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Circulating tumor cells (CTCs) and hTERT gene
expression in CTCs for radiotherapy effect
with lung cancer

Ying Xu'", Xue Ren'", Tong Jiang', Shuang Lv?, Kuanke Gao', Yunen Liu*" and Ying Yan""

Abstract

Background Circulating tumor cells (CTCs) are important biological indicators of the lung cancer prognosis, and CTC
counting and typing may provide helpful biological information for the diagnosis and treatment of lung cancer.

Methods The CTC count in blood before and after radiotherapy was detected by the CanPatrol™ CTC analysis
system, and the CTC subtypes and the expression of hTERT before and after radiotherapy were detected by multiple in
situ hybridization. The CTC count was calculated as the number of cells per 5 mL of blood.

Results The CTC positivity rate in patients with tumors before radiotherapy was 98.44%. Epithelial-mesenchymal
CTCs (EMCTCs) were more common in patients with lung adenocarcinoma and squamous carcinoma than in patients
with small cell lung cancer (P=0.027). The total CTCs (TCTCs), EMCTCs, and mesenchymal CTCs (MCTCs) counts were
significantly higher in patients with TNM stage Ill and IV tumors (P <0.001, P=0.005, and P <0.001, respectively). The
TCTCs and MCTCs counts were significantly higher in patients with an ECOG score of > 1 (P=0.022 and P=0.024,
respectively). The TCTCs and EMCTCs counts before and after radiotherapy affected the overall response rate (ORR)
(P<0.05). TCTCs and ECTCs with positive hTERT expression were associated with the ORR of radiotherapy (P=0.002
and P=0.038, respectively), as were TCTCs with high hTERT expression (P=0.012). ECOG score (P =0.006) and post-
radiation TCTCs count (P=0.011) were independent factors for progression-free survival (PFS) and TNM stage
(P=0.054) and pre-radiation EMCTCs count (P=0.009) were independent factors of overall survival (OS).

Conclusion This study showed a high rate of positive CTC detection in patients with lung cancer, and the number,
subtype, and hTERT-positive expression of CTCs were closely related to patients’ORR, PFS, and OS with radiotherapy.
EMCTCs, hTERT-positive expression of CTCs are expected to be important biological indicators for predicting
radiotherapy efficacy and the prognosis in patients with lung cancer. These results may be useful in improving disease
stratification for future clinical trials and may help in clinical decision-making.
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Background

According to the latest data from the World Health Orga-
nization in 2020, lung cancer is still the leading cause of
cancer-related death, with an estimated 1.8 million deaths
(18.0% of all cancer-related deaths), followed by colorec-
tal cancer (9.4%), hepatic and rectal cancer (8.3%), stom-
ach cancer (7.7%), and female breast cancer (6.9%). Lung
cancer is the leading malignant tumor in China in terms
of incidence and mortality, and it is extremely harmful
to human health [1, 2] Most patients are already in an
advanced stage when they are diagnosed and therefore
miss the chance for surgical treatment. With intensive
basic and clinical research, the understanding of patho-
genic genomic alterations in lung cancer has improved.
This has in turn facilitated the development of new drugs
and clinical use of biomarkers, resulting in significant
progress in lung cancer treatment [3]. The combina-
tion of targeted therapy, immunotherapy, and advanced
radiotherapy techniques has significantly improved sur-
vival and brought new hope to patients with lung can-
cer. Building on this foundation to improve follow-up
monitoring of disease and comprehensive patient man-
agement may further improve treatment strategies and
enhance treatment efficacy [4]. Pulmonary fibrosis after
radiotherapy has been found to be difficult to distinguish
from tumor recurrence on computed tomography dur-
ing patient follow-up; in addition, micro-metastases of
tumor cells are difficult to detect on computed tomogra-
phy examination. Therefore, it is possible that the evalua-
tion of radiotherapy efficacy using computed tomography
examination results is not very accurate, which increases
the difficulty of developing precise and individualized
treatment strategies. If a reliable, noninvasive, and con-
tinuous low-risk biological index reflecting the systemic
state of the disease can be found, it will inevitably pro-
vide important help for monitoring, diagnosing, and pre-
dicting treatment efficacy. This is a practical issue of high
concern to clinicians.

As new biomarkers, circulating tumor cells (CTCs) are
of great interest in medical research. “CTCs” is a collec-
tive term for the presence of traces of various types of
tumor cells in the peripheral blood; these tumor cells
originate from primary or metastatic foci and are the
most direct factor in tumor recurrence and metastasis.
The concept of CTCs was clarified by Paget in 1889 [5].
Subsequent studies showed that CTCs can be used to
predict progression-free survival (PFS) and overall sur-
vival (OS) of patients with tumors, can be used to evalu-
ate treatment efficacy [6] can contribute to the prediction
and staging of tumor recurrence and metastasis, can
help in drug screening and determination of therapeu-
tic regimens for individualized tumor treatment [7], are
complementary tests to traditional imaging and other
biomarkers, can help to identify new tumor markers and
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develop new anti-tumor drugs, and are a new prognos-
tic determinant for non-small cell lung cancer (NSCLC).
In a study of CTC masses by Harvard University pub-
lished in Cell [8], researchers found that CTC masses
are formed by monoclonal tumor cell populations rather
than aggregates in the circulation using a mouse model
of tracer-labeled mammary tumors. Although CTC clus-
ters in the blood are relatively rare compared with indi-
vidual CTCs, they have 23 to 50 times the metastatic
potential of individual CTCs. This study suggests that
CTC clusters have high metastatic potential. Research
has also shown that malignant cells lose some epithelial
phenotypes (including morphology, surface antigens, and
gene expression) and acquire some mesenchymal pheno-
types in order to acquire motility and invasiveness. This
is known as epithelial-mesenchymal transition (EMT),
and most malignant cells undergo EMT during the pro-
cess of detachment from the primary site. A recent study
published in Science [9] showed that CTC masses are
strongly associated with the mesenchymal phenotype
and that a high proportion of CTCs with the mesenchy-
mal phenotype exhibit chemoresistance. This shows that
the clinical significance of different morphologies and
classes of CTCs varies. However, most CTCs undergo
apoptosis in the process of peripheral circulation or are
directly phagocytosed by blood cells; only a few escape
and develop metastatic foci. This suggests that the iso-
lation, identification, and study of CTCs with the most
metastatic potential are crucial.

