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Abstract
Background  Circulating tumor DNA (ctDNA) has been becoming a novel convenient and noninvasive method for 
dynamically monitoring landscape of genomic information to guild personalized cancer treatment. In this study we 
comprehensively evaluated the additional value of plasma ctDNA to routine tissue next generation sequencing (NGS) 
of therapeutically targetable mutations in lung cancers.

Methods  The tumor tissues and peripheral blood samples from 423 cases of patients with lung cancer were 
subjected to NGS of mutations in oncodrivers (EGFR, ERBB2, ALK, ROS1, C-MET, KRAS, BRAF, RET, BRCA1 and BRCA2).

Results  One hundred and ninety-seven cases showed both plasma and tissue positive and 96 showed both 
negative. The concordance for tissue and blood detection was 69.27% (293/423). 83 (19.62%) cases showed positive 
by tissue NGS alone and 47 (11.11%) positive by plasma ctDNA alone. The sensitivity of tissue and plasma detection 
was 85.63%, and 74.62%, respectively. Plasma had lower detection and sensitivity than tissue, but plasma additionally 
detected some important mutations which were omitted by tissue NGS. Plasma plus tissue increased the detection 
rate of 66.19% by tissue alone to 77.30% as well as the sensitivity of 85.63–100%. Similar results were also observed 
when the cases were classified into subpopulations according to different stages (IV vs. III vs. I-II), grades (low vs. 
middle grade) and metastatic status (metastasis vs. no metastasis).

Conclusion  Plasma ctDNA shares a high concordance with tissue NGS, and plasma plus tissue enhances the 
detection rate and sensitivity by tissue alone, implying that the tissue and plasma detection should be mutually 
complementary in the clinical application.
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Introduction
A recent global cancer investigation by the International 
Agency for Research on Cancer revealed that lung can-
cer ranks the second most diagnosed cancer and the 
main cause of cancer death in 2020, with an estimation of 
2,200,000 new cancer cases (11.4%) and 1,800,000 cancer 
death in 2020 (18.0%) [1]. Lung cancer has a worse prog-
nosis, with a 5-year survival of less than 18% [2]. Despite 
the advancement of various treatments, such as surgery, 
chemotherapy, radiotherapy, targeted therapy and immu-
notherapy, the outcomes and prognosis of lung cancer 
are still unsatisfactory, which may be due to high intra- 
and inter- tumoral genomic heterogeneity.

Tumor tissue-based next generation sequencing (NGS) 
of therapeutic targets is important for personalized pre-
cision treatment for lung cancer, while tumor tissues may 
not always be available (especially for advanced cancers 
with a poor clinical condition) or may be ineligible for 
NGS. Circulating tumor DNA (ctDNA) is a novel non-
invasive method for obtaining landscape of genomic 
information to guide personalized cancer treatment 
that overcomes the effect of intratumor heterogeneity 
[3]. ctDNA has been rapidly using for molecular profil-
ing, monitoring and prognostication of cancers [4, 5], 
with a good concordance with the matched tumor tissue 
NGS [6]. In lung cancer, plasma ctDNA has a satisfactory 
sensitivity in the identification of oncogenic mutations, 
with a high tissue concordance [7–10]. For example, Lin 
et al. showed that tissue NGS had a significantly higher 
sensitivity (identification of 74 mutations, 94.8%) of 
identifying the clinically relevant mutations in lung ade-
nocarcinoma than plasma (41 mutations, 52.6%), with an 
overall concordance of 59%; tissue NGS exhibited signifi-
cantly higher sensitivity and accuracy in comparison with 
plasma-NGS, regardless of assay in newly diagnosed vs. 
treated patients, and metastatic vs. nonmetastatic dis-
ease; plasma-NGS also plays an important role in detec-
tion of clinically relevant alterations, especially when 
tissue testing is not available, while with a low sensitivity, 
which means that a negative plasma-NGS result should 
be validated through a tissue-based assay [7]. Plasma 
comprehensive molecular profiling is reliable to detect 
oncogenic drivers in advanced non-small-cell lung can-
cers (NSCLCs), although it cannot replace tissue NGS 
[8]. However, these studies just involved inadequate cases 
or limited analysis.

