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A B S T R A C T

Objectives: This study unravels the significance of cell-free DNA (cfDNA) quantification as a promising measure
of the biological behavior/aggressiveness of tumors. Metabolic tumor volume (MTV) and total lesion glycolysis
(TLG) measured by positron emission tomography/computed tomography scan enable a precise assessment of
metabolic tumor burden. However, their clinical implications in identifying patients who need more aggressive
treatment in advanced non-small cell lung cancer (NSCLC) are not fully understood.
Materials and methods: In the current prospective trial, we analyzed 101 newly diagnosed advanced NSCLC
(stage III-IV) patients with measurable baseline MTV, TLG, and cfDNA quantification. The best cut-offs for cfDNA
levels, MTV, and TLG to predict progression-free survival and overall survival were determined using X-tile
analysis.
Results: There were significant positive correlations between cfDNA and MTV (r=0.488, p < 0.001) and
between cfDNA and TLG (r = 0.554, p < 0.001). High-cfDNA levels and high-MTV/TLG negatively correlated
with overall survival (OS) (all p < 0.001). Patients with high-MTV showed similar median OS irrespective of
their cfDNA levels (low-cfDNA vs. high-cfDNA=9.2 vs 6.6 months; p > 0.05). However, patients with low-MTV
and low-cfDNA levels showed longer OS than those with low-MTV and high-cfDNA levels (low-cfDNA vs. high-
cfDNA=49.3 vs 11.5 months; p < 0.001). The patient group with low-TLG also showed similar trends. The
cfDNA level was an independent prognostic factor for OS by Cox-proportional hazard analysis.
Conclusion: Although the patients with high metabolic tumor burden had a poor prognosis, regardless of the
biological behavior/aggressiveness of the tumor, patients with low metabolic tumor burden and high cfDNA
levels showed a poor prognosis. Taken together, this study indicates a stronger prognostic value of baseline
cfDNA levels in identifying patients with advanced NSCLC and personalizing their treatment strategies for better
survival.

1. Introduction

Lung cancer is one of the most common malignancies, with 1.3
million cancer-related deaths annually, and a five-year survival rate less
than 10% [1]. Non-small cell lung cancer (NSCLC) accounts for 80% of

lung cancers and hence requires critical attention to improve clinical
outcomes by biomarker identification and developing targeted thera-
pies. Due to insufficient tumor samples, inherent clinical risks to the
patients, and restrictions due to invasive biopsy, assessment of cell-free
DNA (cfDNA) in plasma or serum called liquid biopsy has emerged as a
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promising non-invasive prognostic marker in cancer [2,3].
Cancer cells shed their circulating cfDNA into the bloodstream

through both passive (apoptosis, necrosis, and cell lysis) and active
(spontaneous release of DNA fragments) processes [4,5]. In a tumor
microenvironment, the level of cfDNA secreted from the tumor and the
surrounding tissues corresponds to the degree of biological behavior/
aggressiveness of the tumor [6,7]. In line with recent developments in
detecting tumor-derived cfDNA, the quantification of cfDNA in blood is
plausible as a simple and reliable biomarker with potential diagnostic
applications [8,9]. Previous clinical investigations indicated the diag-
nostic and prognostic value of cfDNA levels in NSCLC patients [10–12].
So far, high cfDNA levels have been associated with increased biolo-
gical behavior/aggressiveness of the tumor and poor OS [12,13].

Although there is no gold standard for assessing metabolic tumor
burden, functional imaging by 18F-fluorodeoxyglucose (FDG) PET/CT is
used as a reliable technique to date [14,15]. The PET/CT data were
calculated by semi-automated software using pre-existing cut-off va-
lues; then, nuclear medicine physicists manually generated a 3D vo-
lume of interest (VOI) of each primary site lesion and metastasis.
Subsequently, the volume inside the boundary was defined as metabolic
tumor volume (MTV). The total lesion glycolysis (TLG) was calculated
by multiplying MTV by mean standardized uptake value (SUV) and
reflected both tumor volume and metabolic activity. Hence, by mea-
suring MTV and TLG, the metabolic tumor burden was theoretically
calculated with accuracy [14,15].

