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Abstract: Circulating tumor cells (CTCs) are a heterogeneous population of tumor cells with distinct clinical and 
biological properties. The aim of the present study was to evaluate the relationship between CTCs with the epithe-
lial-mesenchymal transition phenotype (CTC EMT) and the proliferative marker Ki67, and their prognostic value in 
non-small cell lung cancer (NSCLC). CTCs were isolated from the peripheral blood of 84 NSCLC patients using the 
CanPatrolTM CTC enrichment method, and the expression of Ki67 in tumor tissues were detected by immunohisto-
chemistry. Almost two-thirds (61/84) of the patients were positive for CTC EMT, and 55 (65.4%) patients had high 
in-situ expression of Ki67 (≥ 14%) in the tumor tissues. CTC EMT was not significantly associated with tumor size 
and differentiation, age, gender and histological type, but correlated with lymphatic metastasis, tumor stage and 
Ki67 overexpression. Furthermore, the CTC EMT+ NSCLC patients had a significantly lower recurrence-free survival 
(RFS) and overall survival (OS) compared to the negative patients. Similarly, Ki67 levels ≥ 14% were associated with 
a significantly lower RFS and OS. In conclusion, CTC EMT is significantly related to Ki67 expression, and is a risk 
factor of NSCLC.
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Introduction 

Lung cancer is the most commonly diagnosed 
malignancy worldwide and in China, and the 
leading cause of cancer-related deaths [1, 2]. 
Non-small cell lung cancer (NSCLC), including 
squamous cell carcinomas, adenocarcinomas 
and large cell carcinomas, account for about 
85% of all lung cancers [3, 4]. Most lung cancer 
patients are diagnosed in the advanced stages 
which precludes surgery. Although novel diag-
nostic and treatment methods have improved 
the prognosis of lung cancer patients, reliable 
biomarkers for early diagnosis need to be 
explored in order to improve prognosis and 
treatment outcomes. 

Circulating tumor cells (CTCs) are shed from the 
primary tumor into the circulation and drive 
cancer metastasis [5]. Studies show that CTCs 
enter the bloodstream long before metastasis, 
and may even be released before primary 

tumor formation [6]. Although most CTCs can 
be cleared by the host immune system, some 
with high invasiveness may escape immune 
surveillance and cause tumor metastasis or 
recurrence [7]. CTCs are classified into the epi-
thelial, epithelial-mesenchymal transition (EMT) 
and mixed phenotypes [8], and EMT frequently 
occurs in the CTCs during tumor progression [9, 
10]. The transition of epithelial cells to mesen-
chymal cells is a key process accompanying 
normal embryonic development, as well as 
pathological conditions like tissue fibrosis, 
tumorigenesis and cancer progression [11, 12]. 
It is driven by gene expression changes result-
ing in enhanced mobility and greater invasive-
ness [13, 14], which are conducive to tumor 
recurrence and distant metastasis. At the 
molecular level, EMT is characterized by 
increased expression of interstitial markers like 
vimentin and twist [12, 15]. The latter is a key 
transcription involved in embryonic develop-
ment [16], organ growth and development, 
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Table 1. CD45, CK19, and Twist capture 
probe sequences

Sequences (5’-3’)
CD45 TCGCAATTCTTATGCGACTC

TGTCATGGAGACAGTCATGT
GTATTTCCAGCTTCAACTTC
CCATCAATATAGCTGGCATT
TTGTGCAGCAATGTATTTCC
TACTTGAACCATCAGGCATC

CK19 AAGTCATCTGCAGCCAGACG
CTGTTCCGTCTCAAACTTGG
TTCTTCTTCAGGTAGGCCAG
CTCAGCGTACTGATTTCCTC
CTGTAGGAAGTCATGGCGAG
AAGTCATCTGCAGCCAGACG