Until now there have very few reports observing the 
additional value of plasma ctDNA to routine tissue NGS 
in the detection of clinically relevant mutations in large 
number of lung cancers, not only in whole population 
but also in subpopulations classified according to dif-
ferent stage, grades and metastatic status, yet. In this 
study we comprehensively observed the detective effi-
cacy of tissue- vs. plasma- vs. plasma plus tissue- NGS 

of therapeutically targetable mutations in 423 lung can-
cer patients and also assessed the detection by plasma 
ctDNA plus tissue NGS to tissue NGS alone.

Materials and methods
During February 2020 and September 2021, a total of 426 
cases of patients with lung cancer who were collected 
peripheral blood before the treatment and received surgi-
cal resection at 56 hospitals were enrolled in this study 
(Supplemental material). This study was approved by the 
ethics committees of all the participating hospitals.

All the patients did not receive chemotherapy or radio-
therapy before the collection of peripheral blood and sur-
gical resection of tumor tissues, and they had sufficient 
quality and quantity of tissue DNA for NGS. Diagnosis 
was based on the morphology of hematoxylin & eosin 
staining (HE) by two experienced molecular pathologists, 
and the tumor cell content (tumor purity) was higher 
than 50%.

For the formalin-fixed paraffin-embedded (FFPE) of 
tumor tissues, 8–10 of 5–10  μm tumor slices were col-
lected, and blood samples from patients were collected 
in Ethylene Diamine Tetraacetic Acid (EDTA) tubes for 
further use. Collected FFPE of tumor tissues and the 
matched blood samples were then transferred to the 
laboratory. DNA extraction was used by the DNeasy 
Blood and Tissue Kit (69,504, QIAGEN, Venlo, Nether-
lands) according to the manufacturer’s instructions. The 
content of DNA was determined by Agilent 2100 Bio-
analyzer (USA). The targeted libraries were constructed 
using NGS Fast DNA Library Prep Set (Thermo Fisher, 
Waltham, MA, USA). DNA sequencing was then per-
formed on Illumina Novaseq 6000 platform according to 
the manufacturer’s instructions. ZhenXinan ctDNA NGS 
Panel (Tongshu BioTech, Shanghai, China)  adequately 
covering oncodriver genes targeted NGS was used to 
identify mutations. All the tumor tissues and peripheral 
blood (plasma) samples were subjected to NGS of onco-
driver mutations. The average sequencing depth in tis-
sues is ≥ 1000×; the average sequencing depth in plasma 
cfDNA is ≥ 7000×. The variant allele frequency (VAF) is 
≥ 1% for tissue DNA and ≥ 0.1% for cfDNA from plasma. 
BWA (Burrows-Wheeler-Alignment) software was used 
to compare the sequencing data. GATK (The Genome 
Analysis Toolkit), M uTect [11] and VarScan [12] were 
used to alignment optimization, variant calling and anno-
tation, respectively.

Samples which were identified at least one mutation in 
oncodrivers (EGFR, ERBB2, ALK, ROS1, C-MET, KRAS, 
BRAF, RET, BRCA1 and BRCA2) by any of the tissue 
and plasma assays were considered true positive, and 
those showed negative by both assays were considered 
true negative [7]. Concordance was defined as the num-
ber of concordant positive and negative cases/total cases 
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× 100%, positive detection rate was calculated as the 
detected case number/total case number, and sensitivity 
was shown as the detected case number of true positive/
total true positive case number × 100%.

Results
A total of 426 patients were enrolled in this study. 3 
patients who were combined with other types of cancers 
were excluded. The flow chart is shown in Fig. 1. Finally, 
423 cases of patients with lung cancer were retrospec-
tively reviewed. The basic characteristics of all the cases 
were presented in Table S1, including 227 males and 196 
females, with a median age of 63 years (range, 30–88 
years). Regarding histological types, lung adenocarci-
noma was the most common subtype (301/423, 71.16%), 
followed by lung cancer (96/423, 22.69%) and other sub-
types (26/423, 6.15%). There were 204 patients at stage 
IV, 187 at stage III and 32 at stage I-II, 321 patients with 
low grade cancer and 102 patients with middle grade 
cancer, and 261 patients with metastasis and 162 without 
metastasis.

