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Multicentre study of microwave ablation for pulmonary
oligorecurrence after radical resection of non-small-cell lung
cancer
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BACKGROUND: Microwave ablation (MWA) is an effective minimally invasive technique for lung tumours. We aim to evaluate its
role for pulmonary oligorecurrence after radical surgery of non-small-cell lung cancer (NSCLC).
METHODS: From June 2012 to Jan 2020, a total of 103 patients with pulmonary oligorecurrence after previous radical surgical
resection of NSCLC were retrospectively analysed. The primary endpoint was postoperative progression-free survival (PFS).
Secondary endpoints were postoperative overall survival (OS), patterns of failure, complications and predictive factors associated
with prognosis.
RESULTS: Of the 103 patients identified, 135 pulmonary oligorecurrences developed at a median interval of 34.8 months. In total,
143 sessions of MWA were performed to ablate all the nodules. The median PFS and OS were 15.1 months and 40.6 months,
respectively. After MWA, 15 (14.6%) patients had local recurrence as the first event, while intrathoracic oligorecurrence and distant
metastases were observed in 45 (43.7%) and 20 (19.4%) patients, respectively. In the multivariate analysis, local recurrence and
intrathoracic oligorecurrence were not significant predictors for OS (P= 0.23 and 0.26, respectively). However, distant metastasis
was predictive of OS (HR= 5.37, 95% CI, 1.04–27.84, P= 0.04).
CONCLUSION: MWA should be considered to be an effective and safe treatment option for selected patients with pulmonary
oligorecurrence after NSCLC radical surgical resection.
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BACKGROUND
Radical surgical resection remains as the standard treatment for
early-stage non-small-cell lung cancer (NSCLC). However, post-
operative recurrence occurred in 30–75% of these patients,
making it the main obstacle for long-term survival after radical
surgical resection.1,2 Post-recurrence survival time was reported to
be poor, with a range of 8–14 months,3,4 and the 5-year post-
recurrence survival rate was only 13%.5 Standard treatment for
postoperative recurrence of NSCLC remains controversial. Sys-
temic chemotherapy and/or molecular targeted therapy is
commonly applied for postoperative recurrent NSCLCs; however,
recent studies indicated that effective and aggressive local
treatment may benefit for a substantial proportion of patients
that experience postoperative oligorecurrence. Oligorecurrence is
an intermediate state between locally confined recurrence and
widespread distant metastasis, in which recurrent lesions are
limited in number and location (usually ≤ 5).6,7 For selected NSCLC
patients with postoperative oligorecurrence, effective local
therapy, including secondary surgical resection or radiotherapy,
has been shown to achieve long-term survival or even cure.8–11

Image-guided percutaneous microwave ablation (MWA) as a
newly developed minimally invasive technique in the past
decades can result in good local control, safety and survival for
primary and metastatic lung tumours.12–14 Furthermore, our
recently published results indicated that MWA may serve as an
effective treatment option for stage IV NSCLCs with synchronous
extracranial oligometastasis.15 We hypothesise that MWA may also
lead to good efficacy in NSCLC patients with postoperative
pulmonary oligorecurrence. The present multicentre study was
initiated to summarise our experience of MWA for postoperative
pulmonary oligorecurrent lesions after complete resection of
NSCLC.

METHODS
Patient selection
From June 2012 to Jan 2020, 103 patients with pulmonary
oligorecurrence after previous radical R0 surgical resection of
histologically proven NSCLC that met all inclusion criteria were
eligible to enrol in this retrospective study (patients’ selection
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steps shown in Fig. 1). The ethics committee of each institute
approved this study. In this study, pulmonary oligorecurrence was
defined as five or fewer local or metastatic nodules after surgical
resection confined only to the lung (both ipsilaterally and
contralaterally). The inclusion criteria for the study were as follows:
(1) initial radical (R0) resection of histologically proven NSCLC, (2)
patients with pulmonary oligorecurrences, (3) all recurrent lesions
underwent completely microwave ablation, (4) ≥18 years old,
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) score ≤2 (5) and <10 years between initial surgery and MWA.
The exclusion criteria included (1) patients without a systemic

