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Detection of Circulating Tumor Cell
Molecular Subtype in Pulmonary Vein
Predicting Prognosis of Stage I-lli
Non-small Cell Lung Cancer Patients

Jingsi Dong, Daxing Zhu, Xiaojun Tang, Xiaoming Qiu, Dan Lu, Bingjie Li, Dan Lin and
Qinghua Zhou*

Department of Lung Cancer Center, West China Hospital, Sichuan University, Chengdu, China

Background: There was rare studies on prognosis of pulmonary venous CTC and early
or advanced NSCLC patients. We want to investigate whether CTCs and the subtype of
it can predict the prognosis of NSCLC patients.

Patients and Methods: One hundred and fourteen patients with stage I-lll NSCLC
were included CanPatrol™ CTC analysis. PD-L1 expression level were detected in
CTC of pulmonary vein. PD-L1, number of CTC in pulmonary, CTC’s subtype, clinical
characteristics, prognosis of patients were analyzed.

Results: 110/114 (96.5%) patients could be found CTCs in pulmonary vein, 58/114
(50.9%) patients had CTC>15/ml in pulmonary vein, 53/110 patients (48.2%) were
defined as having MCTC subtype and 56/110 patient were found have PD-L1 (+) CTC
in pulmonary vein. Multivariate analyses showed that PVCTC, MCTC, and stage were
independent factors of DFS (P < 0.05). No OS difference was found between number
of CTC (P = 0.33) and other CTC factors (P > 0.05), only stage was independent
factor of OS (P = 0.019). There were decreases of CTC number and MCTC number
in EGFR mutant subgroup (P = 0.0009 and P = 0.007). There were increases of CTC
(P =0.0217), MCTC (P = 0.0041), and PD-L1 (+) CTC (P = 0.0002) number in KRAS
mutant subgroup. There was increase of MCTC (P =0.0323) number in BRAF mutant.
There were fewer CTCs in pulmonary vein for patients with EGFR mutant than in patients
with full wild-type gene (P = 0.0346). There were more PD-L1 positive CTCs in pulmonary
vein for patients with ALK rearrangement, KRAS mutant, BRAF mutant, or ROS1 mutant
than in patients with full wild-type gene (P = 0.0610, P = 0.0003, P = 0.032, and
P = 0.0237). There were more mesenchymal CTCs in pulmonary vein for patients with
KRAS mutant and BRAF mutant than in patients with full wild-type gene (P = 0.073 and
P = 0.0381). There were fewer mesenchymal CTCs in pulmonary vein for patients with
EGFR mutant than in patients with full wild-type gene (P = 0.0898).

Conclusions: The patients with high number of CTCs, MCTCs, or PD-L1 (+) CTCs
in pulmonary vein experienced poor prognosis of DFS. There are obvious correlations
between the CTC subtype of NSCLC and the gene subgroups of tumor tissue.
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INTRODUCTION

Lung cancer, known as a public health problem in the world,
is the leading cause of death caused by malignant tumors
worldwide. According to Cancer Statistics published in CA, the
estimated deaths caused by lung cancer in 2018 number 83,550
for males and 70,500 for females (1). In China, Lung cancer is
the leading cause of death of male and female malignancies (2).
Non-small cell lung cancer (NSCLC) accounts for 85% of all lung
cancers, and post-treatment recurrence and metastasis are the
leading cause of death. Despite many advances in treatment, the
overall 5-year survival rate for lung cancer is <20% (3).

