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ABSTRACT
Introduction: Monitoring the response of CETC
to therapy in lung cancer allows early detection
of patients at risk of progression. Analysis of the
EGFR-gene amplification in these cells may help
to characterize patients who might benefit from
tyrosine kinase inhibitors. Methods: CETCs
were quantified at least twice during treatment
from blood of 52 patients with advanced non
small cell lung cancer (NSCLC) using fluorescence labelled anti-EpCAM. EGFR-gene amplification was analysed in these cells with double
probe (EGFR/CEP7) using FISH analysis. Results: Progression of the tumor was observed in
30 of the 52 patients (58%). With respect to changes in CETCs during therapy and progression
free survival 31 patients showed a decrease in
CETCs, 2 developing a single brain metastasis
and 12 progressive disease; 20 patients showed
an increase in CETC more than twofold 16 of
which developed progressive disease. The difference was highly significant (p=0.007 Fisher’s
exact test) irrespective of age, sex, tumor size,
pathological type and therapy. Kaplan-Meier progression free survival was significantly different
between patients with decreasing and increaseing CETC (p=0.038). 5/20 patients tested were
positive for EGFR amplification with 85-100% of
EpCAM positive cells showing this chromosomal abnormality. One patient could be followed
during therapy with increasing CETC during
Copyright © 2013 SciRes.

therapy with bevacizumab followed by relapse.
He subsequently received erlotinib resulting in a
decrease in CETC and is still free of progress
after 516 days. Conclusions: These results show
that peripherally circulating tumor cells in patients with advanced NSCLC are influenced by
systemic chemotherapy and an increase in spite
of therapy is a marker of aggressiveness of the
tumor cells. Determination of the EGFR amplification might help to better treat part of these
patients.
Keywords: Circulating Epithelial Tumor Cells;
Lung Cancer; EGFR-Gene Mutation; Amplification;
FISH

1. INTRODUCTION
Lung cancer is the leading cause of cancer death
worldwide with 1.1 million deaths annually [1].
5 years lung cancer survival rate has remained at
13%-15% throughout the past 3 decades despite innovations in diagnostic testing, surgical techniques and development of new chemotherapeutic agents [2].
Recent data have demonstrated that tumors contain a
small subpopulation of cancer stem like cells (CSCs) or
cancer initiating cells (CICs) which exhibit a self renewing capacity and are responsible for tumor maintenance
and metastasis formation [3]. It is possible that the poor
outcome of lung cancer is attributable to fundamental
differences in tumor biology as compared to other tumors (e.g. breast cancer) or to special properties of canOpenly accessible at http://www.scirp.org/journal/alc/

2

El S. May et al. / Advances in Lung Cancer 2 (2013) 1-8

cer stem cells from which lung carcinomas arise which is
capable of differentiation into one or several histological
cell types [4].
Solid tumors can also seed tumor cells into peripheral
blood. The detection of circulating tumor cells in peripheral blood was first suggested more than a century ago [5]
but has only recently become a clinical reality. It is now
clear that cells are shed from tumors well before metastasis formation [6]. They can be shed from the tumor at
all stages of disease and may remain in the patient’s circulation for lengthy periods [7,8]. A small fraction of
these cells, probably the tumor stem cells, can develop
into metastases even after complete resection of the tumor.
Detection of such circulating tumor cells has been reported in the blood [9,10] and bone marrow [11,12,13] of
patients with primary breast cancer and in patients with
lung cancer [14]. Even therapeutic manipulation such as
surgery can contribute to the seeding of epithelial cells
[14,15]. These cells may, however, differ in their proliferative and metastatic potential [16,17].
Therefore, monitoring the behavior (increase or decrease) rather than merely detection of circulating tumor
cells could provide a novel approach for timely detection
of imminent recurrence and evaluation of treatment response for many cancers.
Several methods have been proposed for the detection
and enumeration of circulating tumor cells including
negative selection by flow cytometry, nucleic acid based
approaches and selective isolation followed by immunofluorescence microscopy [18,19,20].
In the present study we have added a novel nondissipative approach for the characterization of CETCs based
on a combination of antibody fluorescence detection using fluorescence scanning microscopy together with
fluorescence in situ hybridization for EGFR-gene amplification in these CETCs.
EGFR is a tyrosine kinase receptor and has been implicated in the proliferation and survival of cancer cells.
Mutations and aberrant expression of EGFR has been
detected in many human epithelial malignancies including NSCLC and this receptor has been identified as a
promising target for anticancer therapy. Several agents
have been synthesized to inhibit its tyrosine kinase activity [21,22].
Amplified EGFR copy number has been associated
with increased sensitivity to these drugs, however, given
that it is often difficult to obtain sufficient amount of
primary tumor tissue for genetic analysis from patients
with advanced NSCLC, the relationship between EGFR
mutation and gene amplification has remained unclear
[23].
In addition to studying the response of the CETCs to
the applied therapy we evaluated EGFR-gene amplificaCopyright © 2013 SciRes.

