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Introduction

According to the American Cancer Society and the Cancer 
Statistics Center, lung cancer is a chronic, progressive and 
malignant disease, which causes an annual of over 130,000 

deaths worldwide (expected to be 135,720 by 2020), and an 

annual of 200,000 newly-diagnosed cases (expected to be 

228,820 by 2020) (1). Lung cancer is also the leading cause 

of cancer-related death in 93 countries, among which, the 
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highest incidence rates are observed in Micronesia/Polynesia, 
and Eastern Asia, including China (2). It is estimated that, 
85% lung cancer cases have non-small cell lung cancer 
(NSCLC), which can be further classified as adenocarcinoma 
(65%) and squamous cell carcinoma (30%) (3).

Among the existing treatments, targeted therapy is the 
least harmful and most tolerable one for patients who have 
lost the opportunities of surgery (4). Currently, samples for 
genetic detection are mainly collected from the blood, pleural 
effusion, urine or tumor tissues of patients, among which, 
tumor tissues achieve the highest specificity and sensitivity in 
genetic detection (5-7). However, invasive procedures are not 
applicable to patients with metastatic disease or compromised 
health status (6). Because of drug resistance, patients have to 
undergo multiple genetic tests. In addition, tissue samples 
are not always available, so the choice of targeted drug often 
depends on blood sample detection (8). To reduce drug 
resistance, the alternative use of two-targeted drugs has been 
proposed, but the effect remains unclear so far (9). Thus, 
it is crucial to early and effectively identify patients with 
genetic mutations to improve patient survival and reduce the 
financial burden on patients.

Neuron-specific enolase (NSE) is an intracellular enzyme 
generally detected in medullary-thyroid carcinoma and in 
small cell lung cancer (SLCL) (10). NSE plays an important 
role in the diagnosis of SCLC patients. Enormous studies 
have indicated the role of NSE in predicting response to 
chemotherapy or chemo-radiotherapy in SCLC patients 
(11,12). Therefore, NSE is considered as an independent 
predictor of survival compared with other prognostic 
factors. The NSE level is stable, and it has little association 
with age, sex, smoking status and cumulative smoking 
dose (13). NSE can be detected in various circulating cells, 
such as erythrocytes, plasma cells, and platelets (13,14). 
However, the association of NSE with the detection of gene 
mutations in lung cancer has been rarely investigated for 
the time being. Therefore, this study aimed to investigate 
the correlation between serum NSE levels and the detection 
of gene mutations in patients with lung adenocarcinoma. 
We present the following article in accordance with the 
STREGA reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1633).

Methods

Patients 

The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). The study 
was approved by our institutional ethics board of The 
First Affiliated Hospital of Anhui Medical University (No. 
2020-09-14) and individual consent for this retrospective 
analysis was waived. This retrospective, case-control study 
was carried out between June 2017 to October 2019, 120 
lung adenocarcinoma patients admitted at the Department 
of Geriatric Respiratory and Critical Care in the First 
Affiliated Hospital of Anhui Medical University were 
enrolled into the present study.

All patients participating in this study met the following 
criteria: (I) all patients underwent lung biopsy, pleural 
fluid cytology or lymph node biopsy to obtain a definite 
pathological type, and they were diagnosed with lung 
adenocarcinoma. (II) Sufficient blood or tissues were 
collected from patients to complete next-generation 
sequencing (NGS). (III) All patients were not treated with 
chemotherapy, radiotherapy, radiofrequency ablation, 
or surgery. (IV) All patients had no histories of tumor, 
endocrine and metabolic disorders. 

Analysis of gene mutations

In this study, the targeted sequencing approach based on 
Illumina platform was conducted to detect the common 
gene mutations in tissue biopsies or plasma samples from 
120 lung adenocarcinoma patients. The specific procedure 
was as follows.

(I)	 Sample pretreatment: the sample was collected into 
a sterile centrifuge tube, and the precipitate was 
collected after centrifugation. DNA was isolated 
and purified using the Blood/Tissue Genomic 
DNA Isolation Kit [Tiangen Biotech (Beijing) Co., 
Ltd.].