35 mutated genes were tested in all the samples of 
patients (EGFR, TP53, FGFR2, PTEN, RET, APC, KRAS, 
NRAS, BRCA1, BRCA2, PIK3CA, CCND1, ERBB2, 
FGFR3, FGFR1, BRAF, CDKN2A, CDK4, AKT1, MET, 
NTRK1, DDR2, DNMT3A, STK11, RB1, ALK, CTNNB1, 
FBXW7, CHEK2, CCNE1, KIT, NF1, SMARCA4, ATM, 
POLE). A total of 1048 gene mutations were identified 
in all the samples, of which 605 mutations were identi-
fied in tissue samples and 443 were identified in plasma 

ctDNA samples. In all the 423 patients, no mutations 
were detected in tissue and matched blood samples of 44 
patients. The mutation type of each oncodriver was sum-
marized in Table 1. EGFR had the most mutation types 
(28), followed by KRAS (14), ALK (9), ERBB2 (6), etc. In 
addition, the most mutated oncodrivers were: EGFR (191 
in tissue vs. 163 in plasma), KRAS (52 vs. 55), ERBB2 (24 
vs. 15), MET (mainly CNV amplification) (20 vs. 4), ALK 
(mainly EML-ALK fusion) (10 vs. 10), BRAF (5 vs. 5), 
RET (7 vs. 2), BRCA1 (3 vs. 3), ROS1 (1 vs. 3) and BRCA2 
(1 vs. 1) (Fig. 2A, Table S2). The most common types of 
mutations were EGFR p.Leu858Arg (94 in tissue vs. 71 
in plasma), EGFR p.Glu746_Ala750del (55 vs. 51), EGFR 
CNV amplification (35 vs. 8), KRAS p.Gly12Cys (17 vs. 
17), KRAS p.Gly12Val (11 vs. 14), EGFR p.Thr790Met (10 
vs. 12), and MET CNV amplification (17 vs. 3) (Fig. 2B, 
Table S2).

Among 423 cases, 280 cases showed tissue positive, 
242 cases showed plasma positive. In all the 280 posi-
tive tissue samples, 364 mutations of oncodrivers were 
detected, the average number was 1.29. In all the 242 
positive plasma samples, 284 mutations of oncodrivers 

Table 1  Detected oncogenic mutation types
Mutated 
genes

Detected mutations

EGFR (28) p.Leu858Arg, p.Glu746_Ala750del, p.Asp770_Pro772dup
p.Glu709_Thr710delinsAsp, p.Leu747_Glu749del
p.Leu747_Ala750delinsPro, p.Thr790Met, 
p.Ala767_Val769dup
p.Leu861Gln, p.Ser768_Asp770dup, p.Ser752_Ile759del
p.Leu747_Pro753delinsSer, p.Glu746_Ala750delinsIlePro
p.Glu746_Thr751delinsAla, p.Leu747_Thr751del
p.Glu746_Thr751delinsIle, p.Asn771_His773dup,
p.Thr751_Ile759delinsAla, p.Glu746_Ser752delinsVal, 
p.Gly719Ala
p.Glu709Lys, p.Gly719Ser, p.Ser768Ile, p.Gly719Cys, 
p.Glu709Gly
p.Leu747_Thr751delinsPro, p.Glu746_Thr751delinsLeu
CNV amplification

KRAS (14) p.Gly12Val, p.Gly12Cys, p.Gly12Phe, p.Gln61His, p.Ala146Thr
p.Gly12Asp, p.Gln61Leu, p.Gly13Val, p.Gly13Asp, p.Gly12Ala
p.Gly13Cys, p.Gly12Ser, p.Gly13Asp GoF, CNV amplification

ALK (9) p.Gly1202Arg, p.Leu1196Met, p.Phe1174Leu, EML4 (13)-ALK 
(20) fusion
EML4 (14)-ALK (19) fusion, EML4 (6)-ALK (20) fusion, EML4 
(21)-ALK (20) fusion, C2orf91 (4)-ALK (20) fusion, KIF5B (17)-
ALK (20) fusion

ERBB2 (6) p.Tyr772_Ala775dup, p.Gly776delinsValCys, 
p.Gly778_Pro780dup
p.Val777Lue, p.Ser310Phe, CNV amplification

