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Abstract: Vasculogenic mimicry (VM) in lung cancer shortens overall survival (OS) but its’ associations with postoperative 

recurrence and progression of early non-small cell lung cancer (NSCLC) remain unclear. The purpose of this study was to 

analyze the association of VM with postoperative recurrence and progression of NSCLC as well as the effect of VM on 

postoperative recurrence-free survival (RFS). This study included NSCLC patients and detected VM in surgical specimens. 

The associations of VM with the recurrence and progression were analyzed to assess the effect of VM on postoperative RFS 

in NSCLC. A total of 80 NSCLC cases were followed up for 3 years. During follow-up, 35 cases showed recurrence and 

progression where 5 (6.25%) cases had simple local recurrence and the other 30 (37.5%) cases had distant metastasis. The 

recurrence and progression rates in the first, second, and third years were 12.50%, 23.75%, and 7.50%, respectively. The 

median RFS was 14.2 months. VM was detected in 30 out of 80 cases and was significantly correlated with tumor 

differentiation (r = 0.365) and clinical stage (r = 0.374) (both, P = 0.001). Local recurrence of NSCLC was not correlated with 

VM, unlike distant metastasis (r = 0.598, P < 0.001). Average RFS was significantly longer in NSCLC patients without VM 

compared with the VM group 3 years post-operation (32 months versus 18 months, log-rank test P < 0.001). Considering 

these, VM is significantly correlated with postoperative distant metastasis of NSCLC in which it is of a certain value for 

predicting poor prognosis in NSCLC. 
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1. Introduction 

Lung cancer is currently the most common malignant tumor with the highest morbidity and mortality rates 

worldwide and about 80-85% of first-time diagnosed cases each year being NSCLC [1]. At present, surgical 

resection, guided by TNM staging is the main treatment for pre-stage IIIA patients. However, due to the 

heterogeneity of lung cancer, despite complete surgical resection and postoperative adjuvant therapy, nearly 
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80% develop distant metastasis [2]. Screening of high-risk factors related to postoperative progression of 

NSCLC has an important clinical significance for detecting NSCLC patients who are prone for progression.  

The overall postoperative survival of VM-positive NSCLC patients is significantly shortened.[2] 

Epithelial to mesenchymal transition (EMT) and stem-like differentiation of tumor cells constitute the key 

events for VM formation in which they are relevant promoters of tumor metastasis [3]. In formed VM, tumor 

cells are in direct contact with blood circulation and they can easily break off into the peripheral circulation. 

Therefore, the formation mechanism and structural characteristics of VM are extremely beneficial to the 

hematogenous spread of malignant tumors [4]. There are a few reports on the associations of VM with 

postoperative recurrence and progression of NSCLC and their possible mechanisms.  

It is hypothesized that VM promotes postoperative distant recurrence and progression of NSCLC, 

hence the risk of postoperative distant recurrence and progression can be determined by assessing the 

presence of VM in surgical specimens of NSCLC cases. For this purpose, this study was designed to assess 

the value of VM in determining NSCLC recurrence and metastasis. The findings from this study would 

provide a reference for further improvement in the postoperative prognostic evaluation of NSCLC. 

 

2. Material and methods 

2.1. Enrolment of NSCLC cases 

This study was a single-center, cross-sectional study. Cases were enrolled from March 1, 2015 to February 

29, 2016 and the follow-up period was for 3 years. NSCLC tissue samples were collected from the 

Clinicopathology Center in Taizhou Second People’s Hospital, affiliated to Yangzhou University. The 

diagnostic and staging criteria were based on the National Comprehensive Cancer Network (NCCN) 

Guidelines version 2014 [5], preoperative computed tomography (CT), magnetic resonance imaging (MRI), 

or positron emission tomography (PET)-CT imaging. The diagnosis of NSCLC was confirmed by 

pathologists through microscopy after surgery and those cases with very low differentiation that could not 

be confirmed as NSCLC were identified by immunohistochemical staining. The exclusion criteria were 

pulmonary metastatic tumors, preoperative antineoplastic therapy (neoadjuvant chemoradiotherapy, 

immunotherapy and targeted therapy, or antineoplastic therapy with traditional Chinese medicine), 

perioperative mortality due to severe complications, estimated postoperative survival less than 3 months, 

postoperative stage more than IIIB, postoperative immunosuppressive therapy for underlying diseases more 

than 1 month, age > 90 years or < 18 years, or cases with T4 and N2-3 in the TNM staging (preoperative 

neoadjuvant therapy). The demographic and pathological data were collected from the electronic medical 

record system in Taizhou Second People’s Hospital. The research protocol was approved by the Ethics 

Committee of Taizhou Second People’s Hospital (No. TZEYLL 20150107). All selected cases or their legal 

representatives had provided signed informed consent. 