To date, the biological behavior/aggressiveness of tumor as mea-
sured by cfDNA levels and metabolic tumor burden measured by PET/
CT scan correlate with survival in advanced NSCLC patients [16,17].
However, the significance of the levels of cfDNA and the metabolic
tumor burden in identifying patients who need more aggressive treat-
ment is still poorly understood. The objective of this prospective trial
was to evaluate these clinical implications to assess prognosis in ad-
vanced NSCLC patients.

2. Materials and methods

2.1. Patients selection and study design

This study was performed at the Korea University Anam Hospital
and Guro Hospital from June 2010 to June 2016. The inclusion criteria
for patients were the pathological diagnosis of NSCLC and computable
MTV or TLG levels from the baseline PET/CT scan. Patients who un-
derwent chemotherapy or had a history of any other malignancy were
excluded. Of the initial 142 study subjects, forty-one patients were
excluded due to non-computable MTV or TLG levels or insufficient
cfDNA data. The remaining 101 patients were enrolled. Among all
groups present, 81 patients with stage IV adenocarcinoma (ADC) were
also analyzed to reduce heterogeneity and possible selection bias. The
median interval of measurement between baseline cfDNA quantifica-
tion and PET/CT scan was 7 days (interquartile [IQR]= 4–14 days).
The median follow-up duration was 19.4 months (range, 13.8–30.0).

The study was performed in compliance with the Declaration of
Helsinki, following approval from the Institutional Review Board of
Korea University Medical Center (ED14110). Informed consent was
obtained from all patients, stored in the hospital database, and used for
research at each hospital.

2.2. Analysis of cfDNA quantification

The serum samples were harvested in 10-mL serum separator tubes.
Following centrifugation for 10min at 2000 × g at 4 °C, the super-
natants were transferred and again centrifuged for 5min at 16,000 × g
and 4 °C. The resulting serum was frozen at −80 °C until use. The
cfDNA was extracted from serum aliquots (500 μL) using the QIAamp
circulating nucleic acid kit (Qiagen, Hilden, Germany). The extraction
efficiency of cfDNA was measured using an Agilent High Sensitivity

DNA kit and the Bioanalyzer 2100 instrument (Agilent Technologies,
Santa Clara, CA). Additional purification was performed using
Agencourt AMPure XP (BeckMan Coulter, Brea, CA). The isolated DNA
was quantified with the Agilent High Sensitivity DNA kit and measured
in a Qubit 2.0 Fluorometer.

2.3. Analysis of PET/CT images

All patients underwent combined PET/CT scanning under a routine
clinical protocol with Gemini TF/16 channel PET/CT scanners (Philips
Medical Systems, Cleveland, OH). After fasting for at least 6 h, the
radiotracer (5–6MBq/kg) FDG was administrated intravenously and
scanning was performed after 60min. Unenhanced CT scans were ac-
quired first for attenuation correction, and then PET scans (1min per
bed) were acquired.

The SUV, MTV, and TLG were extracted using MIRADA XD3 soft-
ware (MIRADA Medical, Oxford, UK) by drawing a VOI on the PET
image [18]. A fixed SUV cut-off value of 2.5 was used for the semi-
automated contouring system to exclude physiologic FDG uptake of the
non-tumor tissue. The manual correction of the boundaries of the au-
tomated VOI was performed by nuclear medicine physicists who were
blinded to the cfDNA levels of the subjects. The MTV was defined as the
total tumor volume inside the boundaries of the manually corrected
VOI. TLG was calculated as the product of MTV and the SUV mean.