Twist ACAATGACATCTAGGTCTCC
CTGGTAGAGGAAGTCGATGT
CAACTGTTCAGACTTCTATC
CCTCTTGAGAATGCATGCAT
TTTCAGTGGCTGATTGGCAC
TTACCATGGGTCCTCAATAA

tumorigenesis, cell proliferation and differenti-
ation, and is overexpressed in multiple tumors 
like prostate cancer [17], gastric cancer [18], 
breast cancer [19] and early resected NSCLC 
[20]. Recent studies show that CTCs drive pro-
gression of gastric cancer [21], hepatocellular 
carcinoma [22], colorectal cancer [23], pros-
tate cancer [24], and NSCLC [25]. However, the 
prognostic value of the CTCs with EMT pheno-
type (CTC EMT) in NSCLC has not yet been eval-
uated so far. 

The proliferation-related protein Ki-67 [26] is 
expressed in all phases of mitosis but not the 
G0 phase [27], and associated with tumor pro-
liferation, invasion, metastasis and prognosis 
[28, 29]. Ki67 overexpression in cancer cells 
significantly increases their proliferation, inva-
siveness and migration [30, 31], making it a 
suitable biomarker of cancer progression. 

The aim of this study was to explore the rela-
tionship between CTC EMT and Ki67 in NSCLC, 
and their respective prognostic values. To this 
end, we isolated and typed CTCs from NSCLC 
patients using the advanced CanPatrolTM CTC 
enrichment method [32] and in situ hybridiza-
tion, and also analyzed Ki67 expression in the 
tumor tissues.

Materials and methods

Study population and design

Eighty-four NSCLC patients were enrolled 
between March 2014 and July 2014 at the First 
Affiliated Hospital of Guangxi Medical University 
(Nanning, China). The inclusion criteria were as 
follows: (i) pathologically confirmed NSCLC, (ii) 
radical lobectomy and systemic lymph node 
dissection, (iii) no history of radiotherapy or 
chemotherapy, (iv) no distant metastasis before 
surgery, (v) lack of any other tumors, and (vi) 
availability of complete medical records. Five 
milliliter peripheral blood was collected from 
patients within three days after surgery into 
anticoagulant-coated tubes for CTCs isolation 
or biochemical assays. The study was approved 
by the ethical committee of the First Affiliated 
Hospital of Guangxi Medical College, and all 
patients provided informed consent. 

Isolation of CTCs

The CanPatrolTM CTC enrichment method was 
used for isolating the CTCs. Briefly, the erythro-
cytes were first removed using a red blood cell 
lysis buffer (0.1 mM EDTA, 10 mM KHCO3 and 
154 mMNH4Cl in deionized water), and the 
remaining cells were resuspended in 4% form-
aldehyde/PBS for 5 minutes. The cell suspen-
sion was then transferred to a filter tube 
(SurExam, Guangzhou, China) fitted with an 8 
µm diameter pore filter (Billerica micropores, 
USA), and the vacuum pump (Auto Science, 
Tianjin, China) was set to 0.08 mpa. The E-Z96 
vacuum manifold (Omega, Norcross, USA) and 
plate valve (SurExam, Guangzhou, China) was 
then switched on for filtering.

Tri-color RNA in situ hybridization (ISH) assay

RNA-ISH was performed as previously des- 
cribed [10] to separate the epithelial, EMT and 
mixed CTCs. Briefly, the single cells were digest-
ed with protease and then hybridized with 
CD19 and Twist-specific probes (Table 1) at 
42°C for 2 hours. After washing thrice with 1 ml 
wash buffer (0.1×SSC; Sigma, St. Louis, USA) to 
remove the un-bound probes, the samples 
were incubated with 0.5 fmol preamplifier in 
100 μl preamplifier solution (1.5% sodium 
dodecyl sulfate, 30% horse serum from Sigma 
and 3 mM Tris-HCl) at 42°C for 20 minutes. The 
membranes were washed three times with 1 ml 
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Figure 1. Staining of Ki67 on NSCLC tissue samples, Ki67-positive staining was identified as the presence of brown-
ish-yellow granules in the nucleus. A, B. Ki67 ≥ 14%; C, D. Ki67 < 14%.