 

2.2. Postoperative follow-up 

The patients were followed up every month in the first year, every 3 months in the second, and every 3-6 

months in the third. Follow-ups were conducted in the form of outpatient care or hospitalizations. Follow-

up examinations included CT, MRI, and PET-CT. For new lesions of highly suspected metastasis that could 

not be confirmed by imaging, a second puncture biopsy was performed for confirmation. RFS was defined 

as the time from the date of surgery to recurrence, progression, death, or the end of the study. 
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2.3. Detection and identification of VM 

VM was detected by CD34-PAS (periodic acid-Schiff) double staining using paraffin-embedded tissue 

samples according to a previous method [6]. Typical vascular structure under microscope and CD34+ was 

identified as endothelial dependent vessel (EDV) while CD34-/PAS+ vascular structure was considered as 

VM. 

 

2.4. Statistical methods 

Statistical Package for the Social Sciences (SPSS) version 19.0 (SPSS Inc., Chicago, IL) was used to 

analyze the data. Fisher’s exact test was used for categorical variables. Spearman correlation was performed 

to assess the correlation between two categorical variables. Kaplan-Meier analysis was carried out to 

evaluate clinical and pathological characteristics that might affect RFS while log-rank test was used to 

assess the effects of single factors on RFS. The Cox regression model (COX) was used for multivariate 

analysis of prognostic factors. Two-sided P < 0.05 was considered as statistically significant. 

 

3. Results 

3.1. Baseline characteristics 

A total of 80 NSCLC surgical cases were included. The average age of the patients that were included in 

this study was 65.03 ± 8.75 years old (38-85 years old). There were 57 male patients (71.25%) and 29 

smokers (36.25%). Among the 80 cases of NSCLC, adenocarcinoma was slightly more represented than 

squamous cell carcinoma (43 versus 37). The proportion of patients with postoperative stage I-II was 

83.75%. The patients’ baseline features are shown in Table 1. 

 

Table 1. Demographic and clinical characteristics of NSCLC patients 

Baseline characteristics All cases (n = 80) Number of cases (%) 

Age < 65 years old 33 (41.25%) 

 ≥ 65 years old 47 (58.75%) 

Gender Male 57 (71.25%) 

 Female 23 (28.75%) 

History of smoking Yes 29 (36.25%) 

 No 51 (63.75%) 

Pathological type Squamous carcinoma 37 (46.25%) 

 Adenocarcinoma 43 (53.75%) 

Differentiation degree High differentiation 12(15.00%) 

 Moderate differentiation 49 (61.25%) 

 Low differentiation 19 (23.75%) 

T stage T1 18 (22.50%) 

 T2 39 (48.75%) 

 T3 23 (28.75%) 

N stage N0 36 (45.00%) 

 N1 44 (55.00%) 

Clinical stage Stage I 26 (32.50%) 

 Stage II 41 (51.25%) 

 Stage III 13 (16.25%) 
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3.2. Distribution and structural characteristics of VM in NSCLC 

A total of 30 (37.50%; 30/80) NSCLC specimens had VM structures where 12 (32.43%; 12/37) cases 

involved squamous carcinomas and 18 (41.86%; 18/43) involved adenocarcinomas. There was no 

significant difference in the detection of VM between the adenocarcinoma and squamous cell carcinoma 

groups (P = 0.385). The lumen type was predominant in squamous carcinoma cases while the lumen and 

matrix types were common in adenocarcinoma cases (Figure 1). The lower the differentiation, the more 

likely VM occurred (r = 0.365, P = 0.001). The later the postoperative clinical stage, the higher the 

probability of VM occurrence (r = 0.374, P = 0.001) (Table 2). 

