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Abstract: Objective: To investigate the application value of endostar combined with gefitinib in patients with multiple 
brain metastases from non-small cell lung cancer (NSCLC) undergoing whole brain radiotherapy and the correlation 
analysis with serum VEGF-C and CEA levels. Methods: A total of 87 patients with multiple brain metastases from 
NSCLC who were admitted to our hospital from December 2016 to October 2018 were selected as the research 
subjects. Among them, 40 patients who only received whole brain radiotherapy, were included in the control group 
(CG). Another 47 patients who were treated with endostar combined with gefitinib in addition to whole brain radio-
therapy, were regarded as the research group (RG). The clinical efficacy and complications were compared between 
the two groups. During treatment, the changes and relationships of serum VEGF-C and CEA levels were analyzed. 
Results: There was no difference in complications and half-year survival rate between the two groups (P < 0.050), 
while the efficacy and one-year survival rate of prognosis in the RG were better than those in the CG (P < 0.050). 
After treatment, VEGF-C and CEA decreased (P < 0.050), which was negatively correlated with treatment time (P < 
0.050). Conclusion: Endostar combined with gefitinib has significant curative effects and better prognosis in NSCLC 
patients with multiple brain metastases undergoing whole brain radiotherapy, it can also effectively reduce serum 
VEGF-C and CEA levels, and as such it is worthy of clinical application.
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Introduction

Lung cancer (LC) is a common malignant tumor 
of the respiratory system with high morbidity 
and mortality. According to GLOBOCAN data in 
2012 [1], LC is the most common malignant 
tumor and leading cancer related cause of 
death in China, accounting for 21% and 27% of 
all cancer deaths. Lung cancer includes two 
types: small cell lung cancer and NSCLC, among 
which NSCLC is the most common, accounting 
for about 80% of the total incidence [2]. In the 
early stage of NSCLC, there are generally no 
obvious symptoms. By the time the patient 
feels unwell and goes to see a doctor, the can-
cer is often in an advanced stage, resulting in 
the 5-year survival rate of many patients being 
only about 20% [3, 4]. Brain metastasis is one 

of the main causes of death for NSCLC patients 
[5]. According to statistics, about 40% of NSCLC 
patients will have brain metastasis, and some 
of them have multiple brain metastases [6]. 
Due to the treatment limitations of the blood-
brain barrier and surgery, there are certain  
difficulties to clinical treatment [7]. However, 
whole brain radiotherapy is not restricted by 
this, and it is the main treatment method for 
multiple brain metastases of NSCLC. It can 
effectively prolong the median survival rate of 
patients. However, whole brain radiotherapy is 
limited by the dosing to normal brain tissue  
and it is difficult to reach a therapeutic dose. 
Therefore, some patients still die of disease 
progression after treatment [8, 9]. Gefitinib is a 
new targeted drug for epidermal growth factor 
receptor inhibition, which can reduce the gen-
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Methods

In both groups, patients were routinely given 
corresponding chemotherapy. In the CG, pa- 
tients were treated with conventional whole 
brain radiotherapy with a dose of 40~50 
Gy/20~25 F. The radiotherapy was completed 
within one month and symptomatic treatment 
was given to patients after radiotherapy. In  
the RG, patients were given endostar injection 
(Shandong Xiansheng Medejin Biopharmaceu- 
tical Co., Ltd., SFDA Approval No. S20050088) 
and gefitinib tablets (AstraZeneca UK Limited, 
SFDA Approval No. J20100014) on the basis of 
the CG. Endostar injection: patients received 
intravenous infusion of 15 mg once a day from 
day 1 to 14. Then, 250-500 ml of normal saline 
was added. Patients rested for one week after 
continuous administration for 14 days, and 
they were sequentially administrated a total of 
4 cycles. Gefitinib tablets were administered 
orally once a day, 250 mg each time.

