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Currently circulating tumor cells (CTCs) represent 
attractive predictive and prognostic biomarkers. CTCs 
may be used to evaluate the treatment efficacy, to assess 
prognosis, to predict the risk of recurrence in several 
cancers, including lung cancer (1). CTCs are extremely rare 
in the bloodstream approximately with a frequency of 1 
CTC per 106–107 leukocytes, therefore highly specific and 
sensitive methods are required to their detection (2). 

In the last years, several methods to detect CTCs in 
peripheral blood have been proposed (3). To date, the 
US Food and Drug Administration approved only the 
CellSearch System, a method based on the immunomagnetic 
isolation of epithelial cell adhesion molecule (EpCAM) 
positive CTCs (4). However, this assay was approved for the 
prognostic detection of CTCs exclusively in patients with 
metastatic breast, colon and prostate cancer, whereas it is 
not currently recommended for lung cancer. 

Several limits are reported for CellSearch System use 
in lung cancer, despite it represents the gold standard 
in other cancer. Previous studies showed that CTCs 
have low or no EpCAM expression in approximately 
26% of non-small cell lung cancer (NSCLC), due to 
the epithelial-to-mesenchymal transition. Therefore, 
EpCAM-based technology use in NSCLC may miss a 
high percentage of EpCAM negative CTCs. In addition, 
the CellSearch platform could not identify the circulating 
tumor microemboli, frequently diffused in lung cancer. 
Unfortunately, for these reasons, the CellSearch System 
is able to identify CTCs only in about 23–39% of stage 
IV NSCLC patients (5,6). Therefore, several alternative 

methods have been tested in thoracic oncology, in order to 
improve the number of detectable CTCs (7). 

For example, the isolation by size of tumor cells (ISET) 
an antigen/EpCAM independent assay showed a higher 
sensitivity for CTCs detection compared with CellSearch 
System in NSCLC. However ISET assay may miss cells 
less than eight in size, despite it captures EpCAM negative 
CTCs (6,8). 

Recently, a new methods using as criterion of detection 
the folate receptors (FRs) expression on CTCs surface 
showed promising results in NSCLC patients (9-12). FRs 
are negligibly expressed in the blood, normal cells excluding 
FR-positive activated macrophages detectable barely in the 
blood of healthy donors (HD). On the contrary, FRs are 
over-expressed on tumoral cells surface in various cancers, 
particularly in about 72–83% of NSCLCs (9,13). 

Several studies have reported that the FR-positive 
CTCs detection by a novel ligand-targeted polymerase 
chain reaction (LT-PCR) could be an effective and feasible 
method in NSCLC patients (9-12). This technique is 
based on the immunomagnetic depletion of leukocytes 
followed by CTCs detection labeling with folate-linked 
oligonucleotide and subsequent quantification through RT-
PCR. The binding of folate-linked oligonucleotide and FR 
leads to an increase of 1 CTC in the peripheral blood by 
almost 100,000 order of magnitude, followed by a further 
amplification by RT-PCR (9). 

Previous studies have established by receiver operating 
characteristic (ROC) analysis the optimal cut-off threshold 
between malignant lung disease and control group in 
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a range of 8.5–8.94 CTC units (CU). FR-based CTCs 
detection by LT-PCR in NSCLC showed a sensitivity of 
73.2–81.8% and a specificity of 84.1–93.2% (Table 1). 

Moreover, Wan et al. have emphasized the utility of 
the FR-based CTC detection method in order to assess a 
possible relationship between CTC and the clinical features 
of NSCLC. They reported that the blood CTC level is 
significantly higher in patients with advanced lung cancer 
than in those with early-stage disease, in agreement with 
previous studies using this assay (Table 1). 

In NSCLC, correlation between the CTC level and 
clinicopathological features has not been defined yet, 
however further studies on wider series using this sensitive 
methods could clarify a possible relationship. Therefore, LT-
PCR represents a non-invasive ultrasensitive assay that could 
enable an advanced stratification of lung cancer identifying 
the subgroup of patients with poor prognosis in early stage. 
In conclusion, FR-based CTC detection by LT-PCR may 
be optimal method in NSCLC, however further studies are 
needed to validate the technique, to overcome the analysis 
bias and to define internationally recognized criteria. 
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Table 1 FR-based CTCs detection method in the main NSCLC series in the literature

N° pz
Cut-off 

threshold 
(CU)

Sensitivity 
(%)

Specificity 
(%)

Association between CTC 
level and the hystotype

Association between CTC level and stage Refs.

153 NSCLC, 64 BD, 
49 HD

8.64 73.2 84.1 Higher in SCC (P=0.038) 9.95 CU: stage I, II; 
12.4 CU: stage III, IV 

(9)

72 NSCLC, 20 BD, 
24 HD

8.5 81.8 93.2 Similar in ADC/SCC 3.8–25.7 CU: stage I, II, III (P=0.0011); 
6.8–75.0 CU: stage IV (P=0.0055) 

(10)

50 NSCLC, 3 BD, 28 
HD

8.7 NA NA Similar in ADC/SCC 5.38 CU: stage I; 
22.31 CU: stage II; 
53.39 CU: stage III; 
60.14 CU: stage IV (P<0.01)

(11)

473 NSCLC, 227 
BD, 56 HD

8.94 74.4 86.6 Similar in ADC/SCC 10.17 CU: stage I, II; 
11.96 CU: stage III (P=0.036); 
12.44 CU in stage IV (P=0.004)

(12)

NA, not available; NSCLC, non-small cell lung cancer; BD, benign diseases; HD, healthy donors; CTCs, circulating tumor cells; CU, CTC 
units; ADC, adenocarcinoma; SCC, squamous cell carcinoma. 
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