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Abstract

Background: Circulating tumor cells (CTCs) play an important role in progression and metastasis, particularly in
form of cluster, which is called circulating tumor microemboli (CTM), and can be found in the peripheral blood of
cancer patients. The aim of this study was to evaluate the presence of CTCs and CTM, and its influence on tumor
progression in lung cancer patients.

Methods: CTCs were isolated by Isolation by Size of Epithelial Tumor cells (ISET®) Technology. The samples of
metastatic lung cancer patients were collected before the beginning of systemic chemotherapy. CTCs and CTM
were identified according to their morphological features.

Results: Fifteen patients were analyzed. Patients who had CTM in blood previously the beginning of systemic
therapy had poor progression-free survival (PFS) compared to those with absence of CTM, although without
statistical significance (median PFS 3.1 months × 6.7 months, p = 0.29). Moreover, patients without any prior
treatment had less than 3 CTCs/mL compared to patients previously exposed to chemotherapy, who had 3
CTCs/mL or more (p = 0.31). Additionally, these patients, with prior treatment, showed poor PFS, compared to
chemo-naive patients, although without statistical significance (mean PFS: 4.6 months × 7.3 months, p = 0.47).

Conclusions: We identified, even in a limited number of samples, that an elevated baseline levels of CTCs and the
presence of CTM were associated with poor prognosis in patients with metastatic lung cancer. In addition, we
showed that an increase of CTCs counts could indicate a pre-existing resistance. However, further studies with a
large cohort are needed to support this information.
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Background
Lung cancer is a public health issue, representing the
most frequently diagnosed and with higher mortality
rate in men and the second in women, being responsible
for about 1.59 million deaths in the world [1]. This fact
is due to several reasons, including increases in life
expectancy, higher pregnancy age, poor nutrition,
sedentary lifestyle and cigarette smoking [2].

Metastases are the major cause of tumor progression
and consequently death due to cancer [3]. Circulating
tumor cells (CTCs) are rare cells coming from the pri-
mary tumor or metastatic site that can be detached and,
therefore, invade blood circulation, and are known to
play an important role in metastasis process [4]. These
cells have specific intrinsic features of invasion and sur-
vival in blood circulation. CTCs can pass through a
series of alterations, such as epithelial-mesenchymal
transition (EMT), a well-known conformational change
(phenotypic) that permit the invasion to blood vessels as
well as overflow to distant sites [5]. CTC analysis has
been shown to be a good marker for evaluation of tumor
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progression in numerous studies [6–8]. In addition,
these cells are useful in monitoring treatment response,
contributing for advances in personalized medicine [9].
Circulating tumor microemboli (CTM) are clusters of

two or more CTCs that can play an important role in
metastatic cascade. CTM may resist cell death in blood
circulation, therefore, an inhospitable site, and can be re-
sponsible for reaching more focus of micro-metastasis
when compared to isolated CTCs [10, 11]. This aggres-
sive feature of CTM is due to this phenotype, as this
structure can be associated to leukocytes, fibroblasts,
endothelial cells or platelets, which can add protection
against external agents and another immune system-
related cells into blood circulation [12].
The treatment of metastatic lung cancer patients is

based mainly in tumor molecular characteristics, num-
ber and locality of metastasis as well as the overall health
of patient [13]. Therefore, the treatment consists in sur-
gery, chemotherapy, targeted therapy, immunotherapy,
and radiation therapy [14]. After recurrence or progres-
sive disease, the treatment is usually modified, starting a
new line of treatment [15]. These data reinforce the need
of new methodologies and tools to analyze disease pro-
gression along with imaging and to increase the accuracy
of clinical follow-up.
With the emergence of new diagnostic technologies in

the era of personalized medicine on cancer monitoring
and treatment, the search for approachable markers be-
comes important. So, the analysis of CTCs and CTM
may offers a minimally invasive form of monitoring
treatment failure, tumor progression and recurrence [5].
Therefore, the aim of this study was to evaluate the
prognostic factor of CTCs and CTM in metastatic lung
cancer patients.

Methods
This is a retrospective study performed at International
Research Center (CIPE) at A.C. Camargo Center. There
were included patients older than 18 years, with non-
small cell lung cancer, at the beginning of palliative
treatment (baseline; metastasis diagnosis or progressive
disease). Blood from 15 patients with metastatic lung
cancer was analyzed. Informed consent was obtained
from all participants included in the study, that was
previously approved by our ethical committee (A.C.
Camargo Cancer Center; reference number: 1367/10).
For CTCs analysis, 8 mL of peripheral blood were col-
lect in EDTA tubes. As negative control, blood from
healthy donors was used and as positive control, blood
from healthy donors spiked with A549 cell line (lung
adenocarcinoma cell line) maintained in culture. The
samples were collected before the beginning of a new
systemic chemotherapy (baseline), in both chemotherapy-
naive patients or at protocol change by disease

progression. Only patients with histological lung cancer
confirmation were included and all patients underwent
chest computed tomography for monitoring progression.
The ISET® (Isolation by Size of Epithelial Tumor cells;

