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Abstract

OBJECTIVES: Surgical resection of pulmonary metastases is considered as a therapeutic procedure in selected cases. However, many
patients are unable to tolerate surgical intervention due to comorbidities and/or poor pulmonary reserve, also related to repeated paren-
chymal resections. Considering this scenario, we decided to investigate the role of radiofrequency ablation (RFA).

METHODS: The outcomes of all patients that underwent RFA for lung metastases, during the period 2003–2013, were analysed. The
primary end-points were overall survival (OS) and local progression-free survival (LPFS). Secondary end-point was the analysis of possible
risk factors affecting OS and LPFS.

RESULTS: Ninety-nine RFAs were performed on 61 patients (38 men, 23 women, median age of 74 years). Fourteen patients were treated
for two or more lesions, for a total of 86 lesions. Twelve lesions were treated up to three times. The median lesion diameter was 2 cm. The
majority of patients were affected by lung metastases from colorectal cancer (47.5%). All procedures were successfully completed. One
death occurred, whereas the morbidity rate was 11% (8% pneumothorax requiring chest drainage). At a median follow-up of 28 months,
the 1-, 3-, 5-year OS (LPFS) rates were 94.8% (86.3%), 49.0% (70.3%) and 44.5% (68.3%), respectively. No significant correlation was found,
using univariate and multivariate analysis, between OS and age, gender, histology of primary cancer (colon versus others), type of ap-
proach (computed tomography versus ultrasonography guidance), number of treated lesions (1 vs >1), disease-free interval (from primary
tumour to first lung metastases) (1-35 vs >35 months), previous lung resections (yes versus no), whereas a tendency towards better OS was
observed, by applying univariate analysis, for a lesion of <3 cm (P = 0.051) and for the presence of local disease 1 month after treatment
(P = 0.056), however, without a statistically significant difference. With regard to LPFS, lesion dimensions (P = 0.005) and the presence of
local disease 1 month after treatment (P < 0.001) were found to be significant risk factors, in both univariate and multivariate analyses.

CONCLUSIONS: RFA appears as a feasible and safe procedure, with an acceptable morbidity, offering the possibility to safely repeat the
treatment on the same lesion. RFA can be considered a valid option for the local control of lung metastases, in patients not eligible for
surgery, especially those with lesions smaller than 3 cm.
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INTRODUCTION

The lungs are one of the most common sites of metastases, and
�30% of patients suffering from malignant solid tumour will
develop pulmonary metastases. Surgical resection is reserved for

selected patients, including those with complete control of
primary tumour, no extrathoracic disease, long disease-free inter-
val (DFI) and limited pulmonary metastases [1]. However, the effi-
cacy of metastasectomy is variable, ranging from a 5-year survival
rate of 26–69%, depending on different factors, such as the hist-
ology of the primary tumour, the complete resection and the
number of lesions [2–5]. Therefore, sometimes, surgical resection
could appear too aggressive for patients that are affected by Stage
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IV cancer, and often the practice is driven by the feeling of a need
to ‘do something’, especially for young patients [3]. Additionally,
the number of patients with resectable lung metastases, though
not suitable for surgery, is unknown.

For these reasons, in the last decades, several non-surgical treat-
ments were developed. One of these being radiofrequency abla-
tion (RFA) that in an international study of 2004 has been defined
as a minimally invasive tool for local disease control, with negli-
gible mortality, low morbidity, short hospital stay and a gain in
quality of life [6]. Several studies have shown that RFA is feasible,
but few long-term outcomes have been reported [7–9].

The primary end-points of this study were overall survival (OS)
and local progression-free survival (LPFS). Secondary end-point
was the analysis of possible risk factors affecting OS and LPFS.

MATERIALS ANDMETHODS

Sixty-one patients underwent RFA of a total of 86 lung metastasis,
during a 10-year period from 2003 to 2013. All patients signed a
written informed consent, after adequate explanation of risks and
possible benefits of the procedure.

Preoperative assessment and selection criteria

All patients underwent chest and abdominal computed tomog-
raphy (CT) scan. Additional examinations (i.e. brain CT scan, bone
scintigraphy and positron emission tomography (PET) were used
to assess the complete control of the primary tumour, the
absence of extrathoracic disease or the presence of extrathoracic
disease controlled or being treated. Patients with lymph node in-
volvement (observed at CT scan or PET scan) were not selected
for the treatment. Functional assessment consisted in lung func-
tion test and in cardiological evaluation. All patients considered
unsuitable for surgical resection were evaluated, case by case, by
an experienced thoracic surgeon, together with a pneumologist,
an oncologist and also an anaesthesiologist. The decision to
exclude the surgical therapy was based not only on respiratory
function tests (lung functions that made the patient unable to tol-
erate a wedge resection or excessive parenchymal loss required to
resect a nodule sited deeply in the parenchyma or previous
repeated wedge resections), but also on medical comorbidities
that elevated the surgery at an excessively high-risk level.

