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Purpose: The coexistence of chronic obstructive pulmonary disease (COPD)

often leads to a worse prognosis in patients with non-small cell lung cancer

(NSCLC). Meanwhile, approaches targeting specific genetic alterations have

been shown to significantly improve the diagnosis and treatment outcomes of

patients with NSCLC. Herein, we sought to evaluate the impact of COPD on the

clinical manifestations and gene mutation profiles of NSCLC patients with both

circulating tumor (ctDNA) and tumor DNA (tDNA).

Materials and methods: The influence of COPD on clinical features was

observed in 285 NSCLC cohorts suffering from NSCLC alone, NSCLC

coexisting with COPD, or NSCLC coexisting with prodromal changes in

COPD (with emphysema, bullae, or chronic bronchitis). The gene mutation

profiles of specific 168 NSCLC-related genes were further analyzed in the

NSCLC sub-cohorts with formalin-fixed and paraffin-embedded tumor DNA

(FFPE tDNA) samples and plasma circulating tumor DNA (PLA ctDNA) samples.

Moreover, mutation concordance was assessed in tDNA and paired ctDNA of

110 NSCLC patients.

Results: Relative to patients with NSCLC alone, patients with NSCLC coexisting

with COPD and prodromal changes presented with worse lung functions, more

clinical symptoms, signs and comorbidities, and inconsistent gene mutation

profiles. In addition, patients in the latter two groups exhibited a higher average

frequency of gene mutation. Lastly, mutation concordance between tDNA and

ctDNA samples was significantly reduced in NSCLC patients coexisting with

COPD.
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Conclusions: Collectively, our findings revealed that coexistence of COPD

leads to worse clinical manifestations and altered gene mutation profiles in

patients with NSCLC. Additionally, for NSCLC patients with COPD, the use of

ctDNA instead of tDNA may not be the most efficient approach to identifying

gene mutations.
KEYWORDS

chronic obstructive pulmonary disease, non-small cell lung cancer, NSCLC-related
genes, tumor DNA, circulating tumor DNA
Introduction

Lung cancer (LC) and chronic obstructive pulmonary

disease (COPD) are one of the leading causes of mortality

across the world (1, 2). A plethora of evidence further

indicates that COPD serves as the major and independent risk

factor for LC (3–5). It is also noteworthy that COPD patients are

at a higher risk of developing LC than those without COPD (6–

8). Additionally, LC patients suffering from COPD are more

susceptible to poor outcomes, such as decreased lung function,

increased symptom severity, and shorter survival (9–11).

Although smoking is a well-established major risk factor for

the development of LC and COPD, another approach also

suggests the involvement of genetic susceptibility in the course

of these two diseases (3, 12). Gene mutations, such as single-

nucleotide variants (SNVs) and copy number variants (CNVs),

are further capable of modifying LC prevalence and prognosis by

altering gene regulation and expression (13, 14).

One particular type of lung malignancy, namely non-small

cell lung cancer (NSCLC), accounts for approximately 85% of all

cases of LC (15). Unsurprisingly, recent evidence underscores the

presence of different genemutations in NSCLC (16). Meanwhile, a

prior study further indicated the importance of genemutations for

the subclassification of NSCLC, which has paved the way for

remarkable progress in the targeted therapies (16, 17). However,

the difficulty of obtaining lung tumor biopsies poses a challenge

for a number of NSCLC patients in many clinical situations. On

the other hand, circulating tumor DNA (ctDNA) can be found in

the peripheral blood of both early- and late-stage cancer patients

(18). In addition, ctDNA has been previously shown to closely

match tumor DNA (tDNA) (19–21), and further validated as a

surrogate means for detecting mutations in NSCLC (22, 23).

However, it is imperative to enhance our understanding of the

impact of COPD on gene mutations of 168 NSCLC-related genes,

and the consistency of gene mutations between tDNA and paired

ctDNA in NSCLC patients.

As COPD largely develops from chronic bronchitis and

emphysema (24), and pulmonary bulla is a common

accompaniment of COPD (25), we speculated whether
02
comorbid COPD or prodromal changes in COPD could

influence the clinical characteristics and gene mutation profiles

of NSCLC patients. Accordingly, the primary purpose of this

study was to explore the impact of COPD on the clinical

characteristics, gene mutation profiles of 168 NSCLC-related

genes, and mutation consistency in tDNA and paired ctDNA of

NSCLC patients. Additionally, the current study intends to

investigate the impact of these three prodromal changes in

COPD on these aspects of NSCLC patients.
Materials and methods

Study design

The current study was designed as a retrospective analysis

for NSCLC patients, with the primary objective being the

evaluation of the effect of COPD or its prodromal diseases on

the clinical manifestations and gene mutation profiles of NSCLC

patients. An additional goal included the investigation of the

effects of COPD or its prodromal diseases on the consistency of

tDNA and ctDNA from NSCLC patients (Figure 1). The study

was approved by the Xiangya Hospital Ethics Review Committee

(No. 202204086). All samples and related data in this study were

irreversibly anonymized.
Patient selection and sample sources

This study enrolled a total of 285 patients with NSCLC at

Xiangya Hospital of Central South University (Changsha,

Hunan, China) between February 2016 and May 2019. The

inclusion criteria for the enrolled patients were as follows: (1)

patients were diagnosed with NSCLC by two or more

pathologists from Xiangya Hospital; (2) patients had not

undergone systemic therapies, including chemotherapy,

radiotherapy, targeted therapy, immunotherapy, etc. before

enrollment; (3) patients can provide matching tissue samples

or plasma samples; (4) patients presented with complete clinical
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data and pathological data. The patients not meeting the

aforementioned inclusion criteria were excluded from the

study. Additional exclusion criteria included the coexistence

with other types of cancers. Thereafter, formalin-fixed and

paraffin-embedded (FFPE) and plasma (PLA) samples were

collected at baseline from the included patients prior

to treatment.
Data collection

The included 285 NSCLC patients were divided into the

following three groups: NSCLC alone, NSCLC coexisting with

COPD (previously diagnosed as COPD) and NSCLC coexisting

with prodromal changes in COPD (with history or CT with

emphysema, bullae, or chronic bronchitis). A range of data were

collected which included the age, sex, smoking status, lung

function, cell type, UICC stage, family history of NSCLC,

presenting symptoms and signs, and comorbidity. Body mass

index (BMI) was calculated as the weight in kilograms and

divided by height in meters squared. The pulmonary function

test was performed in accordance with the previously published

literature (26). Among the 285 participants, there were 31

patients in the NSCLC alone group, 3 patients in the NSCLC

coexisting COPD group, and 7 patients in the NSCLC coexisting

with prodromal changes in COPD group lacking UICC

stage information.
Sample DNA preparation, next
generation sequencing (NGS) library
preparation and DNA sequencing

