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Background: Lung Cancer is a primary tumor with poor prognosis. For early stage lung cancer, treatment 
options include surgical resection and microwave techniques. Percutaneous ablative techniques emerged as 
best therapeutic options for nonsurgical patients. 
Methods: The aim of this study was to retrospectively analyze the clinical effect of CT-guided microwave 
ablation (MWA) treatment for patients with lung cancer who were not eligible for surgical resection. MWA 
was used to treat the tumor lesion of 113 patients with lung cancer who were in our hospital from Jan, 2013 
to Jun, 2015. The median diameter of tumors was 3.1 cm (0.7–6 cm). Follow-up were paid to all the patients 
who received MWA therapy. The average follow-up was 22.1±8.6 months, and the median follow-up was 
18 (7–40) months. 
Results: All of 113 cases of patients with lung cancer experienced MWA therapy, and their tumors were 
found to have vacuolization, lower density and much smaller distinct shrinkage of tumor size with varying 
degrees. The local progression rate or relapse rate of the whole group was 15.9%. The counterpart of 
patients in the early-stage group was 5.7% (2/35), and the diameter of tumors in the two patients was 
more than 3 cm. The local progression rate or relapse rate of patients in advanced-stage group was 20.5%, 
wherein, 81.3% of local progression or relapse occurred to the patients with a tumorous diameter of 
more than 3 cm. The results indicated that the patients in advanced-stage group were vulnerable to local 
progression or relapse, the tumorous with greater diameter had higher incidence of local relapse. No 
mortality occurred within 30 days after surgery, the survival rate of patients in early-stage group at first, 
second, third year was respectively 97.1%, 94.1% and 84.7%. The counterpart of patients in advanced-stage 
group was respectively 93.6%, 87.7% and 71.7%. The difference of survival rate between both groups was 
not statistically significant (P=0.576). No perioperative deaths occurred, and the main complications i.e., 
fever, pneumothorax, pleural effusion, hemoptysis, pneumonia, and pain were slight and tolerable. 
Conclusions: MWA is an effective, safe and minimally invasive treatment for the patients with lung cancer 
who cannot be tolerated by surgical resection.
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Introduction

Lung cancer is a kind of disease posing a serious threat to 
the health and life of humans, and it has a leading morbidity 
and mortality among various malignant tumors (1,2). Over 
1.60 million people die from lung cancer each year all 
over the world (3). In China, the morbidity and mortality 
of lung cancer have always been on the rise. Due to the 
intensification of population aging, rural urbanization 
and industrialization of city and town, the environment 
pollution, unhealthy life-style and other factors, particularly, 
the increase of smoking population year by year in China, 
the lung cancer has a high morbidity and mortality. 
Currently, lung cancer has become the leading cancer in 
China (4). 

Furthermore, in China, most patients with lung cancer 
have already been in middle or advanced stage when they 
are definitely diagnosed, and lost the opportunity of surgical 
resection. Some patients with early-stage lung cancer are 
not suitable for the surgery due to the special site of lung 
cancer, such as being close to the pulmonary hilus. Likewise, 
some patients with early-stage lung cancer accompanied by 
poor cardio-pulmonary function, hypertension, diabetes 
and other diseases gave up the surgery treatment, because 
these diseases make them intolerant to anesthesia and 
surgery. In spite of a significant improvement of lung cancer 
chemotherapy and radiotherapy in recent years, the overall 
effect is still less than satisfactory. Compared with the good 
survival rate brought by the radical treatment of lung cancer 
by surgical resection, the curative effect of chemotherapy 
and radiotherapy is very limited. Thus, clinically, it is 
urgent to provide a method which is more effective than 
chemotherapy and radiotherapy and nearly or even as 
effective as the surgical treatment to some extent for the 
patients who are not eligible for surgery. 

Local thermal ablation therapy of tumor is the focus of 
domestic and overseas research in the past decade. This 
method is to deliver specific energy into the tumor tissue 
under the guidance of image technology, which make 
the local tissue quickly reach 60 ℃ where an irreversible 
coagulative necrosis happens, and lead to the necrosis 
of tumor to kill the tumor cells (5-7). Applying it to the 
process of treatment on lung cancer can not only kill the 
in situ lung cancer cells, but also protect more normal lung 
tissues. Thus, it requires less than the surgical treatment 
in terms of patient’s basic condition, thereby, it provides a 
viability of minimally invasive therapy for the patients with 

lung cancer who have a poor cardiopulmonary function and 
intolerance to thoracotomy. 