Outcome measures

Clinical effect: Complete response (CR): tumor 
focus completely disappeared for more than 4 
weeks. Partial response (PR): tumor focus vol-
ume reduced by more than 50% and there was 
no new focus, which was maintained for more 
than 4 weeks. Stable disease (SD): tumor focus 
volume reduced by less than 50% or increased 
by less than 25%. Progress of disease (PD): 
tumor lesion volume increased by more than 
25%, or there were new lesions. Objective re- 
mission rate (ORR) = (CR+PR)/total cases × 
100%. Disease control rate (DCR) = (CR+ 
PR+SD)/total cases × 100%. The adverse reac-
tions were compared in the two groups. The 
survival conditions were compared in the two 
groups: including follow-up for six months and 
one year. Comparison of laboratory indexes: 
five ml of fasting venous blood was obtained 
before treatment (T1), after two courses of 
treatment (T2) and after treatment end (T3). 
The venous blood was stored in a refrigerator  
at low temperature. After coagulation for 60 
min, the blood was centrifuged at 1000 XG and 
4°C for 20 min, and the serum was frozen. The 
levels of VEGF-C and CEA in serum of patients 
were detected in the two groups by enzyme-
linked immunosorbent assay (ELISA). Both 
VEGF-C and CEA kits were purchased from 
Shanghai Lianmai Bioengineering Co., Ltd. 
(item numbers: LM-EL-1448 and LM-EL-1450). 

eration of tumor nutrient vessels by blocking 
vascular endothelial cell growth. In recent ye- 
ars, gefitinib has been gradually applied to the 
treatment of NSCLC due to its safety and high 
efficiency [10]. Endostar can inhibit the growth 
of tumor blood vessels [11]. Previous studies by 
Shi L et al. [12] have proved that endostar has 
a certain clinical efficacy in the treatment of 
unresectable NSCLC. At present, the applica-
tion of endostar and gefitinib in NSCLC has 
been confirmed, but whether the combined use 
of them can enhance the clinical efficacy of 
NSCLC patients with multiple brain metastases 
treated with whole brain radiotherapy is not 
completely clear. Therefore, this study was de- 
signed to analyze the therapeutic value of the 
two drugs by investigating the efficacy of endo-
star and gefitinib in patients and detecting the 
relationship between the two drugs and vascu-
lar endothelial growth factor C (VEGF-C) and 
carcinoembryonic antigen (CEA).

Materials and methods

Baseline data

A total of 87 NSCLC patients with multiple brain 
metastases who were admitted to our hospital 
from December 2016 to October 2018 were 
selected as the research subjects. Of which  
40 patients received only whole brain radio-
therapy, who were regarded as the CG. An- 
other 47 patients were treated with endostar 
combined with gefitinib in addition to whole 
brain radiotherapy, who were regarded as the 
RG. This experiment was approved by the Eth- 
ics Committee of our hospital. All the above 
research subjects signed an informed consent 
form.

Inclusion and exclusion criteria

Inclusion criteria: all patients were diagnosed 
with NSCLC by biopsy in the pathology depart-
ment of our hospital; patients were diagnos- 
ed with multiple brain metastases by imaging 
studies. 

Exclusion criteria were as follows: patients  
who received relevant treatment before the 
experiment; those comorbid with other system-
ic malignant tumors; severe cardiac, hepatic 
and renal insufficiency; drug allergy; patients 
with mental illness who could not cooperate 
with treatment; those with incomplete clinical 
data; patients who transferred hospitals.
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Table 2. Comparison of clinical efficacy between the two groups [n (%)]

Grouping Number of 
cases CR PR SD PD ORR (%) DCR (%)

RG 47 7 (14.89) 15 (31.91) 20 (42.55) 5 (10.64) 46.81 89.36
CG 40 2 (5.00) 7 (17.50) 18 (45.00) 13 (32.50) 22.50 67.50
X2 5.567 6.294
P 0.018 0.012

Table 1. Comparison of baseline data in the two groups [n (%)]
RG (n = 47) CG (n = 40) t or X2 P