Total DNA content from tumor tissue and blood samples

was processed in accordance with the previously published
Frontiers in Oncology 03
literature (27). For library preparation of 168 NSCLC-related

genes from a commercial gene panel, fragments of 200 - 400 bp

were chosen by the use of AMPure beads (Agencourt AMPure

XP Kit), and then hybridized with the capture probe baits, used

the magnetic beads for hybridization selection and amplified by

PCR. The indexed samples were sequenced on a Nextseq500

sequencer (Illumina, Inc., USA) with paired-end reads. An

average depth exceeded 10,000 ×(21).
Statistical analysis

Quantitative data were expressed as mean ± standard

deviation (SD). Qualitative data were described using relative

frequencies. Characteristic data of recruited NSCLC patients

were analyzed using Chi-squared test, Fisher exact test or

Mann-Whitney U test. For the analysis of gene mutation

profiles, (1) the positive rate of gene mutation was defined as

the proportion of samples with gene mutations in the total

number of samples; (2) the maxAF was defined as the

maximum allelic fraction of all somatic mutations identified

in the sample; and (3) FFPE tDNA was adopted as the previous

reference when compared to PLA ctDNA. Matched FFPE

tDNA and PLA ctDNA samples with the same mutations

were regarded as true positives. Matched sample pairs

without mutations (wild type) in the 168 NSCLC-related

genes were regarded as true negatives. Besides, the sample

pairs with mutations identified in PLA ctDNA but not FFPE

tDNA were regarded false positives, whereas sample pairs with

mutations found in FFPE tDNA but not PLA ctDNA were

regarded as false negatives. Sensitivity, specificity, concordance

rate, and plasma predictive value were calculated using a

previously published method (27). The concordance rate of

gene mutations in tDNA and paired ctDNA was analyzed using

Chi-squared test or Fisher exact test in the included NSCLC
FIGURE 1

Overview of study design and sample size in our cohorts.
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patients. Statistical analysis was conducted using SPSS 19.0

software (IBM Corporation, Armonk, NY, USA).
Results

Study design and physiologic and clinical
characteristics of NSCLC cohort

A schematic figure of the study design is illustrated in

Figure 1. The study was initiated with the collection of FFPE

tDNA and/or PLA ctDNA samples from 285 patients (NSCLC

alone = 214, NSCLC coexisting COPD = 20, NSCLC coexisting

with prodromal changes in COPD = 51). Clinical information

including sex, age, BMI, smoking history, cancer type, UICC

stage, family history of NSCLC, presenting symptoms and signs,

and comorbidities, was collected for 285 patients with NSCLC.

The demographics and clinical characteristics of the NSCLC

cohort are depicted in Table 1. Relative to the NSCLC alone

group, the NSCLC coexisting COPD group and the NSCLC

coexisting with prodromal changes in COPD group were

characterized by a lower proportion of women, more former

and current smokers, lower FEV1%, lower proportion of

adenocarcinoma patients, in addition to more clinical

symptoms, signs, and comorbidity. Moreover, the patients in

the NSCLC coexisting with COPD group presented with more

symptoms and signs than those in the NSCLC coexisting with

prodromal changes in COPD group.
Landscape of gene mutation in NSCLC
cohort with FFPE tDNA samples

Furthermore, we carried out capture-based ultra-deep

targeted sequencing on all collected FFPE tDNA and PLA

ctDNA samples using a panel consisting of 168 genes

spanning 170 KB of the human genome. Subsequently, we

identified 810 aberrations spanning 113 genes in the NSCLC

cohort with FFPE tDNA samples. Meanwhile, no mutations

were detected in 5.5% of the patients (11/200). Among the three

groups, EGFR, TP53, and KRAS were the most frequently

mutated genes (Figure 2A), while SNV and CNV were the

common genetic aberrations (Figure 2B). However, the three

groups showed incompletely consistent gene mutation profiles

(Figures 2A, C). More specifically, we identified a total of 566

aberrations spanning 94 genes in the NSCLC alone group, 80

aberrations spanning 35 genes in the NSCLC coexisting COPD

group, and 164 aberrations spanning 73 genes in the NSCLC

coexisting with prodromal changes in COPD group (Table 2). 31

identical mutated genes existed in the NSCLC alone group

(32.98%) and the NSCLC coexisting COPD group (88.57%),

55 identical mutated genes in the NSCLC alone group (58.51%)

and the NSCLC coexisting with prodromal changes in COPD
Frontiers in Oncology 04
group (75.34%), 29 identical mutated genes in the NSCLC

coexisting COPD group (82.86%) and the NSCLC coexisting

with prodromal changes in COPD group (39.73%) (Figure 2C).

In addition, the results of gene mutation analysis revealed no

statistical difference between the three groups in regard to the

positive rate of gene mutation and maxAF (Table 2 and

Figure 2D). However, patients in the NSCLC coexisting COPD

group and the NSCLC coexisting with prodromal changes in

COPD group presented with a higher average frequency of gene

mutation compared to patients in the NSCLC alone

group (Figure 2E).

To further identify the mutated genes that could specifically

distinguish COPD in NSCLC patients, we investigated the

unique mutated genes in the NSCLC coexisting COPD group.

Compared with the NSCLC alone group, the four mutated genes

(LRP1B, MLH1, EPHA5, and NTRK2) were only present in the

NSCLC coexisting COPD group. It is worth noting that three of

the aforementioned genes (LRP1B, EPHA5, and NTRK2) were

also present in the NSCLC coexisting with prodromal changes in

COPD group (Figure 2C). Thereafter, we sought to distinguish

COPD patients in the NSCLC cohort by searching for

combination genes with a higher mutation frequency in the

NSCLC coexisting with COPD group.

By assuming the positive rate of the mutated gene as greater

than 20% in the NSCLC coexisting COPD group, and less than

20% in the other two groups as the threshold, five genes, namely

APC, CSMD3, POLE, FGF3, and CCND1, were identified as

COPD dominant genes. As shown in Table 2, the positive rate of

COPD-dominant genes in the NSCLC coexisting COPD group

was significantly higher than that in the other two groups.