In 2002, Dunn et al. proposed the theory of immune editing
(4). In recent years, pd-11 inhibitors have been approved for the
treatment of advanced non-small cell lung cancer and achieved
remarkable results (5, 6). At present, the recognized detection
of programmed cell death ligand 1 (PD-L1) was still at the
level of tissue samples, and there was rear research attention
to PD-L1 detection of circulating tumor cell (CTC), which
was the root of tumor metastasis. Many clinical studies on
the CTCs of NSCLC have shown the reliability of CTCs as a
prognostic indicator (7-9). A study of Europe confirm CTCs as
an independent prognostic indicator of progression-free survival
and overall survival in advanced NSCLC (10). Wang’s study
indicates that CTC detection is mainly related to tumor stage,
lymph node metastasis and prognosis, and CTC detection is
significantly associated with the shortening of progression-free
survival (PFS) and overall survival (OS) in NSCLC (11). CTCs
had already been considered the leading causes and markers for
tumor recurrence and metastasis (7). Study on the relationship
between postoperative disease-free survival (DFS) and CTC in
pulmonary vein of NSCLC patient is rear. A study showed that
CTCs isolated from early stages of lung cancer are predictive of
poor prognosis and can be interrogated to determine biomarkers
predictive of recurrence (12), but this study included only 36
patient of lung cancer (NSCLC = 35, SCLC = 1) and the stages
of patients was not all early (19 patients were stage I, seven
were stage II, eight were stage III, and one patient was stage
IV disease).

During the dissemination of cancer cells, epithelial cells
frequently exhibit a downregulation of epithelial markers and a
loss of intercellular junctions (13). The loss of epithelial features
is often accompanied by increased expression of mesenchymal
genes. This process, described as epithelial-mesenchymal
transition (EMT), endows cancer cells with migratory and
invasive properties and promotes cancer recurrence (14-16).
Although the number of CTC in pulmonary veins is the largest,
current studies have not focused on the relationship between

Abbreviations: CTC, circulating tumor cell; NSCLC, non-small cell lung cancer;
EMT, epithelial-mesenchymal transition; WT, wild-type; MCTC, mesenchymal
circulating tumor cell; ECTC, epithelial circulating tumor cell; PVCTC, pulmonary
vein circulating tumor cell; PFS, progression-free survival; DFS, disease-free
survival; OS, overall survival; PD-L1, programmed cell death ligand 1; EGFR,
epidermal growth factor receptor; KRAS, kirsten rat sarcoma viral oncogene;
BRAFE, v-raf murine sarcoma viral oncogene homolog B; ALK, anaplastic
lymphoma kinase.

molecular subtypes of CTC in pulmonary and prognosis of
cancer therapy.

Here in this study, we focused on the relationship between
pulmonary venous CTCs (including different CTC molecular
subtypes) and postoperative prognosis of patients with stage I-
III NSCLC. The relationship between different CTC molecular
subtypes in pulmonary veins and tumor molecular subgroups
(EGFR, KRAS, ALK, and BRAF) was studied by translational
medicine methods.

METHODS

Study Design

One hundred and sixty-four non-small cell lung cancer (NSCLC)
patients with stage I-IIT who could receive surgical resection at
the West China Hospital of Sichuan University were included
in this study from February 2017 to January 2019. One hundred
and fourteen patients eventually met the inclusion criteria. The
study was approved by the medical ethics committee of Sichuan
University. The patient flow is show in Figure 1. All the patients
were informed of the procedure and signed informed consent.
Our report adheres to the REMARK criteria (17). Inclusion
criteria: (a) NSCLC patients who received surgery in Lung Cancer
Center of West China Hospital; (b) age of more than 18 years
old; (c) postoperative pathological stages were stage I to III; (d)
patients have complete clinical data and follow-up data.

In this study, all of the patients with lung cancer received
conventional thoracotomy. During surgery, the roots of the
pulmonary vein were ligated at the proximal end of the heart,
and then 5ml of blood was extracted at the distal end of
the pulmonary vein which was shown in Figure S1. After
the blood was extracted from the pulmonary vein, it was
immediately injected into the blood vessel containing EDTA.
Next, the proximal end of the pulmonary vein was ligated a
second time, and the distal end of the pulmonary vein was
ligated finally (Figure S1). Routine laboratory analyses were also
performed on all patients, with data prospectively collected for
age, sex, histological subtype, genotype, ECOG performance
status, smoking status, sites of metastasis, treatment received,
stage, date of progression, date of death as the previous studies
have been published (18).

