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Purpose
To demonstrate that it is possible to monitor the response to adjuvant therapy by repeated analysis
of circulating epithelial tumor cells (CETCs) and to detect patients early who are at risk of relapse.
Patients and Methods
In 91 nonmetastatic primary breast cancer patients, CETCs were quantified using laser scanning
cytometry of anti– epithelial cell adhesion molecule–stained epithelial cells from whole unseparated blood before and during adjuvant chemotherapy.
Results
Numbers of CETCs were analyzed before therapy, before each new cycle, and at the end of
chemotherapy. The following three typical patterns of response were observed: (1) decrease in
cell numbers (⬎ 10-fold); (2) marginal changes in cell numbers (⬍ 10-fold); and (3) an (sometimes
saw-toothed) increase or an initial decrease with subsequent reincrease (⬎ 10-fold) in numbers of
CETCs. Twenty relapses (22%) were observed within the accrual time of 40 months, including one
of 28 patients from response group 1, five of 30 patients from response group 2, and 14 of 33
patients from response group 3. The difference in relapse-free survival was highly significant for
CETC (hazard ratio ⫽ 4.407; 95% CI, 1.739 to 9.418; P ⬍ .001) between patients with decreasing
cell numbers and those with marginal changes and between patients with marginal changes and
those with an increase of more than 10-fold (linear Cox regression model).
Conclusion
These results show that peripherally circulating tumor cells are influenced by systemic chemotherapy
and that an increase (even after initial response to therapy) of 10-fold or more at the end of therapy is
a strong predictor of relapse and a surrogate marker for the aggressiveness of the tumor cells.
J Clin Oncol 26:1208-1215. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Solid malignant tumors of the breast are the most
frequent cause of death in women in the developed world. Although early detection, precise surgery with wide margins, and adjuvant therapy
have improved results,1 relapse is not infrequent.
In premenopausal women, a first narrow peak
occurs approximately 8 to 10 months after mastectomy, and a second peak occurs at 28 to 30
months. Postmenopausal patients display a peak
at approximately 18 to 20 months.2 After diagnosis of metastatic disease, the outcome is fatal. To
date, there is no tool to monitor the effect of
adjuvant treatment apart from statistical analyses3; however, prediction for the individual patient is restricted.

Solid tumors can seed tumor cells into the peripheral blood, which may, even after complete resection of the tumor, eventually grow into
metastases. Detection of such circulating tumor cells
has been reported in patients with primary4-6 and
metastatic7 breast cancer, with a shorter survival in
patients with cells in bone marrow8 or in patients
with metastatic disease with higher cell numbers in
blood.7 In metastatic disease, the clinical consequence of this result is questionable because there is
no indication that treatment will lead to improved
survival in patients with poor prognosis.9 In patients
with primary tumor, only 40% of patients carrying
isolated tumor cells in bone marrow experience
recurrence,6 indicating that a portion of the circulating epithelial tumor cells (CETCs) may be biologically irrelevant and tumor cells may differ in

1208

Information downloaded from jco.ascopubs.org and provided by F Delbanco on March 9, 2008 from 141.35.226.179.
Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved.