Subsequently, the NSCLC cohort was divided into two groups

according to the presence of mutations in the COPD-dominant

genes. As shown in Table S1, the higher proportion of smoking

patients, the higher proportion of squamous cell carcinoma and

the more prone to cough and dyspnea appeared in the positive

group of COPD dominant genes (Table S1). These results

indicate that coexistence of COPD in patients with NSCLC

leads to altered gene mutation profiles in FFPE tDNA samples,

which may be related to the worse clinical manifestations.
Landscape of gene mutation in the
NSCLC cohort with PLA ctDNA samples

A total of 556 aberrations spanning 111 genes were identified in

the NSCLC cohort with PLA ctDNA samples (Table S2). Similarly,

in the three groups with ctDNA samples, EGFR and TP53 were the

most frequently mutated genes (Figure S1A), and SNV and CNV

were the common aberrations (Figure S1B). In addition, all three

groups presented with inconsistent gene mutation profiles (Figure

S1A, C). Meanwhile, patients in the NSCLC alone group still

showed more mutated genes in 168 genes and a higher total

frequency of gene mutations (Table S2). It is also noteworthy
frontiersin.org
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that, besides the positive rate of gene mutation and maxAF, there

was no statistical difference in the average frequency of gene

mutations among the three groups, which was inconsistent with

the results uncovered in the FFPE tDNA samples.

Therefore, we identified the inconsistencies in gene

mutations between the NSCLC cohort with tDNA samples

and the NSCLC cohort with ctDNA samples. Relative to the

NSCLC cohort of tDNA samples, the NSCLC cohort of ctDNA

samples exhibited a lower positive rate of gene mutation, average

maxAF, mutated genes in 168 genes, total frequency of gene

mutation, average frequency of gene mutation, and positive rate
Frontiers in Oncology 05
of COPD dominant genes in the NSCLC alone group, the

NSCLC coexisting COPD group, or the NSCLC coexisting

with prodromal changes in COPD group (Figure S2, Table 2,

and Table S2).
Mutation concordance in matched FFPE
tDNA and PLA ctDNA sample pairs

To further elucidate the mutation concordance in tDNA

and ctDNA samples, we screened a total of 110 NSCLC
TABLE 1 Patient demographics and clinical characteristics of NSCLC cohort (N=285).

Characteristics NSCLC alone (N=214) NSCLC coexisting COPD (N=20) NSCLC coexisting with prodromal
changes in COPD (N=51)

Age (years) 57.53 ± 10.46 66.30 ± 7.21* 64.96 ± 8.87*

Sex (female) 123 (57.48%) 0 (0.00%)* 5 (9.80%)*

Body mass index 22.05 ± 3.78 20.65 ± 6.19 22.45 ± 2.90

Smoking status * *

Never(0) 158 (73.83%) 1 (5.00%) 12 (23.53%)

Former(2) 18 (8.41%) 7 (35.00%) 12 (23.53%)

Current(1) 38 (17.76%) 12 (60.00%) 27 (52.94%)

Lung function *

FEV1/FVC(%) 82.16 ± 6.54 58.35 ± 8.78 72.50 ± 3.62

FEV1/predicted(%) 88.03 ± 10.19 69.26 ± 12.50 82.978 ± 9.70

Cell type * *

Adenocarcinoma 181 (84.58%) 10 (50.00%) 35 (68.63%)

Squamous cell 9 (4.21%) 6 (30.00%) 12 (23.53%)

Other NSCLC 24 (11.21%) 4 (20.00%) 4 (7.84%)

UICC stage

Stage I-II 35 (16.36%) 2 (10.00%) 4 (7.84%)

Stage III–IV 145 (67.76%) 15 (75.00%) 38 (74.51%)

Family history of NSCLC 3 (1.40%) 0 (0.00%) 2 (3.92%)

Presenting symptoms and signs

Cough 135 (63.08%) 17 (85.00%) 40 (78.43%)*

Sputum 98 (45.79%) 15 (75.00%)* 31 (60.78%)

Hemoptysis 37 (17.29%) 8 (40.00%)*# 9 (17.65%)

Dyspnea 52 (24.30%) 11 (55.00%)*† 16 (31.37%)

Chest pain 51 (23.83%) 5 (25.00%) 13 (25.49%)

Fatigue 19 (8.88%) 2 (10.00%) 6 (11.76%)

Dysphagia 1 (0.47%) 2 (10.00%)*† 0 (0.00%)

Hoarseness 4 (1.87%) 5 (25.00%)*# 3 (5.88%)

Pleural effusion 66 (30.84%) 12 (60.00%)*† 20 (39.22%)

Comorbidity

Pneumonia 55 (25.70%) 10 (50.00%)* 26 (50.98%)*

Coronary heart disease 15 (7.01%) 6 (30.00%)* 8 (15.69%)

Hypertension 55 (25.70%) 9 (45.00%) 14 (27.45%)

Hypercholesterolemia 12 (5.61%) 1 (5.00%) 1 (1.96%)

Diabetes mellitus 21 (9.81%) 4 (20.00%) 5 (9.80%)
*p < 0.05, comparison with NSCLC alone; #p < 0.05 and †p < 0.1, comparison between NSCLC coexisting COPD and NSCLC coexisting with prodromal changes in COPD; Values are mean
± SD or n (%).
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FIGURE 2

Comparison of FFPE tDNA mutations between the NSCLC alone, NSCLC coexisting with COPD and NSCLC coexisting with prodromal changes
in COPD groups. (A) The positive rate of each mutated gene in the 113 mutated genes. (B) Total frequency of gene mutation and the proportion
of each mutated type. (C) Venn diagram of mutated genes among the three groups. (D) A violin plot of the average maxAF. (E) A violin plot of
the average frequency of gene mutation.
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patients with tDNA and paired ctDNA samples. First, we

compared the matching degree of mutations between tDNA

samples and paired ctDNA samples in the entire cohort. Of

the 110 matched tDNA and ctDNA sample pairs, 10 sample

pairs presented with completely consistent tDNA and

ctDNA mutations, 47 sample pairs presented with

partially consistent mutations, and 15 sample pairs

presented with completely inconsistent mutations. In
TABLE 2 Gene mutation profiles of the NSCLC sub-cohort with FFPE tDNA

Characteristics NSCLC alone (N=153) NSCLC c

Positive rate of gene mutation 146 (92.31%)