Mutations in EGFR exons 18 through 21 were examined using
a DxS EGFR mutation test kit (Amoy Diagnostics, China). KRAS
mutation was analyzed by Sanger sequencing as described. ALK
rearrangement was detected by FISH using the Vysis LSI ALK
Break Apart FISH Probe (Abbott Molecular, USA) according
to the manufacturer’s instructions as described (19). Somatic
mutation analysis of BRAF and ROS1 was analyzed by SurPlex-
XTAG70plex (Surexam, China).

CTC Analysis

CanPatrol™ (Surexam Biotech, Guangzhou, China) was used to
identify CTCs in lung adenocarcinoma patients, as previously
described (Figure S2). PD-L1, EpCAM, CK8, CK18, and CK19,
vimentin, and twist gene expression levels from these different
cell types were also detected by RNA in situ hybridization.
The detection method of CTC has been described in detail
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164 lung cancer patients who received surgery
treatment consented and analysed by CanPatrol™
CTC enrichment technique from pulmonary vein

13 patients excluded due to diagnosis of small cell

151 non-small cell lung cancer patients analysed by
CanPatrol™ CTC enrichment technique from pulmonary
vein

lung cancer and benign lesion

4

28 patients excluded later than stage lll

123 stage I-lll non-small cell lung cancer patients analysed by
CanPatrol™ CTC enrichment technique from pulmonary vein:

V

9 patients lost to follow-up for DFS and OS

114 stage I-lll non-small cell lung cancer patients analysed by
CanPatrol™ CTC enrichment technique from pulmonary vein:

56/114 patients total CTC<15:
30/56 with EGFR mutation
5/56 with ALK rearrangement
12/56 with KRAS mutation
2/56 with BRAF mutation
2/56 with ROS1 mutation

53/110 patients MCTC>ECTC:

19/53 with EGFR mutation
8/53 with ALK rearrangement
22/53 with KRAS mutation
4/53 with BRAF mutation
5/53 with mutation

56/110 patients with PD-L1(+)CTC:
24/56 with EGFR mutation
7/56 with ALK rearrangement
26/56 with KRAS mutation
3/56 with BRAF mutation
5/56 with ROS1 mutation

+

_I_

+

58/114 patients total CTC215:
16/58 with EGFR mutation
6/58 with ALK rearrangement
25/58 with KRAS mutation
3/58 with BRAF mutation
5/58 with ROS1 mutation

57/110 patients MCTC<ECTC :

27/57 with EGFR mutation
3/57 with ALK rearrangement
15/57 with KRAS mutation
1/57 with BRAF mutation
2/57 with ROS1 mutation

54/110 patients with PD-L1(-)CTC :
22/54 with EGFR mutation
4/54 with ALK rearrangement
11/54 with KRAS mutation
2/54 with BRAF mutation
2/54 with mutation

FIGURE 1 | Patient flow.

in our published articles (20). The above markers were
used to help distinguish among epithelial, mesenchymal,
and hybrid phenotype CTCs. Detection and classification of
CTCs using multiple epithelial markers, including EpCAM,
CK8/18/19 (red fluorescence) and mesenchymal markers such
as Vimentin and Twist (green fluorescence) which were shown
in Figure 2. The PD-L1 mRNA expression level in CTCs was
detected by RNA-ISH (purple fluorescence) which were shown
in Figure 2.

Statistical Analysis

REMARK guidelines were followed in planning, analysis and
reporting of this study. SPSS Statistics 19 software (IBM
Deutschland GmbH, Germany) was used for statistical analysis.

A P < 0.05 was considered a statistically significant difference.
GraphPad Prism 6.02 was used for image processing. The survival
curve of the OS and DFS of NSCLC patients were plotted by
the Kaplan-Meier method after the log-rank test. OS was the
time from surgery to death. DFS was the time from surgery to
the time of diagnosis of local recurrence, distant metastasis or
death, whichever occurred first. The Cox regression model was
used for multivariate analysis of all independent influence factors,
including the CTC results and other factors, on OS and DEFS.
Kaplan-Meier curves were computed using GraphPad Prism
6.02. T-test was used to compare and analyze continuous variable
factors in this study. Chi-squared test was used to analyze the
factors of categorical variables. Significance was indicated by the
P-values of two-tailed tests <0.05.