wash buffer, and incubated with 1 fmol amplifi-
er in 100 μl of the amplifier solution (same com-
position as the preamplifier solution, pH 8). The 
cells were then probed with Alexa Fluor 647-
CD45 (leukocyte), Alexa Fluor 594-CD19 (epi-
thelial cells) and Alexa Fluor 488-Twist (mesen-
chymal cells) at 42°C for 20 minutes. After a 
final wash with 0.1×SSC, the cells were stained 
with 4’,6-diamidino-2-phenylindole (DAPI) and 
observed under a fluorescence microscope 
(Olympus BX53, Tokyo, Japan). CTC count of 0 
was defined as negative (-), and ≥ 1 as positive 
(+).

Immunohistochemistry

Tumor tissue sections were deparaffinized, 
hydrated, rinsed thrice with PBS, and immersed 
in 3% hydrogen peroxide to quench the endog-
enous peroxidases. After rinsing thrice with 
PBS, the sections were incubated with the pri-
mary anti-Ki67 antibody provided in the 
EliVisionTMPlus kit for 60 min at room tempera-
ture. The slides were washed thrice with PBS, 
incubated with polymer enhancer (reagent A) 
for 20 min at room temperature, rinsed again, 
and incubated with the enzyme-labeled anti-
mouse polymer (reagent B) at room tempera-
ture for 30 min. Following a final rinse with PBS, 
the sections were stained with freshly prepared 
DAB, rinsed with tap water, counterstained with 

hematoxylin, and differentiated using 0.1% 
hydrochloric acid. The slides were rinsed again 
with tap water and PBS, dehydrated through an 
ethanol gradient, and mounted with neutral 
resin coverslips. Ki67-positive staining was 
identified as the presence of brownish-yellow 
granules in the nucleus, and the samples were 
graded as Ki67lo or Ki67hi when < 14% and ≥ 
14% of the tumor cells respectively stained 
positive (Figure 1) [33]. The samples were grad-
ed independently by two pathologists. 

Follow-up

All patients were followed up through outpa-
tient review or telephone interviews till July 30, 
2019. Recrudesce-free survival (RFS) was 
defined as the date from surgery to disease 
recurrence or the last follow-up. Overall survival 
(OS) was defined as the time from surgery to 
death for any reason or the last recorded fol-
low-up visit.

Statistical analysis

All statistical analysis was performed using 
SPSS version 19.0 (SPSS Inc., Chicago, Illinois, 
USA) and the figures were prepared using 
GraphPad Prism version 5.0 (GraphPad soft-
ware, Inc., La Jolla, CA, USA). The nomogram 
was plotted using the rms package in R plat-
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Figure 2. CTCs isolated from NSCLC patients are stained with CK19 (red fluorescence) and Twist (green fluores-
cence) to distinguish their phenotypes. A. Epithelial cells; B. CTC EMT; C. Mixed cells. Magnification - 100×.

form (R version 3.5.3, https://www.r-project.
org/). Logistic regression was used to estimate 
odds ratio (OR) and 95% CI in order to evaluate 
the association between clinical features, CTC 
EMT and Ki67. Kaplan-Meier survival curves 
were used to determine RFS and OS in different 
CTC phenotypes. Univariate and multivariate 
analysis of CTC EMT, Ki67 and clinical features 
were performed using the cox proportional 
regression model. Nomogram was established 
based on all independent prognostic factors 
identified by multivariate analysis. P < 0.05 was 
considered statistically significant.