Other main selection criteria were: lesions smaller than 5 cm;
distance from large vessels and airways more than 1 cm; platelet
count greater than 50 × 103/µl, as reported in a previous paper
[10]. Demographic and clinical data of each patient were recorded,
including age, gender, comorbidity and (DFI, defined as the time
between the primary tumour and the first lung metastasis. The
adult comorbidity evaluation scoring system (ACE-27) was used to
stratify population based on comorbidities [11].

Device and technique

All procedures were performed with curative intent, under con-
scious sedation and local anaesthesia, utilizing a radiofrequency
generator (RITA-Model 1500/1500X, AngioDynamics, Latham, NY,
USA). In the majority of cases, CT guidance was used, while, more
recently, lesions in contact with parietal pleura underwent RFA by
ultrasonography (US) guidance. Before 2007, an employable array
(StarBurst XL, AngioDynamics) was utilized to reach the target

temperature of 90°C maintained for a predeterminate period ranging
between 15 and 27 min based on the size of the lesion. Subsequently,
a new employable array (StarBurst Talon, AngioDynamics) with a per-
fusion system (Intelliflow pump, AngioDynamics) that operates at 105°
C was applied, reducing the ablation time to the target temperature to
5–9 min, again according to the size of the tumour, as reported in a
previous paper [10].When technically possible, the purpose of the RFA
protocol was to create a coagulation necrosis 1 cm larger than the
target tumour. At the end of the procedure, after the automatic
cooling of the radiofrequency system, the expandable tines were
retracted and the generator was shifted to ‘track ablation mode’, allow-
ing the ablation of the pathway from the lesion to the subcutaneous
tissue to prevent bleeding or tumour cell dissemination. Complications
were recorded and stratified according to the Common Terminology
Criteria for Adverse Events, version 4.03 [12]. Morbidity rate and mean
hospital stay were calculated on the 99 RFA procedures.

Follow-up

Patients were evaluated at our day hospital with a contrast-enhanced
chest and abdomen CT and tumour-specific markers at 1, 3 and
6 months after the procedure, and then with an interval of every
6 months with the same examinations. The assessment of target
tumour response was based on the CT analysis of lesion size, lesion
shape and lesion enhancement contrast. Considering that the object-
ive of the RFA protocol was to encompass the tumour with an abla-
tion zone thickness of at least 1 cm, the 1-month follow-up CT scan
(in which the high-density area representing the ablation zone was
usually larger than the native tumour) was considered a term of refer-
ence, as reported in a previous paper [10]. Nodules showing at least a
30% decrease in longest diameter compared with the diameter mea-
sured at 1-month CT, no evidence of tumour growth from the zone
of ablation and no evidence of contrast enhancement, were assumed
to have undergone complete ablation. The threshold of 30% is con-
sistent with the new response evaluation criteria in solid tumours
(RECIST) and was utilized to prevent overestimation of treatment
response due to measurement variability [13, 14]. Conversely, nodules
showing at least a 20% increase in longest diameter in any of the
follow-up CT studies (as per RECIST, taking as reference the smallest
diameter measured at any time point), evidence of tumour growth
from the zone of ablation or intratumour contrast uptake (equal to or
greater than preoperative, in any case greater than 25 Hounsfield
units) were assumed to have disease recurrence. During the follow-
up, if considered necessary, a PET scan was also performed.
Local recurrence (LR) was defined as evidence of tumour recur-

rence near to, in the site of thermal ablation or within the same
lobe. OS was calculated on 61 patients and was defined as the inter-
val between RFA and last follow-up or death. LPFS was calculated
on 86 treated lesions and was defined as the interval between RFA
treatment and evidence of disease LR. In case of multiple RFAs, the
follow-up analysis for OS and LPFS was calculated starting from
the last treatment. In case of LR during the follow-up period, if the
patients underwent a treatment other than RFA, LPFS was calcu-
lated as the time between the RFA and the date of LR evidence.

Statistical analysis

Statistical analysis was performed using the software SPSS version
18.0 for Windows (SPSS, Chicago, USA). Continuous variables
were expressed in terms of mean and standard deviation, whereas
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categorical variables were expressed in terms of frequency.
Differences and similarities between two cohorts were assessed
using unpaired t-test and the χ2 test or Fisher’s exact, when appro-
priate, for continuous data and categorical measures, respectively.
OS and LPFS were estimated with Kaplan–Meier method.