Frontiers in Oncology | www.frontiersin.org 3

October 2019 | Volume 9 | Article 1139


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Dong et al.

pvCTC Subtype in NSCLC

FIGURE 2 | The PD-L1 mRNA expression level and CTC subtypes in CTCs was detected by RNA-ISH. PD-L1: purple fluorescence, epithelial markers: red
fluorescence, mesenchymal markers: green fluorescence. (A) Hybrid type CTC with PD-L1(++); (B) Hybrid type CTC with PD-L1(+); (C) Mesenchymal Type CTC with
PD-L1(-); (D) Mixed type CTC with PD-L1(+); (E) Hybrid type CTC with PD-L1(-); (F) Epithelial type CTC with PD-L1(-).

RESULTS

Patient Characteristics

One hundred and fourteen patients were included in this
study finally as shown in Figurel. Forty-nine patients
were female (42.98%), and 65 were male (57.02%). Forty
squamous lung cancer patients (35.08%) and 68 patients
with adenocarcinoma lung cancer (59.65%) were included
in this study, only six patients with other histological
types of NSCLC. Fifty-one stage I patients, 21 stage
II patients, and 42 stage III patients were included in
this study.

CTCs were found in 110 patients’ pulmonary veins, only
four patients with no CTC can be found. According to
the median number of CTC in patients pulmonary veins,
patients were divided into group with CTC>15 (58/114,
50.9%) and group with CTC<15 (56/114, 49.1%). The Baseline
Clinical characteristics was shown in Table 1. According to
the CTC subtype in patients pulmonary veins, patients
were divided into group with mesenchymal CTC (53/110,
48.2%) and group with non- mesenchymal CTC (epithelial
and hybrid subtypes, 57/110, 51.8%). The Baseline Clinical
characteristics was shown in Table S1. According to whether
express PD-L1 in CTC of patients’ pulmonary veins or not,
patients were divided into group with PD-L1 positive CTC
(56/110, 50.1%) and group with PD-L1 negative CTC (54/110,

49.9%). The Baseline Clinical characteristics was shown in
Table S2.

Clinical Relevance of Total CTCs and CTC

Subtype

The median DFS time of the whole group was 20.6 (CI: 18.7-
22.5) months (follow-up range: 0-30 months). The median
overall survival time of the whole group was 24.3 (CL: 22.5-
25.8) months (follow up range: 0-30 months). After follow-
up, univariate analyses showed significant reductions in median
DES in CTCs>15 patients group. The median postoperative
DEFS was 15.3 (CI: 12.3-18.4) months (range: 0-30 months) in
the group with pulmonary vein CTCs>15 patients, and 24.7
(CI: 22.7-26.7) months (range: 0-30 months) in the group with
pulmonary vein CTCs<15 patients (P < 0.001). The median
postoperative overall survival (OS) was 20.2 (CI: 16.3-24.1)
months (range: 0-30 months) in the group with pulmonary
vein CTCs>15 patients, and 25.4 (CI: 23.6-27.3) months (range:
0-24 months) in the group with pulmonary vein CTCs<15
patients (P = 0.0093). And there was significant reductions in
median DFS in MCTC patients group. The median postoperative
DFS was 18.4 (CI: 15.4-21.4) months in the MCTC group,
and 22.5 (CIL: 20.2-24.8) months in the Non-MCTC group
(P = 0.0168). And there was no significant difference in OS
between the two groups of CTC subtype (P = 0.4864). The
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TABLE 1 | Baseline clinical characteristics and CTC status of enrolled non-small
cell patients.

TABLE 2 | Baseline CTC characteristics of patients with advanced NSCLC
according to total, EMT and PD-L1+ CTC status.