The CanPatrol™ assay system (SurExam, Guangzhou,
China) [10, 11] is a second-generation CTC enrichment
technology based on immuno-removal combined with
nano-filtration. It does not rely on specific antibody cap-
ture and has a removal efficiency of >99.97% for leuko-
cytes and a recovery rate of >80% for tumor cells. The
high recovery rate and the absence of reliance on sur-
face antigens ensures the most comprehensive enrich-
ment of CTCs in small-volume whole blood samples
(5 mL) and, more importantly, CTCs with the highest
metastatic potential (CTC masses and CTCs undergo-
ing EMT). Enrichment of the most comprehensive range
of CTCs is crucial for tumor recurrence surveillance
and for noninvasive samples using CTCs as molecular
assays. In addition, because CanPatrol™ CTCs are bound
to filter membranes, they can be easily stored and flex-
ibly analyzed for immunofluorescence, fluorescence in
situ hybridization, molecular assays, and genome-wide
analysis of individual CTCs by microdissection. CanPa-
trol™ CTC technology offers a new way of thinking and
a new pathway for CTC enrichment. More comprehen-
sive enrichment of CTCs provides technical assurance
and better options for CTC research and clinical applica-
tions. The CanPatrol™ assay system has good sensitivity
and specificity in detecting CTCs in peripheral blood of
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patients with NSCLC, which is valuable for assessment of
the clinical prognosis [12].

Other studies have shown that telomerase activity is
increased in almost all CTCs and that human telomer-
ase reverse transcriptase (WTERT) is the determinant of
telomerase activity [13]. Telomerase activity is corre-
lated with ATERT overexpression during tumor develop-
ment. "TERT expression is high in tumor cells but low or
absent in normal tissues [14]. Patients with strong "TERT
positivity have decreased 5-year survival rates, increased
postoperative recurrence rates, a poorer prognosis, and
shorter survival times. In clinical practice, further inves-
tigation is needed to identify the changes in the number
and type of CTCs in patients with lung cancer before and
after radiotherapy or radiochemotherapy, elucidate the
relationship between radiotherapy efficacy and the type
of CTCs, determine the expression of #/TERT in CTCs,
and clarify the relationship of CTCs with the sensitivity
to radiotherapy.

The present study was performed to detect the changes
in the CTC number, CTC type, and hTERT gene expres-
sion before and after lung cancer radiotherapy by multi-
plex RNA in situ hybridization; observe the local tumor
changes by imaging; and analyze the relationship and sig-
nificance of the CTC number, CTC subtype, and h"TERT
gene expression changes with radiotherapy efficacy by
blood chemistry.

Materials and methods

Patients’ general information

We collected data from patients with lung cancer who
visited the Radiotherapy Department of the General Hos-
pital of Northern Theater Command for the first time for
chest radiotherapy from January 2016 to May 2019. All
patients had a clear pathological diagnosis and an indi-
cation for radiotherapy according to the treatment prin-
ciples of the NCCN guideline. The study was approved by
the Ethics Committee of the General Hospital of North-
ern Theater Command, and all patients provided written
informed consent. All methods were performed in accor-
dance with the relevant guidelines and regulations. Clini-
cal efficacy was evaluated using the Response Evaluation
Criteria In Solid Tumors (RECIST) 1.1 [15]. Five mil-
liliters of anticoagulated peripheral blood was collected
within 1 week before and 4 weeks after radiotherapy for
CTC detection and #TERT analysis.

Tumor cell enrichment

The CanPatrol™ CTC enrichment technique (SurExam,
Guangzhou, China) was performed on peripheral
blood samples to isolate and classify CTCs as previ-
ously described [10, 11]. A 5-mL peripheral blood sam-
ple was collected using EDTA-anticoagulated blood
collection tubes and mixed upside down. Next, 15 mL
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of erythrocyte lysis solution was added, and the solu-
tion was mixed. The erythrocytes were lysed at room
temperature for 30 min. The supernatant of the blood
sample was then removed by centrifugation. The cell sed-
iment was resuspended using phosphate-buffered saline
(PBS) and fixed using 4% formaldehyde for 8 min. The
fixed cells were then transferred to a filter tube (with fil-
ter membrane), and the cells were filtered onto the filter
membrane using a vacuum suction pump. Fixation of the
filtered cell membrane samples continued using 4% form-
aldehyde for 1 h at room temperature.

Multiplex RNA in situ analysis

The fixed membrane samples were washed three times
using PBS, placed in 24-well plates, treated with 0.1 mg/
mL of proteinase K, and left at room temperature for 1 h
to increase cell membrane permeability. They were then
resuspended in PBS, and specific capture probes were
added: epithelial biomarker probe (EpCAM, CK8/18/19),
mesenchymal type biomarker probes (vimentin and
Twist), leukocyte marker probes (CD45), and hTERT
probes. The probes were hybridized in a hybridization
reaction at 40 °C for 3 h. Unbound probes were washed
three times with 1000 pL of eluent. Next, 100 pL of pre-
amplification solution was added (formulation: 30%
horse serum, 1.5% sodium dodecyl sulfate, 3 mM Tris-
HCI (pH 8.0), 0.5 fmol pre-amplified probe), and incuba-
tion was performed at 40°C for 30 min. The membrane
was cooled, elution was performed with 1000 pL of elu-
ent three times, 100 pL of amplification solution was
added, 1 fmol of pre-amplified probe was added, and
incubation was performed at 40 °C for 30 min. Four flu-
orescent proteins were added (see Table 1): the fluores-
cent dyes Alexa Fluor 594 (for the epithelial biomarker
probes EpCAM and CK8/18/19), Alexa Fluor 488 (for
the mesenchymal biomarker probes vimentin and Twist),
and Alexa Fluor 750 (for labeling the leukocyte marker
CD45), Cy7 (for biomarker probe hWTERT). They were
incubated at 40 °C for 30 min and eluted with 0.1xSSC,
and 4,6-diamidino-2-phenylindole (DAPI) was then used
to stain the nuclei for 5 min. The samples were observed
under 100x oil microscopy using an automated fluores-
cence scanning microscope. Red and green fluorescent
signal dots represented epithelial and mesenchymal type
gene expression on CTCs, respectively. The white signal
points represented leukocyte marker CD45 gene expres-
sion. Purple fluorecent signal points represented "TERT-
gene expression.

