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Abstract

Purpose The purpose of the study is to evaluate the effect
of gefitinib, an anti-EGFR TKI on circulating tumor cells
(CTCs) in patients with metastatic breast cancer (MBC).
Methods Seventeen patients with MBC with detectable
CTCs after the completion of prior treatment received gefi-
tinib 250 mg/day p.o. CTCs were monitored by immu-
nofluorescence microscopy after double staining with
anti-cytokeratin (A45-B/B3) and either anti-CD45 or anti-
EGFR antibodies.

Results A median reduction of 96.4 and 94.1 % in CTC
count was observed in 11 (64.7 %) and 12 (70.6 %) of
patients after the first and the second treatment cycles,
respectively. Total CTC numbers declined by 73 and 44 %
after the first and second treatment cycles, respectively.
In nine patients with EGFR(+4)/CK(+) CTCs, gefitinib
resulted in a reduction of both EGFR(+) and EGFR(—)
CTGCs, and after the third course, most detected CTCs
were EGFR(—). In two patients, with a sustained decrease
in CTC numbers, a PFS of 16.0 and 19.0 months was
observed and in one of them, it was associated with clinical
objective response.
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Introduction

Breast cancer is considered a systemic disease since early
tumor cell dissemination may occur even in patients with
small tumors. Several investigators using immunocyto-
chemistry or RT-PCR have shown the presence of cytoker-
atin-positive epithelial cells in the bone marrow aspirates
and the peripheral blood of otherwise metastasis-free
patients with stage I and II breast cancers [1-3]. The detec-
tion of occult tumor cells in bone marrow (disseminated
tumor cells, DTCs) and peripheral blood (circulating tumor
cells, CTCs) has been shown to be an independent unfa-
vorable prognostic factor associated with increased distant
relapse rate and decreased overall survival [4-7]. In addi-
tion, CTCs can be also detected in 40-70 % of patients
with metastatic breast cancer (MBC) [8—10]. Using the Cell
Search platform, the detection of 5 or more CTCs/7.5 ml
of peripheral blood in women with MBC before starting a
new line of treatment has been shown to predict progres-
sion-free and overall survival, whereas CTC counts in the
first follow-up visit were also predictive of treatment out-
come [11-16].

Epidermal growth factor receptor (EGFR) is a member
of the HER growth factor receptors family. These recep-
tors share a common structure consisting of an extracellular
ligand-binding domain, a short transmembrane domain, and
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an intracellular domain with intrinsic tyrosine kinase activ-
ity [17]. Binding of the ligand(s), such as EGF or trans-
forming growth factor-alpha (TGF-alpha) to the extracel-
lular domain of the receptor, initiates a signal transduction
cascade that regulates many aspects of tumor cell biology
including cell growth, survival, metastasis, and angiogen-
esis, as well as tumor cell sensitivity to chemotherapy and
radiotherapy [17].

Expression of EGFR has been demonstrated in 18-25 %
of breast cancers and has been correlated with a higher risk
of relapse and death from breast cancer [18, 19]. Substan-
tial increases in EGFR expression have been demonstrated
in de novo endocrine-resistant ER-positive disease, whereas
a more modest increase in the expression of EGFR or
ligands has been detected in acquired endocrine resistance
of ER-positive disease [20]. In addition, approximately half
of the cases of triple-negative breast cancer and inflamma-
tory breast cancer overexpress EGFR, whereas high EGFR
expression is an independent predictor of poor prognosis in
inflammatory breast cancer [21].

Gefitinib, a signal transduction inhibitor of the EGFR
tyrosine kinase, has demonstrated antitumor activity
against chemo- and hormone-resistant breast cancer cell
lines [20, 22-24]. Initial phase II studies suggested that
gefitinib does not have significant efficacy in pre-treated
patients with MBC. In addition, a phase II study, designed
to test the efficacy of gefitinib in patients with hormone-
resistant breast cancer, was stopped because of low clini-
cal benefit rate [25]. However, in a small randomized study,
gefitinib in combination with anastrozole was associated
with a marked advantage in PFS compared with anastro-
zole plus placebo, in postmenopausal women with hor-
mone receptor-positive metastatic disease [26]. Moreover,
in a recently reported trial, the combination of anastrozole,
fulvestrant, and gefitinib, administered in the neoadjuvant
setting in ER-positive breast cancer, resulted in both a sig-
nificant reduction in cell proliferation, as measured by Ki-
67 expression on tumor cells, and in a parallel reduction in
the expression of cyclin D1 compared to anastrozole and
fulvestrant alone [27].