 

 
Figure 1. Occurrence of VM in NSCLC. A and B: Morphologies of VM in squamous carcinoma (yellow arrow: EDV; red arrow: 

VM); C and D: Morphologies of VM and EDV in adenocarcinoma. 
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Table 2. Associations of baseline characteristics with VM 

Variable VM+ (n = 30) Correlation coefficient P value 

Age  0.033 0.773 

< 65 years old 13   

≥ 65 years old 17   

Gender  0.021 0.851 

Male 21   

Female 9   

History of smoking  0.047 0.308 

Yes 10   

No 20   

Pathological type  0.097 0.392 

Squamous carcinoma 12   

Adenocarcinoma 18   

Differentiation degree  0.365 0.001 

High differentiation 4   

Moderate differentiation 11   

Low differentiation 15   

T stage  0.412 < 0.001 

T1 1   

T2 14   

T3 15   

N stage  0.389 < 0.001 

N0 6   

N1 24   

Clinical stage  0.374 0.001 

I 4   

II 17   

III 9   

 

3.3. Postoperative recurrence and progression of NSCLC 

Until April 10, 2019, a total of 78 cases that were included in the initial analysis had completed the 

postoperative follow-up for 3 years (follow-up rate of 97.5%). A total of 2 cases were lost to follow-up 

where one of them withdrew in May 2017 and another, in November 2018. The lost cases were considered 

to be progressive. The median follow-up duration was 21.2 months (6.4-36 months). During the follow-up 

period, 35 cases (43.75%; 35/80) were confirmed with recurrence and/or distant metastasis and a median 

RFS of 14.2 months (5.2-25.9 months) was obtained. A total of 10 cases (12.50%; 10/80) in the first year, 

19 (23.75%; 19/80) in the second year, and 6 (7.50%; 6/80) in the third year showed postoperative 

recurrence (Table 3). Out of the 35 patients with recurrence, 5 (6.25%; 5/80) of them had simple local 

recurrence while the other 30 (37.50%; 30/80) had distant metastasis. The distant metastatic cases included 

9 oligometastatic cases (30%; 9/30) and 21 multiple metastatic cases (70%; 21/30). The most common 

metastatic site was the lung (60.00%; 21/35), followed by the brain (42.86%; 15/35), liver (31.43%; 11/35), 

bone (22.86%; 8/35), and adrenal gland (14.29%; 5/35) (Figure 2). Meanwhile, a case of squamous 

carcinoma of the lung with distant metastases developed skin metastasis over the left shoulder. 
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Table 3. Recurrence and progression of postoperative NSCLC 

Variable 
Progression  

(n = 35, %) 

First year  

(n = 10, %) 

Second year  

(n = 19, %) 

Third year  

(n=6, %) 
P value 

Age     0.012 

< 65 years old 9 (27.27%) 4 4 1  

≥ 65 years old 26 (55.32%) 6 15 5  

Gender     0.131 

Male 28 (49.12%) 7 15 6  

Female 7 (30.43%) 3 4 0  

History of smoking     0.284 

Yes 15 (51.72%) 4 8 3  

No 20 (39.22%) 6 11 3  

Pathological type     0.019 

Squamous carcinoma 11 (29.73%) 3 8 0  

Adenocarcinoma 24 (55.81%) 7 11 6  

Differentiation degree     0.007 

High differentiation 6 (50.00%) 1 5 0  

Moderate differentiation 13 (26.53%) 6 5 2  

Low differentiation 16 (84.21%) 3 9 4  

T stage     < 0.001 

T1 0 0 0 0  

T2 14 (35.90%) 1 10 3  

T3 21 (91.30%) 9 9 3  

N stage     < 0.001 

N0 1 (2.78%) 0 1 0  

N1 34 (77.27%) 10 18 6  

Clinical stage     < 0.001 

I 1 0 1 0  

II 21 (51.22%) 5 10 6  

III 13 (100%) 5 8 0  

VM     < 0.001 

No 10 (20.00%) 2 6 2  

Yes 25 (83.33%) 8 13 4  
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Figure 2. Recurrence and metastasis in postoperative NSCLC cases 

 

3.4. Risk factors for recurrence and progression of NSCLC 

Table 3 showed the results of recurrence-free survival of 80 NSCLC cases in the first, second, and third 

years after surgery. Cases with patients 65 years old and older were more prone to recurrence and 

progression compared with those under 65 (P = 0.012). The more the differentiation, the lower the 3-year 

recurrence-free survival rate (P = 0.007). The later the postoperative T, N, and clinical stages, the lower the 

recurrence-free survival rate (P < 0.001). The 3-year recurrence and progression rate of NSCLC patients 

with detected VM was 83.33% which was significantly higher than that of the no-VM group (20.00%) (P 

< 0.001). Correlation analysis showed no significant correlation between VM and postoperative local 

recurrence of NSCLC (r = 0.120, P = 0.289) but there was a significant correlation with distant metastasis 

(r = 0.598, P < 0.001) (Table 4). 

