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Introduction
Lung cancer have made great progress on targeted therapy in recent years [1,2], although it is 

still the worldwide leading cause of cancer death [3-5], so dose in China [5]. The latest data from 
International Agency for Research on Cancer (IARC) shows that lung cancer accounts for 18.0% 
of the total cancer deaths in year 2020, almost twice as much as the second - colorectal cancer 
[6]. Hence, there is still a long way for lung cancer to go through even at the help of molecular-
targeted agents. Since the first molecular targeted drug gefitinib was approved for lung cancer by 
US Food and Drug Administration (FDA) in 2002, there are already more than twenty targeted 
agents approved such as EGFR Tyrosine Kinase Inhibitor (TKI) erlotinib [7] and Osimertinib [8], 
ALK inhibitor Crizotinib [9], etc. Furthermore, many drugs against oncogenic proteins are now in 
clinical trial [1].

With the wide application of targeted therapy, specific genetic testing is necessary to guide 
decision-making of therapeutic regimen and enable patients receiving effective precise treatment 
[10]. Tumor tissue biopsy is still the gold standard source for molecular profiling, but it is 
unfeasible in about 30% of patients for different reasons [11], like wide spread tumor metastasis, 
inadequate tumor tissue, etc. By contrast, circulating tumor DNA (ctDNA) in peripheral blood is 
a valuable alternative to detect clinical actionable gene alterations owing to the minimal invasive 
operation. And ctDNA can better represent tumor heterogeneity than a scant tissue sample. A 
good consistency of oncogenic driver mutation between tissue and ctDNA was observed [12,13]. 
Furthermore, it’s reported that ctDNA genetic analysis has a potential to enhance the positive 
detection rate remarkably [12,14,15]. With the advance of sensitivity and specificity, ctDNA genetic 
testing gradually becomes a routine clinical detection for patients with advanced stage lung cancer.
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Abstract
Background: Circulating tumor DNA (ctDNA) is an easily accessible source to detect actionable 
gene alterations and discover drug-resistant mutations in lung cancer. This study investigated 
the ctDNA genomic profile for lung cancer patients to provide valuable information for clinical 
decision.

Methods: Six hundred and seventy-two lung cancer patients were enrolled in this retrospective 
study, and peripheral blood from each patient was collected for next generation sequencing based 
on Illumina NextSeq 550 platform, using a 23-gene targeted panel.

Results: About 73% of patients were detected at least one genetic alteration in plasma ctDNA, 
and 45.54% of patients obtained drug-sensitive/drug-resistance information. The most frequently 
mutated gene was EGFR (42.41%), EGFR mutation was associated with female, non-smokers and 
adenocarcinoma, while KRAS mutation tended to occur in males and smokers. Patients received 
targeted therapy before had higher frequency of EGFR mutation but lower mutation rate of KRAS, 
PTEN, KIT and FGFR2. Brain metastasis patients have a relatively lower positive rate (69.23%). 
Patients with EGFR mutations detected in ctDNA tended to have bone metastasis, while PIK3CA 
and KRAS mutations were enriched in liver metastasis, and FGFR1, HER2 for adrenal metastasis.

Conclusion: This study showed that mutation pattern and positive rate in plasma ctDNA were 
closely associated with smoking, gender, pathological type, treatment and metastasis. Some gene 
alterations might have organotropism preference about metastatic sites.
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Currently, ctDNA genetic detection is relatively expensive; hence 
its cost and effect are particularly important. However, different 
positive rates were reported in several studies, varying from 70% 
to 90% [15-18], which might be caused by detection platform or 
population heterogeneity. In addition to overall positive rate, the 
actionable mutation rate of ctDNA detection, drug-resistant variant 
and performance difference under different metastasis condition 
also matter a lot when making clinical decisions. Moreover, the 
gene mutation profile of ctDNA, gene mutation’s association with 
prognosis, and the pattern between uncommon alterations and drug 
resistance, still need further exploration for more real-world data 
and pharmaceutical development. Herein, in order to be assistant 
in clinical work, we investigated the ctDNA genomic profile in 672 
lung cancer patients from southwest China with a 23-gene Next-
Generation Sequencing (NGS) panel designed for guiding targeted 
therapy.

