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Introduction

Lung cancer is the most common malignant tumor 
worldwide. There are nearly 1. 8 million newly increased 
every year, and 1. 4 million patients die every year, ma-
king it the leading cause of death of Chinese residents 
due to malignant tumors (1). Lung cancer falls into small 
cell lung cancer and non-small cell lung cancer (NSCLC) 
according to pathological classification, among which 
NSCLC takes the proportion of 85% of lung cancer (2). 
Due to the atypical early clinical symptoms, most sufferers 
were in the advanced stage when clinically diagnosed, and 
lost the chance of surgical resection, thus leading to a low 
5-year overall survival rate (3,4). Circulating tumor cells 
(CTCs) refer to tumor cells that exist outside primary can-
cer and metastases and are mainly derived from the conti-
nuous proliferation of solid tumor cells (5). CTCs have 
certain invasiveness. After escaping from tumor tissue, the 
cells entered the circulation system and became circula-
ting tumor cells with the ability to invasion and metasta-
sis. Circulating tumor deoxyribonucleic acid (ctDNA) is a 
DNA fragment that carries the original tumor mutation in 
the circulatory system. It is repeatable, less invasive, real-

time monitoring, and can reveal the genetic characteristics 
of tumors at the molecular level (6). It was found that the 
tumor cells and ctDNA could be released into the periphe-
ral blood in the early stage of tumor formation. Qualita-
tive and quantitative analysis of CTC and ctDNA in the 
circulatory system has been found to be associated with 
the diagnosis, progression, follow-up and prognosis of tu-
mors, and can be used as an alternative to “liquid biopsy” 
of primary tumors. This study investigated and analyzed 
the diagnostic value of CTC and ctDNA in early NSCLC. 
The following reports are presented.

Materials and Methods

Clinical data
125 NSCLC subjects hospitalized from March 2019 

to December 2020 were enrolled for TNM staging accor-
ding to the 2017 UICC staging criteria. Among them, 64 
patients with stage I-II were classified into the early group, 
and 61 with stage III-IV were selected as an intermediate-
advanced group; In addition, 47 patients with benign pul-
monary nodules hospitalized within the same period were 
listed as a group of benign pulmonary nodules, and 50 
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healthy subjects were enrolled as a control group. There 
were 33 males and 31 females in the early group. They 
were aged between 36 and 89 years, with an average of 
(56. 17±8. 39) years. There were 32 males and 29 females 
in the intermediate-advanced group, aged 36-78 years, 
with an average age of (56. 93±9. 56) years. In the group 
of benign pulmonary nodules, there were 25 males and 22 
females aged 29-81, and the evaluation age was (57. 02 ± 
11. 21) years. There were 27 males and 23 females in the 
control group, with an average age of (55. 97±8. 95) years 
(ranged 36-76 years). There was no significant difference 
in gender and age among the three groups (P>0. 05). The 
study was approved by the Ethics Committee of our hos-
pital. 

Inclusion and exclusion criteria
Inclusion criteria: NSCLC group: Subjects that were 

pathologically confirmed as NSCLS by bronchoscopic 
biopsy or skin-lung puncture biopsy, and had received 
surgery, radiotherapy or chemotherapy.  Group of benign 
pulmonary nodules: The patient’s chest CT showed lung 
nodule lesions, and pathologically confirmed no basis for 
nausea.  Control group: The patient’s chest CT showed no 
definite lung lesions, such as tuberculosis, pneumonia, dif-
fuse lesions, and bronchiectasis.  All subjects in the four 
groups signed the informed consent voluntarily. 

Exclusion criteria: Patients accompanied by primary 
malignant tumors other than NSCLS.  Those with severe 
heart, liver and/or renal insufficiency.  Subjects that are 
unable to undergo tracheoscopy. 

