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ABSTRACT. We aimed to analyze the changes of serum vascular
endothelial growth factor (VEGF) before and after microwave
ablation (MWA) in patients with stage IIIB-IV non-small cell lung
cancer (NSCLC), and to observe the effects of MWA combined with
chemotherapy on short-term therapeutic efficacy and long-term survival.
Concentrations of serum VEGF in 20 healthy subjects were considered
as controls. Changes of serum VEGF were detected by ELISA before
and after MWA (1 and 7 days after treatment). Seven days after MWA,
patients were divided into a combination chemotherapy group of 22
subjects and a MWA alone group of 18 subjects. Serum VEGF was
measured 1 month after MWA and 4 cycles after chemotherapy (3
months) to evaluate term effects; and 1- and 2-year survival rates. Serum
VEGF concentrations declined sharply 1 day after MWA, and were
significantly different from the levels before treatment. Subsequently,
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VEGF rebounded 7 days after ablation, higher than that before
treatment. At 1 and 3 months, serum VEGF levels in both treatment
groups were remarkably lower than that before treatment; efficiency,
or for the 1-year survival rate. However, the 2-year survival rates
were significantly different between the two groups. We demonstrated
that after MWA, the serum VEGF concentration undergoes a process
of increasing, which might promote metastasis and recurrence of
NSCLC. MWA combined with whole-body chemotherapy appears to
be an effective method to increase the disease control rate, reduce the
probability of metastasis and recurrence, and thus improve long-term
survival.

Key words: Microwave ablation; Non-small cell lung cancer;
Vascular endothelial growth factor

INTRODUCTION

The majority of patients who have been diagnosed with stage I1IB-IV non-small cell
lung cancer (NSCLC) are inoperable and they gain little benefit from conventional chemother-
apy and radiotherapy. Consequently, many novel local therapies have emerged, including local
ablation therapy and stereotactic radiotherapy (Hadziahmetovic et al., 2010). In recent years,
with the development of modern imaging techniques, image-guided minimally invasive tumor
ablation has rapidly developed worldwide and has become increasingly important in compre-
hensive clinical tumor treatments. VEGF plays a crucial role in tumor angiogenesis, growth,
recurrence, invasion, and metastasis; thus, its expression in the serum of patients with lung
cancer and the clinical significance thereof has drawn much concern. As a local minimally in-
vasive therapy, microwave ablation (MWA) effects changes in serum VEGF in patients before
and after treatment. When combined with whole-body chemotherapy, this treatment has been
shown to contribute to controlling tumor recurrence and metastasis, a process which worthy of
additional research. However, the tumor microenvironment and its role in recurrence and me-
tastasis have not yet attracted the attention of clinicians. There are few reports on the changes
of VEGF related to MWA and on the survival benefit of its combination with chemotherapy.
The present study aimed to detect the changes of serum VEGF in patients with NSCLC before
and after MWA, analyze their clinical significance, examine the effect of MWA in combination
with chemotherapy on long-term survival rate, and preliminarily propose a reasonable basis
for clinical treatment and prognosis using these methods.

MATERIAL AND METHODS
General information

A total of 40 patients with stage [IIB-IV NSCLC who received MWA in the Affiliated
Hospital of Shandong Province Academy of Medical Sciences from April 2011 to February
2014 were enrolled in this study. The patients included 26 men and 14 women, aged from 32
to 74 years (mean age, 64.25 years) whose diagnoses had been confirmed by histopathology
or cytology. There were 10 patients in stage I1IB and 30 in stage IV. Of the total, 26 patients
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were diagnosed with adenocarcinoma, while the remaining 14 were diagnosed with squamous
cell carcinoma. Before MWA, 46 pulmonary nodules were detected by computed tomography
(CT), with diameters ranging from 1.1-6.8 cm (average, 3.6 cm); 20 nodules were > 3 c¢m in
diameter while 26 nodules were <3 cm. Following treatment with multi-cycle and multi-line
chemotherapy, patients were evaluated for stability in lung lesions, and disappearance or stability
in other metastatic sites; the survival of patients involved was estimated to be > 3 months; the
Eastern cooperative oncology group (ECOG) score was 0-2. We explained the risks and compli-
cations to patients and their families as part of the request for their permission for inclusion. After
signing the informed consent forms of MWA, patients were enrolled in the study.