ROS1 (4) CD74 (6)-ROS1 (34) fusion GoF, CD74 (7)-ROS1 (33) fusion
SDC4 (4)-ROS1 (32) fusion, EZR (9)-ROS1 (33) fusion

MET (3) c.3028 + 1G > T, c.2942-13_2974del, CNV amplification

BRCA1 (4) p.Trp1782Ter, p.Thr1691Lys, p.Ser988Ter, c.5332 + 1G > A

BRCA2 (1) p.Arg2494Ter

BRAF (2) p.Val600Glu, p.Gly469Ala

RET (2) CCDC6 (1)-RET (12) fusion, KIF5B (15)-RET (12) fusion

Fig. 1  Overview of patient enrollment in this study
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were detected, the average number was 1.16. 197 cases 
showed both plasma and tissue positive, and 96 showed 
both negative. The concordance for the positive and 
negative detection rates between the above two meth-
ods were 46.57% (197/423) and 22.70% (96/423), respec-
tively, and total concordance was 69.27% (293/423). 
Interestingly, 83 (19.62%) cases showed positive by 
tissue NGS alone (positive in tissues but negative in 
plasma) and 47 (11.11%) positive by plasma ctDNA 

alone (positive in plasma but negative in tissues). The 
total positive case number was 197 + 83 + 47 = 327. The 
detection rate for tissue, plasma, and plasma plus tis-
sue was (197 + 83)/423 = 66.19%, (197 + 47)/423 = 57.68%, 
and (197 + 83 + 47)/423 = 77.30%, respectively. Sensitiv-
ity of tissue, plasma and plasma plus tissue detection 
was (197 + 83)/327 = 85.63%, (197 + 47)/327 = 74.62%, and 
(197 + 83 + 47)/327 = 100.00%, respectively. The result was 
shown in Tables S3 and Table S4, and Fig. 3A.

Fig. 3  Detection rate and sensitivity for tissue, plasma and the combination in the identification of therapeutically targetable mutations in lung cancer 
patients and different subpopulations. (A) Detection rate and sensitivity in the whole lung cancer patients. (B) Detection rate and sensitivity in lung cancer 
patients at stage IV, III and I-II. (C) Detection rate and sensitivity in lung cancer patients with low and middle grades. (D) Detection rate and sensitivity in 
lung cancer patients with and without metastasis

 

Fig. 2  Mutations detected by tissue and plasma ctDNA NGS. (A) Top mutated genes with most mutations detected by tissue and plasma ctDNA NGS, 
respectively. (B) Top frequent mutations detected by tissue and plasma ctDNA NGS, respectively
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There were 204 stage IV, 187 stage III, and 32 I-II 
patients. As shown in Table S3, Table S4 and Fig.  3B, 
for 204 stage IV patients, 101 (49.51%) and 46 (22.55%) 
showed concordant positive and negative in tissue and 
plasma, respectively. The concordance for detection 
in tissue and blood was 72.06% (147/204). The detec-
tion rates for tissue, plasma and the combination were 
65.20%, 61.76% and 77.45%, respectively. The above sen-
sitivity was 84.18%, 79.75%, and 100%, respectively. For 
187 stage III patients, the total concordance was 64.17% 
(120/187), the detection rate was 66.84%, 54.54% and 
78.61%, respectively; and sensitivity was 85.03%, 69.39% 
and 100%, respectively. For the remaining 32 stage I-II 
cases, the total concordance was 81.25%, detection rates 
were 68.75%, 50% and 68.75%, respectively, and the sensi-
tivity was 100%, 72.73% and 100%, respectively.

Among 321 low grade patients, the total detection con-
cordance was 71.34% (229/321). Detection rates for tis-
sue, plasma and the combination were 65.11%, 61.37% 
and 77.57%, respectively; and sensitivity of the above 
was 83.94%, 79.12% and 100%, respectively. Among the 
remaining 102 patients with middle grade cancer, the 
total detection concordance was 62.75% (64/102). Detec-
tion rates were 69.61%, 46.08% and 76.47%, respectively; 
and sensitivity of the above was 91.03%, 60.26% and 
100%, respectively (Tables S3, Table S4 and Fig. 3C).