Average maxAF (%) 31.24 ± 25.01

Mutated genes in 168 genes 94

Total frequency of gene mutation 566

SNV 389

Indels 59

CNV 102

Fusions 16

Average frequency of gene mutation 3.70 ± 2.81

Positive rate of COPD dominant genes 17 (11.11%)

*p < 0.05, compared with NSCLC alone; #p < 0.05, comparison between NSCLC coexisting COPD an

Frontiers in Oncology 06
addition, 7 sample pairs presented with only ctDNA

mutations and 31 sample pairs presented with only tDNA

mutations. Overall, the concordance rate of mutations

identified in tDNA and paired ctDNA samples was

calculated to be 65.45%, with a sensitivity of 64.77% (95%

CI 53.79 – 74.45%) and a specificity of 68.18% (95% CI

45.11 – 85.26%), and a PPV of cancer of 89.06% (95% CI

78.16 – 95.12%) (Table 3).
samples (N=200).

oexisting COPD (N=13) NSCLC coexisting with prodromal
changes in COPD (N=34)

12 (95.42%) 31 (91.18%)

33.74 ± 19.92 28.48 ± 24.89

35 73

80 164

59 128

2 7

19 27

0 2

6.15 ± 3.63* 4.82 ± 3.55*

8 (61.54%)*# 9 (26.47%)*

d NSCLC coexisting with prodromal changes in COPD; Values are mean ± SD, n or n (%).

frontiersin.org

https://doi.org/10.3389/fonc.2022.946881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yuan et al. 10.3389/fonc.2022.946881
Subsequently, the matching degree of mutations was further

evaluated in the three groups with tDNA and paired ctDNA

samples (NSCLC alone = 79, NSCLC coexisting COPD = 9,

NSCLC coexisting with prodromal changes in COPD = 22)

(Figure 3). Relative to the whole cohort, similar concordance

rate, sensitivity, specificity, and PPV of cancer were noted in the

NSCLC alone group and the NSCLC coexisting with prodromal

changes in COPD group (Tables S3 and S4). Meanwhile, the

concordance rate, sensitivity, specificity, and PPV of cancer in

the NSCLC coexisting COPD group were all significantly lower

than those in the whole cohort, the NSCLC alone group, and the

NSCLC coexisting with prodromal changes in COPD group

(Table S5). These findings highlight the potential inapplicability

of PLA tDNA samples for detecting gene mutations in NSCLC

patients with COPD.

Furthermore, we adopted another method to evaluate the

degree of matching of mutations in the three groups. Consistent

with above results, compared to the NSCLC alone group

(41.37%) and the NSCLC coexisting with prodromal changes

in COPD group (47.79%), the NSCLC coexisting COPD group

exhibited a lower concordance rate of gene mutations (26.67%).

The frequency of SNV mutations was the highest among the

FFPE tDNA or PLA ctDNA samples in the three groups.

However, the concordance rate of fusion mutations was the

highest in the NSCLC alone group (75.00%) and the NSCLC

coexisting with prodromal changes in COPD group (100%).

Meanwhile, there were no fusion and indel mutations, but only

SNV and CNVmutations in the NSCLC coexisting COPD group

(Table 4). Similarly, the overall analysis of eight driver genes

mutations (including EGFR, KRAS, ALK, ROS1, MET, RET,

HER-2 and BRAF) demonstrated that the NSCLC coexisting

COPD group exhibited a lower concordance rate of eight driver

genes mutations (7.69%) compared to the NSCLC alone group

(45.54%) and the NSCLC coexisting with prodromal changes in

COPD group (47.37%) (Table S6). These results further prove
Frontiers in Oncology 07
that the use of ctDNA instead of tDNA may not be the most

efficient approach to identifying gene mutations for NSCLC

patients with COPD.
Discussion

Herein, the current study sought to explore the impact of

COPD on the clinical characteristics, gene mutation profiles of

168 NSCLC-related genes, and mutation consistency in tDNA

and paired ctDNA of NSCLC patients, and to investigate the

impact of these three prodromal changes in COPD on these

aspects of NSCLC patients. Our findings revealed that NSCLC

patients with COPD exhibited more severe clinical

manifestations, compared those with NSCLC alone or NSCLC

coexisting with prodromal changes in COPD. In addition, we

uncovered that FFPE tDNA samples from the NSCLC coexisting

COPD group presented with different gene mutation profiles,

including a higher average frequency of gene mutations.

Furthermore, our findings identified the decreased

concordance between tDNA and paired ctDNA mutations in

NSCLC patients with COPD.

As shown by the hard-done work of our peers, our findings

highlighted that the coexistence of COPD was associated with

worse lung function and more clinical symptoms, signs, and

comorbidities in NSCLC patients (9–11). Of note, patients in

the NSCLC coexisting COPD group comprised of older men

who had a higher proportion of smoking history and squamous

cell carcinoma. In accordance with our and other previous

studies, male predominance in the NSCLC coexisting COPD

group was previously attributed to the male prevalence of

cigarette smoking in China (28, 29). In addition, there is a

plethora of evidence to suggest that lung squamous cell

carcinoma is predominantly found in males, and most

profoundly associated with smoking in a dose-dependent
TABLE 3 Concordance, specificity, sensitivity and positive predictive value calculations for FFPE tDNA and paired PLA ctDNA samples in the
NSCLC sub-cohort (N=110).

Plasma mutation status

Positive Negative Total

Tumor mutation status

Positive 57 31 88

Negative 7 15 22

Total 64 46 110

n Rate (%) 95% Confidence interval (%)

Concordance 110 65.45

Sensitivity 88 64.77 53.79 74.45

Specificity 22 68.18 45.11 85.26

Positive-predictive value 64 89.06 78.16 95.12
fron
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manner (30, 31), which is a potential explanation for the

phenomenon uncovered in our cohort.

Furthermore, existing evidence indicates that genetic

alterations play an important role in the impact of COPD on

LC (9, 12). Herein, we consequently speculated that NSCLC
Frontiers in Oncology 08
patients with COPD may present with different gene mutation

profiles from other patients with NSCLC. Subsequent

experimentation revealed that in the FFPE tDNA samples of

the three groups, the three genes with the highest mutation rate

were EGFR, TP53, and KRAS; however, the three groups not
TABLE 4 Comparison of genetic mutation profiles for FFPE tDNA and paired PLA ctDNA samples in the NSCLC sub-cohort (N=110).