Methods
Acquisition of blood samples: 5ml of early morning 

peripheral fasting venous blood of the four groups was 
collected and stored in ACD anticoagulant vacuum blood 
collection vessels at 4℃ refrigerator for measurement, 
and CTC count detection was completed within 24h. The 
5ml peripheral blood was placed in the procoagulant tube 
for 10min, centrifuged for 10min (3500r/min) to separate 
the serum, and subsequently placed in the refrigerator at 
-80℃ for a later test. 

Detection of peripheral blood CTCs: Peripheral blood 
CTCs were combinative and detected by Lyle’s Immuno-
magnetic Beads Negative Enrichment Method and Fluo-
rescence in situ hybridization (FISH). The peripheral 
blood was washed with CS1 buffer and centrifuged for 5 
min (650 × g); then added with CS2 erythrocyte lysate, 
centrifuged for 5 min (650×g), discarded the supernatant; 
CS1 buffer was added again to resuspended cells, magne-
tic beads were added to negative enrichment of white 
blood cells, and finally, CF1 fixative was added for fixa-
tion and drying. The slides were fixed with CF1 and left at 
37℃ with 2×SSC for 10min. The slides were dehydrated 
with 75%, 85% and 100% ethanol solutions for 2-5 min 
in turn. 10 μl CEP8 probe was added to the sample area, 
denatured at 76℃ for 5min, hybridized for 1. 5h, soaked 
in formamide for 15min, and washed twice with 2×SSC 
for 5min each. The antibody-containing CD45-AF594 
fluorescent antibody was also added to the specimen area 
and incubated at room temperature in the dark for 1h and 
counterstained with DAPI staining solution after washing. 
Finally, the images of the cellular areas were analyzed by 
fluorescence microscope. The criteria for a positive inter-
pretation of CTCs: cells with DAPI+/CD45-/chromosome 

polyploidy are identified as CTC, the number of CTCS ≥2, 
then it was considered as positive CTC. 

Detection of ctDNA in peripheral blood: A DNA 
sequencing library was constructed by QIAamp Circula-
ting Acid Kit (Qiagen, Germany). The preliminary quan-
tification was by Qubit 2. 0 fluorometer. The fragment 
length was inserted by Agilent 2100 bioanalyzer (Agilent, 
USA), and the effective concentration of the library was 
detected by real-time PCR. Finally, ctDNA was detected 
by next-generation sequencing (NGS). 

Test of serum tumor markers: One serum sample was 
taken and the levels of carcinoembryonic antigen (CEA), 
neuron-specific enolase (NSE) and cytokeratin 21-1 
(CYFRA21-1) in serum were detected by electrochemilu-
minescence (detection reagent was purchased from Roche 
reagent of Germany). Gastrin-releasing peptide precursor 
(pro-GRP) was gauged by enzyme-linked immunosorbent 
assay (the detection kit was purchased from Roche, Ger-
many). The technical process was complied with kit ins-
truction manual. 

Statistical analysis
The statistical analysis was conducted by SPSS 25. 

0. The measurement data were expressed as ( ±s). The 
comparison of measurement data among multiple groups 
was performed by variance analysis, and the post-hoc test 
was performed by LSD-t test. Enumeration data were 
expressed as a percentage. The comparison of multiple 
groups of counting data was conducted by the rank-sum 
test, and that of the count data of two groups was by the 
chi-square test. Correlation analysis was performed by 
Pearson correlation analysis, and the diagnostic value of 
CTC and ctDNA for early lung cancer was analyzed by 
ROC curve. P<0. 05 was considered statistically signifi-
cant.

Results

Comparison of CTC count and ctDNA
There were significant differences in CTC count and 

ctDNA among the subjects in each group (P<0. 05). The 
degree of CTC count and ctDNA of the early and inter-
mediate-advanced group were remarkably higher than 
those of the control group and group of benign pulmonary 
nodules (P<0. 05), and CTC count and ctDNA in the in-
termediate-late group were higher than those in the early-
stage group (P<0. 05)(Table 1).

