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Abstract. The study was conducted to ascertain whether the
quantification of circulating cell-free DNA (cfDNA) in serum
has value as a diagnostic or for monitoring the progression
of non-small cell lung cancer (NSCLC). The serum/plasma
cfDNA concentration was quantified by absolute qPCR of long
interspersed nuclear element-1 (LINEI) in 60 NSCLC patients
and 68 controls in good health. Receiver operating charac-
teristic (ROC) curve analysis was performed to determine
the diagnostic utility and cut-off levels of cfDNA, CEA, and
CYFRAZ21-1in NSCLC patients. Correlations between cfDNA
and age, sex, tumour stage and progression-free survival (PFS)
were analysed. A follow-up study was conducted on 4 NSCLC
patients, and serum cfDNA, CEA, and CYFRA2I-1 were
quantified throughout disease progression. Serum cfDNA
levels were significantly higher in NSCLC patients than those
in normal controls. Elevated serum cfDNA concentration was
also significantly associated with advanced tumour stage.
Serum cfDNA had a ROC area under the curve comparable
to that of CEA and CYFRAZ21-1 for the diagnosis of NSCLC,
and the combined cfDNA/CEA/CYFRAZ21-1 indicator had
the highest diagnostic efficiency. Moreover, increased serum
cfDNA levels were strongly correlated with tumour progres-
sion and poor PFS. This study preliminarily confirmed that
cfDNA can monitor disease progression in NSCLC patients,
and the lead time was 1-7 months compared with clinical
medical imaging. Serum cfDNA may be useful in monitoring
NSCLC progression, suggesting that the non-invasive quanti-
fication of serum cfDNA by LINE1 qPCR is a viable option
for predicting progression and disease severity when repeated
invasive tissue biopsy is not possible.
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Introduction

In many countries, the majority of cancer-related deaths occur in
people with lung cancer (1). Non-small cell lung cancer (NSCLC)
is the most prominent form of lung cancer, accounting for ~85%
of cases (2). More than half of NSCLC patients are diagnosed
with advanced metastatic disease, and have a poor prognosis (3).
Identifying non-invasive and convenient biomarkers relevant to
diagnosis and prognosis may be conducive to improving the
clinical outcome of NSCLC patients.

Circulating cell-free DNA (cfDNA) is released into
circulation by various pathological and normal physiological
mechanisms during the turnover of apoptotic and necrotic
cells (4). cfDNA in peripheral blood can be obtained via ‘liquid
biopsy’, and quantification of cfDNA can be combined with
representative tumour information in cancer patients (5). Thus,
the potential significance of cfDNA in plasma or serum as a
diagnostic or prognostic indicator or for monitoring disease
status has attracted increasing attention. In patients suffering
from cancer, higher cfDNA levels were shown to be signifi-
cantly correlated with poorer outcome (6). Some studies have
reported that the quantification of cfDNA can be used as an
effective biomarker to discriminate patients with NSCLC from
healthy individuals (7-10). Since there is a close relationship
between the peripheral blood and lung cancer cells, cfDNA
quantification could be exploited for future diagnostic applica-
tions in lung cancer (11). However, as various pre-analytical
factors related to blood sampling and processing can affect
cfDNA concentrations, the optimal conditions for processing,
cryopreserving and storing cfDNA must be established
before the detection of cfDNA concentration can be applied
clinically (12-15). In addition, cfDNA levels in serum and
their usefulness in predicting cancer metastases and patient
outcome have not been established.

This study was initially performed to assess the value of
cfDNA in serum samples as a diagnostic marker and predictor
of metastasis and poor prognosis in NSCLC. Furthermore, we
aimed to establish optimal conditions for processing, cryopre-
serving and storing cfDNA, and to develop a standard protocol
for the quantification of circulating cfDNA by absolute gPCR
of long interspersed nuclear element-1 (LINE1). The results
lay the foundation for the development of serum cfDNA as a
new class of cancer biomarkers in liquid biopsies.
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Materials and methods