Material and Methods
Samples

From February 2017 to November 2019, 672 patients diagnosed 
with lung cancer at West China Hospital were enrolled in this 
retrospective study. Before the ctDNA genetic testing, we explained 
all aspects of the informed consent to patients and collected clinical 
characteristics at the same time. Each patient was drawn 20 ml of 
peripheral blood and stored in Streck tubes for testing. The cell-free 
DNA was extracted by magnetic bead method, and samples whose 
DNA content was no less than 40 ng and DNA concentration at least 
reached up to 0.42 ng/µl were qualified.

Next generation targeted sequencing
According to the manufacturer’s protocol, cell-free DNA was 

enriched by hybrid-capture method and sequencing library was 
constructed with NovoPMTM Library Prep Kit for Solid Tumor 
Target Therapy (Novogene, Beijing, China). Then we performed 
Pair-End (PE150) sequencing on Illumina NextSeq 550 sequencer 
(Illumina, San Diego, CA) with a sequencing depth at an average 
level of 2,000 reads after removing duplicates, which covered all 
exons of the following 23 genes: AKT1, BRAF, DDR2, EGFR, GNA11, 
GNAQ, HRAS, KIT, KRAS, MEK1, HER2, PDGFRA, PIK3CA, PTEN, 
SMO, TSC1, FGFR1, FGFR2, NRAS, MET, ALK, RET, ROS1, as well 
as the intronic regions of ALK, RET and ROS1 for fusion detection 
(Supplementary Table S1).

Bioinformatic data analysis
An in-house developed code was used for analyzing genomic 

alterations. Raw data was mapped to GRCh37 reference genome, 
and database 1000g2015aug_all and gnomAD were applied to filter 
germline mutation. The detection limit of genomic alteration was 
0.5%, including Single Nucleotide Variant (SNV), Insertion and/
or Deletion (InDel) and fusion, while Copy Number (CN) more 
than 2.7 was the cut-off value of copy number gain. But for EGFR 
19DEL/L858R/T790M, when the three frequent and important EGFR 
mutations’ variant frequency was less than 0.5% by NGS detection, a 
validation experiment was performed by Droplet Digital PCR out of 
clinical treatment consideration. To produce final reports for patients, 
we used NovoDB database to annotate medicine information for each 
variant. Cancer fraction was defined as the ratio of indicated Variant 
Allele Frequency (VAF) to the maximum VAF present in that sample. 
Cancer fraction was used for measuring mutation clonality, where 
mutations with cancer fraction no less than 0.5 were considered as 

dominant, otherwise subclonal.

Droplet digital PCR (ddPCR)
The extracted cell-free DNA was added to ddPCR super mix with 

primers and probes for pre-amplification according to EGFR T790M/
L858R/19DEL assay kit manual from Shanghai Yuanqi Bio. The 
following amplification procedure was performed to prepare PCR-
ready samples: 42°C, 5 min; 94°C, 5 min; (94°C, 15 s; 60°C, 25 s; 72°C, 
40 s) 8 recycles; 72°C, 5 min. Then the PCR-ready samples were loaded 
to individual well of disposable droplet generator cartridge, and Bio-
Rad QX200 Droplet Generator was used for generating droplets, 
which were transferred to a 96-well plate for PCR amplification in 
Bio-Rad thermal cycler. The PCR was performed following these 
steps: 95°C, 10 min; (94°C, 15 s; 58°C, 60 s) 40 recycles; 98°C, 10 min; 
4°C, 5 min; set temperature change speed ≤ 2°C/s. Finally, droplet 
reading, and result analysis were conducted on Bio-Rad QX200 
Droplet Reader with its bult-in software QuantaSoft.

