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About 20% of patients with colorectal cancer (CRC) 
present metastatic spread at diagnosis and another 
20–30% of them will develop distant progression after 
curative resection of the primary tumor (1). In the last 
years, the available treatment for lung metastases has been 
progressively improved due to implementation of modern 
non-invasive or minimally invasive techniques. Their use 
could be able to improve survival in the oligometastatic 
state of selected categories of patient with slow growth 
tumor disease (2). Surgery is the most used treatment in 
the oligometastatic disease of patients with primary CRC, 
followed by stereotactic body radiotherapy (SBRT) called 
also stereotactic ablative radiotherapy (SABR). SABR is a 
non-invasive procedure that could be used in patients not 
suitable to surgery, due to comorbidities or advanced age, 
obtaining high rates of local control comparable to surgical 
series (3-5). A meta-analysis by Cao et al. (6) regarding 
SBRT of lung metastases analyzing 18 relevant studies in 
this field, reported 3-year local control (LC), overall survival 
(OS) and progression-free survival (PFS) of 60%, 52% and 

13%, respectively. More recently, radiofrequency ablation 
(RFA) is acquiring an increased interest in the scientific 
community due to its effectiveness and safety. This kind of 
therapy is minimally invasive, could be performed with less 
costs in one treatment procedure and could be repeated 
in case of residual or recurrent local disease. However, 
evidence regarding RFA is still weak due to leak of large 
retrospective data and poor clinical use compared to surgery 
or SABR. Data analysis in a large series patients included in 
the CLOCC trial (7), reported 14,5% of local recurrence 
per patient an 6% per lesion after RFA of liver metastases 
from CRC. Moreover, for lesion <3 cm, tumor recurrence 
rates were demonstrated to be under 3%. RFA could also 
be repeated up to four times in the treatment of small lung 
metastases <2–3 cm (8). 

In this scenario, prospective studies could provide further 
evidence regarding benefits of RFA in the treatment of 
pulmonary oligometastatic CRC patients. In the recently 
published prospective single-arm multicenter study by 
Hasegawa et al. (9), conducted in Japan, good results are 
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reported in 70 patients with 100 lung metastases treated 
with RFA between 2008 and 2014. The primary end-point 
was 3-year OS calculated from initial RFA. In the statistical 
analysis, the expected 3-year OS was 53%, which is in 
line with surgical series. Other secondary end-points were 
prognostic factors, success and safety of treatment, disease 
control and survival, and changes in pulmonary function. 
Eligible patients were those with previously radically 
resected primary tumor and with no extrapulmonary 
metastases, a maximum of five parenchymal lung metastases 
measuring ≤3 cm (range: 0.4–2.8 cm), and life expectancy 
>1 year. Although, inclusions criteria such as “both RFA 
and resection could be performed with technical success 
of” and “no severe comorbid disease” were stated, 11% 
of the patients were not suitable to surgery because of 
advanced age (≥80 years) or comorbid conditions. The 
other 89% of the patients were potentially operable but 
they refused surgery. A positron emission tomography-
computed tomography (PET-CT) was performed before 
initial FRA and 1 year afterward in the follow up time 
for all patients. Chemotherapy was administered in 20% 
of the treated patients before RFA and another about 
20% received adjuvant chemotherapy after lung RFA. 
Ablative radiofrequency of lung metastases was performed 
by 9 interventional radiologists. Technical success of the 
treatment war proved with CT imaging 1 month after the 
procedure and was defined as the full coverage of the tumor 
by the ablation zone. Repeated RFA was performed by 
unsuccessful therapy. Mean age was 66 years and most of 
the patients presented with single lung metastasis (70%). 
In the remaining 30% of the patients with multiple lung 
metastases, lung RFA was conducted also in multiple 
sessions within 8 weeks. The final follow-up was concluded 
in 2018 and a central diagnostic committee consisted in 7 
certified diagnostic radiologist checked technical success 
and disease progression. The 3-year OS rate was 84% (59/70 
analyzed patients) compared to the expected 53% previously 
calculated. In the multivariate analysis, rectal primary tumor 
location (P<0.001), positive carcinoembryonic antigen 
(CEA) (P=0.001) and no administration of chemotherapy 
before lung RFA (P<0.001) were significantly associated 
to worse OS. Primary and secondary treatment success 
rates were 96% and 100%, respectively, with repeated RFA 
procedure in 3 patients. Overall, 88 sessions were performed 
for the 100 lung metastases; cooled electrodes were used 
in 84 sessions and multi-tined expandable electrodes in 
4 sessions. In 6 patients (9%) local tumor progression 
occurred at the time interval of 6–19 months after the initial 

RFA. The 3-year PFS rate was 41% and half of the patients 
developed other new sites of pulmonary or extrapulmonary 
metastases, demonstrating that despite a good LC the use 
of combined systemic therapy is mandatory in this category 
of patients. In 20% of RFA sessions, patients developed 
pneumothorax, described as a grade 2 side effect that 
requires a temporary chest tube insertion. In addition, in 
another 16% of RFA session, treated patients developed 
grade 1 pneumothorax (12 patients), pleural effusion (1 
patient), and pulmonary hemorrhage (1 patient), that were 
resolved without any treatment. A grade 5 adverse event was 
seen in one of the 88 RFA sessions. The principal limitation 
of the current study is lacking data regarding long-term 
toxicity and lung function. 

