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Although the biological functions of tumor-originated
cell-free DNA have not been previously clarified, such
molecular characteristics as mutations, hypermethyl-
ation, and microsatellite instability have confirmed
its tumor origin. Therefore, to investigate the use of
plasma DNA level as a biomarker of lung cancer, we
compared plasma DNA concentrations in 102 patients
with lung cancer and 105 healthy individuals using
quantitative PCR analyses. The median plasma DNA
concentrations for the healthy and cancer groups
were 10.4 and 22.6 ng/ml, respectively (P < 0.0001),
and elevated plasma DNA levels were also detected in
patients with either stage I or II disease. Neither
smoking status nor the number of packs per year had
an effect on the level of circulating cell-free DNA.
Increased concentrations of circulating cell-free DNA
showed the potential power to discriminate lung can-
cer (area under the receiver operating characteristic
curve � 0.86, 95% CI � 0.81 to 0.91). When subjects
were classified into three groups based on their plasma
DNA concentrations, subjects in the upper tertile (ie,
those with the highest concentration) had a signifi-
cantly increased risk of lung cancer as compared with
those in the lowest tertile (adjusted odds ratio � 50.6,
P < 0.001). These results suggest that elevated circu-
lating plasma DNA levels may serve as a potential
diagnostic indicator and be an important risk factor
for lung cancer. (J Mol Diagn 2009, 11:182–185; DOI:
10.2353/jmoldx.2009.080098)

Lung cancer is the leading cause of cancer-related death
in Korea and across the globe. Despite the development
of several advanced technologies with enhanced sensi-
tivity for detecting cancer, current screening methods for
the diagnosis of lung cancer at an early stage are insuf-
ficient. Recently, circulating cell-free DNA was detected
in blood fractions from patients with cancer. Since then,
efforts have been made to use circulating cell-free DNA
as a diagnostic or prognostic factor for lung cancer.1–4

Although the biological mechanisms leading to its pres-
ence in the blood have not been elucidated, several
genetic or epigenetic studies have shown that circulating

DNA has the features of tumor DNA.5,6 The same somatic
mutations in oncogenes or tumor suppressor genes such
as K-ras or p53 that are present in primary tumors were
also detected in the circulating cell-free DNA samples of
patients with cancer.7–9 Additionally, the cancer-specific
hypermethylation of the p16INK4A, CDH1, and DAPK1
promoter regions in plasma DNA isolated from patients
with cancer suggested that circulating methylated DNA
could be used as a diagnostic and prognostic marker for
the disease.10–12

While the quantification of plasma DNA has been pro-
posed as a diagnostic tool for cancer, current results
suggest that additional controlled studies are required to
establish this possibility.13–15 Although some studies re-
ported increased levels of DNA in patients with lung
cancer, the experimental methods used in those studies
and environmental factors such as smoking status should
also be carefully considered. Furthermore, the develop-
ment of reproducible, standardized methods for the de-
tection and quantification of cell-free DNA is important for
improving the sensitivity, specificity, and relevance of this
potential biomarker.

If the quantitative analysis of circulating cell-free DNA
can be used to distinguish those with lung cancer, the
simplicity and non-invasiveness of sample collection
would make it a very appealing method of cancer diag-
nosis. In this study, we investigated the use of plasma
DNA as a potential diagnostic factor for identifying pa-
tients with lung cancer by quantifying its presence using
quantitative PCR (qPCR) in 102 patients with lung cancer
and 105 healthy individuals.

Materials and Methods

Study Population

In this case-control study, blood plasma samples were
collected from 102 patients with histologically confirmed
lung cancer (LC group) and 105 healthy control individ-
uals (NC group) from May 2002 to July 2003. None of the
patients had received chemotherapy or radiotherapy be-
fore their recruitment. For comparison with the patients
with cancer, healthy individuals with no prior history of
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cancer were recruited from the visitors of the cancer-
screening program at our institution. Information on
smoking habits was collected by means of self-reporting;
the staging of lung cancer was confirmed by computed
tomography at the time of sample collection. Blood sam-
ples were collected from the LC and NC groups for
genetic testing after obtaining written informed consent.
This study was approved by the institutional review
board. Those patients with lung cancer were appropri-
ately matched with the control subjects with respect to
age and sex.