Owing to the less trauma, easy and convenient operation, 
no need for general anesthesia, fast recovery after therapy 
and less complications, this technology conforms to the 
trend of the development of minimally invasive surgery, 
which is gradually adopted clinically, and tends to be 
popularized (8,9). The commonly-used thermal ablation 
technologies are radio frequency ablation (RFA) and 
microwave ablation (MWA), etc. Both RFA and MWA 
have been widely used for the treatment of tumours as a 
minimally invasive technology (5). RFA has a relatively 
high postoperative relapse rate, especially for the lesion 
sized more than 3 cm. Meanwhile, the tissues around the 
radio frequency needle tip is prone to be carbonized and 
dried, which will lead to the increase of impedance, and it 
will be difficult for RF heating temperature to reach the 
ideal ablation temperature, which is an important reason 
of the postoperative focal relapse (10,11). Compared with 
RFA, MWA has many advantages, such as high heating 
efficiency, fast heating, more uniformed high-temperature 
thermal field, thorough necrosis at the coagulative area and 
so on. Thus, MWA is better than RFA in terms of ablation 
volume, time and relapse rate (12-16). Meanwhile, MWA 
will not produce the electrical current which may cause 
the dysfunction of pacemaker, so MWA can be used for 
the patients with lung cancer who are installed with heart 
pacemakers. In view of the wide application prospect of 
MWA in the treatment of lung cancer, it is necessary to 
carry out systematic and thorough research on it. This study 
is to evaluate the clinical curative effect and safety of MWA 
on lung cancer.

Methods

Clinical data

MWA was used to treat tumor lesion of 113 patients with 
lung cancer who had been admitted to hospital from Jan, 
2013 to Jun, 2015, the median diameter of tumor was  
3.1 cm (0.7–6 cm). The duration of follow-up was averagely 
(22.1±8.6) months (7–40 months) with a median duration 
of 18 months. All the patients had been pathologically 
diagnosed definitely. The general condition of patients was 
shown in the Table 1. The study was approved by the ethic 
committee of the Affiliated Hospital of Nantong University 
(No. 2013-001).
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Therapeutic method

Instrumentation
Siemens Sensation 16-row spiral CT machine (Germany) 
was used for guidance in this study. The MWA therapeutic 
device was used for treatment. There are two kinds of 
he microwave electrodes with different specifications, 
one was with 1.1 cm anterior pole and 15 cm needle, the 
other was with 1.1 cm anterior pole and 10 cm needle. 
The product registration number was State Food and 
Drug Administration (Approval) No. 3250282, 2011. The 

transmitting frequency of microwave was set to be 2,450 MHz, 
and the maximum output power was set to be 100 W. The 
length of microwave antenna ranged from 100 to 180 mm. 
The outer diameter of microwave antenna ranged from 
14 to 20 G. Its tip was shaped in long conicalness. A water 
circulation cooling system was used to reduce the surface 
temperature of antenna.

Preoperative preparation
The patient underwent a preoperative examination of blood 

Table1 Patient and tumor characteristics

Clinical characteristics
Early stage group Advanced stage group

Cases Percent (%) Cases Percent (%)

Age 63.6 [52–76] years

Follow up time (median) 18 [7–40] months

Gender

Male 21 60.0 48 61.5

Female 14 40.0 30 38.5

Pathology

Squamous 15 42.9 36 46.2

Adenocarcinoma 20 57.1 42 53.8

Location

Right lung 16 45.7 37 47.4

Left lung 19 54.3 41 52.6

Size (cm)