(II)	 Library preparation: In brief, 1 μg genomic DNA 
was sheared into fragments, then, the processes of 
end-repairing, A-tailing, and ligation with indexed 
adapters were conducted in turn, and finally the 
size was selected. After polymerase chain reaction 
(PCR) amplification, all libraries were purified and 
enriched. 

(III)	 Quantitative PCR (Q-PCR) for quantitation: the 
gradient dilution of libraries was performed on ice. 
Preparation of the PCR system: the Novo SYBR 
qPCR Mix Novo 50 ROX reference dye and Novo 
Quantification Primer were melt and centrifuged 
at once for preparation. Preparation of the reaction 
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system: a total volume of 20 μL was prepared for 
the reaction system. Two parallel experiments 
were conducted for each sample. 16 μL sample 
was distributed to the eight-row fluorescent 
quantitative PCR tube, which were then blended 
and centrifuged.

(IV)	 Genome sequencing: genome sequencing was 
performed using the HiSeq X-TEN System 
(Illumina, Novogene Bioinformatics Technology 
Co., Ltd., Novogene, Beijing, China).

We provided patients with 23-gene panel test (ALK, 
BRAF, EGFR, AKT1, HER2/ERBB2, FGFR1, FGFR2, 
GNA11, GNAQ, HRAS, KIT, KRAS, MET, NRAS, DDR2, 
PDGFRA, PIK3CA, MAP2K1, PTEN, RET, ROS1, SMO, 
TSC1) and 10-gene panel test (ALK, BRAF, EGFR, HER2/
ERBB2, KRAS, MET, PIK3CA, RET, ROS1, TP53). What 
type of test was decided by the patients based on the cost of 
test differing from 23 to 10 gene panel. Thirty-nine patients 
received the 23-gene panel and 81 patients received the 10-
gene panel. Those without any mutation were classified as 
non-mutant group, and single or multiple gene mutations 
were classified as mutant group. The genes that tested 
positive included EGFR, ALK, TP53, ROS1, HER2/ERBB2, 
MET, BRAF, RET, KRAS, NRAS, PTEN, PDGFRA, KIT, 
FGFR2, TSC1 and PIK3CA.

Detection of NSE

Detection of the serum NSE levels: blood samples were 
taken when patients were first admitted to hospital before 
any treatment and the NSE levels were determined 
immediately according to the double-antibody sandwich 
magnetic particle chemiluminescent method. The 
matched kit, Roche (e601, Basel, Switzerland) automatic 
electrochemical luminescent immunoassay analyzer, was 
also used. 

Statistical analysis

The Empower(R) (www.empowerstats.com, X&Y solutions, 
Inc, Boston, MA, USA) and R (http://www.R-project.
org)softwares were employed for all statistical analyses. 
Continuous variables were presented as mean and standard 
deviation and categorical data were shown as number of 
cases and percentage. The t-test was used for those normal 
distribution and Kruskal-Wallis test was used for non-
normal variables. Pearson’s χ2 test and Fisher’s exact test 

were used to analyze the differences in categorical variables. 
The association of serum NSE level with gene mutation 
was evaluated using the multiple logistic regression models. 
Kruskal-Wallis test was carried out to revise the correlation 
between the NSE level and the gene mutation types. The 
receiver operating characteristic (ROC) curve was plotted 
to assess the value of NSE in predicting gene mutation 
in blood sample group, and the relationships of different 
NSE contents with gene mutation were evaluated by the 
linear regression model. A difference of P<0.05 indicated 
statistical significance. Delete the cases of missing data.

Results

Objects of study 

Three hundred and forty-seven lung cancer patients who 
underwent NGS were enrolled in this study. Fifty-five 
patients were excluded from the study because they had 
undergone surgery, targeted therapy, or chemotherapy. 
One hundred and twenty-three cases were excluded due 
to the pathological squamous cell carcinoma, small cell or 
unclassified and the pleural effusion for NGS. Sixty-nine 
others were excluded because of incomplete data. The age 
of the enrolled 120 patients ranged from 31 to 87 years, 
among them, 40.00% were females. The blood and tissue 
samples were collected from all the enrolled patients for 
genetic detection, including 86 mutant cases (mutant group) 
and 34 non-mutant cases (non-mutant group). In the blood 
sample group, the percentage of lung cancer patients with 
distant metastasis was significantly higher in mutant group 
than in non-mutant group (P=0.01). 