Characteristic Total CTC<15 (%) Total CTC>15 (%) P-value

Total patient numbers 56/114 (49.1) 58/114 (50.9) 0.791
Age (mean) 59.7 59.2 0.931
Gender 0.685
Female 23/56 (41.1) 26/58 (44.8)
Male 33/56 (58.9) 32/58 (55.2)
Smoking status (piece*year) 317.9 432.7
Histology
Sqguamous 13/56 (23.2) 15/58 (25.9) 0.743
Adenocarcinoma 42/56 (75.0) 41/58 (70.7) 0.605
Others* 1/56 (1.8) 2/58 (3.4) 0.579
Surgical method
Lobectomy 39/56 (69.6) 41/58 (70.7) 0.903
Segmentectomy 12/56 (21.4) 7/58 (12.1) 0.180
Sleeve lobectomy 4/56 (7.1) 8/68 (13.8) 0.247
Pneumonectomy 1/56 (1.8) 2/58 (3.4) 0.579
Stage (AJCC 8) 0.361
Stage I-Il 42/56 (75.0) 39/58 (67.2)
Stage Il 14/56 (25.0) 19/58 (32.8)
Performance status (EGOG) 0.262
0-1 54/56 (96.4) 53/58 (91.4)
2 2/56 (3.6) 5/58 (8.6)
Adjuvant chemotherapy 0.420
Yes 20/56 (35.7) 25/58 (43.1)
No 36/56 (64.3) 33/58 (56.9)
Adjuvant radiotherapy 0.216
Yes 10/56 (17.9) 16/58 (27.6)
No 46/56 (82.1) 42/58 (72.4)

*Large cell carcinoma.

Kaplan-Meier survival curve of above data was shown in
Figure 3.

Clinical Relevance of PD-L1 Expression in
CTCs and Stage of Patients

After follow-up, univariate analyses showed significant
reductions in median DFS in PD-L1 positive CTC patients
group. The median postoperative DFS was 16.7 (CI: 13.9-19.3)
months (range: 0-30 months) in the group with PD-L1 positive
CTC, while 24.5 (CI: 22.4-26.5) months (range: 0-30 months) in
the group with PD-L1 negative CTC (P = 0.0003). There was no
significant difference in OS between the two groups (P = 0.09).
For the group of EGFR negative and ALK negative, there were
also significant reductions in median postoperative DES and OS
in PD-L1 positive CTC patients group (showed in Figures 4C,D,
P < 0.05). And there was significant reductions in median DFS
and OS in stage I-II patients group. The median postoperative
DES was 24.1 (CI: 22.1-26.1) months in the stage I-II patients
group, and 14.7 (CI: 11.8-17.5) months in the stage III group
(P < 0.001). The median postoperative overall survival (OS) was
26.4 (CI: 24.9-27.9) months in the stage I-II patients group, and
19.1 (CI: 16.0-22.0) months in the stage III group (P = 0.034).

Group N (%) total = 114

No. of patient with no CTC in PV 4/114 (0.035)

No. of patient with CTC>1 in PV

Total 110/114 (0.965)
MCTC>ECTC 53/114 (46.5)
PD-L14+CTC 56/114 (49.1)
MCTC>ECTC with PD-L1+CTC 27/114 (23.7)

No. of patient with CTC>15 in PV 58/114 (50.9)
MCTC>ECTC 26/114 (22.8)
PD-L14CTC 24/114 (21.1)
MCTC>ECTC with PD-L1+CTC 9/114 (7.9)

The Kaplan-Meier survival curve of above data was shown in
Figure 4.

In multivariate survival analysis, patients’ clinical data,
tumor’s gene type, number of pulmonary venous CTC, and
CTC subtype were included stage, mesenchymal CTCs, and the
number of pulmonary vein CTCs were the independent factors
of DFS, and only stage was independent factors of OS (showed in
Table S3).

Relationship Between CTC Subtype and
NSCLC Gene Subgroup

All of the 114 patients received gene test after surgery
using the tissue samples. 46/114 (40.4%) patients have found
EGFR mutations, 11/114 (9.6%) patients have found ALK
rearrangements, 37/114 (32.5%) patients have found KRAS
mutations and 5/114 (4.4%) patients have found BRAF
mutations. As shown in Table 2, for the patient with PVCTC>1,
there was 53 of 114 patients with MCTC>ECTC, there was
56/114 patients with PD-L1 (+) CTC. For the patient with
PVCTC=>15, there was 26 of 114 patients with MCTC>ECTC,
there was 24/114 patients with PD-L1 (+) CTC.