Monitoring Adjuvant Chemotherapy

their proliferative and metastatic potential.10,11 Thus, so far, it has not
been possible for the individual patient to predict whether she will
benefit from treatment or not.12
We have previously demonstrated that therapeutic manipulations such as surgery can contribute to the seeding of epithelial cells13
and that such cells can persist in the circulation for a long time.14 The
present article examines the application of the MAINTRAC (SIMFO
GmbH, Bayreuth, Germany) method15,16 for repeated quantitative
analysis of epithelial, presumably tumor cells during adjuvant therapy
in primary breast cancer patients. CETCs were analyzed directly without magnetic enrichment,17 omitting all enrichment procedures and
yielding higher numbers of cells. During neoadjuvant therapy,18 this
has been shown to mirror the response of the primary tumor. Previous
results19,20 showed that an increase in the number of these cells towards the end of treatment is predictive of early relapse; these results
were confirmed in the present study in a larger population.
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PATIENTS AND METHODS
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Beginning in January 2002, of 111 patients with newly diagnosed breast cancer
scheduled for surgery at our institution, 91 (82%) consented to blood drawing
before surgery and during adjuvant chemotherapy according to the ethics
committee approval. Applied adjuvant chemotherapies were epirubicin/cyclophosphamide (EC), epirubicin/taxane, fluorouracil/epirubicin/cyclophosphamide (FEC) with and without taxane, cyclophosphamide/methotrexate/
fluorouracil (CMF), or capecitabine for older patients with and without
trastuzumab according to HER-2/neu status.
Of 7.5 mL of blood anticoagulated with EDTA drawn before surgery and
at each visit before administration of chemotherapy or during follow-up, 1 mL
was lysed with ammonium chloride (Qiagen, Hilden, Germany). For detection of CETCs, white cells from the sediment were subject to the MAINTRAC
analysis, diluting the pellet in 500 L of phosphate-buffered saline (pH 7.4)
and adding 12.5 L of fluorescein isothiocyanate– conjugated mouse antihuman epithelial antibody (Miltenyi Biotec, Bergisch Gladbach, Germany) and 5
L of phycoerythrin-labeled CD45 (Miltenyi Biotec) simultaneously for 15
minutes in the dark. Analysis of red and green fluorescence of the cells was
performed using a laser scanning cytometer (Compucyte Corporation, Cambridge, MA), enabling relocation of cells for visual examination of vital epithelial cells as extensively described in a previous study.17
Fluoromicrographs of epithelial cells with green fluorescence, exclusively
surface located, and CD45 red fluorescing normal blood cells are shown in
Figures 1A and 1B. Note the red fluorescing normal leukocytes in the neighborhood of the green fluorescing CETCs. A defined volume of the cell suspension was applied to a defined area on an adhesion slide (Menzel Gläser,
Braunschweig, Germany), and laser scanning was performed on this area. Cells
were detected by their forward scatter, and red and green fluorescence was
recorded. Dot plots of the cells are shown in Figure 1C. Each dot on the
left-hand plot (Fig 1C) represents a cell. The epithelial cells selected by their
green fluorescence (green gate in Fig 1C) were relocated and analyzed for
vitality. Only vital cells were counted.
Numbers of CETCs were calculated per milliliter and varied between 0
and 100,000. These numbers are 10-fold higher than the numbers reported in
a previous publication19 and as detected by Cristofanilli et al7 using the
CellSearch system (Veridex, Warren, NJ) in metastatic breast cancer. This
difference may be a result of omission of magnetic separation, which leads to a
loss of specific cells together with the enrichment process, as discussed extensively in a previous study.17 Normal blood cells could easily be distinguished
from epithelial antigen-positive cells. No live epithelial cells were detected in
97% of healthy donors and in 38 of 40 patients with hematologic malignancies.
The two positive hematologic patients were patients with Hodgkin’s disease.
We used Kaplan-Maier plots for all survival analyses. The influence of several
prognostic factors on the event-free survival time was tested in univariate
analysis using the log-rank test under the null hypothesis that the factors would
exhibit no influence at all. Furthermore, we used the Cox regression model to
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Fig 1. (A) Typical epithelial antigen-positive cells with green caps among blood
leukocytes stained orange for CD45 (⫻250 magnification). (B) Higher magnification (⫻500) of the group of epithelial antigen-positive cells. (C) Design of the
approach for detection of circulating epithelial tumor cells. The microscope scans
over a defined area and recognizes all white cells, WBCs, and tumor cells by light
scatter and measures the fluorescence over each cell. Typical histograms are
displayed with positive cells in the green gate.
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model the influence of CETCs and determine the corresponding hazard ratios
(HRs). For the linear Cox regression model, the quotients between the highest
value (decrease) or between the nadir and the value at the end of therapy
(increase) were calculated. We also used the Cox regression with a backward
selection procedure with likelihood ratio test to investigate the joint effects of
CETCs, tumor size, nodal status, and estrogen receptor (ER) status. All analyses were performed using the SPSS statistical program (SPSS Inc, Chicago, IL).

