MOLECULAR AND CLINICAL ONCOLOGY 7: 167-172, 2017
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Abstract. In recent years, plasma cell-free DNA (cfDNA)
has been attracting increasing attention as a potential tumor
marker, as this method is easily applied and minimally
invasive. A series of studies have confirmed the associa-
tion between the level of cfDNA and overall survival (OS)
in non-small-cell lung cancer (NSCLC), but the findings
remain inconclusive. We herein conducted a meta-analysis of
published articles evaluating the correlation between the level
of cfDNA and OS. A total of 9 studies enrolling 1,170 patients
were included. For the overall population, a high level of
cfDNA was found to be significantly correlated with worse
OS [hazard ratio (HR) = 1.57, 95% confidence interval (CI):
1.18-2.10] in NSCLC. The subgroup analysis suggested that
a high cfDNA level was associated with worse outcome in
stage III-IV patients (HR=1.53, 95% CI: 1.07-2.19). However,
the level of cfDNA and OS were not found to be significantly
associated in the subgroup of patients with tumor stage I-II.
The present meta-analysis revealed that a high level of cfDNA
may be correlated with poor OS in NSCLC.

Introduction

Biopsy is key to diagnosing cancer; however solid biopsies
cannot always be successfully performed, due to their invasive
nature. In addition, solid biopsies may not adequately reflect
current tumor dynamics or sensitivity to treatment, and their
diagnostic value may be limited by intratumoral heterogeneity
as well (1). Since scientists first detected circulating cell-free
DNA (cfDNA) in the plasma, which may be derived from cell
necrosis, apoptosis, and/or digestion by macrophages, cfDNA
has been extensively investigated to determine its possible use
as a new tool for diagnosing cancer, monitoring treatment or
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even estimating prognosis (1-3). As opposed to solid biopsies,
this method is referred to as ‘liquid biopsy’.

The focus of the present study was non-small-cell lung
cancer (NSCLC).NSCLC is the leading cause of cancer-related
mortality worldwide. The 5-year survival rate is only ~16%
for patients diagnosed with advanced lung cancer compared
with 70-90% when the disease is diagnosed and treated at an
earlier stage (4). Therefore, identifying a reliable prognostic
factor may enable timely intervention, thus improving patient
prognosis.

Although cfDNA has been known as a potential biomarker
in cancer patients for >40 years (5), it has not attracted signifi-
cant attention, possibly due to the limitations of detection
technology and the lack of in-depth knowledge on the subject.
With the maturation of cfDNA detection and extraction tech-
nology, cfDNA is attracting increasing attention, as this method
is minimally invasive, convenient and easily applied. cfDNA
detection is currently widely used in pancreatic, colorectal and
lung cancer (6). At present, the application of cfDNA in clinical
practice includes detecting changes in quality and quantity.
As regards quantitative assessment, a number of studies have
confirmed that cfDNA is definitely increased in the blood of
NSCLC patients compared with the control group, indicating
that the level of cfDNA may be an indicator of diagnosis (6-9).
Certain studies report that a high plasma DNA concentration
is associated with poor survival, whereas other studies did not
report such a correlation. Therefore, the present meta-analysis
was conducted to elucidate the association between cfDNA
level and survival, and provide reliable evidence for applica-
tion in the clinical setting.

Data collection methods

Search strategy. The present meta-analysis was performed
according to the guidelines on diagnostic studies. MEDLINE
(via PubMed), EMBASE (via OvidSP), the Cochrane Library,
and IST Web of Knowledge were searched for potentially
relevant studies without restriction according to region or
publication type. The search strategy included the combination
of the following key words and medical subheadings: ‘lung
neoplasms’ or ‘lung cancer’, ‘circulating DNA’ or ‘ctDNA’ or
‘ct-DNA’ or ‘cfDNA’ or ‘cf-DNA’ or ‘circulating nucleic acid’ or
‘circulating tumor DNA’, not ‘RNA’ and not ‘microRNA’. The
databases were searched from inception to January 23, 2016.
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The reference lists of the included studies and relevant reviews
were also manually screened to identify related studies.