Comparison of serum tumor markers
There were significant differences in serum CEA, NSE, 

CYFRA21-1 and pro-GRP among all groups (P<0. 05). 
CEA, NSE, Cyfra21-1 and pro-GRP in early and inter-
mediate-advanced NSCLC patients were higher than 
those in the control group and benign pulmonary nodules 
group (P<0. 05), and the parameters in the intermediate-
advanced group were higher than those in early-stage pa-
tients (P<0. 05)(Table 2).

The connection between CTC&ctDNA and clinical fea-
tures of NSCLC

There was no connection between CTC&ctDNA and 
gender, age and pathological type of NSCLC (P>0. 05), 
while CTC&ctDNA was correlated with TNM stage (P<0. 
05)(Tables 3 and 4).
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Group Number of Cases CTC count (FR/ml) CtDNA (ng/ml)
Control group 50 0. 12±0. 33 27. 45±5. 26

Group of benign pulmonary nodules 47 0. 13±0. 34 29. 14±6. 21
Early-stage group 64 2. 84±0. 84*# 103. 25±15. 64*#

Intermediate-advanced group 61 7. 26±2. 14*#Δ 185. 25±33. 95*#Δ

F - 419. 287 772. 427
P - 0. 000 0. 000

Table 1. Comparison of CTC and ctDNA in each group ( ±s).

Note: Compared with the control group, *P<0. 05; Compared with the benign pulmonary nodules group, #P<0. 05; Compared with 
the early-stage group, ΔP<0. 05. 

Table 2. Comparison of tumor markers ( ±s).

Group Number of Cases CEA (ng/ml) NSE (ng/ml) Cyfra21-1 (ng/ml) pro-GRP (pg/ml)
Control group 50 2. 11±0. 33 8. 34±1. 48 2. 72±0. 58 13. 54±3. 47
Benign pulmonary nodules group 47 2. 25±0. 46 8. 65±1. 67 2. 81±0. 69 14. 62±4. 10
Early-stage group 64 25. 54±3. 15*# 27. 67±5. 86*# 9. 15±1. 35*# 105. 47±20. 54*#

Intermediate-advanced group 61 37. 58±8. 75*#Δ 36. 35±7. 39*#Δ 13. 55±2. 14*#Δ 126. 52±30. 25*#Δ

F - 710. 667 412. 607 781. 397 507. 393
P - 0. 000 0. 000 0. 000 0. 000

Note: Compared with the control group, *P<0. 05; Compared with the benign pulmonary nodules group, #P<0. 05; Compared with the early-stage 
group, ΔP<0. 05. 

Table 3. Connection between CTC and clinical features of NSCLC.

Clinical features Number of cases CTC count (FR/ml) t P
Gender

Male 65 5. 12±2. 96
0. 521 0. 603

Female 60 4. 87±2. 49
Age (years)

<60 79 4. 87±2. 60
0. 676 0. 500

≥60 46 5. 22±2. 97
The pathologic types

Adenocarcinoma 88 5. 05±2. 72
0. 285 0. 776

Squamous cell carcinoma 37 4. 89±2. 81
TNM-staging

Stage I 23 2. 17±0. 58

169. 203 0. 000
Stage II 41 3. 22±0. 72
Stage III 21 5. 29±1. 65
Stage IV 40 8. 30±1. 57

Clinical features Number of cases ctDNA (ng/ml) t/F P
Gender

Male 65 144. 75±52. 44
0. 351 0. 726

Female 60 141. 67±44. 77
Age (years)

<60 79 141. 00±50. 43
0. 680 0. 498

≥60 46 147. 16±45. 97
The pathologic types

Adenocarcinoma 88 144. 29±48. 68
0. 360 0. 720

Squamous cell carcinoma 37 140. 84±49. 47
TNM-staging

Stage I 23 95. 95±18. 34

109. 871 0. 000
Stage II 41 107. 35±12. 34
Stage III 21 174. 71±34. 71
Stage IV 40 190. 79±32. 63

Table 4. Connection between ctDNA and clinical features of NSCLC.
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Correlation Analysis
The correlation between CTC&ctDNA and serum tu-

mor markers in NSCLC was analyzed. The results showed 
that CTC and ctDNA in NSCLC patients were significant-
ly positively correlated with CEA, NSE, CYFRA21-1 and 
pro-GRP (P<0. 05)(Table 5 and FIG. 1).