Our group has previously reported the presence of
EGFR-expressing CTCs in the peripheral blood of MBC
patients using a double immunostaining cytomorphologic
assay; all the enrolled patients in this study also had detect-
able CK-19mRNA-positive CTCs as assessed by a molec-
ular assay [28]. In addition, phosphorylated EGFR was
observed in 86 % of patients with EGFR-expressing CTCs,
while the downstream PI3K/Akt signalling pathway was
also activated on CTCs of 13 out of 16 evaluated patients,
suggesting the involvement of this pathway in CTCs’
survival.

Since the persistence of CTCs after the completion of
treatment is associated with poor clinical outcome [9, 29,
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30], we hypothesized that targeting CTCs surviving after
prior chemotherapy and/or endocrine treatment could be
beneficial for patients with breast cancer. This pilot study
was designed to assess the effect of gefitinib on chemo-
therapy- or/and hormonotherapy-resistant CTCs in patients
with MBC.

Patients and methods
Patients

Women with histologically confirmed MBC were eli-
gible for the study. Patients had to have detectable CTCs
detected by both a molecular (CK-19 mRNA-positive cells)
and an immunocytochemical (CK-positive cells) assay.
After the enrollment of the first eight patients, the trial was
amended to include only patients with EGFR-expressing
CTCs, since we observed, in a parallel study, activation of
both EGFR and downstream signalling pathways in CTCs
of patients with MBC [28]. Other eligibility criteria were
age >18 years old; performance status 0-2 (WHO); ade-
quate bone marrow, renal, and liver function; and non-pro-
gressing disease (stable disease or partial response) as best
response to prior treatment. Eight patients with MBC and
detectable CK-19mRNA-positive and CK-positive CTCs,
fulfilling the inclusion criteria of this study, who had not
received gefitinib, were retrospectively selected from a pool
of patients followed in our Department. These patients had
to have sequential monthly (up to 4 months) assessments of
CTC status (using the molecular assay) as well as PBMCs
cytospins available for the detection of cytokeratins using
immunostaining (historical control group).

Gefitinib was administered at the dose of 250 mg/day
orally (I month equals one cycle) until disease progres-
sion, consent withdrawal, or unacceptable toxicity. The pri-
mary end point of the study was to evaluate the efficacy of
gefitinib in eliminating CK-positive CTCs. Secondary end
point was to assess the effect of gefitinib on patients’ clini-
cal outcome.

Disease assessment

Before treatment initiation, all patients had complete physi-
cal examination, blood chemistry, and a diagnostic evalu-
ation including computed tomography scans (CT scans)
of the chest and abdomen [or magnetic resonance imag-
ing (MRI) if clinically indicated]. Physical examination
and blood chemistry were repeated before each treatment
cycle. Patients were assessed by CT scans (or MRI if clini-
cally indicated) every 2 months, and response evaluation
was performed according to RECIST criteria. The trial
was approved by the Institutional Ethics and Scientific
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Table 1 .Pa.tients’ EGFR expression on CTCs
characteristics
Known Unknown
n=9 % n=2_§ %
Median age
Min-max 56 (32-85) 65.5 (54-74)
PS
0-2 9 100 8 100
Menopausal status
Pre-/post-/peri- 5/4/0 56.0/44.0/0.0 0/7/1 0.0/88.0/12.0
Prior adjuvant treatment
Yes/no 8/1 89.0/11.0 5/3 62.0/38.0
Hormone receptor expression
Positive 5 56.0 4 50.0
Negative 3 33.0 3 38.0
Unknown 1 11.0 1 12.0
HER?2 expression
Positive 2 22.0 2 25.0
Negative 6 67.0 4 50.0
Unknown 11.0 2 25.0
Visceral disease
Yes/No 4/5 45.0/55.0 5/3 62.0/38.0
Prior lines of Tx
172/> 3 3/3/3 33.3/33.3/33.3 4/3/1 50.0/38.0/12.0
Prior hormone Tx
Yes/No 6/3 67.0/23.0 6/2 75.0/25.0
PS performance status, SD Best response to prior treatment
stable disease, PR partial PR/SD 6/3 67.0/33.0 6/2 75.0/25.0

response

Committee as well as by the Hellenic Drug Organization
(EOF), and all patients gave written informed consent in
order to participate in the study.

