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Abstract Concurrent chemoradiotherapy is the standard
treatment for patients with locally advanced lung cancer.
The most common dose-limiting adverse effect of thoracic
radiotherapy (RT) is radiation pneumonia (RP). A ran-
domized comparison study was designed to investigate
targeted percutaneous microwave ablation at pulmonary
lesion combined with mediastinal RT with or without
chemotherapy (ablation group) in comparison with RT
(target volume includes pulmonary tumor and mediastinal
node) with or without chemotherapy (RT group) for the
treatment of locally advanced non-small cell lung cancers
(NSCLCs). From 2009 to 2012, patients with stage IIIA or
IIIB NSCLCs who refused to undergo surgery or were not
suitable for surgery were enrolled. Patients were randomly
assigned to the RT group (n = 47) or ablation group
(n = 51). Primary outcomes were the incidence of RP and
curative effectiveness (complete response, partial response,
and stable disease); secondary outcome was the 2-year
overall survival (OS). Fifteen patients (31.9 %) in the RT
and two (3.9 %) in the ablation group experienced RP
(P < 0.001). The ratio of effective cases was 85.1 versus
80.4 % for mediastinal lymph node (P = 0.843) and 83.0
versus 100 % for pulmonary tumors (P = 0.503), respec-
tively, for the RT and ablation groups. Kaplan—Meier
analysis demonstrated 2-year OS rate of NSCLC patients in
ablation group was higher than RT group, but no statistical
difference (log-rank test, P = 0.297). Percutaneous
microwave ablation followed by RT for inoperable stage
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Introduction

Lung cancer is the main cause of death due to cancer in
both men and women worldwide accounting for 1.82 mil-
lion cases and 1.6 million deaths in 2012 [1]. In 70 to 80 %
of patients, the diagnosis is made at an advanced stage [2,
3]. A high proportion, 80 %, of lung cancer cases are
classified as non-small cell lung cancer (NSCLC) [4].
Although the management of NSCLC has continued to
improve over the past 5 years, due to late diagnosis the
prognosis remains poor with a 5-year survival rate of about
16 % [5]. NSCLC can be classed according to its degree of
invasiveness into four stages. Early stages I and II of
NSCLC are generally treatable with surgical resection, but
stage IITA when the disease has spread to the lymph nodes
in the middle of the chest is the point at which multimodal
therapy needs to be considered [6]. Locally advanced
NSCLC (LA-NSCLC) is a heterogeneous disease, encom-
passing stage IITA. Many patients with LA-NSCLC are not
suitable for surgery [6]. But therapy for stages IIIA and
IIIB is associated with high rates of distant metastasis,
local recurrence and toxicity [7]. The use of modern
radiotherapy (RT) techniques has improved outcomes in
some patients with limited metastatic disease [8].
Concurrent chemoradiotherapy is the recommended
standard treatment modality for patients with locally
advanced lung cancer [9]. However, RT risks adverse
effects due to the sensitive nature of local tissues,
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commonly resulting in radiation pneumonia (RP) [10], and
RP is the most common dose-limiting adverse effect of
thoracic RT. Carefully targeted RT is intended to prevent
RP by methods such as three-dimensional conformal
radiotherapy (3DCRT), intensity-modulated radiotherapy
(IMRT), and radiofrequency ablation minimizing the
damage to normal tissue when a high dose is delivered to
the tumor [11, 12], although RP is often inevitable espe-
cially in multiple mediastinal lymph nodes and/or larger
pulmonary tumors, and sometimes, it is serious [13].
Another thermal ablative technique, involving micro-
waves, has also been considered recently in the treatment
of lung tumors [14-16]. Although less studied than
radiofrequency ablation, microwave ablation may have
some advantages in that the microwave energy is deployed
over a larger zone with higher temperatures produced faster
[17]. This would allow larger tumors to be ablated with a
higher degree of accuracy than with radiofrequency abla-
tion, as shown in an animal model [18]. Thus, some studies
have successfully used microwave ablation to treat unre-
sectable NSCLC and found it to be a safe and reliable
method [19-21]. However, it remains unclear whether
microwave ablation provides significant benefits when
compared to RT, in particular in terms of the incidence of
RP resulting from treatment. Therefore, the aim of this
study was to investigate targeted percutaneous microwave
ablation at pulmonary lesions combined with mediastinal
radiotherapy with or without chemotherapy in LA-NSCLC,
in contrast to concurrent chemoradiotherapy or radiother-
apy alone. The treatment methods were compared in terms
of the ratio of RP and treatment effectiveness [complete
response (CR), partial response (PR), and stable disease
(SD) described as effectiveness] 3 months after RT. The
secondary outcome was the 2-year overall survival (OS).