Sample collection and processing. Serum samples from
60 patients with histologically confirmed NSCLC and
68 healthy controls, were collected at the Shanghai Sixth
People's Hospital East Campus between October 2014 and
June 2016. The Ethics Committee of Shanghai Sixth People’s
Hospital East Affiliated to Shanghai University of Medicine
& Health Sciences (Shanghai, China) approved this study. The
NSCLC patient group consisted of 34 patients with primary
lung cancer and 26 patients with recurrent lung cancer. The
staging of all 60 NSCLC patients was performed according
to the tumour node metastasis (TNM) classification of
malignant tumours, and peripheral blood was collected from
these patients for cfDNA extraction. Four patients underwent
multiple blood collections over time to determine whether
the levels of cfDNA, CEA and CYFRAZ2I1-1 correlate with
disease progression. In NSCLC patients, progressive disease
is defined as an increase in target lesion size of at least 20% or
the appearance of new lesions (16). All participants provided
written informed consent. Peripheral blood was collected from
patients in separate gel pro-coagulation vacuum tubes and
EDTA vacutainer tubes (BD Biosciences, Franklin Lakes, NJ,
USA), and serum and plasma were then separated by centrifu-
gation at 1,200 x g for 10 min at room temperature, transferred
to new tubes and centrifuged at 16,000 x g for 10 min at 4°C
to remove cell debris. Plasma and serum were stored at -80°C
prior to DNA extraction. To determine the optimal sample
preparation and storage conditions for cfDNA quantification,
venous blood samples from 4 healthy volunteers (2 females
and 2 males; 26-48 years) were simultaneously collected for
the preparation of serum samples. Serum was separated and
then stored at room temperature (25°C) for 2, 6, or 10 h; at 4°C
for 24 h; at -25°C for 1 month; or at -80°C for 1, 3, or 6 months.

c¢fDNA extraction and fragment analysis. Circulating DNA
was separated from 1 ml serum and plasma samples with the
PME free-circulating DNA extraction kit (Analytik Jena AG,
Jena, Germany), according to the manufacturer's instructions
for up to 1-ml extractions with the lysis solution SE/binding
solution SBS mechanism. The process consisted of several
steps as follows: i) capturing cfDNA in the polymer by mixing
serum/plasma with 30 pl of VCR-1 and 150 ul of VCR-2,
followed by centrifugation at 18,500 x g for 3 min at room
temperature; ii) washing the polymer/DNA complex with 1 ml
of ddH,0; iii) adding 400 pl of lysis solution SE to dissolve
the pellet; iv) adding 50 ul of PK and incubating the samples
for 15 min at 70°C; v) adding 400 pl of binding solution SBS
and transferring the samples to spin filters; vi) washing the
samples by adding 500 ul of washing solution GS and 650 ul of
washing solution BS, followed by centrifugation at 13,500 x g
for 1 min at room temperature; and vii) eluting cfDNA in 50 pl
of water and storing the cfDNA at -80°C until further analysis.
The presence of cfDNA and its fragment size distribution
were evaluated by using the Agilent High Sensitivity DNA
kit (Agilent Technologies, Inc., Santa Clara, CA, USA) on the
2100 Bioanalyzer.

¢fDNA quantification by LINEI qPCR. Genomic LINEI1
sequences are distributed over all chromosomes; a short
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fragment (97 bp) of LINEI was amplified and quantified by
absolute gPCR quantification, using the standard curve method
to indicate the total amount of serum and plasma cfDNA (17).
LINEIl primer sequences were as follows: forward,
5"TGGCACATATACACCATGGAA-3"; and reverse, 5-TGAG
AATGATGGTTTCCAATTTC-3'. The housekeeping gene
[-actin was amplified with forward primer 5'-CCACACTGTG
CCCATCTACG-3'and reverse primer 5'-AGGATCTTCATGA
GGTAGTCAGTCAG-3, producing products of 99 bp. The
reaction mixture for gPCR included 10 pl of SYBR® Premix
Ex Taq II (Tli RNaseH Plus; Takara Biotechnology Co., Ltd.,
Dalian, China), 2 ul of cfDNA template, 0.4 mM primer, 0.4 ul
of ROX II and 6 ul of double-distilled water in a final reaction
volume of 20 ul. The gPCR was performed with an Applied
Biosystems 7500 real-time PCR system (ABI; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), and was conducted by
using the following protocol: 95°C for 8 min, followed by
40 cycles of 95°C for 5 sec and 60°C for 34 sec. A standard
curve generated by serial dilution (from 1.0-10,000 ng/ml) of
the LINE1-pCEP plasmid was used to determine the absolute
equivalent amount of cfDNA in each sample. Melting curve
analysis was conducted to confirm the amplification of a single
peak. Each assay was performed in triplicate.