As controls, we enrolled 20 healthy individuals detected in the Physical Examination
Center of the Affiliated Hospital of Shandong Province Academy of Medical Sciences. This
group consisted of 12 men and 8 women aged 30-72 years (average 62.67 years).

Methods
MWA

In this study, we utilized the KY-2000 microwave multifunction therapeutic apparatus
provided by Nanjing Kangyou Institute of Microwave Energy Application (Nanjing, China), of
which the microwave frequency was 2450 MHz and the output power was 0-100 W (continuously
adjustable). Before the operation, the location, size, and number of lung tumors were confirmed by
CT scanning in order to locate the puncture site on the body surface and to select the best puncture
route. Generally, the site that was located on the maximum level of the tumor and was closest to
the tumor center was chosen as the thoracic cutaneous puncture site. Great vessels and adjacent
bones such as the rib and scapula were carefully avoided. The puncture direction (pointing directly
to tumor center), entry angle, and depth were confirmed before the operation. During the operation,
patients were told to hold their breath and a microwave antenna was pricked to the predetermined
site. CT scanning was conducted again to confirm the puncture locus, and then the MWA instru-
ment connected to a water-cooling device was used for treatment, with a microwave frequency of
2450 MHz, power of 60-70 W, and duration of 6-10 min. The ablation range was 0.5-1.0 cm away
from the edge of the tumor. Tumors with diameters <3 cm received application from one antenna;
tumors with diameters >3 cm received application from two antennas. When the ablation was com-
pleted, we told the patients to hold their breath and slowly pulled out the antenna to cauterize the
tract. After the operation, CT scanning was immediately conducted to observe changes of the foci
and to detect whether pneumothorax or hemothorax had occurred.

Detection of serum VEGF

Before treatment, 1 and 7 days, and 1 and 3 months (or after 4 cycles of chemother-
apy) after treatment, 3 mL peripheral blood was collected and allowed to rest for 30 min at
room temperature before being centrifuged for 10 min at 2000 r/min to obtain a supernatant,
which was then stored at -70°C.

The concentration of serum VEGF in patients with lung cancer was detected with a
VEGF ELISA kit (Shanghai Lanji Biological Science and Technology Co., Ltd., Shanghai,
China), according to manufacturer instructions. The OD,,; value was immediately (within 5
min) measured, then the OD value was taken for the vertical axis, and the standard density as
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the horizontal axis to draw the standard curve, by which we could find out the corresponding
density according to the serum sample OD value.

Post-operation research design

After undergoing MWA, the 40 patients were divided into two groups: 22 in the combi-
nation group (MWA combined with chemotherapy), and 18 in the single-treatment group (MWA
alone). Patients in the combination group received whole-body chemotherapy seven days after
ablation. The optimum chemotherapy regimen was chosen on the basis of different histopath-
ological types and ECOG scores. The chemotherapy regimens were as follows: PC regimen
(Pemetrexed 0.5 g/m? iv drip d1; PDD 25 mg/m? iv drip d1-3; g21d); GP regimen (GEM 1.0 g/
m? iv drip d1,8; PDD 25 mg/m? iv drip d1-3, q21d); TP regimen (DOC 75 mg/m? iv drip d1; PDD
25 mg/m? iv drip d1-3, q21d); the above chemotherapy regimens continued for 4 cycles.

Efficacy evaluation

Local efficacy evaluation was classified as complete ablation and incomplete abla-
tion, according to the Expert Consensus for Thermal Ablation of Primary and Metastatic Lung
Tumors (2014 Edition) (Ye et al., 2014). Endpoint efficacy evaluation of the combination and
single-treatment groups referred to the response evaluation criteria in solid tumors, RECIST
(2000), with classification as complete response (CR), partial response (PR), stable disease
(SD), and progressive disease (PD); the disease control rate (DCR) was equal to CR+PR+SD;
patients were followed up for 1- and 2-year survival rates.

