
652 Neoplasma 2019; 66(4): 652–660

doi:10.4149/neo_2018_181130N910

Efficacy comparison of targeted next-generation sequencing in the 
identification of somatic mutations in circulating tumor DNA from different 
stages of lung cancer 

Y. CHEN1, T. HAN2, Y. ZHOU1, B. MAO2, W. ZHUANG1,* 

1Department of Thoracic Surgery, Xiangya Hospital of Central South University, Changsha, Hunan, China; 2Beijing Genecast Biotechnology Co., 
Beijing, China

*Correspondence: zhuangwei@csu.edu.cn

Received November 30, 2018 / Accepted February 20, 2019

This study aims to assess the potential clinical application of targeted next generation sequencing (NGS)-based deep 
sequencing for the detection of clinically relevant mutations in circulating tumor DNA (ctDNA) obtained from non-small 
cell lung cancer (NSCLC) patients. Targeted deep sequencing was performed to identify High Confidence Somatic Variants 
(HCSVs) in matched tumor tissue DNA (tDNA) and ctDNA in 50 NSCLC patients. Our results demonstrated that NSCLC 
patients with Stage IV (61.5%) exhibited a higher concordance rate at the mutation level between plasma ctDNA and tDNA 
samples than patients with Stage I–III (14.5%). Moreover, it is noteworthy that the allele frequency of these detected HCSVs 
in ctDNA increased with the advance in tumor stage. Besides, using tDNA as a reference, the sensitivity of plasma ctDNA 
analyzed by deep NGS for actionable EGFR was much higher in patients with Stage IV (66.6%) than in patients with Stage 
I–III (7.7%). In conclusion, it appears that ctDNA NGS-based deep sequencing is a feasible approach to identify mutations 
in patients with Stage IV NSCLC. However, additional methods with higher sensitivity and specificity are needed to improve 
the successful application of this platform in the earlier stages of NSCLC. 
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Lung cancer has been the leading cause of cancer-related 
deaths [1, 2]. Among its common subtypes, non-small cell 
lung cancer (NSCLC) has often been characterized by unique 
mutation patterns [3–5]. In order to assess these somatic 
mutations, circulating tumor DNA (ctDNA) analysis appears 
to be a promising method [6–10]. The ctDNA analysis can 
be used to assess single mutations or whole-genomes [11]. 
Since 2000, allele-specific PCR methods have been applied 
for the detection of hot-spot mutations in serum and plasma. 
Furthermore, appropriately designed assays for individual 
mutations have been able to achieve high sensitivity [12, 13]. 
In this context, digital PCR assays are quantitative and highly 
sensitive, and have thereby been used extensively to quantify 
ctDNA levels [14–16]. However, these methods are typically 
suitable for investigating a small number of mutations and are 
often applied to analyze cancer hot-spot mutations. In order 
to expand the region of sequencing, targeted sequencing 
using PCR amplicons or hybrid capture has been previously 
used [6, 8, 17].

Multiple studies have demonstrated that the detection of 
mutations in plasma ctDNA using targeted deep sequencing 
shows high concordance with mutations detected in tDNA 
from advanced and late stage cancers [18–20]. Thus, it makes 
more sense to monitor advanced cancers, in which the 
multiple or serial biopsy of tissues is impractical. The study 
conducted by Yang et al. [21] observed that ctDNA mutation 
patterns are independent of tumor stage, thereby suggesting 
that circulating tumor cells enter circulation during the early 
stage of cancer progression, and tumor DNA dissemination is 
an early event. This is clinically significant and indicates that 
mutation detection in ctDNA can serve as a non-invasive and 
early detection approach. However, the low tumor burden 
in the early stage of cancer has made mutation detection in 
ctDNA challenging [11].

Many methods have been developed for the analysis of 
ctDNA in late-stage cancer patients. However, no specific 
method has been systematically used for the analysis of early-
stage diseases. Recently, several studies have explored the 
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application of next generation sequencing (NGS)-based deep 
sequencing in early stage cancer [21–23]. All these studies 
usually apply small scale gene panels or personalized panels 
for the analysis. Since each target gene provides an indepen-
dent opportunity to detect ctDNA variants, a larger panel 
of genes would thereby increase the probability of detecting 
at least one gene alteration in plasma obtained from cancer 
patients.