Statistical analysis

Excel 2007 software was used to create the database. SPSS
20.0 software was used for statistical analysis. GraphPad
Prism 7 was used for graphing of the data. Quantitative
data with a skewed distribution are presented as median
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Table 1 Capture probe sequences for the CD45, CK8, CK18,
CK19, Ep-CAM, Vimentin, TWIST and hTERT gene

Gene Sequences (5’-3")

Ep-CAM TGGTGCTCGTTGATGAGTCAAGCCAGCTTTGAGCAAAT-
GAAAAGCCCATCATTGTTCTGGCTCTCATCGCAGTCAG-
GATCTCCTTGTCTGTTCTTCTGACCTCAGAGCAGGT-
TATTTCAG
CGTACCTTGTCTATGAAGGAACTTGGTCTCCAGCATCTT-
GCCTAAGGTTGTTGATGTAGCCTGAGGAAGT TGATCTCGTC-
CAGATGTGTCCGAGATCTGGTGACCTCAGCAATGATGCTG
AGAAAGGACAGGACTCAGGCGAGTGGTGAAGCTCATGCT-
GTCAGGTCCTCGATGATCTTGCAATCTGCAGAACGATGCG-
GAAGTCATCAGCAGCAAGACGCTGCAGTCGTGTGATATTGG
CTGTAGGAAGTCATGGCGAGAAGTCATCTGCAGCCAGAC-
GCTGTTCCGTCTCAAACTTGGTTCTTCTTCAGGTAGGC-
CAGCTCAGCGTACTGATTTCCTCGTGAACCAGGCTTCAG-
CATC
GAGCGAGAGTGGCAGAGGACCTTTGTCGTTGGTTAGCTG-
GCATATTGCTGACGTACGTCAGAGCGCCCCTAAGTTTTTA-
AAAGATTGCAGGGTGTTTTCGGGCCAATAGTGTCTTGGTAG
ACAATGACATCTAGGTCTCCTTTCAGTGGCTGATTGGCACT-
TACCATGGGTCCTCAATAACTGGTAGAGGAAGTCGATG-
CAACTGTTCAGACTTCTATCCCTCTTGAGAATGCATGCAT
TTACCATGGGTCCTCAATAATCGCAATTCTTATCGACTCTGT-
CATGGAGACAGTCATGTGTATTTCCAGCTTCAACTTCCCAT-
CAATATAGCTGGCATTTTGTGCAGCAATGTATTTCC
TACTTGAACCATCAGGCATC
TATGTGGGGAGTGGAAGCCGAGTCAGCTTGAGCAGGAAT-
GACATGCGTGAAACCTGTACGAAGGTGAGACTGGCTCT-
GATATACTCAGGGACACCTCGGAGCGTAGGAAGACGTCGAA-
CACAGTACGTGTTCTGGGGTTTCTCTTCAAGTGCTGTCTGAT

Ep-CAM epithelial cell adhesion molecule, CK cytokeratins, hTERT human
telomerase reverse transcriptase.

CK8

CK18

CK19

Vimentin

TWIST

CD45

hTERT

and 25th-75th quartiles. The Wilcoxon rank sum test

Epithelial marker Mesenchymal marker
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was used for comparison of two groups, and the Krus-
kal-Wallis H test was used for comparison of multiple
groups. Qualitative data are presented as relative num-
bers, and the x* test was used for comparison between
groups. Differences were considered statistically signifi-
cant at P<0.05. The endpoint indicators in the clinical
data analysis of this study were the overall response rate
(ORR), OS, and PFS. ORR, OS, and PES curves were plot-
ted by the Kaplan—Meier method, and the effects of the
variables on the prognosis were compared using the log-
rank test.

Results

Characteristics of CTCs in patients with lung cancer

In this experiment, 5 mL of venous blood was collected
from the patients within 1 week before and 4 weeks after
radiotherapy, and the number of CTCs in 5 mL of blood
was detected by the CanPatrol™ CTC analysis system.
Three subpopulations of CTCs were classified accord-
ing to their immunofluorescence signals: epithelial CTCs
(ECTCs), epithelial-mesenchymal CTCs (EMCTCs),
and mesenchymal CTCs (MCTCs). ECTCs with only
epithelial molecular markers (EpCAM and CK 8/18/19)
were stained with red immunofluorescence, MCTCs with
only mesenchymal molecular markers (vimentin and
Twist) were stained with green immunofluorescence, and
EMCTCs with two molecular markers were stained with
green and red immunofluorescence (Fig. 1). The posi-
tive rate of CTCs in patients with tumors before radio-
therapy was 98.44%. The total CTCs (TCTCs) count was
1113 (range, 0—104), and the positive rate of ECTCs was

hTERT DAPI Merge

ECTC.....

EMCTC

MCTc.....

Fig. 1 Expression of hTERT in CTC subtypes. The epithelial markers included EpCAM and CK 8/18/19, and the mesenchymal markers included vimentin

and Twist

Abbreviations: ECTC, epithelial circulating tumor cell; EMCTC, epithelial-mesenchymal circulating tumor cell; MCTC, mesenchymal circulating tumor

cell.
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68.75%, that of EMCTCs was 95.31%, and that of MCTCs
was 76.56%. Details are shown in Supplementary Table 1.

Relationship between CTC count and general clinical
characteristics of 64 patients

64 patients with lung cancer were enrolled, including 32
with squamous cell carcinoma (SCC), 27 with adeno-
carcinoma (ADC) and 5 with small cell cancer (SCA).
The median CTC count before radiotherapy was 13.
The 64 patients were divided into 2 groups according to
the median CTC count: those with a CTC count of <13
(34/64, 53.125%) and those with a CTC count of >13
(30/64, 46.875%). The general clinical characteristics of
the two groups were compared, and the results showed
that the proportions of patients with TNM stage III and
IV tumors, smoking, and tumors of >4 cm were signifi-
cantly higher among patients with a CTC count of >13
than <13 (P<0.001, P=0.040, and P=0.027, respectively).
There were no statistically significant differences in the
other clinicopathological characteristics between the two
groups. Details are shown in Table 2.

