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Abstract
Background: The aim of this study was to compare the safety, efficacy, and
prognostic value of radiofrequency ablation (RFA) and microwave ablation
(MWA) for lung tumors.
Methods: Between March 2012 and January 2018, 238 patients with lung cancer
were treated with MWA (139, 58.4%) or RFA (99, 41.6%) in our center. Patient
and tumor characteristics, complications, complete ablation (CA) rate, and prog-
nosis were compared between the groups. Meta-analysis was used to systemati-
cally compare the outcomes of RFA and MWA for the treatment of lung tumors.
Results: Ablation was successfully completed in all patients and no procedure-
related death occurred. The total complication rates in the RFA and MWA
groups were 24.2% (24/99) and 16.5% (23/139), respectively, and there was no
statistically significant difference (P = 0.142). The initial and total CA rates were
similar at P > 0.05 (RFA vs. MWA: initial CA, 97.0% vs. 96.4%; total CA, 99.0%
vs. 98.6%, respectively). During follow-up, there was no significant difference in
median progression-free (RFA vs. MWA: 12.5 months, 95% confidence interval
[CI] 5.002–19.998 vs. 9.5 months, 95% CI 6.623–12.377; P = 0.673) or overall
survival (RFA vs. MWA: 33 months, 95% CI 27.070–38.930 vs. 30 months, 95%
CI, 18.482–41.518; P = 0.410) between the groups. Combined with the results of
published comparison studies, meta-analysis further confirmed that the outcomes
of these two treatments were similar.
Conclusion: Both RFA and MWA are safe and effective treatments with a sur-
vival benefit for selected patients with primary and metastatic lung tumors.

Introduction

Lung cancer is one of the most common cancers world-
wide, and the leading cause of cancer death in both men
and women. The lung is the most common site of metasta-
ses in liver and colorectal cancers.1,2 Currently, surgery is
the main treatment option; however, many high-risk,
advanced-stage, or older patients refuse surgery because of
the high risk of complications that can occur during sur-
gery, such as atrial fibrillation, prolonged air leaks, myocar-
dial infarction, recurrent nerve injury, bleeding,
pneumonia, and bronchial stenosis.3,4 Currently, minimally
invasive percutaneous thermal ablation therapies, such as
radiofrequency ablation (RFA) and microwave ablation

(MWA) have emerged as safe and effective treatment alter-
natives for patients for whom surgery is not suitable.5 In
recent years, many studies have shown that computed
tomography (CT)-guided RFA and MWA are feasible for
patients with primary lung cancer or unresectable pulmo-
nary metastases.6–10 RFA and MWA are effective and safe
with negligible mortality, low morbidity, involve a short
hospital stay, and result in a better quality of life.
Radiofrequency ablation has been widely used in the

treatment of both primary and metastatic lung cancer. Its
advantage lies in the ability to locally heat a tumor to a
lethal temperature while incurring minimal damage to sur-
rounding normal lung tissue. However, RFA has higher
impedance in the lung than in the liver, which means poor
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energy is spread because of high impedance and charring,
thus it is difficult to identify whether the lesions are
completely ablated.11 MWA is another heat-based ablation
technique, with theoretical advantages over RFA, including
enhanced thermocoagulation of tumor cells as a result of
improved energy deposition in an aerated lung and
increased heating near blood vessels. It could allow for
increased intratumoral temperatures with the generation of
a larger ablation zone (up to 2 cm from the probe tip) in a
shorter period of time compared to RFA.12 Recently, a few
studies have compared RFA and MWA outcomes for the
treatment of lung tumors; however, these studies were
small single-center reports.13–18 In this study, we retrospec-
tively evaluated the safety, efficacy, and prognostic value of
CT-guided RFA and MWA for the treatment of
238 patients with lung tumors in our center and compared
our results with the outcomes of RFA and MWA in pub-
lished comparison studies.

