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Abstract
Background: The study was conducted to investigate the effectiveness and cost
of computed tomography (CT)-guided percutaneous microwave ablation
(MWA) and thoracoscopic lobectomy for stage I non-small cell lung cancer
(NSCLC).
Methods: We retrospectively analyzed the data of 46 and 85 patients with stage
I NSCLC treated with CT-guided percutaneous MWA or thoracoscopic lobec-
tomy, respectively, at our center from July 2013 to June 2015. Overall survival
(OS), disease-free survival (DFS), local control rate, hospital stay, and cost were
evaluated. Survival curves were constructed using the Kaplan–Meier method and
compared using the log-rank test.
Results: The one and two-year OS rates were 97.82% and 91.30% and 97.65%
and 90.59% in the MWA and lobectomy groups, respectively. The one and two-
year DFS rates were 95.65% and 76.09% and 95.29% and 75.29%, respectively.
No significant differences were observed in log-rank analysis between the groups
(P = 0.169). The hospital stays in the MWA and lobectomy groups were
6.62 � 2.31 and 9.57 � 3.19 days, respectively. The costs of MWA and lobec-
tomy were US$3274.50 � US$233.91 and US$4678.87 � US$155.96, respec-
tively. The differences were all significant (P = 0.003).
Conclusion: MWA and thoracoscopic lobectomy for stage I NSCLC demon-
strate similar one and two-year OS and DFS, with no significant differences
between the two groups. MWA involved a shorter hospital stay and lower cost,
thus should be considered a better option for patients with severe cardiopulmo-
nary comorbidity and patients unwilling to undergo surgery.

Introduction

Lung cancer has the highest mortality in the world, partic-
ularly in China, and non-small cell lung cancer (NSCLC)
accounts for 80–85% of deaths.1–3 Most patients are diag-
nosed between the age of 35 to 75 years, with peak inci-
dence occurring in those aged 55–65. Smoking is
considered one of the most significant pathogenic factors.4

It is believed that between 70% and 87% of lung cancer
cases occur in people with a smoking history. Low dose

computed tomography (CT) plays an important role in the
early screening and diagnosis of lung cancer.5 Other
methods include sputum cytology, positron emission
tomography (PET)-CT, fiber bronchoscope, and percutane-
ous biopsy. At present, lobectomy is the main option to
treat stage I (T1N0M0) NSCLC, with five-year survival
rates of 60–80% for stage I NSCLC patients, with or with-
out lymph node dissection.6 Compared to open lobectomy,
video-assisted thoracoscopic surgery, also known as
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thoracoscopic lobectomy, is associated with longer five-
year survival, a similar distant recurrence rate, and a lower
total complication rate.7 However, patients who suffer from
severe cardiopulmonary comorbidity or have a poor physi-
cal condition may not tolerate surgery or general anesthe-
sia with tracheal intubation. External beam radiation
therapy delivered in standard fractionation (45–66 Gy in
1.8–2 Gy/fraction) results in local recurrence in 55–70% of
patients with median survival of > 30 months and five-year
survival rates of 10–30%.8–10

Minimally invasive methods are increasingly being used
to treat stage I NSCLC, such as stereotactic body
radiotherapy,11,12 brachytherapy,13 photodynamic therapy,14

and thermal ablation. As a heat-based ablation technique,
microwave ablation (MWA) can be delivered either percu-
taneously under CT-guidance or via open surgical or lapa-
roscopic approach. Because of the properties of
electromagnetic waves, MWA is conducted in a shorter
period of time, with an enlarged ablation zone and mini-
mal heat sink effect to the vasculature compared to radio-
frequency ablation (RFA). However, few comparative
studies have compared the clinical outcomes and economi-
cal characteristics between MWA and thoracoscopic lobec-
tomy for stage I NSCLC. The purpose of this study was to
evaluate the clinical value of these two modalities, includ-
ing overall survival (OS), disease-free survival (DFS), local
control, hospital stay, and cost.