Detection of CK-19 mRNA-positive CTCs

Peripheral blood (20 ml in EDTA) was obtained before the
initiation of gefitinib and monthly thereafter. Blood sam-
ples were obtained at the middle of vein puncture after the
first 5 ml of blood was discarded, in order to avoid con-
tamination of blood with epithelial cells from the skin dur-
ing sample collection. Peripheral blood mononuclear cells
(PBMCs) were isolated using density gradient (Ficoll-
hypaque; d = 1.077g/mol) centrifugation at 1,800 rpm for
30 min. PBMCs were washed three times with PBS and
centrifuged at 1,500 rpm for 10 min. Patients were screened
for the presence of CK-19 mRNA-positive cells using the
RT-PCR assay, which has been previously described in
detail [31, 32]. The presence of CK-positive CTCs was
also confirmed by double immunofluorescence staining as
described below, and only patients with CTCs detected by
both methods were enrolled into the study. The monitoring

of CTCs during gefitinib treatment was performed monthly
by immunofluorescence microscopy.

Immunofluorescence microscopy

Cytospins were prepared using aliquots of 250.000 PBMCs/
slide by cytocentrifugation at 2,000 rpm for 2 min, and slides
were dried up and stored at —80 °C until use. Four slides
(10° PBMCs) were analyzed per patient. PBMCs’ cytospins
were fixed with cold aceton/methanol 9:1 (v/v) for 20 min
and stained with mouse A45-B/B3 antibody (detecting CKS,
CK18, and CK19; Micromet, Munich, Germany) for 1 h.
Subsequently, slides were stained with either CD45 (common
leukocyte antigen; Santa Cruz, Santa Cruz, CA, USA) or anti-
EGFR (Santa Cruz, CA, USA) antibodies for 1 h. Cells were
then incubated with the corresponding secondary antibodies
for 45 min [28]. The cytomorphological criteria proposed by
Meng et al. [33] (high nuclear/cytoplasmic ratio, larger cells
than white blood cells, etc.) were used to characterize a CK-
positive cell as a CTC. CTCs were characterized as EGFR-
positive if the intensity of EGFR staining was higher than
the respective intensity of PBMCs that served as an internal
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negative control. Furthermore, to verify the specificity of the
staining procedure, positive and negative controls prepared
by adding or omitting EGFR primary antibodies in SKBR3
breast cancer cells that express EGFR [28] were also included
in each experiment. Patients with at least one EGFR(+) CTC
were determined as having EGFR(+) CTCs. Slides were ana-
lyzed using a confocal laser scanning microscope module
(Leica Lasertechnik, Heidelberg, Germany) and a fluorescent
microscope (Leica DM 2500). Results are expressed as num-
ber of CTCs/10° PBMCs.

Results
Patient characteristics

Forty-seven patients with MBC were screened for the pres-
ence of CTCs using both a real-time PCR assay (CK-19
mRNA-positive cells) and an immunofluorescence assay.
Seventeen patients with CTCs detectable by both methods
were enrolled into the study. Nine patients, after the amend-
ment was implemented, were enrolled on the basis of the
detection of EGFR-expressing CTCs. Patients’ character-
istics are listed in Table 1. Eleven (64.7 %) patients were
postmenopausal and 13 (76.4 %) had received prior adju-
vant treatment. Nine (52.9 %) and four (23.5 %) patients
had hormone receptor- and HER2-positive tumors, respec-
tively. Nine (52.9 %) patients had visceral disease and 10
(58.8 %) had received two or more prior lines of treatment.

Effect of gefitinib on CTCs

Ninety-one treatment courses were administered in the
whole group of patients (median: four courses/patient;
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Table 2 Serial enumeration of CTCs in patients with metastatic
breast cancer after chemotherapy

Patient Post-chemo 1mo 2mo 3mo 4mo
CK(+) CTCs/10° PBMCs

HCI 1 1 3 5
HC2 0 3 2 6 15
HC3 4 3 6 18 24
HC4 0 2 5 9 13
HCS 3 2 2 3 2
HC6 12 14 20 22 28
HC7 2 6 9 11 17
HCS8 0 4 7 10 22

range 2-19); all patients completed at least two and 14
(82 %) at least three treatment courses. After the comple-
tion of the first treatment course, the total CTC numbers,
as detected by double immunostaining, decreased in 11 out
of 17 (64.7 %) patients by a median of 96.4 % (range 66.7—
100.0 %), whereas in the remaining six (35.3 %) patients,
their number was increased (Fig. 1). After the second treat-
ment course, CTC numbers were decreased, by a median
of 94.1 % (range 50.0-100.0 %), in 12 (70.6 %) patients
and increased in five (29.4 %). Conversely, a progressive
increase in CTCs’ numbers was observed in seven out of
the eight patients of the historical control group (Table 2).