Materials and methods
Patients

The study population was consecutively recruited from 132
patients with stage IIIA or IIIB NSCLCs who refused to
undergo surgery or were not suitable for surgery at the Qilu
Hospital from January 2009 to September 2012. The
inclusion criteria were: (1) Karnofsky performance scale
(KPS) score >60 points; (2) pulmonary reserve greater than
severe obstructive or severe restrictive ventilatory dys-
function, and (3) cell pathology or histopathology con-
firmed the stage IIIA or IIIB NSCLC. The exclusion
criteria were: (1) KPS score <60 points, (2) pulmonary
reserve was severe obstructive or severe restrictive venti-
latory dysfunction, (3) severe liver and kidney dysfunction,
and (4) severe coagulopathy. According to the exclusion
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criteria, a total of 34 patients were excluded, so finally 98
patients with IIIA or IIIB NSCLC were finally enrolled
(Fig. 1).

The diagnoses of all the patients were confirmed using
the pathological results of bronchofibroscopy or percuta-
neous lung biopsy; in addition, the diagnoses in 54 patients
were further confirmed using the pathological examina-
tions of mediastinal lymph nodes obtained by medi-
astinoscopy or percutaneous biopsy [22].

The patients were randomly (simple randomization)
assigned to the targeted percutaneous microwave ablation
at pulmonary lesion combined with mediastinal radiother-
apy with or without chemotherapy (ablation group n = 51)
or radiotherapy (target volume includes pulmonary tumor
and mediastinal node) with or without chemotherapy (ra-
diotherapy group n = 47). This prospective cohort study
was approved by the local ethics committee and institu-
tional review board (Pingyi branch of Qilu Hospital affil-
iated to Shandong University, China). (Approval ID:
200901116), and all participants provided written informed
consent.

Computed tomography guidance

A 16-slice spiral computed tomography (CT) machine
(SOMATOM Emotion, Siemens, Germany) was used for
imaging guidance. An outline of the positions of adjacent
organs was made during conventional preoperative CT
scanning. Based on the location of the lesion and its rela-
tionship with adjacent and vital structures, the optimal
position of the patient and insertion sites of the required
instrument were identified (Fig. 2a).

Interventions for the ablation group

The patients in the ablation group all received targeted
percutaneous microwave ablation at the pulmonary lesions
combined with mediastinal radiotherapy with or without
chemotherapy. The microwave ablation was performed
either before or at 1 week after mediastinal RT. The
microwave ablation system was a CO-100C Microwave
System (Nanjing Eco Microwave System Co., Ltd., China)
with a disposable microwave ablation probe: ECO-100ALS
(Nanjing Eco Microwave System Co., Ltd.). The puncture
site for the ablation antenna was determined according to
the size, shape, and adjacent relationships of the tumors;
the pattern of ablation (single-point or multipoint ablation)
was also determined accordingly. Reconstruction of the CT
image was done to reassure the ablation site after the
puncture (Fig. 2b), and then, the microwave device was
turned on. The parameters were as follows: power of
60-75 W and time for a single-point ablation of 4-8 min.
Bubble formation could be observed inside the tumor
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n=132

Patients with stage IIIA or IIIB NSCLC who refused to
undergo surgery or who were not suitable for surgery

19: severe obstructive or severe restrictive

34 patients excluded:
8: KPS score <60 points

ventilatory dysfunction
7: Severe coagulopathy

enrolled
n=98

Patients with stage IIIA or IIIB NSCLC who refused to
undergo surgery or who were not suitable for surgery

Patients treated with targeted
percutaneous microwave ablation at
pulmonary lesion combined with
mediastinal radiotherapy concurrent
chemotherapy (Ablation group)
n=51

Patients treated with radiotherapy concurrent
chemotherapy
(Radiotherapy group)
n=47

Fig. 1 Flowchart of patients enrolled in the study. NSCLC non-small cell lung cancer, KPS Karnofsky performance scale

during the ablation (Fig. 2c). Enhanced CT scanning of the
chest was performed in the patients 1 month later to
exclude the existence of insufficient ablation regions; sec-
ondary ablation was performed if there were enhanced
regions in the soft tissues (Fig. 2d).