Among 261 patients with metastatic cancer, the total 
concordance was 72.80% (190/261). Detection rates for 
tissue, plasma and the combination were 68.97%, 62.45% 
and 79.31%, respectively; and sensitivity was 86.96%, 
78.74% and 100%, respectively. For the remaining 162 
patients without metastatic cancer, the total concordance 
was 63.58% (103/162). Detection rates were 61.73%, 
50.0% and 74.07%, respectively; and sensitivity was 
83.33%, 67.50% and 100%, respectively (Tables S3, Table 
S4 and Fig. 3D).

Interestingly, not only in whole-patient population 
but also in subpopulations classified according to stages, 
grades and metastatic status, there were some positive 
cases detected only in tissue and some having therapeuti-
cally targetable mutations exclusively detected in plasma 
(Tables S3 and Table S4).

 [14] [14–16] [17, 18] [19]In addition, we emphatically 
observed the efficacy between the tissue and plasma 
ctDNA NGS in the detection of some important clinically 
relevant mutations, including EGFR (containing several 
main types of mutations), EGFR p.Leu858Arg, EGFR 
p.Thr790Met, EGFR deletions in exon 19, ALK fusion 
(EML4-ALK), RET fusion, ROS1 fusion, ALK/RET/ROS1 
fusion, MET gene amplification/variants and BRAF 
p.Val600Glu. It was shown that more mutations could 
be detected in tissues or plasma, and the combination 
of the tissue and plasma assays resulted in higher detec-
tion rates and sensitivity than any of the two methods 

(Table 2). In addition, we compared VAF between tumor 
tissues and plasma ctDNA of these important clinically 
relevant mutations. The results showed that VAF of 
some mutations in tumor tissues are significantly higher 
than those in plasma, e.g. EGFR p.Leu858Arg, KRAS 
p.Gly12Cys and ALK (Figure S1; Table S5).

Discussion
EGFR, ERBB2, ALK, ROS1, MET, KRAS, BRAF, RET, 
BRCA1, BRCA2, etc. are important drive genes for the 
pathogenesis and development of cancers. It is believed 
that lung cancers are driven by activating or inactivating 
mutations of multiple oncogenes or tumor suppressor 
genes, such as EGFR, KRAS, MET, and BRAF, and trans-
locations in the ALK, ROS1, etc. In this study, we com-
prehensively observed the detection efficacy of tissue- vs. 
plasma- vs. plasma plus tissue- based NGS of oncodriver 
mutations as well as compared plasma plus tissue NGS 
to tissue NGS alone in whole population of 423 lung can-
cer patients and subpopulations classified according to 
stages, grades and metastatic status.

The results showed that mutations or CNV ampli-
fications in oncodriver genes were highly occurred in 
EGFR, KRAS, ERBB2, MET (mainly CNV amplification), 
and ALK (mainly EML-ALK fusion) by both tissue- and 
plasma ctDNA- based NGS detection. Moreover, EGFR, 
KRAS, MET, ERBB2, ALK, etc. were detected with most 
mutations, no matter what methods were used. These 
results showed that both tissue and plasma NGS before 
systemic therapy are effective in the detection of impor-
tant oncodriver mutations in lung cancer.

Among a total of 423 cases, concordance for the detec-
tion rates of the two methods was 69.27%. The detection 
rate (57.68%) and sensitivity (74.62%) for plasma were 
lower than those for tissue (66.19% and 85.63%, respec-
tively). The positive cases in tissues only were more than 
in plasma only (83 cases vs. 47 cases). In addition, simi-
larly in subpopulations classified according to stages, 
grades and metastatic status, the detection rate and sen-
sitivity for plasma in different subpopulations were all 
lower than in tissues, and there were more positive cases 
detected in tissue only than those in plasma only. These 
results demonstrated that tissue-NGS is superior to the 
corresponding plasma ctDNA in the detection of thera-
peutically targetable mutations (not only the detection 
rates but also the detected number and types of onco-
genic mutations) in lung cancers, regardless of stages, 
grades and metastatic status, indicating tumor tissue-
NGS is a preferred means for molecular profiling of lung 
cancers as long as tissues are available.