Relationship of NSE with gene mutation 

In the blood samples, the NSE levels were higher in mutant 
group than in non-mutant group (P=0.002), but in tissue 
samples, the difference was not obvious (P=0.819) (Table 1).  
Results of multivariate analysis revealed significant 
correlation of NSE with gene mutation (OR =7.6; 95% CI, 
2.0–28.9; P=0.003) (Table 2). Furthermore, variables were 
adjusted for age, gender, hemoglobin, platelet, and leukocyte 
levels and smoking history, with no significant changes (OR 
=8.5; 95% CI, 1.9–38.7; P=0.006). In addition, the linear 
regression model further highlighted the tight relationship 
between NSE and gene mutation in blood sample 
group (Figure 1). A higher NSE value indicated a higher 
probability of mutation detection. Results of ROC curve 



555Journal of Thoracic Disease, Vol 13, No 2 February 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(2):552-561 | http://dx.doi.org/10.21037/jtd-20-1633

analysis are shown in Figure 2. The area under the curve 
(AUC) of NSE was 0.7300 [95% confidence interval (CI): 
0.6059–0.8541) and optimal threshold was 18.5650 U/mL  
with a sensitivity of 87.50% and a specificity of 52.08%.

Specific differences in NSE levels between the blood and 
tissue sample groups

The single gene mutation in blood samples was significantly 
correlated with NSE (P=0.045) (Table 3). Among them, the 
NSE levels in MET, KRAS, ROS1 and TP53 mutations 

increased, while NSE level showed weak correlations 
with EGFR, TSC1, FGFR2 and NRAS mutations. 
Correspondingly, EGFR, MET, ERBB2 and KRAS 
mutations showed relatively high correlations with NSE 
levels in tissue samples, while ALK and TP53 mutations 
showed weak correlation. EGFR mutation was not 
associated with NSE level in either tissue or blood sample 
group. In polygenic mutations, the association of NSE level 
with gene mutation was still stronger in blood sample group 
(P=0.032). In terms of polygenic mutations containing 
EGFR, TP53, ERBB2 and MET, the NSE level increased 

Table 1 Patient characteristics

Gene mutation
Blood sample Tissue sample

No Yes P value No Yes P value

No. 24 48 10 38

Age 65.5±8.7 62.6±12.4 0.318 60.7±18.8 65.7±11.0 0.281

NSE (U/mL) 15.4±7.8 22.2±12.9 0.002 16.7±4.4 20.2±12.0 0.819

Gender 0.864 0.488

Female 9 (37.5%) 19 (39.6%) 3 (30.0%) 17 (44.7%)

Male 15 (62.5%) 29 (60.4%) 7 (70.0%) 21 (55.3%)

Metastasis 0.010 1.000

No 9 (39.1%) 6 (12.5%) 3 (30.0%) 12 (31.6%)

Yes 14 (60.9%) 42 (87.5%) 7 (70.0%) 26 (68.4%)

Leukocyte (109/L) 6.4±1.7 6.8±2.4 0.444 6.9±2.7 6.7±2.6 0.761

Hemoglobin (109/L) 124.0±14.7 120.9±17.8 0.470 124.1±9.2 123.8±15.2 0.951

Platelet (109/L) 226.3±62.3 233.0±72.4 0.701 253.1±103.3 232.5±78.8 0.494

Smoking history 0.099 0.487

No 14 (58.3%) 37 (77.1%) 5 (50.0%) 24 (63.2%)

Yes 10 (41.7%) 11 (22.9%) 5 (50.0%) 14 (36.8%)

NSE, neuron-specific enolase.

