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Performance evaluation of detecting circulating tumor cells 
and tumor cells in bronchoalveolar lavage fluid in diagnosis of 
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Background: To evaluate the diagnostic performances of detecting circulating tumor cells (CTCs) and 
tumor cells in bronchoalveolar lavage fluid (BALF) for peripheral lung cancer. 
Methods: A total of 247 patients with lung cancer and 70 cases with benign lung disease were recruited 
in this study. Peripheral blood and BALF samples were collected, in which the tumor cells were enriched 
by negative immunomagnetic selection and detected by fluorescence in situ hybridization (FISH) of 
chromosome enumeration probe 8 (CEP8). The levels of tumor-associated markers (e.g., CEA, CA125, and 
NSE) in peripheral blood plasma were measured by using electrochemiluminescence. 
Results: The numbers of CTCs detected in peripheral blood were significantly higher in patients with 
lung cancer than those with benign lung disease (5.78±0.57 vs. 1.13±0.39, Z=−8.64, P<0.01). Similarly, 
tumor cells count in BALF of malignancy were higher than that of benign lesions (6.76±0.89 vs. 0.89±0.23, 
Z=−6.254, P<0.01). However, as for patients with lung cancer and benign lung disease, the numbers of tumor 
cells in peripheral blood were comparable with those in BALF (both P>0.05). Detecting CTCs and tumor 
cells in BALF had similar areas under curves (AUC =0.871 and 0.963, respectively; P>0.05) in discriminating 
benign lesions from lung cancer (sensitivity 83.8% and 92.6%, specificity 86.5% and 99.9%, respectively), 
both of which were larger than those of NSE, CEA, and CA125 (AUC =0.564, 0.512 and 0.554, respectively; 
all P<0.05). The diagnostic performances of discriminating benign lesions and lung cancer in BALF and 
peripheral blood were both in concordance with that of histopathology (kappa values 0.662 and 0.569, 
respectively; both P<0.001). 
Conclusions: Detecting tumor cells in peripheral blood and BALF may sensitive to identify benign and 
malignant peripheral lung lesions and be of value for early diagnosis of lung cancer. 
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Introduction

Lung cancer is the malignancy with the highest morbidity 
and mortality in the world. Approximately 18% of cancer 
deaths are associated with lung cancer (1,2). The 5-year 
survival rate of lung cancer patients is low which is 
frequently associated with late diagnosis (3). Therefore, 
early diagnosis of lung cancer is of clinical importance for 
improving long-term prognosis. High resolution computed 
tomography (HRCT), which can display the morphology 
and location of small peripheral nodes, is the most common 
technique for early diagnosis of lung cancer. However, a CT 
examination confers limited value for distinguishing benign 
lung lesion from malignancy. Although a high magnitude of 
lung cancer-related tumor marker (e.g., CEA, CA125, and 
NSE) usually suggest a lung cancer diagnosis, the sensitivity 
and specificity are not yet high enough for early screening 
and diagnosis of lung cancer in clinical practice. 

The clinical significance of circulating tumor cells 
(CTCs) has been widely studied (4-7). CTC refers to 
a group of tumor cell that detach from the primary or 
metastatic foci of solid tumors, and spontaneously enter the 
peripheral blood circulation, whereas CTC is commonly 
absent in normal individuals. CTCs detection, a novel 
non-invasive method for identifying of malignant lesion, 
is reportedly to be applicable for the diagnosis of solid 
malignant tumors (8). The chromosome enumeration 
probe 8 (CEP8) were amplificated frequently in lung 
cancer specimens with 81% amplification percentage (9).  
In addition, CTCs detection can specifically identify 
chromosome amplification in tumor cells detach from lung 
cancer lesions. Hence, this detection is also called a “liquid 
biopsy”. 