Results

Patient characteristics

There were 52 (61.9%) males and 32 (38.1%) 
females, and the median age of the patients 
was 59 years (33-79 years). In addition, 30 
(35.7%) patients had a history of smoking, 
whereas 54 (64.3%) were non-smokers. Lymph 
node metastasis was detected in 38 (45.2%) 
patients, and 32 patients (38.1%) had large (> 
4 cm) tumors. Furthermore, 30 (35.7%), 20 
(23.8%), 25 (29.8%) and 9 (10.7%) patients had 
stage I, II, III and IV tumors respectively. Poorly 
differentiated tumors were seen in 33 patients 

(39.3%), while 45 (53.6%) and 6 (7.1%) pa- 
tients respectively harbored moderately and 
highly differentiated tumors. Histologically, 24 
patients (28.6%) had squamous cell carcinoma 
and 60 (71.4%) had adenocarcinoma.

CTC count and its association with patient 
status and pathological features 

The CTCs of the different phenotypes isolated 
from the NSCLC patients are shown in Figure 
2A-C. The average positive rate of CTCs was 
95.9%, and the CTC counts ranged from 0-68 
(Table 2; Figure 3A), with median and average 
CTCs 5 and 9.42 respectively. The positive rate 
of CTCs was the lowest in stage III (92%, Table 
2), and that of epithelial CTCs was highest in 
stage II (75%, Table 2), indicating that the total 
and epithelial CTC numbers were not associat-
ed with the TNM stage. In addition, the positive 
rates of CTC EMT were 36.7%, 65%, 68% and 
88.9% respectively in the stage I, II, III and IV 
patients (Table 2), with significant differences 
between stage I and stage III (P = 0.0151, 
Figure 3B), as well as between stages I and IV 
(P = 0.002, Figure 3B). Therefore, NSCLC pro-
gression is likely associated with an increase  
in CTCs undergoing EMT. The relationship 
between CTC EMT and clinical parameters are 

Table 2. Positive expression rate of CTCs in each NSCLC stage n (%)
Stating Numbers CTCs mixed cells epithelial cells CTC EMT Median CTCs CTCs average CTCs range
I 30 29 (96.7) 25 (83.3) 17 (57.7) 11 (36.7) 5.00 7.73 0-54
II 20 19 (95.0) 15 (75.0) 15 (75.0) 13 (65.0) 5.00 11.85 0-68
III 25 23 (92.0) 22 (88.0)  8 (32.0) 17 (68.0) 8.00 9.44 0-43
IV 9 9 (100.0) 7 (77.8)  4 (11.1)  8 (88.9) 9.00 9.67 1-21
total 84 80 (95.2) 67 (82.1) 44 (52.4) 61 (72.6) 5.00 9.43 0-68
Abbreviations: CTC, circulating tumor cell. 
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Figure 3. Distribution of CTC count and CTC EMT in NSCLC patients according to tumor stage. (A) CTC counts among 
the tumor stages (B) CTC EMT counts among the tumor stages (I vs. III, P = 0.0151; I vs. IV, P = 0.002).

shown in Table 3. Patients with stage III/IV 
tumors had significantly higher numbers of CTC 

EMT compared to those with stage I/II tumors 
(P = 0.022). Patients with lymphatic metastasis 

Table 3. Association between clinical parameters and CTC EMT

Group n
CTC EMT positive

OR (95% CI) P-Value
n %

Gender
    Male 52 32 61.5 0.646 (0.264-1.585) 0.341
    Female 32 17 53.1
Age
    ≤ 65 60 36 60.0 0.788 (0.303-2.047) 0.625
    > 65 24 13 54.2
Smoking
    Yes 30 20 66.7 1.724 (0.681-4.364) 0.250
    No 54 29 53.7
Lymphatic metastasis
    N- 38 16 42.1 3.490 (1.406-8.664) 0.007
    N+ 46 33 71.7
Tumor Size, cm
    ≤ 4 52 27 50.0 2.556 (0.995-6.562) 0.051
    > 4 32 23 71.9
Stage
    I+II 50 24 48.0 3.009 (1.173-7.723) 0.022
    II+IV 34 25 73.5
Differentiated degree
    Poorly 33 19 57.6 1.053 (0.443-2.557) 0.910
    Moderately+Well 51 30 58.8
Pathology
    Squamous cell carcinoma 24 17 70.8 0.471 (0.170-1.300) 0.146
    Adenocarcinoma 60 32 53.3
Note: Bold values indicate statistically significant values. Abbreviations: CTC, circulating tumor cell; CTC EMT, CTCs with 
epithelial-mesenchymal transition phenotype; OR, risk ratio; CI, confidence interval.
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Table 4. Association between clinical parameters and Ki67

