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Consistency of genotyping data from simultaneously collected
plasma circulating tumor DNA and tumor-DNA in lung cancer
patients
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Background: To clarify the rate of concordance between the results of concurrent sequencing of
circulating tumor DNA (ctDNA) and tumor tissue samples based in clinic settings, and to explore potential
factors influencing consistency.

Methods: A retrospective analysis of 27 patients with lung cancer who underwent gene sequencing at the
Department of Biotherapy of Tianjin Medical University Cancer Hospital from February 2016 to April
2019, was conducted by synchronous sequencing of tumor and plasma DNA samples and the concordance of
mutations in nine known driver genes was calculated.

Results: The overall concordance, sensitivity, and specificity for sequencing driver genes in plasma samples,
were 85.2%, 87.0%, and 75%, respectively, relative to tumor samples. Concordance was 100% in patients
with bone metastases, while the rate in those without bone metastases was 69.2%. Moreover, in patients
where both the driver gene and 7P53 mutations in plasma were detected, the findings of plasma sequencing
of the driver gene were identical to those of tumor sequencing (concordance: 100%).

Conclusions: Overall, our data show that circulating tumor DNA (ctDNA) was able to identify 75% of
the identical information in driver genes, with higher rates of concordance in lung cancer patients with bone

metastases or TP53 mutation-positive plasma samples.
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Introduction

In recent years, tumor genotype data has become
indispensable during treatment of advanced lung cancer.
It is commonly used in strategic decision-making when
considering whether targeted therapy, immunotherapy, or
traditional chemotherapy should be administered (1-3).
Hence, the collection of accurate and extensive molecular
tumor information has important clinical implications.

Since the discovery by Mandel 1964 of free nucleic
acid molecules in the plasma (4), circulating tumor DNA
(ctDNA) has led to several research breakthroughs. Early
detection, treatment selection, efficacy prediction, and
recurrence monitoring of cancer have been studied using
ctDNA, which has enabled the development of the liquid
biopsy approach. Liquid biopsy is considered a promising
clinical tool due to its advantages, which include being
noninvasive and highly reproducible. It is also able to
overcome the shortcomings of tumor heterogeneity (5-8).
Moreover, detection methods have continued to
improve, particularly with the introduction of next-
generation sequencing (NGS). NGS can provide more
extensive mutation data than the previously used method,
amplification refractory mutation system (ARMS), which
is widely used to detect hot-spot mutations (5). Hence, the
National Comprehensive Cancer Network (NCCN) panel
recommends NGS testing for assessment of molecular
profiles (9). However, current evidence supporting the
recommendation for routine clinical use of ctDNA analysis
is conflicting because of the associated levels of false-
positive and false-negative results (10).

In this study, we investigated implementation of the
liquid biopsy approach in clinical practice, with the aim of
facilitating accurate, and correctly interpreted, sequencing
results. We also aimed to clarify factors that may influence
discordance between genotyping results derived from
ctDNA assays and tumor specimens.

In addition, we noted that in a large number of studies
on the consistency difference, sequencing of tissue
samples occurred at a different time from blood testing
and, because of the obstacles of acquiring fresh tissue,
previously collected paraffin-embedded tumor specimens
were therefore adopted. Further, patients may have
received anti-cancer treatments during the period between
collection of the two types of specimen, which is expected
to generate dynamic alterations in ctDNA (11,12). To this
end, we conducted a retrospective analysis of sequencing
results from patients who underwent tissue and liquid
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biopsy simultaneously, which reduces the interference
of heterogeneity of temporal treatment, and assessed
the consistency between tissue and blood tests. Another
key point of this study was to explore indicators that can
assist in improving the consistency of ctDNA testing. We
present the following article in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-20-3162).