Quantification of Circulating Cell-Free DNA

Blood samples were collected in EDTA-coated tubes and
centrifuged immediately at 1000 � g for 15 minutes.
Plasma was carefully separated and stored at �80°C. A
total 50 �l of DNA was extracted from 200 �l of plasma
using QIAamp DNA Blood Mini Kits (Qiagen, Valencia,
CA) according to the manufacturer’s instructions. To
measure the plasma DNA concentration, the genomic
sequence of �-actin was amplified by quantitative real-
time PCR. The primers and fluorescent probe used for
qPCR were as described in Herrera et al.14 Two microli-
ters of purified plasma DNA was amplified using 0.3 �M/L
of each primer (5�-CCACACTGTGCCCATCTACG-3� and
5�-AGGATCTTCATGAGGTAGTCAGTCAG-3�) and a 0.25
�M/L fluorescent probe (5�FAM-ATGCCCTCCCCCAT-
GCCATCCTGCGT-TAMRA-3�). PCR was performed us-
ing the following program: 10 minutes at 95°C, followed
by 40 cycles of 15 seconds at 95°C and 1 minute at 60°C.
Quantitative standard curves were prepared using serial
diluted control genomic human DNA (Applied Biosys-
tems, Foster City, CA). The fluorescence of the amplified
PCR products was detected using an ABI 7900HT Se-
quence Detection System (Applied Biosystems). The re-
sults of qPCR assay represent the mean of three inde-

pendent experiments, each consisting of duplicate
samples.

Statistical Analysis

To test for demographic differences between the patients
with lung cancer and controls, we used Pearson’s �2-test
for categorical variables and the Wilcoxon rank-sum test
for continuous variables. The association between the
plasma DNA concentration and lung cancer risk was
analyzed with unconditional multiple logistic regression
models using smoking status as a covariate. The receiver
operating characteristic curve and area under the curve
were estimated to test the discrimination power of the
plasma DNA concentration. A P value of 5% (� � 0.05)
was applied for all statistic analyses; all P values were
two-sided. STATA version 9.1 was used for all statistical
analyses (StataCorp LP, College Station, TX).

Results

The demographics of the 102 patients with lung cancer
and 105 healthy controls enrolled in this study are pre-
sented in Table 1. Adenocarcinoma (65.7%) was the
predominant histological type of cancer among the pa-
tients with lung cancer. At the time of recruitment, the
majority of patients had stage IV disease (62.7%). No
significant difference existed between the cases and
controls in terms of age and sex, but the control group
had a higher prevalence of smoking history than the
patient group (P � 0.06).

The median plasma DNA concentration of healthy con-
trols was 10.4 ng/ml (range, 1.6 to 89.8 ng/ml), which was
substantially lower than that of the lung cancer patients.
The plasma DNA concentrations among the 102 patients
with lung cancer varied from 3.1 to 730.5 ng/ml, with a

Table 1. Demographic Features of the Patients with Lung Cancer and Healthy Controls

Lung cancer (n � 102) Healthy controls (n � 105) P value

Age, median (range) 49 (28–70) 46 (27–69) 0.27
Sex (n, %) 0.64

Male 54 (52.9%) 59 (56.2%)
Female 48 (47.1%) 46 (43.8%)

Smoking status (n, %) 0.06
Never smoker 49 (48.0%) 37 (35.2%)
Ever smoker 53 (52.0%) 68 (64.8%)

Pack years, median (range) 25.5 (0.08–102.5) 25 (0.1–102.5) 0.7
Histological type

Adenocarcinoma 67 (65.7%)
Squamous cell caricnoma 16 (15.7%)
Small cell lung cancer 10 (9.8%)
Others 9 (8.8%)

Stage
NSCLC

Stage I 8 (7.8%)
Stage II 2 (2.0%)
Stage III 19 (18.6%)
Stage IV 64 (62.7%)

SCLC
LD 5 (4.9%)
ED 4 (3.9%)
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median concentration of 22.6 ng/ml. The median DNA
concentration difference between the two groups was
statistically significant (P � 0.0001; Figure 1A). The ele-
vated plasma DNA level was already apparent at early
disease stages (Figure 1B). Although the number of pa-
tients with early-stage disease was limited, the plasma
DNA level was significantly increased in patients with
non-small cell lung cancer with stage I/II disease com-
pared with the healthy controls (P � 0.0003). The median
plasma DNA concentration for the ever- and never-smok-

ers among lung cancer patients was 23.1 and 21.2 ng/ml,
respectively (P � 0.62). Among the healthy controls, the
median plasma DNA concentration of ever-smokers (10.5
ng/ml) was also not notably different from that of never-
smokers (9.1 ng/ml), demonstrating that smoking status
was not significantly correlated with the plasma DNA
concentration (Figure 1C).