2.4. Statistics

The cfDNA quantification data in all the NSCLC and stage IV ADC
patients were expressed as median and IQR ranges. The correlation
between the cfDNA levels and MTV/TLG was assessed by Spearman’s
rank correlation test. The clinical outcomes were assessed by progres-
sion free survival (PFS) and overall survival (OS). The Kaplan-Meier
survival curve for PFS and OS was constructed, and the statistical dif-
ferences were measured by the log-rank test. The optimal cut-off values
for cfDNA quantification, MTV, and TLG were determined using X-tile
software. X-tile software is specialized for the analysis of survival data,
which is divided into matched training and validation sets (1:1 ratio).
Then, X-tile plots show the χ2 log-rank values with a Kaplan-Meier
curve and identify a minimal p-value with histogram. Since the small
number of events favored the use of the OS, which is closer to the PFS,
the OS cut-off was determined as the optimal cut-off [19]. Multivariate
Cox proportional hazard model was used to investigate the hazard ra-
tios (HR) for the impact of cfDNA levels on survival outcomes by ad-
justed covariates including age, sex, performance status, Charlson co-
morbidity index, clinical stage, and computable MTV/TLG levels. The
statistical analyses were performed using X-tile software v 3.6.1 (Yale
University, New Haven, CT), SPSS v 24.0 (SPSS Inc., Chicago, IL), and R
software v 3.2.2 (R Core Team, Vienna, Austria).

3. Results

3.1. Baseline characteristics according to patients’ cfDNA quantification

This study was conducted according to the guidelines of the
REporting recommendations for tumor MARKer prognostic studies
(REMARK) (Supplementary Table S1) [20]. The detailed baseline clin-
icopathological characteristics and PET/CT parameters according to the
cfDNA concentration are listed in Table 1. The median cfDNA levels of
the entire cohort, stage III, stage IV, and stage IV ADC only patients
were 70 ng/mL (IQR=40–161 ng/mL), 64 ng/mL (IQR=28–87 ng/
mL), 72 ng/mL (IQR=41–165 ng/mL), and 65 ng/mL (IQR=38–158
ng/mL), respectively. There was no significant difference in cfDNA
level between stage III and IV patients (p= 0.273) (data not shown).
Overall, the baseline characteristics between patients with low- and
high-cfDNA levels were similar (Table 1). However, patients with high-
cfDNA levels showed significantly higher MTV and TLG levels
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compared to those with low-cfDNA levels. The stage IV ADC group
exhibited no significant differences in the baseline characteristics or
PET/CT parameters, irrespective of their cfDNA levels (Table 1).

3.2. Correlation between cfDNA levels and the metabolic tumor burden

There were significant positive correlations between cfDNA and
MTV (r= 0.488, p < 0.001) and between cfDNA and TLG (r = 0.554,
p < 0.001) (Fig. 1A and B). In the stage IV ADC group, the cfDNA
levels showed a significant positive correlation with baseline MTV
(r= 0.446, p < 0.001) and baseline TLG (r = 0. 523, p < 0.001)
(Fig. 1C and D). Additionally, MTV and TLG were consistent with
radiology (r= 0.959, p<0.001) (data not shown)

3.3. Survival analyses of cfDNA quantification and metabolic tumor burden

The median PFS was 7.4 months, and the median OS was 19.9
months, in all NSCLC patients. Stage IV ADC patients showed a median
PFS of 8.2 months and a median OS of 19.9 months. The optimal cut-off
values for cfDNA concentration, MTV, and TLG levels according to X-
tile software analysis were 70 ng/mL, 100ml, and 500 g, respectively
(Supplementary Figs. S1–S3). The median PFS (high-cfDNA vs low-
cfDNA; 4.5 vs 14.9 months; p < 0.001) and median OS (high-cfDNA vs
low-cfDNA; 8.2 vs 49.3 months; p < 0.001) of patients with high-
cfDNA levels were significantly shorter than those of patients with low-
cfDNA levels (Fig. 2A and B). The patients with high-MTV had a shorter
median PFS (high-MTV vs low-MTV; 3.8 vs 15.0 months; p < 0.001)
and median OS (high-MTV vs low-MTV; 7.4 vs 49.3 months;
p < 0.001) than those with low-MTV (Fig. 2C and D). Likewise, high-
TLG correlated with shorter median PFS (high-TLG vs low-TLG; 3.6 vs

14.9 months; p < 0.001) and median OS (high-TLG vs low-TLG; 7.4 vs
49.3 months; p= 0.001) than low-TLG (Fig. 2E and F). In the subgroup
analysis, stage IV ADC patients with high-cfDNA levels also exhibited
poor PFS and OS compared to those with low-cfDNA levels (Fig. S4A
and B). Additionally, a similar survival pattern was observed in stage IV
ADC patients according to MTV and TLG levels (Supplementary Fig.
S4C–F).