We investigated possible correlations between morbidity and
the size of the lesion (<3 vs >3 cm), the type of approach (CT
versus US), the site of the lesions (unilateral versus bilateral), the
number of treated lesions per patients (patients treated for 1
lesion versus more than 1) and the number of repeated treatment
on the same lesion (1 vs more than 1).

We investigated using univariate analysis, possible correlations
between OS and LPFS with age, gender, type of approach (CT
versus US), size of the lesion (>3 vs <3 cm), histology of primary
cancer (colon versus others), number of treated lesions (1 vs more
than 1), DFI (from 0 to 11 months vs more than 11 months, from 0
to 23 months vs more than 23 months, from 0 to 35 months vs
more than 35 months), previous lung resections (yes versus no),
the presence of local disease 1 month after the treatment (yes
versus no). With the multivariate analysis, we were able to investi-
gate possible correlation between OS and LPFS with age, lesion di-
mension (>3 vs >3 cm), histology (colon versus others), DFI (from
0 to 35 months vs more than 35 months) and the presence of
local disease 1 month after the treatment (yes versus no).

For the univariate analysis, categorical variables were analysed
with the log-rank test, and continuous variables were analysed
using Cox regression. Multivariate analysis was performed using
Cox regression. The odds ratio and corresponding 95% confidence
intervals (CIs) were reported for covariates. A P-value of <0.05 was
considered statistically significant.

RESULTS

Ninety-nine RFAs were performed on 61 patients (38 men, 23
women, with a median age of 74 years, range 40–86). All patients,
except three that refused surgical intervention, were evaluated as
unfit for surgery due to comorbidities or insufficient cardiopul-
monary reserve. Demographic and clinical data are summarised
in Table 1. The ACE-27 grade was 3 in 30 cases and 2 in 31 cases.
The total number of treated lesions was 86 (median size 2 cm,
range 0.7–5). Fourteen patients underwent RFA of two or more
metastases (seven for two metastases, five for three metastases,
one for four metastases and one for six metastases). The mean
number of metastases per patient was 1.4. In 10 cases, the lesions
were bilateral. In 12 cases, the same nodule was treated twice and
in 1 case thrice, due to incomplete ablation or disease recurrence.
The median interval between RFA procedures was 9 months (range
1–26). The primary cancer was colorectal in 29 (47.5%) cases, head
and neck in 8 (13.11%), renal in 4 (6.55%), other in 20 (32.78%). The
median DFI was 3 years (range 0–27). Twenty-four patients under-
went previous resection for other metastatic lung lesions (21 wedge
resections and 3 lobectomies followed by 3 wedge resections),
whereas 37 patients had no prior lung resection.

Of the 99 procedures, 90 (90.9%) were performed under CT guid-
ance and 9 (9.1%) under US guidance. All procedures were com-
pleted successfully. The 30-day mortality rate was 0%, whereas the
90-day mortality rate was 1%. One death occurred in a patient
affected by severe COPD, ischaemic heart disease, paroxysmal atrial
fibrillation, who was suffering from two lung metastases of bladder’s
carcinoma. The first RFA of the lesion sited in the left upper lobe was
uneventful. After 1 month, during the second RFA procedure of the

lesion sited in the left lower lobe, a pneumothorax requiring a chest
drainage occurred. Subsequently, a progressive respiratory failure
arose, causing the death of the patient, on 45 days post-treatment.
The morbidity rate was 11.0%. The most common complication

was pneumothorax that occurred in 9 cases (8.7%): 8 patients
(7.7%) required a chest drainage (AE Grade 2), of which 1 was
treated with a talc pleurodesis by VATS, after 10 days of air leakage
(AE Grade 3b). The pleural effusion occurred in 2 cases (2.0%), (AE
Grade 2) in subpleural metastases ablated under US guidance. The
median post-procedural hospital stay was 1 day (range 1–45).
Three patients underwent wedge resection of the nodule after
performing RFA due to disease recurrence, at a mean distance of
20 months (range 12–34) from the RFA treatment. These patients
were those who initially refused surgery, even if were evaluated as
operable. The pathological results of the specimens showed in all
cases coagulative necrosis associated with residual area of vital
tumour. Nine patients underwent stereotactic radiotherapy after
performing RFA at a mean distance of 20 months (range 9–40)
from the ablative treatment. Three of them were lost at follow-up,
for the others local control of the disease was obtained.