Statistical analysis and visualization
All hypotheses testing about gene alterations’ difference between 

different groups were used Chi-square test or Fisher exact test 
according to data requirements. Wilcoxon test was applied to variant 
allele frequency or cancer fraction comparison between two groups. 
Gene co-occurrence/mutual exclusivity analysis was performed by 
DISCOVER [19] method. An alteration was significantly associated 
with specific target organs if meeting the following two conditions: 
(a) the Chi-square test or Fisher exact test for categorical variables 
was statistically significantly; (b) the coefficient associated with gene 
alteration in multivariable logistical regression model adjusted for 
metastatic burden was statistically significant. P-value less than 0.05 
were considered as statistically significantly through the whole work. 
Data cleaning, statistical analysis and figures were mainly generated in 
R with R packages tidyverse [20], readxl [21], ggplot2 [22], Complex 
Heatmap [23], Venn diagram [24], corrplot [25], R Color Brewer 
[26]. The protein mutation landscape of EGFR gene was created by 
ProteinPaint tool [27].

Results and Discussion
The characteristics of patients

Six hundred and seven two samples from lung cancer patients 
(319 males and 353 females) were analyzed in this study (Table 1, 
Table S2), with an average age at 63.5 (ranging from 28 to 90). The 
percentage of patients without smoking history in men and women 
is 54.4% and 46.1%, respectively. And the majority samples (80.51%, 
541/672) were pathologically diagnosed as Non-Small Cell Lung 
Cancer (NSCLC), which consisted of adenocarcinoma (73.07%, 
491/672), squamous cell carcinoma (4.61%, 31/672), adenosquamous 
carcinoma (0.89%, 6/672) and large cell carcinoma (0.15%, 1/672), 
except for subclass information loss of 12 NCSLC samples. Since 
most early-stage lung cancer patients can obtain tumor tissue and 
carried a relatively low level of ctDNA, ctDNA genomic test mostly 
serves patients with metastasis or unresectable tumor sites in order 
to see if qualified for targeted agents. In our study, 468 out of 672 
patients (69.64%) were at stage IV, 32 patients (4.76%) at stage III 
and few at stage II/I (3 and 12 patients, respectively). Moreover, bone, 
brain, liver and adrenal, as the most common metastatic sites [28,29], 
were present in the 84.42% of our stage IV patients with metastatic 
sites information available. And it’s quite common to see multiple 
metastatic sites occurred in the same patient, usually more than 6 
different sites, which were classified as “widespread metastasis” in 
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Table 1. Besides, 26.93% patients had underwent targeted therapy 
before ctDNA genetic detection.

ctDNA gene alterations’ profile in lung cancer patients
In total, 493 patients (493/672, 73.36%) carried no less than one 

detectable ctDNA alteration in their peripheral blood, including 
SNV, InDel, gene fusion and amplification (Table S3). And 45.5% 
(306/672) patients carried actionable or drug-resistant mutations 
with a median variant allele frequency at 2.84%, hence obtained 
information about drug-sensitive or drug-resistance to guide clinical 
therapy. In terms of patients with detectable alterations, each patient 
had about 2 genomic alterations on average and the alteration number 
ranged from 1 to 7 in terms of individual (Supplementary Figure 1, 
2). More than a half had at least two alterations at the same time and 
about 80.24% were missense mutations. Among all 672 patients, the 
top 10 altered genes in order were EGFR (42.41%), ROS1 (8.04%), 
HER2 (7.59%), ALK (6.99%), FGFR1 (5.51%), RET (5.51%), PIK3CA 
(4.46%), TSC1 (4.46%), KRAS (3.87%), SMO (3.72 %) (Figure 1A). 
Then followed by PDGFRA (3.57%), PTEN (3.57%), AKT1 (2.83%), 
BRAF (2.83%), MET (2.53%), DDR2 (2.38%), KIT (1.93%), FGFR2 
(1.79%), GNAQ (1.34%), MEK1 (1.34%), HRAS (0.89%), NRAS 
(0.89%), GNA11 (0.74%). The EGFR positive rate (42.41%) was 

