
© 2014 Chinen et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

OncoTargets and Therapy 2014:7 1609–1617

OncoTargets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1609

O r i g i n a l  r e s e a r c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OTT.S62349

isolation, detection, and immunomorphological 
characterization of circulating tumor cells (cTcs) 
from patients with different types of sarcoma 
using isolation by size of tumor cells: a window  
on sarcoma-cell invasion

ludmilla T Domingos 
chinen1

celso a lopes Mello2

emne ali abdallah1

luciana MM Ocea1

Marcilei e Buim1

natália M Breve1

José luiz gasparini Junior1

Marcello F Fanelli2

Patrizia Paterlini-Bréchot3

1international research center, 
2Department of clinical Oncology, 
ac camargo cancer center, são 
Paulo, Brazil; 3Unité inserM U807, 
Université Paris Descartes, Paris, 
France

correspondence: ludmilla T Domingos 
chinen 
international research center, ac 
camargo cancer center, rua Taguá,  
440 são Paulo, 01508-010, Brazil 
Tel +55 11 2189 2993 
email ludmilla.chinen@cipe.accamargo.
org.br

Background: Sarcomas are rare and heterogeneous neoplasms with poor prognosis that are 

thought to spread to distant organs mainly by hematogenous dissemination. However, circulat-

ing tumor cells (CTCs) have never been visualized in sarcomas.

Objectives: To investigate the feasibility of using isolation by size of tumor cells (ISET) for 

isolation, identification, and characterization of CTCs derived from patients with high-grade 

and metastatic sarcomas.

Patients and methods: We studied eleven patients with metastatic/recurrent or locally 

advanced soft-tissue sarcomas (STSs), six of whom had synovial sarcomas. Blood samples 

(8 mL) were collected from patients with advanced STS and treated by ISET, a marker- 

independent approach that isolates intact CTCs from blood, based on their larger size compared 

with leukocytes. CTCs were identified by cytomorphology and characterized by dual-color 

immunocytochemistry using antivimentin or anti-Pan CK, and anti-CD45.

Results: All patients with STS included in this study showed CTCs, with numbers ranging 

from two to 48 per 8 mL of blood.

Conclusion: This study shows the feasibility of isolating, identifying, and characterizing CTCs 

from patients with different types of sarcomas and the presence of circulating sarcoma cells in 

all the tested patients. Our results set the basis for further studies aimed at exploring the pres-

ence, number, and immunomolecular characteristics of CTCs in different types of sarcoma, and 

bring more light to the mechanisms of tumor invasion for these tumors.
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Introduction
Sarcomas are relatively rare neoplasms with poor prognosis. They are broadly classi-

fied as either soft-tissue sarcomas (STSs), including more than 50 histologic subtypes, 

or bone neoplasms. Sarcomas represent 1% of all cancers in adults, 10% in children, 

and 8% in adolescents and young adults.1 Despite their rarity, sarcomas contribute to 

a substantial loss of years of life compared to other cancers, because of the many chil-

dren, adolescents, and young adults diagnosed. Furthermore, their rarity and diversity 

across ages render diagnosis and treatment difficult.

Sarcomas most typically present spontaneously as a mass without a demonstrable 

cause. However, they have been associated with exposure to radiation,  chemotherapeutic 
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agents, viral infections, occupational factors, and hereditary 