Relationship between CTC subgroups and general clinical
characteristics of 64 patients

Analysis of the relationship between the presence of
various phenotypic CTC subpopulations and clinico-
pathological features revealed that EMCTCs were more
common in patients with lung adenocarcinoma and
squamous carcinoma than in patients with small cell
lung cancer (P=0.027). The TCTC, EMCTC, and MCTC
counts were significantly higher in patients with TNM
stages III and IV tumors than in those with stages I and
II (P<0.001, P=0.005, and P<0.001, respectively). The
TCTC and MCTC counts were significantly higher in
patients with an ECOG score of >1 than <1 (P=0.022
and P=0.024, respectively) (Table 3).

Changes in CTC count and hTERT expression before and
after radiotherapy

The changes in the CTC count and #TERT expression
in 64 patients before radiotherapy and 52 patients after
radiotherapy were analyzed. "TERTgene expression was
stained purple immunofluorescence (Fig. 1). The TCTC
count before radiotherapy was 1113, and the hWTERT-
positive expression rate was 55.08%.The positive expres-
sion rate of hTERT was 43.42% in MCTCs, 63.39% in
EMCTCs and 37.70% in ECTCs. The TCTC count after
radiotherapy was 501, and the ATERT-positive expres-
sion rate was 58.88%. the MCTC count was 72 with an
hTERT-positive expression rate of 44.44%, the ECTC
count was 336 with an hTERT-positive expression rate
of 65.77%, and the ECTC count was 93 with an h"TERT-
positive expression rate of 45.16%).
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The TCTC, MCTC, and ECTC counts were signifi-
cantly lower after than before radiotherapy (P<0.01).
The hTERT-positive expression rate also decreased, but
the difference was not statistically significant (P>0.05).
The TCTC, MCTC, and ECTC counts with positive
WTERT expression showed no statistically significant dif-
ference (P>0.05). The changes in CTCs before and after
radiotherapy are shown in Fig. 2, and the relationship of
WTERT expression is shown in Fig. 3.

Patients’ general clinical characteristics and relationship
between number and subtypes of CTCs and efficiency of
radiotherapy

The clinical efficacy among all 64 patients was evalu-
ated before and after radiotherapy by reviewing com-
puted tomography images and using RECIST 1.1. Three
patients achieved a complete repose (CR), 35 achieved
a partial response (PR), 25 had stable disease (SD), and
1 had progressive disease (PD). The ORR (CR+PR) was
59.375%. The general clinical characteristics and the rela-
tionship between the number and subtype of CTCs and
radiotherapy efficiency were analyzed in all 64 patients,
and the results showed that the TNM stage, ECOG score,
and tumor size significantly affected the radiotherapy
efficiency (P<0.05) (Table 4) and that the TCTC and
EMCTC counts before and after radiotherapy signifi-
cantly affected ORR (P<0.05) (Table 5). Further analy-
sis of the relationship between the changes in the CTC
count after radiotherapy and ORR revealed that the
CTC count decreased in 45 patients after radiotherapy,
and the treatment efficiency was 66.67%. Additionally,
After radiotherapy, the number of CTCs increased in 11
patients, and the curative effect was evaluated. PR was
found in 8 patients, and the therapeutic effective rate was
72.73%. Among the 8 patients, 4 patients developed radi-
ation pneumonia, 3 patients developed tumor recurrence
and metastasis during long-term follow-up, and 1 patient
was stable.

Relationship between hTERT-positive expression/
high expression before radiotherapy and efficiency of
radiotherapy
The relationship between /TERT-positive expression and
radiotherapy efficiency before radiotherapy was analyzed
in all 64 patients. The results showed that #TERT-posi-
tive expression of TCTCs and ECTCs was significantly
associated with treatment efficiency (P=0.002 and
0.038, respectively) and that ”TERT-positive expression
of EMCTCs had some effect on treatment efficacy, but
the difference was not statistically significant (P=0.052)
(Table 6).

The relationship between high ATERT expression
before radiotherapy and radiotherapy efficiency was
also analyzed in all 64 patients. The results showed that



Xu et al. BMC Cancer (2023) 23:475

Page 6 of 15

Table 2 Relationship between CTC count and patients' general characteristics

Factor Total CTCs number<13 CTCs X P
number>13
N Ratio (%) N Ratio (%) N Ratio
(%)
Age (years) 2.107 0.147
<60 36 56.25 22 64.71 14 46.67
>60 28 4375 12 3529 16 5333
Gender 0323 0.570
Male 56 87.50 29 85.29 27 90.00
Female 8 12.50 5 14.71 3 10.00
Histology 2016 0.365
ScC 32 50.00 15 4412 17 56.67
ADC 27 42.19 15 44.12 12 40.00
SCA 5 7.81 4 11.76 1 333
TNM Stage 14337 <0.001"
[+ 19 29.69 17 50.00 2 6.67
N+ 45 70.31 17 50.00 28 9333
Chemotherapy 0.058 0810
Yes 52 81.25 28 82.35 24 80.00
No 12 1875 6 17.65 6 20.00
Surgical Operation 0.017 0.897
Yes 4 6.25 2 5.88 2 6.67
No 60 93.75 32 94.12 28 9333
Smoking 4205 0.040"
Yes 43 67.19 19 55.88 24 80.00
No 21 32.81 15 44.12 6 20.00
ECOG 2.824 0.093
<1 41 64.06 25 73.53 16 53.33
>1 23 35.94 9 2647 14 46.67
Tumor Size (cm) 4916 0.027"
<4 35 54.69 23 67.65 12 40.00
>4 29 4531 1 3235 18 60.00
CEA (ng/ml) 0.465 0.496
<5 37 57.81 21 61.76 16 5333
>5 27 42.19 13 3824 14 46.67
NSE (ng/ml) 0.026 0.872
<20 58 90.63 31 91.18 27 90.00
>20 6 9.38 3 8.82 3 10.00
SCCA (ng/ml) 0.111 0.739
<15 27 42.19 15 44.12 12 40.00
>15 37 57.81 19 55.88 18 60.00

Notes:'P<0.05.

Abbreviations: CTCs, circulating tumor cells; SCC, squamous cell carcinoma; ADC, adenocarcinoma; SCA, small cell cancer. (SCC); ECOG, Eastern Cooperative

Oncology Group

TCTCs with high hTERT expression were significantly
associated with ORR (P=0.012) and that EMCTCs and
ECTCs with high hTERT expression also had an effect on
ORR, but the difference was not statistically significant
(Table 6).