Methods

From July 2013 to June 2015, 131 consecutive patients with
stage I NSCLC, confirmed by enhanced CT/PET-CT and
pathology, were treated in our center. Forty-six patients
underwent CT-guided MWA (MWA group), and thoraco-
scopic lobectomy was performed in 85 (lobectomy group).
The hospital ethics committee approved this retrospective
study, and all patients provided written informed consent.
The baseline characteristics, including gender, age,

tumor size, and pathology, were comparable between the
groups (Table 1). Medical history, physical examination,
and recent imaging should be conducted before surgery.
Multidisciplinary decisions between the Departments of
Respiratory, Thoracic Surgery, Oncology, Radiation, Che-
motherapy, and Interventional Radiology are necessary to
select the optimal procedure. Contrast-enhanced chest CT
(within 2 weeks before MWA) is a key imaging assessment,
and can reveal the tumor size, location, and relationship
with neighboring vital organs, blood vessels, trachea, or
bronchi (Fig 1). PET-CT is strongly recommended to iden-
tify tumor node metastasis (TNM) stage.
The study inclusion criteria were: (i) a solitary solid

mass demonstrated by enhanced CT or PET-CT, with a
diameter < 4 cm and without lymph node involvement or

distant metastasis; (ii) NSCLC pathology was indicated by
percutaneous biology, bronchoscopy biology, or sputum
cytology; (iii) patients could not be a candidate for or
refuse open surgery, stereotactic body radiotherapy,
brachytherapy, or photodynamic therapy; (iv) an expected
life span of ≥ 6 months; and (v) Karnofsky score > 70.
Exclusion criteria were: (i) massive hemoptysis; (ii) poorly

controlled infection or inflammation around the lesions;
(iii) puncture site infection or ulceration; (iv) pleural malig-
nant effusions that were not well controlled; (v) an expected
life span of < 6 months; (vi) severe cardiac insufficiency
(New York Heart Association class III–IV) or advanced lung
disease (determined by consultation with respiratory disease
specialists), liver disease (Child-Pugh class C), or kidney dis-
ease (grade 3 chronic kidney disease); (vii) severe coagulopa-
thy (prothrombin time > 17 seconds or platelet count ≤
60 × 109/L); and (viii) patients with implantable cardiac
devices or the presence of surgical clips.15

Microwave ablation (MWA) procedure

After the patient had fasted for six hours, the procedure
was performed under intravenous anesthesia with

Table 1 Baseline patient characteristics

Characteristic
MWA

group (%)
Lobectomy
group (%) P*

No. of patients 46 85 —

Gender
Female 24 (52.13) 45 (52.94) 0.061
Male 22 (47.87) 40 (47.06) 0.059

Age (years)
< 50 8 (17.39) 16 (18.82) 0.072
50–70 25 (54.35) 45 (52.94) 0.069
> 70 13 (28.26) 24 (28.24) 0.062

T stage
T1a 4 (8.70) 8 (9.41) 0.072
T1b 11 (23.91) 21 (24.71) 0.058
T1c 31 (67.39) 56 (65.88) 0.087

Symptoms
Cough 10 (21.74) 19 (22.35) 0.076
Bloody sputum 7 (15.22) 13 (15.29) 0.081
Asymptomatic 29 (63.04) 53 (62.35) 0.068

Pathology
SCC 21 (45.65) 40 (47.06) 0.077
Adenocarcinoma 18 (39.13) 35 (41.18) 0.082
Large cell lung
cancer

7 (15.22) 10 (11.76) 0.057

Pathology method
Percutaneous
biology

29 (63.04) 55 (64.71) 0.062

Bronchoscopy 2 (4.25) 4 (4.71) 0.076
Sputum cytology 15 (32.61) 26 (30.59) 0.071

*Paired t-test. MWA, microwave ablation; SCC, squamous cell carcinoma.
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dexmedetomidine. The patient was placed in a supine or
prone position, depending on the location of the tumor, as
indicated by CT scan.

A contrast-enhanced or plain CT scan was taken to con-
firm the number, size, and location of tumors. The punc-
ture site, depth, and perspective were determined with