syndromes.1 Their prognosis is variable according to the 

histologic type, but often poor and presumably related to 

hematogenous spread. For instance, only 16% of patients 

surgically treated for osteosarcoma have long-term survival, 

suggesting that micrometastasis is present in an overwhelm-

ing majority of newly diagnosed patients.1 Many STSs 

display a remarkable predilection for metastasizing through 

hematogenous circulation to the lungs and/or other sites, such 

as the liver, bones, and subcutaneous tissue. A minority of 

subtypes (synovial sarcoma, rhabdomyosarcoma, epithelioid 

sarcoma, clear-cell sarcoma, and angiosarcoma) may metas-

tasize to lymph nodes and other sites of the body. However, 

lymph-node metastasis is rarely found in STS.2,3

Surgery and adjuvant radiation therapy result in high 

rates of control of localized diseases, but reliable staging of 

localized tumors is very challenging. On average, more than 

50% of patients with high-grade STS develop tumor relapse 

and die due to tumor progression.4 Patients with metastatic 

disease are treated with palliative chemotherapy, with mod-

est impact on survival and median survival of 12 months on 

most trials.5,6

As a result, there is an urgent need for new markers 

 helping to identify patients without metastasis but with “early 

stage” invasive sarcoma, and to follow the tumor response 

to treatment in order to optimize the timing, dose, and type 

of anticancer therapy. The ideal marker in this domain is 

represented by circulating tumor cells (CTCs). CTCs are 

the earliest hallmark of tumor invasion. They are known to 

circulate in the blood for months or years before metastases 

develop,7–9 and can thus reliably help to identify patients 

in the intermediate stage between localized and metastatic, 

who are presently not identified and thus either untreated or 

treated with nonpersonalized protocols.

CTCs are also the natural target of antitumor treatments, 

and thus their persistence beyond anticancer treatments can 

provide the important information that the treatment has 

been inefficient before metastases develop. Finally, the CTC 

compartment is meant to contain the most malignant tumor 

cells,9 which can be characterized by immunological and 

molecular studies to help unravel the invasion mechanisms 

and find new and effective targeted treatment.

Despite the clinical evidence that CTCs should circulate 

in the blood of patients with sarcomas, few studies have dealt 

with this subject, as CTCs are rare and their isolation is a 

technical challenge. Furthermore, the majority of approaches 

developed to isolate CTCs have targeted CTCs derived from 

carcinomas and used (for the cell-capture step) antibodies 

directed against epithelial antigens, which are certainly not 

suitable to isolate CTCs from sarcoma.

Isolation by size of tumor cells (ISET) was initially 

developed to isolate CTCs from carcinomas. However, since 

the approach is independent of any cellular marker and relies 

on the tumor cellular size larger than the size of leukocytes, 

which is a physical property common to the vast majority 

of cancer cells from solid tumors, we thought that the ISET 

system could also be able to efficiently isolate CTCs from 

patients with sarcoma. We show here that by using ISET, 

CTCs were found in the blood of all the tested patients with 

advanced STS. This result should open new pathways for the 

follow-up and treatment of patients with sarcomas.

Patients and methods
Patients
Blood samples (8 mL) were collected from patients and 

healthy subjects who gave written informed consent to 

this study, which obtained approval by the local research 

ethics committee (protocol 1367-10). Eleven patients with 

 metastatic/recurrent or locally advanced disease STS treated 

at the AC Camargo Cancer Center in São Paulo, Brazil 

were included in this study between July and October 2013. 

The majority of patients (six of eleven) presented synovial 

sarcoma. The main site of metastasis was lung (five of 

eleven), and age varied between 26 and 62 years. Patients’ 

clinicopathological parameters were obtained from medical 

records. Patients were evaluated individually, according to 

the tumor’s histological subtype (Table 1). Thirty healthy 

subjects (blood donors) were also studied as controls.

in vitro sensitivity of iseT for isolation  
of mesenchymal tumor cells
The in vitro sensitivity of ISET for isolation of sarcoma cells 

was tested by spiking 25, 50, 100, and 150 HT1080 cells, 

derived from a human fibrosarcoma, in triplicate in 1 mL of 

blood obtained from healthy blood donors. We counted the 

cells by making dilutions in a counting chamber before spik-

ing the cells in 1 mL of blood. Then, we filtered the blood 

using the ISET system, as described by Rarecells Diagnostics 

(Paris, France). The filters were stained with antibody against 

CD45 to identify leukocytes, counterstained with hematoxy-

lin, and read on a light microscope.

isolation of circulating tumor cells  
by the iseT approach
Blood samples were collected in ethylenediaminetetraacetic 

acid tubes, stored at room temperature for up to 4 hours 
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Table 1 clinical characteristics of included patients