Rarecells Diagnostics, Paris, France) technology was
used for CTCs isolation and enumeration. Blood sam-
ples were diluted (1:10) in an erythrocyte-lysis buffer
(Rarecells Diagnostics) added to a 2% of formaldehyde at
pH 7.35. Then, the solution was homogenized for
10 min until the filtration. The blood was pipetted on
the block that is coupled to a polycarbonate membrane
with 10 spots with calibrated 8 μm pores. ISET works by
negative pressure, therefore, cells smaller than 8 μm
(e.g.: lymphocyte and neutrophils), pass through the fil-
ter and are further discarded. Considering the fact that
CTCs have the same size or larger than 12 μm [16], both
isolated CTCs and CTM get trapped on the membrane,
for posterior analysis. Blood samples from healthy volun-
teers were collected as negative controls.
CTC characterization was performed in four spot by

patient using immunocytochemistry method, with anti-
CD45 antibody (1:100; clone 2B11+ PD7/26, Dako™,
Carpinteria, California, USA), a surface leukocyte com-
mon antigen, according with previous works [17]. The
slides were evaluated in a light microscopy and the iden-
tification of isolated and clusters of cells were made
according its morphologic features (nuclear size equal or
larger than 12 μm, irregularity of the nuclear contour,
presence of a visible cytoplasm and high nuclear-to-
cytoplasmic ratio).
For statistical analysis, a description of each group was

performed according to clinic pathological characteris-
tics (sex, age, histological type, histological grade, TNM)
and treatment. To evaluate differences between groups,
the chi-square test was used for categorical variables.
Progression-free survival (PFS) was obtained using the
Kaplan-Meier method and the difference between curves
was compared using the log-rank method. Statistical
analysis was performed using SPSS software for
Windows, version 15. The values of p were considered
significant when ≤ 0.05.

Results
There were analyzed CTCs from 15 patients with
metastatic lung cancer. All patients experienced disease
progression, and 10 patients (66.7%) progressed to
death. The median PFS of all patients was 4.3 months
(1.0 - 7.6 months).
All patients (100%) included had stage IV lung cancer

(accordingly to The American Joint Committee on
Cancer – AJCC [18]). Among all metastatic patients,
86.7% presented involvement in one or more new meta-
static site at the time of collection. The majority carried
T3 and T4 tumors (66.7%), and a half had lymph node
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commitment (58.3%). The median age was 61 years-old
(48 – 79) at the time of blood collection. The predomin-
ant gender was male (60%), 12 patients (80%) were
smokers or former smokers. The majority of tumors
(80%) were classified as adenocarcinoma histological
type. These data can be observed in Table 1, according
to individual characteristics patients.

Circulating tumor cells (CTCs)
The median number of CTCs detected per mL with
ISET® technology in these patients was 3.0 CTC/mL
(0.0 – 18.8 CTCs/mL).
We performed a comparison of CTCs counts between

chemotherapy-naive patients and patients already under-
went systemic treatment (one line or more) before CTC
drawn (baseline). Using Fisher exact test, and CTC me-
dian as cut-off, we observed that patients that underwent
chemotherapeutic treatment pre-baseline, showed more
CTCs/mL compared with those chemotherapy-naive
patients. We found that the majority of chemotherapy-

naive patients (5/8; 62.5%) had less CTCs than the
median and that patients with previous treatment had
more CTCs than the median (5/7; 71.4%) (p = 0.31;
Table 2). In addition, there were difference of time of
progression between patients with and without previous
treatment, where patients without prior treatment had
better progression (mean PFS: 7.3 months; 95% CI, 2.0 to
12.5) compared to those exposed previously to chemo
agents (mean PFS: 4.6 months; 95% CI, 2.5 to 6.7; p = 0.47).

Circulating tumor microemboli
Among the 15 patients analyzed, three (20%) presented
CTM. After correlation with disease progression (DP) of
each patient, characterized by imaging examination
(RECIST criteria; version 1.1; Eisenhauer et al. 2009)
[19], our results demonstrated that patients with CTM
before the systemic treatment had poor prognostic, pre-
sented by worse median PFS (3.1 months × 6.7 months,
p = 0.29) compared with those without CTM in the
same moment, although with no statistical significance
(Fig. 1). This information is shown in Table 1.
Patient 3 illustrate well our findings (Table 1). The patient

is a 56 years-old woman, non-smoker, that was diagnosed on
May 2010 with lung adenocarcinoma. She underwent thora-
cotomy and had three pulmonary nodules resected in the
same date. She underwent two lines of chemotherapy before
CTC collection (Carboplatin+Paclitaxel+Bevacizumab,
then Pemetrexed), until tumor progression, the reason

Table 2 Description and percentages of CTCs counts with and
without pre-treatment