Group n
Ki67 positive

OR (95% CI) P-Value
n %

Gender
    Male 52 38 73.1 2.612 (1.028-6.634) 0.044
    Female 32 17 53.1
Age
    ≤ 65 60 40 66.7 1.200 (0.448-3.215) 0.717
    > 65 24 15 62.5
Smoking
    Yes 30 29 96.7 31.231 (3.966-245.944) 0.001
    No 54 26 48.1
Lymphatic metastasis
    N- 38 18 47.4 4.568 (1.736-12.020) 0.002
    N+ 46 37 80.4
Tumor Size, cm
    ≤ 4 52 27 51.9 6.481 (1.991-21.103) 0.002
    > 4 32 28 87.5
Stage
    I+II 50 28 56.0 3.031 (1.113-8.250) 0.030
    II+IV 34 27 79.4
Differentiated degree
    Moderately+Well 51 28 54.9 3.696 (1.303-10.484) 0.014
    Poorly 33 27 81.8
Pathology
    Squamous cell carcinoma 24 19 79.2 2.533 (0.833-7.705) 0.101
    Adenocarcinoma 60 36 60.0
Note: Bold values indicate statistically significant values. Abbreviation: CTC, circulating tumor cell; CTC EMT, CTCs with epitheli-
al-mesenchymal transition phenotype; OR, risk ratio; CI, confidence interval.

also had increased CTC EMT compared to those 
without metastasis (P = 0.007). In contrast, 
tumor size (P = 0.051) and differentiation sta-
tus (P = 0.91), gender (P = 0.604) and smoking 
habits (P = 0.25) were not significantly associ-
ated with CTC EMT. 

Ki67 index and its association with patient 
status and pathological features

Fifty-five patients (65.5%) were Ki67hi accord-
ing to the in-situ tumor expression levels (Table 
4). Ki67 expression was significantly associat-
ed with the tumor stage (P = 0.03), lymph node 
metastasis (P = 0.002), tumor size (P = 0.002), 
tumor differentiation (P = 0.014) and gender (P 
= 0.044), but not with smoking habits (P = 
0.250). In addition, neither CTC EMT positive 
rate nor Ki67 overexpression was significantly 
associated with age or tumor histological type 
(P > 0.05, Table 4). The relationship between 

Ki67 and CTCs phenotypes were also examined 
(Table 5). While the positive rates of total, epi-
thelial and mixed CTCs were not significantly 
associated with Ki67 expression (P > 0.05), 
that of CTC EMT was significantly higher in the 
Ki67hi compared to the Ki67lo groups (70.91%, 
39/55 vs 34.48%, 10/29; P = 0.002). 

Prognostic significance of CTC EMT and Ki67 
in NSCLC

Univariate analysis (Table 6) showed that CTC 
EMT positive rate (log-rank P < 0.001, HR = 
2.743. 95% CI = 1.612-4.665), lymphatic 
metastasis (log-rank P < 0.001, HR = 2.525, 
95% CI = 1.499-4.253), tumor size (log-rank P 
= 0.00, HR = 2.381, 95% CI = 1.435-3.949), 
smoking (log-rank P = 0.008, HR = 2.008, 95% 
CI = 1.203-3.352), tumor stage (log-rank P = 
0.001, HR = 2.275, 95% CI = 1.376-3.761), 
Ki67 expression (log-rank P = 0.001, HR = 
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Table 5. Association between CTCs and Ki67

Group
Ki67

OR (95% CI) P-Value
High expression Low expression

CTCs
    (+) 52 28 1.615 (0.160-16.263) 0.684
    (-) 3 1
Mix cells
    (+) 46 23 0.750 (0.238-2.364) 0.623
    (-) 9 3
Epithelial Cells
    (+) 26 18 1.825 (0.729-4.571) 0.199
    (-) 29 11
CTC EMT
    (+) 39 10 0.216 (0.083-0.565) 0.002
    (-) 16 19
Note: Bold values indicate statistically significant values. Abbreviation: CTC, circulating tumor cell; CTC EMT, CTCs with epitheli-
al-mesenchymal transition phenotype; OR, risk ratio; CI, confidence interval.