Reference values of serum ¢cfDNA, CEA and CYFRA2I-I.
The levels of serum CEA and CYFRAZ2I1-1 were detected
with a CEA and Cyfra2l-1 test kit (Roche Diagnostics,
Shanghai, China) by Cobas e601 Analyzer. The normal range
was <4.7 ng/ml for CEA and <3.3 ng/ml for CYFRA21-1. A
receiver operating characteristic (ROC) curve was created to
quantify the diagnostic potential of serum cfDNA, CEA and
CYFRAZ2I1-1. Youden's index (YI = sensitivity + specificity—1)
was used to select cut-off values. The area under the ROC
curve (AUC) was used to measure the discriminatory power
of the test.

Statistical analysis. SPSS Statistics 19.0 (IBM Corp., Armonk,
NY, USA) and MedCalc statistical software were used to
conduct the statistical analyses. Figures were generated by
using GraphPad Prism 6.0 software (GraphPad Software,
Inc., La Jolla, CA, USA). The Mann-Whitney U test and
Kruskal-Wallis H test were applied to compare serum cfDNA
concentrations between groups. Dunn's post hoc tests were
carried out on each pair of groups following Kruskal-Wallis
test. The diagnostic values of cfDNA, CEA and CYFRA21-1
for NSCLC were assessed by using ROC curves. A univariate
Cox regression model was used to analyse survival data for
progression-free survival (PFS). The Kaplan-Meier method was
used to estimate the PFS, which was evaluated by the log-rank
test. Results were considered significant at two-tailed P<0.05.

Results

Comparison of serum and plasma cfDNA. To compare cfDNA
concentrations between plasma and serum, we extracted
cfDNA from 1 ml each of serum and plasma from the same
donor, and quantified the amount of cfDNA by LINE1 qPCR.
LINELI is a transposable element belonging to the group of
LINEs found in all mammalian DNA, comprising ~17% of the
human genome. cfDNA concentrations were ~1-to 8-fold higher
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Figure 1. Effects of different sample preparation and incubation conditions on cfDNA yield. (A) Assessment of cfDNA yield in matched serum and plasma
samples by LINEI qPCR. (B) Fragment size bias of plasma cfDNA (top) and serum cfDNA (bottom). Comparison of (C) different storage temperatures and
(D) times on serum cfDNA yield. "P<0.05 indicates statistical significance. cfDNA, cell-free DNA; LINEI, long interspersed nuclear element-1.

in serum samples than those in plasma samples (Fig. 1A).
By fragment analysis, we observed an enrichment of plasma
cfDNA fragments at 166 bp and 350 bp in NSCLC patients
(Fig. 1B; upper plot); in serum cfDNA, there were multiple
additional peaks within the range of 580-3,200 bp (Fig. 1B;
lower plot), showing that the fragment distribution of cfDNA
is more complex in serum than that in plasma.

Effects of different storage conditions on serum cfDNA yield.
Strict standardization of blood collection and serum preparation
methods is mandatory, before serum cfDNA concentration can
be used as a potential marker of clinical disorders. The time and
temperature of blood storage after centrifugation significantly
impacted the serum cfDNA concentration (Fig. 1C and D).
Compared with the cfDNA concentration in serum prepared
immediately after venepuncture (0 h at room temperature),
the cfDNA concentrations in serum decreased after storage
at room temperature for 2 or 10 h. However, the changes in
cfDNA concentration in serum after storage at 4°C for 24 h,
-25°C for 1 month, or -80°C for 1, 3, or 6 months were not
significant. Based on these findings, serum samples from
NSCLC patients or normal controls were frozen at -80°C
immediately after collection.

Serum cfDNA concentration in NSCLC patients with different
clinical characteristics. To determine whether cfDNA concen-
tration correlates with NSCLC status or any other clinical
parameters, we quantified cfDNA in serum specimens from
60 NSCLC patients and 68 normal controls in good health by
LINE1 qPCR. Analysis of cfDNA in different subgroups of
NSCLC patients indicated that serum cfDNA is independent

Table I. The clinical characteristics of 60 NSCLC patients.