RESULTS

Ninety-one consecutive nonmetastatic patients were observed prospectively for changes in CETC numbers during adjuvant chemotherapy and were assessable for all data and follow-up (Fig 2). The
following therapies were applied (Table 1): 32 patients received FEC,
nine patients received FEC/taxane, one patient received FEC/taxane/
gemcitabine, six patients received EC, 17 patients received EC/taxane,
four patients received epirubicin/taxane, two patients received E/C/T,
two patients received EC/CMF, eight patients received CMF, four
patients received capecitabine, one patient received epirubicin/fluorouracil, one patient received taxane weekly, three patients were
under observation, and therapy was unknown for one patient. All
ER-positive patients were administered hormone therapy after the
adjuvant therapy. CETC numbers were analyzed before the start of
treatment, before each new cycle of chemotherapy, and at the end of
chemotherapy (but not during subsequent hormone therapy) and
were influenced by therapy as follows: 28 patients showed a decrease in
cell numbers of 10-fold or more (Fig 3A) calculated from the highest
value until the end of therapy; 30 patients showed only marginal
changes in cell numbers (⬍ 10-fold) during the course of therapy
despite applied chemotherapy (Fig 3B); and 33 patients showed an
increase in cell numbers of more than 10-fold from the nadir (lowest
value) towards the end of therapy. Surprisingly, in these last 33 patients, frequently an initial decrease and then a subsequent reincrease
in cell numbers during therapy (Fig 3C) were observed.
Response patterns were not restricted to different therapy
schedules. However, it should be mentioned that decreases in

CETCs were more frequent (17 decreases, 10 marginal changes,
and 16 increases) in patients receiving anthracycline-based therapy
including fluorouracil than in patients receiving anthracycline
therapy schedules without fluorouracil, in whom marginal changes
(⬍ 10-fold) or increases (⬎ 10-fold from nadir) were more frequent
(six decreases, 13 marginal changes, and 12 increases; Table 1). An
increase after previous reduction occurred in 9% of patients treated
with FEC compared with 22% of patients treated with FEC/taxane and
in 17% of patients treated with EC compared with 53% of patients
treated with EC/taxane.
Twenty-seven percent (n ⫽ 25) of all patients had good prognostic markers (N0, ER positive, HER-2/neu negative). In these patients, a
reduction in CETC numbers (⬎ 10-fold) was observed in nine patients (36%), and a marginal change in CETC numbers was observed
in seven patients (28%); none of these patients experienced relapse.
Nine patients (36%) had an increase in cell numbers (⬎ 10-fold), and
three of these patients experienced relapse. Sixty-six patients (73%)
had adverse prognostic markers (N1, ER positive or negative, HER-2/
neu positive or negative). Of these patients, 19 (29%) had a reduction
of CETCs at the end of therapy, and one experienced relapse. Twentythree patients (35%) had marginal changes, and five of these patients
experienced relapse. Twenty-four patients (36%) had an increase in
CETCs at the end of therapy with or without previous reduction. Of
these patients, 11 have experienced relapse during the observation
time of up to 40 months (Table 2).
Patients in complete remission and patients with relapse did not
differ significantly regarding mean age, tumor size, or ER expression;
however, there was a significant difference in lymph node positivity
between patients remaining in complete remission and patients experiencing relapse during the observation interval (Table 3). Most importantly, the behavior of the CETC (increase ⬎ 10-fold from nadir to
end of therapy) correlated significantly with relapse (Table 3). The
earliest relapses occurred 2 months after the end of therapy, and the
latest occurred approximately 28 months after the end of therapy, with
a mean time to relapse of 397 days (range, 71 to 833 days) after the
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Fig 2. Distribution disease stages of patients accrued during the years 2002 to 2006
for repeated analysis of circulating epithelial
tumor cells. ER, estrogen receptor.
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Table 1. Relationship Between Applied Therapy Schedules, Response Pattern, and Relapse
Therapy and Tumor
Stage

No. of
Pts

FEC
N0
N1
FEC/taxane
N0
N1
FEC/taxane/gemcitabine
N0
EC
N0
N1
N3
EC/taxane
N0
N1
ET
N0
N1
E/C/T
N1
EC/CMF
N1
CMF
N0
N1
Capecitabine
N1
N0
EF
N1
Docetaxel
N0
Observation
N0
Unknown
N0