Age/years old 56.35±4.18 55.89±4.02 0.521 0.604
Gender 0.159 0.690
    Male 29 (61.70) 23 (57.50)
    Female 18 (38.30) 17 (42.50)
Pathological classification 0.437 0.804
    Squamous cell carcinoma 30 (63.83) 28 (70.00)
    Adenocarcinoma 12 (25.53) 9 (22.50)
    Other 5 (10.64) 3 (7.50)
Number of brain metastases (pieces) 0.016 0.898
    ≤ 3 17 (36.17) 15 (37.50)
    3 30 (63.83) 25 (62.50)
Family history 0.896 0.344
    Yes 8 (17.02) 4 (10.00)
    No 39 (82.98) 36 (90.00)
Smoking 0.432 0.511
    Yes 16 (34.04) 11 (27.50)
    No 31 (65.96) 29 (72.50)
Place of residence 0.074 0.785
    City 33 (70.21) 27 (67.50)
    Rural 14 (29.79) 13 (32.50)

All operations were performed strictly in accor-
dance with the kit instructions. The correlation 
between the results of endostar combined with 
gefitinib in the treatment of NSCLC and VEGF-C 
and CEA was analyzed.

Statistical methods

SPSS 24.0 (Shanghai Yukon Network Techno- 
logy Co., Ltd.) was used to process all the data 
results. Counting data was expressed in the 
form of (rate), and chi-square test was used  
for comparison between groups. The measure-
ment data were expressed in the form of (mean 
number ± standard deviation). The t-test was 
used to compare between groups. The repeti-
tive measurement and analysis of variance was 
used to compare between multiple time po- 
ints. Spearman correlation analysis was used 

to analyze the correlation. The difference was 
statistically significant with P < 0.050.

Results

There was no difference in baseline data be-
tween the two groups 

There was no significant difference in age, gen-
der, pathological classification, number of brain 
metastases, family history, smoking and place 
of residence between the two groups (P >     
0.050). (Table 1).

The clinical efficacy of the RG was better than 
that of the CG

The ORR and DCR in the RG were 46.81% and 
89.36% respectively, which were significantly 
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higher than those in the CG (22.50% and 
67.50%) (P < 0.050). (Table 2).

There was no difference in the incidence of 
adverse reactions between the two groups

In the RG, the adverse reactions of the pati- 
ents were mainly rash and gastrointestinal 
reactions, while the adverse reactions in the CG 
mainly included headache, dizziness and gas-
trointestinal reactions. There was no obvious 
difference in the total incidence of the two 
groups (P > 0.050). (Table 3).

The one-year prognosis and survival rate of the 
RG was higher than that of the CG 

The total follow-up time was one year. A total  
of 87 patients were successfully followed up 
through telephone, hospital reexamination and 
on-site follow-up with a success rate of 100%. 
Comparing the surviving patients in the two 
groups, it was found that there was no obvious 
difference in the six month survival rate after 
follow-up (P > 0.050). After follow-up for one 
year, the survival rate in the RG was significant-
ly higher than that in the CG (P < 0.050). (Table 
4).

At T2 and T3, VEGF-C and CEA in the RG were 
lower than those in the CG

There was no obvious difference in serum 
VEGF-C and CEA levels between the two groups 
at T1 (P > 0.050). The levels of VEGF-C and CEA 
at T2 were greatly lower than those at T1, T3 is 

greatly lower than T2 (P < 0.010), and both 
indexes at T2 and T3 in the RG were signifi- 
cantly lower than those in the CG. (Figure 1).

VEGF-C and CEA were negatively correlated 
with treatment time

T3 was selected as an index. CR, PR, SD and 
PD were replaced by 4, 3, 2 and 1 respectively 
according to the evaluation results of patients 
in the RG. Spearman correlation was used to 
analyze the correlation between different tre- 
atment results and VEGF-C, CEA. The results 
showed that VEGF-C was negatively correlated 
with the results of combined therapy, and CEA 
was also negatively correlated with the results 
of combined therapy. (Table 5; Figure 2).