Ablations were followed or preceded by 3DCRT
standard fraction external beam RT, once per day, five
times per week using a linear accelerator (BJ6B; Beijing
Medical Apparatus and Instrument Institute, China) and
treatment planning system (Topslane Venus, Shanghai,
China). The RT covered the enlarged mediastinal lymph
nodes but not the tumor in the lungs. Single RT was
provided if the patient was older than 70 years, had a
history of cardiopulmonary disease, a poor cardiopul-
monary reserve, or was in a generally good condition but
refused chemotherapy. Otherwise the patients underwent
concurrent chemoradiotherapy. The chemotherapy
administered included a schema of paclitaxel (Yangtze
River Pharmaceutical Group, Jiangsu, China) plus

cisplatin (Haosen Pharmaceutical Group, Jiangsu, China)
for two cycles.

Interventions for the radiotherapy group

Patients in the radiotherapy group also received either
single RT or concurrent chemoradiotherapy as for the
ablation group. 3DCRT (conventional fractionated radio-
therapy, once per day, five times per week) was provided
for the enlarged mediastinal lymph nodes as well as the
tumor in the lungs. Chemotherapy drugs included pacli-
taxel plus cisplatin (two cycles).

Outcomes
Primary outcomes were the incidence of RP and curative
effectiveness. CT scanning of the chest was performed at

3 months after RT, and the Response Evaluation Criteria In
Solid Tumors criteria were used for evaluating the
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Fig. 2 Computed tomography (CT) images of the microwave
ablation procedure and follow-up. a CT guidance in microwave
ablation; b puncture of the tumor; ¢ ablation procedure; d enhanced

treatment effects [23] [complete response (CR), partial
response (PR), and stable disease (SD) were classified as
effective, while progressive disease (PD) was classified as
progression]. Remission of the tumor in the lungs and of
mediastinal lymph nodes and the rate of incidence of RP
(according to the Radiation Therapy Oncology Group/
European Organization for Research and Treatment of
Cancer evaluation criteria, namely Subjective, Objective,
Management, Analytic Scales, acute RP > 2 was included
for the calculation) were evaluated [24].

Secondary outcome was the 2-year overall survival
(OS). The patients were followed up by telephone once a
month and every 3 months by imaging (chest abdomen
enhanced CT, brain MRI) within 6 months after treat-
ment. After 6 months, the patients were followed up once
every 3 months. The rate of 2-year OS was calculated;
the OS was measured from the time of diagnosis to
death.

Statistical analysis

Statistical software SPSS version 13.0 (SPSS Inc., Chi-
cago, IL, USA) was used for data analysis. Data were
expressed as median (min, max) and compared using
Mann-Whitney U for independent samples. Categorical
variables were compared using the Fisher’s exact test or
Pearson Chi-square test, as appropriate. The Kaplan—Meier
and log-rank tests were used for survival analysis. The
threshold of statistical significant was P < 0.05.

@ Springer

CT scanning 1 month after ablation; e, f enhanced CT images 2 years
after ablation e lung window; and f mediastinal window. Both e and
f images are at the same CT level

Results
Baseline characteristics

Patients’ baseline characteristics are given in Table 1. There
were 65 men and 33 women with an age range of 42-76 years
recruited between January 2009 and September 2012. Among
the 98 patients, 35,42, 9, and 12 patients were diagnosed with
squamous carcinoma, adenocarcinoma, adenosquamous car-
cinoma, and large cell carcinoma, respectively. Thirty-nine
patients were diagnosed with stage IIIA carcinoma (including
12 with TIN2MO, 8 with T2N2MO, 7 with T3NIMO, and 12
with T3N2MO carcinoma) and 59 patients were diagnosed
with stage IIIB carcinoma (including 5 with T4N2MO, 11
with TAN3MO, 17 with TIN3MO, 14 with T2N3MO, and 12
with T3N3MO carcinoma).

Fifty-one patients were assigned to the ablation group,
18 of those patients received single radiotherapy (DT5400-
6000cGy/27-30f), while 33 patients received concurrent
chemoradiotherapy (DT5600-6000cGy/28-30f).  Forty-
seven patients were included in the radiotherapy group.
Fifteen patients received single radiotherapy (DT5400-
6000cGy/27-30f over 6 weeks) due to their age and car-
diopulmonary functions, and 32 patients received concur-
rent chemoradiotherapy (DT5600-6000cGy/28-30f over
6 weeks). There were no significant differences between
the groups in terms of gender, TNM stage, histology or the
number of patients receiving either radiotherapy alone or
concurrent chemoradiotherapy (Table 1).
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Table 1 Clinicopathological