3.4. Significance of MTV or TLG on prognostic value for cfDNA
quantification

Patients with high-MTV showed a similar median PFS (low-cfDNA
and high-MTV vs high-cfDNA and high-MTV; 4.0 vs 3.6 months;
p > 0.05) and median OS (low-cfDNA and high-MTV vs high-cfDNA
and high-MTV; 9.2 vs 6.6 months; p > 0.05), irrespective of their
cfDNA levels. However, patients with low-MTV and low-cfDNA levels
showed longer median PFS (low-cfDNA and low-MTV vs high-cfDNA
and low-MTV; 16.8 vs 7.1 months; p < 0.001) and median OS (low-
cfDNA and low-MTV vs high-cfDNA and low-MTV; 49.3 vs 11.5 months;
p < 0.001) than those with low-MTV and high-cfDNA levels (Fig. 3A
and B).

Likewise, NSCLC patients with high-TLG showed a similar median
PFS between low and high-cfDNA levels (low-cfDNA and high-TLG vs
high-cfDNA and high-TLG; 4.0 vs 3.2 months; p > 0.05). However, the
median PFS (low-cfDNA and low-TLG vs high-cfDNA and low-TLG; 16.8
vs 5.3 months; p < 0.001) and median OS (low-cfDNA and low-TLG vs
high-cfDNA and low-TLG; 49.3 vs 10.6 months; p < 0.001) of the
patients with low-TLG and low-cfDNA levels were longer than those
with low-TLG and high-cfDNA levels. The median OS of patients with
high-TLG and low-cfDNA levels was slightly longer than those with

Fig. 1. Scatter plots to demonstrate the re-
lationship between the level of cfDNA and PET
parameters like MTV and TLG in NSCLC pa-
tients.
Relationship between MTV, TLG, and cfDNA
levels. The correlation between cfDNA levels
and the MTV and TLG (r= 0.488, p < 0.001;
r= 0.554, p < 0.001; respectively) in NSCLC
patients ([A] and [B] respectively). The corre-
lation between the cfDNA levels and the MTV
and TLG (r= 0.446, p < 0.001; r= 0.523,
p < 0.001; respectively) in stage IV adeno-
carcinoma patients ([C] and [D] respectively).
Solid line indicates the linear regression line
and dashed lines represent the 95% con-
fidential intervals.
cfDNA, cell free DNA; PET, positron emission
tomography; MTV, metabolic tumor volume;
TLG, total lesion glycolysis; NSCLC, non-small
cell lung cancer; SUV, standardized uptake
value.
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Fig. 2. Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS) according to cfDNA quantification, MTV, and TLG levels in NSCLC
patients.
PFS and OS according to the baseline cfDNA quantification (≤70 ng/mL vs.> 70 ng/mL) in NSCLC patients ((a) and (b); respectively), baseline MTV level (≤100
cm3 vs.> 100 cm3) ((c) PFS, (d) OS, respectively) and TLG level (> 500 g vs. ≤500 g) ((e) PFS, (f) OS, respectively) in NSCLC patients. Optimal cut-off values for
cfDNA level (70 ng/mL), MTV level (100 cm3/mL) and TLG level (500 g) were identified using X-tile software analysis (Supplementary Figs. S2–S4) [19].
cfDNA, cell free DNA; MTV, metabolic tumor volume; TLG, total lesion glycolysis; NSCLC, non-small cell lung cancer; PFS, progression free survival; OS, overall
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high-TLG and high-cfDNA levels (low-cfDNA and low-TLG vs high-
cfDNA and low-TLG; 14.1 vs 6.6 months; p < 0.05) (Fig. 3C and D).
Stage IV ADC patients had identical survival patterns (p < 0.001)
(Supplementary Fig. S5).