Methods

Patients

Between March 2012 and January 2018, 238 patients diag-
nosed with primary or metastatic lung cancer by pulmo-
nary biopsy were treated with MWA/RFA in our center.
Patients were informed in detail about the risks and bene-
fits associated with MWA/RFA treatment and provided
written informed consent of the ablation procedure. The
study was approved by the ethics committee of our hospi-
tal and conformed to the ethical guidelines of the World
Medical Association Declaration of Helsinki. The tolerance
of interventional surgery for all patients was evaluated
based on cardiopulmonary reserve and/or medical comor-
bidities. The inclusion criteria were: (i) primary lung can-
cers or pulmonary metastases with controlled original
disease; (ii) peripheral tumors; (iii) ≤ 5 tumors and largest
tumor size ≤ 10cm; (iv) unable to undergo thoracic surgery
because of advanced age or poor cardiopulmonary func-
tion; (v) not suitable for chemotherapy or radiotherapy;
(vi) normal cognition and without serious mental disease,
such as schizophrenia or suicidal tendencies; (vii) no pleu-
ral effusion; and (viii) platelet count ≥ 100 × 109/L, inter-
national normalized ratio ≤ 1.5. The exclusion criteria
were: (i) serious organ failure; (ii) central tumors;
(iii) metastasis to neck and thoracic vertebrae, with serious
vertebral injury; (iv) diffuse pulmonary metastases; and
(v) severe psychological diseases.

Pre-ablation preparations

The size, location, and number of tumors were evaluated
by conventional CT scan. Routine blood tests, evaluation

of prothrombin time and activated partial thromboplastin
time, liver and kidney function tests, and electrocardiogra-
phy were all conducted prior to ablation.

Therapeutic methods

All procedures were performed with a curative intent
under conscious sedation and local anesthesia. The proce-
dures were performed using CT guidance (GE Discovery
CT750 HD, GE Healthcare, Milwaukee, WI, USA).
Patients’ cardiac status and vital signs were continuously
monitored. MWA was performed with a 2450 MHZ MTC-
3C microwave generator (Vision Medical, Nanjing, China),
which has a 25 cm cooled-shaft electrode probe (15-gauge)
with a 1.5 cm expandable tip. Power output was set at
40–100 watts. RFA was performed using the RITA system
(MEDSPHERE S-1500, MEDSPHERE, Shanghai, China)
powered by 40 W or 100 W generators with a 17-gauge
multi-tined expandable electrode.
During the procedure, deployment of the needle was

staged based on the size of the tumor. Under CT guidance,
the probes were introduced into the tumor and the path
was planned to avoid vessels, bronchi, blebs, and fissures.
The nearest point between the chest skin and the center of
the tumor was selected as the puncture point. The elec-
trode needles were pushed forward and unfolded gradually
until they reached or crossed the borders of the tumor.
Once the CT scan confirmed proper electrode positioning,
electrodes were attached to the generator and ablation
commenced.

Follow-up and outcome measure

Technical success was defined as correct placement of the
ablation device into all target tumors with completion of
the planned ablation protocol. Complications were
observed and the grade was evaluated based on the
Clavien–Dindo classification. Chest radiographs were per-
formed two hours after ablation to exclude pneumothorax.
Patients were observed overnight and generally discharged
from the hospital the next day if there were no
complications.
Follow-up examination of contrast-enhanced CT was

performed one month after ablation, and then every
three months. Initial complete ablation (CA) was defined
as complete coverage of the tumor by the ablation zone
and no irregular enhancement existed at the treatment
margin one month after ablation. If the tumor had not
been completely ablated, an additional session of ablation
was considered and the patients were reevaluated.
Progression-free survival (PFS) was defined as the duration
from the initiation of ablation treatment to the recurrence
of tumors. Overall survival (OS) was defined as the
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duration from the initiation of ablation treatment to death
from any cause.

Systematic literature review

A systematic literature review was performed in PubMed
Entrez using combinations of the following keywords:
(lung OR pulmonary) AND (cancer OR tumor) AND
([radiofrequency ablation] OR RFA) AND ([microwave
ablation] OR MWA). Studies that met the following cri-
teria were included: (i) reported clinical outcomes of RFA
and MWA; (ii) comparison studies; and (iii) with adequate
information reported.

Statistical analysis

The data was processed using SPSS version 19.0 (IBM Corp.,
Armonk, NY, USA). Comparative analysis was conducted
using the chi-square test for categorical variables and inde-
pendent t-test analysis for continuous variables. Survival
curves were constructed using the Kaplan–Meier method
and the log-rank (Mantel–Cox) test was used for compari-
son. Review Manager 5.3 (Cochrane Collaboration, Oxford,
UK) was used to conduct the meta-analysis and calculate
odds ratios (OR) with 95% confidence intervals (CI), while
the Mantel-Haenszel statistical method and random effects
model were used to calculate the ORs. A P value of < 0.05
was considered statistically significant.