Table 2 Multivariate regression for the relationship between NSE and gene mutation in blood samples

Variable
Non-adjusted Adjust I Adjust II

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

NSE (U/mL)

<18.5 1.0 1.0 1.0

≥18.5 7.6 (2.0, 28.9) 0.003 7.7 (2.0, 29.8) 0.003 8.5 (1.9, 38.7) 0.006

Model I adjusted for age and gender. Model II adjusted for age, gender, hemoglobin, platelet, leukocyte levels and smoking history. CI, 
confidence interval; OR, odds ratio; NSE, neuron-specific enolase. 
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in blood sample group (P<0.05). But no such relationship 

was detected in tissue sample group. More analysis results 

were run than can be included in the article. The interested 

reader can find them in a supplementary appendix online.

Discussion 

To some extent, lung cancer is a genetic disease with various 
histological subtypes. Only a minority of mutant genes will 
promote or drive the development of lung cancer, regardless 

Figure 1 NSE and positive rate of gene mutations dose-response relationship in blood sample. Adjusted for age, gender, hemoglobin, 
platelet, and leukocyte levels. NSE, neuron-specific enolase.

Figure 2 ROC curve of the relationship between NSE and positive rate of gene mutations in blood sample group. AUC of NSE was 0.7300 
(95% CI: 0.6059–0.8541). AUC, area under the curve; ROC, receiver operating characteristic; NSE, neuron-specific enolase.
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Table 3 NSE levels of single-gene and multi-gene mutations

Gene 
mutation

Blood sample Tissue sample

Non-mutation 
group NSE levels 

(U/mL)

Mutation group NSE 
levels (U/mL)

P values
Non-mutation 

group NSE levels 
(U/mL)

Mutation group NSE 
levels (U/mL)

P values

Single gene mutation

EGFR 15.4±7.8 14 18.6±7.5 0.223 16.7±4.4 12 22.7±16.6 0.281

ERBB2 2 13.0±1.4 0.672 2 34.6±20.3 0.013

MET 1 35.0± NA 1 35.4± NA

TP53 1 27.2± NA 2 16.4±0.7 0.935

ALK 2 26.1±16.1 0.095 2 20.3±9.8 0.389

BRAF 

NRAS 1 11.1± NA

PIK3CA

PTEN

PDGFRA

KRAS 4 38.2±13.2 0.003 2 28.4±19.0 0.066

KIT

ROS1 1 27.1± NA

TSC1 1 9.6± NA

FGFR2 1 2.4± NA

RET

Total 28 21.6±11.8 0.045 21 24.2±14.9 0.135

Polygenic mutations contain

EGFR 11 21.3±5.4 0.029 11 14.9±3.2 0.298

ERBB2 3 37.7±37.6 0.010 2 15.1±0.0 0.629

TP53 11 26.7±18.8 0.002 7 15.9±3.0 0.675

MET 3 25.9±5.9 0.021 3 16.8±3.3 0.982

ALK 3 18.3±2.7 0.226 4 13.9±3.9 0.295

BRAF 1 19.1± NA 1 15.5± NA

NRAS

PIK3CA 2 22.9±5.4 0.2 3 15.2±3.0 0.585

PTEN 2 23.7±4.2 0.155

PDGFRA 1 19.6± NA

KRAS 2 20.5±1.3 0.373 2 18.0±0.9 0.693

KIT 2 14.9±6.0 0.925

ROS1 2 16.4±0.5 0.923

TSC1 2 23.7±4.2 0.155 1 12.5± NA

FGFR2

RET 2 15.2±0.4 0.967 1 15.5± NA

Total 20 23.0±14.6 0.032 17 15.3±2.8 0.314
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of the complex gene mutations (15). With the deepening of 
research, an increasing number of genes have been proved 
to be related to the development of lung cancer, and they 
are incorporated into the treatment guidelines (16).