Analysis of survival and progression

Three patients were lost at follow-up. The median follow-up
period was 28 months (range 2–126). At the time of analysis,

Table 1: Demographic and clinical characteristics of the
study population

Characteristics n %

Patients 61 −100
Gender

Male 38 −62
Female 23 −38

Median age (range, years) 74 40–86
Primary cancer

Colon 29 −48
Head and neck 8 −13
Renal 4 −7
Sarcoma 5 −8
Other 15 −4

Median lesion size (range, cm) 2 0.7–5
Site of lung metastases

RUL 25 −25.3
ML 3 −3
RLL 20 −20.2
LUL 23 −23.2
LLL 28 −28.3

RFA guidance
CT 90 −89
US 9 −11

Previous lung resection
No 37 −61
Yes 24 −39

DFI (months)
0–11 11 −18
12–35 19 −31
>36 31 −51

RUL: right upper lobe; ML: middle lobe; RLL: right lower lobe; LUL: left
upper lobe; LLL: left lower lobe; CT: computed tomography; US:
ultrasonography; DFI: disease-free interval, defined as the time
between the primary tumour and the first lung metastasis; RFA:
radiofrequency ablation.
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27 patients were alive. Of these patients, 7 had LR of the disease, 1
had distant recurrence and 19 were disease free. Thirty-one
patients died during the follow-up, of which 25 had cancer (15
patients with LR) and 6 were disease free. The actuarial mean OS
was 65 months (95% CI 51–79). The 1-year OS was 94.8% (SE
0.029), whereas 3- and 5-year OS were 49.0% (SE 0.070) and
44.5% (SE 0.070), respectively. The 1-, 3-, 5-year LPFS rates were
86.3% (SE 0.038), 70.3% (SE 0.056) and 68.0% (SE 0.059), respect-
ively. The actuarial mean LPFS was 96 months (95% CI 82–110).

Risk factor analysis

With regard to possible factors affecting morbidity, no association
was observed with the lesion dimension (P = 0.262), the type of
approach (P = 0.262), the sidedness of the lesions (P = 0.186), the

number of treatments per patient (P = 0.594) and the number of
repeated treatments on the same lesion (P = 0.524).
With regard to the possible risk factors affecting OS, in both uni-

variate (Table 2) and multivariate (Table 3) analyses, no correlation
was observed between OS and age, gender, type of approach,
histology of primary cancer, number of treated lesions, DFI, previ-
ous lung resection. But, an important tendency towards better
OS was observed, using univariate analysis, for lesions smaller
than 3 cm, however, with a borderline statistically significant
P-value (P = 0.051) (Fig. 1): the 1-, 3-, 5-year OS was 94.9, 55.7,
52.0% for lesion smaller than 3 cm, and 94.4, 30.9, 30.9% for
lesion larger than 3 cm, respectively. Furthermore, the presence of
local disease 1 month after treatment seemed to affect OS, even if
without statistical significance (P = 0.056).
With regard to LPFS analysis (Tables 2 and 3), none of the

above-mentioned parameters resulted as a significant risk factor,
with the exception of the presence of local disease 1 month after
treatment (P < 0.001) and of the lesion dimensions (P = 0.005)
(Fig. 2): the 1-, 3-, 5-year LPFS was 93.5, 75.1, 70.1% for lesion
smaller than 3 cm, and 61.1, 53.5, 42.8% for lesion larger than 3
cm, respectively. Local disease 1month after treatment and lesion
dimensions were found to significantly affect LPFS also by multi-
variate analysis.

DISCUSSION

The lung is one of the most frequent sites for tumour spread. The
surgical resection of pulmonary metastases is now considered a
standard therapeutic procedure in properly selected patients [1–
5]. Additionally, during the last years, different techniques have
been developed to improve the application of VATS for nodule re-
section [15–17]. Furthermore, recent papers have evaluated the
role of VATS, showing no less favourable outcomes with respect to
thoracotomy in terms of survival and disease recurrence [4, 5, 18].
In spite of these improvements, many patients, affected by lung
metastasis, are unable to tolerate any kind of surgical intervention.
In this scenario, we investigated the efficacy of RFA in non-

surgical patients. In our series, the most frequent complication
was pneumothorax that occurred in 8.7% of cases. Our percentage
is lower than that reported in the literature: Gillams et al. [19]
reported an incidence of 15% of pneumothorax requiring chest
tube, whereas in the study by Chua et al. [20], the percentage of
pneumothorax requiring chest tube was 30, and in the study by