2.776, 95% CI = 1.558-4.947), gender (log-
rank P = 0.042, HR = 1.738, 95% CI = 1.020-
2.961) and degree of tumor differentiation (log-
rank P = 0.011, HR = 1.915, 95% CI = 
1.161-3.160) were significantly associated with 
RFS. In addition, the OS was also influenced by 
CTC EMT (log-rank P = 0.007, HR = 2.236, 95% 
CI = 1.246-4.014), lymphatic metastasis (log-
rank P = 0.005, HR = 2.304, 95% CI = 1.293-
4.106), tumor size (log-rank P = 0.003, HR = 
2.325, 95% CI = 1.335-4.050), smoking (log-
rank P < 0.001, HR = 2.712, 95% CI = 1.559-
4.719), tumor staging (log-rank P < 0.001, HR = 
3.084, 95% CI = 1.765-5.390), Ki67 levels (log-
rank P = 0.003, HR = 2.699, 95% CI = 1.406-
5.180), pathological stage (log-rank P = 0.042, 
HR = 1.818, 95% CI = 1.022-3.236), and 

degree of tumor differentiation (log-rank P = 
0.023, HR = 1.901, 95% CI = 1.094-3.305). 
However, multivariate analysis (Table 7) 
showed that only the CTC EMT were an inde-
pendent factor of RFS (log-rank P < 0.001, HR 
= 2.696, 95% CI = 1.554-4.677) and OS (log-
rank P = 0.032, HR = 1.940, 95% CI = 1.060-
3.550), indicating that CTC EMT is a prognostic 
indicator of NSCLC. A nomogram of NSCLC RFS 
and OS was next established based on the mul-
tivariable Cox proportional hazard regression 
model (Figure 4A, 4B), which indicated that 
while CTC EMT contributed the most to RFS 
(Figure 4A), its prognostic impact on OS ranked 
after that of tumor stage and differentiated 
degree (Figure 4B). Taken together, CTC EMT 
plays a key role in NSCLC progression.

Table 6. Univariate analysis for recurrence-free survival and overall survival

Variable Level
RFS OS

HR (95% CI) P-value HR (95% CI) P-value
Gender Women/men 1.738 (1.020-2.961) 0.042 1.711 (0.946-3.095) 0.076

Age ≤ 65/> 65 0.969 (0.555-1.692) 0.912 1.302 (0.720-2.352) 0.382

Smoking Yes/No 2.008 (1.203-3.352) 0.008 2.712 (1.559-4.719) < 0.001

CTC EMT Yes/Not 2.743 (1.612-4.665) < 0.001 2.236 (1.246-4.014) 0.007

Lymphatic metastasis N0/N+ 2.525 (1.499-4.253) < 0.001 2.304 (1.293-4.106) 0.005

Tumor Size, cm ≤ 4/> 4 2.381 (1.435-3.949) 0.001 2.325 (1.335-4.050) 0.003

Stage I+II/III+IV 2.275 (1.376-3.761) 0.001 3.084 (1.765-5.390) < 0.001

Ki67 < 14/≥ 14 2.776 (1.558-4.947) 0.001 2.699 (1.406-5.180) 0.003

Differentiated degree Moderately+Well/Poorly 1.915 (1.161-3.160) 0.011 1.901 (1.094-3.305) 0.023