ROC curve analysis of the diagnostic value of 
CTC&ctDNA in early lung cancer

The diagnostic value of CTC and ctDNA was analyzed 
in the early-stage group, the benign pulmonary nodules 
group and the control group. The results revealed that the 
under-curve area of CTC for early-stage lung cancer was 
0. 949 (P=0. 000, 95%CI: 0. 918-0. 980), ctDNA was 0. 
914 (P=0. 000, 95%CI: 0. 866~0. 963)(FIG. 2).

Discussion

Epidemiological investigations show that the morbidity 
and mortality of lung cancer in China currently are the first 
among malignant tumors, and the number of cases is still 
increasing year by year (7). Lung cancer is also the mali-
gnant tumor with the highest mortality worldwide, and 
about 1. 6 million patients die each year due to it (8, 9). 
Lung cancer includes small cell lung cancer and non-small 
cell lung cancer (NSCLC), of which over 80% of patients 
belong to the latter. Attention has been paid to early scree-
ning and early diagnosis and treatment all over the world, 
aiming to reduce the mortality of patients. Although the 
abundant work has brought certain achievements, many 
early-stage lung cancer patients are still missed in clinical 
work, which results in a high mortality rate (10). The main 
reasons are as follows. Firstly, although the low-dose CT 
currently adopted for early screening has a certain effect 
on the diagnosis, it has a high false-positive rate and false-
negative rate, which leads to a large number of missed or 
misdiagnosed patients (11). Some patients, therefore, miss 
the best time for treatment. Secondly, although the appli-
cation of serum tumor markers (a serological test inclu-
ding CEA, NSE, Cyfra21-1, pro-GRP, etc. ) can reflect the 
tumor situation of patients to a certain extent, it has the 
defects of low sensitivity, specificity and accuracy. Finally, 
the most important current diagnosis of NSCLC is to rely 
on the cytotype of tumor tissue biopsy (12,13). However, 
the acquisition of biopsy tissue requires invasive opera-
tions such as CT-guided biopsy, bronchoscopic biopsy, 
and surgical resection, and the incidence of complications 
after biopsy is high. At the same time, patients’ willingness 
to biopsy is usually low. In addition, sometimes due to the 
poor location of the tumor, such as being close to the blood 
vessels and heart, the biopsy operation is difficult and the 
number of tissues taken is small, which can generate to 
false negative outcomes. The results of pathological detec-

Figure 1. Correlation analysis. A: Correlation between CTC count 
and CEA, r=0. 734, P=0. 000. B: Correlation between CTC count 
and NSE, r=0. 718, P=0. 000. C: Correlation between CTC count and 
Cyfra21-1, r=0. 793, P =0. 000. D: Correlation between CTC counts 
and pro-GRP, r=0. 419, P=0. 000. E: Correlation between ctDNA and 
CEA, r=0. 634, P=0. 000. F: Correlation between ctDNA and NSE, 
r=0. 586, P=0. 000. G: Correlation between ctDNA and Cyfra21-1, 
r=0. 728, P=0. 000. H: Correlation between ctDNA and pro-GRP, r=0. 
333, P=0. 000.

Indicators Statistics CEA NSE Cyfra21-1 pro-GRP

CTC
R 0. 734 0. 718 0. 793 0. 419
P 0. 000 0. 000 0. 000 0. 000

ctDNA
R 0. 634 0. 586 0. 728 0. 333
P 0. 000 0. 000 0. 000 0. 000

Table 5. Correlation between serum tumor markers and CTC&ctDNA in NSCLC.