Adverse effects

Adverse effects of chemotherapy drugs were assessed in accordance with the World Health
Organization (WHO) Anticancer Drugs Toxic Reaction Criteria, which were divided into degrees 0-IV.

Statistical analysis

All analyses were performed using the SPSS16.0 software (SPSS, Chicago, IL, USA).
Results of measurement data are reported as means =+ standard deviation. Efficacy, disease
control rates and survival rates were compared with a y? test between two groups. An inde-
pendent samples #-test was applied for assessing the differences between two groups, while a
paired samples z-test was used to analyze the differences between two groups before and after
treatment. P < 0.05 was considered to be statistically significant.

RESULTS
Local effects on tumors

We examined 40 patients by enhanced CT scanning 1 month after MWA, and they all
had reached a status of complete ablation without residual cancer and intrapulmonary recurrence.
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Changes in VEGF concentration
Normal control vs NSCLC before and after MWA

The average concentration of serum VEGF of the NSCLC group was (259.79 = 57.34)
pg/mL (range 153.9-426.7), which was significantly higher (P < 0.05) than that of the normal
group [average (98.24 + 26.99) pg/mL, range (56.8-159.6)]. On the day after ablation, the
mean concentration of serum VEGF of the 40 patients with NSCLC was (108.61 + 33.26) pg/
mL, and at 7 days after ablation, the mean rose up to (327.62 £ 57.71) pg/mL. Compared with
the mean concentration before ablation by paired-sample #-test, both values were considered
statistically different (P > 0.05, Figure 1).

Variation of VEGF

Concentration of VEGF

Time (days)

Figure 1. Time variation of the serum VEGF concentrations of 40 patients with NSCLC before and after MWA.
VEGF, serum vascular endothelial growth factor; NSCLC, non-small cell lung cancer: MWA, microwave ablation.

As seen from Figure 1, the concentration of serum VEGF declined sharply the first day
after treatment and was significantly different from that before treatment. At the 7th day after
MWA, the level of VEGF increased and was remarkably higher than that before treatment.

Combination vs single-treatment groups

By independent-sample #-test, no significant difference was found in the concentration
of VEGF between the combination and single-treatment groups before chemotherapy (the 7th
day after MWA); following comparison by the paired-sample #-test, the serum VEGF levels
in the 22 patients of the combination group at the 7th day after MWA (before chemotherapy)
were dramatically different (P < 0.05) from results detected one month after ablation and from
those after 4 cycles of chemotherapy, respectively. Using the same statistical test, the serum
VEGEF levels in the 18 patients in the single-treatment group at the 7th day after MWA were
found to be obviously different (P < 0.05) from the values assessed at one and three months
after MWA, respectively (Table 1, Figure 2).

As seen from Table 1 and Figure 2, the serum concentrations of VEGF in the 40 pa-
tients with NSCLC declined one month after MWA, and were significantly lower than those
before treatment; the value remained low three months after treatment.
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Table 1. Variation in VEGF levels between the combination and single-treatment groups before and after
chemotherapy (pg/mL).

Groups VEGEF before VEGF | month VEGEF after 4 cycles of chemotherapy
chemotherapy’ after MWA? or 3 months after MWA?

Combination 327.62 +57.71 187.27+£21.22 209.79 + 57.34

Single-treatment 323.84+60.15 200.67 £ 51.15 216.62 + 69.84

By independent-sample t-test, no statistical difference was found in the levels of serum VEGF between the
combination and single-treatment groups before chemotherapy; by independent-sample #-test, no statistical
difference was found in the levels of serum VEGF between combination group and single-treatment group 1 month
after MWA; By independent-sample #-test, no statistical difference was found between the serum VEGF levels
of the combination group (detected after 4 cycles) and that of the single-treatment group (detected 3 months after
MWA). VEGF = serum vascular endothelial growth factor; MWA = microwave ablation.

'@ Combination
B Single-treatment

Before chemotherapy 1 month after MWA 4 cycles or 3 months
after MWA
Time

Figure 2. Changes in the concentrations of VEGF in the combination and single-treatment groups before and after
chemotherapy (pg/mL).