Clinical cfDNA (ng/ul)
characteristics No. median (IQR 25-75) P-value
All 60  1.055(0.751-2.011)
Age (years)
39-60 21 1.061(0.752-1.923)  0.859
61-85 39  1.020 (0.748-2.164)
Sex
Male 35  1.092(0.792-2.538)  0.132
Female 25  1.012(0.678-1.271)
Tumour stage (TNM)
I-1I 13 0.757(0.615-0914)  0.0032
II-1v 47  1.100 (0.801-2.523)
NO 26  0.825(0.634-1.040)  0.0002
N1-N3 34 1.449 (0.100-2.756)
MO 20  0.825(0.653-1.122)  0.0109
M1 40  1.156 (0.822-2.535)

NSCLC, non-small cell lung cancer; cfDNA, cell-free DNA; TNM,
tumor node metastasis.

of sex and age: there was no significant difference (P>0.05)
in serum cfDNA concentration between NSCLC patients
aged 39-60 years or 61-85 years, or between NSCLC patients
of different sex (35 males and 25 females) (Table I). When
patients were stratified by NSCLC status, the results showed
that the cfDNA concentration was significantly higher in
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Figure 2. Serum cfDNA concentration in NSCLC patients and normal controls. (A) Serum cfDNA concentration in 60 NSCLC patients and 27 normal controls
as determined by LINE1 qPCR. (B) Comparison of serum cfDNA concentrations between NSCLC patients at different tumour stages and normal controls.

Aok

“P<0.05 and ““"P<0.001 indicate statistical significance. cfDNA, cell-free DNA; NSCLC, non-small cell lung cancer; LINEI1, long interspersed nuclear

element-1.

Table II. Diagnostic value of serum cfDNA, CEA and CYFRA21-1 for NSCLC patients.

Positive Negative
Marker AUC Sensitivity (%)  Specificity (%) predictive value (%) predictive value (%)
cfDNA 0.85 81.67 77.94 76.60 82.80
CEA 0.83 61.67 97.06 94.90 74.20
CYFRA21-1 0.83 63.33 91.18 86.40 73.80
CEA + CYFRA21-1 0.87 70.00 94.12 91.30 78.00
cfDNA + CEA 0.908* 75.00 92.65 90.00 80.80
c¢fDNA + CYFRA21-1 0.894* 73.33 92.65 89.80 79.70
cfDNA + CEA + CYFRA21-1 0915* 83.33 85.29 83.30 85.30

cfDNA, cell-free DNA; NSCLC, non-small cell lung cancer. *P<0.05 vs. cfDNA group.
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Figure 3. Diagnostic utility of serum cfDNA, CEA and CYFRA2I1-1 in NSCLC patients. (A) ROC curves of serum cfDNA, CEA, CYFRA21-1 and the
combination of the three markers for distinguishing NSCLC patients from normal controls. (B) ROC curves of pairwise combinations of cfDNA, CEA, and
CYFRAZ21-1 for distinguishing NSCLC patients from normal controls. cfDNA, cell-free DNA; NSCLC, non-small cell lung cancer; ROC, receiver operating

characteristic.

NSCLC patients [1.06 (0.75-2.01) ng/ul] than that in normal
controls [0.42 (0.27-0.65) ng/ul] (Fig. 2A). NSCLC patients
with more advanced disease (stage III-IV) had considerably
higher cfDNA concentrations than those in either normal
controls or patients with stage I-II disease (Fig. 2B). In line
with the finding that patients with stage III-IV disease have

higher cfDNA levels; NSCLC patients with lymph node
metastasis and distant metastases also had significantly higher
cfDNA levels than patients without metastasis (Table I).

Diagnostic utility of serum cfDNA in NSCLC patients.
ROC curves were generated to distinguish NSCLC patients
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from normal healthy controls based on serum cfDNA, CEA
or CYFRAZ21-1 levels (Fig. 3). CEA and CYFRAZ2I-1 are
established biomarkers for the diagnosis of NSCLC (18). The
AUC of cfDNA for distinguishing NSCLC patients from
normal controls was 0.848 (95% CI: 0.774-0.905), which was
comparable to that of CEA [0.829 (95% CI: 0.753-0.890)] and
CYFRA21-1[0.833 (95% CI: 0.756-0.893)]. No obvious differ-
ences were found between the AUC values of each indicator
(P>0.05). YI was the largest at 0.67 ng/ul cfDNA, which was
defined as the cut-off value of cfDNA, and yielded a sensi-
tivity of 81.67% and a specificity of 77.94%. By comparison,
at the cut-off values of CEA and CYFRAZ2I-1, the sensitivity
of CEA was 61.67% with a specificity of 97.06%, and the
sensitivity of CYFRA21-1 was 63.33% with a specificity of
91.18%. To determine whether cfDNA quantification could
be used in combination with existing biomarkers to maxi-
mize the diagnostic efficiency for NSCLC patients, the ROC
AUC was calculated after combining CEA and CYFRA21-1
with cfDNA. The integration of cfDNA with CEA and
CYFRAZ21-1 (AUC 0.915; sensitivity 83.33%; and speci-
ficity 85.29%) resulted in an improved diagnostic efficiency
for NSCLC (Table II).