features of patients with locally Variables Radiotherapy (n = 47) Ablation (n = 51) P value
advanced non-small cell lung Age (years) 68 (44.76) 67(42.75) 0.620
cancer (NSCLC) treated with
radiotherapy concurrent Gender, n (%) 0.616
chemotherapy (radiotherapy Male 30 (63.8) 35 (68.6)
grf)up) or targetgd percutaneous Female 17 (36.2) 16 (31.4)
microwave abl.atlon at . TNM stage, 1 (%) 0343
pulmonary lesion combined
with mediastinal radiotherapy A 21 (44.7) 18 (35.3)
concurrent chemotherapy 111IB 26 (55.3) 33 (64.7)
(ablation group) Histology, 1 (%) 0.553
Squamous carcinoma 15 (31.9) 20 (39.2)
Adenocarcinoma 20 (42.6) 22 (43.1)
Adenosquamous carcinoma 4 (8.5) 5(9.8)
Large cell carcinoma 8 (17.0) 4 (7.8)
Treatment, n (%) 0.742
Radiotherapy alone 15 (31.9) 18 (35.3)
Concurrent chemoradiotherapy 32 (68.1) 33 (64.7)

Data are shown as median (min, max) or proportion, as appropriate

Curative effectiveness and incidence of RP

Enhanced CT scanning of the chest was performed at
3 months after chemotherapy to evaluate the rate of
remission of the pulmonary tumor and mediastinal lymph
nodes as an indication of staging. In the mediastinal
lymph node, curative effectiveness was found in 40
(85.1 %) patients in the radiotherapy group including 16,
19, and 5 patients who had CR, PR, and SD, respectively,
while 41 (80.4 %) suggested curative effectiveness in the
ablation group with 14, 22, and 5 patients who had CR,
PR, and SD, respectively. PD was found in 7 (14.9 %)
patients in the radiotherapy group and 10 (19.6 %) in the
ablation group. Chi-square test was used to compare the
differences between the two groups, and the results did
not show any significant difference (P = 0.843; Table 2).

In the pulmonary lesion, curative effectiveness was
suggested in 39 (83.0 %) patients in the radiotherapy
group with 6, 22, and 11 patients who had CR, PR, and
SD, respectively. In the ablation group, curative effec-
tiveness was suggested in 51 (100 %) patients and 12, 23,
and 16 who had CR, PR, and SD, respectively. The dif-
ferences between the two groups were not significant
(P = 0.503). PD was found in 8 (17.0 %) patients in the
radiotherapy group and O (0 %) in the ablation group
(Table 2). In many patients, the tumor in the lungs dis-
appeared completely, and the patients lived for a long
time (Fig. 2e, f).

The rate of incidence of RP was 31.9 and 3.9 % in the
radiotherapy group and the ablation group, respectively
(Table 3), and the difference was statistically significant
(P < 0.001).

Table 2 CT imaging

1 — 1 — K
examination of mediastinal Outcome Radiotherapy (n = 47) Ablation (n = 51) P value
lymph node or pulmonary tumor  yfe diastinal lymph node, n (%) 0.843
at 3 months after the treatment
procedure CR 16 (34.0) 14 (27.5)

PR 19 (40.4) 22 (43.1)
SD 5 (10.6) 5(9.8)

PD 7 (14.9) 10 (19.6)

Pulmonary tumor, n (%) 0.503

CR 6 (12.8) 12 (23.5)
PR 22 (46.8) 23 (45.1)
SD 11 (23.4) 16 (31.4)
PD 8 (17.0) 0 (0.0)

CR complete response, CT computed tomography, PD progressive disease, PR partial response, SD stable

disease
* CR versus PR versus SD
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Table 3 Incidence of radiation

. Advance event
pneumonia 3 months after the

Radiotherapy (n = 47) Ablation (n = 51) P value

treatment procedure Radiation pneumonia, n (%)

15 (31.9) 2 (3.9) <0.001

Two-year OS

The patients were followed up for 2 years. No patients
were lost to follow-up. Kaplan—Meier survival curves
demonstrated 2-year OS rate of NSCLC patients in ablation
group was higher than radiotherapy group, but no statistical
difference (log-rank test, P = 0.297) (Fig. 3).

Adverse events in relation to microwave ablation

It was also found that the rate of incidence of pneumoth-
orax was 17.6 % in the ablation group, and drainage was
required for three cases. Nine patients had a small amount
of hemoptysis during surgery or postoperatively in the
ablation group, and symptomatic remission occurred after
treatment. There were no severe or fatal cases.

