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Abstract
Background: This study aimed to investigate the association of circulating tumor cells (CTCs) change
during chemoradiation with the treatment response and survival pro�les in advanced non-small cell lung
cancer (NSCLC) patients.

Methods: 58 advanced NSCLC patients underwent concurrent chemoradiation were enrolled, then their
peripheral blood samples were collected pre-chemoradiation and at 1 months post-chemoradiation to
assess the CTCs using a CTC-Biopsy system. Moreover, CTCs were classi�ed as CTCs positive and CTCs
negative according to CTCs’ count, and CTCs’ change was calculated. Additionally, response of
chemoradiation was evaluated at 1 months post-chemoradiation, then progression-free survival (PFS)
and overall survival (OS) were assessed.

Results: Pre-chemoradiation CTCs positive was associated with increased TNM stage, but not correlated
with other clinicopathologic characteristics. After chemoradiation, the CTCs’ number (1.0 (0.0-3.0) vs. 4.0
(2.0-10.0)) and the percentage of CTCs positive cases (37.9% vs. 77.6%) were both decreased compared
with those prior to chemoradiation. Regarding treatment response, pre-chemoradiation CTCs positive was
associated with lower partial response; post-chemoradiation CTCs positive was associated with reduced
disease control rate; while CTCs’ change during chemoradiation was not associated with treatment
response. Kaplan–Meier curves showed that post-chemoradiation CTCs positive and increased CTCs’
number during chemoradiation were associated with reduced PFS, then multivariate Cox’s regression
analysis disclosed that they independently predicted decreased PFS. However, no correlation of CTCs
status or CTCs’ change with OS was observed.

Conclusions: Longitudinal monitoring of CTCs may provide important re�ection for the prognosis in
chemoradiation treated advanced NSCLC patients.

1. Background
Lung cancer, with 80–85% being non-small cell lung cancer (NSCLC), remains the main cause of cancer-
related death worldwide [1, 2]. More than one-third of all newly diagnosed lung cancers occur in China,
making it a large social and economic burden [3]. For the NSCLC patients diagnosed at early stage,
surgery is commonly used to resect the tumor, while most NSCLC patients are diagnosed with advanced-
stage disease owing to the inadequate screening and late onset of clinical symptoms; then, for the
advanced-stage disease, patients with gene mutations (such as mutation in the epidermal growth factor
receptor (EGFR) gene) may bene�t from targeted therapy (such as tyrosine kinase inhibitors (TKIs) of
EGFR), whereas patients unavailable for target therapy have to receive chemotherapy alone or in
combination with radiation therapy, by which the e�cacy is still far away from satisfactory [4, 5].

Circulating tumor cells (CTCs) are the tumor cells that originate from either primary tumor or its
metastasis circulating in the peripheral blood [6]. Detection, monitoring, and molecular investigation of
CTCs offer a meaningful and noninvasive way that can help patients to customize individual treatment
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plans and have a better surveillance for tumor progression [3, 7]. As to NSCLC, a few investigations
disclose the correlation of CTCs with progression or prognosis in advanced NSCLC patients [8–10]. For
instance, one study shows that high baseline CTCs level is associated with poorer treatment response
and shorter survival pro�les in TKI or chemotherapy treated advanced NSCLC patients [8]. Also, a study
displays that baseline CTCs level is correlated with decreased PFS and OS in TKI-treated advanced
NSCLC patients [10]. Another study displays that higher post-treatment CTCs level correlates with worse
treatment response in chemotherapy treated advanced NSCLC patients [9]. However, the indications from
these previous studies are restricted to the patients treated with targeted therapy or chemotherapy alone,
and they just focus on the re�ection of prognosis by pre-treatment or post-treatment CTCs measurement
in advanced NSCLC patients, but limited evidence uncovers the role of CTCs’ change during
chemoradiation in advanced NSCLC patients. To address this problem, we paid attention to the longitude
change of CTCs in chemoradiation-treated advanced NSCLC patients, and aimed to investigate the
association of CTCs’ change during chemoradiation with the treatment response and survival pro�les in
advanced NSCLC patients.