Bronchoalveolar lavage, rather than ultra-fine bronchoscope  
or conventional biopsy forceps, is available to reach lung 
periphery by directly washing out and obtaining detached 
tumor cells from pulmonary lesions. Therefore, we 
hypothesize that bronchoalveolar lavage fluid (BALF) might 
have better local detection for lung cancer with equal or 
higher diagnostic sensitivity when compared with blood 
circulation. In this study, we detected CTCs in peripheral 
blood and tumor cells in BALF by negative enrichment 
and immune fluorescence in situ hybridization (imFISH). 
Furthermore, we sought to compare the diagnostic 
performances of detecting tumor cells in peripheral blood 
and BALF, as well as serum tumor markers, for diagnosis of 
lung cancer, and explore whether determination of tumor 
cells in BALF be of superior to that in peripheral blood.

Methods

Subjects

Patients who received bronchoscopy in the First Affiliated 
Hospital of Guangzhou Medical University between August 
2015 and January 2016 were enrolled in this study. All the 
patients received chest CT examination to confirm the 
lung lesions adjacent to bronchi. We excluded patients 
who recently received radiotherapy, chemotherapy or 
immunotherapy, and had non-pulmonary primary tumor. 

All patients got confirmed diagnosis by transbronchial 
lung biopsy, transthoracic needle lung biopsy and surgical 
lung biopsy. Lung cancer patients with distant metastasis were 
diagnosed by chest CT, magnetic resonance imaging (MRI), 
single photon emission CT (SPECT)/CT, and/or positron 
emission tomography-CT (PET-CT).

Collection and processing of peripheral blood and BALF

Five mL of peripheral blood was collected in a vacuum 
blood collection tube with acid citrate dextrose (ACD) 
anticoagulant (containing 0.8 mL of anticoagulant). BALF 
collection was performed before transbronchoscopic lung 
biopsy or brushing. Radial probe endobronchial ultrasound 
(ME-1, OLYMPUS, Japan) was performed to target the lung 
lesions, followed by a suction catheter was inserted into the 
target subsegmental bronchus to collect approximately 20 mL 
of BALF specimens (recovery rate >40%). In addition, the 
tumor related markers (CEA, CA125 and NSE) in peripheral 
blood were measured using electrochemiluminescence 
with an electrochemistry luminescence immunity analyzer 
(Cabas6000-e601, Roche, Swiss). Tumor cells in peripheral 
blood and BALF were enriched and identified by using a 
CEP8 amplificated CTC detection kit (Cyttel®, Cyttel Bio, 
China) as described in previous report (9,10). 

Identification of tumor cells

The identification criteria were described in the previous 
study (9). Positive cells: number of FISH signal dots ≥3 (i.e., 
hyperdiploid), CD45 negative, and DAPI positive. Negative 
cells: (I) number of FISH signal dots <3, CD45 positive, and 
DAPI positive; (II) number of FISH signal dots <3, CD45 
negative, and DAPI positive (Figure 1). 

Statistical methods

Statistical analyses were performed using the SPSS 16.0 
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statistical software (SPSS Inc., Chicago, USA). Quantitative 
data were expressed as the mean ± standard deviation (SD). 
For the comparison of quantitative data, when two groups 
of independent samples both followed a normal distribution, 
the t-test was performed; otherwise, the rank sum test was 
performed. If the difference values did not follow a normal 
distribution, the sign rank sum test of paired data was 
performed. The sensitivity and specificity were analyzed 
using the receiver operating characteristic (ROC) curve. 
The differences of the areas under curves (AUCROC) were 
calculated by using the MedCalc15.2 software. P<0.05 
indicated statistical significance. 

Results

Baseline characteristics 

A total of 324 patients were recruited in this study,  
247 patients were pathologically diagnosed with lung cancer 
(126 cases had tumor metastasis), 70 patients with benign 
lung diseases, whereas 7 patients were undiagnosed and 
excluded. A total of 224 males and 94 females were enrolled 
with the mean age 56.6±12.0 years. Ultimately, 302 cases 
received CTCs detection, and 75 cases received a detection 
of tumor cells in BALF for some patients refused to receive 
bronchoscopy or take a blood sample (Table 1, Figure 2).