Inclusion and exclusion criteria

Inclusion criteria. Studies retrieved from the databases and
reference lists were first screened by title and abstract and the
full-text articles were further reviewed for eligibility. Eligible
studies were selected according to the following inclusion
criteria: i) Patients with NSCLC should be diagnosed histo-
pathologically or cytologically, regardless of tumor stage, age
and therapeutic method; ii) providing sufficient information on
patient overall survival (OS) and hazard ratio (HR), 95% confi-
dence interval (CI) or P-value; iii) cfDNA should be extracted
from the plasma, regardless of the extraction method; iv) a
cut-off value of cfDNA in the plasma divided patients into high
and low cfDNA level groups, without limitation regarding the
cut-off values; and v) cfDNA was evaluated prior to treatment.

Exclusion criteria. i) SCLC or other histopathological subtypes;
ii) the aim of the study was to determine whether cfDNA gene
mutation affects prognosis; iii) no cut-off value (no control
group); and iv) duplicate reports from the same center.

All the studies were reviewed by the authors independently
and a consensus was reached on each eligible study.

Data extraction. Two authors (Z.Y. and B.L.) evaluated the
eligible papers independently. The extracted data included HR
and 95% CI of OS. For studies with insufficient information, the
authors were contacted; if that was not possible, data provided
in the study were used to calculate other required data (e.g.,
if 95% CI was missing, HR and P-value were used to calcu-
late 95% CI via Stata/SE 11.0 software (StataCorp., College
Station, TX, USA). Two authors (Z.Y. and B.L.) extracted these
data independently and any discrepancies between the two
authors was resolved by discussion or consensus with a third
author (F.M.).

Quality assessment. The methodological quality of retrospec-
tive studies was assessed by the modified Newcastle-Ottawa
Scale (NOS). This scale is based on three broad categories
based on the selection of the study sample (4 points); the
comparability of the sample groups (2 points); and the ascer-
tainment of either the exposure for case-control (3 points) and
cross-sectional studies (2 points), or the outcome for cohort
studies (3 points). Achieving =7 points was considered as high
methodological quality. The methodological quality of eligible
studies was evaluated by two investigators.

Statistical analysis. The data analyses were performed using
Stata/SE 11.0 software. The aggregated data of HRs and
95% Cls were analyzed using inverse-variance weighting.
According to the level of cfDNA, the patients were divided
into two groups to compare the OS. A Chi-squared-based
Q statistic and inconsistency index (I?) statistic were used
to examine heterogeneity. A P-value of <0.1 and I* value of
>50% indicated significant heterogeneity. A random-effects
model was used if heterogeneity was significant; otherwise,
the fixed-effects model was applied. If heterogeneity was
significant, sensitivity analyses were conducted by deleting
each study individually to evaluate the quality and consistency
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of the results, and subgroup analyses were conducted for TNM
stage and treatment history. Publication bias was evaluated
using Funnel plots and Begg's tests. Probable significant publi-
cation bias was considered for P-values <0.05. All the tests
were performed using Stata/SE 11 software.

Results

Characteristics of studies. A total of 1,168 articles were
initially identified using the abovementioned key words.
Finally, 9 studies were included in the present meta-analysis.
The 9 studies included a total of 1,170 patients with NSCLC
(357 patients with stage I-III and 811 patients with stage IV
disease; tumor stage was unknown in 2 patients; Fig. 1). A
total of 5 studies only included NSCLC patients with stage
IIT or IV disease, and 2 studies recruited NSCLC patients
with stage I-III disease. A total of 5 studies included patients
not receiving any treatment, 3 studies included patients who
received adjuvant chemotherapy or radiotherapy after radical
resection, and 1 study recruited NSCLC patients following
palliative chemotherapy. The main characteristics of the 9
included studies are listed in Table I. The included studies were
published between 2004 and 2015. Male patients comprised
~68.9% of the subjects in all the studies, and the median age of
all patients was 63.7 years. Only 4 studies reported the median
follow-up period, with a mean of 23.4 months. Circulating
plasma DNA was quantified using quantitative polymerase
chain reaction (PCR) in 7 studies, whereas 1 study used the
PicoGreen dsDNA kit and another study used (3-actin PCR to
quantify the cfDNA. The cut-off value for high level of cfDNA
differed among the included studies.