Table 2: Univariate analysis of factors correlating with OS
and LPFS

Risk factor OS
P-value

LPFS
P-value

Age (years)a 0.53 0.33
Genderb (male versus female) 0.14 0.69
Type of approachb (CT versus US) 0.990 0.310
Lesion dimensionb (<3 vs ≥3 cm) 0.051 0.005
Cancer typeb (colon versus other type) 0.84 0.23
Previous lung resectionb (yes versus no) 0.37 0.35
DFI-1b 0.66 0.94
DFI-2b 0.44 0.96
DFI-3b 0.29 0.96
Number of treated lesionb

(one versus more lesions)
0.35 0.16

One-month LDb (yes versus no) 0.056 <0.001

CT: computed tomography; US: ultrasonography; DFI-1: disease-free
interval (0–11 months vs more than 11 months); DFI-2: disease-free
interval (0–23 months vs more than 24 months); DFI-3: disease-free
interval (0–35 months vs more than 36 months); one-month LD:
presence of local disease at 1 month after RFA; OS: overall survival;
LPFS: local progression-free survival; RFA: radiofrequency ablation.
aContinuous variable.
bCategorical variables.

Table 3: Multivariate analysis of factors correlating with OS and LPFS

Risk factors OS LPFS

P-value OR 95% CI P-value OR 95% CI

Agea 0.598 1.0101 0.974–1.046 0.172 1.031 0.987–1.077
Dimensionb (<3 vs ≥3 cm) 0.333 1.617 0.609–4.312 0.010 3.174 1.314–7.666
DFIb (<3 vs ≥3 years) 0.206 0.617 0.292–1.304 0.600 1.296 0.492–3.414
Histologyb (colon versus other type) 0.924 1.038 0.482–2.237 0.652 0.800 0.303–2.112
One-month LDb 0.507 1.504 0.451–5.014 0.001 5.289 2.011–13.913

OR: odd ratio; 95% CI: 95% confidential interval; DFI: disease-free interval, defined as the time between the primary tumour and the first lung metastasis;
one-month LD: presence of local disease at 1 month after RFA; OS: overall survival; LPFS: local progression-free survival; RFA: radiofrequency ablation.
aContinuous variable.
bCategorical variables.
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de Baère et al. it rose to 58 [21]. This can probably be explained by
the high incidence of previous lung resection that may create
pleural adhesions (in our series 39%, in respect to 16 and 13% in
Gillams and Chua et al. papers, respectively [19, 20]).

Additionally, Gillams et al. [19] observed major complications in
3.9% of patients, including two nerve injuries (recurrent laryngeal
nerve and brachial plexus), but the severity of these adverse

events was not specified. Such events were not experienced in our
study, probably due to the minimum distance of 1 cm between
the tumour and vital structures/mediastinum, which was always
respected as per inclusion criteria.
In our series, we observed one case of pneumothorax, requiring

surgical intervention due to the prolonged air leaking, and also in
the series of Chua et al. [20] surgical intervention was necessary to
treat a pneumothorax complicated by an abscess associated with
empyema.
With regard to mortality, in our study, one death occurred, due

to respiratory failure, 45 days after the treatment. Also in the study
of Gillams et al. [19], one (1/122) death occurred after delayed in-
fection resulting in a fatal haemoptysis, whereas de Baère et al.
[21] reported two deaths (0.4%) related to cardiopulmonary failure
and cerebral stroke, respectively.
On the basis of these data (Table 4), RFA can be evaluated as a

safe procedure with an acceptable morbidity. Additionally, these
studies as well as our series included also patients treated for
more than one lesion, bilateral or unilateral [7, 19, 20] and up to
eight [21], and in some cases, patients were treated for the same
lesions up to four times [21, 22]. Chua et al. found that the number
of the lesions treated (1 or 2 vs more than 2) and the sidedness
(unilateral versus bilateral) significantly affected complications and
required a chest tube. On the contrary, this was not observed in our
analysis: no correlation was found between the morbidity and the
sidedness of the lesions (unilateral versus bilateral), the number of
treatments per patient and the number of repeated treatments of
the same lesion. Probably, it is due to the low incidence of
pneumothorax observed in our study. However, these data suggest
that RFA can be applied not only for the treatment of a single
lesion such as in case of early stage of NSCLC, but it can be also
repeated safely, on different unilateral and/or contralateral nodules
and on the same lesion. Evidence like these should be taken into
consideration when approaching patients with metastatic disease,
who suffer or probably will suffer frommultiple lung nodules.
With regard to survival, few studies evaluated the role of RFA