Previous
treatment

CTC count P value

< 3 CTCs/mL ≥ 3 CTCs/mL

No 5 (62.5%) 3 (37.5%) 0.31

Yes 2 (28.6%) 5 (71.4%)

Fig. 1 Progression Free-Survival of patients with lung cancer that evaluated CTM before systemic treatment (With CTM, dotted line: median PFS
of 3.1 months vs. Without CTM, continuous line: 6.7 months; p = 0.29)
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why she was included in our study on July 2013. CTC
analysis was performed when the patient presented pro-
gression based on the comparative computed tomography
(CT) scan, when was evidenced an increase of the nodules
in the lower lobe of the left lung on June 2013 compared
with CT scan on March 2013 (21 e 19 mm vs. 26 e
19 mm). CTCs count at this point was 12 CTC/mL, in
addition to the presence of CTM, highlighting the import-
ance of CTC analysis to assess treatment effects. Further-
more, after this CTC count, a new progression was
observed on September 2013, that can be observed in CT
scans in Fig. 2.

Discussion
CTCs demonstrate a considerable advantage as liquid
biopsy, compared to other circulating tumor markers,
due the possibility to evaluate tumors whose mutations
are unkown. In addition, CTC analysis allows the under-
standing of tumor biology, by molecular analysis and/or
by expansion in culture for functional studies [20]. Our
study supports its importance in the follow-up of meta-
static lung cancer patients, demonstrating CTCs and CTM
as markers of tumor progression, even in a small group of
patients, enabling individual and personalized care.
CTC counting has been proven to be associated with

some disease characteristics. Sonn et al. [21], described a
study with 82 patients with lung cancer, where they found
an association of CTC counts with stage disease, as pa-
tients with stage IV had more CTCs, compared to stages
I-III of TNM system (p = 0,009). Therefore, one of our
findings was the correlation of CTC counts with pre-
treatment status, where we observed that patients with
pre-treatment had more CTCs per mL. Our results dem-
onstrated a poor disease progression in patients previously
treated compared to those without previous treatment,
denoting that the previous line of treatment was not work-
ing and, probably, making possible the increase of viable
and resistant CTCs in the blood circulation, paving the
way for distant organ colonization. Therefore, the search

for technologies that identify CTCs with maximum sens-
ibility and specificity seems to be important, especially for
monitoring treatment response, reflecting in less expos-
ition to ineffective drugs.
The detection of CTM proved to be efficient in diverse

studies, related to poor prognosis in some types of tumors
by using other methodologies, that include HBCTC-Chip
(herringbone CTC-chip), and HD-CTC (high-definition-
CTC) assay [22, 23]. Present in small quantities in circula-
tion, CTM represents around 2 to 5% of all CTCs [24].
Moreover, it is demonstrated that CTM capacity is up to 50
times in causing metastasis when compared to isolated
CTCs, because their capacity to pass through capillary-sized
vessels in vivo [24].
Many are the methodologies used on detection of CTCs

and CTM [6]. However, ISET presents an advantage, as it
identify more CTM compared to other methodologies, it
isolates CTCs independently of expression of epithelial
markers [16], phenotype that is demonstrated to be down-
regulated or even lost during metastatic cascade in many
carcinomas, as a result of epithelial-to-mesenchymal tran-
sition [25]. In addition, ISET allows to perform a broad
spectrum of techniques, such as immunocytochemistry,
immunofluorescence, molecular analysis for pyrosequenc-
ing, FISH, Real-time PCR, among other [26–28]. Our
study demonstrated ISET efficiency in detecting CTM and
its correlation with a poor clinical outcome of patients
with metastatic lung cancer. Hou et al. [29], using ISET,
found a percentage of CTM (26%) in small-cell lung can-
cer patients similar to our results (20%). They demon-
strated that even in less proportion in relation with
isolated CTCs, these clusters were related with worse PFS,
where patients with CTM had tumor progression in
4.6 months, in comparison to those without CTM that
had tumor progression in 8.2 months (p = 0.001).

Conclusions
In conclusion, our study demonstrated ISET analytic
capacity, even in samples stored frozen for up to 3 years,

Fig. 2 Comparison of CT imaging before (a) and after (d) CTM (b) and CTC (c) detection
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identifying not only intact isolated CTCs, but also CTM.
Moreover, our results demonstrated that CTM presence
in blood circulation could be potentially related to poor
prognosis in metastatic lung cancer patients, as patients
that presented CTM, had tumor progression in a shorter
time in comparison to those that did not present. These
results complement CTC utility in clinical follow-up in
these patients. However, it is a pilot study, and random-
ized clinical trials are necessary to show the prognostic
value of these compartments of liquid biopsy in diagno-
sis and follow-up of metastatic non-small cell lung
cancer patients, known for its high aggressiveness, treat-
ment resistance, resulting in quick disease progression
and high mortality rate.
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