tion in circulating tumor cells from selected patients with
advanced NSCLC by FISH technique. We show that a
decline of CETC numbers in response to the applied
therapies in lung cancer correlates with better progression free survival and first data indicate that also a response of CETCs of a patient with the EGFR amplification to treatment can be monitored and correlates with
disease response.

2. METHODS
From September 2009, 52 patients with pretreated progressive NSCLC consented to blood drawing according
to the ethics committee approval.
Applied chemotherapies were: carboplatin or cisplatin
with docetaxel or vinorelbin, with or without bevacizumab, carboplatin with ixabepilone, pemetrexed with
bevacizumab and carboplatin together with or without
TKI (Tyrosine kinase inhibitors). Blood which had been
anticoagulated with EDTA was drawn before and after
chemotherapy and/or during follow up. 1 ml was lysed
with ammonium chloride (Qiagen Hilden, Germany) and
analysed using the previously described microfluorimetric method, where assay method, stability of the sample
and reproducibility have been extensively described [9].
In short, in order to compensate for shipping delays,
samples were subjected to red blood cell lysis at day 2
after blood drawing (with usually 95% viability) using
10 ml of erythrocyte lysis solution (Qiagen Hilden, Germany) for 10 minutes at room temperature, spun down at
700 g and rediluted in 1 ml of PBS (Phosphate buffer
saline) pH 7.4.10 µl of fluorescein isothiocyanate (FITC)conjugated mouse antihuman epithelial antibody (HEA)
(Milteny Bergish, Gladbach Germany) was added to 100
µl of cell suspension incubated for 15 min in the dark,
readjusted to 1ml and a defined volume of the cell suspension was applied to a defined area into wells of an
ELISA plate. The adherent cells were measured using
image analysis in a Scan-R microscope (Olympus, Munich, Germany). Values were displayed in scattergrams
and histograms. Both approaches enable the user to locate cells contained within the desired population for
visual examination and to take fluoromicrographs [24].
For FISH analysis slides with positively immuno-labelled cells were incubated for 10 minutes in paraformaldehyde (2 g paraformaldehyde in 500 ml PBS) for 5
minutes at room temperature, then 50 µl proteinase K
were added. The slides were incubated in post hybridisation washing buffer (20xSSC, NP-40 with NaOH of pH 7
- 7.5) at room temperature and left to dry followed by 5
minutes in fresh formamide followed by dehydration in
ethanol series (75%, 85% and 100% 30 seconds each).
10 µl of EGFR enumeration probe (red) with chromosome 7 enumeration probe (CEP) (green) were added to
the slides and mixed with hybridisation buffer covered
Openly accessible at http://www.scirp.org/journal/alc/
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Figure 1. Flow chart of the approach for tumor cell staining and detection.

a)
(a)

(b)
b)

Following overnight hybridisation the slides were
washed in pre-warmed 72˚C posthybridisation buffer
(0.3% NP 40, 20× SSC) for 2 minutes, after air drying
for 2 minutes the specimens were cover slipped with
DAPI-containing vectashield mounting medium. Identification and quantification of FISH signals were performed using Carl-Zeiss fluorescence microscope. Cells
were first scanned at low magnification (×10) to identify
cells carrying immuno-labelling. Positive cells were then
revisited at high magnification (×100) for verification
and enumeration of FISH signals [21]. The procedure is
depicted in the flow chart (Figure 1). Statistical analysis
for the confounding variables including tumor size at
time of the diagnosis, age, sex, pathological type and
different tumor markers were performed using the SPSS
program (Version 16).