for the treatment of lung metastases with an adequate follow-up
period (Table 4). Gillams et al. reported a 3-year OS of 57% on 122
patients affected by colorectal lung metastases with a mean total
number of lesions ablated of 3.3. However, the authors calculated
the survival from the first treatment and, in cases of multiple RFAs,
they did not specify the mean interval between the first and last
RFA [19]. In the study of Chua et al. [20], which included different
histologies, 19% of patients had multiple RFAs, obtaining a 3- and
5-year OS of 60 and 45%, respectively, with a median follow-up
period of 29 months. The other study that included different
histologies is the multi-institutional French study by de Baère et al.
[21], in which the authors obtained a 5-year OS of 52%, with a
follow-up period of 35 months. In our series, we obtained a 1-, 3-
and 5-year OS of 95, 49 and 45% with a median follow-up of 28
months, whereas LPFS rates at 1-, 3- and 5-year were 86.3, 70.3
and 68.0%, respectively. The local control of disease at 5 years
reached 70.1% for lesion smaller than 3 cm. In fact, concerning
the risk factor analysis, in our series, a weighty tendency towards
better OS was observed for smaller lesions (P = 0.051), but without
reaching statistical significance, probably due to the small sample
size. None of the other investigated parameters influenced OS.
With regard to LPFS, we found that it was significantly associated
with the lesion size and with the presence of disease 1 month after
the treatment, by both univariate and multivariate analyses. These
data are similar to the data reported in the paper of Yan et al. [7],
where the dimension of >3 cm and repeated RFA treatments for

Figure 1: Cumulative overall survival for the lesions of <3 and >3 cm, estimated
from the latest RFA procedure, on 61 patients, with Kaplan–Meier method and
log-rank test (P = 0.051). RFA: radiofrequency ablation.

Figure 2: Cumulative local progression-free survival for the lesions of <3 and
>3 cm, estimated from the latest RFA treatment, on 86 lesions, with Kaplan–
Meier method and log-rank test (P = 0.005). RFA: radiofrequency ablation.
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disease recurrence were found to be significant prognostic factors
for OS. Likewise, the study of Gillams et al. [19], on colorectal cancer
metastases, showed a tendency towards better OS for lesion
smaller than 2 cm. These data suggest that one of the most signifi-
cant factors affecting RFA outcomes is the dimension of the lesion,
as confirmed in a larger series of de Baère et al. [21], where nodule
diameter significantly affected both survival and progression-free
survival. In this paper, in addition to lesion size, DFI also significant-
ly affected survival, as reported in the paper of Chua et al. [20], but
these data were found in analysis series.
Despite our interesting results, we acknowledge some of the

limitations of this research. The first one is the limited number
of treated patients, which resulted from precise and strictly fol-
lowed inclusion criteria, a single-centre experience and the het-
erogeneous histological type of lung metastases. Additionally,
no confirmatory biopsy was routinely performed: history of previ-
ous cancer with PET-positive, newly discovered or enlarging
lung nodule was considered diagnostic for malignant disease.
Secondly, the population of this study included different kinds of
patients, who were treated with RFA for several reasons: surgical
refusal and poor lung function, thus making the patient unable to
tolerate even a limited resection, the presence of coexisting co-
morbidities that make surgical risk unacceptable. Thirdly, despite
the strict criteria adopted for the definition of LR, effectiveness of
the procedure was confirmed by radiological means alone.
However, CT imaging was evaluated always by the same multidis-
ciplinary team that has decennial experience with RFA procedures
and their follow-up imaging.
In addition, we have to consider the recent results of another

non-surgical therapy: stereotactic body radiation therapy (SBRT)
that appeared to be more effective than RFA for the treatment of
early-stage NSCLC. The comparison between RFA and SBRT is prob-
ably more appropriate because they are both conservative and
local therapies. Takahashi et al. [23], recently reported their results
on 42 lung metastases (single nodule in 76% of cases, predominant-
ly from lung and colon cancers, median maximum diameter 19
mm) treated with SBRT, showing a 1-year OS and local control rate
of 81 and 91%, respectively, at a median follow-up of 20 months. In
a similar series on 61 oligometastatic lung tumours (single nodule
74%) of Ricardi et al. [24], 2-year OS and local control rates were
66.5 and 89%, respectively, at a median follow-up of 20 months.
However, we have to consider three different aspects: firstly,

lung metastases are frequently discovered as multiple lung
nodules, and not only as a single nodule; secondly, some patients
might have been subjected to previous radiotherapy for a prior
lung cancer; thirdly, the most frequent side effect of SBRT is lung
toxicity, which can occur also as late event, and that is dose de-
pendent. Currently, few studies have analysed the outcomes and
the side effects of SBRT on multiple lung metastases in a single
treatment course or as a retreatment modality for new isolated
lung nodules. Owen et al. [25] investigated 63 patients (128
nodules, with a mean size of 1.8 cm), who received multiple
courses of lung SBRT or SBRT following high-dose external beam
radiotherapy (EBRT) to the mediastinum. They reported a 1-year
OS and LPFS of 85 and 91.9%, respectively, and an acute toxicity
of 51% (most frequently Grades 1 and 2), which was significantly
associated with previous EBRT and with high biologically effective
dose. Late toxicity (most frequently related to the damage to
normal lung tissue) was found in 29/63 (46%) patients (2 of whom
became oxygen dependent and 1 of whom died due to pneu-
monitis) and it was associated with the number of SBRT sites
treated. Evidence like this should be taken into consideration