In the present study, a panel covering 1 407 cancer related 
genes and spanning 1.15Mb (1.15 million base pairs) of 
human genome, was used to explore the clinical utility of 
targeted NGS deep sequencing by evaluating the concor-
dance between ctDNA and tDNA in non-metastatic stages 
(I–III) and the metastatic stage (IV) of NSCLC.

Materials and methods

Patient and tumor tissue collection. A total of 50 patients 
with different stages of NSCLC were included in the present 
study after providing a written informed consent. Leuko-
cytes and plasma samples were collected from each patient 
along with matched fresh frozen or formalin-fixed paraffin 
embedded (FFPE) tumor tissue sections. The histopathologic 
assessment confirmed that all collected tumor tissue samples 
had ≥10% viable tumor cell content. The study was approved 
by the Ethics Committee of Xiangya Hospital of Central 
South University (Changsha, China).

Sample preparation. Genomic DNA from fresh frozen 
tissues was extracted using a Tiangen genomic DNA kit 
(Tiangen, Beijing, PRC), while a blackPREP FFPE DNA 
kit (Analytik Jena, GER) was used to extract genomic DNA 
from FFPE tumor tissue specimen slides. Then, these DNA 
samples were quantified using a Qubit dsDNA HS Assay kit 
(Life Technologies, USA).

In addition, peripheral blood lymphocytes and plasma 
were initially separated by centrifugation at 1 600 × g for 10 
minutes. Subsequently, the supernatant plasma was centri-
fuged again at 16 000 × g for another 10 minutes in a new 
2-ml centrifuge tube. Then, DNA was extracted from periph-
eral blood lymphocytes using a Tiangen whole blood DNA 
kit (Tiangen, Beijing, China). Similarly, DNA from the 
centrifuged plasma was extracted using a MagMAX™ Cell-
Free DNA isolation kit (Life Technologies, California, USA). 
Concentrations of both lymphocyte and plasma DNA were 
assessed using a Qubit dsDNA HS Assay kit or Qubit dsDNA 
BR Assay kit (Life Technologies, California, USA).

Targeted sequencing. For sequencing, genomic DNA 
was first sheared into 150–200 bp fragments using a Covaris 
M220 Focused-ultrasonicator™ Instrument (Covaris, Massa-
chusetts, USA). Next, fragmented DNA and cell-free DNA 
(cfDNA) libraries were constructed using a KAPA HTP 
Library Preparation Kit (Illumina platforms) (KAPA Biosys-
tems, Massachusetts, USA), according to manufacturer’s 
instructions. Subsequently, the captured DNA fragments 
were sequenced using the Illumina Novaseq 6000 sequencing 

system, and 150 bp paired-end reads were identified using 
a custom capture panel (Genecast, Beijing, China), which 
covered 1 407 genes associated with cancer diagnosis and 
prognosis. Raw sequencing data was de-multiplexed using 
BCL2FASTQ software into individual paired-reads FASTQ 
files. The sequencing reads were eventually aligned against 
the hg19 reference genome using BWA MEM software 
through default parameters and sorted and indexed with 
Samtools. The duplicated reads from tumor tissues and blood 
cell samples were marked using the Picard’s MarkDuplicate 
tool and were excluded from subsequent analyses. Further 
reads and mapping qualities were evaluated using FastQC 
and Samtools flagstat. The average unique sequence coverage 
was at least 900× for lymphocytes and 2 400× for tumor tissue 
samples. The plasma ctDNA samples were sequenced with a 
high average coverage of at least 4 600×.

Single nucleotide variant (SNV) and insertions or 
deletions (INDEL) calling. Paired-sample variant callings 
on tumor and plasma were performed using matched blood 
cell samples as a baseline reference. Varscan 2 somatic calling 
was initially employed to detect somatic SNPs and Indels 
using loose parameters, and the calling results were subse-
quently filtered with custom and more stringent criteria. 
Especially in tumor tissue samples, only bases with a depth 
of over 40× were considered, while for plasma samples, the 
minimum depth was 400×. Both tumor and plasma somatic 
variants (SVs) were required to have at least one support 
read for each strand with a background p-value under 0.05. 
In addition, the minor allele frequency for tumor and plasma 
SVs were not less than 2% and 0.2%, respectively. Among 
these SVs, those with a p-value of <0.05 along with a deeper 
depth of 100× and 1 000× for tumor and plasma, respec-
tively, and a larger allele frequency of over 5% and 1% for 
tumor and plasma, respectively, were termed as high-confi-
dence somatic variants (HCSVs) in the present study. All 
others were categorized as low-confidence somatic variants 
(LCSVs). Moreover, the bases that met the minimum depth 
requirement (100× for tumors and 1 000× for plasma), but 
had a minor allele frequency of less than 1% (for tumors) or 
0.1% (for plasma), were defined as wild types (WTs), while 
the other bases were considered to be in the gray zone, that 
is, no-calls (NCs) due to insufficient information.