Plasma ctDNA can be conveniently and dynamically 
used to detect cancer-related gene mutations in periph-
eral blood to provide basis of precise therapy for can-
cers, without the necessity of collect solid cancer samples 
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Tissue+ Tissue- Total
EGFR
(N = 423)

ctDNA+ 140 23 163 Tissue sensitivity
Tissue detection rate

89.25%
45.15%

ctDNA- 51 209 260 Plasma sensitivity
Plasma detection rate

76.17%
38.53%

Total 191 232 423 Total detection rate 50.59%

EGFR p.Leu858Arg
(N = 423)

ctDNA+ 67 4 71 Tissue sensitivity
Tissue detection rate

95.92%
22.22%

ctDNA- 27 325 352 Plasma sensitivity
Plasma detection rate

72.45%
16.78%

Total 94 329 423 Total detection rate 23.64%

EGFR p.Thr790Met
(N = 423)

ctDNA+ 8 4 12 Tissue sensitivity
Tissue detection rate

71.43%
2.36%

ctDNA- 2 409 412 Plasma sensitivity
Plasma detection rate

85.71%
2.84%

Total 10 413 423 Total detection rate 3.31%

EGFR exon19del
(N = 423)

ctDNA+ 64 10 74 Tissue sensitivity
Tissue detection rate

89.25%
19.62%

ctDNA- 19 330 349 Plasma sensitivity
Plasma detection rate

79.57%
17.49%

Total 83 340 423 Total detection rate 21.98%

KRAS
(N = 423)

ctDNA+ 38 17 55 Tissue sensitivity
Tissue detection rate

75.36%
12.29%

ctDNA- 14 354 368 Plasma sensitivity
Plasma detection rate

79.71%
13.0%

Total 52 371 423 Total detection rate 16.31%

KRAS p.Gly12Cys
(N = 423)

ctDNA+ 13 4 17 Tissue sensitivity
Tissue detection rate

80.95%
4.02%

ctDNA- 4 402 406 Plasma sensitivity
Plasma detection rate

80.95%
4.02%

Total 17 406 423 Total detection rate 4.96%

KRAS p.Gly12Val
(N = 423)

ctDNA+ 10 4 14 Tissue sensitivity
Tissue detection rate

73.33%
2.60%

ctDNA- 1 408 409 Plasma sensitivity
Plasma detection rate

93.33%
3.31%

Total 11 412 423 Total detection rate 3.55%

ERBB2
(N = 423)

ctDNA+ 12 3 15 Tissue sensitivity
Tissue detection rate

88.89%
5.67%

ctDNA- 12 396 408 Plasma sensitivity
Plasma detection rate

55.56%
3.55%

Total 24 399 423 Total detection rate 6.38%

MET
(N = 423)

ctDNA+ 2 2 4 Tissue sensitivity
Tissue detection rate

90.91%
4.73%

ctDNA- 18 401 419 Plasma sensitivity
Plasma detection rate

18.18%
0.95%

Total 20 403 423 Total detection rate 5.2%

MET CNV amplification
(N = 423)

ctDNA+ 1 2 3 Tissue sensitivity
Tissue detection rate

89.47%
4.02%

ctDNA- 16 404 420 Plasma sensitivity
Plasma detection rate

15.79%
0.71%

Total 17 406 423 Total detection rate 4.49%

ALK
(N = 423)

ctDNA+ 3 7 10 Tissue sensitivity
Tissue detection rate

58.82%
2.36%

ctDNA- 7 406 413 Plasma sensitivity
Plasma detection rate

58.82%
2.36%

Total 10 413 423 Total detection rate 4.02%

Table 2  Important clinically relevant mutations detected by tissue vs. plasma vs. plasma plus tissue-based NGS.
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[3–6], while the low content of DNA in blood hampers 
the wide application of ctDNA. In Schwartzberg et al.’s 
study, they found that liquid biopsy increases the detec-
tion of actionable biomarkers in patients with limited tis-
sue, confirming its value to rescue the patients with tissue 
unavailable for genomic analysis; however, limited added 
value of concurrent liquid biopsy in patients that receive 
tissue comprehensive genomic profiling results [13]. 
Interestingly, we showed in whole lung cancer patients 
and subpopulations (patients at different stages, and 
with different grades and metastatic status), in addition 
to some positive cases detected only in tissue, there was 
some percentage of cases (6.86-12.46%) having thera-
peutically targetable mutations only detected by plasma 
ctNDA. These results indicated that plasma could addi-
tionally capture some therapeutically targetable muta-
tions in lung cancers which might be taken as wild type 
in tissues, implying that the tissue and plasma detection 
results should be mutually supplementary.