For the detection of the EGFR mutant subgroup, there were
fewer CTCs in pulmonary vein for patients with EGFR mutant
than in patients with wild-type EGFR (EGFR mutant vs. WT:
mean 15.3 vs. 23.2, P = 0.0009). There were fewer mesenchymal
CTCs in pulmonary vein for patients with EGFR mutant than
in patients with wild-type EGFR (EGFR mutant vs. WT: mean
6.9 vs. 12.6, P = 0.0007). And there were little fewer PD-L1
positive CTCs in pulmonary vein for patients with EGFR mutant
than in patients with wild-type EGFR, but the difference was not
statistically significant (EGFR mutant vs. WT: median 6.4 vs. 8.8,
P =0.67). The data above was shown in Figures 5A-C.

For the detection of the ALK rearrangement subgroup, there
was no difference of CTCs number in pulmonary vein between
patients with ALK rearrangement and patients with wild-type
ALK (ALK rearrangement vs. WT: mean 16.8 vs. 19.9, P =
0.8885). There was no difference of mesenchymal CTCs number
in pulmonary vein between patients with ALK rearrangement
and patients with wild-type ALK (ALK rearrangement vs. WT:
mean 9.4 vs. 10.1, P = 0.7459). And there was also no difference
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Percent of Disease-free Survival

504
HR=0.21(95%CI=0.11-0.39)
P <0.0001 :
—— Total CTC<15
+ Total CTC>or=15
0 6 12 18 24 30
Months
Number at risk
Total CTC<15 56(0) 53(6) 46(12) 32(18) 13(22) 1(28)
Total CTC>or=15 58(0) 47(6) 30(12) 9(19) 3(23) 1(28)

C

50

HR=0.53(95%Cl=0.28-1.0)

Percent of Disease-free Survival

P =0.0168
—— Non-mesenchymal CTC
- Mesenchymal CTC
- [ é 1'2 1'8 2'4 3'0
Months
Number at risk

Non-M CTC 57(0) 54(6) 39(12) 17(18) 10(24) 1(29)

M CTC 53(0) 41(6) 27(12) 13(18) 7(24) 1(29)

The relationship between CTC subtype and survival (C,D).

Months
Number at risk
Total CTC<15 56(0) 53(6) 42(12) 28(18) 13(24) 1(28)
Total CTC>or=15 58(0) 47(6) 29(12) 6(19) 3(24) 1(28)

FIGURE 3 | The Kaplan-Meier survival curve of CTC number and MCTC number association with survival. The relationship between CTC quantity and survival (A,B);

100t
‘_‘—‘ﬂ‘

50

HR=0.28(95%CI=0.11-0.73)
P=0.0093 H

Percent of Overall Survival

—— Total CTC<15
* Total CTC>or=15

0 6 12 18 24 30

D

50

P =0.48

Percent of Overall Survival

HR=0.87(95%Cl=0.35-2.2)
64 :

—— Non-mesenchymal CTC
* Mesenchymal CTC

0 6 12 18 24 30

Months
Number at risk
Non-M CTC 57(0) 54(7) 41(12) 18(18) 10(24) 1(29)
M CTC 53(0) 41(6) 28(12) 13(18) 8(24) 1(29)

of PD-L1 positive CTCs number in pulmonary vein between
patients with ALK rearrangement and patients with wild-type
ALK (ALK rearrangement vs. WT: mean 10.1 vs. 7.6, P = 0.576).
The data above was shown in Figures 5D-F.

For the detection of the KRAS mutant subgroup, there were
more CTCs in pulmonary vein for patients with KRAS mutant
than in patients with wild-type KRAS (KRAS mutant vs. WT:
mean 28.1 vs. 16.0, P = 0.0217). There were more mesenchymal
CTCs in pulmonary vein for patients with KRAS mutant than in
patients with wild-type KRAS (KRAS mutant vs. WT: mean 15.2
vs. 7.8, P =0.0041). And there were more PD-L1 positive CTCs in
pulmonary vein for patients with KRAS mutant than in patients
with wild-type KRAS (KRAS mutant vs. WT: mean 14.8 vs. 4.4, P
= 0.0002). The data above was shown in Figures 5G-1.