Furthermore, common variants and potential background 
noises introduced by the platform were also excluded to 
ensure the reliability of the present data. In particular, SVs 
with a population frequency of >0.5%, according to the 
ExAC database or 1000 Genomes database, were excluded. 
In addition to these two databases, a sample pool based on 
30 healthy Chinese donors was also used as the standard 
normal database to identify either prevalent germline 
mutations in the Chinese population, or technical artifacts 
prevailing in sequencing platform. Variants with a preva-
lence of no less than 20% in the standard normal database 
were blacklisted in the present study and excluded from the 
downstream analysis. In addition, based on a similar concept 
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of variants with no less than 20% prevalence, the larger real-
life patient sample population, which contained more than 
5 000 samples of different cancer types, as tested by Genecast, 
Beijing, China on a Novaseq 6000 sequencer, were consid-
ered as sequencing-specific errors, and were also excluded 
from further analysis.

Finally, in order to compare the calling results between 
paired tumor-plasma samples and avoid uncertainty with 
no-call (NC) data points, merely SVs and WTs were taken 
into account. In other words, when a specific locus was 
observed to be NC in one sample, the concordance of this 
locus was not counted, even if the SV or WT was at the same 
position in the paired sample.

Statistical and concordance analysis. All patients 
with matching tDNA and ctDNA sequencing results were 
included in the final analysis, and all statistical tests were 
performed using the R v3.4.1 software. The concordance of 
HCSVs between tumor tissues and matched plasma samples 
was defined as the ratio of two times the number of concor-
dant variants over the total number of HCSVs from either 
tumor tissues or plasma samples, with NC genomic positions 
excluded. The Wilcoxon rank-sum test was used to compare 
two independent continuous variables. When comparing 
more than two independent samples, the Kruskal-Wallis test 
followed by Dunn-Bonferroni post hoc test was used. The 
statistical analyses were performed using SPSS version 20.0 
(IBM, New York, NY, USA) software. A p-value of <0.05 was 
regarded as significant.

Concordance= 
2×Count((HCSVtumor–NCplasma)∩(HCSVplasma–NCtumor))

Count(HCSVtumor–NCplasma)+Count(HCSVplasma–NCtumor)

Results

Patient characteristics. The baseline characteristics of 
patients (n=50) are summarized in Table 1. In the present 
study, 35 patients were male, and 15 patients were female. 
At the time of biopsy, the age of these patients ranged from 
34 to76 years, with a median age of 57.8 years. In total, 19 
patients were categorized as stage I, 11 patients were catego-
rized as stage II, 13 patients were categorized as stage III, and 
seven were categorized as stage IV NSCLC. In addition, 30 
patients had adenocarcinoma, 16 patients had squamous cell 
carcinoma (SCC), two patients had large cell lung cancer, and 
two patients had lymphoepithelial carcinoma.

Somatic variant landscape. Based on the filtering criteria, 
a total of 211 HCSVs were identified in tDNA, including 181 
SNVs and 30 INDELs. In contrast, 253 HCSVs were identi-
fied in plasma ctDNA, including 233 SNVs and 20 INDELs. 
Among both plasma ctDNA and tDNA, 42 overlapped 
HCSVs were identified, including 40 SNVs and 2 INDELs 
(Figure 1A).

In addition, tDNA revealed at least one mutation in 42/50 
patients (84%) (7/7 patients in stage IV vs. 35/43 patients in 
stage I–III). Importantly, the most frequently mutated genes 
observed in tDNA (N≥3) were TP53 (48% of patients), EGFR 

(34%), PIK3CA (10%), KRAS (8%), GNAS (6%), NFE2L2 
(6%), CYP2D6 (6%) and PTEN (6%) (Figure 2A). Similarly, 
for ctDNA, at least one mutation was detected in 45/50 
patients (90%) (7/7 patients in stage IV vs. 38/43 patients in 