Ta
bl
e
4:

Re
ce
nt

st
ud

ie
s
re
ga
rd
in
g
RF

A
fo
r
th
e
tr
ea
tm

en
to

fl
un

g
m
et
as
ta
se
s

Fi
rs
ta
ut
ho

r,
ye
ar

Pt
s

M
ts

M
ed

ia
n
di
am

et
er

(c
m
),
ra
ng

e
H
is
to
lo
gy

90
-d
ay

m
or
ta
lit
y

M
or
bi
di
ty

M
ed

ia
n
fo
llo
w
-u
p

(m
on

th
s)
,r
an

ge
1-
y
O
S

3-
y
O
S

5-
y
O
S

G
ill
am

s,
20

13
12

2
39

8
1.
7a

(0
.5
–
4)

C
ol
on

1/
12

2
15

%
pn

x
dr
ai
ne

d
3.
9%

m
aj
or

co
m
pl
ic
at
io
ns

12
(6
–
10

2)
N
R

57
%
b

N
R

C
hu

a,
20

10
18

8
14

8
4a

(S
D
±
1)

V
ar
io
us

0
30

%
pn

x
dr
ai
ne

d
(1

pt
op

er
at
ed

fo
r
lu
ng

ab
sc
es
s)

11
%
pl
eu

ra
le
ffu

si
on

29
(2
–
10

3)
N
R

60
%

45
%

Ya
n,
20

06
55

70
c

2.
1a

(S
D
±
1.
1)

C
ol
on

0
16

%
pn

x
dr
ai
ne

d
7%

pl
eu

ra
le
ffu

si
on

24
(6
–
40

)
85

%
46

%
N
R

Pe
tr
e,
20

13
45

69
N
R
(0
.4
–
3.
5)

C
ol
on

0
19

%
pn

x
dr
ai
ne

d
4%

pl
eu

ra
le
ffu

si
on

18
(7
–
43

)
95

%
50

%
N
R

de
Ba

èr
e,
20

15
56

6
64

2
1.
5
(0
.4
–
7)

V
ar
io
us

2/
56

6
58

%
pn

x
dr
ai
ne

d
35

(2
0–
53

)d
92

%
68

%
52

%
Pr
es
en

tr
ep

or
t

61
86

2
(0
.7
–
5)

V
ar
io
us

1/
61

7.
7%

pn
x
dr
ai
ne

d
(1

pt
op

er
at
ed

fo
r
pr
ol
on

ge
d
ai
r
le
ak
)

2%
pl
eu

ra
le
ffu

si
on

28
(2
–
12

6)
95

%
49

%
45

%

Pt
s:
nu

m
be

ro
ft
re
at
ed

pa
tie

nt
s;
M
ts
:n
um

be
ro

ft
re
at
ed

m
et
as
ta
se
s;
1-
y
O
S:
1-
ye
ar

ov
er
al
ls
ur
vi
va
l;
3-
y
O
S:
3-
ye
ar

ov
er
al
ls
ur
vi
va
l;
5-
y
O
S:
5-
ye
ar

ov
er
al
ls
ur
vi
va
l;
N
R:

no
tr
ep

or
te
d;

RF
A
:r
ad

io
fr
eq

ue
nc
y
ab

la
tio

n;
SD

:
st
an

da
rd

de
vi
at
io
n.

a M
ea
n.

b
C
al
cu
la
te
d
fr
om

th
e
fir
st
RF

A
tr
ea
tm

en
t.

c T
ot
al
RF

A
.

d
In
te
rq
ua
rt
ile
.

O. Fanucchi et al. / Interactive CardioVascular and Thoracic Surgery62



when approaching a patient with multiple lung metastases. In this
sense, it should be underlined that RFA would be safely repeated
on the same lesion and on other lesions in the same or contralat-
eral lung. This can be explained by the fact that radiofrequency
energy spreads less in normal lung tissue, which has a higher level
of impedance related to the presence of air, in respect to the solid
lesion [6, 14]. Additionally, the approach for SBRT is not uniform
across centres: the optimal radiation dose and number of fractions
required are still not clearly defined. Considering these preliminary
data, further studies are necessary to clearly delineate the role of
RFA for the treatment of lung metastases. As suggested by Treasure
et al. [3], comparative randomized trials, evaluating different thera-
peutic options, are desirable to define the risks and benefits of each
therapy and to understand, on a case by case basis, the best choice
for a single patient. However, the comparison between different
therapies for the treatment of lung metastases is difficult due to the
heterogeneity of the analysed populations, the different histology
and the multiplicity and repetition of treatments [3].