Connection between serum cfDNA and clinical NSCLC
progression. To assess whether the cfDNA concentration
is different in samples obtained from NSCLC patients with
progressive rather than stable disease, the 60 NSCLC patients
were divided into the progression and stable groups. The cfDNA
concentration was higher in NSCLC patients with progressive
disease than that in patients with stable disease (Fig. 4A).
In addition, the Kaplan-Meier curve revealed that serum
cfDNA =1.04 ng/ul was related to poorer PFS than serum
cfDNA <1.04 ng/ul (median PFS: 7.0 vs. 3.0 months, hazard
ratio [HR], 0.43; 95% confidence interval [CI]: 0.19-0.96,
P<0.05) (Fig. 4B).

Serum cfDNA level dynamics in NSCLC patients. To iden-
tify the predictive value of cfDNA in NSCLC progression,
cfDNA, CEA and CYFRAZ2I-1 levels were analysed in serum
samples from 4 NSCLC patients with progressive disease at
several time-points. The line charts were plotted to describe
the changes in cfDNA, CEA and CYFRAZ2I-1 levels during
cancer progression. As shown in Fig. 5, the time-dependent
changes in the three markers in patient 2 were nearly identical,
but were inconsistent with the changes in the other 3 NSCLC
patients. During the course of the disease, there was a general
trend of cfDNA concentration decreasing or remaining stable
before periods of disease stability, and increasing before
periods of disease progression. Interestingly, cfDNA levels
often peaked before a period of disease progression, and the
lead time was 1-7 months compared with clinical medical
imaging. Alterations in serum levels of CEA and CYFRA21-1
occurred in line with disease progression, and did not show
such peaks.

Discussion
In this study, we established optimal conditions for processing,

cryopreserving, and storing cfDNA and developed a standard
protocol for the quantification of circulating cfDNA by
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absolute LINE1 qPCR. We utilized this approach to examine
serum cfDNA levels in 60 NSCLC patients with different
stage disease and 68 normal controls to determine whether
changes in serum cfDNA levels have diagnostic and predictive
value for NSCLC, and we compared the diagnostic value of
serum cfDNA, CEA and CYFRA21-1 by ROC curve analysis.
Furthermore, we examined the time-dependent changes
in serum cfDNA levels in 4 NSCLC patients during cancer
progression.

There is some controversy about the optimal source of
cfDNA for analysis. Previous studies suggested that plasma
may be a more reliable source than serum owing to higher
background levels of non-tumour wild-type DNA in serum (19).
However, there are some other studies that have suggested the
use of serum cfDNA in the diagnosis of malignancies such as
hepatocellular carcinoma and endometrial cancer (20,21). In
addition, serum samples are prepared without anticoagulants,
and there is no need for specialized blood collection tubes,
as there is for plasma. Serum is still considered as the gold
standard, and used more widely than plasma in clinical labo-
ratory. Therefore, we extracted cfDNA from serum samples
for analysis, and showed that the quantification of circulating
cfDNA levels in serum have value as a diagnostic for NSCLC
or for monitoring disease progression.

There are no clear criteria for blood collection or storage
conditions for cfDNA analysis. There is a concern, for instance,
that the in vitro lysis of leukocytes during the coagulation/
fibrinolysis phase of sample preparation will lead to higher
serum cfDNA concentrations. In our study, compared with
the cfDNA concentrations in serum prepared immediately
after venepuncture (0 h at room temperature), the cfDNA
concentrations in serum samples were decreased when serum
was stored at room temperature up to 10 h, but were not signifi-
cantly different after storage at lower temperatures, such as
4,-25 or -80°C. This phenomenon may be due to the degrada-
tion of cfDNA at room temperature by DNase activity, which
is inhibited at lower temperatures. According to these results,
serum samples for cfDNA quantification were frozen at -8°C
immediately after collection. Two main sources of cfDNA
have been proposed: release from apoptotic or necrotic cells or
release of intact cells in the bloodstream (22). In our study, the
size profile of cfDNA in plasma samples showed a major peak
at 166 bp and another outstanding peak at 350 bp. Interestingly,
serum cfDNA profiling showed more peak diversity. In addi-
tion to the relatively short 166-bp cfDNA fragments, cfDNA
fragment peaks were observed ranging from 580 to 3,200 bp.
We propose that the 166-bp peak probably represents DNA
coiled around a nucleosome core unit (~146 bp) with a linker
section of DNA (~20 bp), while the remaining peaks likely
result from inter-nucleosome cleavage of genomic DNA.