Association of the cfDNA level with OS. A total of 7 articles
reported multivariable HRs and their respective 95% Cls,
while 2 articles only reported HRs and P-values, and their 95%
CIs were calculated using Stata/SE 11.0 software. Eventually,
pooled analyses of the 9 studies reporting multivariable HRs
demonstrated significant inter-study heterogeneity (I*’=71.7%).
Thus, the random-effects model was used. The meta-analysis
demonstrated that a high level of cfDNA was associated with
worse OS compared with low cfDNA level (HR=1.57,95% CI:
1.18-2.10, P=0.001) (Fig. 2).

Subgroup analysis. The 9 articles were classified into two
subgroups by treatment history and three subgroups by tumor
stage. A total of 5 studies were included in the no treatment
group and the 4 remaining studies were included the group that
received adjuvant therapies or palliative therapies. The combined
HRs of the group including stage ITI-IV patients suggested that
the high level of cfDNA was associated with worse outcome
(HR=1.53,95% CI: 1.07-2.19). However, the level of cfDNA and
OS were not found to be significantly associated in the subgroup
of patients with tumor stage I-II (Fig. 3).

Publication bias. The publication bias was examined using
funnel plots and Egger's regression test. There was no evidence
of publication bias, as shown by inspection of a funnel plot for
OS (Fig. 4). The Egger's test demonstrated no significant bias
in the meta-analysis of cfDNA concentration and OS (Z=0.94,
P=0.348, Fig. 5).
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Figure 1. Flow chart of the literature search and study selection process.

Study %
D HR (95% CI) Weight
Oliver Gautschi (2004) —é—i_ 2.33(1.33.4.06) 12.23
Vienna Ludovini (2008) i 0.79(0.29.211) 6.1
van der Dnft MA (2010) i + 260(1.10,6.16) 743
Sachin Kumar (2010) - : 1.03(0.39,270) 6.39
Young Joo Lee (2011) E 270(1.16,4.91) 9.32
Rafael Sirera (2011) —-"—i-' 1.33(1.08, 1.63) 20.33
Chanida Vinayanuwattikun (2013) i —+ 3.00(1.50, 6.10) 9.63
Maria Teresa Bortolin (2015) ‘: 1.50(0.60, 3.90) 6.65
B. T.Li (2015) - : 1.04(093, 117) 2191
Overall (l-squared = 71.1%, p = 0.001) <> 1.57(1.18,2.10)  100.00
NOTE: Weights are from random effects analysis E

| ' |

0.162

Low level of cDNA

1 6.16
High level of cfDNA

Figure 2. Forest plot and meta-analysis of studies evaluating the hazard ratio (HR) of high level of cell-free DNA (cfDNA) compared with low level of cfDNA

for overall survival in non-small-cell lung cancer patients.

Quality assessment. A total of 3 studies scored 8 points and 6
studies scored <7 points (5 studies scored 6 points and 1 study
scored 5 points).

Discussion

In recent years, circulating DNA as a potential tumor marker
has been attracting increasing attention. A number of primary
studies have investigated the potential association between
c¢fDNA and the prognosis of NSCLC patients, and the impor-
tance of cfDNA for survival was found to be both significant

as well as non-significant. The reported results differed among
studies. Thus, it was necessary to analyze the variability of the
survival results and evaluate the prognostic value of cfDNA
by quantitative aggregation of survival statistics. The overall
meta-analysis suggested that a high level of cfDNA was corre-
lated with a poor OS.

Several studies reported that there was no association
between cfDNA concentration and tumor stage (12), whereas
Gautschi et al reported that the plasma cfDNA concentration
at advanced tumor stages was higher compared with that at
early tumor stages (10). Our meta-analysis included 9 studies
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Figure 3. Forest plots and subgroup meta-analysis of studies evaluating the hazard ratio (HR) of high level of cell-free DNA (cfDNA) compared with low level
of cfDNA. The combined HRs of high level of cfDNA for overall survival were aggregated in subgroups according to (A) treatment history and (B) tumor stage.
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Figure 4. Funnel plots assessing potential publication bias in studies evalu-
ating the level of cfDNA in patients with non-small-cell lung cancer.
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Figure 5. Begg's test assessing potential publication bias in studies evaluating
the level of cfDNA in patients with non-small-cell lung cancer.
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investigating newly diagnosed as well as relapsed NSCLC
patients with any-stage disease. The subgroup analysis
suggested that a high level of cfDNA was correlated with
poor OS in the group of NSCLC patients with stage III or IV
disease, while there was no correlation between the level of
c¢fDNA and OS in the group of patients with stage I-II disease.
Furthermore, it was reported that there was no association
between the level of cfDNA and clinical parameters such as
age, gender, histology, smoking or pulmonary inflammatory
conditions (12).