Mutation
type

Total frequency of gene mutation Frequency of gene mutation Concordance
rate (%)

FFPE PLA Both in FFPE
and PLA

Only in
FFPE

Only in
PLA

NSCLC alone (N=79) Total 278 182 115 163 67 41.37

SNV 196 138 89 107 49 45.41

Indels 24 17 11 13 6 45.83

CNV 50 19 9 41 10 18.00

Fusions 8 8 6 2 2 75.00

NSCLC coexisting COPD (N=9) Total 60 23 16 44 7 26.67*#

SNV 50 19 12 38 7 24.00*#

Indels 0 0 0 0 0 0.00

CNV 10 4 4 6 0 40.00#

Fusions 0 0 0 0 0 0.00

NSCLC coexisting with prodromal
changes in COPD (N=22)

Total 113 80 54 59 26 47.79

SNV 86 77 52 34 25 60.47*

Indels 4 2 1 3 1 25.00

CNV 22 0 0 22 0 0.00*

Fusions 1 1 1 0 0 100.00
*p < 0.05, comparison with NSCLC alone; #p < 0.05, comparison between NSCLC coexisting COPD and NSCLC coexisting with prodromal changes in COPD.
FIGURE 3

Summary of NSCLC patient characteristics and gene mutations in the matched FFPE tDNA and PLA ctDNA sample pairs. Different colors denote
different degrees of gene mutation consistency. The percentage on the side represents the percentage of patients carrying a certain mutation.
Bottom bars provide information regarding the age, sex, stage, histological diagnosis, smoking history, and group.
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only showed differences in the positive mutation rate of the same

genes, but also presented with different mutated genes. More

specifically, four gene mutations (LRP1B, MLH1, EPHA5, and

NTRK2) were only present in the NSCLC coexisting COPD

group, which was not true for the NSCLC alone group.

Interestingly, all four aforementioned genes have been

previously confirmed to be related to LC to varying degrees

(32–35), and the LPR1B gene was further highlighted as a

predictive biomarker for distinguishing LUAD patients in the

presence and absence of COPD (33). Meanwhile, three gene

mutations (LRP1B, EPHA5, and NTRK2) were also present in

NSCLC coexisting with prodromal changes in COPD, whereas

the mutation of MLH1 was only noted in one NSCLC patient

with COPD, which indicated that these four genes may not

solely be related to COPD. Accordingly, we speculated that some

genes that were present at a higher mutation frequency only in

the NSCLC coexisting COPD group may be associated with

more severe clinical manifestations. We identified five COPD

dominant genes (APC, CSMD3, POLE, FGF3, and CCND1), and

further validated that mutations in these five genes led to more

severe cl inical manifestat ions in NSCLC patients .

Unsurprisingly, these five genes have been previously

confirmed to be associated with LC to varying extents. For

instance, APC mutations are infrequent but present in human

LC, such that a prior study indicated the use of promoter

methylation of APC as a prognostic marker in NSCLC (36,

37). Meanwhile, the consumption of CSMD3 is known to

augment the survival of squamous cell lung cancer tumor cells

(38). On the other hand, there is evidence to suggest that POLE

mutation represents a candidate biomarker for the response to

immunotherapy in NSCLC patients (39). Similarly, co-

overexpression of FGF3 and EGFR was previously shown to

play critical roles in the pathogenesis of LC (40). CCND1 is

closely related to the susceptibility, malignant transformation,

treatment effect and prognosis of NSCLC (41–44). Of note, the

five genes are less studied with COPD and need further research.

Additional experimentation in our study revealed the

presence of fewer mutated genes and total mutation

frequencies in the NSCLC coexisting COPD group. As these

findings could be attributed to the relatively small sample size of

the group, we undertook a different method to tackle this

limitation. To exclude the influence of our limited sample size,

we further evaluated the average mutation frequency in each

group. Interestingly, our findings revealed that compared with

the other two groups, NSCLC patients with COPD exhibited a

higher average mutation frequency. Altogether, these findings

and evidence indicate that the worse clinical manifestations in

NSCLC patients with COPD may be associated with the

mutations in specific genes.

ctDNA in peripheral blood is commonly known as a “liquid

biopsy,” and further serves as a valuable tool in LC patients with

tumors that are difficult to biopsy or remove (21, 27). In addition,

ctDNA is regarded as an effective replacement for detecting tDNA
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mutations. However, our findings demonstrated that NSCLC

patients with COPD presented with a relatively high average

mutation frequency in FFPE tDNA samples, while the same was

not true for PLA ctDNA samples. This discovery prompted us to

consider the rationality of applying ctDNA to detect genemutations

in NSCLS patients with COPD. Subsequent results of the mutation

concordance in tDNA and paired ctDNA samples illustrated that,

whether compared with the whole NSCLC cohort, the NSCLC

alone group, or with the NSCLC coexisting with prodromal changes

in COPD group, there was a significant reduction of the mutation

concordance in the NSCLC coexisting COPD group. The latter

finding was further validated by a comparison of mutation types

dominated by SNV. Many studies have confirmed that no obvious

correlation between pulmonary and blood biomarkers in COPD

patients, indicating that blood and lung are independent

compartments in COPD (45, 46), opposing that the systemic

manifestations of COPD are due to the release of lung

inflammatory mediators into the circulation (47), which needs

further study. This should be responsible for the low concordance

rate of gene mutations between tDNA and ctDNA in NSCLC

coexisting with COPD group. Collectively, these findings suggest

that it may not be suitable to use ctDNA instead of tDNA to detect

mutations and monitor treatment response and disease progression

in NSCLC patients with COPD.

To the best of our knowledge, our study is the first-of-its-kind

to evaluate the impact of COPD on 168 NSCLC-related gene

mutation profiles in NSCLC patients. Moreover, our study also

possesses the novelty of investigating the rationality of using

ctDNA to detect gene mutations in NSCLC patients with COPD.