Patient Histological subtype Clinical stage Metastatic site/ 
extension

CTC count per 
8 mL of blood

1 Monophasic synovial sarcoma  
(spindle-cell high-grade malignancy)

iV lung 5.0

2 epithelioid sarcoma ii lung 48.0
3 Monophasic synovial sarcoma  

(spindle-cell high-grade malignancy)
iV Mediastinum 44.0

4 spindle-cell and pleomorphic sarcoma not determined lung/ncs 10.0
5 Malignant small-cell neoplasm iV lung/bone 30.0
6 synovial sarcoma not determined Pleura 8.0
7 Monophasic synovial sarcoma iii locally advanced 26.0
8 Osteoblastic osteosarcoma  

of high-grade malignancy
iia locally advanced 2.0

9 Monophasic synovial sarcoma  
(spindle-cell high-grade malignancy)

i lung/bone 16.0

10 Monophasic synovial sarcoma  
(spindle-cell high-grade malignancy)

iV armpits 6.0

11 Dedifferentiated liposarcoma iV abdominal recurrence 40.0

Abbreviations: cTc, circulating tumor cell; ncs, nervous central system.

under homogenization, and treated by ISET according to 

the manufacturer’s instructions. ISET methodology isolates 

intact CTCs from blood through direct filtration without using 

antibodies, thus exploiting the larger size of tumor cells com-

pared with leukocytes, and uses polycarbonate membrane with 

8 µm-diameter cylindrical pores. We used procedures of this 

platform and CTC definition criteria according to a previous 

detailed report.10 Images of results obtained with this tech-

nique were taken using a light microscope (Axioskop 40; Carl 

Zeiss Meditec, Jena, Germany) coupled to a digital camera 

(Cyber-Shot DSC-S75; Sony, Tokyo, Japan) at 40× and 100× 

magnification.

Although ISET is used for research only, it has undergone 

technical11,12 and clinical validation13 showing the prognostic 

value of the system in patients with early and late-stage non-

small-cell lung cancer. We have also reported its advantage 

compared with a “marker-related” approach in showing 

progression of metastatic lung cancer before the progression 

became evident by imaging.14

immunocytochemistry of cells  
isolated by iseT
ISET membrane spots were cut out and used for single- or 

dual-color immunocytochemistry for CTC identif ica-

tion and characterization according to the manufacturer’s 

 instructions. To evaluate and distinguish CTCs from white 

blood cell (WBC) contaminants, in addition to cytomorpho-

logical analysis, dual-color immunocytochemistry (DAB+/

Permanent Red; Dako, Glostrup, Denmark) was carried out 

using the following antibodies: antivimentin (1:1,500, clone 

V9; Dako), a mesenchymal-related marker, and anti-CD45 

(1:100, clone 2B11+ PD7/26; Dako), a WBC surface marker. 

We also performed dual-color immunocytochemistry replac-

ing vimentin by anti-Pan CK (1:1,000, clone AE1/AE3; 

Dako), an epithelial-related marker.

Single immunocytochemistry (DAB+) was performed 

to certify that there were no endothelial cells in our sample 

(anti-CD34, 1:100, clone QBEnd 10; Dako). For CTC count-

ing, eight spots on the ISET filter were used (corresponding 

to 8 mL of blood), including four stained with hematoxylin 

and eosin and the others stained by immunocytochemistry as 

described in previous studies.12,15 Negative and positive con-

trols were performed for each immunohistochemical staining. 

For controls, we used blood from healthy individuals spiked 

with cells from the cell lines A549, HCT 116, or HT1080. 

WBCs from healthy individuals were used as positive control 

for CD45. For a negative reaction, a spot was obtained with-

out antibody. Circulating tumor microemboli were defined 

as groups or clusters of tumor cells containing three or more 

distinct nuclei and previously identified in metastatic cancer 

patients.13 The STS CTCs were defined based on size and mor-

phology, after excluding WBCs (anti-CD45) and endothelial 

cells (anti-CD34). All the slides were reviewed by a patholo-

gist specialized in the diagnosis of sarcoma (IWC).

Results
iseT sensitivity test
We spiked, in triplicate, 25, 50, 100, and 150 cells from 

HT1080 cell line in 1 mL of blood from healthy donors 

and treated the blood by the ISET system. The filters were 
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Figure 1 (A) Blood from a healthy subject: only residual leukocytes are visible, without any cTcs visualized on the iseT membrane. (B) a cell from the sarcoma cell line 
hT1080 spiked in blood from a healthy subject. spiked cells were stained with antibody against cD45 to identify leukocytes, and counterstained with hematoxylin. images 
were taken using a light microscope (axioskop 40; carl Zeiss Meditec, Jena, germany) coupled to a digital camera (sony cyber-shot Dsc-s75; sony, Tokyo, Japan) at 60× 
magnification.
Abbreviations: cTc, circulating tumor cells; iseT, isolation by size of tumor cells.

stained with antibody against CD45 to identify leukocytes, 

 counterstained with hematoxylin, and read with a light 

microscope. The triplicate tests were read by three different 

operators, and the mean values were calculated. For the spik-

ing of 25, 50, 100, and 150 HT1080 cells, we found mean 

numbers of 25, 54, 100, and 155 cells, respectively. This result 

shows the excellent sensitivity of ISET for the isolation from 

blood of sarcoma cells.