Comparison of the numbers of CTCs and tumor cells in the 
BALF in benign and malignant lung lesions 

The detection rate of CTCs in lung cancer patients was 
90.5% (218/241), which was comparable with that of tumor 
cells in BALF (46/51, 90.2%). Numbers of tumor cells 
detected in peripheral blood and BALF were higher in lung 

cancer compared with benign lung lesions (Z=−8.64, P<0.01 
and Z=−6.254, P<0.01, respectively) (Figure 3). In term of 
patients with lung cancer, tumor cells detected in BALF 
was markedly higher than that of CTCs in peripheral blood 
(6.76±0.89 vs. 5.78±0.57, Z=−2.39, P=0.016). However, 
counts of tumor cells in BALF and peripheral blood did 
not differ significantly in patients with benign lung disease 
(1.13±0.39 vs. 0.89±0.23, P>0.05) (Figure 3). Tumor cells 
detected in peripheral blood and BALF of benign lesions 
and different stages of lung cancer are shown in Figure 4.

Comparison of the diagnostic performance for lung cancer 
between tumor cells and tumor markers detection 

Based upon the pathological diagnosis for benign and 
malignant lesions, the diagnostic performance for lung 
cancer between tumor cells detection and tumor markers 
detection are shown in Table 2. The diagnostic performances 
of tumor cells detection in peripheral blood and BALF 
(AUCROC =0.871 and 0.963) were significant higher than 
that of NSE, CEA and CA125 (all AUCROC <0.6, all 
P<0.05), whereas no significant difference existed between 
CTCs and tumor cells in BALF detection (AUCROC =0.858 
and 0.850, respectively; P=0.894 among) (Figure 5). 

CTCs detection had a great diagnostic performance 
in discriminating stage I lung cancer from benign lesions 
(AUCROC =0.887, 95% CI: 0.802–0.952, sensitivity 0.829 
and specificity 0.869), and was significantly higher than 
those of NSE, CEA and CA125 (AUCROC =0.874 vs. 
0.583, 0.596 and 0.515 respectively, all P<0.05) (Figure 5). 
However, both CTCs and tumor cells in BALF conferred 
limited values in identifying lung cancer with (stage III 
and IV) and without tumor metastasis (stage I and II)  
(AUCROC =0.506 and 0.688, both P>0.05). 

Figure 1 Examples of positive and negative cells. CEP8: orange; CD45: red; DAPI: blue; positive cells: number of FISH signal dots ≥3 (i.e., 
hyperdiploid), CD45 negative, and DAPI positive. (A) Positive cell (CTC); (B) negative cell (leukocyte); (C) negative cell (leukocyte). FISH, 
fluorescence in situ hybridization; CEP8, chromosome enumeration probe 8; CTC, circulating tumor cell.
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Multivariate logistic analysis showed that numbers of 
tumor cell in peripheral blood and BALF, as dependent 
variables, were included in the equation (both P<0.05), which 
predicted the diagnosis of lung cancer: Logit (P) = 0.443 × 
BALF + 0.213 × CTCs − 1.749 (AUCROC =0.886, 95% CI: 
0.810–0.962, sensitivity 0.933 and specificity 0.767). 

Concordance of tumor cells detection and pathology to 
diagnosis of lung cancer

According to the cut-off value (tumor cells count ≥2) as a 

diagnosis criterion of lung cancer, detection of tumor cells 
in both peripheral blood and BALF were in concordance 
with pathological diagnosis (kappa =0.569, P<0.001 and 
kappa =0.662, P<0.001, respectively). 

Discussion

In this study tumor cells were obtained by negative 
enrichment and identified by imFISH in peripheral blood 
and BALF, and their diagnosis performances for peripheral 
lung cancer were compared with those of lung cancer-
related tumor markers’ levels (CEA, CA125, and NSE) in 
plasma. The results demonstrated that tumor cells count ≥2 
in peripheral blood and BALF both had better diagnostic 
performances in discriminating malignant from benign lung 
lesions compared with peripheral blood tumor markers. 
Moreover, CTCs detection performed a well diagnostic 
significance in identification of stage I lung cancer from 
benign lung lesions.