In addition, one of our findings includes the establishment of a

method for discovering the impact of gene mutations on clinical

manifestations through the combination of COPD-dominant

mutated genes. However, we acknowledge three additional

limitations that need to be addressed in future studies: first, the

study was a retrospective cross-sectional study and lacked “COPD

alone group”, which limited our understanding of the development

of COPD in LC. Second, NSCLC samples included in our study

were collected from a single research center, and the sample size of

the NSCLC coexisting COPD group was relatively small. Third,

some NSCLC patients with COPD were only diagnosed before

surgery, which may influence some of our results. In lieu of the

limitations of our study, we emphasize that our findings are indeed

preliminary. A larger cohort and a more rigorous design are

warranted in the future to validate our findings.
Conclusion

In summary, our study highlighted that the coexistence of

COPD led to worse clinical manifestations and altered gene

mutation profiles in patients with NSCLC. Moreover, the

coexistence of COPD with NSCLC and its association with

worse clinical manifestations could be attributed to certain
frontiersin.org

https://doi.org/10.3389/fonc.2022.946881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yuan et al. 10.3389/fonc.2022.946881
mutations in specific genes. In addition, the application of

ctDNA is not ideal for evaluating gene mutations in NSCLC

patients with COPD, which may provide novel guidance for

improving the diagnosis, treatment, and efficacy evaluation of

NSCLC patients with COPD.
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Comparison of PLA ctDNA mutations between the NSCLC alone, NSCLC
coexisting with COPD and NSCLC coexisting with prodromal changes in

COPD groups. (A) The positive rate of each mutated gene in the 111
mutated genes. (B) Total frequency of gene mutation and the proportion

of each mutated type. (C) Venn diagram of mutated genes among the
three groups. (D) A violin plot of the average maxAF. (E) A violin plot of the

average frequency of gene mutation.

SUPPLEMENTARY FIGURE 2

The difference between FFPE tDNA and PLA ctDNA mutations. (A) A violin
plot of average maxAF. (B) A violin plot of the average frequency of

gene mutation.
References

1. Didkowska J, Wojciechowska U, Manczuk M, Lobaszewski J. Lung cancer
epidemiology: contemporary and future challenges worldwide. Ann Transl Med
(2016) 4:150. doi: 10.21037/atm.2016.03.11

2. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990 and
2010: a systematic analysis for the global burden of disease study 2010. Lancet
(2012) 380:2095–128. doi: 10.1016/S0140-6736(12)61728-0

3. Eapen MS, Hansbro PM, Larsson-Callerfelt AK, Jolly MK, Myers S, Sharma
P, et al. Chronic obstructive pulmonary disease and lung cancer: underlying
pathophysiology and new therapeutic modalities. Drugs (2018) 78:1717–40.
doi: 10.1007/s40265-018-1001-8

4 . T amu r a T , M i y a z a k i K , S a t o h H . F e a t u r e s o f COPD
as predictors of lung cancer. Chest (2018) 154:720–1. doi: 10.1016/j.chest.2018.
04.047

5. Yang IA, Relan V, Wright CM, Davidson MR, Sriram KB, Savarimuthu
Francis SM, et al. Common pathogenic mechanisms and pathways in the
development of COPD and lung cancer. Expert Opin Ther Targets (2011)
15:439–56. doi: 10.1517/14728222.2011.555400
frontiersin.org

https://ngdc.cncb.ac.cn/gsa-human/browse/HRA003149
https://www.frontiersin.org/articles/10.3389/fonc.2022.946881/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.946881/full#supplementary-material
https://doi.org/10.21037/atm.2016.03.11
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1007/s40265-018-1001-8
https://doi.org/10.1016/j.chest.2018.04.047
https://doi.org/10.1016/j.chest.2018.04.047
https://doi.org/10.1517/14728222.2011.555400
https://doi.org/10.3389/fonc.2022.946881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yuan et al. 10.3389/fonc.2022.946881
6. Dai J, Yang P, Cox A, Jiang G. Lung cancer and chronic obstructive
pulmonary disease: from a clinical perspective. Oncotarget (2017) 8:18513–24.
doi: 10.18632/oncotarget.14505

7. de-Torres JP, Wilson DO, Sanchez-Salcedo P, Weissfeld JL, Berto J, Campo
A, et al. Lung cancer in patients with chronic obstructive pulmonary disease.
development and validation of the COPD lung cancer screening score. Am J Respir
Crit Care Med (2015) 191:285–91. doi: 10.1164/rccm.201407-1210OC

8. Sekine Y, Katsura H, Koh E, Hiroshima K, Fujisawa T. Early detection of
COPD is important for lung cancer surveillance. Eur Respir J (2012) 39:1230–40.
doi: 10.1183/09031936.00126011

9. Dai J, He Y, Maneenil K, Liu H, Liu M, Guo Q, et al. Timing of chronic
obstructive pulmonary disease diagnosis in lung cancer prognosis: a clinical and
genomic-based study. Transl Lung Cancer Res (2021) 10:1209–20. doi: 10.21037/
tlcr-20-1017

10. Shah S, Blanchette CM, Coyle JC, Kowalkowski M, Arthur ST, Howden R.
Survival associated with chronic obstructive pulmonary disease among SEER-
Medicare beneficiaries with non-small-cell lung cancer. Int J Chronic Obstructive
Pulmonary Dis (2019) 14:893–903. doi: 10.2147/COPD.S185837

11. Yi YS, BanWH, Sohng KY. Effect of COPD on symptoms, quality of life and
prognosis in patients with advanced non-small cell lung cancer. BMC Cancer
(2018) 18(1):1053. doi: 10.1186/s12885-018-4976-3

12. de Andrade M, Li Y, Marks RS, Deschamps C, Scanlon PD, Olswold CL,
et al. Genetic variants associated with the risk of chronic obstructive pulmonary
disease with and without lung cancer. Cancer Prev Res (2012) 5:365–73. doi:
10.1158/1940-6207.CAPR-11-0243

13. Huang ZQ, Li BH, Guo Y, Wu L, Kou F, Yang LL. Signatures of multi-omics
reveal distinct tumor immune microenvironment contributing to immunotherapy
in lung adenocarcinoma. Front Immunol (2021) 12:723172. doi: 10.3389/
fimmu.2021.723172

14. Li YF, Sheu CC, Ye YQ, de Andrade M, Wang L, Chang SC, et al. Genetic
variants and risk of lung cancer in never-smokers: a genome-wide association
study. Lancet Oncol (2010) 11(4):321–30. doi: 10.1016/S1470-2045(10)70042-5

15. Zappa C, Mousa SA. Non-small cell lung cancer: current treatment and
future advances. Trans Lung Cancer Res (2016) 5:288–300. doi: 10.21037/
tlcr.2016.06.07