close to the previous reported rate in Chinese patients [17]. Besides, 
cancer fractions were calculated to investigate clonal dominance 
of top 10 frequently mutated genes. Mutations observed in gene 
EGFR, ROS1, ALK and TSC1 were more likely to be dominant, while 
FGFR1 alterations seemed to be subclonal (Figure 1B). Most hotspot 
mutations (recurrent number >3) in this study were dominant clone, 
and the clonal dominance of EGFR hotspot mutations showed a 
significant variation (Figure 1C). And we found that EGFR and KRAS 
mutated exclusively in ctDNA genetic detection (p<0.01, Figure 1D). 
However, KRAS mutation rate was particularly low (3.87%) when 
compared with some other similar studies (12%~21%) [15-17], where 
KRAS was always the second or third most mutated gene. KRAS 
mutations were detected in 26 patients and many of them located in 
exon 2 (n=23), which included p.G12A (1), p.G12C (6), p.G12D (7), 
p.G12F (2), p.G12S (3), p.G12V (2), p.G13C (1) and p.G13D (1). The 
rest 3 mutations were all p.Q61H in exon 3. All the above were hot 
mutations and reported to constitute nearly 97% of KRAS mutation 
in NSCLC [30].

In addition to point mutation, there were 8 RET fusions and 7 
ALK fusions. All RET rearrangements happened in exon 13 fused 
with exon 5 of LINC00486. As reported before [31], we also observed 

Figure 1: ctDNA gene alteration profile and its association with prognosis. (A) Genes on the x-axis are arranged in a descending order of frequency. The 
number above each bar is the exact mutation frequency of corresponding gene. (B) Cancer fraction of mutations in top 10 frequently mutated genes. Green 
diamond indicates mean value of each gene. Asterisks represents a significant difference between corresponding gene and the rest cases (*p<0.05, **p<0.01, 
****p<0.0001). (C) Hotspot mutations’ cancer fraction in indicated genes. Cancer fraction’s significant variation across mutations in gene is marked with asterisks 
(EGFR, ****p<0.0001). (D) Co-occurrence or exclusivity analysis. The dot plot indicates the odds ratio of co-occurrence (blue) or exclusivity (red) using color-coding 
and circle size, and dot with asterisk is suggesting FDR-corrected statistical significance.
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one RET fusion happened in a SCLC patient, accompanying with 
PTEN mutation and GNA11 mutation. ALK fusion detected in this 
study all broke in exon 20 of ALK and its partners included STRN 
(1), EML4 (6). The latter one was a well-known fusion partner in lung 
cancer and sensitive to ALK inhibitors [32]. As for gene amplification, 
they were observed only in two genes, EGFR (n=5) and HER2 (n=3). 
One patient had both EGFR and HER2 amplification.

Association between ctDNA alteration feature and clinical 
characteristics

Most genes’ positive rates between female and male patients 
didn’t have significant difference except for EGFR and KRAS 
(Supplementary Figure 3A). EGFR mutation is more frequent in 
female patients (47.88% vs. 36.36%, p<0.01) while KRAS positive 
detection rate is higher in male patients (6.58% vs. 1.42%, p<0.001). 
Besides, we found the positive detection rate of HER2 was higher in 
patients without smoking history as well as EGFR, and the similar 
conclusion about EGFR was demonstrated before by a large Asian 
population study [33]. In contrast, higher positive rates in BRAF, 
KRAS, DDR2 and MEK1 were associated with patients with smoking 
history (Supplementary Figure 3B). The positive rate of ctDNA 
NGS test increased with disease stages (61.54%, 68.75% and 74.51% 
for stage I, III, IV, respectively), though no statistical significance 
probably due to large difference in sample size. There were only 3 
patients of stage II, so it’s not mentioned here. For similar reason, 
we only compared detection positive rate between adenocarcinoma 
and squamous cell carcinoma. Adenocarcinoma patients had a 
relative higher proportion than squamous cell carcinoma (74.13% 
vs. 58.06% p<0.05), so did EGFR positive rate (45.62% vs. 22.58%, 

p<0.01). Interestingly, HER2 and RET alterations weren’t detected 
in squamous cell carcinoma while they were the frequently mutated 
genes in adenocarcinoma (Supplementary Figure 3C).