Discussion

NSCLC is the main cause of morbidity in the 
world, including adenocarcinoma and squa-
mous cell carcinoma. At present, the specific 
pathogenesis has not been fully clarified. It is 
known that COPD and smoking are closely 
related to the disease [13]. At the same time, 
NSCLC is also one of the malignant tumors wi- 
th the highest incidence of brain metastasis 
[14]. According to the reports by Abraham C et 
al. [15], about 40% of patients who are diag-
nosed with NSCLC develop brain metastasis, 
which is the cause of death for 23%-44% of 
patients. In addition, many patients have devel-
oped multiple brain metastases when they are 
diagnosed with brain metastases, and there is 
still no effective treatment method for this cli- 
nical situation currently. Because patients wi- 
th multiple brain metastases from NSCLC are 
mostly middle-aged and elderly people over 50 
years old, they are beyond the optimal indica-
tions for surgical treatment. At the same time, 
chemotherapy drugs such as gemcitabine are 
not very effective and prone to complications 
[16, 17]. Whole brain radiotherapy is currently 
the main treatment for the disease, which can 
reduce local recurrence, but it has limited ef- 

Table 3. Comparison of incidence of adverse reaction between the two groups [n (%)]

Grouping Headache and 
dizziness

Gastrointestinal 
reaction Rash Bone marrow 

suppression Incidence (%)

RG (n = 47) 5 (10.64) 9 (19.15) 10 (21.28) 4 (8.51) 59.57
CG (n = 40) 7 (17.50) 6 (15.00) 1 (2.50) 3 (7.50) 42.50
x2 2.523
P 0.112

Table 4. Comparison of survival rates be-
tween the two groups [n (%)]

Grouping Number 
of cases

Follow-up for 
half a year

Follow-up for 
one year

RG 47 24 (51.06) 18 (38.30)
CG 40 15 (37.50) 7 (17.50)
t 1.607 4.564
P 0.205 0.033
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fect on improving the survival time of patients. 
Therefore, clinically, more effective treatment 
methods are urgently needed to control brain 
metastasis of NSCLC. Gefitinib is a new type  
of epidermal factor receptor inhibitor, which 
has been found to penetrate the blood-brain 
barrier and has certain therapeutic effect on 
brain metastasis of NSCLC [18]. Endostar, as  
a molecular targeted drug, can inhibit tumor 
angiogenesis and block tumor proliferation. It  
is currently recognized as an effective drug for 
the treatment of NSCLC [19]. However, it is 
often applied alone or in combination with che-
motherapy drugs [20]. There are few reports on 
the combined use of the two in NSCLC pati- 
ents with multiple brain metastases undergo-
ing whole brain radiotherapy, and it is not clear 
whether it has better therapeutic effect than 
whole brain radiotherapy alone. Therefore, this 
paper analyzes the application value of gefiti- 
nib combined with endostar and detects the 
levels of VEGF-C and CEA in the serum of pa- 
tients, with the aim of further analysis to con-
firm the future feasibility of this treatment pro-
gram in the clinic.

The results of this experiment showed that the 
patients in the RG who received gefitinib com-
bined with endostar with whole brain radiother-
apy had significantly better efficacy than the 