Figure 2. CThe diagnostic value of CTC&ctDNA in early lung cancer 
by ROC curve analysis.
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tion are also easily affected by internal and external factors 
such as environment and tumor heterogeneity, which also 
limits the application of tissue biopsy in the diagnosis of 
early NSCLC. 

With the development of medicine, the individualized 
medical model with precise diagnosis and precise treat-
ment as the core has gradually attracted attention (14). 
Since tumor metabolites can be present in body fluids, 
liquid biopsies, especially peripheral blood, have emerged 
as a source of biomarker analysis for lung cancer. Among 
them, CTC and ctDNA are the most important markers 
(15,16). CTCs are various tumor cells existing in peri-
pheral blood, which primarily come from the shed solid 
tumor lesions that enter the peripheral blood. Most of the 
CTCs will self-apoptosis or be phagocytosed by phago-
cytes, but a small part will gradually progress to metas-
tases, proliferate, differentiate and fall off in the body, 
eventually leading to an increase in the cell content of 
peripheral blood NSCLC (17,18). ctDNA is DNA that is 
derived from tumor tissue in peripheral blood. It covers all 
the genetic information of tumor tissue and can be eleva-
ted in the early stage of the tumor (19). CTC and ctDNA 
are regarded as a new generation of tumor markers due 
to their non-invasive operation, convenient and repeatable 
sampling, and high sensitivity and specificity (20). This 
study investigated the diagnostic value of CTC and ctDNA 
in early lung cancer. According to the above studies, there 
were significant differences in CTC count and ctDNA 
among groups. The CTC count and ctDNA degree of the 
early and intermediate-advanced group were higher than 
those of the control group and group of benign pulmo-
nary nodules, and patients in the intermediate-late group 
had notably higher parameters than the early-stage group. 
Similar to the results of scholars’ studies, CTC counts and 
ctDNA levels can be significantly increased in the peri-
pheral blood of NSCLC patients, and they can appear in 
early-stage patients (21,22). This provides a relevant basis 
for the application of clinical diagnosis of early NSCLC. 

CEA is one of the acidic glycoproteins and is widely 
present on the surface of tumor cells. CEA level can re-
flect the number of tumor cells in the body to a certain 
extent[23]. NSE is an acidic protease that is unique to neu-
roendocrine cells and neurons. NSE can promote neuroen-
docrine and has a high expression level in the blood cir-
culation of NSCLC patients. It has currently been widely 
adopted as one of the diagnostic markers of lung cancer 
(23,24). Cyfra21-1 is synthesized and secreted by tumor 
cells in the process of differentiation. It is a tumor mar-
ker of lung cancer widely used in clinical practice, and 
is mainly expressed in epithelial cells (25). pro-GRP is 
a gastrointestinal hormone that mediates smooth muscle 
cell contraction by stimulating gastric G cells to secrete 
gastrin, thereby affecting cell-cell interactions. It is indi-
rectly involved in the process of tumor proliferation and 
differentiation (26). The relevance of CTC and ctDNA and 
the above four tumor markers in NSCLC were analyzed 
in this research. It showed that CTC and ctDNA in NS-
CLC patients were significantly positively correlated with 
CEA, NSE, Cyfra21-1 and pro-GRP. This may be because 
CEA, NSE, Cyfra21-1 and pro-GRP can increase with the 
occurrence, development and content of tumor cells in 
NSCLC. Meanwhile, the proliferation, differentiation and 
metastasis of tumor cells can lead to an increase in tumor 
shedding, which leads to the increase of CTC and ctDNA. 

Therefore, CTC&ctDNA is positively correlated with the 
number of tumor abscission (27-30). 

This study conducted ROC curve analysis on sub-
jects in the early-stage group, benign lung nodule group 
and control group in order to further analyze the value of 
CTC&ctDNA in early-stage NSCLC. It turned out that the 
under-curve area of CTC count in early lung cancer was 
0. 949, and that of ctDNA was 0. 914, which proved the 
attribute of this diagnostic value. 