A total of 393 CTCs were detected at baseline in the
whole group of patients with a median of five CTCs/patient
(range 1-33). CTC counts decreased to 106 (median: three
CTCs/patient; range 0-21) and 220 (median: three CTCs/
patient; range 0-53), corresponding to a 73 and 44 %
decrease compared to the baseline, after the first, and sec-
ond treatment courses, respectively.
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Fig. 2 EGFR expression in CTCs from breast cancer patients. a Con-
focal laser scanning microscopic sections of a patient’s CTC stained
with antibodies against pan-cytokeratins (A45-B/B3; green) and
EGFR (red); magnification (x60). b Double immunofluorescence

Effect of gefitinib on CTCs according to EGFR expression

Nine patients had been enrolled on the basis of EGFR
expression on CTCs. As shown in Fig. 2a and b, EGFR
expression on CTCs was mainly membranous and to a
lesser extent intracellular, whereas CK staining was mainly
cytoplasmic. Among a total of 336 CTCs (median: six
CTCs/patient; range 2—133) detected at baseline in this
cohort of patients, 74 (22 %) expressed EGFR (median:
two EGFR(+4)/CK(+4) CTCs/patient; range 1-28). As a
negative control, PBMCs from 10 healthy female blood
donors were also evaluated for CK/EGFR co-expression by
double staining immunofluorescence; there were no cells
that stained positive for EGFR and CK in these healthy
blood donors.

Sixty-three treatment courses were administered in this
group of patients; 8 out of 9 patients completed at least
three courses. CTC numbers were decreased by a median of
100 % (range 87.3—100 %) and 98.3 % (range 66.7-100 %)
in five (55.5 %) and six (66.7 %) patients, after the comple-
tion of the first and second treatment courses, respectively.
Total CTC numbers detected in all patients declined from
336 to 83 (a decrease by 75.3 %) and 114 (a decrease by
66.1 %) after the first and second treatment course, respec-
tively (Table 3). The number of EGFR(+4) CTCs was
reduced from 74 at baseline to 25 (a 66.2 % decrease) at
the end of the first course and to 23 (a 68.9 % decrease)
at the end of the second treatment course (Table 3).

Overlay

staining of patient’s CTCs with anti-pancytokeratin (green) and anti-
EGEFR (red) antibodies and Dapi (for nucleus staining); magnification
(x20) (ARIOL system)

Similarly, EGFR(—) CTCs were also reduced from 262 to
58 (a 77.8 % decrease) and 91 (a 65.2 % decrease) at the
end of the first and second treatment courses, respectively
(Table 3). However, among a total of 89 CTCs identified
at the end of the third course in 7 out of the 8 patients who
completed 3 treatment courses (no available sample in one
patient), only 8 CTCs (8.9 %) expressed EGFR, whereas
81 (91.0 %) were EGFR(—) (Table 3).

Clinical outcome according to the effect on CTCs

The median duration of gefitinib treatment was 3.9 months
(range 1.9-18.8) and 4.2 months (range 1.9-18.8) in the
whole group of patients and in patients with known EGFR
status of CTCs, respectively. Disease control rate (DCR)
was 41.2 and 44.4 %, and the median PFS was 16 (range
5-76) and 18 weeks (range 8—76) in the whole group and in
patients with known EGFR status, respectively.

As shown in Table 3, gefitinib was associated
with a significant decrease in the absolute number of
EGFR(+)/CK(+) and EGFR(—)/CK(+) CTCs after the
first month of treatment in 4 (44.4 %) patients; this effect
was sustained for at least 3 months. Among them, one
patient had a partial response, two had disease stabili-
zation, and one progressed. Moreover, in 2 (22.2 %) of
these patients (#5, #6; Table 3), the elimination of CTCs
was maintained for the whole period that sequential
monthly blood samples were evaluated (up to 6 months);
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who did not received gefitinib; however, this comparison
has serious and obvious limitations and should be consid-
ered with caution. Despite the important individual vari-
ability of the frequency of EGFR-expressing CTCs, similar
results could also be observed when the group of patients
with known CTCs’ EGFR status was analyzed separately. It
is interesting to note that EGFR(+) and EGFR(—) subpop-
ulations of CTCs presented comparable elimination rates
during gefitinib treatment, although the effect on EGFR(+)
CTCs was more important and sustainable. The elimina-
tion of EGFR(—)/CK(+4) CTCs during gefitinib adminis-
tration seems unexpected; however, we cannot exclude a
low, but undetectable by immunofluorescence, expression
of EGFR which could be sufficient enough to transactivate
other HER receptors through heterodimerization. Indeed,
breast cancer cell lines with low EGFR expression levels
are sensitive to the antitumor effect of gefitinib, if they co-
express high levels of HER2 and this effect is mediated,
at least partly, by gefitinib-induced reduction of HER1/
HER?2 heterodimer phosphorylation [34-36]. Although in
the present study the co-expression of HER2 and EGFR
on individual CTCs has not been evaluated, we have previ-
ously shown that 44 and 63 % of patients with MBC have
detectable EGFR(+)/CK(+4) and HER2(+)/CK(+4) CTCs,
respectively; in addition, triple-staining experiments dem-
onstrated the co-expression of both EGFR and HER2 on
the same CTCs [28]. Therefore, it could be hypothesized
that gefitinib might be effective even against CTCs with
low, but undetectable by immunofluorescence, EGFR lev-
els that express HER2.