The numbers we found were not identical to the numbers 

of cells we spiked. However, this is normal, as cells were 

counted in a counting chamber by dilution and not one by 

one. Counting cells one by one for spiking tests is technically 

too cumbersome and not feasible for more than 20 cells. 

A picture of a sarcoma cell recovered by ISET in shown in 

Figure 1B.

controls
We tested with ISET the blood (8 mL) of 30 subjects without 

cancer (healthy blood donors). None of them were found to 

have CTC. We detected only some leukocytes, as shown in 

Figure 1A.

Patients
All patients showed CTCs in their blood samples, and their 

counts ranged from two to 48 per 8 mL of blood (Table 1). 

CTCs were identified by their differential morphology, as 

described in the Patients and methods section, and by their 

negative expression of CD45 (specific marker for WBCs) 

(Figure 2) and for CD34 (specific marker for endothelial 

cells) by single immunocytochemistry.

We also performed double staining with CD45 and vimen-

tin, a mesenchymal marker that is also found in  leukocytes. 

Our aim was to assess if CTCs from STS express vimen-

tin. CTCs from three patients expressed vimentin in their 

cytoplasm (Figure 2). The CTC spread from STS  present 

the typical morphology of a neoplastic cell, as described 

by Krebs et al,12 with high nuclear-to-cytoplasmic ratio 

(.0.8), irregular shape, and hyperchromatic nuclei with 

a diameter .10 µm. The identification of all CTCs was 

 performed by a pathologist from our center specialized in 

the pathological diagnosis of sarcomas. Interestingly, in four 

patients (three with synovial sarcoma and one with lipos-

arcoma), ISET allowed the detection of circulating tumor 

microemboli, which are known in the literature as a marker 

of poor prognosis.16,17

Discussion
This is the first report showing that isolation, detection, and 

characterization of CTCs from the blood of patients with 

sarcoma is feasible without using polymerase chain reaction 

(PCR)-based molecular tests and through a cytopathological 

approach that is valid for all types of sarcoma.

Few pioneer attempts of CTC detection in patients with 

sarcoma have been published (Table 2), including three tar-

geting five or fewer patients,18–20 and seven targeting more 

than five patients.21–27 These reports used reverse-transcription 

(RT)-PCR-based methods to detect tumor cells in peripheral 

blood and/or bone marrow, taking advantage of specific gene 

translocations detected in Ewing’s sarcoma20–22,24,25,27 and 

alveolar sarcoma,19,23,24 or from gene expressions associated 

with sarcoma.18,23,26

However, these approaches have several limitations. In 

fact, they are specific to a type of sarcoma and cannot be 

extended to other types; their “sensitivity” depends on the 

level of expression of the targeted transcript in the tumor 

cells, which can be variable, and their specificity depends on 

the absence of similar transcripts: in the case of nonmutated 

transcripts, in peripheral blood cells. Finally, they do not allow 

a reliable counting of CTCs nor to visualize CTC morphology 

to study their protein expression and invasive potential.
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Figure 2 (A and B) immunocytochemical characterization of cTcs isolated by 
iseT from patient with epithelioid sarcoma (patient 2). here we can see a circulating 
mesenchymal tumor cell (thick arrow), with epithelioid shape and irregular borders. 
note that it is bigger when compared to the leukocyte (stained with anti-cD45) 
(asterisk). The thin arrow shows the 8 µm pore in the iseT membrane. images were 
taken using a light microscope (axioskop 40; carl Zeiss Meditec, Jena, germany) 
coupled to a digital camera (sony cyber-shot Dsc-s75; sony, Tokyo, Japan) at 40× 
magnification (A) and at 100× magnification (B). (C) a circulating mesenchymal 
tumor cell (full arrow), with epithelioid shape and irregular borders, which stained 
positive for vimentin but negative for cD45, at 40× magnification.
Abbreviations: cTc, circulating tumor cells; iseT, isolation by size of tumor cells.