Short-term efficacy

None of the patients in the two groups reached a status of CR. In the combination
group, 2 reached PR, 15 acquired SD, and 5 presented as PD, with a response rate (RR) of
9.1% (2/22) and a disease control rate (DCR) of 77.3% (17/22). In the single-treatment group,
there was one patient with PR, seven with SD, and ten with PD, with RR = 5.6% (1/18) and
DCR = 44.4% (8/18). No statistical difference (x> = 0.33, P> 0.05) was found when compar-
ing the RRs between the two groups; in contrast, the DCRs were considered significantly dif-
ferent from one another following comparison of the two groups (x> = 4.55, P <0.05).

Genetics and Molecular Research 14 (3): 10015-10025 (2015) ©FUNPEC-RP www.funpecrp.com.br



Microwave ablation and/or chemotherapy and VEGF in NSCLC 10021

Long-term survival rate

Follow-up (6-35 months) and analysis of the survival rates of two groups showed that
a total of three patients (one in the combination group and two in the single-treatment group)
were lost to follow-up (considered as death). The 1- and 2-year survival rates of the combina-
tion group were 77.3 and 59.1%, respectively. The 1- and 2-year survival rates of the single-
treatment group were 50 and 27.8%, respectively. There was no statistical significance (P >
0.05) between the 1-year survival rates of the two groups, whereas the 2-year survival rates
were significantly different between the groups (P < 0.05).

Adverse effects

Complications associated with MWA included pneumothorax, infection, pleural reaction
and hemothorax, and these were observed in 13 (32.5%), 7 (17.5%), 1 (2.5%), and 4 (10%) pa-
tients, respectively. Of these, four patients with pneumothorax required chest tube intervention and
the tubes were removed within seven days; other complications required no special treatment.

Adverse effects associated with MWA combined with chemotherapy varied between
chemotherapy regimens. The main adverse effects that resulted from the PC scheme were
hypodynamia and skin pigmentation, while those from the GP and TP schemes were gastroin-
testinal reactions and myelosuppression. Following analysis by the x? test, the differences in
gastrointestinal reactions between the combination and single-treatment groups were shown
to be statistically significant (P < 0.05); furthermore, there was also a remarkable difference (P
< 0.05) in myelosuppression between the two groups.

DISCUSSION

The formation of lung carcinoma is a very complicated process that is generally divid-
ed into two periods: the clonal growth period of tumor cells and the continued growth period
promoted by subsequent angiogenesis. Tumorigenesis is closely related to changes in certain
genes, alteration of the extracellular matrix and the cell fluid microenvironment, and positive
and negative regulation of many cytokines such as fibroblast growth factor (FGF), transform-
ing growth factor (TGF) (Nugent and lozzo, 2005), platelet-derived growth factor (PDGF),
and vascular endothelial growth factor (VEGF) (Petrova et al., 1999; Liu et al., 2003). Among
these, VEGF is considered as the primary factor for stimulation of angiogenesis, and it partici-
pates in tumor vascular regeneration and in tumor growth and metastasis. Expression of VEGF
has been shown to vary dramatically between different histological types of lung cancer, with
a higher expressivity detected in adenocarcinoma but small amounts detected in squamous
cell carcinoma. The expression of VEGF was shown to associate closely with lymph node and
distant metastasis of lung cancer, the rates of these increase markedly in patients with posi-
tive VEGF expression (Bonnesen et al., 2009; Korpanty et al., 2010; Kajdaniuk et al., 2011;
de Mello et al., 2012). Trapé et al. (2003) performed a quantitative study by ELISA, which
showed that the serum VEGEF levels of patients with lung cancer were remarkably higher than
those of patients with benign disease and of healthy individuals (P < 0.001). They therefore
regarded the serum VEGF level as valuable for diagnosing lung cancer, though it does not
correlate with either histological type or clinical stage. In contrast, Matsuyama et al. (2000)
performed a study using the same methodology, but found that the serum VEGF levels were
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positively correlated with increasing clinical stages (P < 0.0001), which suggested that VEGF
levels can be applied to the speculation of disease prognosis. Most studies have demonstrated
that expression of VEGF is in significant correlation with the prognosis of lung cancer and
patients with high expression are given poor prognoses.