2. Materials And Methods
2.1. Patients

From July 2016 to June 2019, a total of 58 advanced NSCLC patients who underwent concurrent
chemoradiation in Changzhou Tumor Hospital A�liated to Soochow University were consecutively
recruited in this study. The inclusion criteria were: (i) diagnosed as NSCLC; (ii) aged above 18 years old;
(iii) TNM stage IIIB-IV; (iv) Eastern Cooperative Oncology Group (ECOG) score 0-2; (v) unable to receive
resection which was evaluated by the Thoracic Malignancy Multi-disciplinary Clinic; (vi) schedule to
receive concurrent chemoradiation. Patients had history of other malignancies, had severe infection,
severe liver/kidney dysfunction or severe cardiovascular disease were excluded. This study was approved
by the Institutional Review Board of Changzhou Tumor Hospital A�liated to Soochow University. All
patients or their family members provided written informed consents.

2.2. Data collection

After enrollment, patients’ clinical characteristics were recorded, which included age, gender, smoke
status, ECOG score, histological type, TNM stage, carcinoembryonic antigen (CEA) level, carbohydrate
antigen 125 (CA125) level, cytokeratin 19 (CYFRA21-1) level and neuron-speci�c enolase (NSE) level.

2.3. Treatment

All patients received concurrent chemoradiation. The radiotherapy was delivered to the primary tumor and
nodal metastatic sites or oligo-metastatic site with the basis of size criteria as follows: 5250-6000 cGy in
15-20 fractions of external beam Intensity Modulated Radiation Therapy (IMRT) (300-350 cGy per
fraction, 5 fraction per week) with Varian Clinac IX Linear Accelerator (Varian Medical Systems,
American). The chemotherapy was carried out as one of the follows regimens according to NCCN clinical
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practice guidelines in Oncology: Non-Small Cell Lung Cancer (Version 4. 2016): (i) cisplatin 50 mg/m2 on
days 1, 8, 29, and 36; etoposide 50 mg/m2 days 1-5, 29-33; (ii) paclitaxel 45–50 mg/m2 weekly and
carboplatin area under the curve (AUC 2).

2.4. CTCs assessment

Peripheral blood samples (5 mL) of patients were collected into Ethylene Diamine Tetraacetic Acid
(EDTA) tubes at 24 hours pre-chemoradiation and 1 months post-chemoradiation, respectively. The
collected blood samples were processed immediately to assess the CTCs using a CTC-Biopsy system
(Wuhan YZY Medical Science & Technology Co., Ltd., China). CTCs were gathered based on isolation by
size of epithelial tumor cells (ISET) technology and separated with the use of Romanowsky staining,
which were performed according to a previous report [11]. Then, the stained cells were observed at
100X/200X original magni�cation for cell counting, further observed at 630X/1000X original
magni�cation with oil immersion for detailed cytomorphologic analysis [11]. The CTCs were identi�ed by
the presence of at least 4 of the following criteria: (i) irregular nuclear borders; (ii) nuclear-cytoplasmic
ratio>0.8; (iii) nuclear larger than 18 μm; (iv) hyperchromatic and uneven nucleus; (v) thickened and
wrinkled nuclear membrane; (vi) nuclear deviation, or large nucleoli, or abnormal nuclear division. CTCs
positive was de�ned as the count of CTCs in 5 mL peripheral blood sample≥2 [12]. CTCs’ change was
calculated by subtracting CTCs post-chemoradiation from CTCs pre-chemoradiation, and the negative
value was de�ned as CTCs up, the positive and unchanged value was de�ned as CTCs down/unchanged.