Table 2 Published studies on circulating tumor cells from sarcomas and methods used

Study Patients, n Histology Method Source Finding

Peter et al22 18 ewing’s sarcoma rT-Pcr PB Detection of eWs-Fli1 fusion transcript
Pfleiderer et al21 16 ewing’s sarcoma rT-Pcr PB 

BM
Detection of eWs-Fli1 fusion transcript

Kelly et al23 11 rhabdomyosarcoma rT-Pcr BM Detection of PaX3-FKhr fusion transcript
West et al49 16 ewing’s sarcoma/PneT rT-Pcr PB 

BM
Detection of eWs-Fli1 fusion transcript

Thomson et al24 12 alveolar rhabdomyosarcoma,  
ewing’s sarcoma

rT-Pcr PB 
BM

PaX3-FKhr 
eWs-Fli1

Burchill et al48 49 neuroblastoma rT-Pcr PB Tyrosine hydroxylase mrna
avigad et al25 26 ewing’s sarcoma rT-Pcr PB 

BM
Detection of eWs-Fli1 fusion transcript

gallego et al26 16 rhabdomyosarcoma rT-Pcr PB isolation of PaX3-FKhr correlated with prognosis
hoshino et al19 1 alveolar sarcoma rT-Pcr PB isolation of asPscr1-TFe3-positive cells
Dubois et al20 1 ewing’s sarcoma Flow  

cytometry
PB 
BM

isolation of cD99+cD45– cells

Abbreviations: rT-Pcr, reverse-transcription polymerase chain reaction; PB, peripheral blood; BM, bone marrow; PneT, primitive neuroectodermal tumor; mrna, 
messenger ribonucleic acid.

Dubois et al20 were the first to study the blood of a 

patient with Ewing’s sarcoma in an attempt to provide 

CTC  counting. They isolated by Ficoll (GE Healthcare 

Bio-Sciences,  Pittsburgh, PA, USA) 1–5 million peripheral 

blood mononuclear cells (PBMCs) from 10 mL of blood 

and analyzed them by flow cytometry for the presence of 

the CD99 sarcoma marker and the absence of the CD45 

leukocyte marker. The sensitivity of this test was shown to 

be one tumor cell per 500,000 PBMCs (approximately 20 

tumor cells per milliliter of blood). However, the authors also 

reported a background rate of 0.00019% in PBMCs from 

healthy donors, thus just below one in 500,000 cells, which 

was their sensitivity rate.

Therefore, while studies on CTCs from patients with 

 carcinoma have evolved from RT-PCR-based methods to 

magnetic cell-sorter methods that allows CTC counting (Cell-

Search®; Johnson & Johnson, New Brunswick, NJ, USA) and 

to cytopathological methods (ISET, Rarecells Diagnostics, 

Paris, France) which allow CTC diagnosis, counting and 

immunomolecular characterization; the domain of CTCs in 

patients with sarcoma did not show the same evolution, missing 

important information (CTC number, phenotypic and geno-

typic  characterization) about the invasion process. However, 

preliminary  studies focused on CTCs in patients with sarcoma 

showed a trend26 or clear evidence25,27 of the prognostic value 

of CTC detection.

This setting prompted us to realize this study and test the 

feasibility of immunocytopathological detection of CTCs in 

patients with sarcoma using ISET, a “universal” and diagnos-

tic approach potentially valid for all solid tumors, including 

carcinomas and sarcomas.

The CTC domain is technically challenging, as CTCs 

are very rare, just a few per milliliter of blood. They have a 

highly heterogeneous phenotype, and are not the only rare 

cells in blood, implying that they have to be distinguished 

from epithelial and nonepithelial nontumor cells, atypical 

nontumor cells, endothelial cells, and other rare circulating 

cells, such as stem cells. Many authors have studied CTCs 

from carcinomas, mostly after their isolation using epithelial 
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markers, and have shown their prognostic value in metastatic 

breast, colon, and prostate cancers.28–32 However, the majority 

of CTC methods use epithelial antigen-targeted antibodies for 

CTC isolation, and thus they cannot isolate the most malignant 

CTCs undergoing epithelial–mesenchymal transition, nor can 

they be applied to the detection of CTCs from sarcomas.