examination prior to enrolling in this study, (2) <6 months of
follow-up after MWA intervention (excluding death cases), (3)
presence of concurrent mediastinal and hilar lymph node
recurrence, (4) presence of metastases to organs excluding lung
or pleural seeding, (5) presence of second primary lung cancers6

and metachronous intrapulmonary nodules with ground-glass
attenuation on chest CT suspected as second primary lung cancers
but histologically unproved.
Histological or cytological confirmation of the diagnosis was

made when clinically feasible. Radiological evidence of recurrent
lesion was accepted if the biopsy was not feasible. The criteria by
Martini and Melamad16 were utilised for the differential diagnosis
between second primary lung cancers and intrapulmonary
recurrences. Clinical data collected from each patient included
age, gender, the interval between surgery and recurrence
(disease-free survival (DFS)), recurrence sites and numbers.

Treatment
The decision on diagnosis and MWA treatment plan of post-
operative pulmonary oligorecurrences, was made by the institu-
tional multidisciplinary board of lung cancer based on patients’
general conditions, cardiopulmonary functions and distributions
of metastasis. Routine laboratory tests, lung function tests and
radiological examinations, including chest, abdomen and pelvic-
enhanced CT, and brain magnetic resonance imaging (MRI), were
performed before lung MWA ablation in all cases. Detailed
ablation procedures were as we previously described.17 For
tumours located under the pleura or near the chest wall,
subpleural anaesthesia and/or artificial pneumothorax was
applied. Furthermore, simultaneous multi-antenna MWA was
performed for tumours that were over 3 cm to increase the
ablation zone. Lesions in both lungs were ablated separately
within one month. The administration of adjuvant chemotherapy,
TKIs or immunotherapy, was allowed after MWA intervention if

2931 patients with radical R0 surgical resection
of NSCLC from June 2012 to Jan 2020

Post-operative recurrence (n = 791)

Pulmonary recurrence (n = 459)

Pulmonary oligo-recurrence (n = 202)

MWA for postoperative pulmonary oligo-
recurrences (n = 103)

Recurrence-free or lost to
follow-up (n = 2140)

Metastases at any sites,
excluding lung (n = 332)

Numbers of metastatic
nodules >5 (n = 257)

Other local ablative therapy 
including surgery or SBRT (n = 65);

only systemic therapy (n = 34)

Fig. 1 Flow chart of patients selection. Flow chart of patients’ treatments.

Table 1. Clinical Characteristics of 103 patients (135 tumours).

Variables Numbers (%)

Age

Median (IQR) 62 (39–84)

Gender

Male 70 (70.0)

Female 33 (30.0)

Primary tumour histology

Adenocarcinoma 69 (67.0)

Squamous cell carcinoma 26 (25.2)

NSCLC, undefined 8 (7.8)

Stage at surgical resection

Stage I 43 (41.7)

Stage II 44 (42.7)

Stage III 16 (15.5)

Numbers of recurrent lesions

1 71 (68.9)

2 21 (20.4)

3 10 (9.7)

4 1 (1.0)

Size of recurrent lesions

≤1 cm 32 (23.7)

1–3 cm 91 (67.4)

>3 cm 12 (8.9)

Location of recurrence

Ipsilateral lung 68 (66.0)

Contralateral lung 27 (26.2)

Bilateral lungs 8 (7.8)

Adjuvant treatment with MWA

Yes 61 (59.2)

No 42 (40.8)

Patterns of failure after MWA

No secondary recurrence 23 (22.3)

Local recurrence 15 (14.6)

Intrathoracic oligorecurrence 45 (43.7)

Distant metastases 20 (19.4)
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necessary. Patients received contrast-enhanced computed tomo-
graphy (CT) to determine the local response (complete or
incomplete ablation) one month after ablation.