To date, SBRT can count on very large series, also 
prospective, and with long-term results (2,4,5,10), while 
experience with RFA is limited to small series. The 
commented study by Hasegawa et al. (9) represents one 
of the largest series prospectively evaluated with 3-year 
reported outcome. The first major difference between 
SBRT and RFA is represented by lesion size. SBRT has 
technically no size limitation, even though the incidence of 
severe side effects increases significantly for lung metastases 
>5 cm treated with ablative doses (biological effective 
dose- BED >100 Gy). For this reason, a hypofractionated 
radiation regimen rather than an ablative radiation dose 
is recommended in the treatment of lung tumors ≥5 cm. 
Actual evidence regarding lung RFA is mainly limited to 
small lesions (20–30 mm diameter) (11). The proximity 
of the lung tumors to pulmonary vessel might reduce 
effectiveness and ablation diameter of RFA due to vascular 
cooling and, in turn, its use in the treatment of lung tumors 
(12-14). However, RFA could be a good treatment option in 
the treatment of liver metastases from CRC as reported in 
some retrospective studies (7,13).

We should emphasize, that the excellent tumor control 
could be due to the very small diameter of treated lesions 
(median 10 mm) in the study by Hasegawa et al. (9), with 
some lung metastases measuring 4 mm, whose nature would 
be difficult to assess, even after performed PET-TC.

One interesting aspect of RFA is the rapid response 
evaluation. In particular, only one month after the RFA 
procedure a “technical success”, defined, as the complete 
ablation of macroscopic tumor, could be assessed (15). 
In case of missing technical success, the lesion could 
be treated with further RFA. Response evaluation of 
lung SBRT is slightly different. SBRT might trigger an 
inflammatory process in the lung parenchyma, determining 
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local lymphocyte infiltration and cytokines release. On 
diagnostic CT imaging, treated lung lesions could appear 
with increased diameter and a higher uptake on metabolic/
functional imaging might persist for months. Moreover, 
late response after SBRT could sometimes develop an 
intensive local lung fibrosis that can mimic a locoregional 
tumor progression, the so-called “mass-like” fibrosis (16).  
Therefore, clinical experience and dynamic imaging 
performance are required for an accurate tumor response 
evaluation. 

The toxicity profile after RFA seems to be acceptable, but 
some observations are necessary. In the study of Hasegawa 
et al. (9), the most frequent toxicities are represented by 
hemorrhage and pneumothorax of grade ≤2 in about 36% 
of RFA session. Although, a good 20% of the patients 
experiences grade 2 pneumothorax requiring an invasive 
chest tube placement. These patients probably necessitated 
a hospitalization, which increased costs of RFA due to 
complications. Only one (1.4%) fatal hemorrhage occurred 
in a patients treated for a small lung metastasis. Long-term 
complications remains unknown. Compared to RFA, lung 
SBRT is characterized by 3–5% of severe pneumonitis 
(grade ≥3) and toxic death are exceptional. The majority 
of lung SBRT-related toxicities could be managed with 
medication and usually only grade 4 toxicities might require 
invasive procedures, confirming once again safety and the 
non-invasive nature of SBRT.

Due to primary tumor radioresistance, lung metastases 
from CRC require higher biological effective dose (BED) 
compared to early NSCLC to obtain a good local control. 
Recently, Wang et al. demonstrated a better LC of lung 
metastases from CRC after ablative radiotherapy when 
a total doses of 60 Gy/5 fractions (BED10=132 Gy) was 
delivered (17). With modern techniques in radiation 
oncology, the achievement of high dose to the target 
without compromising surrounding healthy tissue is 
possible, as confirmed in many studies. A direct comparison 
of different therapy option such as surgery, SBRT and RFA 
is currently missing. Prospective studies with larger series 
are needed in this field. 

In conclusion, SBRT could be considered an important 
option of radical local therapy for the management of lung 
metastases in the oligometastatic state of CRC. At the same 
time, good survival outcomes for small metastases from 
CRC were demonstrated after RFA. A multidisciplinary 
team should carefully select patients, who could benefit 
from a radical local therapy in the oligometastatic setting. 
Prospective data could better answer this issue. 
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