Prognostic analysis of patients’ general clinical
characteristics and CTC-related characteristics
Among all 64 patients, the mean follow-up time after
radiotherapy was 20.73 (4.7-47.6) months, the median

PFS was 14.830 (1.33-37.77) months, and the median
OS was 40.230 (4.7-47.5) months. Univariate prognos-
tic analysis of all patients suggested that the relevant
factors affecting PFS were pathology (P=0.002), TNM
stage (P<0.001), ECOG score (P<0.001), tumor size
(P=0.002), pre-radiotherapy TCTC count (P=0.003),
post-radiotherapy TCTC count (P=0.001), pre-radio-
therapy EMCTC count (P=0.035), post-radiotherapy
EMCTC count (P=0.030), and post-radiotherapy ECTC
count (P=0.033). Univariate prognostic analysis also
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Table 3 Association of CTC subgroups with general clinical
characteristics of 64 patients. Data are presented as median
(interquartile range)

Groups TCTCs (/5ml) ECTCs EMCTCs MCTCs
SCC 14.00 1.00 6.00 3.00
(9.50,23.00)  (0.00,5.00) (4.00,18.00) (1.00,5.00)
ADC 13.00 3.00 6.00 2.00
(10.00,20.00)  (0.00,6.50)  (3.50,10.00)  (1.00,4.50)
SCA 9.00 2.00 2.00 1.00
(1.00,1350)  (0.00,500) (0.50,4.50)  (1.00,6.50)
X 4397 0.648 7.210 0320
P 0.111 0.723 0.027* 0.852
TNM Stage
I+l 8.00 2.00 4.00 1.00
(5.00,11.00)  (0.004.00) (2.006.00)  (0.00,1.00)
H+1v 15.50 2.00 6.50 3.00
(11.00,2425)  (0.00,5.75)  (4.00,17.00)  (2.00,5.75)
4 -4394 -0.508 -2.806 -4.071
P 0.000* 0611 0.005* <0.001*
ECOG
<1 11.00 3.00 6.00 1.00
(6.50,177.00)  (0.00,500) (3.00,9.00)  (1.00,3.00)
>1 14.50 2.00 7.00 4.00
(12.00,27.50)  (0.00,6.25) (3.00,19.75)  (2.00,7.25)
4 -2.291 -0.377 -1.255 -2.265
P 0.022" 0.706 0.209 0.024"

Notes: "P<0.05: statistical description: median (figures outside the parentheses)
and interquartile range (figures in the parentheses)

Abbreviations: CTCs, circulating tumor cells; ECTCs, epithelial circulating
tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs,
mesenchymal circulating tumor cells; TCTCs, total CTCs. SCC, squamous cell
carcinoma; ADC, adenocarcinoma; SCA, small cell cancer. (SCC)

suggested that the relevant factors affecting OS were
pathology (P=0.002), TNM stage (P=0.017), ECOG score
(P=0.040), pre-radiotherapy TCTC count (P=0.023),
pre-radiotherapy EMCTC count (P=0.002), and pre-
radiotherapy hTERT-positive EMCTC count (P=0.046)
(see Table 7 for details). The factors with a P value of
<0.05 in the univariate analysis were included in the Cox
model for multifactor analysis, and the results showed
that independent factors influencing PFS for patients
with lung cancer were the ECOG score (P=0.006) and
post-radiation TCTC count (P=0.011) and that those
influencing OS were the TNM stage (P=0.054) and pre-
radiation EMCTC count (P=0.009) (Tables 8 and 9).

Discussion

Cancer is the first or second most common contributor
to premature death in most countries of the world. The
number of patients with cancer worldwide is expected
to continue increasing during the next 50 years as demo-
graphic changes such as population aging and growth
strongly influence different trends in cancer incidences in
different regions. Lung cancer is one of the most common
cancers and the leading cause of cancer-related deaths
worldwide, with approximately 18% of cancer-related
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deaths associated with lung cancer [1]. Thus, lung can-
cer poses a serious threat to human health. Lung cancer
is histologically divided into SCLC and NSCLC, with
NSCLC accounting for approximately 85% of lung malig-
nancies [16]. The early diagnosis rate of lung cancer is
about 15%, and 75% of patients are diagnosed with locally
advanced or late-stage cancer [17]. With the increasing
understanding of the biological features of this disease,
the use of predictive biomarkers, and improvements in
treatment, significant progress has been made and sur-
vival has been prolonged [18]. However, patients with
advanced lung cancer have a poor prognosis, and despite
the continued clinical citation of new specific checkpoint
inhibitors, the 5-year survival rate remains below 15%
[19]. Therefore, the identification of an easily accessible,
specific, and sensitive tool for lung cancer diagnosis and
prognosis will provide a new direction for the diagnosis
and treatment of lung cancer.

CTCs are tumor cells in a free state that are shed from
the primary or metastatic foci of a tumor and enter the
peripheral circulation. They play an important role in
tumorigenesis and progression. CTCs in patients with
advanced NSCLC are associated with lower treatment
response rates and shorter PFS and OS [20]. CTCs have
been studied in depth, and it was found that single CTCs
or heterotypic clusters are more significant predictors
of the risk of disease recurrence in patient cohorts with
early (stage I-II) and advanced (stage III-IVA) cancer,
respectively [21]. CTCs are more likely to be detected
in patients with advanced tumors, patients with positive
CTCs in peripheral blood at baseline and after treatment
have a poorer prognosis, and the rate of positive CTCs is
correlated with the pretreatment tumor stage [22]. Analy-
sis of data from patients with NSCLC revealed that CTCs
are associated with tumor size, lymph node involvement,
and distant metastasis but are not significantly correlated
with histopathology, sex, or age [23]. Analysis of patients
with SCLC revealed that CTC counts were closely related
to clinical factors such as TNM stage, age, and the serum
tumor marker neuron-specific enolase; higher CTCs
counts were associated with a worse prognosis; and
CTCs had a better predictive effect on the prognosis of
SCLC [24]. Tay et al. [25] found that CTC count thresh-
olds of 2, 15, and 50 at baseline for limited-stage SCLC
were significantly associated with PFS and OS, with 15
being associated with worse PFS and OS and predict-
ing<2 years of survival. We found that the positive rate
of CTCs in patients with tumors before radiotherapy
was 98.44%, and we defined a median CTC count of 13.
We then grouped the patients according to the median
CTC count of 13 and found that there were significantly
more patients with stage III and IV tumors, smoking,
and tumors of >4 cm among patients with a CTC count
of >13 than <13 (P<0.05). The other clinicopathological
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Fig. 2 Changes in expression of CTCs before and after radiotherapy. (a-d) Changes in TCTC, ECTC, EMCTC, and MCTC counts before and after radio-
therapy, P <0.05