Follow-up evaluations
Patients’ follow-up consisted of contrast-enhanced CT one month
after MWA, then every 3 months for the first year, then every
6 months from the 2nd to the 5th year and annually thereafter.
Local recurrence was defined as a progressive enlarged enhanced
nodule in the margin of ablation field or new lesions that occurred
in the same lobe.18 PET-CT was also utilised for undefined nodules
when necessary. Intrathoracic oligorecurrence and distant metas-
tases were also documented during follow-up. Intrathoracic
oligorecurrence was defined as less than five recurrences limited

in thoracic cavity excluding the previously ablated pulmonary
lobes. Over five intrathoracic recurrent lesions or extrathoracic
metastases were classified as distant metastases.

Statistical analysis
The primary endpoint was progression-free survival (PFS), which was
calculated from the beginning date of pulmonary MWA to the date
of any new recurrence. Secondary endpoints were overall survival
(OS), patterns of failure, toxicity and predictive factors associated
with prognosis. OS was calculated from the beginning date of
pulmonary MWA to the date of death or the last follow-up. Patients
known to be alive at last contact were censored. Categorical data
were compared with χ2 test, while continuous data were compared
with t tests. The Kaplan–Meier log-rank test was used for survival
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Fig. 2 A 48-year-old male patient with multiple pulmonary recurrences 16 months after right upper-lobe adenocarcinoma resection.
Chest CT scans showing postoperative oligorecurrences (arrows) in the left (a) and right (b) lung. c CT scan during the MWA of the left
pulmonary metastasis. d The patient received right pulmonary metastasis MWA at 1-week interval. e–h Follow-up enhanced CT obtained one
month after MWA showing the ablation zones. i–l Follow-up enhanced CT obtained 18 months after MWA showing gradual constriction of the
ablation zone and no local recurrence.
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Fig. 3 MWA for a 64-year-old male patient with left pulmonary recurrence 17 months after right lower-lobe resection of squamous cell
carcinoma. a, b Enhanced chest CT scan before MWA showing a solitary metastatic nodule in the left lower lobe. c CT scan obtained during
MWA. d, e Follow-up CT scans obtained 3 months after the MWA. f, g The ablation zone gradually enlarged 7 months after the MWA and was
considered as local recurrence. h, i A secondary MWA was performed to ablate the local recurrence. Double antennas were simultaneously
inserted to cover the lesion. j–l Follow-up CT scans obtained 1 month (j), 3 months (k) and 10 months (l) after MWA showing gradual
constriction of the ablation zone and no evidence of local recurrence.
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curve comparisons. Univariate and multivariate Cox proportional
hazard models were performed to screen prognostic factors and the
corresponding hazard ratios (HR) for different factors with 95%
confidence intervals (CI). P values were two-sided and considered
significant if <0.05. Statistical analysis was performed using SPSS for
Windows Version 17.0 (IBM, Chicago, IL).

RESULTS
Patient characteristics
Based on our inclusion and exclusion criteria, 103 patients with 135
post-surgery pulmonary oligorecurrent nodules were enrolled in the
present study (patients’ characteristics summarised in Table 1). Of
these, solitary pulmonary recurrence was most common (71/103,
68.9%), followed by two (21/103, 20.4%), three (10/103, 9.7%) and
four (1/103, 1.0%) recurrent lesions. In total, 143 sessions of ablation
were performed (an example case shown in Fig. 2). The initial
pulmonary resection was standard surgery (lobectomy/pneumo-
nectomy with mediastinal lymph node dissection) in 97/103 patients
(94.2%), while wedge resection was performed in 6 patients. All
patients received enhanced CT staging, and biopsies of 96 recurrent
tumours (71.1%) were performed to confirm the same histologic
type as prior lung cancers. Pathological diagnosis at primary surgery
was adenocarcinoma in 69 patients (67.0%), squamous carcinoma in
26 (25.2%) and other pathological types in 8 patients (7.8%). The
median interval from initial surgery to recurrence (DFS) was
34.8 months (ranging from 3.0 to 108.6 months). The mean
diameter of all metastatic lesions was 1.77 cm (range from 0.6 to
3.9 cm), and mean distance to the pleural surface was 2.14 cm
(range from 0 to 5.8 cm). In all cases, 61 (59.2%) of them received
adjuvant therapy after MWA.

