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Introduction
In China, lung cancer is the most commonly diagnosed can-

cer, and the leading cause of cancer death [1]. Therapeutic prog-
ress for non-small-cell lung cancer (NSCLC) subtypes is largely 
attributable to the accumulation of molecular knowledge and 
the development of corresponding drugs that specifically target 
molecular abnormalities. Patients whose neoplasms have specif-
ic genomic aberrations have great benefited from molecular tar-
geted therapies [2]. Nearly 50% of NSCLC found in Asian patients 
show mutations, especially in advanced lung adenocarcinoma 
[3]. Use of tyrosine kinase inhibitors (TKIs) to target EGFR-mu 

 
tated NSCLC is initially effective, but limited by the emergence of 
other mutations that confer drug resistance.

Resistance to TKI inhibitors, including first-generation and 
second-generation drugs (such as erlotinib, gefitinib and afati-
nib), usually occurs after a median period of 10-12 months of 
initially starting these agents. The T790M mutation is the most 
common cause of drug resistance; up to 60% of acquired resis-
tance to TKIs in NSCLC treatment is reportedly due to this sec-
ondary mutation [4]. Although resistance to EGFR-TKIs is usual-
ly due to acquisition of secondary mutations in EGFR, whether 

Abstract

Background: Circulating tumor DNA offers a “real-time” tool for serial monitoring of tumor genomes by providing accessible genetic 
biomarkers for cancer diagnosis, prognosis, and response to therapy; thus, circulating tumor DNA has progressively become routinely used 
in clinical oncology. Another type of liquid biopsy focuses on analysis of circulating tumor cells (CTCs), which is potentially more practical 
for obtaining genome-wide information and facilitating heterogeneity analysis. The Cell Search System is the only validated method for CTC 
detection that has been approved by the Food and Drug Administration. Based on this principle, we enrolled a group of patients with newly 
diagnosed and locally advanced or metastatic non-small cell lung cancer, CTCs were isolated by micromanipulation followed by whole-
genome amplification, then analyzed by quantitative PCR for epidermal growth factor receptor (EGFR) mutation. In 63% of these patients ≥1 
CTC was isolated. We then investigated whether the captured CTCs were suitable for molecular characterization. Four patients, the amplified 
CTC genomic DNA was further analyzed that proved with copy number variation. However, only two of these patients’ CTCs showed exactly 
specific EGFR mutations identical to those of the primary tumor, while the others showed clearly different mutations from the primary tumor. 
Conclusions: These preliminary results suggest that the use of CTCs may be feasible for heterogeneity analysis of tumor mutations.
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T790M mutations pre-exist in clones prior to TKI treatment or 
evolve in response to treatment is not simple identified, both 
scenarios have clinical implications with respect to third-gener-
ation TKIs [5]. Molecular characterizations of biopsies from dif-
ferent regions within individual tumors or from primary tumors 
and their metastases have shown substantial heterogeneity [6]. 
A single sample might be insufficient to accurately represent all 
the resistance mechanisms. Tumor heterogeneity may be a key 
issue for EGFR-TKI resistance.

Liquid biopsy as a non-invasive testing method is becoming 
attractive, not only for evaluating prognosis, but also for detect-
ing molecular drivers of tumors by which response or resistance 
to targeted agents could be predicted in terms of personalized 
treatment. As mentioned before, tumor biopsies that are limited 
to single sites may be unsuitable for characterizing a full tumor 
profile with respect to intermetastatic and intratumoral hetero-
geneity. Use of circulating tumor DNA (ctDNA) may be a practica-
ble “real time” means of monitoring tumor genomes by providing 
accessible genetic biomarkers for cancer diagnosis, prognosis 
and response to therapy. Analyses of ctDNAs have been used to 
monitor response to treatment, and assess emergence of TKI 
resistance [7]. Another liquid biopsy technique focuses on anal-
ysis of circulating tumor cells (CTCs), and is potentially a more 
feasible means of obtaining genome-wide information and facil-
itating heterogeneity analysis. The Cell Search system is the only 
validated method for CTC detection that has been approved by 
FDA. Detection of CTCs in some patients with the use of magnetic 

bead-conjugated antibodies against epithelial cell adhesion mol-
ecule (EpCAM) is useful as a prognostic marker [8]. 

Based on the Cell Search method to isolate CTCs, we have 
enrolled 60 patients with newly diagnosed and locally advanced 
or metastatic NSCLC. From 63% of these patients, we have iso-
lated ≥1 CTC each (median: 2 CTCs, range: 0–18 cells per 4.0 ml 
blood). We then investigated whether the captured CTCs were 
suitable for molecular characterization. Four patients recruited 
whose primary tumor mutations had been tested and the ampli-
fied CTCs’ genomic DNA was further analyzed to confirm copy 
number variations (CNV). In two out of four patients, CTCs (3and 
5 CTCs, respectively) were detected with exactly the same mu-
tation, whereas the other two had different mutations from the 
primary tumor. 

Conclusion
Our preliminary results suggest that use of CTCs may be a 

feasible approach for heterogeneity analysis of tumor mutations.
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