 

Table 4. Associations of VM with NSCLC recurrence and metastasis 

Results of recurrence and progression (n = 35) VM+ (n = 30) Correlation coefficient P value 

Local recurrence (n = 5) 3 0.120 0.289 

Distant metastasis (n = 30) 22 0.598 < 0.001 

Intrapulmonary (n = 21) 15 0.115 0.308 

Brain (n = 15) 13 0.488 < 0.001 

Bone (n = 8) 6 0.258 < 0.05 

Adrenal (n = 5) 5 0.333 < 0.01 

Liver (n = 11) 8 0.291 < 0.01 

Skin of left shoulder (n = 1) 1 0.145 0.199 

 

COX analysis revealed that histopathological type (HR = 4.62, 95%CI 1.75-12.15, P = 0.002), tumor 

differentiation (HR = 1.97, 95%CI 1.02-4.93, P = 0.003), N stage (HR = 3.20, 95%CI 1.64-9.85, P = 0.004), 

T stage (HR = 2.99, 95%CI 1.09-8.28, P = 0.034), clinical stage (HR = 3.70, 95%CI 1.85-10-10.53, P = 

0.002), and VM (HR = 2.38, 95%CI 1.16-7.20, P = 0.002) were independent risk factors for postoperative 

recurrence and progression of NSCLC (Figure 3). 
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Figure 3. COX model for risk factors in postoperative NSCLC 

 

3.5. Effect of VM on postoperative RFS of NSCLC 

Among the 80 NSCLC cases, the average 3-year postoperative RFS was 32 months in those without VM 

and 18 months in the VM group with a significant difference (P < 0.001) as shown in Figure 4A. Among 

the squamous carcinoma subgroup, the average 3-year RFS of VM cases was 18.9 months which was 

significantly shorter than that of non-VM cases (34.4 months, P < 0.001; Figure 4B). Among the 

adenocarcinoma subgroup (n = 43), the average RFS of VM cases was 17.5 months which was significantly 

reduced compared to that of non-VM cases (29.7 months, P < 0.001; Figure 4C). In the whole cohort, the 

average postoperative RFS of patients with adenocarcinoma was 24.6 months while that of the squamous 

carcinoma cases was 29.4 months. There was a significant difference in postoperative RFS between the two 

pathological types of NSCLC (P = 0.028). In the VM-positive subgroup, the average RFS of patients with 

adenocarcinoma was 17.5 months and 18.9 months in patients with squamous carcinoma. There was no 

significant difference between the two groups (P = 0.620; Figure 4D and Figure 4E). 
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Figure 4. Presence of VM indicates poor postoperative survival. A: RFS of patients with and without VM in the whole population; 

B: RFS of patients with and without VM in the squamous carcinoma subpopulation; C: RFS of patients with and without VM 

in the adenocarcinoma subpopulation; D: RFS of patients with adenocarcinoma or squamous carcinoma without VM; E: RFS 

of patients with adenocarcinoma or squamous carcinoma with VM 

 

4. Discussion 

The above results showed that VM was detected in 37.5% postoperative NSCLC specimens and 

significantly correlated with postoperative NSCLC distant metastasis (r = 0.598, P < 0.001). VM in NSCLC 

increased the risk of postoperative recurrence and progression (HR = 2.38, 95%CI 1.16-7.20, P = 0.002) 

and shortened the postoperative RFS (18 months versus 32 months, P < 0.001). These results validated the 

value of VM in the risk assessment of postoperative NCSLC progression. Further related mechanistic 

studies are expected to provide references for subsequent clinical intervention strategies. 