32
22
10
9
5
4
1
1
6
2
3
1
17
3
14
4
2
2
2
2
2
2
8
7
1
4
3
1
1
1
1
1
3
3
1
1

No. of Patients
With Increase
in CETCs

No. of Patients
With No Change
in CETCs

No. of Patients
With Decrease
in CETCs

No. of Patients
With CR

No. of Patients
Experiencing
Relapse

8
3

7
2

7
5

21
8

1
2

2
2

1
0

2
2

4
3

1
1

0

0

1

1

0

0
2
0

1
0
1

1
1
0

2
3
0

0
0
1

1
7

1
6

1
1

1
7

2
7

1
0

0
1

1
1

2
0

0
2

1

1

0

2

0

0

2

0

2

0

1
1

4
0

2
0

7
0

0
1

1
0

0
1

2
0

3
1

0
0

1

0

0

1

0

1

0

0

0

1

1

1

1

2

1

0

1

0

1

0

Abbreviations: CETCs, circulating epithelial tumor cells; CR, complete remission; FEC, fluorouracil/epirubicin/cyclophosphamide; EC, epirubicin/cyclophosphamide;
ET, epirubicin/taxane; E/C/T, epirubicin/cyclophosphamide/taxane; CMF, cyclophosphamide/methotrexate/fluorouracil; EF, epirubicin/fluorouracil.

observed increase until the relapse (metastases) became detectable
with conventional diagnostic tools. Figures 4A to 4D show the cumulative relapse-free survival in Kaplan-Meier plot for patients with small
tumors compared with patients with large tumors, for patients with
and without positive lymph nodes, for patients with and without
ER expression, and for patients from group 1 (reduction in cell numbers ⬎ 10-fold), group 2 (marginal change in cell numbers), and
group 3 (increase in cell numbers ⬎ 10-fold or initial decrease
and subsequent reincrease ⬎ 10-fold from nadir). The univariate
Cox regression analysis showed significant results for the nodal status
(P ⫽ .03), with an HR of 2.927 (95% CI, 1.110 to 7.716) between
node-negative and node-positive patients, as well as highly significant
results for the CETC numbers (P ⬍ .001), with an HR of 4.407 (95%
CI, 1.739 to 9.418) between patients with decreasing cell numbers and
those with marginal changes and between patients with marginal
changes and those with an increase more than 10-fold (linear Cox
regression model). The joint regression analysis of CETC, nodal status, tumor size, and ER status resulted in a regression model in which
only CETC significantly influenced the relapse-free survival. Because

follow-up is still shorter than in previous reports,19,20 more patients
with a more than 10-fold increase in cell numbers are expected to
experience relapse. ER expression and nodal status of patients who are
still in complete remission during the observation time were not
significantly different from those of patients who have already experienced relapse, but patients in complete remission have marginally
more T1 tumors than larger size tumors compared with patients
experiencing relapse (12 v seven tumors, respectively).
DISCUSSION

The longest experience with respect to disseminated tumor cells is
available from breast cancer. Even if cumulated, long-term follow-up
studies of more than 4,000 patients indicate that breast cancer patients
with epithelial cells have a poorer prognosis than patients without
such cells,8 there is still a considerable portion of patients with positive
bone marrow findings who never experience relapse.12 In addition,
positive bone marrow findings do not correlate with increased relapse
1211
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Fig 3. (A) Three typical response curves of individual patients responding to
adjuvant chemotherapy with a more than 10-fold decrease in circulating epithelial
tumor cell (CETC) numbers (no relapse). (B) Three typical response curves of patients
reacting to adjuvant chemotherapy with marginal changes in CETC numbers (no
relapse). (C) Three typical response curves of individual patients either with increase
of CETCs from the beginning or with an initial decrease and a subsequent reincrease
of more than 10-fold during adjuvant chemotherapy (two relapses). FEC, fluorouracil/
epirubicin/cyclophosphamide; EC, epirubicin/cyclophosphamide; Tax, taxane; CMF,
cyclophosphamide/methotrexate/fluorouracil.