In summary, peripheral blood CTC and ctDNA levels 
are significantly increased in NSCLC patients. They are 
positively correlated with CEA, NSE, CYFRA21-1 and 
pro-GRP levels, and are related to tumor progression. CTC 
and ctDNA have high value in the clinical diagnosis of 
early NSCLC.

References 

1. Ma AP, Guo WX, Gao DH, et al. Construction of CTC-ALK gene 
fusion detection system based on the multi-site magnetic separa-
tion in lung cancer and its clinical verification. Neoplasma 2020; 
67(6):1233-1243. 

2. Sawabata N, Nakane S, Yoshikawa D,et al. Vein-first Lobectomy 
for Lung Cancer Assessed According to the Status of Clustered 
Circulating Tumour Cells. Cancer Diagn Progn 2021; 1(5):443-
450. 

3. Taftaf R, Liu X, Singh S, et al. ICAM1 initiates CTC cluster 
formation and trans-endothelial migration in lung metastasis of 
breast cancer. Nat Commun 2021; 12(1):4867. 

4. Papadaki MA, Messaritakis I, Fiste O, et al. Assessment of the 
Efficacy and Clinical Utility of Different Circulating Tumor Cell 
(CTC) Detection Assays in Patients with Chemotherapy-Naïve 
Advanced or Metastatic Non-Small Cell Lung Cancer (NSCLC). 
Int J Mol Sci 2021; 22(2):925. 

5. Farago AF, Yeap BY, Stanzione M, et al. Combination Olaparib 
and Temozolomide in Relapsed Small-Cell Lung Cancer. Cancer 
Discov 2019; 9(10):1372-1387. 

6. Pellini B, Chaudhuri AA. Circulating Tumor DNA Minimal Resi-
dual Disease Detection of Non-Small-Cell Lung Cancer Treated 
With Curative Intent. J Clin Oncol 2022; 40(6):567-575. 

7. Wan L, Liu Q, Liang D, et al. Circulating Tumor Cell and Metabo-
lites as Novel Biomarkers for Early-Stage Lung Cancer Diagno-
sis. Front Oncol 2021; 31(11):630672. 

8. Raja R, Kuziora M, Brohawn PZ, et al. Early Reduction in ctDNA 
Predicts Survival in Patients with Lung and Bladder Cancer Trea-
ted with Durvalumab. Clin Cancer Res 2018; 24(24):6212-6222. 

9. Zeinali M, Lee M, Nadhan A, et al. High-Throughput Label-Free 
Isolation of Heterogeneous Circulating Tumor Cells and CTC 
Clusters from Non-Small-Cell Lung Cancer Patients. Cancers 
(Basel) 2020; 12(1):127. 

10. Brozos-Vázquez EM, Díaz-Peña R, García-González J,et al. 
Immunotherapy in nonsmall-cell lung cancer: current status and 
future prospects for liquid biopsy. Cancer Immunol Immunother 
2021;70(5):1177-1188. 

11. Zhou L, Zhang M, Li R, et al. Pseudoprogression and hyperpro-
gression in lung cancer: a comprehensive review of literature. J 
Cancer Res Clin Oncol 2020; 146(12):3269-3279. 

12. Pailler E, Faugeroux V, Oulhen M, et al. Acquired Resistance Mu-
tations to ALK Inhibitors Identified by Single Circulating Tumor 
Cell Sequencing in ALK-Rearranged Non-Small-Cell Lung Can-
cer. Clin Cancer Res 2019; 25(22):6671-6682. 

13. Lu Y, Zheng Y, Wang Y, et al. FlowCell-enriched circulating tu-
mor cells as a predictor of lung cancer metastasis. Hum Cell 2021; 
34(3):945-951. 



62

Hongwei Yao et al. / Early diagnosis of lung cancer, 2023, 69(6): 57-62

14. Chaudhuri AA, Chabon JJ, Lovejoy AF, et al. Early Detection of 
Molecular Residual Disease in Localized Lung Cancer by Circu-
lating Tumor DNA Profiling. Cancer Discov 2017; 7(12):1394-
1403. 