Methods
Patients and specimen collection

We retrospectively analyzed data from 231 patients with
lung cancer who underwent gene sequencing at the
Department of Biotherapy of Tianjin Medical University
Cancer Hospital from February 2016 to April 2019. All
procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved
by the Medical Ethics Committee of Tianjin Medical
University Cancer Hospital (No. E2016055). Individual
consent for this retrospective analysis was waived. The
inclusion criteria for this study were as follows: (I) the
sequencing panel included the nine driver genes; EGFR,
ALK, KRAS, ROSI, RET, MET, PIK3CA, HER-2, and
BRAF (9). (II) Tumor DNA and plasma DNA from the
patient were simultaneously analyzed; as the turnaround
time for testing tumor DNA was longer than that for
ctDNA, plasma genotyping was conducted first, resulting
in a difference in the times at which tissue and plasma
sequencing were conducted. Therefore, “simultaneous” was
defined as an interval of <14 days between tissue and blood
sampling. (III) Tissue samples used for genotyping were
from primary or metastasis tumor samples, while data from
analysis of pleural effusion, cerebrospinal fluid, pericardial
effusion, etc. were excluded. In total, tumor and plasma
samples from 27 patients with lung cancer were analyzed.

Tissue and plasma NGS genotyping

DNA was extracted and isolated using the QIAamp
DNAFFPE tissue kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions. DNA concentrations
were measured using the Qubit dsDNA assay (Thermo
Fisher Scientific, Waltham, MA). NGS panels consisted of 8
(3 cases), 56 (1 case), 168 (20 cases), and 520 (3 cases) genes.
A similar procedure was used for ctDNA extraction from
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whole blood. Supernatants were centrifuged for 10 min
(16,000 g, 4 °C) then 4 to 5 mL of plasma supernatants were
transferred to fresh tubes and extracted using the QIAamp
Circulating Nucleic Acid kit (Qiagen, Valencia, CA,
USA). Quantification of ctDNA was performed using the
Qubit 2.0 Fluorometer and the dsDNA HS assay kit (Life
Technologies, Carlsbad, CA, USA). A minimum of 50 ng of
ctDNA was required for NGS library construction. Median
sequencing depth of tumor and plasma NGS samples were
1,921x and 17,270x, respectively.

NGS library preparation

Extracted tumor DNA was sheared using a Covaris M220
instrument (Covaris Inc, Woburn, MA), followed by end-
repair, phosphorylation, and adaptor ligation. Fragments of
200-400 bp were selected using Agencourt AMPure beads
(Beckman Coulter, Brea, CA), followed by hybridization
with capture probe baits, hybrid selection with magnetic
beads, and PCR amplification. A bioanalyzer high-
sensitivity DNA assay was conducted to assess fragment
quality and size, and indexed samples were sequenced on
the NextSeq500 sequencer, with pair-end reads.

Sequencing data analysis

Sequencing data in FASTQ format were mapped to the
human hgl19 reference sequence (Human Genome version
19) using Burrows-Wheeler Aligner 0.7.10. Genome
Analysis Toolkit 3.2, MuTect, and VarScan were used
for local alignment optimization, variant calling, and
annotation, respectively. DNA translocation analysis was
conducted using Tophat2 and Factera 1.4.3.

Statistical analysis and evaluation of tumor DNA and
ctDNA data concordance

Concordance was defined as at least one identical driver
gene (EGFR, ALK, KRAS, ROSI, RET, MET, PIK3CA,
HER-2, BRAF) mutation in both tumor DNA and ctDNA
from a patient, or no mutation detected in both tumor
DNA and ctDNA from the same patient. Statistical analyses
were conducted using SPSS for Windows (version 22.0).
The sensitivity and specificity of driver gene mutation
detection in plasma samples was defined as the proportion
of patients positive and negative for known oncogenic driver
mutations detected in tissue (considered the gold standard)
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who were found to have positive and negative results,
respectively, on ctDNA NGS. We applied a non-parametric
trend test and Fisher’s exact test to evaluate variance in
concordance according to clinicopathological features. All P
values are two-sided and P<0.05 was considered statistically
significant.

Results
Patient characteristics

Genotype profiles were collected from 27 patients with
lung cancer, consisting of 22 adenocarcinomas, 2 squamous
cell carcinomas, 1 sarcomatoid carcinoma, 1 carcinoid, and
1 poorly differentiated carcinoma. As shown in Figure I,
most patients had stage IV tumors (92.6%) and were not
receiving therapy (63%). Only 7.4% (n=2) of patients
had stage III tumors. Tumor tissue and ctDNA tests were
conducted on the same day in 29.6% of patients, and 74.1%
of tumor tissue samples were obtained from primary lung
tumors. In total, 86 variants were detected in 50 different
genes, with 62 and 66 variants detected in tumor and
ctDNA sequences, respectively (Figure S1). TP53 and EGFR
variants were remarkably frequent in both tumor DNA and
ctDNA. Among driver mutations, EGFR exon 19 deletion
(19.4% and 14.3%) and exon 21L858R (16.1% and 16.1%),
were the most frequently detected in both tumor DNA and
ctDNA. The frequencies of single nucleotide variations
(SNVs) (n=80 and 76) and copy number variations (CNVs)
(n=14 and 13) were not significantly different between
tumor DNA and ctDNA samples (P=1.0).

