3 16 4.8

PgR

PgR(� ) 69 31.7 128 38.3 0.635

PgR(þ ) 113 53.6 190 56.9

Unknown 29 13.7 16 4.8

HER-2/neu

HER2(� ) 179 84.8 294 88.0 0.325

HER2(þ ) 27 12.8 33 9.9

Unknown 5 2.4 7 2.1

CK-19 mRNA(þ ) cells before chemotherapy

Yes 88 41.7 149 44.6 0.535

No 123 58.3 185 55.4

Abbrevaitions: ER¼oestrogen receptor; PgR¼progesterone receptor.
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was 34.5% and 13.5% (P¼ 0.025) in patients who turned negative
after the completion of taxane-free and taxane-based adjuvant
chemotherapy, respectively (Table 3). In the subgroup of patients
who remained CK-19 mRNA (þ ) after adjuvant chemotherapy,
the incidence of clinical relapses was 50.6% (taxane-free group)
and 20.7% (taxane-based group) (P¼ 0.00001). In these patients,
the median DFS was 101 months (range, 7–131) and 86 months
(range, 12–145) in patients treated with a taxane-based and a
taxane-free regimen, respectively (HR: 1.8; 95% CI: 1.016–3.341,
P¼ 0.044).

Although the nodal status has affected the DFS in the entire
population (median DFS in N0, N1–3, and N43 patients: 126, 121,
and 89mo, respectively; Po0.000001), there was no statistically
significant difference in terms of DFS between patients who were
treated with a taxane-free and a taxane-based regimen in each
nodal group (median DFS: 121 and 131 months, respectively, for
N0 patients (P¼ 0.131); 117 and 122 months for N1–3 patients
(P¼ 0.245), and 82 and 94 months for N43 patients (P¼ 0.162),
data not shown).

Disease-related mortality and OS. Seventy (12.8%) patients have
died as a result of disease progression during the follow-up period

(taxane-free (n¼ 39; 55.7%) and taxane-based (n¼ 31; 44.3%);
P¼ 0.002). The incidence of deaths was significantly higher in
patients with detectable CK-19 mRNA (þ ) CTCs before
chemotherapy who received a taxane-free regimen compared with
those who were treated with a taxane-based regimen (29.5% and
12.1%, respectively, P¼ 0.002); however, there was no difference
(P¼ 0.696) in terms of median OS between the two chemotherapy
groups, irrespectively of the presence or the absence of CK-19
mRNA (þ ) cells before chemotherapy (data not shown).

Univariate and multivariate analysis. Univariate analysis in the
group of patients without detectable CTCs before chemotherapy
revealed that tumour grade and lymph-node involvement, but not
chemotherapy regimen, were significantly associated with reduced
DFS and OS; multivariate analysis confirmed that the same
parameters were independent predictors of disease recurrence and
death (Table 4). In contrast, in the group of patients with
detectable CK-19 (þ ) CTCs before chemotherapy, all parameters
(tumour size, grade, lymph-node involvement, hormone-receptor
expression, and chemotherapy regimen) were significantly asso-
ciated with disease recurrence in univariate. In multivariate
analysis, all factors remained relevant for the disease relapse but
tumour size 42.0 cm and taxane-free regimens emerged as the
strongest predictors of decreased DFS (HR: 2.03 and 2.00,
respectively; Table 5). However, the interaction test between
CK-19 (þ ) CTCs before chemotherapy and the treatment
effect, according to the used regimen, was not significant
(P¼ 0.31). Finally, multivariate analysis also revealed that
tumour size, tumour grade, lymph-node involvement, and
hormone receptor status emerged as independent factors asso-
ciated with decreased OS.