Results

Clinical features

This study included 238 patients with primary (96, 40.3%)
or metastatic (142, 59.7%) lung tumors. The RFA group
consisted of 99 (41.6%) patients, while the MWA group
consisted of 139 (58.4%) patients. The baseline patient
characteristics are shown in Table 1.

Safety and complications

Both RFA and MWA were successfully completed in all
patients with a mean hospital stay of 3.45 postoperative
days (standard deviation 3.57 days). No procedure-related
death occurred within 30 days after ablation. Complica-
tions occurred in 23 (16.5%) patients in the MWA group
and 24 (24.2%) in the RFA group. There was no significant
difference in the total complication rates between the
groups (P = 0.142). Pneumothorax was the most common
side effect to occur after RFA (19.2%) and MWA (13.7%),
but there was no statistically significant difference between
the groups (P = 0.252). Subcutaneous emphysema devel-
oped in 8.1% of patients after RFA and 2.2% after MWA,
with significantly higher occurrence in the RFA group
(P = 0.032). Although comparable analysis found that the
total occurrence rate of complications was not associated
with tumor factors, including tumor size, number, or loca-
tion, or Union for International Cancer Control stage,
multiple tumors were a risk factor for hemoptysis

Table 1 Clinical characteristics of patients

Characteristics MWA RFA P

No. of patients (%) 139 (58.4%) 99 (41.6%) —

Age, years, mean � SD 61 � 13 61 �12 0.530
Gender, M/F, n (%) 102 (73.4%)/37 (26.6%) 76 (76.8%)/23 (23.2%) 0.553
Tumor origin, n (%) 0.001
Primary/metastasis 68 (48.9%)/71 (51.1%) 28 (28.3%)/71 (71.7%)

Smoking, n (%) 0.147
Yes/No 38 (27.3%)/101 (72.7%) 19 (19.2%)/80 (80.8%)

Cough, n (%) 0.937
Yes/No 23 (16.5%)/116 (83.5%) 16 (16.2%)/83 (83.8%)

Tumors, n (%) < 0.001
Single/multiple 107(77.0%)/32(23.0%) 52(52.5%)/47(47.5%)

Tumor size, cm, mean � SD 2.87 � 1.76 2.41 � 1.18 0.057
Tumor location, n (%) 0.161
Risk†/non-risk 36(25.9%)/103(74.1%) 18(18.2%)/81(81.8%)

UICC Stage, n (%) 0.145
I 40(28.8%) 18(18.2%)
II 13(9.4%) 7(7.1%)
III 5(3.6%) 2(2.0%)
IV 81(58.3%) 72(72.7%)

†Tumors in risk areas refer to those located within 5 mm of pleura, diaphragm, big vessels, bronchi, or mediastinum. MWA, microwave ablation;
RFA, radiofrequency ablation; SD, standard deviation; UICC, Union for International Cancer Control.
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(P = 0.030) and subcutaneous emphysema (P = 0.028)
(Table 2).

Effectiveness

Two hundred and thirty eight patients with 375 lesions
from 0.6 to 10 cm were treated with MWA or RFA.
Enhanced CT taken one month post-ablation showed
enhancement in eight (3.4%) patients, including five (3.6%)
in the MWA group and three (3.0%) in the RFA group.
However, a second ablation was only performed in five
patients. Three (1.3%) patients did not receive a second
ablation because of the small size and lack of growth of the
residual tumor. A total of 235 (98.7%) patients underwent
complete ablation. The initial and total complete response
rate was not affected by the ablation method (P > 0.05)
(Table 3).

Long-term survival

Survival data was available for 214 (89.9%) patients. At a
median follow-up duration of 13.6 months (range 1–47.5),
24 (10.1%) patients had been lost to follow-up, including
11 in the MWA group and 13 in the RFA group. During
the follow-up period, the PFS rates at 6 and 12 months
were 62.7% and 41.7% for patients treated with MWA and
66.0% and 51.3% for patients treated with RFA, respec-
tively. The OS rates at 6, 12, and 24 months were 90.0%,
76.9%, and 55.7% for patients treated with MWA and
88.4%, 80.5%, and 67.0% for patients treated with RFA,

respectively (Fig 1). There were no significant differences
in the median PFS and OS durations between the groups
(P > 0.05) (Table 3).