ctDNA EGFR mutation features in lung cancer
EGFR mutation always plays an important role in targeted 

therapy of lung cancer, due to the successful application of EGFR 
tyrosine kinase inhibitors. In this cohort, we detected 464 mutations 
on EGFR in total, as well as 5 amplifications, accounting for more 
than half of the patients with positive results (58%, Supplementary 
Figure 2). The most frequent alteration in EGFR gene is exon 19 
deletion (19DEL, 28%), and the deletion variants mainly occurred 
in four types including p.K745_A750del, p.E746_A750del, p.E746_
T751del and p.L747_P753del (Figure 2A). Also, EGFR T790M and 
L858R mutation both made up around one quarter (Supplementary 
Figure 4). T790M always occurred in patients with drug-resistance 
to the first- or second-generation EGFR-TKI [34]. The 19DEL and 
L858R accompanying rate with T790M were 46.9% (61/130) and 
40.7% (46/113) respectively (Figure 2B), but no statistical difference 
was achieved between them. Only 9 patients were detected T790M 
positive alone, not co-occurred with any one of the two above. 
However, eight of them either took first-generation EGFR-TKI before 
or had other uncommon EGFR mutations, or both, except for one 
whose clinical information was not available. Eleven C797S mutations 
were identified altogether with T790M in 10 patients (Figure 
2B), while patient 0545 carried two different C797S cis mutations 
(c.T2389A and c.G2390C) at the same time. And most of the C797S 
mutations were in cis with T790M, which is a well-known cause of 
drug resistance to third-generation EGFR-TKI like Osimertinib [35-

Figure 2: EGFR mutation spectrum and clonal dominance. (A) Protein paint of EGFR mutations. Different colored circles represent different mutation types, and 
numbers inside circles indicate the mutation numbers at specific positions. The colored region of EGFR protein schematic bar is catalytic domain of the protein 
tyrosine kinase. (B) Venn diagram of four main EGFR variants, 19DEL, L858R, T790M and C797S. (C) Paired comparison of cancer fraction between variants 
19DEL and T790M, L858R and T790M, C797S and T790M. Dots with joint line are the matched, which comes from the same patient. Solid and dashed lines 
indicate cis-mutation and trans-mutation, respectively.
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37]. Specifically, the mutation cancer fraction distribution of EGFR 
19DEL, L858R, T790M and C797S, showed that 19DEL/L858R 
mutation was dominant to T790M and C797S’ cancer fraction was 
significantly lower than that of T790M no matter whether they were 
in cis-structure or not (Figure 2C), which revealed the capability of 
ctDNA NGS test to reflect gene mutation clone evolution. Besides, 
A1013T/A1013V, T751A/T751I/T751P, G719A/G719S, T273P and 
C264fs were several variants with recurrent number no less than 
5 (Figure 2A). Remarkably, 6 patients with mutation in the T751 
residue (T751A/T751I/T751P) all had concurrent 19DEL alteration, 
and 4 out of the 6 patients among them still carried T790M mutation. 
In addition, some uncommon EGFR mutations [17,38], like I1050T, 
K806R, S768I and L861Q, always co-occurred with either EGFR hot 
mutations or other gene mutations.

Targeted therapy influenced ctDNA mutation spectrum
The spectrum of ctDNA alterations in patients treated with 

targeted drugs was distinguished from that in patients never taking 
targeted drugs (Figure 3). Patients received targeted therapy before 
testing included not only people who showed clinical drug-resistant 
signs and/or disease progression after a period of targeted treatment, 
but also those given empirical therapy such as the first line TKI without 
genetic testing. It was reasonable that targeted therapy group had 
much more EGFR mutations than patients without targeted therapy 
(51% vs. 32%, p<0.01). Notably, the co-existence EGFR mutations 
with other genes like HER2, PIK3CA, seemed more common in 
patients treated with targeted therapy, which suggested possible 
mechanism of resistance. But some gene mutations were less frequent 
in targeted therapy group, including KRAS (2% vs. 6%, p<0.01), PTEN 
(2% vs. 6%, p<0.05), KIT (1% vs. 3%, p<0.05) and FGFR2 (1% vs. 3%, 
p<0.01). Furthermore, mutation signatures were obviously different 
in patients treated by different administered therapy of Osimertinib 
(first-line n=11 vs. second-line n=50, Supplementary Figure 5). 
In patients treated with first-line Osimertinib, negative results 

were more common (54.55% vs. 14.00%, p<0.01), and Osimertinib 
targeted mutations (including 19DEL, L858R and T790M) were less 
frequently detected in plasma ctDNA (36.36% vs. 54.00%, p=0.29). 
Besides, patients receiving Osimertinib as second-line therapy had 
higher positive detection rate of C797S than first-line therapy (18.00% 
vs. 9.09%, p=0.67).