3. RESULTS

Figure 2. Example of the visual verification of viable circulating epithelial tumor cells among the gallery of positive
events provided by the automated image analysis program
looking for exclusive surface EpCAM staining. (1a) shows a
gallery of live CETC (1b) shows dead CETC.

with a cover slip, sealed and denaturated. Hybridisation
was performed according to manufacturer’s instructions
(Vysis, Downers Grove, IL, USA).
Copyright © 2013 SciRes.

The characteristics and the distribution of tumors with
respect to age, tumor size at time of diagnosis, pathological size, relapse, and EGFR-gene amplification of all
patients are shown in Table 1.
All lung cancer patients could be analysed for vital
epithelial cells before the onset of the respective therapy.
Figure 2 shows a gallery of vital and dead cells from a
typical analysis from one patient. In a previous study no
live epithelial antigen positive cells were detected in
97% of healthy donors aged between 17 and 75 years [9].
51 patients could subsequently be analyzed for their
Openly accessible at http://www.scirp.org/journal/alc/
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Table 1. Characterization of the 52 patients.
No
Age
Range
Mean
S.D.

Percent

37 - 85
66.54
10.340

Tumor type
Adeno

19

36

Alveolar

1

2

Large cell

3

6

Squamous cell

28

54

Pleomorphic

1

2

T1-2

30

58

T3-4

22

42

Negative

15

29

Positive

5

10

Not analysed

32

61

(a)

Tumor size

Fish(EGFR-gene amplification)

Sex
Male

33

63

Female

19

37

Change in CETC
Decrease

31

60

Marked increase >twofold

20

38

Not analysed

1

2

No

20

40

Yes

28

60

Brain only

2

Not available

2

Progressive disease

CETC after chemotherapy. This allowed to monitor the
response of CETCs to therapy for each of these patients.
CETC numbers decreased in 31 patients (60%) and increased more than twofold in 20 patients (38%) (Figure
3(a) and (b)).
Therapy response of the CETC was correlated to
course of disease during the observation time. Progression occurred in 30 of the 52 patients (58%), 2 developing a single brain metastasis. Since none of the drugs,
used in this study can trespass the blood/brain barrier,
such metastases can develop even if the drugs are pe
ripherally active. Therefore these patients were excluded
Copyright © 2013 SciRes.

(b)

Figure 3. Changes in cell numbers during therapy in 51 patients (a) with CETC numbers decreasing more than two-fold
during therapy and (b) increase in CETC numbers more than
twofold during therapy.

from the subsequent analysis. In 2 patients no data about
outcome were available.
Disease progression was observed in 12/28 remnant
patients with decreasing numbers of CETC during therapy (41%) and in 16/20 patients with increasing CETC
(80%) and this difference was highly significant (p =
0.007).
The Kaplan-Meier analysis showed a highly significant difference in progression free survival between the
group with increasing CETC numbers and the group with
decreasing CETC numbers (Figure 4) with p = 0.038
and a hazard ratio of 1.99).
Concerning FISH results, 5 of the 20 analyzed cases
were positive EGFR/CEP > 2, where more than 85% of
EpCAM positive cells showed this chromosomal abnormality. Figure 5 shows typical pictures of a) 4 normal
blood cells with two signals and b) a tumor cell of the
same patient with more than 10 amplificates. There was
no significant relationship between FISH results (EGFRgene amplification frequency) and sex, age or change in
circulating tumor cells in response to the conventional
therapies.
One of the patients shown in Figure 6 showed an increase in CETC under therapy with bevacizumab with
progress but subsequently was treated with the tyrosine
kinase inhibitor erlotinib with a decrease in CETCs and
Openly accessible at http://www.scirp.org/journal/alc/
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Figure 6. Patient 31 showing a steep increase in CETC in spite
of anti-VEGF treatment with progress of his disease. This patient, however, showed a decrease in CETC upon receiving
subsequently a tyrosine kinase inhibitor and is still in remission.

showed stable disease during the observation time.