Pathology Squamous cell carcinoma/Adenocarcinoma 1.406 (0.813-2.434) 0.223 1.818 (1.022-3.236) 0.042
Note: Bold values indicate statistically significant values. Abbreviation: CTC, circulating tumor cell; CTC EMT, CTCs with epithelial-mesenchymal transition phenotype; HR, 
hazard ratio; CI, confidence interval; RFS, Recurrence-free survival; OS, Overall survival.
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tion of CTCs was limited by the 
low purification rates, sensitiv-
ity and enrichment of the isola-
tion methods. CanPatrolTM is a 
second-generation CTC enrich-
ment method based on immu-
no-capture and nanofiltration. 
Its high recovery rate and lack 
of dependence on surface 
antigens makes it highly suit-
able for CTCs research and 
clinical applications. In the  
current study, we isolated  
CTCs from the peripheral blo- 
od of NSCLC patients using 
CanPatrolTM. The positive rate 
of CTCs was already high in 

Table 7. Multivariate analysis for recurrence-free survival and 
overall survival

Variable
RFS OS

HR* (95% CI) P-value∗ HR* (95% CI) P-value∗

CTC EMT
    (-) 1 1
    (+) 2.696 (1.554-4.677) < 0.001 1.940 (1.060-3.550) 0.032
Ki67
    < 14% 1 1
    ≥ 14% 1.653(0.827-3.305) 0.155 1.276 (0.574-2.837) 0.550
Notes: *HR and P-value for Cox proportional hazard regression model. adjustment 
by Smoking, Lymphatic metastasis, Tumor Size, Stage, Differentiated degree, 
Pathology. Bold values indicate statistically significant values. Abbreviation: CTC 
EMT, CTCs with epithelial-mesenchymal transition phenotype; HR, hazard ratio; CI, 
confidence interval; RFS, Recurrence-free survival; OS, Overall survival.

During the 60 months of follow-up, 63 patients 
(75.3%) experienced recurrence, and 51 
patients (60.7%) died. The Ki67hi group showed 
poor RFS (Figure 5A, P < 0.001) and OS (Figure 
5B, P = 0.002) compared to patients with low 
Ki67 expression. The 5-year RFS rates of the 
Ki67hi and Ki67lo patients were 44.8% and 
14.5% respectively, and the 5-year OS rates 
were 58.6% and 29.1%. In addition, the patients 
lacking CTC EMT had significantly longer RFS 
(Figure 6A, P < 0.001) and OS (Figure 6B,  
P = 0.005) compared to the CTC EMT+ patients. 
The respective 5-year RFS rates were 60%  
and 14.3%, and the 5-year OS rates were  
51.4% and 30.6%. Based on the CTC EMT  
phenotype (positive or negative) and Ki67 
expression levels (≤ 14% or ≥ 14%), the patients 
were stratified into the Ki67hi/CTC EMT+ 
(39/84, 46.4%), Ki67hi/CTC EMT- (16/84,  
19%), Ki67lo/CTC EMT+ (10/84, 11.9%) and 
Ki67lo/CTC EMT- (19/84, 22.6%) subgroups. As 
shown in Figure 7A, 7B, the Ki67hi/CTC EMT+ 
patients had significantly worse RFS and OS 
compared to the other groups (RFS, log-rank P 
< 0.0001; OS, log-rank P = 0.0006). Taken 
together, a high frequency of CTC EMT indicates 
poor prognosis of NSCLC patients, and timely 
intervention can improve the chances of 
survival.

Discussion

Since the discovery of CTCs in the peripheral 
blood of cancer patients, considerable efforts 
were made to detect and isolate these cells in 
order to monitor tumor progression and treat-
ment outcomes. However, the clinical applica-

patients with early stage tumors, indicating 
that tumor cells entered the circulation early 
during progression. Furthermore, while the epi-
thelial and mixed CTCs had similar frequencies 
across the different tumor stages, that of CTC 
EMT was significantly higher in the advanced 
versus early stage tumor-bearing patients, as 
well as in patients with lymphatic metastasis 
compared to those without. Therefore, the pro-
portion of CTCs undergoing EMT increase dur-
ing the progression of NSCLC and likely pro-
mote distant metastasis, which can affect the 
prognosis of NSCLC patients.