>3.0 (3.0–6) 13 37.1 44 56.4

≤3.0 (0.7–3.0) 22 62.9 34 43.6

Complication

Pulmonary diseases 18 51.4 8 10.3

Cardiovascular disease 21 60.0 11 14.1

Diabetes 16 45.7 12 15.4

Renal insufficiency 12 34.3 7 9.0

Local progression or relapse

Yes 2 5.7 16 20.5

No 33 94.3 62 79.5

Death or not

Yes 3 8.6 10 12.8

No 32 91.4 68 87.2
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coagulation and heart and lung function. The patients 
with a bleeding tendency accepted preventive homeostasis 
through the vitamin K and reptilase before and after the 
operation. CT examination was conducted simultaneously 
to understand the detailed situation of lesion. A fasting 
was initiated 12 hours before the operation. A muscular 
injection of diazepam for 10 mg and morphine for 10 mg 
was administered 0.5 hour before the operation, and an 
intravenous injection of flurbiprofen axetil for 50 mg was 
administered for a preemptive analgesia 15 minutes before 
the operation. Intravenous injection of flurbiprofen axetil 
for 50 mg was administered 8 hours after the operation. 

Course of operation
According to the preoperative CT image of patient, the focal 
position, size, shape and its relationship with adjacent organs 
had been determined to choose the optimal puncture point, 
puncture path and proper microwave antenna and to set 
the power and time of MWA. Then under the guidance of 
CT, the tip of microwave antenna was sent into the focus by 
puncture for MWA therapy. The ablation power was set as 
60–70 W, and the ablation time was determined according to 
the tumor size, usually set as 4–10 minutes. After the ablation 
was finished, a needle passage ablation was conducted, and 
then the power source was shut down. Finally, the MWA 
antenna was withdrawn, and a local disinfection and bind-up 
was conducted. A CT scan was conducted immediately after 
ablation to observe if there is bleeding and other conditions. 
If the patient had a normal blood pressure, heart rate and 
blood oxygen saturation and experienced no hemoptysis, 
chest distress, dyspnea and other symptoms, then he would 
be allowed to return to the ward.

Evaluation of curative effect and complication

CT scan was conducted to all the patients who received 
MWA therapy within 48 hours after operation in order 
to observe the focal condition and find out if there is 
a presence of complication. An improved Response 
Evaluation Criteria in Solid Tumors (RECIST) was used to 
evaluate the curative effect of patients in this group (17,18). 
RECIST consisted of four levels, complete response (CR), 
partial response (PR), stable disease (SD) and progressive 
disease (PD). Local progression or relapse indicates that 
a tumor is enlarged or a new tumor is present. Through 
a regular CT observation, this study evaluated the local 
tumorous curative effect. Meanwhile, the complication of 
ablation therapy was evaluated according to the criteria 

established by the international ablation working group in 
2009, which consisted of three levels: primary complication, 
mild complication and side reaction (19). 

Statistical analysis

SPSS 17.0 software was used to statistically analyze the data. 
The χ2 test was used for inter-group qualitative data comparison, 
and the difference is believed to be statistically significant 
when P<0.05. Kaplan-Meier method was used to compute the 
estimated survival time and survival curve, and Wilcoxon test 
with P<0.05 was believed to be statistically significant.

Results

MWA was used to treat the tumor lesion of 113 patients 
with lung cancer who were in our hospital. The median 
diameter of tumors was 3.1 cm (0.7–6 cm). Follow-up were 
paid to all the patients who received MWA therapy. The 
duration of follow-up was 7–40 months, and the median 
follow-up duration was 18 months. All patients with lung 
cancer experienced MWA therapy, and their tumors were 
found to have vacuolization, lower density and much 
smaller distinct shrinkage of tumor size with varying 
degrees. Generally speaking, MWA is an effective, safe and 
minimally invasive treatment for the patients with lung. 

Curative effects

All of the patients with lung cancer underwent MWA 
therapy were found to have vacuolization, lower density 
and smaller tumor size with varying degree (see Figure 1 for 
the typical case). Within the 18-month of median follow-
up, the local progression rate or relapse rate of the whole 
group was 18/113 (15.9%). The counterpart of patients in 
the early-stage group was 2/35 (5.7%), and the diameter of 
tumors in the two patients experienced local progression 
or relapse was more than 3 cm. The local progression 
rate or relapse rate of patients in advanced-stage group 
was 16/78 (20.5%), wherein, 13 cases (81.3%, 13/16) of 
local progression or relapse occurred to the patients with a 
tumorous diameter of more than 3 cm (Table 2). This result 
indicated that the patients in advanced-stage group were 
vulnerable to local progression or relapse, and the tumorous 
with greater diameter had higher incidence of local relapse. 
No mortality occurred among the patients in whole group 
within 30 days after MWA therapy. The survival rate of 
patients in early-stage group at first, second, third year was 
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respectively 97.1%, 94.1% and 84.7%. The counterpart of 
advanced-stage group was respectively 93.6%, 87.7% and 
71.7%. The difference in survival rate between both groups 
was not statistically significant (P=0.576) (Figure 2). 