Abbreviations: Pre-RT, Pre-radiotherapy; Post-RT, Post-radiotherapy, ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulat-
ing tumor cells; MCTCs, mesenchymal circulating tumor cells; TCTCs, total CTCs.
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Fig. 3 hTERT expression before and after radiotherapy. (@) hTERT expression before radiotherapy. (b) hTERT expression after radiotherapy
Abbreviations: Pre-RT, Pre-radiotherapy; Post-RT, Post-radiotherapy, ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulat-
ing tumor cells; MCTCs, mesenchymal circulating tumor cells; TCTCs, total CTCs.
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Table 4 Relationship between patients’ general clinical characteristics and number and subtypes of CTCs and ORR
Characteristics CR+PR (ORR) SD+PD )(2 P
N Ratio (%) N Ratio (%)
Age (years) 3459 0.063
<60 25 65.79 11 42.31
>60 13 34.21 15 57.69
Gender 1814 0.178
Male 35 92.11 21 80.77
Female 3 7.89 5 19.23
Histology 3939 0.139
SCC 17 44.74 15 57.69
ADC 16 42.11 11 42.31
SCA 5 13.16 0 0.00
TNM Stage 6910 0.009"
[+] 16 42.11 3 11.54
+1v 22 57.89 23 88.46
Chemotherapy 1.920 1.166
Yes 33 86.84 19 73.08
No 5 13.16 7 2692
Surgical Operation 0.155 0.693
Yes 2 526 2 7.69
No 36 94.74 24 92.31
Smoking 0.689 0.407
Yes 24 63.16 19 73.08
No 14 36.84 7 2692
ECOG 6.100 0014
<1 29 76.32 12 46.15
>1 9 23.68 14 53.85
Tumor Size (cm) 4652 0.031"
<4 25 65.79 10 3846
>4 13 34.21 16 61.54
CEA (ng/ml) 0.282 0.595
<5 23 60.53 14 53.85
>5 15 3947 12 46.15
NSE (ng/ml) 0.146 0.702
<20 34 89.47 24 9231
>20 4 10.53 2 7.69
SCCA (ng/ml) 4183 0.041"
<15 20 5263 7 26.92
>15 18 4737 19 73.08

Notes:'P<0.05.

Abbreviations: CR, complete repose; PR, partial response. SD, stable disease, PD, progressive disease; SCC, squamous cell carcinoma; ADC, adenocarcinoma; SCA,
small cell cancer. (SCC); ECOG, Eastern Cooperative Oncology Group; ORR, overall response rate, ORR=CR+PR

characteristics were not significantly related to the sta-
tus of CTCs, suggesting that locally advanced or late-
stage tumors, smoking, and tumor size are related to the
CTC count and that patients with a CTC count of >13
may be more likely to be diagnosed with recurrence and
metastasis.

However, the use of CTC counts alone as an indica-
tor for clinically meaningful assessment is still far from
adequate. In fact, CTC counts alone cannot provide
sufficient information to assess the status of patients
with cancer [26]. Therefore, we further explored the

relationship between CTC subpopulations and clini-
copathological features. We detected CTCs in 5 mL of
blood using the CanPatrol™ analysis system and distin-
guished CTC subgroups according to the in situ immu-
nohybridization technique. ECTCs, EMCTCs, and
MCTCs had positive rates of 68.75%, 95.31%, and 76.56%,
respectively, and greater EMCTC positivity was seen in
lung cancer, especially in adenocarcinoma and squa-
mous carcinoma. Notably, the small number of patients
with SCLC enrolled in this study may have introduced
bias, and more patients with SCLC need to be enrolled
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Table 5 Relationship between ORR and CTC subtypes

Factor Treatment Effectiveness z P
Evaluation
CR+PR(ORR) SD+PD
TCTCs
Pre-RT 11.00 18.00 -4.176
(6.50,14.50) (14.00,27.50)
Post-RT 3.00(1.00,5.50) 7.50 -2.185 0.029°
(3.75,19.50)
ECTCs
Pre-RT 3.00(0.004.50) 1.50 -0.785 0432
(0.00,6.25)
Post-RT 0.00 (0.00,1.00)  0.50 -0.698 0.485
(0.00,2.50)
EMCTCs
Pre-RT 5.00(2.50,7.00) 10.50 -3.268 0.001"
(4.75,20.50)
Post-RT 1.00 (0.00,4.00) 4.00 -2418 0016
(2.00,9.75)
MCTCs
Pre-RT 2.00(1.004.00) 3.50 -1.644 0.100
(1.75,6.25)
Post-RT 0.00(0.00,2.00)  1.00 -1.286 0.198
(0.00,4.50)

Notes: "P<0.05;statistical description: median (figures outside the parentheses)
and interquartile range (figures in the parentheses)

Abbreviations: CR, complete repose; PR, partial response. SD, stable
disease, PD, progressive disease; SCC, squamous cell carcinoma; Pre-RT,
Pre-radiotherapy; Post-RT, Post-radiotherapy; ECTCs, epithelial circulating
tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs,
mesenchymal circulating tumor cells; TCTCs, total CTCs; ORR, overall response
rate, ORR=CR+PR.