Treatment may affect the concentration of cfDNA.
Szpechcinski et al (18) reported that the level of cfDNA in
the plasma increased within a week following primary tumor
resection. The level of cfDNA was reduced in patients without
disease recurrence during the next 3-6 months of follow-up,
whereas in relapsed patients the plasma cfDNA concentra-
tion was significantly higher compared with the baseline.
The changing trend of the cfDNA following surgery may be
associated with the prognosis. However, Gautschi e al did
not observe a decrease in plasma cfDNA levels after chemo-
therapy for NSCLC (10). Pan et al (19) reported that patients
with high levels of plasma cfDNA after the third cycle of
chemotherapy had a poor survival time, but the cfDNA at
baseline and after the first and second cycles of chemotherapy
was not associated with OS. In the present meta-analysis,
5 studies included patients who did not receive any treatment,
3 studies were performed on patients who received adjuvant
chemotherapy or radiotherapy following radical resection, and
1 study recruited NSCLC patients following palliative chemo-
therapy. However, no association was observed between the
level of cfDNA and OS in the treatment or no treatment groups
on subgroup analysis. Further studies are required to verify the
value of cfDNA as a prognostic factor during different treat-
ment periods of NSLC.

There were certain limitations to the present meta-analysis.
First, the studies included in this analysis were insufficient,
particularly in terms of a subgroup analysis. Thus, potential
publication bias is highly likely, despite the lack of such
evidence in our statistical tests. Second, a cut-off value for
the high level of cfDNA was not specified, as different assay
methods were used by the included studies. An additional limi-
tation resulted from the fact that the treatment method in the
treatment group could not be unified and a further subgroup
analysis could not be conducted due to the limited number of
included studies. As the median follow-up duration was not
mentioned in most included studies, the follow-up period was
not limited.

In conclusion, a high level of cfDNA in the plasma is
associated with worse outcome for NSCLC patients. However,
studies with less heterogeneity are required to improve the
accuracy of the estimation of the clinical impact of cfDNA in
NSCLC.

References

1. Murtaza M, Dawson SJ, Tsui DW, Gale D, Forshew T, Piskorz AM,
Parkinson C, Chin SF, Kingsbury Z, Wong AS, et al: Non-invasive
analysis of acquired resistance to cancer therapy by sequencing
of plasma DNA. Nature 497: 108-112, 2013.

2.Ma M, Zhu H, Zhang C, Sun X, Gao X and Chen G: ‘Liquid
biopsy’-ctDNA detection with great potential and challenges.
Ann Transl Med 3: 235, 2015.

3. Li BT, Drilon A, Johnson ML, Hsu M, Sima CS, McGinn C,
Sugita H, Kris MG and Azzoli CG: A prospective study of total
plasma cell-free DNA as a predictive biomarker for response to
systemic therapy in patients with advanced non-small-cell lung
cancers. Ann Oncol 27: 154-159, 2016.

4. Ulivi P, Mercatali L, Casoni GL, Scarpi E, Bucchi L,
Silvestrini R, Sanna S, Monteverde M, Amadori D, Poletti V and
Zoli W: Multiple marker detection in peripheral blood for nscle
diagnosis. PLoS One 8: e57401, 2013.

5. Leon SA, Shapiro B, Sklaroff DM and Yaros MJ: Free DNA in
the serum of cancer patients and the effect of therapy. Cancer
Res 37: 646-650, 1977.

6. Gold B, Cankovic M, Furtado LV, Meier F and Gocke CD:
Do circulating tumor cells, exosomes, and circulating tumor
nucleic acids have clinical utility? A report of the association for
molecular pathology. J] Mol Diagn 17: 209-224, 2015.