EMT is accompanied by the degradation of 
extracellular matrix and basement membrane 
[9] and loss of junction proteins between cells, 
which increase tumor cell migration and allows 
them to metastasize [9, 34]. Consistent with 
the poor prognostic outcomes of metastasis, 
the CTC EMT+ patients had worse RFS and OS 
compared to the CTC EMT- patients, and pres-
ence of these CTCs was identified an indepen-
dent risk factor of NSCLC. Furthermore, CTC 
EMT was not related to patient age, tumor size, 
smoking history, tumor type and degree of dif-
ferentiation, which is consistent with a previous 
report [34]. Ki67 is a prognostic biomarker in 
multiple cancers, and its expression was posi-
tively correlated with the male sex, lymphatic 
metastasis, larger tumors (≥ 4 cm), advanced 
stages (stage III+IV), smoking, and poor  
tumor differentiation in the NSCLC cohort. 
Furthermore, the Ki67hi patients had worse 
RFS and OS, indicating a prognostic role of 
Ki67 as well in NSCLC. Consistent with previ-
ous findings on colorectal cancer [35], there 
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Figure 4. Nomogram module integrating gender, age, tumor size, smoking, lymphatic metastasis, differentiated degree, pathological classification, CTC EMT, Ki67 
and stage. The points identified on the top scale for each independent covariate were added to determine the estimated overall survival and the probability of 1-, 
3- and 5-year recurrence or survival; (A) RFS of NSCLC patients; (B) OS of NSCLC patients.
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Figure 5. Kaplan-Meier survival curves of patients stratified by Ki67 expression. Patients with Ki67 ≥ 14% had 
shorter (A) RFS and (B) OS compared to those with Ki67 ≥ 14%. 

was no significant correlation 
between Ki67 expression and 
CTCs in the NSCLC patients. 
However, Ki67 overexpression 
correlated with increased CTC 
EMT, and the Ki67hi/CTC EMT+ 
patients had significantly worse 
prognosis compared to the other 
groups stratified on the basis of 
these markers. A previous study 
showed that the increased Twist 
levels during EMT of murine 
mammary epithelial cells pro-

Figure 6. Kaplan-Meier survival curves of patients stratified by CTC EMT. Patients with CTC EMT had shorter (A) RFS 
and (B) OS compared to patients lacking CTC EMT.

Figure 7. Kaplan-Meier survival 
curves of patients stratified by CTC 
EMT and Ki67 expression. Patients 
with CTC EMT and Ki67 ≥ 14% 
showed poor (A) RFS and (B) OS 
compared to those without CTC EMT 
and Ki67 < 14%.
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tected them against apoptosis [36]. It is possi-
ble therefore that the proliferative effects of 
Ki67 synergizes with the EMT of NSCLC CTCs to 
further promote their migration, which trans-
lates to increased metastasis and recurrence.

Our study has certain limitations that ought to 
be addressed. First, the sample size was small 
and derived from a single center, which pre-
vented subgroup analysis. Furthermore, we did 
not elucidate the mechanistic basis of the rela-
tionship between CTC EMT and Ki67 overex-
pression. However, we show for the first time 
that the EMT of CTCs is related to NSCLC prog-
nosis and the proliferation of tumor cells. Early 
detection of CTC EMT is predictive of poor prog-
nosis, and timely treatment can improve the 
prognosis and survival of NSCLC patients.

Conclusion

High in situ expression of Ki67 in NSCLC tis-
sues and increased CTC EMT are positively cor-
related with poor prognosis. The CTC EMT and 
Ki67 levels can stratify NSCLC patients into 
four prognostic subgroups. Although the prog-
nostic value of Ki67 needs to be verified, CTC 
EMT is a reliable prognostic biomarker and its 
early detection and reduce the mortality in 
NSCLC patients.
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