16. Osmani L, Askin F, Gabrielson E, Li QK. Current WHO guidelines and
the critical role of immunohistochemical markers in the subclassification of non-
small cell lung carcinoma (NSCLC): Moving from targeted therapy to
immunotherapy. Semin Cancer Biol (2018) 52:103–9. doi: 10.1016/
j.semcancer.2017.11.019

17. Imyanitov EN, Iyevleva AG, Levchenko EV. Molecular testing and targeted
therapy for non-small cell lung cancer: Current status and perspectives. Crit Rev
Oncol Hematol (2021) 157:103194. doi: 10.1016/j.critrevonc.2020.103194

18. Bettegowda C, Sausen M, Leary RJ, Kinde I, Wang Y, Agrawal N, et al.
Detection of circulating tumor DNA in early- and late-stage human malignancies.
Sci Transl Med (2014) 6:224ra224. doi: 10.1126/scitranslmed.3007094

19. Jovelet C, Ileana E, Le Deley MC, Motte N, Rosellini S, Romero A, et al.
Circulating cell-free tumor dna analysis of 50 genes by next-generation sequencing
in the prospective MOSCATO trial. Clin Cancer Res (2016) 22:2960–8.
doi: 10.1158/1078-0432.CCR-15-2470

20. Mao X, Zhang Z, Zheng X, Xie F, Duan F, Jiang L, et al. Capture-based
targeted ultradeep sequencing in paired tissue and plasma samples demonstrates
differential subclonal ctDNA-releasing capability in advanced lung cancer. J Thorac
Oncol (2017) 12:663–72. doi: 10.1016/j.jtho.2016.11.2235

21. Song Y, Hu C, Xie Z, Wu L, Zhu Z, Rao C, et al. Circulating tumor DNA
clearance predicts prognosis across treatment regimen in a large real-world
longitudinally monitored advanced non-small cell lung cancer cohort. Transl
Lung Cancer Res (2020) 9:269–79. doi: 10.21037/tlcr.2020.03.17

22. Spellman PT, Gray JW. Detecting cancer by monitoring circulating tumor
DNA. Nat Med (2014) 20:474–5. doi: 10.1038/nm.3564

23. Yong E. Cancer biomarkers: written in blood. Nature (2014) 511:524–6.
doi: 10.1038/511524a

24. Wang C, Zhou J, Wang J, Li S, Fukunaga A, Yodoi J, et al. Progress in the
mechanism and targeted drug therapy for COPD. Signal Transduct Target Ther
(2020) 5:248. doi: 10.1038/s41392-020-00345-x

25. Bhattacharyya P, Sarkar D, Nag S, Ghosh S, Roychoudhury S.
Transbronchial decompression of emphysematous bullae: a new therapeutic
approach. Eur Respir J (2007) 29:1003–6. doi: 10.1183/09031936.00030106

26. Zhong N, Wang C, Yao W, Chen P, Kang J, Huang S, et al. Prevalence of
chronic obstructive pulmonary disease in china: a large, population-based survey.
Am J Respir Crit Care Med (2007) 176:753–60. doi: 10.1164/rccm.200612-1749OC
Frontiers in Oncology 11
27. Guo N, Lou F, Ma Y, Li J, Yang B, Chen W, et al. Circulating tumor DNA
detection in lung cancer patients before and after surgery. Sci Rep (2016) 6:33519.
doi: 10.1038/srep33519

28. Zhu B, Wang Y, Ming J, Chen W, Zhang L. Disease burden of COPD in
China: a systematic review. Int J Chron Obstruct Pulmon Dis (2018) 13:1353–64.
doi: 10.2147/COPD.S161555

29. Du X, Yuan L, Wu M, Men M, He R, Wang L, et al. Variable DNA
methylation of aging-related genes is associated with male COPD. Respir Res
(2019) 20:243. doi: 10.1186/s12931-019-1215-7

30. Derman BA, Mileham KF, Bonomi PD, Batus M, Fidler MJ. Treatment of
advanced squamous cell carcinoma of the lung: a review. Transl Lung Cancer Res
(2015) 4:524–32. doi: 10.3978/j.issn.2218-6751.2015.06.07

31. Wang BY, Huang JY, Chen HC, Lin CH, Lin SH, Hung WH, et al. The
comparison between adenocarcinoma and squamous cell carcinoma in lung cancer
patients. J Cancer Res Clin Oncol (2020) 146:43–52. doi: 10.1007/s00432-019-
03079-8

32. Okamura K, Harada T, Wang S, Ijichi K, Furuyama K, Koga T, et al.
Expression of TrkB and BDNF is associated with poor prognosis in non-small cell
lung cancer. Lung Cancer (2012) 78:100–6. doi: 10.1016/j.lungcan.2012.07.011

33. Xiao D, Li F, Pan H, Liang H, Wu K, He J. Integrative analysis of genomic
sequencing data reveals higher prevalence of LRP1B mutations in lung
adenocarcinoma patients with COPD. Sci Rep (2017) 7:2121. doi: 10.1038/
s41598-017-02405-9

34. Garcia-Nieto PE, Morrison AJ, Fraser HB. The somatic mutation landscape
of the human body. Genome Biol (2019) 20:298. doi: 10.1186/s13059-019-1919-5

35. Chen Z, Chen J, Ren D, Zhang J, Yang Y, Zhang H, et al. EPHA5 mutations
predict survival after immunotherapy in lung adenocarcinoma. Aging (Albany NY)
(2020) 13:598–618. doi: 10.18632/aging.202169

36. Ohgaki H, Kros JM, Okamoto Y, Gaspert A, Huang H, Kurrer MO. APC
mutations are infrequent but present in human lung cancer. Cancer Lett (2004)
207:197–203. doi: 10.1016/j.canlet.2003.10.020

37. Feng H, Zhang Z, Qing X, Wang X, Liang C, Liu D. Promoter methylation of
APC and RAR-beta genes as prognostic markers in non-small cell lung cancer
(NSCLC). Exp Mol Pathol (2016) 100:109–13. doi: 10.1016/j.yexmp.2015.12.005

38. Qiu Z, Lin A, Li K, Lin W, Wang Q, Wei T, et al. A novel mutation panel for
predicting etoposide resistance in small-cell lung cancer. Drug Des Devel Ther
(2019) 13:2021–41. doi: 10.2147/DDDT.S205633

39. Song Z, Cheng G, Xu C, Wang W, Shao Y, Zhang Y. Clinicopathological
characteristics of POLE mutation in patients with non-small-cell lung cancer. Lung
Cancer (2018) 118:57–61. doi: 10.1016/j.lungcan.2018.02.004