Figure 1 (a) A 2 cm solitary lesion is observed in the
right lung (T1c). (b) The microwave ablation (MWA)
probe was inserted into the lesion under computed
tomography (CT)-guidance. (c) Contrast-enhanced CT
one month after MWA demonstrated cavernous for-
mation with fibrotic scar, indicating complete
ablation.
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caution to avoid ribs, large vessels, pulmonary fissures, and
pulmonary bulla. An MWA applicator (ECO, Microwave
Electronic Institute, Nanjing, China) of an appropriate length
(10, 15, 18 or 20 cm) was then inserted into the lesion under
CT-guidance. The shortest puncture pathway is strongly
recommended to reduce complications. After confirming via
multi-planar CT imaging that the ablation applicator was cor-
rectly positioned, ablation was performed (Fig 2). Ablation
power and time were determined according to the size, geom-
etry, and location of the lesion. A single session at one single
point was usually adequate to achieve complete ablation of
stage I NSCLC,16 which was demonstrated by ground-glass
opacity appearing in the CT image with a peripheral margin
expanding 5 mm or more beyond the pre-procedure tumor
borders. Ablation of the withdrawal path of the applicator was
necessary to reduce the possibility of tumor seeding. A whole-
lung CT scan was taken at the end of the procedure to identify
any complications and assess technical success (Fig 3).
Patients’ vital signs, including blood pressure, heart rate,

oxygen saturation, and temperature were carefully moni-
tored during the procedure. A chest X-ray or CT scan
should be performed after 24 to 48 hours to check for
complications (e.g. asymptomatic pneumothorax or pleural
effusion). No chemotherapy or radiotherapy was per-
formed after the procedure.

Thoracoscopic lobectomy procedure

The procedure was performed under general anesthesia
with single-lung ventilation, which may be accomplished

with either dual-lumen endotracheal tubes or with single-
lumen tubes and bronchial blockers. The patient was posi-
tioned in the full lateral decubitus position with slight
flexion of the table at the mid-chest level, which allows
slight splaying of the ribs to improve exposure in the
absence of rib spreading.
The thoracoscope was placed in the seventh or eighth

intercostal space in the midaxillary line, and an anterior
utility incision was placed in the fifth intercostal space
(4–5 cm). Hilar dissection was performed through the
anterior incision. Dissection of the pulmonary vessels and
bronchi was performed in the same manner as in open
surgery. Endoscopic linear staplers were used for individual
vessel and bronchial ligation. After complete resection, the
lobe was placed in a specimen bag for retrieval, avoiding
the implantation of tumor cells into the incision. Mediasti-
nal lymph node dissection was also performed, similar to
conventional techniques.17

The patient’s vital signs, including blood pressure, heart
rate, oxygen saturation, and temperature were carefully
monitored during the procedure. A chest X-ray or CT scan
should be performed after 24 to 48 hours to check for
complications (e.g. pneumonia or pleural effusion). No
chemotherapy or radiotherapy was performed after the
procedure.

Follow-up

Contrast-enhanced chest CT was performed monthly for
the first three months after the procedure. Complications,

Figure 2 Overall survival in the micro-
wave ablation (MWA) and thoraco-
scopic lobectomy groups.
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including perioperative mortality, pneumothorax, pleural
effusion, infection, respiratory failure, coronary/cerebral
vascular events, or postoperative bleeding requiring reo-
peration, were calculated.
Contrast-enhanced chest CT scans and tumor markers

were then analyzed every three months to detect any local
recurrence or new pulmonary lesions. To define the distant
metastasis, cerebral CT, emission CT, and abdominal ultra-
sound were examined 6, 12, 18, and 24 months after the
procedure in all patients. A PET-CT scan should be taken
if the equipment is available.18

Efficacy assessment after MWA was carried out accord-
ing to the Chinese Expert Consensus Workshop Report:
Guidelines for Thermal Ablation of Primary and Metastatic
Lung Tumors.16 Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1 was applied to assess
responses after thoracoscopic lobectomy.19 OS, DFS, local
control rate, hospital stay, and cost were recorded.

Statistical analysis

All statistical analyses were performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA). Categorical variables
are presented as numbers and percentages. Continuous
data are presented as means � standard deviations. A chi-
square test was applied to compare local control rates, and
an independent t-test to compare hospital stay and cost.
Survival curves were constructed using the Kaplan–Meier
method and compared by the log-rank test. A P value of <
0.05 was considered statistically significant.

Results

Assessment of local efficacy of MWA

Contrast-enhanced CT scans taken one month after abla-
tion demonstrated lesion disappearance in 25 cases, com-
plete cavernous formation in 15, and fibrotic scar in
6 cases without contrast enhancement, indicating complete
ablation in the whole group.