for analysis in future studies. The TCTC, EMCTC, and
MCTC counts were significantly higher in patients
with TNM stage III and IV tumors in this study than in
patients with stage I and II, similar to the results of most
previous studies. One study showed that a CTC count
of 216 and MCTC percentage of >2% preoperatively
were significantly associated with early recurrence and
metastasis [27]. EMT inhibits CTC apoptosis and makes
CTCs difficult to recognize in the hematopoietic micro-
environment, resulting in immune escape [28, 29]. The
mesenchymal subtype promotes the movement of CTCs
but is detrimental to proliferation. Tumor epithelial cells
undergo EMT and acquire invasive metastatic capacity.
Therefore, EMCTCs are more aggressive than ECTCs
and more proliferative than MCTCs [30]. However,
tumor cell migration does not always require phenotypic
transformation, and the formation of CTC clusters also
contributes significantly to the metastatic spread of can-
cer, but is relatively rare [8]. No CTC clusters were found
in our study. In most patients with NSCLC, the EMCTC
count is higher than the ECTC and MCTC counts, and
organ metastasis is positively correlated with the TCTC,
EMCTC, and MCTC counts [30]. The development of
tumor invasiveness and metastasis can be accelerated
when the dominant CTC subpopulation are E-CTCs with
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a hybrid E/M phenotype [31]. Studies of patients with
liver cancer, however, have shown that CTC counts and
the EMT phenotype are not associated with patient char-
acteristics (e.g., age, sex, ECOG score, tumor number
and size, vascular infiltration, tumor size) [32]. However,
we found that the TCTC andMCTC counts were signifi-
cantly higher in patients with ECOG scores of >1 than
<1. The results suggest that patients with higher ECOG
score may be more likely to develop tumor metastasis. An
ECOG score of 2 or 3 is an independent risk factor for a
poor prognosis in patients with tumors [33] and the CTC
and MCTC counts were also associated with prognostic
factors in patients with tumors in our study. Therefore, it
is reasonable that patients with high TCTC and MCTC
counts had correspondingly high ECOG scores in our
study.

TCTC, MCTC, MECTC, and ECTC counts were sig-
nificantly lower after radiotherapy than before radio-
therapy. Preliminarily, it was shown that radiotherapy
affected the decrease in the CTC count in patients’ blood,
and whether the rate of this decrease in the CTC count
could predict the treatment efficacy requires further
analysis. One study showed that CTC counts and EMT
phenotypes in patients before treatment do not predict
short-term efficacy and may correlate with long-term
efficacy [32]. We also further analyzed the relationship
between the changes in CTC counts and subtypes before
and after radiotherapy and the efficacy of radiotherapy.
The results suggested that the TNM stage, ECOG score,
tumor size, TCTC count before and after radiotherapy,
and EMCTC count all had significant effects on the
ORR, suggesting that CTC counts and subtypes may be
effective predictors of near-term efficacy. ORR is a nec-
essary prerequisite for improving local control rate and
prolonging survival in cancer patients. However, we
performed a detailed analysis of different subtypes and
found a relationship between EMCTCs and ORR, con-
tradicting the previously reported lack of a correlation
between CTCs and the treatment response. This discrep-
ancy may be related to the different treatment modali-
ties, and the sample size must be increased to further
confirm the results of this study. In addition, we were
surprised to find that 11 patients to show an increased
number of CTC after radiotherapy, with a higher treat-
ment efficiency (72.73%) compared to the patients with a
decrease in the number of CTCs. There were 4 out of 11
patients developed III/IV radiation pneumonia. There-
fore, the analysis considered that radiation pneumonia
could affect the number of CTCs after radiotherapy, and
the recent efficacy evaluation of these 4 patients was PR
and PFS of 2.53-36.4 months. The current results cannot
explain the relationship between the occurrence of radia-
tion pneumonia and the prognosis of patients.
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Table 6 Relationship between hTERT-positive expression expression before radiotherapy and ORR

Factor CR+PR (ORR) SD+PD X P
N Ratio (%) N Ratio (%)
hTERT (+) TCTCs 9.328 0.002"
<5 25 65.79 7 2692
>5 13 34.21 19 73.08
hTERT (+) MCTCs 0.855 0355
=0 22 57.89 12 46.15
>0 16 42.11 14 53.85
hTERT (+) EMCTCs 3.781 0.052
<3 24 63.16 10 3846
>3 14 36.84 16 61.54
hTERT (+) ECTCs 4316 0.038
=0 26 70.27 I 4231
>0 1 29.73 15 57.69
hTERT Highly expressed 6.385 0012"
TCTCs
<5 28 73.68 1 4231
>5 10 2632 15 57.69
hTERT Highly expressed 1.287 0.257
MCTCs
=0 23 60.53 12 46.15
>0 15 3947 14 53.85
hTERT Highly expressed 3.781 0.052
EMCTCs
<2 24 63.16 10 3846
>2 14 36.84 16 61.54
hTERT Highly expressed 342 0.064
ECTCs
=0 25 67.57 12 4444
>0 12 3243 15 5556

Notes:P<0.05.

Abbreviations: CR, complete repose; PR, partial response. SD, stable disease, PD, progressive disease; SCC, squamous cell carcinoma; ECTCs, epithelial circulating
tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal circulating tumor cells; TCTCs, total CTCs; ORR, overall response rate,

ORR=CR+PR

Several reports have focused on the correlation
between the CTC count and the PFS and OS. Tay et al.
[25]reported independent influences on PFS and OS in
patients with SCLC who had CTC counts of 215, and
they showed that CTC counts of =15 at baseline inde-
pendently predicted<1 year of survival in 70% of patients
and <2 years of survival in 100% of patients. Punnoose
et al. [34] found that higher baseline CTC counts and
decreased CTC counts after treatment were associated
with a good treatment response and longer PFS. CTC
levels are also considered to be prognostic markers for
nasopharyngeal, prostate, breast, and colorectal cancers
[35-39]. However, few studies have explored the correla-
tion between CTC subgroups and the PFS and OS. One
small-sample study in a Chinese population showed that
OS was significantly correlated with the TCTC, ECTC,
and EMCTC counts [40]. In our study, 64 patients were
enrolled for post-radiotherapy follow-up with a mean
follow-up time of 20.73 months, median PFS of 14.83
months, and median OS of 40.23 months. A univariate

analysis of the variables affecting PFS and OS was per-
formed, showing that the relevant factors affecting PFS
were pathology, TNM stage, ECOG score, tumor size,
pre-radiotherapy TCTC count, post-radiotherapy TCTC
count, pre-radiotherapy EMCTC count, post-radiother-
apy EMCTC count, and post-radiotherapy ECTC count.
Additionally, the relevant factors affecting OS were the
pathology, TNM stage, ECOG score, pre-radiotherapy
TCTC count, and pre-radiotherapy EMCTC count.
Among these, the ECOG score and post-radiotherapy
TCTC count were independent influencing factors of
PFES, and the TNM stage and pre-radiotherapy EMCTC
count were independent influencing factors of OS in
patients with lung cancer. This provides a new direction
for the identification of biological treatment indicators
for survival prediction in patients with NSCLC. However,
studies with larger sample sizes are still needed to further
explore the prognostic value of CTC subgroups.
Telomerase is silent in most differentiated human
cells, mainly because of transcriptional repression of its
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Table 7 Log-rank univariate OS and PFS analysis of 64 patients with lung cancer
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Factor mOS (95%Cl) P mPFS (95%Cl) P