However, it is always difficult to obtain sufficient tissue 
samples for gene mutation analysis in clinical studies, 
especially for some patients with end-stage disease. Serum 
carcinoembryonic antigen (CEA) level was reported to 
be an independent predictor for plasma EGFR mutation, 
which was associated with the effect of EGFR-tyrosine 
kinase inhibitor (TKI) treatment (8,17). These studies have 
prompted EGFR detection to some extent, and EGFR 
mutation may be sensitively detected in patient plasma with 
a higher CEA level when tumor tissues is not available. This 
is also the significance of our study.

We also examined the relationship between other tumor 
markers [CEA and cytokeratin-19 fragment (CYFRA21-1)] 
and the positive rate of gene detection in blood samples. 
However, our data cannot indicate that CEA levels are 
associated with positive rate of gene detection (Appendix). 
There is a certain correlation for CYFRA21-1 in all blood 
samples, but the P value in the 10-gene panel is 0.069. 
Therefore, we don’t know for sure whether there is a 
positive correlation.

Serum NSE level reflects cell proliferation and mortality, 
and the elevated levels may indicate distant metastasis (18).  
NSE has been identified to predict mutations in some 
genes, but no significant correlation is detected so 
far (19,20). Some studies have suggested that, NSE is 
associated with EGFR mutations in adenocarcinoma cases, 
but no consensus is reached for the time being (21). The 
existing studies focus on individual gene mutation, and 
no comprehensive analysis is conducted. Therefore, the 
diagnostic value of NSE for lung adenocarcinoma gene 
mutation was evaluated in this study.

Our data demonstrated that, for blood sample group, 
the NSE levels were significantly higher in patients with 
genetic mutation than those without mutation. Meanwhile, 
more patients from whom the blood samples were collected 
for genetic detection were enrolled in the study. This 
phenomenon has also accelerated the studies of using blood 
sample for gene mutation detection (22,23). A series of 
large clinical trials have adopted blood samples for genetic 
detection, such as B-F1RST (NCT02848651) and BFAST 
(NCT03178552). In the 2019 EUROPEAN SOCIETY 
FOR MEDICAL ONCOLOGY (ESMO) congress (https://
www.esmo.org/), the BFAST (NCT03178552) study on 
ALK mutations treated with alectinib shows that, blood test 

may be used to replace the invasive biopsy for more lung 
cancer patients. Cells exfoliate from the primary tumor and 
enter the circulatory system, which marks the beginning of 
malignant tumor metastasis. Typically, these cells are called 
the circulating tumor cells (CTCs). CTCs have been proven 
to be independently correlated with distant metastases in 
NSCLC and the elevated serum NSE level (24). This may 
explain the increased positive rates for genetic mutations 
detected in blood samples with the increase in NSE levels. 
The tissue samples contain a large number of tumor cells, 
so the detection rate of gene mutation is high, which may 
partly explain the weak correlation between NSE levels and 
the positive rate of gene mutation detection in the tissue 
samples.

Suh et al. also reported that, patients with elevated 
serum NSE levels had shorter overall survival (OS) and 
progression-free survival (PFS), and the poor prognosis of 
first-line EGFR-TKI treatment in NSCLC patients with 
EGFR mutation was associated with the elevated NSE 
levels (25). In our study, NSE level increased in single gene 
mutation group, in which MET, KRAS, ROS1 and TP53 
showed obvious correlations, but NSE level was weakly 
correlated with conventional single-gene mutations, such 
as ALK and EGFR. This might be due to the insufficient 
sample size. A large percentage of lung cancer is not caused 
by a single oncogene mutation, which accounts for the 
cause of drug resistance and poor prognosis (26,27). In our 
study, multi-gene mutations predict higher NSE levels and 
earlier metastasis in the blood.