Table 1. Patient baseline characteristics.
Characteristics Number
Age, year

≥60 25
<60 25

Gender
Male 35
Female 15

Smoking History 
Smoking 21
Nonsmoking 29

Histology
Adenocarcinoma 30
Squamous 16
large cell lung cancer 2
Lymphoepithelial carcoma 2

Stage
I 19
II 11
III 13
IV 7

Figure 1. A) Number of HCSVs identified in tDNA, plasma ctDNA, and 
both tDNA and plasma ctDNA. B) Concordance rate of HCSVs between 
plasma ctDNA and tDNA at mutation level in seven patients with late 
metastatic stage (stage IV) NSCLC. C) Concordance rate of HCSVs be-
tween plasma ctDNA and tDNA at mutation level in 43 patients with 
non-metastatic stage (stage I–III) NSCLC.
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ctDNA variant frequency in patients with metastatic stage, 
when compared to those with non-metastatic stage (p<0.001) 
(Figure 3B).

Mutation concordance in tDNA and plasma ctDNA. 
Higher variant concordance rates were observed between 
plasma ctDNA and tDNA in patients with metastatic stage, 
in comparison to those with earlier and non-metastatic 
stages (stage IV patients 61.5% vs. stage I–III patients 14.5%). 
A total of 39 and 73 HCSVs were identified in tDNA and 
ctDNA of seven patients with late stage NSCLC, respectively. 
Among these HCSVs, 28 HCSVs were overlapped variants, 
resulting in a 61.5% concordance rate at the mutation level 
(Figure 1B). Meanwhile, 43 non-metastatic stage NSCLC 
patients had 172 HCSVs in the tDNA and 180 HCSVs in 
the ctDNA. Among these, only 14 variants overlapped, 
leading to a 14.5% estimated concordance rate (Figure 1C). 
More specifically, the concordance rates in stage I, II and III 
NSCLC patients were 2.2%, 31.3% and 15.8%, respectively.

Analysis of the specificity and sensitivity of the ctDNA 
NGS-based test for detecting KRAS and actionable EGFR 
variants. Using tDNA as a reference, it was identified that 
the ctDNA NGS-based test exhibited high specificity for 

stage I–III), and the most frequently mutated genes (N≥3) 
observed were EGFR (14%), TP53 (14%), BRCA2 (10%), 
ALK (8%) and PIK3CA (6%) (Figure 2B).

The Kruskal-Wallis test indicated a p-value <0.001, upon 
comparing the allele frequency of somatic mutations in 
different stage patients. Furthermore, Dunn-Bonferroni 
post hoc test also indicated that allele frequency of somatic 
mutations in stage IV group patients was higher than stage I 
(p<0.001), II (p<0.001) and III (p=0.067) patients. Similarly, 
the allele frequency of somatic mutations in stage III group 
patients was higher than stage II (p=0.009) and I (p=0.054) 
patients. Collectively, these results indicated that allele 
frequency of detected HCSVs in ctDNA, increased with the 
advanced tumor stage (Figure 3A).

Furthermore, 16 of 50 patients (32%) had overlapping 
HCSVs between both tDNA and ctDNA. Interestingly, all 
seven stage IV NSCLC patients and nine stage I–III NSCLC 
patients had overlapping HCSVs. The most frequent overlap-
ping mutations (n≥2) were in the TP53 (12%), EGFR (8%), 
PIK3CA (4%) and HGF (4%) genes (Figure 2C). Consis-
tent with the variant frequency of individual HCSVs, the 
overlapped HCSVs also exhibited a significantly greater 

Figure 2. Mutation type (SNV, stopgain, frameshift deletion, non-frameshift deletion, frameshift insertion, and non-frameshift insertion) identified in 
tDNA is compared with that found in plasma ctDNA. A) High Confidence Somatic Variants detected in tDNA. B) High Confidence Somatic Variants 
detected in plasma ctDNA. C) Overlapped High Confidence Somatic Variants in plasma ctDNA and tDNA. Patients were categorized based on histol-
ogy type, size, stage, gender and age (bottom).

Figure 3. A) Allele frequency of detected HCSVs in ctDNA increased with the advanced tumor stage. B) The overlapped HCSVs also exhibited a sig-
nificantly greater ctDNA variant allele frequency in patients with metastatic stage (stage IV), when compared to those with non-metastatic stage (stage 
I–III). ***p<0.001, *p<0.05. Lines indicate the median value and interquartile range.