Local recurrence and distant metastasis usually occur within 1-3 years of surgery with most cases 

developing in the second year after surgery [7]. In this study, the postoperative 3-year recurrence and 

progression rate of NSCLC was 43.75%, with 12.50%, 23.75%, and 7.50% in the first, second, and third 

years, respectively which supported a retrospective analysis [2]. In terms of risk factors for recurrence and
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progression, studies had reported on the differentiation degree, pathological type, TNM stage, and clinical 

stage of tumors [8]. The current results suggested that the grade of tumor differentiation (HR = 1.97), stage 

(HR = 3.70), and pathological type (HR = 4.62) were independent risk factors for postoperative recurrence 

and progression, consistent with Xi et al [7]. Many studies claimed that the older the patients are, the poorer 

the prognosis although age does not independently affect prognosis [9-11]. Univariate analysis in this study 

showed that age more than 65 years increases the 3-year recurrence and progression rate (RR = 2.277, P = 

0.012) but COX model did not confirm it as an independent risk factor for prognosis (HR = 1.69, P = 0.29). 

This may be related to the decline of organ reserve function and the increased risk of associated underlying 

diseases with older age but not to the malignant biological behavior of the tumor itself [12]. 

In this study, VM could independently predict postoperative NSCLC progression (HR = 2.38, 95%CI 

1.16-7.20, P = 0.002). Other studies of solid tumors also suggested that VM increases the risk of 

postoperative recurrence and progression. In gastrointestinal tumors, VM results in a reduction of disease-

free survival (DFS) (HR = 2.60, 95%CI 2.07-3.27, P < 0.001) [4]. In breast cancer, VM significantly 

decreases the postoperative DFS (HR = 1.63, 95%CI 1.15-2.32, P = 0.002) [13]. Another study suggested 

that VM could independently affect the risk of postoperative NSCLC progression (HR = 3.39, 95%CI 2.09-

5.50, P = 0.002) [14]. The formation of VM involves many factors including stem-like cell differentiation, 

phenotypic transformation of tumor cells, changes of the tumor microenvironment, and tumor matrix 

remodeling which also constitute the relevant mechanisms of tumor resistance to postoperative adjuvant 

chemoradiotherapy [15]. Therefore, suppressing VM has become a major problem in clinical oncology.  

The formation of VM results from further deterioration of tumor cell phenotype [16]. In this study, it 

was found that VM is related to the differentiation degree of tumor cells (r = 0.365, P = 0.001) which is 

consistent with most current research findings [17]. In this study, RFS in lung adenocarcinoma was 

significantly shorter than that of the lung squamous carcinoma (24.6 months versus 29.4 months, P = 0.028) 

while no significant difference was found in RFS between adenocarcinoma and squamous carcinoma in the 

VM positive subgroup (17.5 months versus 18.9 months, P = 0.620). These results suggested that VM may 

increase the malignant phenotype of squamous carcinoma and make it more prone to progression and 

metastasis. In addition, VM provides a structural basis for the direct contact of tumor cells with circulating 

blood which makes it easier for the hematogenous spread of tumor cells. As shown above, VM was not 

significantly correlated with local recurrence of NSCLC after surgery (r = 0.120, P = 0.289) but it was 

significantly associated with distant metastasis (r = 0.598, P < 0.001), suggesting that VM might be 

associated with hematogenous metastasis of tumors. Circulating tumor cells (CTCs) are strong evidence 

for distant metastasis of tumors. Stuart C et al. noted that CTCs found in the blood of patients with small 

cell lung cancer have the phenotype of VM-forming tumor cells in the primary lung lesion and are more 

likely to form VM [18]. Therefore, the increased risk of postoperative distant metastasis of NSCLC by VM 

may be related to elevated amounts of CTCs although this specific mechanism requires further investigation. 

Postoperative standard adjuvant therapy for stage II-III NSCLC has certain progression-free survival 

(PFS) and overall survival (OS) benefits [19]. In this study, 32.5% of the patients were stage I cases. This 

study did not discuss whether patients with VM in this subgroup required adjuvant therapy and their 

reactions to the therapy were not assessed. In addition, it was not analyzed whether the mode of 

postoperative adjuvant therapy and the specific scheme of stage II-III patients affected the predictive value 

of VM in the prognosis of NSCLC. These limitations may have impacted the current findings and they 

deserve further investigations in follow-up studies. Furthermore, the distribution of HR in the COX model 

was too wide indicating that follow-up research would require further expansion of the sample size.  

 

 

 



 

Distributed under creative commons license 4.0 91 Volume 5; Issue 4 

 

 

5. Conclusion  

This study confirmed that VM represents an independent risk factor for postoperative recurrence and 

progression of NSCLC in which it is expected to become a potential target for postoperative adjuvant 

therapy. Follow-up basic and clinical studies should further explore the mechanisms by which VM affects 

the postoperative recurrence and progression of NSCLC. 
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