3.5. Univariate and multivariate analyses

A Cox regression analysis of the prognostic factors of OS in NSCLC
patients was performed (Table 2). In univariate analysis, the cfDNA
levels were significantly associated with poor OS. (All NSCLC,
HR=3.00, p= 0.001; Stage IV ADC only, HR = 2.98, p= 0.003) In
both cases, the multivariate Cox regression analysis showed that the HR
for OS in the high-cfDNA group increased significantly compared to
low-cfDNA (All NSCLC, HR = 3.22, p= 0.001; Stage IV ADC only, HR
= 3.61, p= 0.001). After adjusting for MTV and TLG in the multi-
variate analysis, the HRs for high-cfDNA were similar in both NSCLC
and stage IV ADC patients (p < 0.01) (Table 2).

4. Discussion

Since circulating cfDNA is postulated to be released from tumor lysis
and necrosis in the tumor microenvironment, measurement of cfDNA
levels is a promising method for assessing the biological behavior/ag-
gressiveness of the tumor [21,22]. To date, high cfDNA levels have been
associated with poor prognosis in NSCLC patients [8,23,24]. Numerous

studies, including the recent meta-analysis (17 studies with 1723 pa-
tients), have shown poor survival outcome in patients with high-cfDNA
compared to those with low-cfDNA levels [13]. The utilization of MTV
and TLG levels from FDG PET/CT scanning offers a precise estimation
of the metabolic tumor burden, theoretically [25,26]. Previously, an
MTV risk stratification system was reported to have prognostic value
independent of the clinical stage and other prognostic variables in
NSCLC [27]. However, the clinical importance of the biological beha-
vior/aggressiveness of the tumor as measured by quantifying cfDNA
and metabolic tumor burden has not been well established.

In the present study, we observed that the cfDNA levels were cor-
related with metabolic tumor burden as assessed by MTV and TLG in
NSCLC patients. In other words, patients with a higher metabolic tumor
burden were likely to have higher cfDNA concentration. To date, only
two studies have evaluated the relationship between cfDNA levels and
metabolic tumor burden in NSCLC. Nygaard et al. demonstrated the
relationship between cfDNA levels and MTV or TLG in 53 stage III-IV
NSCLC patients [16]. They reported that the level of cfDNA did not
correlate with MTV and TLG levels. Morbelli et al. also reported similar
results in 37 stage III-IV NSCLC patients [17]. Quantitative analysis was
used in a recent study to show that increased cfDNA correlated with the
number of metastatic sites and lesions, and the sum of measurable le-
sion diameters in 64 NSCLC patients with EGFR mutations [28]. Al-
though both MTV and TLG are concordant with cfDNA levels, their
clinical implications on NSCLC prognosis are quite different.

Fig. 3. Kaplan-Meier estimates of PFS and OS
according to the cfDNA quantification classi-
fied to MTV and TLG levels in NSCLC patients.
Kaplan-Meier survival curve according to the
baseline cfDNA quantification (≤70 ng/mL
vs. > 70 ng/mL) and MTV (≤100 cm3

vs.> 100 cm3) ((a) PFS, (b) OS, respectively)
and TLG (> 500 g vs. ≤500 g) ((c) PFS, (d) OS,
respectively) in NSCLC patients. Optimal cut-
off values for cfDNA level (70 ng/mL), MTV
level (100 cm3/mL) and TLG level (500 g) were
identified using X-tile software analysis
(Supplementary Figs. S2–S4) [19].
PFS, progression free survival; OS, overall sur-
vival; cfDNA, cell free DNA; MTV, metabolic
tumor volume; TLG, total lesion glycolysis;
NSCLC, non-small cell lung cancer.
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Our study indicated poor OS in high-MTV or -TLG patients.
Consistently, previous studies have reported that high baseline meta-
bolic tumor parameters were independently associated with survival in
NSCLC [29–31]. Chen et al. (105 stage I-IV NSCLC patients) and Zaizen
et al. (68 stage III/IV NSCLC patients) reported that high TLG was as-
sociated with poor OS [29,30]. Liao et al. also showed that the highest
tertile-MTV and -TLG patients had poorer OS than those of the lowest
tertile in 169 stage I-IV NSCLC patients [31].