For the detection of the BRAF mutant subgroup, there were
more CTCs in pulmonary vein for patients with BRAF mutant
than in patients with wild-type BRAE but the difference was not
statistically significant (BRAF mutant vs. WT: mean 55.2 vs. 18.6,
P =0.2229). There were more mesenchymal CTCs in pulmonary
vein for patients with BRAF mutant than in patients with wild-
type BRAE but the difference was not statistically significant
(BRAF mutant vs. WT: mean 30.8 vs. 9.5 P = 0.0323). And there
were more PD-L1 positive CTCs in pulmonary vein for patients

with BRAF mutant than in patients with wild-type BRAF, but
the difference was not statistically significant (BRAF mutant vs.
WT: mean 27.7 vs. 7.5, P = 0.1934). The data above was shown in
Figures 5]-L.

For the detection of the ROS1 mutant subgroup, there were
more CTCs in pulmonary vein for patients with ROS1 mutant
than in patients with wild-type ROSI, but the difference was not
statistically significant (ROS1 mutant vs. WT: mean 25.0 vs. 18.7,
P =0.2877). There were more mesenchymal CTCs in pulmonary
vein for patients with ROS1 mutant than in patients with wild-
type ROSI1, but the difference was not statistically significant
(ROS1 mutant vs. WT: mean 14.5vs. 9.9, P = 0.1154). And there
were more PD-LI positive CTCs in pulmonary vein for patients
with ROS1 mutant than in patients with wild-type ROS1, but the
difference was not statistically significant (ROS1 mutant vs. WT:
mean 11.3 vs. 7.4, P = 0.1934). The data above was shown in
Figures 5M-0O.

Furthermore, we compared the each molecular subgroup with
full WT group. As shown in Figure 6, for the detection of the
EGFR mutant subgroup, there were fewer CTCs in pulmonary
vein for patients with EGFR mutant than in patients with full
wild-type gene (P = 0.0346); There were more PD-L1 positive
CTCs in pulmonary vein for patients with ALK rearrangement,
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KRAS mutant, BRAF mutant, or ROS1 mutant than in patients
with full wild-type gene (P = 0.0610, P = 0.0003, P = 0.032, and
P =0.0237); There were more mesenchymal CTCs in pulmonary
vein for patients with KRAS mutant and BRAF mutant than in
patients with full wild-type gene (P = 0.073 and P = 0.0381);
There were fewer mesenchymal CTCs in pulmonary vein for
patients with EGFR mutant than in patients with full wild-type
gene (P = 0.0898).

DISCUSSION

Pulmonary veins are the closest reflux vessels to tumors.
Pulmonary veins are the main route for tumor cells to enter the

blood from tumor tissues of NSCLC. Okumura et al. found that
CTCs in the pulmonary vein were significantly higher than those
in peripheral blood (21). Lindsay et al. (18) had reported that
PFS and OS are shorter in patients with advanced non-small cell
lung cancer whose peripheral venous CTC is >5/ml. A study
showed that CTC monitoring after SBRT for presumed early
stage NSCLC may give lead-time notice of disease recurrence
or progression (22). A study in 2012 demonstrated that CTC
test has high sensitivity in early and advanced lung cancer (23).
So far, studies that have focused entirely on the relationship
between CTC and survival in patients with early non-small cell
lung cancer have not been published. In our point of view,
the number of tumor cells in peripheral venous blood is not
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accurate because peripheral blood first flows through tissue
cells and then flows back into venous blood. In this study, we
confirmed that the patients with the number of CTC>15/5ml in
pulmonary veins had the significant shorter postoperative DES
(Figure 3A, P < 0.0001). Although patients had received multiple
comprehensive treatments after postoperative relapse, the OS of
patients included in this study was relatively determined by the
amount of CTC in pulmonary veins (Figure 3B, P = 0.0093). All
the patients enrolled in this study underwent open-chest surgery,

while there was no patient received thoracoscopic surgery. The
reason is that open-chest surgery is appropriate for NSCLC
patients with stage I to III, while thoracoscopic surgery is
commonly considered appropriate for NSCLC patients with stage
I to II all over the world.