In a total of 423 cases, although the detection rate 
and sensitivity of plasma were lower, plasma plus tis-
sue increased the detection of 66.19% by tissue only to 
77.30% and sensitivity of 85.63% by tissue only to 100%. 

Similar results were observed in subpopulations accord-
ing to different stages (IV vs. III vs. I-II stage), grades (low 
vs. middle grade) and metastatic status (with vs. without 
metastasis). These results suggested that plasma ctDNA 
could effectively enhances the detection rate and sensitiv-
ity of therapeutically targetable mutations by tissue only.

Interestingly, the results showed that higher concor-
dance for positive detection rates between tissue- and 
plasma- NGS in I-II stage/IV vs. III (50%/49.51% vs. 
42.78%), low vs. middle grade (48.91% vs. 39.22%), and 
metastatic vs. non-metastatic lung cancer (52.11% vs. 
37.65%). The detection rate and sensitivity for plasma 
ctDNA was higher in IV vs. III stage, low vs. middle 
grade, and metastatic vs. non-metastatic cancer. This 
might be explained that samples from patients at more 
serious status such as stage IV [14] and low grade and 
metastasis [15] have more detectable mutations of can-
cer-related genes.

Our result is inconsistent with some previous stud-
ies. For example, Metzenmacher et al. reported a 62.5% 
mutation positive concordance between tissue-and 
plasma-NGS in 61 stage IV patients with NSCLC and 
more somatic variants identified through ctDNA in 

Tissue+ Tissue- Total
ALK fusion
(N = 423)

ctDNA+ 3 5 8 Tissue sensitivity
Tissue detection rate

96.97%
91.43%

ctDNA- 6 409 415 Plasma sensitivity
Plasma detection rate

45.45%
42.86%

Total 9 414 423 Total detection rate 94.29%

BRAF
(N = 423)

ctDNA+ 3 2 5 Tissue sensitivity
Tissue detection rate

71.43%
1.18%

ctDNA- 2 416 418 Plasma sensitivity
Plasma detection rate

71.43%
1.18%

Total 5 418 423 Total detection rate 1.65%

RET
(N = 423)

ctDNA+ 1 1 2 Tissue sensitivity
Tissue detection rate

87.5%
1.65%

ctDNA- 6 415 421 Plasma sensitivity
Plasma detection rate

25%
0.47%

Total 7 416 423 Total detection rate 1.89%

BRCA1
(N = 423)

ctDNA+ 2 1 3 Tissue sensitivity
Tissue detection rate

75%
0.71%

ctDNA- 1 419 420 Plasma sensitivity
Plasma detection rate

75%
0.71%

Total 3 420 423 Total detection rate 0.95%

ROS1
(N = 423)

ctDNA+ 0 3 3 Tissue sensitivity
Tissue detection rate

25%
0.24%

ctDNA- 1 419 420 Plasma sensitivity
Plasma detection rate

75%
0.71%

Total 1 422 423 Total detection rate 0.95%

BRCA2
(N = 423)

ctDNA+ 1 0 1 Tissue sensitivity
Tissue detection rate

100%
0.24%

ctDNA- 0 422 422 Plasma sensitivity
Plasma detection rate

100%
0.24%

Total 1 422 423 Total detection rate 0.24%

Table 2  (continued) 
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comparison with the corresponding tumor samples [16]. 
In contrast, we showed less sensitivity by plasma ctDNA 
when compared with tissue NGS. This might be related 
to the difference in genetic characteristics [7], disease 
status, etc. of the study populations [14], screened onco-
genes [17], related techniques, etc. between studies [18]. 
The content of ctDNA also influence the sensitivity, in a 
study of Husain et al.’s, the results showed that the sensi-
tivity of liquid biopsy to detect driver alterations identi-
fied in tissue biopsy from the same patients ranged from 
58 to 86%; however, the sensitivity remained or closed to 
100% when ctDNA tumor fraction ≥ 10% [19].