Generally speaking, patients with stage II[IB-IV NSCLC are unsuited for surgery; for
these, the conventional standard treatment is a combination of radiotherapy and chemothera-
py. The chemotherapy scheme is platinum-based doublet chemotherapy containing third -gen-
eration chemotherapeutic drugs such as pemetrexed, docetaxel, gemcitabine, and paclitaxel,
among others. However, the efficiency of chemotherapy is merely 30-40%, although it can be
improved, though not much, by concurrent radiotherapy and chemotherapy when compared
with that of single treatment. With the application of molecular-targeted drugs, the therapeutic
efficacy in advanced NSCLC has been improved, but this is limited to patients with EGFR
mutation. Most patients present with progressive disease during initial treatment, and even if
their disease is under control at that point, it will ultimately progress. There are three main
factors accounting for NSCLC treatment failure: the first is distant metastasis, the second is
local loss of control, and the third is immune dysfunction. The first and the third factor are
usually unchangeable, and thus most studies focusing on NSCLC treatment failure in recent
years have been mainly concentrated on the second factor. Radiotherapies and percutaneous
minimally invasive surgeries such as MWA are regarded as the most effective therapies for
achieving local tumor control. Several studies have explored radiotherapy for primary tumor
sites in patients with advanced lung cancer, and the results suggested that it was able to im-
prove the local control rate, relieve the symptoms, and improve the survival rate. However,
this benefit was mainly restricted to patients with good performance status and to those with
metastases or single metastasis of limited volume (Nestle et al., 2000; Bezjak et al., 2002;
Reinfuss et al., 2011; Hasselle et al., 2012). In addition, long radiotherapy intervals, long-term
adverse effects, and the high costs confine the application of radiotherapy as well.

With nearly 20 years of development, MWA, as a minimally invasive treatment meth-
od, has achieved substantial therapeutic effects (Dong et al., 2003) in clinical practice, espe-
cially in the treatment of liver cancer. It not only leads to one-time complete inactivation of
small hepatocellular carcinomas with diameters < 5 cm, but also results in activation of innate
immunity (Wang et al., 2006). Because of the heat insulation effect produced by the pulmo-
nary gas surrounding lung cancer, the thermal power can easily assemble to form a huge en-
ergy circle, which provides the opportunity for thermal ablation methodologies such as MWA
to treat lung cancer (Gadaleta et al., 2004; Goldberg et al., 1995). MWA has presented new
concepts for the minimally invasive treatment of lung cancer. It has been proven by numerous
studies to be safe and effective, especially for patients insensitive to chemotherapy and for
those with stable lung tumors. For these patients, MWA works by reducing the local tumor
load, decreasing the chances of tumor recurrence and metastasis, and enhancing the innate im-
munity. Natharn et al. (2005) performed MWA guided by imaging on 45 patients with a total
of 78 lung cancer lesions, of which the diameters ranged from 1-7 cm (average, 2.9 cm). That
study found that the ablation diameter could reach 4.8 cm and that MWA was able to ablate
lesions < 3.0 cm completely with a single electrode; the effective rate was 97.6% (40/41),
and the recurrence rate was 26.8% (11/41); among 11 patients with recurrence, 8 had lung
metastases. In the study of He et al. (2007) on MWA treatment for peripheral lung cancer,
17 patients with a total of 23 tumor nodules were followed up for 6 to 47 months (mean 23
months); therein, the lesions were shown to have shrunk to different degrees with disappear-
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ance or reduction of the internal flow signal after treatment; enhanced CT revealed that 13
tumor nodules had no enhancement, while the other seven received partial enhancement; after
treatment, tumors reached complete necrosis in the ablation area in four patients; one month
after MWA, clinical symptoms disappeared in nine patients, and eased in nine. Carrafiello et
al. (2010) recommended MWA to replace other ablations and to be the first choice for some
patients. The further analysis of the effects on growth factors that promote tumor growth,
metastasis, and recurrence after microwave treatment would have a profound meaning for the
further development of MWA.. Consequently, the present study focused on the effects of MWA
on peripheral VEGF, as well as the influence of its combination with chemotherapy on long-
term survival in patients with NSCLC.