Discussion

Concurrent chemoradiation is the method recommended by
the National Comprehensive Cancer Network guideline for
the treatment of stage III NSCLS [25, 26]. However, RP is
often unavoidable using this method. Microwave ablation
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Fig. 3 Kaplan—Meier curves showing the cumulative survival rate of
patients with locally advanced non-small cell lung cancer (NSCLC)
treated with radiotherapy concurrent chemotherapy (radiotherapy
group) (blue curve) or targeted percutaneous microwave ablation at
pulmonary lesion combined with mediastinal radiotherapy concurrent
chemotherapy (ablation group) (green curve) (log-rank test,
P =0.297)
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has shown some promise in treating lung cancer [19-21]
and may result in lower rates of RP. The aim of this study
was to directly compare, in terms of the incidence of RP
and curative effectiveness, microwave ablation in combi-
nation with mediastinal RT and chemotherapy with the
recommended method of radiotherapy and chemotherapy.
The results show that the incidence of RP was lower in the
ablation group compared with the radiotherapy group, and
the results were statistically significant. However, curative
effectiveness was similar in both groups, but no patients
experienced PD in the ablation group and this was signif-
icantly different to the radiotherapy group. Two-year OS
was also similar between groups.

It has previously been suggested that the major factor
influencing the development of RP is the ratio of irradiated
pulmonary volume to the overall pulmonary volume,
namely the value of V20 [13]. Adjusting the target region,
and the angle and direction of the x-ray could reduce the
irradiated volume; however, in some cases where the mass
is large, mass is located at the lung periphery, and multiple
mediastinal lymph nodes are involved that need to be
irradiated, the V20 could not be reduced and thus the risk
of developing RP is very high.

Minimally invasive treatments have been introduced in
recent years, and of these, percutaneous ablation seems to
be an attractive option in lung cancer [27, 28]. Image-
guided ablation has been recently introduced as a safe,
alternative treatment of localized disease in selected
patients. The three main ablative treatments currently used
in the lung are radiofrequency ablation, microwave abla-
tion, and percutaneous cryotherapy [29]. Yang et al. [20]
found that percutaneous microwave ablation is safe and
effective for the treatment of medically inoperable stage I
peripheral NSCLC. Microwave ablation may be safely and
effectively used as a therapeutic tool for the treatment of
pulmonary metastases [30]. Several studies have used
combined treatment of percutaneous image-guided micro-
wave ablation and RT for patients with inoperable stage I/11
NSCLC. With low rates of complication, combined treat-
ment may result in an improved survival compared with
either modality alone [31].

In the present study, in the ablation group microwave
ablation was used to treat the pulmonary tumors and
3DCRT plus concurrent chemotherapy was used to treat
the mediastinal lymph nodes. The incidence of RP in the
ablation group was lower than in the radiotherapy group.
The reason for this might be the reduced radiation volume
of the lungs. In contrast, the effectiveness of the treatment,



Med Oncol (2015) 32:227

Page 7 of 8 227

which was evaluated at 3 months after RT, showed no
significant difference in the mediastinal tumor between the
two groups, while the remission rate of the pulmonary
tumor was higher in the ablation group than in the radio-
therapy group. The 2-year OS rate was also not signifi-
cantly different between the two groups. These results were
in accordance with previous findings [32].

Although the 2-year OS rate was not significantly different
between the two groups, the lower rate of incidence of RP in
the combination group suggested that the patients in the
combination group had better quality of life. However to date,
it is not clear whether the higher remission rate of the pul-
monary tumor and the lower rate of incidence of RP could
improve the survival rate, and further studies with longer-
term follow-ups are needed to evaluate this hypothesis.

This study has some limitations. The sample size was
quite small and was based in a single center so the results
need to be confirmed in a larger study. Quality of life and
other measures of patient experience of the treatment were
not directly studied so should be considered in future to
truly evaluate the value of microwave ablation for treat-
ment of NSCLC. The follow-up period of 2 years was quite
short. A longer follow-up period may provide some dif-
ference between the groups in terms of survival rates.

Percutaneous microwave ablation in combination with
mediastinal radiotherapy, with or without chemotherapy,
compared to radiotherapy of the pulmonary lesion and
mediastinal region, with or without chemotherapy, suggests
that both methods achieve similar outcomes in terms of
curative effectiveness and two-year OS. However, there
was a significantly lower incidence of RP in the patients
treated with microwave ablation. These results suggest that
microwave ablation should be considered for the treatment
of inoperable stage III NSCLCs.
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