patients in the CG who only received whole 
brain radiotherapy, suggesting that gefitinib 
and endostar combined with whole brain ra- 
diotherapy had better therapeutic effect for 
patients with NSCLC multiple brain metasta-
ses, which was also consistent with the re- 
search results of Lin H et al. [21]. At the same 
time, the prognostic one-year survival rate of 
patients in the RG was higher, which indicated 
that gefitinib combined with endostar had bet-
ter prognosis effect on patients, and the sa- 
fety was not significantly different from that of 
the CG. Serum VEGF-C has been proven to be 
abnormally expressed in various malignant tu- 
mors such as cervical cancer and is closely 
related to tumor metastasis [22, 23]. At the 
same time, studies by Deng Y et al. [24] have 
shown that VEGF-C plays a role in the growth 
and metastasis of NSCLC cells. In this experi-
ment, VEGF-C levels in both groups were sig- 
nificantly increased before treatment. After dif-
ferent treatment methods, VEGF-C levels were 
decreased, but the decrease was more obvi- 
ous in the RG. It was speculated that endostar 
combined with gefitinib could inhibit VEGF-C 
expression, thus inhibiting tumor angiogenesis 
and exerting a therapeutic effect. CEA is a 
broad-spectrum tumor marker, which can bind 
tumor cells to normal cells and promote tumor 
metastasis. CEA is one of the markers of NS- 
CLC [25]. After different treatment, the serum 
CEA level in the RG decreased more significant-
ly than that of the CG, indicating that endostar 
combined with gefitinib could reduce the tumor 
marker level of patients and inhibit tumor diffu-
sion. Finally, Spearman correlation was used  

Table 5. Results of correlation analysis
r 95% CI P

VEGF-C -0.697 -0.820~-0.512 < 0.001
CEA -0.852 -0.915~-0.748 < 0.001

Figure 1. Comparison of serum VEGF-C and CEA levels at different time points. A. Comparison of VEGF-C levels; B. 
Comparison of CEA levels; a: Compared with T1, P < 0.01; b: Compared with T2, P < 0.01; *: P < 0.01.
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Figure 2. Correlation analysis between serum VEGF-C, CEA and combined treatment effect. A. Correlation analysis 
between VEGF-C and efficacy; B. Correlation analysis between CEA and efficacy.

to analyze the correlation between different 
treatment results and VEGF-C and CEA, and it 
could be seen that VEGF-C and CEA were nega-
tively correlated with the treatment effect, sug-
gesting that VEGF-C and CEA had certain re- 
ference value for predicting the treatment of 
NSCLC patients with multiple brain metasta-
ses. In the future, the curative effect of NSCLC 
can be judged by regularly detecting the above 
indicators in patients.

There are still many deficiencies in this experi-
ment. For example, because the number of re- 
search subjects is small, so it is impossible to 
carry out statistical analysis of large data. 
Moreover, the research population is relatively 
single in nature, so it is not known whether it 
has the same therapeutic effect in different 
races, age groups and regional locations. In 
addition, the specific mechanism of endostar 
combined with gefitinib affecting VEGF-C and 
CEA in NSCLC patients has not been studied in 
depth. We will conduct a long-term follow-up 
investigation on the subjects of this experi- 
ment and continuously improve the experimen-
tal design to obtain the best experimental 
results.

To sum up, endostar combined with gefitinib 
has significant curative effects and better pro- 
gnosis in NSCLC patients with multiple brain 
metastases undergoing whole brain radiother-
apy, which can effectively reduce serum VEGF- 
C and CEA levels, so it is worthy of clinical 
application.

Disclosure of conflict of interest

None.

Address correspondence to: Leilei Guan, Depart- 
ment of Critical Medicine, Qingdao Huangdao 
District’s Hospital of Traditional Chinese Medicine, 
No. 158, Hainan Island Road, Huangdao District, 
Qingdao 266500, China. E-mail: guanlian6623709 
@126.com

References

[1] Barta JA, Powell CA and Wisnivesky JP. Global 
epidemiology of lung cancer. Ann Glob Health 
2019; 85: 8.

[2] Grimolizzi F, Monaco F, Leoni F, Bracci M, Staf-
folani S, Bersaglieri C, Gaetani S, Valentino M, 
Amati M, Rubini C, Saccucci F, Neuzil J, Toma-
setti M and Santarelli L. Exosomal miR-126 as 
a circulating biomarker in non-small-cell lung 
cancer regulating cancer progression. Sci Rep 
2017; 7: 15277.