7. Kim ST, Jung HY, Sung JS, Jo UH, Tanaka T, Hagiwara K,
Park KH, Shin SW, Kim JS amd Kim YH: Can serum be used for
analyzing the EGFR mutation status in patients with advanced
non-small cell lung cancer? Am J Clin Oncol 36: 57-63, 2013.

8. Nygaard AD, Garm Spindler KL, Pallisgaard N, Andersen RF
and Jakobsen A: The prognostic value of KRAS mutated plasma
DNA in advanced non-small cell lung cancer. Lung Cancer 79:
312-317,2013.

9. Catarino R, Coelho A, Aratjo A, Gomes M, Nogueira A,
Lopes C and Medeiros R: Circulating DNA: Diagnostic tool and
predictive marker for overall survival of NSCLC patients. PLoS
ONE 7: €38559, 2012.

10. Gautschi O, Bigosch C, Huegli B, Jermann M, Marx A, Chassé E,
Ratschiller D, Weder W, Joerger M, Betticher DC, er al:
Circulating deoxyribonucleic acid as prognostic marker in non-
small-cell lung cancer patients undergoing chemotherapy. J Clin
Oncol 22: 4157-4164, 2004.

11. Ludovini V, Pistola L, Gregorc V, Floriani I, Rulli E, Piattoni S,
Di Carlo L, Semeraro A, Darwish S, Tofanetti FR, et al: Plasma
DNA, microsatellite alterations, and p53 tumor mutations are
associated with disease-free survival in radically resected
non-small cell lung cancer patients: a study of the perugia
multidisciplinary team for thoracic oncology. J Thorac Oncol 3:
365-373,2008.

12. van der Drift MA, Hol BE, Klaassen CH, Prinsen CF,
van Aarssen YA, Donders R, van der Stappen JW, Dekhuijzen PN,
van der Heijden HF and Thunnissen FB: Circulating DNA is a
non-invasive prognostic factor for survival in non-small cell lung
cancer. Lung Cancer 68: 283-287, 2010.

13. Kumar S, Guleria R, Singh V, Bharti AC, Mohan A and Das BC:
Efficacy of circulating plasma DNA as a diagnostic tool for
advanced non-small cell lung cancer and its predictive utility for
survival and response to chemotherapy. Lung Cancer 70: 211-217,
2010.

14. Lee YJ, Yoon KA, Han JY, Kim HT, Yun T, Lee GK, Kim HY
and Lee JS: Circulating cell-free DNA in plasma of never
smokers with advanced lung adenocarcinoma receiving gefitinib
or standard chemotherapy as first-line therapy. Clin Cancer
Res 17: 5179-5187, 2011.

15. Sirera R, Bremnes RM, Cabrera A, Jantus-Lewintre E,
Sanmartin E, Blasco A, Del Pozo N, Rosell R, Guijarro R,
Galbis J, et al: Circulating DNA is a useful prognostic factor
in patients with advanced non-small cell lung cancer. J Thorac
Oncol 6: 286-290, 2011.

16. Vinayanuwattikun C, Winayanuwattikun P, Chantranuwat P,
Mutirangura A and Sriuranpong V: The impact of
non-tumor-derived circulating nucleic acids implicates the prog-
nosis of non-small cell lung cancer. J Cancer Res Clin Oncol 139:
67-76,2013.

17. Bortolin MT, Tedeschi R, Bidoli E, Furlan C, Basaglia G,
Minatel E, Gobitti C, Franchin G, Trovo M and De Paoli P:
Cell-free DNA as a prognostic marker in stage I non-small-cell
lung cancer patients undergoing stereotactic body radiotherapy.
Biomarkers 20: 422-428, 2015.

18. Szpechcinski A, Chorostowska-Wynimko J, Kupis W,
Maszkowska-Kopij K, Dancewicz M, Kowalewski J and
Orlowski T: Quantitative analysis of free-circulating DNA in
plasma of patients with resectable NSCLC. Expert Opin Biol
Ther 12 (Suppl 1): S3-S9, 2012.

19. Pan S, Xia W, Ding Q, Shu Y, Xu T, Geng Y, Lu Y, Chen D,
Xu J, Wang F, et al: Can plasma DNA monitoring be employed
in personalized chemotherapy for patients with advanced lung
cancer? Biomed Pharmacother 66: 131-137, 2012.