Concordance of driver gene mutations between tDNA and
ctDNA

Concordance analysis of synchronous NGS data from the
27 patients with tumor DNA and ctDNA samples showed
that overall concordance was 85.2%, sensitivity was 87.0%,
specificity was 75 %, and the Kappa value was 0.514 (1able I).
Detailed information regarding concordance of driver gene
mutations is presented in 7izble 2. Next, we further explored
which factors were associated with inconsistence between
tumor DNA and ctDNA data; the results are presented in
Figures 1 and 2, and Figure S2. Surprisingly, concordance
between ctDNA and tumor DNA was significantly higher
in patients with bone metastases relative to those without
bone metastases (100% vs. 69.2%, P=0.041) (Figure 2),
while no such superior accuracy was detected in patients
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Figure 1 The comparison of clinical characteristics of consistent and inconsistent patients.

with metastases at other sites. In addition, other clinical
characteristics, including history of therapy, inspection sites,
and maximum tumor size showed no significant association
with concordance between tumor DNA and ctDNA. Among
the reasons for ordering DNA and ctDNA tests, the most
common was for initial detection of targetable mutations in
17 patients who had received no previous therapy. Among
the remaining patients who received more than first-line
treatment, 60% were administered an EGFR-targeted

© Journal of Thoracic Disease. All rights reserved.

tyrosine kinase inhibitor (TKI), and one patient received a
third generation TKI (Osimertinib) in second-line therapy
following resistance to gefitinib. Genetic information from
the six patients who developed EGFR-TXKI resistance are
presented in Figure S3. The EGFR mutation, T790M, was
identified in one patient (16.7%) from both tumor DNA
and ctDNA samples, and an original EGFR-activating
mutation (exon 19 deletion) was also detected. Other less
common alterations associated with the development of
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resistance have been reported (13,14), including PTEN
deletion (n=1) and 7P53 mutation (exon 5 and 6) (n=3). The
concordance of detecting alterations in tumor and plasma
samples in patients with systemic progression disease was
65.1% (15/23). Among patients who tested negative by
either plasma or tumor NGS, the concordance for detecting
SNVs was higher than for CNVs (65.5%, 57/87 vs. 20.0%,
4/20, P=0.001).

TPS53 mutation predicts concordance

As mentioned above, TP53 mutations were the most
common alteration detected. 7P53 mutations also commonly
co-occurred with changes to driver oncogenes, supported
by previous research (15,16). To accurately clarify the co-
existence of TP53 and driver mutations, this research exclude
patients who test in 8 genes panel not including 7P53, for
acquiring more gene information. EGFR (58.3%, 7/12)
alterations most frequently co-occurred with those of TP53
in ctDNA sequence data, followed by KRAS (16.7%, 2/12),
PIK3CA (16.7%, 2/12), and RET (8.3%, 1/12). Surprisingly,

our analysis indicated that, where TP53 and driver gene

Table 1 Concordance of driver gene mutation detection in tissue
versus plasma

Tumor
Plasma
Driver Non-driver
Driver 20 1
Non-driver 3 3

mutations are simultaneously detected in ctDNA, the
concordance rate between tumor and ctDNA tests for driver
genes was 100% (7able 3). Further, in tests of consistency in
samples positive for driver gene mutations, allele frequencies
(AFs) of driver alterations in ctDNA from patients with
co-mutation of TP53 were significantly higher than those
without co-mutation (median: 11.12% vs. 0.54%, P=0.006)
(Figure 3). Besides, among these patients with consistent
results, a higher number of those with 7P53 mutations did
not have lung metastasis, relative to those without 7P53
mutations (Table S1).