4. DISCUSSION
Figure 4. Kaplan-Meier progression free survival curves of
patients with decreasing CETC (green line) and increasing
CETC red line (p = 0.038, hazard ratio 1.99).

(a)

(b)

Figure 5. (a) 4 normal blood cells with two control signals and
two EGFR gene signals and (b) an EpCAM positive cell of the
same patient with amplified EGFR gene signals.
Copyright © 2013 SciRes.

Due to different efficacy in detection of circulating
tumor cells the significance of the presence of epithelial
cells circulating in the peripheral blood in cancer patients
is still a matter of debate. Methods using enrichment
procedures (25) may suffer from loss of relevant cell
populations and nucleic acid based methods (18) do not
allow for direct correlation to individual cells. An approach omitting all enrichment procedures using detection of positive cells by automated image analysis allows
to detect all cells even with very low EpCAM espression
and at the same time subsequent FISH analysis of these
cells. Since it is not known how long such circulating
tumor cells survive or to what extent they are able to
form metastases it may not be the simple number of
CETC but rather their behavior (increase or decrease)
during the course of disease that may predict the patients’
outcome. In breast cancer, patients at risk of relapse
could be distinguished from patients remaining relapse
free due to the response of the CETC to therapy [26].
It had been shown already in previous analyses in lung
[14] and breast cancer patients [15] that increasing cell
numbers after surgery are correlated with a higher risk of
relapse, that patients with a good initial response to
neoadjuvant treatment have improved relapse free survival [27], as well as that a stable number of CETCs can
be detected without disease recurrence even after several
years [8].
The present approach was designed to extend these
previous results to patients receiving systemic therapy
for advanced lung cancer.
In patients with advanced non small cell lung cancer
circulating epithelial cells detected using our approach
were shown to respond differently to chemotherapy.
There was a strong correlation between a lack of reduction of CETC in response to chemotherapy and tumor
Openly accessible at http://www.scirp.org/journal/alc/
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progression or the appearance of new metastases and
progression free survival was significantly higher in patients who’s CETC responded to the applied therapies.
This indicates that monitoring of CETCs already during
the application of systemic therapy predicts whether the
tumor ultimately will respond adequately to this therapy.
Unnecessary toxicity during therapy could therefore be
avoided by discontinuing ineffective therapy.
Since some of the cells circulating in blood might be
able to settle in distant organs and grow into new metastases, repeated analysis is clearly more advantageous
than a single analysis. In the present results in lung cancer patients with advanced disease a more than twofold
increase in CETC numbers during therapy was highly
predictive for relapse. This approach was subsequently
combined with FISH identification to characterise
CETCs by both epithelial specific antibodies and FISH
to detect chromosomal abnormalities of the EGFR gene.
An increased number of EGFR-gene copies in almost
all CETCs from patients with the amplification confirmed the tumor affiliation of the majority of CETCs. In
addition, we were able to show that in one patient
CETCs carrying the amplification were resistant to conventional drugs as shown by the increase in CETCs in
spite of therapy, accompanied by progression. In contrast,
CETCs responded to TKI accompanied by a response of
his disease. CETC analysis in our view has three main
areas of application: 1) evaluation of therapy response; 2)
early detection of recurrence saving a considerable
amount of time and 3) molecular analysis of circulating
tumor cells. This allows adjusting therapy according to
the molecular characteristics of the tumor and may, in the
future, contribute to prevent ineffective treatments.
In addition, molecular analysis of circulating tumor
cells from the blood of patients with lung [28] and other
cancers offers the possibility of monitoring changes in
epithelial tumor genotypes during the course of treatment.
Circulating tumor cells may be derived from multiple
disease sites with different responses to therapy associated with an evolution in tumor genotype that may not be
assessed by a single tissue biopsy performed at the time
of presentation [29].
The method presented here permits easy, rapid, reliable and reproducible repeated quantitation of CETC in
peripheral blood as well as identification of the genetic
endowment of these cells. Such an approach can, in the
future also be used to determine other gene amplifications and to perform gene expression analysis on isolated
cells.
This could become a valuable and important tool for
real time monitoring of therapy in vivo in addition to the
estabished response criteria [30] and cancer genotype
Copyright © 2013 SciRes.

identification.
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