cfDNA levels can be quantified by several techniques,
including DNA Dipstick, PicoGreen, Agilent 2100 Bioanalyzer
and real-time PCR. Moreover, several studies have quanti-
fied cfDNA by using real-time PCR with various reference
genes such as human (-actin, h\TERT, GAPDH, ALU and
LINE-1 (10,23). In our study, we carried out a pre-experiment
to optimize quantification of cfDNA before formal test. The
pre-experiment results demonstrated that the levels of cfDNA
of NSCLC patients quantified by qPCR results using primer
of B-actin and LINE-1 have the same varying trend. Also, the



ONCOLOGY LETTERS 16: 4353-4360, 2018

amplification efficiency was greater with LINE-1 primer (data
not shown). Therefore, we used absolute qPCR analysis of
LINE-I to quantify serum and plasma cfDNA in the present
study. The cfDNA concentrations were 1- to 8-fold higher
in fresh serum samples than those in fresh plasma samples,
which is consistent with previous reports that serum samples
contain 2- to 24-fold higher levels of cfDNA than plasma
samples (24,25). Moreover, the cfDNA level in NSCLC
patients [1.06 (0.75-2.01) ng/ul] was significantly higher than
that in normal controls [0.47 (0.23-0.86) ng/ul], which is
consistent with the previous reports.

In the present study, we also found that NSCLC patients
with lymph node metastasis and distant metastases had a
significantly higher cfDNA level. Furthermore, NSCLC
patients with advanced stage (III-IV) disease had considerably
higher cfDNA levels than that in normal controls or patients
with stage I-II disease, which was consistent with previous
reports. Importantly, no significant differences were detected
between normal controls and patients with stage I-1I disease or
between NSCLC patients of different ages or sex. We suspect
that serum cfDNA may not be sensitive enough for early detec-
tion of NSCLC patients, further studies are needed to confirm
this hypothesis. Previous studies have suggested the cfDNA
levels are affected by cancer-dependent variables, including
tumour size, location, and stage, as well as other elements
related to risk and prognosis (6). Consequently, while it is
evident that serum cfDNA levels are correlated with advanced
tumour stage and metastasis in NSCLC patients, they are not
closely related to age or sex.

Tumour biomarkers in serum from NSCLC patients, such
as CEA and CYFRAZ2I-1, are not sufficient to diagnose or
monitor lung cancer due to the lack of sensitivity and specificity
to a particular type of cancer, and the levels of these factors
may be increased by irrelevant issues (26,27). According to the
results, the AUC of serum cfDNA for distinguishing NSCLC
patients from normal controls was comparable to that of CEA
and CYFRAZ2I1-1. In addition, compared with the diagnostic
efficiency of serum cfDNA, serum CEA or CYFRA2I-1
alone, the combination of these three factors into one indicator
improved the diagnostic efficiency for NSCLC. This result
indicates that cfDNA is a good screening tool for NSCLC
that may be used in combination with existing biomarkers to
improve the diagnostic efficacy.

Our results also showed that the serum cfDNA concentra-
tion was higher in NSCLC patients with progressive disease
than that in those with stable disease. In addition, higher
serum cfDNA levels were related to poorer PFS in patients
with NSCLC. In patients suffering from different carci-
nomas, higher cfDNA concentrations have been shown to
be an independent predictor of a worse outcome regarding
overall survival or an interval irrelevant to disease (28-33).
Increasing cfDNA levels suggest tumour progression during
therapy, while decreasing levels indicate an early treatment
response (34,35). By tracking the serum cfDNA concentration
at several time-points in 4 NSCLC patients, we found that
cfDNA levels decreased in samples from NSCLC patients
with stable disease, and tended to increase during or before
periods of disease progression, with a lead time of 1-7 months
compared with clinical medical imaging. Although the number
of cases was small, and further confirmation is needed, these
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findings show that increasing serum cfDNA values in patients
during follow-up may indicate progression earlier than that in
clinical imaging studies.

In conclusion, the present investigation indicates that serum
cfDNA might be a valuable new biomarker for diagnosing
NSCLC and monitoring metastatic progression. Quantification
of cfDNA may therefore contribute to molecular staging, and
to optimizing advanced personalized medicine for NSCLC.
Future studies on a larger number of NSCLC patients with a
sufficient follow-up time are now required to further validate
the clinical utility of serum cfDNA.
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