15. Gale D, Heider K, Ruiz-Valdepenas A, et al. Residual ctDNA after 
treatment predicts early relapse in patients with early-stage non-
small cell lung cancer. Ann Oncol 2022; 33(5):500-510. 

16. Wei C, Yang C, Wang S,et al. Crosstalk between cancer cells and 
tumor associated macrophages is required for mesenchymal cir-
culating tumor cell-mediated colorectal cancer metastasis. Mol 
Cancer 2019; 18(1):64. 

17. Mathios D, Johansen JS, Cristiano S, et al. Detection and charac-
terization of lung cancer using cell-free DNA fragmentomes. Nat 
Commun 2021; 12(1):5060. 

18. Tong B, Wang M. Circulating tumor cells in patients with lung 
cancer: developments and applications for precision medicine. 
Future Oncol 2019; 15(21):2531-2542. 

19. Xia L, Mei J, Kang R, et al. Perioperative ctDNA-Based Molecu-
lar Residual Disease Detection for Non-Small Cell Lung Cancer: 
A Prospective Multicenter Cohort Study (LUNGCA-1). Clin Can-
cer Res 2022; 28(15):3308-3317. 

20. Stewart CA, Gay CM, Xi Y, et al. Single-cell analyses reveal 
increased intratumoral heterogeneity after the onset of therapy 
resistance in small-cell lung cancer. Nat Cancer 2020; 1:423-436. 

21. Marquette CH, Boutros J, Benzaquen J, et al. Circulating tumour 
cells as a potential biomarker for lung cancer screening: a pros-
pective cohort study. Lancet Respir Med 2020; 8(7):709-716. 

22. Su Z, Wang Z, Ni X, et al. Inferring the Evolution and Progression 
of Small-Cell Lung Cancer by Single-Cell Sequencing of Circula-

ting Tumor Cells. Clin Cancer Res 2019; 25(16):5049-5060. 
23. Chae YK, Oh MS. Detection of Minimal Residual Disease Using 

ctDNA in Lung Cancer: Current Evidence and Future Directions. 
J Thorac Oncol 2019; 14(1):16-24. 

24. Wei S, Guo C, He J, et al. Effect of Vein-First vs Artery-First Sur-
gical Technique on Circulating Tumor Cells and Survival in Pa-
tients With Non-Small Cell Lung Cancer: A Randomized Clinical 
Trial and Registry-Based Propensity Score Matching Analysis. 
JAMA Surg 2019; 154(7):e190972. 

25. Liang W, Zhao Y, Huang W, et al. Non-invasive diagnosis of ear-
ly-stage lung cancer using high-throughput targeted DNA methy-
lation sequencing of circulating tumor DNA (ctDNA). Theranos-
tics 2019; 9(7):2056-2070. 

26. Chen K, Zhao H, Shi Y, et al. Perioperative Dynamic Changes in 
Circulating Tumor DNA in Patients with Lung Cancer (DYNA-
MIC). Clin Cancer Res 2019; 25(23):7058-7067. 

27. Pantazaka E, Vardas V, Roumeliotou A,et al. Clinical Relevance 
of Mesenchymal- and Stem-Associated Phenotypes in Circulating 
Tumor Cells Isolated from Lung Cancer Patients. Cancers (Basel) 
2021; 13(9):2158. 

28. Liu X, Adorno-Cruz V, Chang YF, et al. EGFR inhibition blocks 
cancer stem cell clustering and lung metastasis of triple negative 
breast cancer. Theranostics 2021; 11(13):6632-6643. 

29. Singh L, Priya K, Chaudhary K, Comparison assessment regar-
ding the awareness, behaviors and attitude towards HIV/AIDS of 
dental students in comparison to other allied sciences, SPR 2021; 
1(1):27-31. 

30. Garg H, Digital twin technology: Revolutionary to improve per-
sonalized healthcare, SPR 2021; 1(1):32-3