Meta-analysis comparing RFA with MWA
for lung tumors

A PubMed search identified 110 citations. After abstract
and full-text review, five studies were selected for meta-
analysis. The characteristics of the patients presented in
these five reports are summarized in Table 4. The compli-
cation and CR rates were only available for three published
trials and our study. Meta-analysis showed that either the
complication rate or the CR rate was comparable between
the RFA and MWA groups (P > 0.05), and there was no
significant statistical heterogeneity (complication rate:

Table 2 Complications and associated factors

Characteristics

Total Complications Hemoptysis Pleural effusion Pneumothorax Subcutaneous emphysema

Rate P Rate P Rate P Rate P Rate P

Treatment 0.142 0.386 0.672 0.252 0.032
MWA 23 (16.5%) 4 (2.9%) 3 (2.2%) 19 (13.7%) 3 (2.2%)
RFA 24(24.2%) 5 (5.1%) 3 (3.0%) 19 (19.2%) 8 (8.1%)

Tumor size 0.450 0.669 0.419 0.530 0.267
≤ 3 cm 32 (17.9%) 6 (3.4%) 4 (2.2%) 26 (14.5%) 6 (3.4%)
3–5 cm 12 (25.5%) 2 (4.3%) 1 (2.1%) 10 (21.3%) 4 (8.5%)
> 5 cm 3 (25.0%) 1 (8.3%) 1 (8.3%) 2 (16.7%) 1 (8.3%)

Tumor number 0.062 0.030 0.376 0.370 0.028
Single 26(16.4%) 3 (1.9%) 3 (1.9%) 23 (14.5%) 4 (2.5%)
Multiple 21 (26.6%) 6 (7.6%) 3 (3.8%) 15 (19.0%) 7 (8.9%)

Location 0.603 0.398 0.721 0.315 0.715
Risk 12 (22.2%) 1 (1.9%) 1 (1.9%) 11 (20.4%) 2 (3.7%)
Non-risk 35 (19.0%) 8 (4.3%) 5 (2.7%) 27 (14.7%) 9 (4.9%)

UICC stage 0.878 0.158 0.841 0.494 0.410
I 13 (22.4%) 0 (0%) 1 (1.7%) 13(22.4%) 1 (1.7%)
II 3 (15.0%) 0 (0%) 1 (5.0%) 3 (15.0%) 2 (10.0%)
III 1 (14.3%) 0 (0%) 0 (0%) 1 (14.3%) 0 (0%)
IV 30 (19.6%) 9 (5.9%) 4 (2.6%) 21 (13.7%) 8 (5.2%)

MWA, microwave ablation; RFA, radiofrequency ablation; UICC, Union for International Cancer Control.

Table 3 Clinical responses to treatment

Responses MWA RFA P

Complete ablation
Initial session 134 (96.4%) 96 (97.0%) 0.811
Two sessions 137 (98.6%) 98 (99.0%) 0.770

Median
progression-free
survival

9.5 months
(95% CI
6.623–12.377)

12.5 months
(95% CI
5.002–19.998)

0.673

Median overall survival 30 months
(95% CI
18.482–41.518)

33 months
(95% CI
27.070–38.930)

0.410

CI, confidence interval; MWA, microwave ablation; RFA, radiofrequency
ablation.
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I2 = 45%, P = 0.14; CR rate: I2 = 44%, P = 0.15) among
the results of the included studies.
Meta-analysis according to 12 month PFS, and 12 and

24 month OS was performed to compare the prognostic
value of RFA and MWA. The 12-month PFS rate was sig-
nificantly higher in the RFA (101/164, 61.59%) than in the
MWA group (114/242, 47.11%) (OR = 0.51, 95% CI
0.28–0.95; P = 0.003). However, there was no statistically
significant difference in the 12-month (RFA vs. MWA
187/236, 79.24% vs. 277/337, 82.20; P = 0.52) and
24-month OS rates (RFA vs. MWA 138/236, 58.47%
vs. 211/337, 62.61; P = 0.58) between the groups.