ISET is a marker-independent approach to isolate from 

blood intact rare cells in order to diagnose and characterize 

them through further morphological and immunomolecular 

analyses. It is based on the observation that WBCs are the 

smallest cells in the body, and thus smaller than tumor cells 

from organs. ISET was initially developed to sensitively iso-

late rare epithelial tumor cells.11 However, since the approach 

does not use epithelial markers, but only a physical cell 

property, we and others have shown that it isolates CTCs that 

have undergone epithelial–mesenchymal transition and do 

not express epithelial antigens.14,33,34 It was thus clear to us, 

after these reports, that ISET could also isolate CTCs from 

the blood of patients with sarcomas. Furthermore, Hofman 

et al15 reported CTCs from patients with sarcoma (five patients 

with leiomyosarcoma, liposarcoma, and synovial sarcoma;  

P Hofman, University of Nice Sophia Antipolis [Nice, France], 

personal communication, February, 2014) using ISET, but the 

number of CTCs per patient was not known. Our results show 

that CTCs were able to be isolated and reliably identified and 

counted in all the patients with sarcoma we studied.

The sensitivity and specificity of ISET in detecting CTCs 

from patients with carcinoma has been shown. There is a total 

of 607 controls without cancer, including 327 healthy sub-

jects without cancer, studied by ISET published by different 

independent teams,11,13,33–40 without any detection of CTCs. 

However, we also tested by ISET in this study 30 additional 

subjects without cancer (healthy subjects), and found them 

without any CTCs, as reported in the Results section.

In this study, we assessed the ability and sensitivity of the 

ISET method to isolate sarcoma cells (from HT 1080 cell line 

derived from a human fibrosarcoma) from blood, by perform-

ing spiking analyses. We spiked in triplicate 25, 50, 100, and 

150 HT1080 cells in 1 mL of blood, which was then filtered 

and analyzed by CTC counting. We found mean numbers of 

25, 54, 100, and 155 cells, respectively. The slight difference 

in numbers we found between spiked cells and detected cells 

is normal, as cells were counted in a counting chamber by dilu-

tion. Our results show that the ISET method practically does 

not lose tumor cells from sarcoma. This result is consistent with 

previous data showing the very high sensitivity of ISET11,12 

and its ability to isolate large cells based only on their size, 

since sarcoma cells are known to be larger than lymphocytes. 

However, we set up the spiking test with sarcoma cells to 

precisely assess this issue, as it is key for the clinical relevance 

of CTC detection by ISET in patients with sarcoma.

A burning issue in the field of CTCs is circulating stem 

tumor cells and the possibility that these are lost by ISET. 

Interesting studies have been published41–43 showing that dur-

ing chemically induced osteoblast differentiation, flexibility, 

cell size, and circularity decrease. Therefore, stem mesen-

chymal tumor cells are expected to have increased flexibility, 

circularity, and size. However, increased flexibility cannot lead 

to stem cell loss by ISET, as the ISET methodology fixates 

all the blood cells (through blood dilution with the ISET buf-

fer) prior to filtration.11 The cells thus become rigid, and their 

deformability and flexibility is lost. The CTCs we found in 

patients with sarcoma were generally round cells. They had a 

high nucleus:cytoplasm ratio, and their membrane was very 

irregular. This observation and the reported decrease in cell 

size with cell differentiation in the osteoblast-differentiation 

model42 suggest that ISET is able to isolate the most aggres-

sive and stem tumor cells. Further studies are needed in this 

field, in particular we have no reliable markers of circulating 

sarcoma-derived stem cells. When these markers become 

available, it will be possible to use them to characterize tumor 

cells isolated by ISET in patients with sarcoma.

We were able to include in the study different histologi-

cal subtypes of sarcoma to test if CTCs are spread via the 

bloodstream in all cases. We studied six cases of synovial 

sarcoma, a tumor that is thought to spread through the 

lymphatic vessels. However, we also found hematogenous 

spreading of synovial sarcoma, as we found CTCs in all six 

cases. Three of our patients (of eleven) were found to have 

small numbers of CTCs (less than on CTC per milliliter). 

These numbers of CTCs in STS patients could be related to 

the treatment that patients received prior to CTC analysis. 