The kinetics of the EGFR(+4) and EGFR(—) subpopu-
lations of CTCs revealed that at the end of the third treat-
ment course, CTC counts showed an increasing trend that
mainly concerned the EGFR(—)/CK(+) subpopulation,
whereas the number of EGFR(+)/CK(+) CTCs was fur-
ther decreased. However, the small number of the enrolled
patients limits the importance of this observation, which
needs to be confirmed in a subsequent and larger study.
However, these observations seem to indicate that the
EGFR(—)/CK(+) subpopulation of CTCs, which increases
during treatment, could represent gefitinib-resistant cells.

The evaluation of the kinetics of EGFR(+) and
EGFR(—) CTCs in individual patients is noteworthy since it
appears to be correlated with clinical outcome. Indeed, two
main groups of patients could be distinguished; the first one
is characterized by a clear decrease in both subpopulations
of CTCs after the first treatment cycle, which was sustained
for the subsequent two cycles; conversely, the second group
is characterized by an early increase in EGFR(+4) and
EGFR(—) subpopulations of CTCs (Table 3), which further
supports the hypothesis that EGFR(—)/CK(+) CTCs have
to be gefitinib-resistant. Clinically, in 2 out of 5 patients of
the first group, a prolonged PFS of 16.0 and 19.0 months

was observed in association with a long-lasting objec-
tive response in one of them. On the contrary, in 2 out of
3 patients with increasing CTC numbers, progressive dis-
ease as best response to treatment was recorded. Therefore,
the prolonged elimination of both EGFR(+4) and EGFR(—)
CTCs upon treatment with gefitinib might be a signal indi-
cating treatment efficacy and disease control, supporting
the relevance of CTCs as a clinical biomarker for treatment
monitoring.

Although these results are interesting, they should be
considered as hypothesis generating due to the pilot and
exploratory design of the trial, which enrolled only a small
number of patients. Therefore, our observations should be
interpreted with caution since there is not a parallel non-
treated control group studied prospectively. The used his-
torical control group was consisted of patients selected on
the basis of the sequential monthly enumeration of CTCs
and the availability of cytospins for further immunostain-
ing for the detection of CK-positive CTCs. In addition,
the detection of CTCs was not confirmed with the Cell
Search assay, which represents the gold standard assay for
the enumeration of CTCs in the metastatic setting, since at
the time that the study was initiated, the Cell Search plat-
form was not available in our laboratory. Finally, the cor-
relation of CTC changes during treatment with the clini-
cal outcome was retrospective and exploratory. However,
the presented results are in favor of the hypothesis that the
molecular characterization of CTCs could used as a poten-
tial tool for the selection of targeted treatments in breast
cancer. Indeed, it has been demonstrated that the admin-
istration of trastuzumab is associated with the elimination
of HER2(+) CTCs in pre-treated patients with MBC [37].
Furthermore, a randomized phase II study reported that
in patients with HER2-negative early breast cancer with
CK-19mRNA-positive CTCs detectable both before and
after the completion of adjuvant chemotherapy, the admin-
istration of trastuzumab was associated with a significantly
lower incidence of clinical relapses and a longer disease-
free survival compared to patients who received the stand-
ard of care [38]. In two small phase II trials, lapatinib was
administered in MBC patients with HER2-negative disease
and HER2-positive [39] or EGFR-positive [40] CTCs.
In the second study, lapatinib was reported to result in a
decrease in CTC counts in 43 % of patients, with most
of these having a greater decrease in their EGFR-positive
CTC pool [40].

In summary, the current study implies that the assess-
ment of molecular targets on CTCs is a reasonable, fea-
sible, and clinically relevant approach in order to select
patients for targeted treatments. Large, well-designed and
controlled studies are needed to further evaluate the molec-
ular characterization of CTCs in the individualization of
treatment for breast cancer patients.
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