2.5. Follow-up and outcomes assessment

All patients received serial radiographic surveillance with either positron emission tomography-computed
tomography (PET/CT) or intravenous contrast CT scans at 1 months post-chemoradiation, every 3
months in the �rst 2 years, then every 4-6 months. The response of chemoradiation were evaluated at 1
months post-chemoradiation according to the response evaluation criteria in solid tumors (Version 1.1)
[13], which included: (i) complete response (CR), disappearance of all target lesions; (ii) partial response
(PR), at least a 30% decrease in the sum of diameters of target lesions, taking as reference the baseline
sum diameters; (iii) progressive disease (PD), at least a 20% increase in the sum of diameters of target
lesions, taking as reference the smallest sum on study; (iv) stable disease (SD), neither su�cient
shrinkage to qualify for PR nor su�cient increase to qualify for PD. Meanwhile, objective response rate
(ORR) was de�ned as the percentage of patients with CR or PR, and disease control rate (DCR) was
de�ned as the percentage of patients with CR, PR or SD. The disease status and survival status of
patients were recorded regularly by visit or telephone. Progression-free survival (PFS) was calculated
from the date of initiation of chemoradiation to the date of progression or death, and for the patients not
known to have progression or died at last follow-up, they were censored on the date of last examined.
Overall survival (OS) was calculated from the date of initiation of chemoradiation to the date of death,
and for the patients not known to have died at last follow-up, they were censored on the date of last
known to be alive.
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2.6. Statistical analysis

Statistical analyses were performed using SPSS 22.0 software (IBM, USA). Figures were plotted using
GraphPad Prism 7.01 software (GraphPad Software, USA). Comparison between pre-chemoradiation
CTCs and post-chemoradiation CTCs was determined by Wilcoxon signed-rank test or McNemar's test.
Comparison between CTCs negative patients and CTCs positive patients was determined by Chi-square
test. Comparison between CTCs down/unchanged patients and CTCs up patients was determined by Chi-
square test or Fisher's exact test. PFS and OS were illustrated using Kaplan–Meier curves, and the
differences of PFS and OS between CTCs negative patients and CTCs positive patients, or between CTCs
down/unchanged patients and CTCs up patients, were determined by Log-rank test. Factors
independently predicting PFS and OS were analyzed by backward stepwise multivariate Cox’s
proportional hazard regression model. P value<0.05 was considered signi�cant.

3. Results
3.1. Characteristics of NSCLC patients

58 NSCLC patients (including 10 (17.2%) females and 48 (82.8%) males) with mean age of 63.0 ± 
12.0 years were enrolled (Table 1). There were 10 (17.2%), 36 (62.1%) and 12 (20.7%) patients showed
ECOG score of 0, 1 and 2 respectively. Regarding the histological type, 35 (60.3%) patients were identi�ed
as SCC and 23 (39.7%) patients were identi�ed as ADC. As to TNM stage, 30 (51.7%) patients were with
TNM stage  B and 28 (48.3%) patients were with TNM stage . Besides, other detailed information of
tumor biomarkers such as CEA, CA125, CYFRA21-1 and NSE was exhibited in Table 1.
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Table 1
Patients’ characteristics

Items NSCLC patients (N = 58)

Age, mean ± SD 63.0 ± 12.0

< 65 years, No. (%) 30 (51.7)

≥65 years, No. (%) 28 (48.3)

Gender, No. (%)  

Male 48 (82.8)

Female 10 (17.2)

Smoking, No. (%) 35 (60.3)

ECOG score, No. (%)  

0 10 (17.2)

1 36 (62.1)

2 12 (20.7)

Histological type, No. (%)  

SCC 35 (60.3)

ADC 23 (39.7)

TNM stage, No. (%)  

IIIB 30 (51.7)

IV 28 (48.3)

CEA, No. (%)  

Normal (< 5 ng/mL) 49 (84.5)

Abnormal (≥ 5 ng/mL) 9 (15.5)

CA125, No. (%)  

Normal (< 35 U/mL) 51 (87.9)

Abnormal (≥ 35 U/mL) 7 (12.1)

CYFRA21-1, No. (%)  

Normal (< 3.3 ng/mL) 33 (56.9)

NSCLC, non-small cell lung cancer; SD, standard deviation; ECOG, Eastern Cooperative Oncology
Group; SCC, squamous cell carcinoma; ADC, adenocarcinoma; CEA, carcinoembryonic antigen; CA125,
carbohydrate antigen 125; CYFRA21-1, cytokeratin 19; NSE, neuron-speci�c enolase.
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Items NSCLC patients (N = 58)

Abnormal (≥ 3.3 ng/mL) 25 (43.1)

NSE, No. (%)  

Normal (< 17 ng/mL) 45 (77.6)

Abnormal (≥ 17 ng/mL) 13 (22.4)

NSCLC, non-small cell lung cancer; SD, standard deviation; ECOG, Eastern Cooperative Oncology
Group; SCC, squamous cell carcinoma; ADC, adenocarcinoma; CEA, carcinoembryonic antigen; CA125,
carbohydrate antigen 125; CYFRA21-1, cytokeratin 19; NSE, neuron-speci�c enolase.