Our experimental results demonstrated that on the first day after microwave treat-
ment, the concentration of serum VEGF declined sharply, and was significantly different from
that before treatment. On the 7th day after treatment, the levels of VEGF rose again and were
notably higher than those before treatment. At one month after treatment, the concentration of
serum VEGF decreased to levels significantly lower than those before treatment. We consid-
ered that the reduction of VEGF on the first day after MWA might have resulted from radical
cytoreduction of the local tumor, which declined the tumor burden and thus greatly reduced
serum VEGF. Afterwards the process of lung regeneration began, with a concomitant increase
of oxygen demand and VEGF levels owing to the demand for vascular regeneration, account-
ing for the increased VEGF levels one week after treatment. By the end of the first month, the
general condition of the lung had stabilized, which accounted for the sharp reduction of serum
VEGF to lower than the pretreatment level. Therefore, patients with lung cancer experienced
an increase of serum VEGF after MWA. Yet, the increase of VEGF would likely accelerate
the recurrence of lung cancer micrometastases if it already existed in the patient. Therefore, if
treatments to control VEGF could be focused on this stage, tumor metastasis and recurrence
would likely be reduced or delayed.

In addition, as a local treatment method, MWA has blind spots for destroying subclini-
cal lesions and microcirculation metastases; these are common among local thermal ablation
technologies. Furthermore, complete ablation cannot be achieved due to the anatomical posi-
tion of the tumor lesion; yet recurrence often occurs around the lesion because of the incom-
plete ablation of the normal aerated lung tissue around the tumor, which is deemed as the main
factor resulting in tumor progression. In contrast, as a whole-body treatment method, chemo-
therapy can achieve the goals in treating primary lesions, micrometastases, and subclinical le-
sions. Chemotherapy has advantages not available to local therapies, and thus can improve the
effects of comprehensive treatments. Consequently, MWA combined with whole-body che-
motherapy is feasible (Fahy and Jarnagin, 2006) in theory. To date, however, no studies have
concentrated on MWA combined with chemotherapy to treat stage IIIB-IV NSCLC. Thus, we
attempted to determine whether MWA combined with third-generation platinum-based dou-
blet chemotherapy could improve the survival rates of patients with advanced NSCLC.

Based on the above reasons, we compared the short-term and long-term efficacy be-
tween the combination and the single-treatment groups on the 7th day after MWA. Experimen-
tal results suggested that no statistical differences could be found between the groups (9.1 vs
5.6%, P> 0.05); however, comparison between the two groups in DCR showed a significant
difference (77.3 vs 44.4%, y?> = 4.55, P < 0.05); and whereas comparison between the two
groups for the l-year survival rates were not significantly significant (77.3 vs 50.0%, P >
0.05), comparison between the two groups for the 2-year survival rate revealed a significant
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difference (59.1 vs 27.8%, P < 0.05). We thought that the inverse situations in comparison of
the efficacy and DCR between the two groups could be transformed into that from comparing
the 1-year and 2-year survival rates. Currently, the third generation platinum-based doublet
chemotherapy used for first-line treatment leads to a 1-year survival rate of 30-40% and a
2-year survival rate of 10-15%. Our research showed that the 1- and 2-year survival rates of
the two groups, and of the combination group in particular, were both higher than that assessed
in studies focused on chemotherapy alone. From this, we can see that MWA combined with
chemotherapy contributes to significant improvement of the long-term survival rate.

In treatment for end-stage NSCLC, MWA combined with chemotherapy takes its ef-
fect from mutual complementary and synergistic actions. The possible mechanisms include:
1) a reduction of tumor burden after local treatment and an increase of tumor proliferation that
enhances patient sensitivity to chemotherapy; 2) MWA can completely destroy the tumor and
achieve local cytoreduction; whereas chemotherapy can eliminate peripheral tumor cells and
subclinical micrometastases to suppress recurrence and distant metastases in the whole body;
they thus complement each other; 3) MWA is non-specific for tumor cells, whereas whole-
body chemotherapy can target tumor cells in different stages; the combination of the two can
achieve complementary advantages; and 4) MWA can enhance the native immune function
and ameliorate to some degree the immune suppression caused by chemotherapy drugs.
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