[3] Huang CY, Ju DT, Chang CF, Muralidhar Reddy 
P and Velmurugan BK. A review on the effects 
of current chemotherapy drugs and natural 
agents in treating non-small cell lung cancer. 
Biomedicine (Taipei) 2017; 7: 23.

[4] Mizuno K, Mataki H, Seki N, Kumamoto T, Ka-
mikawaji K and Inoue H. MicroRNAs in non-
small cell lung cancer and idiopathic pulmo-
nary fibrosis. J Hum Genet 2017; 62: 57-65.

[5] Chen LJ, Li XY, Zhao YQ, Liu WJ, Wu HJ, Liu J, 
Mu XQ and Wu HB. Down-regulated microR-
NA-375 expression as a predictive biomarker 
in non-small cell lung cancer brain metastasis 
and its prognostic significance. Pathol Res 
Pract 2017; 213: 882-888.

[6] Sahin B, Mustafayev T, Aydin G, Gungor G, Yapi-
ci B, Atalar B and Ozyar E. Non-small cell lung 
cancer with multiple brain metastases treated 
with radiosurgery and erlotinib: a case report. 
Cureus 2017; 9: e2003.

[7] Chamberlain MC, Baik CS, Gadi VK, Bhatia S 
and Chow LQ. Systemic therapy of brain me-

milto:guanlian6623709
@126.com
milto:guanlian6623709
@126.com


Endostar combined with gefitinib in brain metastases

624 Int J Clin Exp Med 2021;14(1):618-624

tastases: non-small cell lung cancer, breast 
cancer, and melanoma. Neuro Oncol 2017; 19: 
i1-i24.

[8] Korkmaz Kirakli E and Oztekin O. Is hippocam-
pal avoidance during whole-brain radiotherapy 
risky for patients with small-cell lung cancer? 
Hippocampal metastasis rate and associated 
risk factors. Technol Cancer Res Treat 2017; 
16: 1202-1208.

[9] Jiang AY, Zhang J, Luo HL, Gao F and Lv YF.  
Icotinib and whole-brain radiotherapy for the 
treatment in patients with brain metastases 
from EGFR-mutant nonsmall cell lung cancer: 
a retrospective study. Medicine (Baltimore) 
2018; 97: e0312.

[10] Chen X, Mao G, Chen H, Liu S, Wang S, Li X, Ye 
Y, Wu H and Liu J. TW37 enhances the pro-
apoptosis and anti-migration ability of gefitinib 
in Non-Small Cell Lung Cancer. Cell Mol Biol 
(Noisy-le-grand) 2018; 64: 6-10.

[11] Zhang K, Wang Y, Yu X, Shi Y, Yao Y, Wei X and 
Ma X. Recombinant human endostatin com-
bined with radiotherapy inhibits colorectal can-
cer growth. BMC Cancer 2017; 17: 899.

[12] Shi L, Zhou XL, Sun JJ, Huang JH, Wang X, Li K, 
Pang PP, Xu YJ, Chen M and Zhang MM. Whole-
tumor perfusion CT using texture analysis in 
unresectable stage IIIA/B non-small cell lung 
cancer treated with recombinant human end-
ostatin. Quant Imaging Med Surg 2019; 9: 
968-975.

[13] Mahmood MQ, Ward C, Muller HK, Sohal SS 
and Walters EH. Epithelial mesenchymal tran-
sition (EMT) and non-small cell lung cancer 
(NSCLC): a mutual association with airway dis-
ease. Med Oncol 2017; 34: 45.

[14] Masuda C, Sugimoto M, Wakita D, Monnai M, 
Ishimaru C, Nakamura R, Kinoshita M, Yorozu 
K, Kurasawa M, Kondoh O and Yamamoto K. 
Bevacizumab suppresses the growth of estab-
lished non-small-cell lung cancer brain metas-
tases in a hematogenous brain metastasis 
model. Clin Exp Metastasis 2020; 37: 199-
207.