Complication and side effect

Of the 113 patients in this group, 31 patients (27.4%) showed a 

sign of post-ablation syndrome within the first three days after 
receiving the ablation therapy, namely, fever, feebleness, nausea, 
emesis and other symptoms. Non-steroidal antipyretic, 
analgesics and anti-inflammatory drugs were administered 
immediately for symptomatic treatment. Twelve patients 
experienced pneumothorax (10.6%), and were cured by 
intrathoracic cannula through closed drainage. Nine (8.0%) 
patients developed pleural effusion. Eleven (9.7%) patients 

A B C

D E F

Figure 1 Representative images of computed tomography scans. (A-C) Female, 61-year-old patient with 4.5×2.5 cm right lung cancer CR 
from MWA based on modified RECIST criteria; (A) tumor lesion (arrow) seen on CT immediately prior to MWA; (B) in operation; (C) 
follow-up CT scan at 3 months shows a significantly shrinking and gradually disappeared (arrow); (D-F) male, 71-year-old patient with 6.0×5.5 
cm right lung cancer PR from MWA based on modified RECIST criteria; (D) tumor lesion (arrow) seen on CT immediately prior to MWA; 
(E) in operation; (F) follow-up CT scan at 6 months, lesion shows significantly shrinking and gradually lessening (arrow). MWA, microwave 
ablation; RECIST, response evaluation criteria in solid tumor.

Table2 The local recurrence rate of 113 cases of patients

Clinical characteristics Total cases (n) Recurrence cases (n) Recurrence rate (%) χ2 P value

Stage

Early stage 35 2 5.7 3.9508 0.047

Advanced stage 78 16 20.5

Size (cm)

>3.0 57 15 26.3 9.2656 0.002

≤3.0 56 3 5.4
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developed hemoptysis, and were stopped effectively by 
an administration of conventional hemostatic drug. Eight 
(7.1%) patients experienced pneumonia, and were treated 
effectively by antibiotic therapy. Twenty-two (19.5%) 
patients in this study developed a moderate or severe pain 
during the operation. Six (5.3%) of them experienced 
severe pain after operation, and they were alleviated by 
administration of analgesics for symptomatic treatment. No 
intraoperative and perioperative death occurred among the 
113 patients in this study.

Discussion

MWA is an emerging technology in the field of tumor 
thermal therapy, and it is applicable for the thermal ablation 
therapy for different kinds of tumors. Its principle is to put 
the microwave antenna into the tumorous focus by puncture 
through the skin under the guidance of image technology, 
and then the polar molecules and charged particles in the 
tumorous focus would develop a violent rotation due to the 
influence of electromagnetic radiation field of microwave. 
As a result, an effect of generation of heat by friction 
would be produced, which can increase the temperature 
of tumorous tissues up to 70–160 ℃ within a short time, 
and it is enough to result in a degeneration of protein in 
the tumor, making the tumor cells produce a coagulative 
necrosis, thus achieving the goal of treating tumor (20,21).

Compared with the previous RFA technology, MWA 
has more advantages in terms of treatment on lung tumor 
(22-24). MWA uses a higher frequency of electromagnetic 