to the bone. Thus, no clear answer can be given for the individual
patient, and testing the mere presence or absence of CETCs as a
prognostic factor so far has not yielded consistent results.21,22

Peripheral blood for analysis of epithelial cells is easy to obtain; it
is a well-defined material and can be drawn repeatedly according to
the requirements. In contrast to the approach used for bone marrow
analyses, we noticed that sucrose density centrifugation depletes epithelial cells from the cells in the interface in blood samples; therefore,
this step was omitted. Much higher numbers of epithelial cells were
detected using magnetic bead enrichment,16,19 and this was confirmed
by others.7 However, we noticed that blood epithelial cells, too, were
lost during magnetic bead enrichment, which may be explained by
their partly low expression of epithelial cell adhesion molecules.23
Although there was a correlation between cell numbers detected with
and without magnetic bead enrichment, this step was omitted as well,
and instead, the direct simplified detection was optimized.17 Setting
no threshold, detection of CETCs was possible in 90% of all tumor
patients with automated quantification using laser scanning cytometry and subsequent visual control. During neoadjuvant therapy,
CETCs in breast cancer patients responded to neoadjuvant therapy in
an identical manner as the primary tumor.18
Patients with good initial response to neoadjuvant treatment
with anthracycline-based therapy have improved relapse-free survival.24 Stable numbers of CETCs can be detected without disease recurrence even after several years.14
Subsequently, the effect of adjuvant therapy on CETCs in individual patients was investigated. Retrospective analysis demonstrated
that patients at risk of relapse could be distinguished from patients
remaining relapse free by the response of their CETCs to therapy.19,20
The present prospective approach was designed to extend these previous results and to observe more closely the response of individual
patients to therapy during therapy cycles. Patients were treated according to their risk profile and to different study designs in which
they were included. The changes in cell numbers were easy to analyze
during therapy in 91 patients, and three response groups were distinguished. The first group includes patients with good response to therapy (⬎ 10-fold decrease), although CETCs were not completely
eliminated in all patients. One of these patients experienced relapse.
The second group includes patients with marginal response to therapy, sometimes even with a slight increase in cell numbers during
therapy. In this group, five patients experienced relapse. The patients
in this second group may not benefit from therapy because of the
inherently good prognosis and also, regarding patients experiencing
relapse, because of unresponsiveness to therapy. The third group
includes patients with cells either already increasing from the beginning during therapy or with an initial response but with subsequent
reincrease in cell numbers more than 10-fold compared with the
nadir. In this group, the majority of relapses occurred.

Table 2. Relationship Between Response Pattern and Relapse in Established Prognostic Tumor Stages
Good Prognosis: N0/ER Positive/HER-2
Negative (No. of patients)

Poor Prognosis: N1 or Greater/ER Positive or
Negative (No. of patients)

Cell No.

Total

CR

Relapse

total

CR

Relapse

Reduction at end of therapy
Marginal changes at end of therapy
Increase at end of therapy

9
7
9

9
7
6

0
0
3

19
23
24

18
18
13

1
5
11

Abbreviations: ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; CR, complete remission.
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Table 3. Relationships Between Established Prognostic Factors and Survival and Response Pattern of CETC and Survival

Factor
Time to relapse, days
Mean
Range
Age, years
Mean
Range
Tumor stage
T1
T2-4
Nodal status
Positive
Negative
ER status
Positive
Negative
CETC number
Decrease ⬎ 10-fold
Minor changes ⬍ 10-fold
Increase ⬎ 10-fold

Total No. of Patients
(N ⫽ 91)

Patients in
Complete
Remission (n ⫽ 71)
No.

%

Patients
Experiencing
Relapse (n ⫽ 20)
No.

%

Log-Rank P

397
71-833
55
31-78

55
36-71

55
31-78
.123

52
39

43
28

9
11

43
48

29
42

41
59

14
6

70
30

55
36

43
28

61
39

12
8

60
40

28
30
33

27
25
19

38
35
27

1
5
14

5
25
70

.023

.751

⬍ .001

Abbreviations: CETC, circulating epithelial tumor cell; ER, estrogen receptor.