Patterns of failure and outcomes after pulmonary MWA
The median follow-up period after MWA was 31.8 months (range,
3.6–76.6 months). During follow-up, 80 (77.6%) patients experi-
enced disease progression after pulmonary MWA and the median
PFS was 15.1 months (range, 1.2–70.6 months). Fifteen (14.6%)
patients had local recurrence as the first event, while intrathoracic
oligorecurrence and distant metastases were observed in 45
(43.7%) and 20 (19.4%), respectively. All the local recurrent lesions
were controlled by repeated pulmonary MWA (an example case
shown in Fig. 3), and most (42, 93%) patients with intrathoracic
oligorecurrence also received secondary ablation. However, MWA
was not applied in patients who developed distant metastases.
For all cases, the estimated PFS rate was 64.1% at 1 year, 24.4% at
3 years and 9.2% at 5 years (Fig. 4a). The median OS was
40.6 months and the estimated OS rate was 97.1% at 1 year, 58.7%
at 3 years and 34.3% at 5 years (Fig. 4b). If calculating from the
date of primary tumour resection, the median OS reached

93.7 months and the estimated survival rate was 88.2% at 3
years, 74.5% at 5 years and 27.5% at 10 years, respectively.

Prognostic factors for survival
We next examine the potential prognostic factors for PFS and OS by
Cox regression analysis (Table 2). Age, gender, DFS or adjuvant
treatment was not identified as significant prognostic factors. In
both univariate and multivariate analysis, adenocarcinoma and
lower primary tumour staging was significantly associated with
better PFS after MWA intervention. Patients with adenocarcinoma
had longer PFS (median: 24.9 vs. 8.0 months, HR= 0.29, 95% CI
0.16–0.51) than those with non-adenocarcinoma pathological
diagnosis (Fig. 5a). Stage I disease had significantly better PFS than
stage II–III disease (median: 15.0 vs. 15.1 months, HR= 0.49, 95% CI
0.31–0.77) (Fig. 5b). The impact of adenocarcinoma on OS was not
obvious in multivariate analysis. Notably, staging was a prognostic
factor correlated with not only PFS but also OS. The OS of patients
with stage I disease was significantly longer than those with stage
II–III disease (median: 61.6 vs. 36.8 months, HR= 0.46, 95% CI
0.26–0.83) (Fig. 5c). Moreover, patterns of failure were also
associated with OS. In comparison with patients without recurrence
or metastasis, OS was remarkably worse in patients that developed
secondary progression (median: 31.2 vs. undefined, HR= 3.68, 95%
CI 2.10–6.46) (Fig. 5d). In the multivariate analysis, local recurrence
and intrathoracic oligorecurrence were not significant predictors for
OS (P= 0.23 and 0.26, respectively). However, distant metastasis was
predictive of OS (HR= 5.37, 95% CI, 1.04–27.84, P= 0.04).

Complications
No death occurred during ablation procedures or within 30 days
after MWA. Pneumothorax developed in 43 of 143 MWA sessions
(30.1%), while 9 of them required chest tube drainage. In total, 62
(60.2%) patients suffered mild or moderate pain after ablation and
can be managed by non-opioid analgesics. Self-limiting pulmon-
ary haemorrhage/haemoptysis and pleural effusion occurred in 23
(16.1%) and 9 (6.3%) sessions, respectively. Post-ablation invasive
pulmonary aspergillosis was observed in two (1.4%) sessions and
successfully controlled by voriconazole. Bronchopleural fistula
occurred in one (0.7%) patient and thoracic tube drainage was
required. Self-limited post-ablation syndrome, including fever
(below 38.5 °C), fatigue, general malaise, nausea and vomiting,
occurred in 22 (15.4%) of ablation sessions.