Conventional CTC detection studies were mainly based 
upon technologies such as CellSearchTM Assay and CTC-
Chip (9,10). The mechanisms involve targeting epithelial 
cell adhesion molecules (EpCAM) on the surface of 
tumor cells as antigen to design antibodies for capturing 
CTCs. However, EpCAM would get loss since tumor cells 
undergo the epithelial mesenchymal transition (EMT) 
process, thus resulting in possible CTCs lost (9). In this 
study, we specifically obtained CTCs with amplification 
of chromosome 8 (CEP8) by negative enrichment and 
identifying them by imFISH combined of CEP8/CD45/
DAPI markers. As the blood-based marker CD45 was 
targeted, the influences of blood-based markers were 
excluded during the process of tumor cells detection. 
Therefore, theoretically, the sensitivity and specificity of 

Table 1 Baseline characteristics

Characteristics Value (%)

Number of cases 317

Sex (M/F) 1.8

Age (years) 56.55±12.04

Lung cancer 248

Adeno carcinoma 151

Squamous carcinoma 69

Adenosquamous carcinoma 2

Small cell lung cancer 13

Others 13

Staging

I 24

II 16

III 71

IV 124

M, male; F, female.

Figure 2 Flow chart of the study. CTC, circulating tumor cell; BALF, bronchoalveolar lavage fluid.

324 patients were 
enrolled

15 patients refused 
receiving CTC test

302 patients 
received CTC test

227 patients 
refused BALF test

75 patients 
received BALF test

BALF test 
(15 cases)

CTC test 
(227 cases)

CTC + BALF test 
(75 cases)

Excluded

7 patients did not obtain 
a clear diagnosis
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FISH could be increased (11). A previous small sample 
study (9) indicated that this method had high sensitivity 
and specificity in the diagnosis of lung cancer and cervical 
cancer. 

In this study, CTCs could be detected in peripheral 
blood with positive rate of 90.5% (218/241) in lung cancer 
patients. The higher number of CTCs in lung cancer 
than that in benign lung lesions suggested that CTCs 
in peripheral blood could help to identify benign and 

malignant lung lesions. It was consistent with the previous 
study of detecting CTCs in lung cancer (9). In term of 
biopsy-proven early stage lung cancer, CTCs detection 
remained high diagnostic performance (AUC =0.874) in 
discriminating stage I lung cancer from benign lesions, 
which superior to CEA, NSE and CA125 in peripheral 
blood. The explanation might be that tumor cells detaching 
from lesions and entering the blood circulation probably 
occur in early stage lung cancer, even though the absent 
of notable abnormities in HRCT. Under the condition 
of escaping from immune clearance, tumor cells usually 
aggregate and colonize in other organ through peripheral 
blood to form metastatic foci (12-15). Studies showed that 
even small amount of CTCs that detached from primary 
lesions survived without being recognized and cleared by 
the immune system, distant metastasis might occur at some 
time or other (16). 

This study was the first to report the detection tumor 
cells with amplification of CEP8 by negative enrichment 
and identifying them by imFISH combined of CEP8/
CD45/DAPI markers  in BALF. Compared to the 
conventional smear or immunofluorescence method for 
determination of detached cells in BALF, this method could 
eliminate a large amount of inflammatory cells in BALF 
specimens before hybridization staining and identifying 
detached tumor cells. This lead to higher sensitivity and 
specificity for diagnosis of lung cancer. The capture rates of 
conventional CTCs detection methods were approximately 

Figure 4 Numbers of tumor cells in benign lung lesions, stage I, II, III and IV lung cancers. (A) Detected in peripheral blood; (B) detected 
in BALF. *, P<0.05; NS, non-significance. BALF, bronchoalveolar lavage fluid; CTC, circulating tumor cell.