3.2. Association of pre-chemoradiation CTCs with clinicopathologic characteristics

According to the pre-chemoradiation CTCs level, 45 patients were categorized as CTCs positive patients
and 13 patients were categorized as CTCs negative patients (Table 2). CTCs positive was associated with
increased TNM stage in NSCLC patients (P = 0.007). Whereas no correlation of CTCs status with age (P = 
0.421), gender (P = 0.301), smoking (P = 0.457), ECOG score (P = 0.189), histological type (P = 0.457), CEA
(P = 0.988), CA125 (P = 0.167), CYFRA21-1 (P = 0.701) or NSE (P = 0.490) was observed in NSCLC
patients.
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Table 2
Correlation of pre-chemoradiation CTCs with clinicopathologic characteristics

Items Pre-chemoradiation CTCs P value

Positive (n = 45) Negative (n = 13)

Age, No. (%)     0.421

< 65 years 22 (48.9) 8 (61.5)  

≥65 years 23 (51.1) 5 (38.5)  

Gender, No. (%)     0.301

Male 36 (80.0) 12 (92.3)  

Female 9 (20.0) 1 (7.7)  

Smoking, No. (%)     0.457

No 19 (42.2) 4 (30.8)  

Yes 26 (57.8) 9 (69.2)  

ECOG score, No. (%)     0.189

0/1 34 (75.6) 12 (92.3)  

2 11 (24.4) 1 (7.7)  

Histological type, No. (%)     0.457

SCC 19 (42.2) 4 (30.8)  

ADC 26 (57.8) 9 (69.2)  

TNM stage, No. (%)     0.007

IIIB 19 (42.2) 11 (84.6)  

IV 26 (57.8) 2 (15.4)  

CEA, No. (%)     0.988

Normal (< 5 ng/mL) 38 (84.4) 11 (84.6)  

Abnormal (≥ 5 ng/mL) 7 (15.6) 2 (15.4)  

CA125, No. (%)     0.167

Normal (< 35 U/mL) 41 (91.1) 10 (76.9)  

Comparison was determined by Chi-square test. CTCs, circulating tumor cells; ECOG, Eastern
Cooperative Oncology Group; SCC, squamous cell carcinoma; ADC, adenocarcinoma; CEA,
carcinoembryonic antigen; CA125, carbohydrate antigen 125; CYFRA21-1, cytokeratin 19; NSE, neuron-
speci�c enolase.
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3.4. Association of CTCs status with treatment response to chemoradiation
Pre-chemoradiation CTCs positive was associated with lower PR (P = 0.039), while no correlation of pre-
chemoradiation CTCs status with CR (P = 0.439), SD (P = 0.326), PD (P = 0.320), ORR (P = 0.073) or DCR
(P = 0.320) was observed in NSCLC patients (Table 4). Moreover, post-chemoradiation CTCs positive was
associated with increased PD (P = 0.025) and reduced DCR (P = 0.025), while no correlation of post-
chemoradiation CTCs status with CR (P = 1.000), PR (P = 0.837), SD (P = 0.141) or ORR (P = 0.940) was
observed in NSCLC patients. Additionally, the CTCs’ change during chemoradiation was not associated
with treatment response in advanced NSCLC patients (all P > 0.05).