However, our data show that CTC identification and counting 

could be used in patient follow-up, for personalized monitor-

ing of the anticancer treatment. It is also noteworthy that we 

included different types of sarcomas in our study, the major-

ity of which are not characterized by genetic mutations or 

fusion transcripts, and thus could never benefit from a CTC 

test based on PCR-based analyses.

Our study characterized CTCs from STS patients and 

distinguished them from endothelial cells, leukocytes, and epi-

thelial cells by dual staining using immunolabeling. We think 

that cell-morphology visualization is important in the field of 

CTCs, and has potential advantages over RT-PCR or circu-

lating cell-free deoxyribonucleic acid (cfDNA) techniques. 

These methods may give false-positive results. For instance, 
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RT-PCR methods are exposed to the risk of false-positive 

results due to nonspecific markers, nonspecific primers, and 

illegitimate transcription. cfDNA-marker detection is bound 

to the presence of mutations in the cfDNA, is spread from the 

tumor even when the tumor mass is not invasive, may derive 

from necrotic or apoptotic cells (thus not be involved in the 

invasion process and more sensitive to antitumor treatments), 

and may contain “early” mutations that may not be the end 

point of cancer transformation or a hallmark of cancer, but 

only one of the first steps of carcinogenesis. Circulating CTC 

visualization and morphological analysis allows the evalua-

tion of the specialist cytopathologist to be obtained and the 

study of the cellular immunomolecular profile. As shown in 

Figure 1, ISET allows the study of cell morphology and cell 

immunomolecular characterization to be performed.

By using immunocytochemistry, we detected vimentin in 

CTCs from three STSs. Vimentin is an interesting marker, as 

it has been associated with AKT1 activation in the process of 

sarcoma tumor-cell motility and invasiveness.44 Although not 

specific for STS, vimentin expression in CTCs from sarco-

mas could be the sign of a more aggressive and invasive cell 

phenotype. Several authors have found that the expression of 

vimentin in circulating tumor cells from carcinomas is asso-

ciated with their epithelial–mesenchymal transition, “stem-

ness”, and more malignant characteristics.9,12,45–47 With this in 

mind, future studies should be planned to better understand the 

biological significance of vimentin expression in CTCs from 

sarcomas, which are mesenchymal tumors, and to correlate the 

expression of this marker in CTCs with the clinical outcome. 

Specifically, it is important to understand if the expression of 

vimentin in CTCs from sarcomas is to be considered, as for 

CTCs from carcinomas, a sign of stemness and if it is poten-

tially related to a more invasive cellular behavior.

Sarcomas are currently diagnosed based on histological 

evaluation combined with immunohistochemistry and molecu-

lar techniques.2 Despite modest clinical benefits obtained 

using chemotherapy, the side effects of the most aggressive 

anticancer-drug combinations are high. As a result, it is impor-

tant to develop new diagnostic tools for the early identification 

of nonresponders, thus avoiding useless drug-related morbidity 

and suffering. The availability of a noninvasive method allow-

ing sensitive detection, reliable identification, and molecular 

characterization of CTC in sarcoma patients, independently of 

the need for gene-mutation or fusion-transcript detection, as in 

our study, is expected to allow for further larger investigations 

and potentially has great clinical value.

In conclusion, by using ISET, we were able to identify 

CTCs in all patients with high-grade sarcomas we studied. 

Detection of CTCs in the peripheral blood of STS patients 

is expected to have an important role as a biomarker of inva-

sion and to provide an opportunity to improve staging and 

prognosis in patients with STS. In fact, most STS histotypes 

spread mainly through the hematogenous route.

Although the number of patients we studied was limited, 

as sarcomas are rare tumors, our results bring a proof of con-

cept that should stimulate further studies aimed at detecting 

and characterizing CTCs in larger numbers of patients with 

different sarcoma subtypes. Multicenter studies should target 

CTC counting and protein expression, focus on the correla-

tion between quantitative cellular data and patient clinical 

data, and follow up in order to assess the prognostic value 

of the CTC analyses.

We think that our results, obtained with a highly sensitive 

cytopathological and immunocytopathological approach and 

with the relative controls, are reliable and can be the basis to 

foster studies aimed at improving the follow-up and treatment 

of patients with sarcoma.
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