Complications

Microwave ablation and thoracoscopic lobectomy proce-
dures were successfully performed in all patients. Perioper-
ative complications are listed in Table 2. In the lobectomy
group, infection occurred in four cases and respiratory fail-
ure in two, with P < 0.05 compared to the MWA group.
One patient died of respiratory failure and infection in the
lobectomy group (1.18%). Seven cases in the MWA
(15.22%) and two in the lobectomy group (2.35%) suffered
from slight pneumothorax after the procedure (P < 0.05),
without significant decreases in SO2. The differences in
incidences of mortality, pleural effusion, coronary/cerebral
vascular events, and bleeding requiring reoperation were
not significant between the groups.

Survival

Median survival in the MWA and lobectomy groups was
32.74 � 0.94 (7–36) and 32.45 � 0.74 (0–36) months,
respectively. The one and two-year OS rates were 97.82%

Figure 3 Disease-free survival in the
microwave ablation (MWA) and thor-
acoscopic lobectomy groups.
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and 91.30% versus 97.65% and 90.59% in the MWA and
lobectomy groups, respectively (Fig 2). The one and two-
year DFS were 95.65% and 76.09% versus 95.29% and
75.29%, respectively (Fig 3). The results of log-rank analy-
sis of the two sets of data did not reveal any significant dif-
ferences (P = 0.169).

Hospital stay and cost

The hospital stays in the MWA and lobectomy groups
were 6.62 � 2.31 and 9.57 � 3.19 days, respectively
(P = 0.016). The cost of MWA compared to lobectomy
was US$3274.50 � US$233.91 and US$4678.87 � US
$155.96, respectively (P = 0.023). The differences were all
significant.

Discussion

Many studies have indicated that MWA is an effective, fea-
sible, and minimally invasive option for the treatment of
early stage NSCLC.20–22 However, little research has com-
pared the clinical outcomes, complications, and cost
between MWA and thoracoscopic lobectomy for stage I
NSCLC.
The advantages of MWA over RFA include larger vol-

umes of necrosis in a shorter procedural time, less “heat
sink” effect for the better treatment of perivascular tissue,
and maximization of the ablation zone size by simulta-
neously positioning multiple MWA antennas into larger
lesions. Theoretically, MWA can achieve higher rates of
local control, OS, and DFS. Similar to RFA, MWA is asso-
ciated with risks of pneumothorax, pleural effusion, infec-
tion, respiratory failure, and bleeding.
Wolf et al. analyzed MWA of 82 lesions in 50 patients

with lung malignancies, and reported a one-year local con-
trol rate of 67%.23 Residual disease was observed in 26%

cases. In our study, assessment of local efficacy one month
after MWA indicated complete ablation in all 46 patients
and one-year DFS of 95.65%. The differences between
these results are partly attributed to the larger size (mean
diameter 3.5 � 1.6 cm) of the tumors in our study.
Thoracoscopic lobectomy shows variable advantages

over open surgery, including decreased blood loss, less
pain, shorter hospital stay, more rapid recovery, preserved
postoperative pulmonary function, and decreased inflam-
matory response.24–27 However, this procedure should be
performed under general anesthesia with tracheal intuba-
tion, takes more time, and consumes more specific instru-
ments (such as a stapler, clips) than MWA. This may
explain why the hospital stay was longer and the cost
higher in the lobectomy group. Furthermore, a longer sur-
gical duration increases the risk of complication. In the
lobectomy group, infection occurred in four cases and
respiratory failure in two (P < 0.05) and one patient
(1.18%) died of respiratory failure and infection.
Because of the percutaneous approach, the incidence of

pneumothorax in the MWA group was significantly higher
than in the lobectomy group. However, no symptoms of
dyspnea were exhibited, and the air was automatically
absorbed after approximately a week in all cases. The one
and two-year-OS and DFS were comparable between the
groups, which indicates that MWA has a similar value to
thoracoscopic lobectomy and is a curative option for stage
I NSCLC.7

In conclusion, we confirm that MWA is an effective and
safe option for stage I NSCLC, demonstrating similar clini-
cal value to thoracoscopic lobectomy, with a shorter hospi-
tal stay and lower cost. MWA should be considered a
better option for patients with severe cardiopulmonary
comorbidity, which causes intolerance of surgery or general
anesthesia with tracheal intubation, and in patients unwill-
ing to undergo surgery.
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