Items Pre-chemoradiation CTCs P value

Positive (n = 45) Negative (n = 13)

Abnormal (≥ 35 U/mL) 4 (8.9) 3 (23.1)  

CYFRA21-1, No. (%)     0.701

Normal (< 3.3 ng/mL) 25 (55.6) 8 (61.5)  

Abnormal (≥ 3.3 ng/mL) 20 (44.4) 5 (38.5)  

NSE, No. (%)     0.490

Normal (< 17 ng/mL) 34 (75.6) 11 (84.6)  

Abnormal (≥ 17 ng/mL) 11 (24.4) 2 (15.4)  

Comparison was determined by Chi-square test. CTCs, circulating tumor cells; ECOG, Eastern
Cooperative Oncology Group; SCC, squamous cell carcinoma; ADC, adenocarcinoma; CEA,
carcinoembryonic antigen; CA125, carbohydrate antigen 125; CYFRA21-1, cytokeratin 19; NSE, neuron-
speci�c enolase.

3.3. Comparison between post-chemoradiation CTCs and pre-chemoradiation CTCs
The number of post-chemoradiation CTCs was decreased than the number of pre-chemoradiation CTCs
(1.0 (0.0–3.0) vs. 4.0 (2.0–10.0), P = 0.004) (Table 3), meanwhile, the percentage of post-chemoradiation
CTCs positive cases was reduced compared with percentage of pre-chemoradiation CTCs positive cases
(P < 0.001).

Table 3
Comparison between pre-chemoradiation CTCs and post-chemoradiation CTCs

Items Pre-chemoradiation Post-chemoradiation P value
Number of CTCs, median (IQR) 4.0 (2.0–10.0) 1.0 (0.0–3.0) 0.004
CTCs status, No. (%)     < 0.001
Positive 45 (77.6) 22 (37.9)  
Negative 13 (22.4) 36 (62.1)  
Comparison was determined by Wilcoxon signed-rank test or McNemar's test. CTCs, circulating tumor
cells; IQR, interquartile range.
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Table 4
Correlation of CTCs status with treatment response

Items Pre-chemoradiation CTCs Post-chemoradiation CTCs CTCs’ change
Positive (n = 
45)

Negative (n = 
13)

P
value

Positive (n = 
22)

Negative (n = 
36)

P
value

Up
(n = 
15)

Down/
unchanged (n = 
43)

P
value

CR, No.
(%)

2 (4.4) 0 (0.0) 0.439 1 (4.5) 1 (2.8) 1.000 0 (0.0) 2 (4.7) 1.000

PR, No.
(%)

20 (44.4) 10 (76.9) 0.039 11 (50.0) 19 (52.8) 0.837 8
(53.3)

22 (51.2) 0.885

SD, No.
(%)

17 (37.8) 3 (23.1) 0.326 5 (22.7) 15 (41.7) 0.141 4
(26.7)

16 (37.2) 0.460

PD, No.
(%)

6 (13.3) 0 (0.0) 0.320 5 (22.7) 1 (2.8) 0.025 3
(20.0)

3 (7.0) 0.172

ORR, No.
(%)

22 (48.9) 10 (76.9) 0.073 12 (54.5) 20 (55.6) 0.940 8
(53.3)

24 (55.8) 0.868

DCR, No.
(%)

39 (86.7) 13 (100.0) 0.320 17 (77.3) 35 (97.2) 0.025 12
(80.0)

40 (93.0) 0.172

Comparison was determined by Chi-square test or Fisher's exact test. CTCs, circulating tumor cells; CR,
complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; ORR, objective
response rate; DCR, disease control rate.
3.5. Association of CTCs status with PFS
The pre-chemoradiation CTCs positive showed a trend to be correlated with shorter PFS, while no
signi�cant difference was observed (P = 0.053) (Fig. 1A). Moreover, post-chemoradiation CTCs positive
(P = 0.016) (Fig. 1B) and CTCs up after treatment (P = 0.034) (Fig. 1C) were associated with reduced PFS
in NSCLC patients.
3.6. Association of CTCs status with OS
No correlation of pre-chemoradiation CTCs status (P = 0.584) (Fig. 2A), post-chemoradiation CTCs status
(P = 0.131) (Fig. 2B) or CTCs’ change with OS (P = 0.292) (Fig. 2C) was observed in NSCLC patients.
3.7. Analysis of factors affecting PFS and OS
Backward stepwise multivariate Cox’s proportional hazard regression model analysis displayed that pre-
chemoradiation CTCs positive (P = 0.008) (HR: 3.346, 95% CI: 1.379–8.121) was an independent
predictive factor for decreased PFS, so did CTCs’ change (up vs. down/unchanged) (P = 0.002) (HR:
3.130, 95% CI: 1.504–6.516) and NSE (abnormal vs. normal) (P = 0.026) (HR: 2.199, 95% CI: 1.099-4.400)
(Table 5). In addition, NSE (abnormal vs. normal) (P = 0.022) (HR: 2.504, 95% CI: 1.144–5.483) was an
independent factor predicting worse OS in NSCLC patients.
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Table 5
Independent factors predicting PFS and OS