[15] Abraham C, Garsa A, Badiyan SN, Drzymala R, 
Yang D, DeWees T, Tsien C, Dowling JL, Rich 
KM, Chicoine MR, Kim AH, Leuthardt EC and 
Robinson C. Internal dose escalation is associ-
ated with increased local control for non-small 
cell lung cancer (NSCLC) brain metastases 
treated with stereotactic radiosurgery (SRS). 
Adv Radiat Oncol 2018; 3: 146-153.

[16] Zhao ZR, Lau RWH and Ng CSH. Catheter-
based alternative treatment for early-stage 
lung cancer with a high-risk for morbidity. J 
Thorac Dis 2018; 10: S1864-S1870.

[17] Alharbi AF, Kratzke RA, D’Cunha J, Maddaus 
MA, Sanghavi K and Kirstein MN. Gemcitabine 
and metabolite pharmacokinetics in advanced 
NSCLC patients after bronchial artery infusion 
and intravenous infusion. Cancer Chemother 
Pharmacol 2019; 83: 387-391.

[18] Tan J, Li M, Zhong W, Hu C, Gu Q and Xie Y. Ty-
rosine kinase inhibitors show different anti-
brain metastases efficacy in NSCLC: a direct 
comparative analysis of icotinib, gefitinib, and 
erlotinib in a nude mouse model. Oncotarget 
2017; 8: 98771-98781.

[19] Cheng Y, Nie L, Liu Y, Jin Z, Wang X and Hu Z. 
Comparison of Endostar continuous versus in-
termittent intravenous infusion in combination 
with first-line chemotherapy in patients with 
advanced non-small cell lung cancer. Thorac 
Cancer 2019; 10: 1576-1580.

[20] Zhao X, Wen X, Wei W, Su Y, You J, Gong L, 
Zhang Z, Wang M, Xiao J, Wei X and Wang C. 
Predictors for the efficacy of Endostar com-
bined with neoadjuvant chemotherapy for 
stage IIIA (N2) NSCLC. Cancer Biomark 2017; 
21: 169-177.

[21] Lin H, Luo S, Li L, Zhou S, Shen R, Yang H, Wu 
Y and Xie X. Efficacy and safety of antitumor 
agents plus radiotherapy compared with radio-
therapy alone for brain metastases from lung 
cancer. Mol Clin Oncol 2017; 6: 296-306.

[22] Dai Y, Tong R, Guo H, Yu T and Wang C. Asso-
ciation of CXCR4, CCR7, VEGF-C and VEGF-D 
expression with lymph node metastasis in pa-
tients with cervical cancer. Eur J Obstet Gyne-
col Reprod Biol 2017; 214: 178-183.

[23] Kuerti S, Oliveira-Ferrer L, Milde-Langosch K, 
Schmalfeldt B, Legler K, Woelber L, Prieske K, 
Mahner S and Trillsch F. VEGF-C expression at-
tributes the risk for lymphatic metastases to 
ovarian cancer patients. Oncotarget 2017; 8: 
43218-43227.

[24] Deng Y, Yang Y, Yao B, Ma L, Wu Q, Yang Z, 
Zhang L and Liu B. Paracrine signaling by 
VEGF-C promotes non-small cell lung cancer 
cell metastasis via recruitment of tumor-asso-
ciated macrophages. Exp Cell Res 2018; 364: 
208-216.

[25] Dal Bello MG, Filiberti RA, Alama A, Orengo 
AM, Mussap M, Coco S, Vanni I, Boccardo S, 
Rijavec E, Genova C, Biello F, Barletta G, Rossi 
G, Tagliamento M, Maggioni C and Grossi F. 
The role of CEA, CYFRA21-1 and NSE in moni-
toring tumor response to Nivolumab in ad-
vanced non-small cell lung cancer (NSCLC) 
patients. J Transl Med 2019; 17: 74.