ctDNA mutation pattern in different metastatic sites
ctDNA mutation spectrum was found to be associated with 

different metastatic sites (Figure 4). The positive detection rate 
among adrenal (n=16), bone (n=156), brain (n=78) and liver (n=29) 
metastasis were 93.75%, 85.26%, 69.23%, 75.86%, respectively (Figure 
4A). Apparently, brain metastasis had particularly high negative 
detection rate. Due to a small sample size, only a part of 23 genes’ 
alteration was observed in adrenal metastasis, as well as in liver 
metastasis. As expected, brain metastasis’ mutation spectrum had 
significantly less number of alterations per patient than others (Figure 
4B). It might be explained by the blood-brain barrier which restrains 
tumor DNA from shedding into peripheral. High proportion of EGFR 
mutation was a generic feature for all groups (Figure 4C). Moreover, 
EGFR mutations were independently positively associated with bone 
metastasis, while KRAS and PIK3CA mutations were significantly 
associated with liver metastasis (Figure 4D and Table S4). Also, HER2 
mutation was more likely to occur in patients with adrenal metastasis, 
as well as FGFR1.

Discussion
Our study analyzed 672 lung cancer patients’ ctDNA profile and 

its correlation ship with clinical characteristics. Gene alterations were 
detected in 73.36% of patients, and nearly a half subjects (45.54%, 
306/672) were benefit from this ctDNA NGS test. According to 
previous studies, positive detection rate varied with different gene 
number in the panel [15-18]. Our 23-gene panel’s positive detection 
rate (73.36%) was close to that (73.9%) of a study with 37-gene panel 

Figure 3: ctDNA mutation landscape grouped by targeted therapy status. The heatmap of 23 genes’ alterations among 672 patients, and different colors correspond 
to 6 variation types: frameshift, fusion, missense, nonsense, indel, amplification. The side bars on the right indicate the total numbers of certain gene mutations. 
Genes in red are differently distributed between group “without targeted therapy” and “targeted therapy”, and their significant levels are marked with * (p<0.05) or 
** (p<0.01).
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[17], which demonstrated the multi-gene panel testing we used 
covered most frequently mutated genes in lung cancer. But one 
disadvantage was that our panel didn’t contain TP53 which is one 
of the most common genes in lung cancer [39], since it was designed 
for genes with targeted drugs on the market. Nevertheless, medical 
field develops so soon, more and more genes will have targeted 
molecular agents. Just like TP53, a recent study found a compound 
to recover p53 activity and it is on clinical trial now [40]. Maybe we 
should update our gene panel yearly, especially focus on genes which 
mutate frequently or have potential treatment, to provide a more 
comprehensive testing for patients. For instance, although NTRK 
gene fusion is rare in lung cancer with prevalence about 1%, it is 
recommended to be included in NGS testing panel since its targeted 
drugs (Entrectinib and Larotrectinib) were approved for solid tumors 
recently [41]. Although ctDNA genetic detection can always capture 
actionable mutations at a high concordance with tissue [12], 27% 
of patients still were detected with negative results in our cohort. It 
might be explained by the individual difference about tumor DNA 
shedding ability and ctDNA level. Besides, the positive rate of gene 
fusion or amplification was relative lower than that of mutation in 
ctDNA NGS analysis. There was some technology reason in addition 
to their own distribution feature in the population. ctDNA’s fragment 
length is usually 160bp, and the short length makes gene fusion 
difficult to detect in some platform [42]. As for amplification, the low 

level of ctDNA in plasma challenges its detection [2]. So, if ctDNA 
genetic testing fails to detect targetable alteration, a subsequent tumor 
tissue genotyping is recommended [2,43].