Items Backward stepwise multivariate Cox’s proportional hazard
regression model
P value HR 95%CI

Lower Higher
PFS
Pre-chemoradiation CTCs positive 0.008 3.346 1.379 8.121
CTCs’ change (up vs.
down/unchanged)

0.002 3.130 1.504 6.516

NSE (abnormal vs. normal) 0.026 2.199 1.099 4.400
OS        
NSE (abnormal vs. normal) 0.022 2.504 1.144 5.483
Factors independently predicting PFS and OS were analyzed by backward stepwise multivariate Cox’s
proportional hazard regression model. PFS, progression-free survival; OS, overall survival; HR, hazard
ratio; CI, con�dence interval; CTCs, circulating tumor cells; NSE, neuron-speci�c enolase.
4. Discussion
Knowledge of metastasis may help understand the biology of CTCs in NSCLC [7, 14, 15]. Metastasis is an
extremely complex and multistep process, in which the tumor cells must undergo a cellular process
termed as epithelial mesenchymal transition (EMT) [7]. EMT enables the tumor cells to be motile, and
also allows cells to penetrate into the lymph vessels and to circulate as a single or clusters of CTCs [7, 14,
15]. Then, CTCs spread to distant organs and facilitate the formation of secondary sites of the tumor
disease, moreover, CTCs may form disseminating tumor cells known as a settlement of CTCs in other
organs, which may stay in a quiescence state or lead to an observable metastasis [16]. Thus, CTCs are
regarded as potential metastasis-inducing cells. In addition, previous data demonstrate that the CTCs
clusters have high expressions of adhesion markers (such as MPDZ and TNC genes), which endow the
clusters an advantage of avoiding anoikis in the circulation, furthermore, various genetic alterations (such
as epidermal growth factor receptor (EGFR), MET and B-Raf proto-oncogene (BRAF)) that correlate with
resistance of chemotherapy are observed to be highly expressed on CTCs [17–19]. With these properties,
monitoring CTCs may bring important indications for the progression of NSCLC.

In clinical practices, previous investigations have disclosed that CTCs provide important re�ection for the
clinicopathological features of lung cancer patients: one study shows the positive association of pre-
chemoradiation CTCs’ count with lymph node metastasis, distant metastasis and TNM stage in small cell
lung cancer patients [20]; another study discloses that pre-chemotherapy CTCs positive is associated with
lymph node metastases and larger primary tumors in early stage NSCLC patients [21]. However, the
related evidence in advanced NSCLC patients is limited. In our study, we observed that the pre-
chemoradiation CTCs positive was associated with increased TNM stage in advanced NSCLC patients,
which might due to: higher CTCs’ count indicated more cancer cells could be displaced to distant site,
which was a crucial step promoting the process of metastasis and leading to elevated TNM stage, thus
pre-chemoradiation CTCs positive status was positively correlated with TNM stage in advanced NSCLC
patients [7, 14].
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Regarding the detection of CTCs’ change during treatment in advanced NSCLC patients, it is reported in
only two studies: one study displays that there is no change of CTCs’ number among the time points of
post-�rst cycle of chemotherapy, post-second cycle of chemotherapy and post-third cycle of
chemotherapy in advanced NSCLC patients [9]; another study shows that CTCs’ number is increased in
majority of TKI-treated advanced NSCLC patients [10]. However, related investigation in chemoradiation-
treated advanced NSCLC patients is seldomly reported. Our study compared the post-chemoradiation
CTCs’ number and pre-chemoradiation CTCs’ number, then we found that the CTCs’ number and
percentage of CTCs positive cases both decreased after chemoradiation compared with those prior to
chemoradiation. These results might be explained by: chemotherapy in combination with radiation
directly promoted apoptosis of CTCs, meanwhile, chemoradiation induced tumor necrosis, inhibited
tumor progression and further attenuated the production of CTCs, thus CTCs’ number and percentage
CTCs positive cases were reduced after chemoradiation therapy in advanced NSCLC patients.