Discussion

Over the last decade, oncology research has increasingly
relied on genomic data, mainly derived from ctDNA
samples, shed into blood from primary and metastatic
cancers (12). Although tissue biopsy-based NGS is
recommended as the primary choice by the NCCN panel,
in approximately 14% of cases treated at large academic
cancer centers, insufficient tissue is obtained for use in
NGS. Furthermore, NGS data from one site may not be
representative of the whole tumor because of intra-tumor
heterogeneity. Hence, ctDNA analysis has advantages for
a proportion of patients. Consequently, NGS of ctDNA is
considered complementary to tumor tissue analysis.
Nevertheless, the accuracy and concordance of data
from ctDNA, relative to tumor gene sequencing, remains
uncertain. In particular, concordance rates are unclear.
In this study, the detected concordance rate (85.2%) was
superior to those in previously published prospective and

Table 2 Detailed driver positive and negative mutations detected in tissue versus plasma

Driver-positive

Driver-negative

Driver Detected in tumor Detected in plasma Detected in tumor Detected in plasma
FGFR 13 10 (76.9%) 0 0
KRAS 3 3 (100%) 0 0
ALK 3 2 (66.7%) 0 0
MET 1 1 (100%) 0 0
ROS-1 1 0 °
RET 2 2 (100%) 0 0
BRAF 0 0 °
ERBB2 1 0 °
PIK3CA 2 2 (100%) 0 !
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Figure 2 The relationship between consistency and distant metastases sites.

Table 3 Co-existence of TP53 and driver gene mutations in plasma
DNA samples

Driver genes (+) Driver genes (-)

Consistent
TP53 (+) 11 0
TP53 (-) 7 2

Inconsistent
TP53 (+) 0 1
TP53 (-) 1 2

retrospective studies assessing the utility of ctDNA (56.6-
79%) (2,12,17-20). This discrepancy may be due to the
fact that most patients in the present study had advanced
lung cancer and hence a greater tumor burden (18);
however, a previous study where all enrolled subjects had
advanced lung cancer reported a concordance rate of only
56.6% (12), which is substantially lower than our findings.
Another potential factor influencing the results is the
time interval between the plasma draw date and tissue
biopsy, which was longer in the previous study than in this
investigation (median: 21 vs. 3 days, interquartile range:
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183 vs. 5 days). While there remains no agreement on an
appropriate cut-off point for time differences between tissue
and blood samples in concordance analysis, many studies
have indicated that concordance increases with decreased
interval time (2,17,20). Other potential influences, such as
tumor evolution or intervening treatment, may also have
contributed to the higher rate of concordance found in
this study. In order to identify the clinical utility of ctDNA
analysis, we further explored the influence of clinical
characteristics on concordance. Our findings indicated that
patients with bone metastases are found to yield greater
accuracy for tissue and plasma in this study. This finding is
supported by several previous reports (10,21,22), indicating
that greater tumor burden and advanced tumor stage,
usually accompanied by bone metastases (11), are promising
predictors of higher sensitivity.

This study is the first to report that detection of TP53
mutation in plasma samples is a powerful indicator of
reliable ctDNA sequencing of driver genes. This interesting
finding relates to lung cancer driver mutations, where
mutations of 7P53 and other driver genes are the trunk
genes in the evolution of lung cancer (7,23). Accordingly,
detection of TP53 mutation is a credible marker of the
reliability of the results of driver gene analysis. Importantly,
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Figure 3 The concordance and allele frequency (AF) of ctDNA in TP53 positive and negative.

in this study there were no patients who were negative for
driver gene mutations and for 7P53 mutation in plasma.
Thus, the predictive power of TP53 mutation could not
be determined, and additional investigation to address
this issue is warranted. Moreover, we found that AFs
of driver alterations in ctDNA were higher in patients
with co-mutation of 7P53, which will also have reduced
the likelihood of false negative findings from ctDNA

sequencing.

Conclusions

Overall, our data show that simultaneous sequencing
of ctDNA and tumor DNA results in high levels of
concordance for driver gene analysis, while the ctDNA
approach has the advantage of being minimally invasive.
Furthermore, the results of sequencing driver genes in
ctDNA are more reliable for lung cancer patients with bone
metastasis and those positive for 7P53 mutation in ctDNA
samples.
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