The most common mutations in EGFR were deletions 
in exon 19 as well as p.Leu858Arg as sensitizing muta-
tions, in addition, EGFR p.Thr790Met, EGFR p.Ser768Ile, 
etc., are resistance mutations [20]. Through targeting 
these mutations EGFR tyrosine kinase inhibitors (TKIs) 
drugs have been developed and approved for some 
NSCLCs carrying related mutations [20–22]. Neverthe-
less, a second-site mutation of EGFR Thr790Met, MET 
gene amplification, etc. confers lung cancer acquire resis-
tance to these EGFR TKIs [23, 24]. In addition, the resul-
tant anaplastic lymphoma kinase (ALK) fusion protein 
with others (ALK fusion partners) brings about consti-
tutive ALK tyrosine kinase activity mediating oncogenic 
transformation. The presence of ALK fusion, mainly in 
the form of EML4-ALK, in NSCLCs provides clinical 
beneficial for patients from treatment with ALK-directed 
therapy [25]. Therefore, we also observed the detection 
efficacy in EGFR and main types of mutations which are 
very important in the tumor response to chemothera-
pies, targeted and immune therapies, and acquirement 
of resistance, by tissue- and plasma-NGS. The results 
showed that EGFR p.Leu858Arg, p.Thr790Met, and 
EGFR deletion exon 19 were generally detected more in 
tissues than in plasma, while in some cases these impor-
tant mutations were exclusively detected in plasma 
instead of in the corresponding tissues. This might be 
attributable to the intratumor heterogeneity in tumor tis-
sues [26], which does not affect plasma ctDNA [27].

These results suggest that to fully capture the clinically 
targeted mutations in lung cancers, tissue and plasma 
NGS should be complementary each other. The con-
cept of complementary approach has been proposed by 
international experts in the field [28] and incorporated 
in the IASLC Liquid Biopsy statement [29]. In addition, 
similarly, combination of tissue and plasma methods 
resulted in higher detection rates and sensitivity in com-
parison with any of the two methods, further indicating 
an additional value of plasma ctDNA to tissue NGS in 
the detection of therapeutically targetable mutations in 
lung cancers. Furthermore, more and more studies have 
proposed the concept of turnaround time (TAT), which 
is defined as the days between test order date and report 

date [10, 30]. Different studies showed that ctDNA test-
ing is associated with a shorter TAT as compared with 
tissue testing [10, 31], this time-to-result benefit from 
plasma-based NGS is particularly important during and 
following the COVID-19 pandemic, as delays in diagno-
sis and treatment, are likely to persist for years [32].

There are some limitations in this study. This was a 
retrospective study that there might be some bias in the 
section of cases and deficiency of some important infor-
mation of patients. In addition, in this study only case 
information was reviewed and no intervention was car-
ried out, therefore the ctDNA/tissue NGS results-guided 
therapeutic outcomes were not observed and compared. 
Next, in prospective studies involving more patients, the 
tissue- and plasma ctDNA NGS-guided therapies will be 
comparatively observed to further validate this result. 
Furthermore, because the plasma and tissue based-NGS 
testing in this study were performed as research, we were 
not able to capture an accurate measure of TAT. Even 
with the above limitations, our study still had some of 
strength. Firstly, our study had a relatively large cohort 
of 423 patients. Secondly, we comprehensively observed 
the performance of plasma ctDNA and tumor tissue for 
detecting the important clinically mutations in from the 
perspective of the whole population and the subpopula-
tion like grade, stage and metastasis status. Thirdly, our 
study further verified the importance of plasma-based 
NGS. Although tissue-based NGS detects significantly 
more clinically relevant alterations and therapeutic tar-
gets, Plasma-based NGS can still play an important role 
when tissue testing is not possible. When tumor tissue is 
available, tissue-based NGS should be used in combina-
tion with plasma-based NGS to improve detection rate 
and sensitivity, which could helpful better guide the accu-
rate treatment of lung cancers.

Conclusion
Plasma ctDNA shares a high concordance with tissue-
NGS, and it can additionally capture some important 
mutations which might be omitted by tissue-NGS. 
Plasma plus tissue increases the detection rate and sen-
sitivity for tissue NGS only. Tissue and plasma ctDNA 
NGS sequencing could be mutually complementary to 
comprehensively provide critical cancer genomic infor-
mation. This study will be beneficial for the optimal appli-
cation of plasma ctDNA in the profiling and monitoring 
of clinically targetable mutations to instruct precise and 
personalized treatment for lung cancers.
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