656 Y. CHEN, T. HAN, Y. ZHOU, B. MAO, W. ZHUANG

detecting actionable EGFR variants (L858R, G719X, T790M, 
exon 19 del and exon 20 ins) (100%; 31/31) and KRAS G12X 
(100%; 39/39) in 43 stage I–III NSCLC patients. However, 
this assay revealed a low sensitivity of 7.7% (1/13) for EGFR 
alterations (L858R, G719X, exon 19 del and exon 20 ins) 
and 25.0% (1/4) for KRAS mutations in stage I–III NSCLC 
patients. Interestingly, in metastatic NSCLC patients, no 
KRAS mutation was detected in both tDNA and ctDNA, 
but the ctDNA NGS-based test revealed a high sensitivity of 
66.6% (2/3) and a high specificity of 100% (4/4) for EGFR 
alterations (Table 2).

Clinical characteristic and mutation detection in the 
non-metastatic stage. Among non-metastatic stage NSCLC 

patients, the concordance of all variants was much higher in 
stage II and III (25.5%), than in stage I (2.2%). Furthermore, 
the concordance of all variants was also much higher in 
patients who specifically have a tumor size of ≥3 cm (26.1%), 
when compared to patients with a tumor size of <3 cm (4.0%) 
(Figure 4B). However, the concordance rate in patients 
with lymph node involvement (16.7%) was similar to those 
without lymph node involvement (13.5%) (Figure 5B).

The variant allele frequency of ctDNA in non-metastatic 
stage NSCLC patients with a tumor size of ≥3 cm was higher, 
when compared to patients with a tumor size of <3 cm, 
which had a marginal significance (Figure 4A, p=0.052). 
However, no significant difference was observed in variant 

Table 2. Summary of KRAS and actionable EGFR variants detection in tDNA and plasma ctDNA using the NGS-based test.

Patient ID Stage
Mutations detected in tDNA
(Variant Allele Frequency)

Mutations detected in plasma ctDNA
(Variant Allele Frequency)

2 I EGFR exon21: L858R (12.1%) None
3 I EGFR exon21: L858R (27.4%) None
4 I EGFR exon19 del (35.7%) None
8 I EGFR exon21: L858R (78.5%) EGFR exon21: L858R (1.4%)
12 I EGFR exon21: L858R (8.1%) None
15 I EGFR exon21: L858R (16.3%) None
19 I EGFR exon18: G719S (15.2%) None
33 II EGFR exon21: L858R (8.2%) None
34 II EGFR exon19 del (19.2%) None
32 III EGFR exon19 del (39.2%) None
30 III EGFR exon20 ins (48.5%) None
37 III EGFR exon18: G719A (21.5%)

EGFR exon20: T790M (21.9%)
None

41 III EGFR exon21: L858R (18.4%) None
45 IV EGFR exon19 del (44.4%) None
48 IV EGFR exon19 del (7.8%) EGFR exon19 del (8.7%)
50 IV EGFR exon21: L858R (60.%) EGFR exon21: L858R (5.1%)
6 I KRAS exon2: G12C (14.4%) None
18 I KRAS exon2: G12C (18.3%) None
20 II KRAS exon2: G12A (37.5%) KRAS exon2: G12A (5.4%)
21 II KRAS exon2:.G12A (37.2%) None

Figure 4. A) Allele frequency of detected HCSVs in ctDNA in non-metastatic stage NSCLC patients with a tumor size of ≥3 cm was higher, when 
compared to patients with a tumor size of <3 cm (p=0.052). B) In non-metastatic stage NSCLC, the concordance of HCSVs between plasma ctDNA 
and tDNA was much higher in patients who have a tumor size of ≥3 cm (26.1%), when compared to patients with a tumor size of <3 cm (4.0%). Lines 
indicate the median value and interquartile range.
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allele frequency between patients with and without lymph 
node involvement (Figure 5A, p=0.76). Similarly, no signifi-
cant difference was observed in the mutation detection 
between plasma ctDNA and tDNA in patient subtypes based 
on different clinical characteristics, including gender, age, 
smoking history and histopathological type.