Furthermore, we tried to analyze the prognostic value of cfDNA
levels combined with MTV and TLG for NSCLC. As anticipated, we
observed poor prognosis for patients with high metabolic tumor burden
irrespective of their cfDNA levels. Interestingly, our studies indicated
poorer prognosis in patients with high-cfDNA than low-cfDNA in low
metabolic tumor burden patients. Hence, monitoring baseline cfDNA
levels to predict survival might be crucial for patients with low meta-
bolic tumor burden. Lastly, high-cfDNA levels were independently as-
sociated with poor OS in a multivariate cox regression test after ad-
justing for MTV and TLG. Therefore, baseline metabolic tumor burden
is not a significant confounder on the prognostic value of cfDNA levels.

In summary, the results of this study provide initial support for the
clinical implications of tumor biological behavior/aggressiveness,
measured by cfDNA quantification and metabolic tumor burden ac-
cording to MTV/TLG using FDG-PET/CT scans, for the survival of pa-
tients with advanced NSCLC. We recommend that metabolic tumor
burden should be initially considered for the therapeutic strategy for
advanced NSCLC patients. High-MTV or high-TLG were associated with
poor prognosis, and these patients would need more aggressive treat-
ments, regardless of the biological behavior/aggressiveness of the
tumor. The next consideration is tumor biologic aggressiveness/beha-
vior. We identified that low-cfDNA and low-MTV or low-TLG showed a
better prognosis than low-cfDNA and high-MTV or high-TLG. (Fig. 4)
Therefore, our results suggest that monitoring cfDNA quantification as
an early, accessible biomarker to identify patients with low metabolic
tumor burden and who need more aggressive treatment strategies may
be effective in informing treatment regimens.

This study has several limitations. First, FDG uptake in a tumor le-
sion by PET/CT can be biased since small lesions with low activity
might be excluded. The inflammatory lesions or non-neoplastic condi-
tions could also be included by chance, which might lead to

overestimation of the tumor volume. Therefore, we carefully defined
cut-off values for neoplastic conditions during MTV/TLG calculation by
using patients’ radiologic data (other than PET/CT) and patients’ clin-
icopathologic information. In addition, we quantified the MTV and TLG
by visually estimating the hypermetabolic foci and confirmed the re-
sults with two independent specialists who were blinded to the cfDNA
data.

Secondly, serum was used to isolate cfDNA rather than plasma.
Compared to plasma, cfDNA isolated from serum tends to be at a higher

Table 2
Univariate and multivariate analysis of hazard ratios for OS in NSCLC patients.

Univariate analysis Multivariate analysis without MTV or
TLG

Multivariate analysis including
MTV

Multivariate analysis including
TLG

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

All NSCLC patients (n= 101)
cfDNA quantification

(> 70 ng/mL)
3.03 (1.58–5.79) 0.001* 3.22 (1.60–6.48) 0.001* 2.61 (1.26–5.39) 0.010* 2.84 (1.37–5.89) 0.005*