Although the Cellsearch System has been used in the
majority of published studies, it depends on tumor epithelial
cell expression of EpCAM, the presence of an intact nucleus,
and the absence of CD45 (4, 7, 25-31) (16, 18). However,
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this method lacks the detection of mesenchymal CTC, and the
EMT of CTC is easy to be ignored. Recently, Canpatrol™ CTC
analysis system was developed to detect CTC and classify EMT
phenotypes via multiple mRNA in situ hybridization assay, by
which revealing that CTC count and EMT classification are
correlated with clinical stage and prognosis in many kinds of
cancers (24, 25). In this study, we found that postoperative DFS
was shorter in patients with mesenchymal CTC predominance

than in patients with epithelial and hybrid type (Figure 3C,
P = 0.0168). Different from the effect of tumor cell count
on OS, the OS of patients included in this study was not
completely determined by subtype of CTC in pulmonary veins
(Figure 3D, P = 0.48).

The PD-L1 will downregulate T-cell activation and promote
immune escape when binding with programmed death 1 (PD-1)
protein expressed on the T-cell surface (26). Many studies have
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found that the expression of PD-L1 in tumors is significantly
correlated with the treatment response of nivolumab (27, 28).
PD-L1 expression correlated with benefit to immune checkpoint
inhibitors, not only nivolumab. Although there were some
differences reported in the results of clinical trials in which
different PD-1/PD-L1 inhibitors were involved, the benefit of
immunotherapy was significantly higher in those with high
expression of PD-L1 than in those with low expression (29, 30).
Until now, there is no study on detection of PD-L1 in CTC
has been performed expect us. Detection of expression of PD-
L1 in CTC will be an important supplement to liquid biopsy
and of great significance to guide the treatment of cancer. In
this study, we not only successfully detected the expression of
PD-L1 in CTC, but also found that whether the express of PD-
L1 or not was correlated with postoperative DFS and OS in
NSCLC patients (Figure 4A, P = 0.0003; Figure 4B, P = 0.0991).
For the patients with EGFR(-) and ALK(-), the effect of PD-
L1 positive in CTC to survival (DFS & OS) was more obvious,
as shown in Figures 4C,D. This phenomenon may be related to
PD-L1-mediated tumor immune avoidance in NSCLC. It is well-
known that UICC stage is an important factor determining the
prognosis of patients in NSCLC. In this study, we confirmed that
postoperative pathological stage of NSCLC patients is obviously
related to postoperative DFS and OS (Figures 4E,F, P < 0.05).

The growth of NSCLC is related to many driver genes,
including EGFR, KRAS, BRAE ALK, and so on. NSCLC
tumors have different genetic subgroups, even with the same
pathological type (29, 31). In this study, we found that there were
differences in the number of CTC, the number of mesenchymal
CTC, and the number of PD-L1 positive CTC among patients
with different NSCLC genotypes (Figure5). The relationship
between information of PD-L1 in tissue and PD-L1 in CTC
was published by us in previous study (20). And we found
that positive PD-L1 in CTC was positively correlated with
positive PD-L1 in tissues. So in this study, we included new
group of patients to do many more survival analyses and
focus on the relationship between information of PD-LI in
CTC and gene type of tissues. Within tumor cells, the network
of multiple driver genes plays an important role in tumor
growth and immune escape. This just shows that different
genotypes of tumor surface lead to different types of CTC into
the blood.

CONCLUSIONS

In conclusion, we found that pulmonary venous examination
is a more reliable method for analyzing CTC in NSCLC
patients receiving surgical treatment. In addition, the detection
of PD-L1 expression in CTC may provide an important
decision for post-operative adjuvant immunotherapy.
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