Discussion

Numerous studies have demonstrated the high concor-
dance between mutation profiles obtained through ctDNA 
and tumor biopsy using the NGS test in late-stage NSCLC 
[24]. Similarly, the present results also revealed, with high 
confidence, the concordance (61.5%) among all variants 
between tumor tissues and matched plasma samples from 
the metastatic stage. Although tissue biopsy is the gold 
standard for molecular testing, there are several advantages of 
analyzing ctDNA over a tissue biopsy. First, the ctDNA NGS 
test makes the detection of actionable mutations possible 
when a tissue is hard to obtain or the quality of biopsy tissue 
is poor. Second, the biopsy is stressful for patients, and 
ctDNA is easily accessible during the entire disease course. 
In addition, the ctDNA test need less turnaround times, 
and is sometimes cost effective, considering the full cost 
of obtaining tissue samples, and the potentially extra costs 
involved due to biopsy complications [25–27].

However, there is very little evidence to establish the 
clinical utility of NGS-based ctDNA test for early stage 
cancer [22, 28]. Targeted sequencing using off-the-shelf 
panels, which does not require patient-specific optimization, 
appears to be a more cost-effective method to facilitate the 
clinical utility of liquid biopsy [3, 22, 29]. Thus, in the present 
study, a 1.15M cancer panel was used, which included 1 407 
genes, to assess whether ctDNA analyses can be useful for 
identifying important mutations in patients with stage I–III 
NSCLC.

Based on earlier studies, the concordance rate at the 
patient level was defined as (patients with true positive + 

patients with true negative) / the number of patients [22, 
28]. It was observed in a study conducted by Chen et al. 
that based on the screening of 50 genes, 31 of 76 patients 
with stage I–III NSCLC exhibited concordance mutations 
in both tDNA and ctDNA samples, while 21 patients had 
no mutations in both samples. The overall concordance 
rate was 68.4% [22]. Similarly, a study conducted by Xu et 
al. [28] revealed a concordant mutation in both tDNA and 
plasma ctDNA in 20 of 42 enrolled patients with stage III–IV 
NSCLC. Twelve samples did not have mutations in any of the 
50 screened genes, thereby indicating that patient concor-
dance for multiple genes in matched tDNA and ctDNA was 
76.2% [28]. Interestingly, the present results are consistent 
with the results of a previous study on patients with stage II–
IV NSCLC. Specifically, in the present study, 100% (7/7) of 
stage IV NSCLC patients harbored concordance mutations. 
However, among these stage II–III NSCLC patients, there 
were only seven of 23 harbor concordant mutations, while 
among these 20 stage I NSCLC patients, merely one patient 
had a concordant mutation.

Importantly, the concordance rate at the patient level was 
not sufficient to evaluate the efficiency of target sequencing. 
Thus, in the present study, a new concept of the mutation 
site concordance rate was defined to evaluate the concor-
dance between mutations found in ctDNA and tDNA. As a 
result, the concordance of all variants with high confidence 
between tumor tissues and matched plasma samples were 
observed to be 61.5% at the metastatic stage. In contrast, the 
concordance of all variants with high confidence between 
tumor tissues and matched plasma samples was only 14.5% 
at the non-metastatic stage. In particular, the concordance 
rate at stage I, II and III was 2.2%, 31.3%, and 15.8%, respec-
tively. This poor concordance rate at localized stage NSCLC, 
especially at stage I, can be attributed to the fact that the 
release of ctDNA is low when the tumor burden is low during 
early stage NSCLC. Thus, its detection is hard [11].

In addition, tDNA was used as a reference to calcu-
late the sensitivity and specificity of detecting EGFR and 

Figure 5. A) No significant difference was observed in allele frequency of detected HCSVs in ctDNA between non-metastatic stage NSCLC patients 
with and without lymph node involvement. B) In non-metastatic stage NSCLC, the concordance rate of HCSVs between plasma ctDNA and tDNA in 
patients with lymph node involvement (16.7%) was similar to those without lymph node involvement (13.5%). NS, not significant. N-, without lymph 
node involvement. N+, with lymph node involvement. Lines indicate the median value and interquartile range.
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KRAS variants in plasma ctDNA through NGS-based deep 
sequencing. The present results revealed that the specificity 
of the plasma ctDNA test is high in both the metastatic and 
non-metastatic stages. However, the sensitivity of the plasma 
ctDNA test was lower in the non-metastatic stage (7.7% for 
EGFR) than in the metastatic stage (66.6% for EGFR).