DISCUSSION

In patients with locally advanced or metastatic breast cancer,
treatment efficacy is evaluated by tumour shrinkage that seems to
be associated with a prolonged progression-free survival and OS
(Bruzzi et al, 2005). On the contrary, in patients with early stage
breast cancer, the efficacy of adjuvant chemotherapy to eradicate
the minimal residual disease (MRD) may be assessed only
indirectly by the development of loco-regional or distant relapse
and, more especially, the DFS. Therefore, until now the
comparison of different adjuvant chemotherapy regimens is based
only on the clinical outcome. However, several studies evaluating
the value of CTCs after the completion of adjuvant chemotherapy,
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as a marker of disease relapse, demonstrated that their persistence
(Quintela-Fandino et al, 2006; Rack et al, 2008; Xenidis et al, 2009)
or increased number (Pachmann et al, 2008) is associated with
poor prognosis, suggesting the failure of adjuvant treatment to
eradicate MRD.

To the best of our knowledge, this is the first report comparing
the effect of two chemotherapy regimens (taxane-based and
taxane-free) on CTCs in patients with early stage breast cancer
and correlates this effect with patients’ clinical outcome. Although
this is a retrospective analysis of data from two non-randomised
cohorts of patients, the results indicate that both regimens could
significantly eliminate CK-19 (þ ) cells but the effect of taxane-
based regimens was more pronounced than that of taxane-free
combinations (Table 2; P¼ 0.015). This observation should be
attributed to the incorporation of taxanes (both docetaxel and
paclitaxel), which was the main difference between the two
regimens; whether this effect represents a greater sensitivity of
CTCs to taxanes or it is an additive effect of the chemotherapy
agents is unknown. This observation is in agreement with several
recent clinical data indicating the superiority of taxane-containing
regimens in the adjuvant setting and could be explained by the fact
that incorporation of taxanes in the adjuvant treatment is more
pronounced in patients with HER2-positive tumours (Hayes et al,

2007; Ellis et al, 2009). Several studies have shown that CTCs
express HER2/c-neu (Wulfing et al, 2010) irrespectively of the
HER2 status of the primary tumours (Pestrin et al, 2009). This
discrepancy could be due to HER2/c-neu amplification in CTCs,
acquired during the migration process of the tumour cells (Meng
et al, 2004) or to a clone selection in an HER2-negative primary
tumour. Therefore, we cannot exclude the hypothesis that the
observed higher efficacy of taxane-based regimens could be
attributed to the effect of taxanes on HER2(þ ) CTCs.

In the current study, the median DFS was significantly
improved in patients treated with a taxane-based regimen. This
observation is in agreement with the results of recent meta-
analyses, indicating that taxane-based adjuvant chemotherapy
provides an improvement in DFS when compared with standard
anthracycline-based chemotherapy (Bria et al, 2006; Ferguson et al,
2007; De Laurentiis et al, 2008). Since patients without detectable
CK-19 (þ ) CTCs showed almost identical DFS, irrespectively of
the administered chemotherapy regimen, it is reasonable to
hypothesise that the observed beneficial effect of a taxane-based
regimen on DFS may be attributed to its effect on the subgroup of
patients with detectable CK-19 (þ ) CTCs. Indeed, in this
particular group of patients, the administration of a taxane-based
chemotherapy regimen improved substantially the DFS and

Table 3. Relapse rate (R), disease-free (DFS) and overall survival (OS) according to the detection of the CK-19 mRNA (þ ) CTCs before and after the
completion of adjuvant chemotherapy and the type of chemotherapy

CK-19 pre(� )/
post(� ) (n¼252)

CK-19 pre(� )/
post(þ ) (n¼56)

CK-19 pre(þ )/
post(� ) (n¼103)

CK-19 pre(þ )/
post(þ ) (n¼134)

Parameter
R
(%)

DFI
(months)

OS
(months)

R
(%)

DFI
(months)

OS
(months)

R
(%)

DFI
(months)

OS
(months)

R (%)
DFI

(months)
OS

(months)

Taxane-free 21.4 121 134 40.0 105 127 34.5 105 122 50.6 86 110

Taxane-
based

11.4 124 130 16.7 107 118 13.5 106 119 20.7 101 104

P-value 0.035 0.569 0.602 0.105 0.623 0.996 0.025 0.451 0.682 0.0001 0.044 0.555

Abbreviation: CTCs¼ circulating tumour cells.