40. Tai AL, Sham JS, Xie D, Fang Y, Wu YL, Hu L, et al. Co-Overexpression of
fibroblast growth factor 3 and epidermal growth factor receptor is correlated with
the development of nonsmall cell lung carcinoma. Cancer (2006) 106:146–55.
doi: 10.1002/cncr.21581

41. Betticher DC, Heighway J, Hasleton PS, Altermatt HJ, Ryder WD, Cerny T,
et al. Prognostic significance of CCND1 (cyclin D1) overexpression in primary
resected non-small-cell lung cancer. Br J Cancer (1996) 73:294–300. doi: 10.1038/
bjc.1996.52

42. Gautschi O, Hugli B, Ziegler A, Bigosch C, Bowers NL, Ratschiller D, et al.
Cyclin D1 (CCND1) A870G gene polymorphismmodulates smoking-induced lung
cancer risk and response to platinum-based chemotherapy in non-small cell lung
cancer (NSCLC) patients. Lung Cancer (2006) 51:303–11. doi: 10.1016/
j.lungcan.2005.10.025

43. Sobti RC, Kaur P, Kaur S, Singh J, Janmeja AK, Jindal SK, et al. Effects of
cyclin D1 (CCND1) polymorphism on susceptibility to lung cancer in a north
Indian population. Cancer Genet Cytogenet (2006) 170:108–14. doi: 10.1016/
j.cancergencyto.2006.05.017

44. Sun CC, Li SJ, Li DJ. Hsa-miR-134 suppresses non-small cell lung cancer
(NSCLC) development through down-regulation of CCND1. Oncotarget (2016)
7:35960–78. doi: 10.18632/oncotarget.8482

45. Nunez B, Sauleda J, Garcia-Aymerich J, Noguera A, Monso E, Gomez F,
et al. Lack of correlation between pulmonary and systemic inflammation markers
in patients with chronic obstructive pulmonary disease: A simultaneous, two-
compartmental analysis. Arch Bronconeumol (2016) 52:361–7. doi: 10.1016/
j.arbres.2016.01.003

46. Faner R, Morrow JD, Casas-Recasens S, Cloonan SM, Noell G, Lopez-
Giraldo A, et al. Do sputum or circulating blood samples reflect the pulmonary
transcriptomic differences of COPD patients? a multi-tissue transcriptomic
network META-analysis. Respir Res (2019) 20:5. doi: 10.1186/s12931-018-0965-y

47. Barnes PJ, Celli BR. Systemic manifestations and comorbidities of COPD.
Eur Respir J (2009) 33:1165–85. doi: 10.1183/09031936.00128008
frontiersin.org

https://doi.org/10.18632/oncotarget.14505
https://doi.org/10.1164/rccm.201407-1210OC
https://doi.org/10.21037/tlcr-20-1017
https://doi.org/10.21037/tlcr-20-1017
https://doi.org/10.2147/COPD.S185837
https://doi.org/doi: 10.1186/s12885-018-4976-3
https://doi.org/10.1158/1940-6207.CAPR-11-0243
https://doi.org/10.3389/fimmu.2021.723172
https://doi.org/10.3389/fimmu.2021.723172
https://doi.org/10.1016/S1470-2045(10)70042-5
https://doi.org/doi: 10.21037/tlcr.2016.06.07
https://doi.org/doi: 10.21037/tlcr.2016.06.07
https://doi.org/10.1016/j.semcancer.2017.11.019
https://doi.org/10.1016/j.semcancer.2017.11.019
https://doi.org/10.1016/j.critrevonc.2020.103194
https://doi.org/10.1126/scitranslmed.3007094
https://doi.org/10.1158/1078-0432.CCR-15-2470
https://doi.org/10.1016/j.jtho.2016.11.2235
https://doi.org/10.21037/tlcr.2020.03.17
https://doi.org/10.1038/nm.3564
https://doi.org/10.1038/511524a
https://doi.org/10.1038/s41392-020-00345-x
https://doi.org/10.1183/09031936.00030106
https://doi.org/10.1164/rccm.200612-1749OC
https://doi.org/10.1038/srep33519
https://doi.org/10.2147/COPD.S161555
https://doi.org/10.1186/s12931-019-1215-7
https://doi.org/10.3978/j.issn.2218-6751.2015.06.07
https://doi.org/10.1007/s00432-019-03079-8
https://doi.org/10.1007/s00432-019-03079-8
https://doi.org/10.1016/j.lungcan.2012.07.011
https://doi.org/10.1038/s41598-017-02405-9
https://doi.org/10.1038/s41598-017-02405-9
https://doi.org/10.1186/s13059-019-1919-5
https://doi.org/10.18632/aging.202169
https://doi.org/10.1016/j.canlet.2003.10.020
https://doi.org/10.1016/j.yexmp.2015.12.005
https://doi.org/10.2147/DDDT.S205633
https://doi.org/10.1016/j.lungcan.2018.02.004
https://doi.org/10.1002/cncr.21581
https://doi.org/10.1038/bjc.1996.52
https://doi.org/10.1038/bjc.1996.52
https://doi.org/10.1016/j.lungcan.2005.10.025
https://doi.org/10.1016/j.lungcan.2005.10.025
https://doi.org/10.1016/j.cancergencyto.2006.05.017
https://doi.org/10.1016/j.cancergencyto.2006.05.017
https://doi.org/10.18632/oncotarget.8482
https://doi.org/10.1016/j.arbres.2016.01.003
https://doi.org/10.1016/j.arbres.2016.01.003
https://doi.org/10.1186/s12931-018-0965-y
https://doi.org/10.1183/09031936.00128008
https://doi.org/10.3389/fonc.2022.946881
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Clinical characteristics and gene mutation profiles of chronic obstructive pulmonary disease in non-small cell lung cancer
	Introduction
	Materials and methods
	Study design
	Patient selection and sample sources
	Data collection
	Sample DNA preparation, next generation sequencing (NGS) library preparation and DNA sequencing
	Statistical analysis

	Results
	Study design and physiologic and clinical characteristics of NSCLC cohort
	Landscape of gene mutation in NSCLC cohort with FFPE tDNA samples
	Landscape of gene mutation in the NSCLC cohort with PLA ctDNA samples
	Mutation concordance in matched FFPE tDNA and PLA ctDNA sample pairs

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