Age (>median) 1.52 (0.83–2.78) 0.173 1.08 (0.57–2.04) 0.821 1.03 (0.54–1.95) 0.937 1.09 (0.58–2.07) 0.793
Sex (Male) 1.14 (0.61–2.15) 0.679 1.05 (0.55–1.98) 0.887 0.95 (0.50–1.82) 0.883 1.01 (0.53–1.91) 0.984
ECOG (> 1) 2.33 (1.20–4.52) 0.012* 2.75 (1.33–5.69) 0.006* 2.34 (1.12–4.89) 0.023* 2.40 (1.12–5.14) 0.025*
CCI (> 7) 1.33 (0.59–3.00) 0.495 1.60 (0.57–4.52) 0.377 1.54 (0.55–4.30) 0.653 1.57 (0.56–4.42) 0.390
Histology (ADC) 0.38 (0.17–0.85) 0.018* 0.47 (0.21–1.08) 0.076 0.59 (0.25–1.39) 0.223 0.53 (0.22–1.25) 0.146
Clinical stage (IV) 1.52 (0.54–4.28) 0.426 1.12 (0.30–4.21) 0.871 1.36 (0.36–5.18) 0.512 1.22 (0.32–4.64) 0.769
MTV (> 100mL) 3.16 (1.71–5.83) < 0.001* N/A N/A 1.95 (0.94–4.06) 0.074 N/A N/A
TLG (> 500 g) 2.60 (1.43–4.74) 0.002* N/A N/A N/A N/A 1.47 (0.72–3.00) 0.288

Stage IV ADC only (n=81)
cfDNA quantification

(> 70 ng/mL)
2.98 (1.45–6.12) 0.003* 3.61 (1.70–7.66) 0.001* 2.96 (1.36–6.41) 0.006* 3.21 (1.47–7.00) 0.003*

Age (>median) 1.29 (0.65–2.53) 0.468 0.88 (0.43–1.83) 0.738 0.86 (0.41–1.79) 0.689 0.90 (0.43–1.87) 0.772
Sex (Male) 1.30 (0.63–2.68) 0.484 1.17 (0.55–2.52) 0.685 1.10 (0.51–2.36) 0.809 1.14 (0.53–2.44) 0.740
ECOG (> 1) 2.19 (1.05–4.56) 0.037* 2.71 (1.22–6.02) 0.015* 2.26 (1.00–5.10) 0.050* 2.35 (1.01–4.46) 0.047*
CCI (> 7) 1.16 (0.40–3.32) 0.788 1.65 (0.54–5.00) 0.379 1.58 (0.53–4.76) 0.412 1.61 (0.54–4.86) 0.395
MTV (> 100mL) 2.72 (1.36–5.41) 0.004* N/A N/A 1.87 (0.88–3.96) 0.101 N/A N/A
TLG (> 500 g) 2.23 (1.13–4.42) 0.021* N/A N/A N/A N/A 1.45 (0.68–3.08) 0.334

OS, overall survival; NSCLC, non-small cell lung cancer; MTV, metabolic tumor volume; TLG, total lesion glycolysis; HR, hazard ratio; CI, confidential interval;
cfDNA, cell free DNA; ECOG, eastern cooperative oncology group; CCI, Charlson’s comorbidity index; ADC, adenocarcinoma; N/A, not available.

Fig. 4. Therapeutic strategy for advanced stage non-small cell lung cancer ac-
cording to metabolic tumor burden and tumor biologic aggressiveness/beha-
vior.
Black arrows designate positive results, whereas white arrows designate nega-
tive results.
MTV, metabolic tumor volume; TLG, total lesion glycolysis; cfDNA, cell free
DNA.
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concentration because of the extra release of DNA during the coagu-
lation process [32]. cfDNA from serum has superior correlation and
concordance rates according to various quantification methods [33]. In
addition, we analyzed total cfDNA concentration rather than in-
vestigating allelic frequencies of NSCLC oncogenic drivers. However, to
reduce the bias introduced by interfering factors, we used stringent
purification methods to minimize the contamination from serum sam-
ples and to obtain high quality cfDNA. Thirdly, only Korean patients
were analyzed with the retrospective study design, and hence, ethnic
differences might alter the results. Larger prospective trials including
various races are needed for further validation.

In conclusion, cfDNA levels might serve as a prognostic factor that
reflects the biological behavior/aggressiveness of the tumor in ad-
vanced NSCLC patients. Since patients with low metabolic tumor
burden had a different prognosis according to cfDNA levels, monitoring
their baseline cfDNA levels and metabolic tumor burden might help to
identify patients who need aggressive treatment strategies.
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