However, the results of our study confirm that RFA is a safe min-
imally invasive procedure, with an acceptable morbidity, offering
the possibility to safely repeat the treatment on the same lesion
and on other lung nodules. In patients not eligible for surgery,
RFA offers good local control of lung metastases, also in the long-
term period, particularly for lesions smaller than 3 cm. It can be
considered a safe and effective therapeutic option, for treatment
of small lung metastases, and made available when approaching a
patient with Stage IV disease.
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APPENDIX. CONFERENCE DISCUSSION
Scan to your mobile or go to
http://www.oxfordjournals.org/page/6153/1
to search for the presentation on the EACTS library

Dr P. Van Schil (Antwerp, Belgium): In the present series, 61 patients who were
unfit for surgery or who refused an intervention are analysed, and they under-
went radiofrequency ablation for a total of 86 lung metastases during a 10-year
period. The primary tumor was mainly colorectal cancer. Twenty-four patients
previously had undergone resection of lung metastases. The 90-day mortality
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was only 1% with an overall survival at 5 years of 45% and a local progression-
free survival of 68%.

Were all patients discussed at the multidisciplinary team meeting, and which
precise criteria were then used to decide whether to apply RFA, surgery, or
stereotactic radiotherapy?

Dr Aprile: All patients were discussed in a multidisciplinary setting, including
a thoracic surgeon, an oncologist, a pulmonologist, and an anaesthesiologist.

The preferred treatment for lung metastasis is surgical treatment, but not all
patients are suitable for surgery.

When we started to treat lung metastasis in patients unsuitable for surgery,
stereotactic radiotherapy was not available in our department.

Radiofrequency ablation, can be performed in one session. It can be
repeated on the same nodule and impairs the pulmonary reserve less than
stereotactic radiotherapy. So we prefer to treat lung metastasis in the patient
with a pulmonary vessel with radiofrequency ablation.

However, not all the lesions can be treated with radiofrequency ablation due
to the dimensions and localization. We couldn’t treat lesions bigger than 5 cm,
we couldn’t treat lesions near the main airways or vessels, in the apix of the
lungs, posterior lesions and lesions close to the scapula for the difficulty to pos-
ition the needle. So the role of multidisciplinary setting is very important to
decide the best treatment for patient unsuitable for surgery.

Dr Van Schil: Yes, I agree.
Secondly, yesterday I presented a case of lung metastasis when in fact we

found five nodules in one lung with four different histologists.
So my second question is in how many cases was the pathological diagnosis

obtained at the initial radiofrequency ablation treatment, and also secondly, at
the diagnosis of recurrent disease?

Dr Aprile: About 17% of patients had pathological diagnosis. For the other
patients, the oncologists didn’t require a biopsy. For these patients, the diagno-
sis was clinical and radiological.
With regard to recurrences, the assessment of the tumor response was

based on the CT analysis of lesion dimension, geometry, and the constant
enhancement according to modified response evaluation criteria in solid
tumor.
Dr Van Schil: But as with stereotactic radiotherapy after radiofrequency abla-

tion treatment, you have a lot of inflammation surrounding the nodule. So how
can you make the distinction sometimes between recurrent disease and just in-
flammatory reaction?
Dr Aprile: It’s very difficult to recognize the inflammatory lesion surrounding

the lesion treated with radiofrequency ablation and recurrences. We use the
CT scan routinely, but in cases of doubt, we can perform a PET-CT never in the
early post-treatment period.
Dr P. Tcherveniakov (Leeds, UK): Who actually does the procedure? Do you

get the radiologist involved or do you do everything yourself?
Dr Aprile: No, the radiologists, the radiologists with the thoracic surgeon, we

work together during the treatment.
Dr Tcherveniakov: Secondly, what are your technical limitations in terms of

application of radiofrequency ablation? When do you consider a lesion and un-
suitable for radiofrequency ablation. What stops you?
Dr Aprile: For a small apical lesion, for a lesion located posteriorly, for a

lesion close to the scapula, it’s very difficult to treat these lesions for the diffi-
culty of the position of the needle. So in these cases, we propose the stereotac-
tic radiotherapy.
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