In sum, the 20 distant relapses (22%) were within the same range
as published by the Early Breast Cancer Trialists’ Collaborative
Group.25 Follow-up time is still at 40 months or less. As in previous
reports, relapses occurred almost exclusively in patients with less favorable prognostic markers, with only three relapses in patients with
N0, ER-positive disease, all three of whom showed increasing cell
numbers during therapy.
Effectiveness of therapy may vary between circulating cells and
manifest metastases. One patient with adverse prognostic parameters
responded with a more than 10-fold decrease to therapy but experienced relapse after a short increase at the end of therapy. She had high
overall CETC numbers and may have had cells disseminated into
distant organs on which chemotherapy only had a temporary effect,
with detection of metastases grown to detectable size at the end of
chemotherapy. In some patients without relapse despite increasing
cell numbers during chemotherapy, subsequent trastuzumab or hormone treatment may prevent settling of mobilized cells in distant loci
or at least inhibit growth. Analyses of longtime treatment of patients
with tamoxifen or aromatase inhibitors have shown a gradual decrease
in cell numbers over years (unpublished data). Whether this will also
be true for these patients remains to be seen.
A characteristic behavior of CETCs in part of the patients was an
initial good response to inhibitors of DNA replication. A large population of these cells initially may have a high proliferative activity.26
Also seen in some of our patients were high apoptotic rates, even
before initiation of treatment.27 Subsequent reincrease in CETCs frequently occurred despite taxane treatment.28 Komarova and
Wodarz29 predict that drug-resistant subclones almost certainly exist
before the start of therapy. Our results would be compatible with the
hypothesis that rare, drug-refractory subclones generated during tumor evolution or, possibly, tumor stem cells constitute the reemerging dominant tumor population and may restart proliferating

under the selective pressure of drug exposure. The high probability of
subsequent relapse indicates that these resistant cells have increased
fitness. Therefore, genomic profiling30 should not only be performed
from the primary tumor, but also from the reincreasing population to
explore sensitivity to targeted therapy. However, the (re)increase of
CETCs might also derive from already growing metastases shedding
cells into the circulation.31 Such metastases might be pre-existing in a
state of dormancy or suppressed angiogenesis while at the same time
being insensitive to the applied chemotherapy.32 Taxanes have been
reported to preferentially damage endothelial cells, leading to reduced
intracellular fluid pressure.33 Release of CETCs from the primary
tumor during taxane-based therapy has been consistently observed by
us during primary systemic therapy.24 A comparable effect might also
occur from pre-existing metastases in the adjuvant setting. Some of
these cells may then be able to settle in distant organs and grow into
new metastases consistent with known biologic properties of tumor
cells. Thus, longitudinal monitoring of CETC behavior is superior to a
single analysis, and a more than 10-fold increase in CETC numbers
towards the end of therapy is highly predictive for relapse.
It is also obvious from these results and other observations14,34
that, depending on the tumor cells’ growth potential, it is neither
possible nor necessary to completely eliminate all suspect cells to
achieve long-lasting remissions. However, it might be crucial to regularly repeat monitoring to detect early a renewed increase in cell
numbers as an indicator of imminent relapse.
This study confirmed monitoring of CETCs as a valuable tool for
therapy surveillance because the dynamics of the circulating cells cannot be captured by one single snapshot. Such therapy monitoring
using CETCs in breast cancer should now be included in larger adjuvant trials and might lead to new treatment considerations and personal tailoring of therapy.
1213
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Fig 4. (A) Relapse-free survival of patients with T1 tumors versus patients with T2-4 tumors showing no significant difference (P ⫽ .2). (B) Relapse-free survival of
patients with or without positive lymph nodes showing a significant difference (P ⫽ .028). (C) Relapse-free survival of patients with positive or negative estrogen
receptor expression showing no significant difference (P ⫽ .8). (D) Relapse-free survival of patients responding with a more than 10-fold decrease in circulating epithelial
tumor cells during adjuvant chemotherapy (green line), with marginal change (blue line), or with a more than 10-fold increase (red line), showing a highly significant
difference (P ⬍ .001) between response groups 1 and 3 in relapse-free survival.
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