The discrimination power of plasma DNA concentra-
tion was tested by estimating the receiver operating char-
acteristic and area under the curve. Increased levels of
plasma DNA showed the power to discriminate patients
with lung cancer from healthy controls (receiver operat-
ing characteristic area under the curve � 0.86, 95% CI �
0.81 to 0.91; Figure 2). To analyze the association be-
tween the plasma DNA concentration and lung cancer
risk, the subjects were classified into three groups ac-
cording to their plasma DNA concentrations. As shown in
Table 2, those individuals with the highest DNA concen-
trations exhibited a significantly increased lung cancer
risk compared with those individuals with the lowest DNA
concentrations (adjusted odds ratio � 50.6, P � 0.001).

Discussion

The utility of blood samples for cancer diagnosis or sur-
veillance is extremely appealing due to the simplicity and
noninvasiveness of sample collecting. Previous studies
have demonstrated the use of DNA extracted from blood
plasma or serum in analyzing mutations and methylation
in multiple genes. Several recent studies have reported
increased levels of cell-free DNA among patients with
various types of cancer such as prostate, breast, and
colorectal, and they have suggested that DNA levels
could have prognostic value.16–18 However, since the
quantification of cell-free DNA as a diagnostic factor for
lung cancer was suggested by Sozzi et al, few case-
control studies have been conducted to demonstrate the
feasibility of this method for Asian populations.13

In this study, we focused on the presence of cell-free
DNA in blood plasma using blood samples collected
from patients with lung cancer and healthy controls. De-

Figure 1. A: Distribution of the plasma DNA concentrations in patients with
lung cancer (LC) and healthy controls (NC) as shown by box plots. The y axis has
a log scale. B: The plasma DNA concentration was compared between healthy
controls (NC) and patients with non-small cell lung cancer (NSCLC; n � 93)
classified by disease stage. Tumor stages are indicated with roman numerals. C:
The plasma DNA concentration was compared according to smoking status.

Figure 2. The efficacy of using plasma DNA levels to distinguish lung cancer
patients from healthy controls was tested using a receiver operating charac-
teristic curve.
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spite the use of frozen plasma samples for DNA extrac-
tion, the samples were stored under the same conditions
and for the same time period; thus, no variation existed
among the samples in terms of storage. To test the effect
of specimen storage on plasma DNA, we analyzed the
association between DNA concentration and storage
time and found no correlation. Previous studies on the
quantification of circulating DNA suggested that a stan-
dardized experimental method for quantitative analysis is
important to increase the sensitivity and specificity of
cancer detection. The analysis of �-actin gene by real-
time PCR was used for the quantification of plasma DNA
due to its high PCR efficiency and reproducibility as
already reported by Herrera et al.14

As our results revealed significantly increased levels of
plasma DNA among patients with lung cancer, we also
examined the DNA level with respect to histological type
or tumor stage. The plasma DNA concentration did not
differ among histological groups, including adenocarci-
noma, squamous cell carcinoma, and small cell lung
cancer (data not shown). In addition, we found consider-
ably elevated plasma DNA levels in the patients with
early-stage lung cancer as compared with the healthy
controls. Although the median plasma DNA level was
highest in those patients with stage IV disease, our re-
sults did not show a critical association between an in-
creased DNA concentration and advanced tumor stages.
These results support the quantification of plasma DNA
as a diagnostic approach for lung cancer, even at early
disease stages. The efficiency of the quantification of
plasma DNA for the early detection of cancer should be
examined further using a larger number of patients with
stage I or II disease.

In conclusion, the quantitative analysis of plasma DNA
may be useful in distinguishing patients with lung cancer
from healthy individuals. Furthermore, the availability of
noninvasive materials and the ease of sample collection
make the use of plasma DNA as an attractive diagnostic
tool. This case-control study with 102 patients and 105
healthy controls demonstrates the application of measur-
ing plasma DNA level as a diagnostic factor for lung
cancer. Additional studies are being conducted to char-
acterize the tumor-associated features of increased cir-
culating DNA in patients with lung cancer.
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