Figure 3 Comparison between numbers of tumor cells in lung 
cancer and benign lesions in patients underwent CTC and BALF 
detection. *, P<0.05; NS, non-significance. CTC, circulating 
tumor cell; BALF, bronchoalveolar lavage fluid.
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50–60% in late-stage breast cancer, colorectal cancer and 
prostate cancers (17), whereas only 20–30% in non-small 
cell lung cancer (17,18). In this study, the capture rate of 
tumor cells in BALF of patients with lung cancer patients 
reached 90.2%, which was similar to that in peripheral 
blood CTCs detection (90.5%). Diagnostic performance 
of tumor cells detection in BALF was similar with that 
of CTC detection. Intriguingly, the number of tumor 
cells detected in BALF were greater than that of CTCs. 
It might be explained that lavage fluid directly reached 
the tumor lesions, which resulted in easier detection of 
detached tumor cells in BALF rather than in peripheral 
blood. Thus, theoretically, diagnostic performance of 
tumor cell detection in BALF would be better than CTCs 
in early stage lung cancer. However, compared with CTC 
detection, the diagnostic performances were not improved 

by detecting tumor cells in BALF in discriminating stage I 
and II lung cancer from benign lung lesions in this study. 
Briefly, diagnostic performances were similar between two 
methods in this study. Whether the diagnostic performance 
of tumor cells detection in BALF is superior to that of 
CTCs detection for early stage lung cancer still awaits 
further prospective and large sample studies. 

Our results showed that the diagnostic performances 
of CTCs and BALF in discriminating stage I lung cancer 
from benign lesions were significantly higher than those 
of serum tumor markers (CEA, NSE, CA125). The reason 
might be that serum tumor markers are metabolic products, 
commonly produced and released by tumor cells, and could 
be detected in some benign lesions, thus leading a high 
false negative/positive rate (18,19). In contrast, tumor cells 
detection in peripheral blood and BALF have the advantage 

Figure 5 Comparison between ROC curves in different diagnostic methods. (A) Comparison of CTC and BALF detection in 75 patients; 
(B) comparison among CTC, BALF, NSE, CEA and CA125 detection in 51 patients; (C) comparison among CTC, NSE, CEA and CA125 
detection in 20 stage I lung cancer patients and 27 lung benign disease patients. Compared with CTC, *P<0.05; compared with BALF, 
#P<0.05. CTC, circulating tumor cell; ROC, receiver operating characteristic; AUC, areas under curves; NPV, negative predictive value; 
BALF, bronchoalveolar lavage fluid. 

Table 2 Comparison of the diagnostic performance for lung cancer between the tumor cells and tumor markers detection

Methods Cases Cut-off value AUCROC 95% CI Sensitivity (%) Specificity (%) PPV (%) NPV (%)

BALF 90 1.5 0.880 0.808–0.952 84.3 82.1 86.4 83.0

CTC 302 1.5 0.856 0.794–0.917 82.2 86.9 85.2 58.6

NSE 254 19.07 0.658 0.554–0.761 51.6 75.8 66.5 22.9

CEA 249 4.85 0.700 0.604–0.796 52.2 80.6 67.5 22.3

CA125 251 20.32 0.688 0.603–0.774 62.5 72.7 72.7 28.2

CTC, circulating tumor cell; ROC, receiver operating characteristic; AUC, areas under curves; PPV, positive predictive value; NPV,  
negative predictive value; BALF, bronchoalveolar lavage fluid. 
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of specifically targeting and detecting tumor cells with 
higher sensitivity and specificity over serum tumor markers. 

Some limitations should be considered in this study. 
First, this was a single-center study with small samples 
size, particularly in early stage cancer, leading to limited 
generalizability of the study results. Second, the diagnostic 
reference values of tumor cells in peripheral blood and 
BALF are still absent. Third, whether tumor cell count 
is variable in different pathological types or genotypes of 
lung cancer remains unclear. This study did not perform 
correlation analysis to provide explanations. 

Conclusions

In summary, tumor cells detection in peripheral blood and 
BALF had similar diagnostic performances for lung cancer, 
and may be sensitive to discriminate malignancy from 
benign lung lesions and make early diagnosis of lung cancer. 
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