Moreover, assessing CTCs is a useful way for the surveillance in cancer patients’ prognosis after
treatment [22–25]. For example, negative association of CTCs level and treatment response has been
investigated in several cancers, such as nasopharyngeal carcinoma, colorectal cancers and breast cancer
[23–25]. For lung cancer, one study shows that the pre-chemoradiation CTCs is negatively associated
with PR in advanced NSCLC patients [22]. Furthermore, a study displays that elevated pre-radiation CTCs
and persistence of CTCs post-radiation are associated with higher recurrence risk outside the targeted
treatment site in early stage NSCLC patients [26]. Another study displays that higher pre-chemoradiation
CTCs level is an independent predictive factor for worse OS in small cell lung cancer patients [20]. All
these studies just evaluate the correlation of pre-treatment or post-treatment CTCs level with prognosis of
lung cancer patients, resulting in a paucity of evidence about the role of CTCs’ change during treatment in
advanced NSCLC patients, meanwhile, related evidence in chemoradiation treated advanced NSCLC
patients is limited. Therefore, our study explored the association of pre-treatment CTCs, post-treatment
CTCs and CTCs’ change during treatment with the treatment response and survival pro�les in
chemoradiation treated advanced NSCLC patients. We observed that pre-chemoradiation CTCs positive
was associated with decreased PR, meanwhile, post-chemoradiation CTCs positive was associated with
elevated PD and reduced DCE in advanced NSCLC patients. In addition, pre-chemoradiation CTCs
positive, post-chemoradiation CTCs positive and CTCs’ up after treatment were associated with shorter
PFS in advanced NSCLC patients. The possible reasons for these results might be as follows: (1) CTCs is
be able to access the distant organs and pre-chemoradiation CTCs positive may indicate that CTCs have
undergone the EMT process and tend to colonized at distant organs, facilitating the distant metastasis
and indicating less possibility to achieve survive from the disease, thus pre-chemoradiation CTCs positive
was associated with decreased PR and shorter PFS in advanced NSCLC patients underwent
chemoradiation therapy [27–29]; (2) post-chemoradiation CTCs positive and CTCs up after treatment
indicate that considerable CTCs survive from the chemoradiation therapy and may further facilitate the
formation of tumors at secondary sites, leading to aggravated progression, thus post-chemoradiation
CTCs positive correlated with increased PD, reduced DSE and shorter PFS in advanced NSCLC patients
[17–19].
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There were still some limitations in our study, which needed to be improved in future. Firstly, the sample
size of 58 was small, which might cause a relatively low statistical e�cacy, thus larger number of
patients was desirable for a further study. Secondly, this was a single-center study, which might have
some selection bias, and further validations of our �ndings in a multi-center study was needed. Thirdly,
the post-chemoradiation CTCs were only detected at 1 month after treatment, whereas it would be
di�cult to constantly count CTCs during the follow-up.

5. Conclusions
In conclusion, longitudinal monitoring of CTCs may provide important re�ection for the prognosis in
chemoradiation treated advanced NSCLC patients.
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Figures

Figure 1

Correlation of CTCs with OS in NSCLC patients. Correlation of pre-chemoradiation CTCs status (A), post-
chemoradiation CTCs status (B) and CTCs’ change (C) with OS in NSCLC patients. CTCs, circulating
tumor cells; OS, overall survival; NSCLC, non-small cell lung cancer.
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Figure 2

Correlation of CTCs with PFS in NSCLC patients. Correlation of pre-chemoradiation CTCs status (A), post-
chemoradiation CTCs status (B) and CTCs’ change (C) with PFS in NSCLC patients. CTCs, circulating
tumor cells; PFS, progression-free survival; NSCLC, non-small cell lung cancer.