Discussion

Lung cancer is a significant cause of cancer-related death
worldwide. Lobectomy is the standard treatment for early-
stage lung cancer. However, many patients with lung can-
cers are not medically fit for lobectomy because of insuffi-
cient pulmonary reserve, significant comorbidities, or other
risk factors. Recently, emerging studies have depicted ther-
mal ablation, including RFA and MWA, for tumors. Kwan
et al. reported no difference in OS following sublobar re-
section or thermal ablation for comparable elderly patients
with stage I non-small cell lung cancer.19 Several studies

Figure 1 (a) The progression-free survival curves at six months and one year were 62.7 and 41.7 for patients treated with microwave ablation
(MWA) and 66.0 and 51.3% for patients treated with radiofrequency ablation (RFA), respectively. (b) The overall survival curves at six months, one
and two-years were 90, 76.9, and 55.7 for patients treated with MWA and 88.4, 80.5 and 67.0% for patients treated with RFA, respectively.

Table 4 Characteristics of published comparison studies of RFA and MWA

Reference Period Tumor type
RFA

MWA

Tumor size (cm) Number of patients Tumor size (cm) Number of patients

Carrafiello et al.16 2003.1–2009.1 Primary or secondary lung
tumors

2.8 (range 1.5–5) 29 3.75 (range 2.8–4.7) 16

Vogl et al.17 2000.5–2014.5 Colorectal lung
metastases

0.8–4.2 41 0.5–5 47

Macchi et al 15 — Primary or secondary lung
tumors

1.64 � 0.80 28 2.21 � 0.89 24

Nour-Eldin et al.18 — Non-colorectal cancer
lung metastases

0.8–4.5 29 0.6–5 63

Feng et al.13 2007.3–2014.11 Primary or secondary lung
tumors

3.00 � 1.75 43 3.46 � 2.02 32

MWA, microwave ablation; RFA, radiofrequency ablation.
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Figure 2 Meta-analysis of published comparison studies of microwave ablation (MWA) and radiofrequency ablation (RFA) for pulmonary tumors. (a)
Complication, (b) complete ablation, (c) progression-free survival (12 months), and (d) overall survival rates. CI, confidence interval, M–H, Mantel–
Haenszel.
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have also retrospectively evaluated the safety and efficacy
of CT-guided MWA in lung cancer patients.20

Compared to RFA, less research is available on MWA,
but it is a promising option because it offers larger ablation
zones, reduced procedure times, and decreased heat-sink
effects.21,22 In our study, we focused on a comparison of
RFA and MWA for the treatment of lung tumors. We
revealed the safety, efficacy, and prognostic value of these
two treatments through retrospective comparison of clini-
cal cases in our center and meta-analysis of the results of
our study and published comparison studies.
In our study, no procedure-related death occurred in

either group. Although subcutaneous emphysema was
more likely to occur in patients treated with RFA, this
might be a result of the higher number of patients in the
RFA group with multiple tumors (Table 2). There was no
significant difference in the total complication rate between
the groups.
With regard to the efficacy, our study revealed that both

RFA and MWA could provide complete tumor ablation in
the majority of cases (initial complete response: 97.0% for
MWA and 96.4% for RFA). For patients with residual
tumors, a second ablation was considered and total CA
could be achieved. Only one patient in the RFA and two in
the MWA group did not receive a second ablation for
residual tumors one month later as the tumors were small
and were not growing; a second ablation was performed
when the tumor began to grow. Compared with published
studies, the CR rate was higher in our study. No significant
difference was found between RFA and MWA groups in
our study or the studies analyzed.
Concerning follow-up survival, PFS and OS rates were

similar between the groups (Table 3, Fig 1). Meta-analysis
showed comparable 12 and 24-month OS rates were
between the groups (Fig 2).
Despite the promising results, our study does have some

limitations. First, because of its retrospective nature, inevi-
table selection bias was present in the study population.
Second, the treatments were not randomly selected. The
two populations were not well balanced in terms of histol-
ogy and tumor dimension. Third, our study included
patients with primary or metastatic lung tumors, which
may affect the survival results. Finally, the follow-up period
was inadequate.
In conclusion, our study showed that both RFA and

MWA were safe and effective treatments with a survival
benefit for selected patients with primary and metastatic
lung tumors.
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