Table 4. Univariate and multivariate analysis for disease recurrence and death from breast cancer in patients without detectable CK-19 mRNA (þ ) cells
before chemotherapy

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Disease-free survival

Tumour size (T3 vs T2 vs T1)a 1.30 (0.84–2.01) 0.235 —b —b

Tumour grade (grade III vs I, II, lobular) 1.90 (1.10–3.29) 0.022 1.79 (1.03–3.11) 0.038
Lymph nodes (N43 vs N0–3 vs N0)a 2.37 (1.60–3.51) o0.001 2.34 (1.57–3.49) o0.001
Hormone-receptor expression (neg vs pos)c 1.07 (0.58–1.99) 0.822 —b —b

Chemotherapy (taxane-free vs taxane-based) 1.22 (0.70–2.11) 0.482 —b —b

Overall survival

Tumour size (T3 vs T2 vs T1)a 1.74 (0.93–3.26) 0.084 —b —b

Tumour grade (grade III vs I, II, lobular) 2.33 (1.04–5.23) 0.040 2.23 (1.00–5.01) 0.051
Lymph nodes (N43 vs N0–3 vs N0)a 3.08 (1.66–5.71) o0.001 3.07 (1.65–5.75) o0.001
Hormone-receptor expression (neg vs pos)c 1.58 (0.69–3.62) 0.276 —b —b

Chemotherapy (taxane-free vs taxane-based) 1.22 (0.56–2.65) 0.616 —b —b

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio.
aThe hazard ratio represents the linear trend across categories.
bNo estimate of relative risk is given, since the variable was not significant on univariate analysis.
cFor either oestrogen or progesterone receptors.
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decreased significantly the probability of relapse compared with
patients treated with a taxane-free regimen. Moreover, multivariate
analysis in this subgroup of patients clearly revealed that treatment
with a taxane-free chemotherapy regimen was an independent
factor associated with an increased risk of early disease recurrence.
However, no definitive conclusions concerning the DFS can be
drawn from these results since the interaction test between CK-19
(þ ) CTCs before chemotherapy and the treatment effect,
according to the used regimen, was not significant; this could be
attributed to the low and different number of patients between the
two groups. Nevertheless, we propose that the benefit of patients
treated with a taxane-based regimen in terms of DFS and disease
relapse rate should be due to a more effective elimination of CK-
19(þ ) CTCs due to the administration of taxanes. This hypothesis
is mainly supported by the observation that taxane-based
chemotherapy was associated with a significantly higher DFS
compared with taxane-free regimens in the subgroup of patients
who had detectable CK-19 (þ ) CTCs both before and after the
completion of adjuvant chemotherapy, in agreement with our
previous report (Xenidis et al, 2009). Conversely, there was no
difference in terms of DFS in the other subgroups of patients
according to the detection of CK-19 (þ ) CTCs before and after
adjuvant chemotherapy, irrespectively of the administered che-
motherapy regimen (data not shown). However, the observational,
retrospective, and non-randomised nature of the trial are
important limiting factors of this analysis; therefore, these
observations should be considered with caution.

In the current study, there was no difference in terms of
median OS between the two chemotherapy regimens, irrespectively
of the detection of CK-19 (þ ) CTCs cells before chemotherapy;
however, there were more disease-related deaths among patients
treated with a taxane-free regimen compared with patients who
were treated with a taxane-based regimen. Although administra-
tion of a taxane-based chemotherapy regimen improved substan-
tially the DFS and even if there were more disease-related deaths
among patients treated with a taxane-free regimen compared
with patients who were treated with a taxane-based regimen,
there was no difference in terms of median OS between the
two chemotherapy regimens, irrespectively of the detection of

CK-19 (þ ) CTCs cells before chemotherapy. This discrepancy
could related to the fact that relapsed patients after the
administration of an adjuvant taxane-free regimen still have the
opportunity to receive salvage taxane-based chemotherapy which
might have a beneficial effect on survival; alternatively, we cannot
exclude that other factors (i.e., insufficient number of patients in
each group of patients or/and follow-up time) could account for
this observation.