As mentioned earlier, the present study used a 1.15M 
panel, which covered 1 407 cancer-related genes, for assessing 
the importance of ctDNA. This has its own advantage, since 
a larger scale panel with a larger scale of sequence would 
provide an additional opportunity to detect rare mutations 
in a limited amount of plasma. However, as a downside, there 
is always a risk of high false positives with big size panels. 
Thus, specific filters need to be applied to increase the speci-
ficity. In order to achieve the balance between specificity and 
sensitivity in the present panel, the investigators considered 
variants with a calling of more than 1% allele frequency 
as HCSVs. It has also been observed that ctDNA concen-
tration levels were <0.5% in the majority of lung cancer 
patients in the early stage, and this number appeared to be 
a considerably lower than the detection thresholds of the 
sequencing methods used in the present study [24, 30, 31]. 
This would definitely pose a big challenge for the detection 
of low frequency mutations in early stage NSCLC. However, 
previous studies have also indicated that the concentration 
of ctDNA in plasma directly correlates with tumor size [32] 
and stage [24]. In this context, the study conducted by Bette-
gowda et al. [24] revealed a 100‑fold increase in median 
ctDNA concentration in patients with stage IV disease, when 
compared to patients with stage I disease. Consistent with 
this observation, the present study also revealed that the allele 
frequency of HCSVs in ctDNA was much higher in patients 
with late stage NSCLC. Furthermore, the allele frequency of 
overlapped HCSVs was also much higher in patients with 
stage IV, when compared to patients with stage I–III. It is 
also possible that at low ctDNA concentrations in the early 
stages of cancer, merely some mutations could be detected, 
while others can be missed [11]. Another recent report 
compared ctDNA levels with tumor volume by imaging in 
patients with relapsed high-grade serous ovarian cancer, and 
it was established that ctDNA levels and disease volume were 
significantly correlated [33]. In this report, the mutant alleles 
observed in plasma were elevated in fraction by approxi-
mately 0.08% and in concentration by six mutant copies per 
milliliter of plasma for every cubic centimeter of disease 
[33]. In the present study, it was also observed that the allele 
frequency of the detected HCSVs was larger in patients with 
tumors ≥3 cm, when compared to patients with a tumor size 
of <3 cm. Similarly, another independent study conducted 
by Chen et al. [22] also confirmed that patients with tumors 
≥3 cm had a significantly high ctDNA frequency. All these 
studies along with the present data demonstrate that liquid 
biopsy is a feasible option for patients with late stage lung 
cancer. However, more sensitive methods are required for 
patients with early stage cancers.

In order to understand the reasons of discordance in 
plasma ctDNA and tDNA data, intratumor heterogeneity 
can be an important factor. A recent study conducted by 
Jamal-Hanjani et al. [29], performed multi-region whole-
exon sequencing on 100 early-stage NSCLC tumors resected 
before systemic therapy. The results demonstrated that 30% 
of SNVs were identified as subclonal. Another recent study 
conducted by Xie et al. [34] analyzed 35 pairs of matched 
primary tumor tissues, metastatic lymph nodes and plasma 
from treatment-naïve patients with advanced NSCLC, to 
interrogate heterogeneity and similarity among these three 
sites, using a panel of 56 NSCLC-related genes. Their results 
showed 62.0% by-variant concordance rate among primary 
tumors, metastatic lymph nodes and plasma, and 76.4% 
by-variant concordance rate between primary tumors and 
metastatic lymph nodes. It is important to note that since 
biopsy samples may not include all mutations found within 
the tumor, the analysis of an individual biopsy might not 
accurately reflect the genomic architecture of a patient’s 
cancer and could introduce bias to the selection and efficacy 
of personalized medicine. In study conducted by Xu et al. [28], 
mutations identified in plasma ctDNA, but not in tDNA, were 
found in actionable genes, such as EGFR (p.G719X, p.T790M 
and 19 exon del) and BRAF (p.V600E). Thus, in this context, 
ctDNA may offer additional information, when compared to 
tDNA alone [28]. The combination of tDNA and ctDNA for 
molecular testing can provide a more thorough inspection of 
genetic variants.

In conclusion, the present study demonstrates that the 
concordance rate of variants in both ctDNA and tDNA 
generally trends towards a higher number in advanced stage 
NSCLC patients. This can be attributed to the increasing and 
higher ctDNA concentrations in the later stages of cancer 
patients. Finally, it appears that ctDNA NGS-based deep 
sequencing is a feasible approach for identifying mutations 
in patients with late stage (IV) NSCLC patients. However, 
additional methods with higher sensitivity and specificity 
would definitely be beneficial to improve the successful 
application of this platform in the earlier stages of NSCLC.
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