DISCUSSION
This clinical study identified that MWA can lead to excellent local
control and long-term survival in NSCLC patients with post-
operative pulmonary oligorecurrences. Currently, standard treat-
ment for NSCLCs with post-operation pulmonary recurrence is still
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Fig. 4 Kaplan–Meier survival curves for patients that received MWA treatment for post-operation pulmonary oligorecurrences. a Post-
MWA PFS for all patients. The estimated PFS rate was 64.1% at 1 year, 24.4% at 3 years and 9.2% at 5 years. b Post-MWA OS for all patients. The
estimated OS rate was 97.1% at 1 year, 58.7% at 3 years and 34.3% at 5 years.
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controversial. Accumulating evidence showed that aggressive local
therapy, including secondary surgery and radiotherapy for solitary
or a limited number of metastatic lesions (termed oligorecurrence),
may predict a favourable post-recurrence survival or even cure. In a
small-sample study with 16 patients that developed a solitary
postoperative pulmonary recurrence, second surgical resection
was associated with long-term survival.19 More recently, Han et al.
reported that the post-recurrence survival was significantly longer
in patients with pulmonary oligorecurrence who received opera-
tive treatment than those with non-operative therapy.9 In addition,
postoperative salvage stereotactic body radiotherapy (SBRT)
showed good efficacy and tolerance in NSCLC patients with

intrathoracic oligorecurrence.20,21 However, the result of thermal
ablation for the treatment of oligorecurrent NSCLC after surgical
resection is still limited. Kodama et al. reported a 1-, 3- and 5-year
OS rate of 97.7, 72.9 and 55.7% in a series with 51 patients who
received lung radiofrequency ablation (RFA) for unresectable
recurrences after surgical intervention.22 In the present study, we
identified that MWA treatment for the pulmonary oligorecurrences
was associated with a median OS of 40.6 months, and the 1-, 3-
and 5-year survival rate was 97.1%, 58.7% and 34.3%, respectively.
These results are comparable with previous reports of RFA,22 or
second resection.9 Considering that most of these patients were
medically inoperable, the outcomes of MWA for the management
of post-operation pulmonary oligorecurrence are promising.
The most common treatment failure after pulmonary MWA we

observed was intrathoracic oligorecurrence (45/103, 43.7%), followed
by distant metastases (20/103, 19.4%) and local recurrence (15/103,
14.6%). Although it is difficult to determine whether metastasis
events were due to pulmonary MWA treatment failure or pre-existing
distant seeding from the prior tumour, patients with local or distant
failure had significantly worse OS than patients that did not develop
recurrence. In addition, patients that developed local recurrence or
intrathoracic oligorecurrence had better survival than those with
distant metastases, while the difference of survival was not significant
if recurrence was limited in the lung. Noteworthy, most of these
patients received secondary ablation for their recurrent lesions,
indicating the efficacy and safety of repeated MWA in this instance.
We subsequently investigated other prognostic factors associated
with PFS and OS to understand which patients will fare better with
pulmonary oligorecurrence MWA. In multivariate analysis, adenocar-
cinoma was associated with better PFS, while the lower pathological
stage was correlated with both favourable PFS and OS. These results
indicated that initial tumour burden was still an important marker of
poor response and long-term survival for NSCLCs that developed
pulmonary oligorecurrence after radical surgery intervention.
We found that the majority of complications by MWA were mild

and well-tolerated. Pneumothorax was one of the most common
major complications. It was reported that previous pulmonary
surgery may be a risk factor for pneumothorax.23 The incidence of
pneumothorax in this study was 30.1%, and 20.9% of them
required chest tube drainage, similar to that we previously
reported in primary lung cancer ablation.24,25 As a relatively rare
complication, invasive pulmonary aspergillosis was observed in
1.4% sessions, and all cases were cured by administration of
voriconazole. The aetiology and high-risk factors of invasive
pulmonary aspergillosis for lung MWA are still not clear;26 hence
early diagnosis after MWA is critical for patient prognosis.
This study still has several limitations. The first is its retro-