Age (years) 0.365 0.289
<60 40.230 (34.731-45.729) 14.900 (3.498-26.302)
>60 — 14.340 (10.084-18.596)

Gender 0.999 0339
female 42930 (—) 10.630 (1.580-19.680)
male 40230 (34.778-45.682) 14.900 (5.947-23.853)

Histology 0.219 0.002"
SCC 37.930 (37.249-38611) 14500 (1.271-27.729)
ADC 42930 (21.276-64.584) 21470 (8.098-34.842)
SCA 26.000 (—) 5.500 (0.000-11.233)

TNM Stage 0.017* 0.001"
Il 43470 (—) 28.270 (25.892-30.648)
v 37.930 (18.560-57.300) 12.870 (8.561-17.179)

Smoking 0.876 0.584
Yes 42930 (—) 14.830 (0.323-29.337)
No 40.230 (34.663-45.797) 14.900 (9.193-20.607)

ECOG 0.040% 0.000"
<1 — 27.500 (22.864-32.136)
>1 37.930 (10.296-65.564) 11.233(7.834-14.632)

Tumor Size (cm) 0.092 0.002"
<4 42930 (38.301-47.559) 24.000 (8.021-39.979)
>4 37.630 (4.625-70.635) 10,630 (7.219-14.041)

TCTCs of Pre-RT (n) 0.023* 0.003"
<13 40.230 (20.293-60.167) 27470 (20.882-34.058)
>13 37.630 (13.424-61.836) 11.700 (7.229-16.171)

TCTCs of Post-RT (n) 0.173 0001
<4 42930 (37.675-48.185) 27.500 (18.045-36.955)
>4 37,630 (1.823-73.437) 10.100 (6.287-13.913)

ECTCs of Pre-RT (n) 0.144 0.233
<2 43470 (—) 24.000 (10.728-37.272)
>2 37.930 (23.548-52.312) 14.000 (10.912-17.088)

ECECs of Post-RT (n) 0.099 0033
=0 42930 (33.760-52.100) 27470 (14.189-40.751)
>0 40.230 (16.614-63.846) 10467 (6.818-14.115)

EMCTCs of Pre-RT (n) 0.002* 0.035"
<6 47.400 (35.847-58.953) 24.000 (7.346-40.654)
>6 37.630 (9.675-65.585) 12.500 (3.665-21.335)

EMCTCs of Post-RT (n) 0516 0.030"
<2 40.230 (25.837-54.623) 26.500 (12.373-40.627)
>2 37.930 (32.652-43.208) 10,630 (6.384-14.876)

hTERT (+) TCTCs (n) of Pre-RT 0.106 0.520
<5 40.230 (14.691-65.769) 22.500 (8.698-36.302)
>5 37.930 (32.248-43612) 14.000 (9.452-18.548)

hTERT (+) EMCTCs (n) of Pre-RT 0.046* 0.206
<3 40.230 (20.207-60.253) 24.000 (8.407-39.593)
>3 37.930 (12.235-63.625) 14340 (9.603-19.077)

hTERT (+) ECTCs (n) of Pre-RT 0515 0.462

=0 43470 (—) 23.46 (9.444-37 490)
>0 40.230 (36.355-44.105) 14.340 (13.036-15.644)
Notes:P<0.05.

Abbreviations: Cl, confidence index; OS, overall survival; PFS, progression-free survival; SCC, squamous cell carcinoma; ECTCs, epithelial circulating tumor cells;
EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal circulating tumor cells; TCTCs, total CTCs; Pre-RT, Pre-radiotherapy; Post-RT,

Post-radiotherapy
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Table 8 Multifactor PFS analysis of Cox model in 64 patients
with lung cancer

Foctor PFS

HR (95%Cl) P
ECOG 3.592 (1.495-8.630) 0.006"
TCTCs of Post-RT 2.783(1.316-5.888) 0011"

Notes:'P<0.05.

Abbreviations: Cl, confidence index; PFS, progression-free survival; TCTCs, total
CTCs; Post-RT, Post-radiotherapy.

Table 9 Multifactor OS analysis of Cox model in 64 patients with

lung cancer
Factor oS

HR (95%Cl) P
TNM Stage 7.677 (0.968-60.890) 0.054"
EMCTCs (n) of Pre-RT 4.910 (1.484-16.244) 0.009"

Notes:P<0.05.

Abbreviations: Cl, confidence index; OS, overall survival; EMCTCs, epithelial-
mesenchymal circulating tumor cells; Pre-RT, Pre-radiotherapy

catalytic component, the telomerase reverse transcrip-
tase (TERT) gene. Studies have shown that TERT/telom-
erase activation is essential for cell immortalization and
malignant transformation by stabilizing the telomere
length and eliminating barriers to senescence [41]. TERT
expression/telomerase activity can be detected in up
to 90% of primary human cancers. Several basic studies
have shown that telomerase is the first reactive protein
during rapid tumor development, growth, and invasion
[42]. Zhang N et al. [43] demonstrated that inhibition
of telomerase expression will effectively inhibit human
tumor cell growth. Ferrandon S et al. [44]suggested that
high telomerase activity is a unique feature of tumor
stem cells and that inhibition of telomerase expression
may improve the efficacy of radiotherapy. In this study,
we found that h/TERT-positive expression of TCTCs and
ECTCs was closely correlated with treatment efficiency,
and the difference was statistically significant. h"TERT-
positive expression of EMCTCs affected efficiency but
did not reach statistical significance, and patients with
high #TERT expression of MECTCs with a count of >5
had significantly poorer treatment efficiency. The total
number of "TERT-expressing EMCTCs before radiother-
apy was a relevant factor affecting OS. Therefore, iTERT
may be an important biological marker to predict the
sensitivity of radiotherapy.

Conclusion

In summary, this study revealed a high rate of posi-
tive CTC detection in patients with lung cancer, and
the number, subtype, and hTERT-positive expression of
CTCs were closely related to patients’ ORR, PFS, and OS
with radiotherapy. EMCTs, hTERT-positive expression,
and high expression of CTCs are expected to be impor-
tant biological indicators for predicting radiotherapy
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efficacy and the prognosis in lung cancer. These results
may improve disease stratification in future clinical trials
and help in clinical decision-making.
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