radiation, and it is usually from 915 MHz to 2.45 GHz. 
MWA can maintain higher temperature in the tumor, 
which can ablate the large-sized tumor with a short duration 
of ablation, and multiple MWA antennas can also be used 
simultaneously. Thus, MWA has already become one of the 
effective means to treat the lung cancer in a non-surgical 
manner (25). All the patients in this study underwent an 
ablation therapy with a microwave frequency of 2,450 MHz, 
and obtained good curative effects. A proper extension of 
time during the microwave therapy has become a method 
widely used clinically to ablate the tumor with a larger scope. 
Within a certain range of time, the longer the ablation, the 
greater the diameter of ablation would be. When a relatively 
large tumor is to be ablated clinically, the microwave power 
can be properly elevated on the basis of extension of time, 
so as to achieve better ablation effect (26,27). The ablation 
power used in this study was 60–70 W, and the ablation 
duration was dependent on the tumor size, usually set as  
4–10 minutes. A good effect has been achieved, and all 
the tumors of patients in this group were found to have 
vacuolization, lowered density and distinct shrinkage of 
tumor size and even disappearance after ablation therapy. 

The follow-up duration of the patients in this study 
was averagely (22.1±8.6) months, and median follow-up 
duration was 18 months. The results showed that MWA 
had a good local control rate in treating lung cancer, and 
its local progression or relapse rate was only 15.9%. Cheng 
found that MWA therapy can reduce the local relapse rate 
of lung cancer down to 20% (8). The local progression or 
relapse rate of patients in early-stage group was 2/35 (5.7%), 
and the diameter of tumors in the two patients experienced 
local progression or relapse was more than 3 cm. The local 
progression rate or relapse rate of patients in advanced-stage 
group was 20.5%, wherein, 81.3% of local progression or 
relapse occurred to the patients with a tumorous diameter of 
more than 3 cm. The study of Sun et al. showed that the local 
relapse rate of IIIB-IV lung cancer treated by MWA therapy 
was 26.8% (28). These results indicated that the patients in 
advanced-stage group were vulnerable to local progression 
or relapse, and the greater the tumorous diameter, the more 
possible local progression or relapse would happen. So we 
can know that MWA has a better local control rate over the 
early-stage tumor with a small diameter, while with regard 
to the tumor with a great diameter, it might have a poor 
local control rate.

There are many reasons for this phenomenon, for 
instance, oversize of tumor and irregular shape would lead 
to the failure of ablation antenna to kill all the tumor cells 

Figure 2 The differences of survival rate between early stage and 
advanced stage. The 1, 2, 3-year survival rate of patients with 
early stage and advanced stage who underwent MWA was 97.1%, 
94.1%, 84.7% and 93.6%, 87.7%, 71.7%, respectively. There were 
no significant differences between two groups (P=0.576).
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and a residual of tumor cell. Furthermore, there are more 
and bigger vessels in the greater tumors and the vessel itself 
had an effect of thermal deposition. Moreover, the failure to 
thoroughly kill the tumor cells might be due to a metastasis 
with a varying degree, which resulted in a residual of 
tumor cell (29). Consequently, as for the tumor with a 
greater size, a combination with other therapies should 
be recommended, such as a combination of conformal 
radiotherapy and chemotherapy and other therapeutic 
measures after the application of MWA (30,31).

No death occurred within 30 days after MWA therapy was 
administered to all the patients in the group. The survival 
rate of the patients in early-stage group at first, second, 
third year was respectively 97.1%, 94.1% and 84.7%. The 
counterpart of advanced-stage group was respectively 
93.6%, 87.7% and 71.7%, and the difference in survival 
rate between both groups was not statistically significant 
(P=0.576), which might be too short for us to follow up. 
Pneumothorax was the most common complication after 
MWA therapy. Although the pneumothorax had a high 
incidence, its symptom was usually mild. So the clinical 
treatment was unnecessary. Other common complications 
included hemoptysis, pleural effusion, pneumonia and so 
on, all of which could be controlled by symptomatic therapy 
and effective antibiotic therapy. About twenty percent of 
patients developed an intraoperative pain of a moderate or 
higher degree, which can be alleviated by administration of 
analgesics for symptomatic treatment. No intraoperative and 
perioperative death occurred in this group, which indicated 
that MWA not only had a low incidence of complication, but 
also could be effectively controlled. Therefore, MWA had a 
higher safety for therapy for lung cancer.

In conclusion, the curative effect of CT-guided MWA 
technology was ensured, and it could effectively control 
the tumor progression with less adverse reactions and 
higher safety. So it is promising to be one of the preferred 
therapeutic methods for patients with lung cancer who are 
intolerant to surgical treatment. 
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