Patients with EGFR, ALK, or ROS1 mutation combined 
with TP53 mutation have shorter survival (26). Notably, 
MET amplification and PIK3CA mutations have been 
reported as the resistance mechanism in patients with EGFR 
mutation (27). Our results showed that, in the diagnosis of 
lung adenocarcinoma, the NSE levels markedly elevated 
in patients with polygenic mutations combined TP53 
mutation compared with patients with non-gene mutation. 
Among the 11 patients with polygenic mutations containing 
EGFR, 9 were associated with TP53 among which 1 was 
EGFR/TP53/MET mutation, and the remaining one was 
associated with ALK, while the others were associated with 
KRAS and TSC1. We knew quite early on that papillary 
thyroid carcinoma cells have high expression of NSE and 
mutant forms of p53 protein (28). Both increased NSE 
levels and TP53 mutation could more easily be found in 
adenocarcinoma and squamous cell lines of lung cancer (29). 
To the best of our knowledge, no studies have identified the 
predictive role of NSE in lung adenocarcinoma with TP53 

https://cdn.amegroups.cn/static/public/JTD-20-1633-supplementary.pdf
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mutation. The prevalence of MET mutation detection 
was low, but the NSE levels increased significantly in 
both single-gene and polygenic mutations with MET. Li 
et al. reported that MET DNA expression in blood was 
independently correlated with NSE levels in patients with 
lung cancer (19). There were also research data showing 
that NSE was not associated with c-MET expression in lung 
cancer patients (30). This is contrary to our results. KRAS 
mutations have also been reported as the acquired resistance 
to TKIs (31), indicating that EGFR mutation with poor 
prognosis is more detectable in the blood with a high NSE 
level. However, there was no significant correlation between 
ALK mutation and the NSE level. 

In this study, some limitations should be noted. Firstly, 
the sample size was small, especially for the tissue samples 
without gene mutation, which might be responsible for the 
higher success rate of genetic detection in tissue samples. 
Secondly, the relationships between NSE levels with 
the mutation subtypes had not been fully elucidated yet. 
Thirdly, the long-term effect of NSE on gene mutation was 
not determined.

Conclusions

In conclusion, NSE content effectively improves the 
diagnostic value of gene mutation detected using the blood 
samples for lung adenocarcinoma. This phenomenon is 
particularly significant in the polygenic mutations. Our 
findings may provide new insights into the prognostic value 
of targeted therapy and the use of blood samples for gene 
detection.
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Supplementary

CYFRA21-1 and positive rate of gene mutations dose-response relationship in blood sample. Adjusted for age, gender, hemoglobin, platelet, 
and leukocyte levels.
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ROC curve of the relationship between CYFRA21-1 and positive rate of gene mutations in blood sample group. AUC of CYFRA21-1 was 
0.6990 (95% CI: 0.5748-0.8232). AUC: area under the curve; ROC: receiver operating characteristic
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Patient characteristics of 10-gene panel

Gene mutation
Blood sample Tissue sample

No Yes P-value No Yes P-value

NO. 18 30 9 24

Age 62.9±8.2 64.3±13.5 0.695 58.4±18.5 65.9±11.6 0.173

NSE (U/mL) 16.2±8.4 24.2±14.4 0.002 16.3±4.5 17.7±7.7 1.000

CEA 32.8±45.2 117.0±249.0 0.250 12.1±15.6 44.8±118.9 0.467

CYFRA21-1 5.1±4.7 8.2±5.9 0.069 9.0±10.9 6.0±7.1 0.275

Gender 0.762 0.698

Female 8 (44.4%) 11 (36.7%) 3 (33.3%) 11 (45.8%)

Male 10 (55.6%) 19 (63.3%) 6 (66.7%) 13 (54.2%)

Patient characteristics

Gene mutation
Blood sample Tissue sample

No Yes P-value No Yes P-value

NO. 24 48 10 38

Age 65.5±8.7 62.6±12.4 0.318 60.7± 18.8 65.7±11.0 0.281

NSE (U/mL) 15.4±7.8 22.2±12.9 0.002 16.7±4.4 20.2±12.0 0.819

CEA 57.3±154.2 77.9±202.9 0.905 11.3±15.0 43.7±99.1 0.195

CYFRA21-1 4.9±4.1 12.3±25.2 0.006 8.6±10.4 9.7±15.0 0.534

Gender 0.864 0.488

Female 9 (37.5%) 19 (39.6%) 3 (30.0%) 17 (44.7%)

Male 15 (62.5%) 29 (60.4%) 7 (70.0%) 21 (55.3%)
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