The most frequently mutated gene EGFR was detected in 42.41% 
of all patients, far higher than others. As reported [16], EGFR mutation 
were associated with female, non-smoking history, adenocarcinoma. 
We also found EGFR and KRAS mutations were mutually exclusive 
in this study, and KRAS mutation tended to happen in males, which 
agrees with previous knowledge [44-47]. The ctDNA genetic test 
identified not only main type of EGFR variants like 19DEL, L858R 
and T790M, but also some uncommon mutations prompting possible 
drug resistance, such as I1050T, K806R, S768I and L861Q. Although 
not fully clarified, S768I was already demonstrated inferior tumor 
response rate [38] and occurred in the beginning of EGFR-TKI 
treatment [48]. All C797S were concomitant mutation of T790M, 
and we found one patient carried two different point mutations of 
C797S, both in cis with T790M. Similar situation was reported before 
[49], wherein cis and the other in trans. Besides, 6 EGFR mutations at 
T751 residue in this study all co-occurred with 19DEL. And T790M 
mutations existed in two-thirds of these 6 patients at the same time, 
it’s hard to tell whether T751 residue mutation was associated with 
drug resistance or not. Mutation frequency in EGFR T751 residue 
seemed particular low in a recent large Chinese lung cancer patients’ 

Figure 4: Mutation pattern among patients with different metastatic sites. (A) The positive rates of gene mutation in patients with adrenal, bone, brain, liver and 
multiple metastasis. (B) Number of variants per patient in different metastatic sites. (C) The composition of mutated genes in different metastasis. (D) Association 
of indicated genes with different metastasis. Positive association is marked with red asterisks while black asterisks represent negative association. (*p<0.05, 
**p<0.01, ***p<0.001).
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study (1/1200) [17] compared with our cohort (6/672), hence there 
might be population heterogeneity. Whatever, its role needs further 
investigation in more rigorous research.

Targeted therapy and metastasis can influence mutation spectrum 
of ctDNA as we expected. The positive rate of EGFR, KRAS, PTEN, 
KIT and FGFR2 mutation changed significantly between patients 
treated by targeted therapy or not. However, a sample bias may 
contribute to the higher rate of EGFR in targeted therapy group since 
patients in this group mostly were EGFR positive before. Except for 
EGFR, the other 4 genes’ mutation rate was lower in targeted therapy 
group than that in patients without targeted therapy, suggesting that 
they may not tend to be secondary mutation acquired during EGFR-
TKI treatment. In fact, KRAS mutations and defunction variants of 
PTEN are well-studied primary resistance mechanisms of gefitinib 
and erlotinib [50-53].

As for plasma ctDNA alteration in different metastatic sites, brain 
metastasis’ positive rate is apparently the lowest (69.23%) while others 
can reach up to 80% like bone metastasis. Blood-brain barrier can 
affect ctDNA’s shedding into blood [54]. Studies [55-57] show that 
cerebrospinal fluid could improve positive detection rate remarkably, 
as well as the diversity of variants. So cerebrospinal fluid could be 
a better source for ctDNA mutation detection than plasma in lung 
cancer patients with brain metastasis when it comes to sampling 
[58], especially patients received treatment before. Moreover, some 
gene mutations might have organotropism preference (EGFR for 
bone metastasis, HER2 and FGFR1 for adrenal metastasis, and KRAS, 
PIK3CA for liver metastasis), which might assist in predicting tumor 
metastatic sites. A study of large cancer patients’ cohort has shown 
this kind of associations between somatic alterations and metastatic 
patterns [59]. It also indicates that tumor cell in lung adenocarcinoma 
patients with EGFR mutation tend to transfer to brain. However, our 
data didn’t identify the same pattern, which might be caused by the 
plasma ctDNA we used for NGS, instead of tissue tumor DNA. A 
more comprehensive study about organ-specific metastasis in lung 
cancer should be carried out to elucidate this issue.

Conclusion
Altogether, ctDNA NGS analysis has showed great potential to 

identify therapeutic biomarker of lung cancer from real world data 
as well as possible drug-resistant alterations. Positive detection rate 
and mutation signature were closely associated with smoking history, 
gender, pathological type, treatment and metastatic sites. Plasma 
ctDNA alterations might play an important role in clinical outcome 
prediction, such as metastasis. Gene mutations’ organotropism 
preference is still needed to be validated in large prospective cohort.
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