spective nature. The second is that we did not perform biopsies
for all lung nodules to strictly distinguish between the NSCLC
pulmonary recurrences and the development of second primary
lung cancers. Third, the patient enrolled in the present study is a
highly selected population, with limited peripheral lung lesions
that are suitable for MWA. Lesions adjacent to big vessels or
central lesions are excluded owing to the high risk of pulmonary
puncture and post-ablation complications. Moreover, without a
control group that included patients who received other local
ablative therapies such as surgery, SBRT or RFA, it is difficult to
ascertain whether MWA actually improves survival.
In conclusion, we present one of the largest studies of MWA for

the treatment of pulmonary oligorecurrences after NSCLC radical
surgery intervention. Lung MWA is safe and provides acceptable
disease control and survival for patients with either NSCLC
oligorecurrences or possibly second primary NSCLCs. Therefore,
MWA should be considered as an alternative therapy strategy for
postoperative pulmonary oligorecurrent lesions after complete
resection of NSCLC. Further large-scale, multicentre, prospective
clinical trials are needed to evaluate the role of MWA in
postoperative pulmonary oligorecurrent NSCLC.

Table 2. Cox regression analysis of survival predictors.

Cox regression analysis for PFS

Univariate analysis Multivariate analysis

Variables HR (95% CI) P HR (95% CI) P

Gender

Male 1 1

Female 0.56 (0.34–0.91) 0.02 0.69 (0.40–1.18) 0.17

Age 0.98 (0.96–1.00) 0.08 0.98 (0.95–1.01) 0.18

Pathology

Adenocarcinoma 1 1

Non-adenocarcinoma 2.64 (1.66–4.19) 0.00 2.417 (1.42–4.11) 0.001

Stage

1 1 1

2–3 2.10 (1.28–3.44) 0.003 2.17 (1.31–3.61) 0.003

DFS 0.99 (0.98–1.00) 0.16 0.99 (0.99–1.01) 0.90

Numbers of ablated lesions

1 1 1

2–4 0.97 (0.60–1.54) 0.88 1.12 (0.78–1.60) 0.54

Adjuvant treatment

No 1 1

Yes 1.06 (0.80–1.41) 0.68 1.15 (0.84–1.58) 0.39

Cox regression analysis for OS

Univariate analysis Multivariate analysis

Variables HR (95% CI) P HR (95% CI) P

Gender

Male 1 1

Female 0.43 (0.20–0.89) 0.02 0.52 (0.22–1.22) 0.14

Age 0.98 (0.95–1.01) 0.25 0.98 (0.94–1.02) 0.36

Pathology

Adenocarcinoma 1

Non-adenocarcinoma 2.26 (1.27–4.03) 0.005 0.55 (0.28–1.08) 0.08

Stage

1 1 1

2–3 2.34 (1.21–4.52) 0.01 2.46 (1.05–5.72) 0.03

DFS 1.00 (0.98–1.01) 0.83 1.00 (0.99–1.03) 0.20

Numbers of ablated lesions

1 1 1

2–4 1.31 (0.72–2.39) 0.38 1.04 (0.50–2.18) 0.92

Adjuvant treatment

No 1 1

Yes 0.92 (0.63–1.34) 0.67 0.86 (0.55–1.35) 0.52

Patterns of failure

No 1

Local recurrence 6.13 (1.30–29.01) 0.02 2.77 (0.52–14.78) 0.23

Intrathoracic
oligorecurrence

4.90 (1.15–20.88) 0.03 2.40 (0.53–10.96) 0.26

Distant metastasis 11.40
(2.60–50.05)

0.001 5.37 (1.04–27.84) 0.04
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