Previous studies have shown that the detection of CTCs before
chemotherapy in patients with early breast cancer is the most
important independent factor associated with an increased
incidence of disease relapse and disease-related death (Ignatiadis
et al, 2007; Apostolaki et al, 2009). Similar findings concerning the
prognostic value of CTCs (Masuda et al, 2005; Bidard et al, 2010)
and DTCs (Braun et al, 2005) have been described by other
investigators using different techniques for the detection of CTCs.
In the current study, multivariate analysis performed in all patients
demonstrated that both the detection of CK-19 (þ ) CTCs before
chemotherapy and the administration of a taxane-free regimen
could emerged as independent factors associated with a poor DFS
in agreement with the above-mentioned data (Braun et al, 2005;
Masuda et al, 2005; Ignatiadis et al, 2007; Bidard et al, 2010).
Therefore, based on these data, the addition of a taxane to an
anthracycline-based regimen in patients with detectable CK-19
(þ ) CTCs seems a reasonable therapeutic approach since it may
more efficiently eradicate CTCs improving, thus, the DFS.
Consequently, the determination of CTCs status before the initiation
of adjuvant chemotherapy in patients with early stage breast cancer
could identify patients who are likely to derive a significant benefit
from the addition of a taxane in the adjuvant chemotherapy regimen.
However, this hypothesis should be evaluated in appropriately
designed prospective trials. Moreover, enumeration of CTCs before
and after the completion of chemotherapy could be a crucial
stratification factor for the design of studies in the adjuvant setting
and a useful tool for the early evaluation of effectiveness of the
adjuvant chemotherapy. For the time being the detection of CK-19
(þ ) CTCs as a marker for therapeutic decision making in patients
with early breast cancer should be considered investigational and
used only in the context of clinical trials.

Table 5. Univariate and multivariable analysis for disease recurrence and death from breast cancer in patients with detectable CK-19 mRNA(þ ) cells
before chemotherapy

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Disease-free survival

Tumour size (T3 vs T2 vs T1)a 2.71 (1.80–4.10) o0.001 2.03 (1.30–3.17) 0.002
Tumour grade (grade III vs I, II, lobular) 2.52 (1.57–4.06) o0.001 1.78 (1.08–2.93) 0.025
Lymph nodes (N43 vs N0–3 vs N0)a 1.75 (1.27–2.42) 0.001 1.53 (1.10–3.39) 0.011
Hormone-receptor expression (neg vs pos)b 1.79 (1.08–2.98) 0.024 1.94 (1.11–3.39) 0.020
Chemotherapy (taxane-free vs taxane-based) 1.79 (1.10–2.93) 0.020 2.00 (1.20–3.34) 0.008

Overall survival

Tumour size (T3 vs T2 vs T1) a 3.05 (1.85–5.02) o0.001 2.08 (1.22–3.55) 0.007
Tumour grade (grade III vs I, II, lobular) 2.86 (1.56–5.27) 0.001 1.93 (1.02–3.63) 0.042
Lymph nodes (N43 vs N0–3 vs N0) a 1.97 (1.30–3.01) 0.002 1.77 (1.16–2.70) 0.008
Hormone-receptor expression (neg vs pos)b 2.79 (1.51–5.13) 0.001 2.47 (1.31–4.63) 0.005
Chemotherapy (taxane-free vs taxane-based) 1.34 (0.72–2.48) 0.360 —c —c

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio.
aThe hazard ratio represents the linear trend across categories.
bFor either oestrogen or progesterone receptors.
cNo estimate of relative risk is given, since the variable was not significant on univariate analysis.
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