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Background

Colorectal cancer is the third most frequently occurring 
malignancy across the globe, with over 1.8 million new 
diagnoses in 2018 alone. Approximately one-fifth of patients 
have evidence of metastasis at the time of initial diagnosis 
and five-year survival for untreated stage IV colorectal 
cancer is reported to be as low as 10% (1). A number of 
studies have shown that patients with isolated metastases 
receiving radical treatment can have 5-year survival rates 
of up to 50% (2). The term “metastatic colorectal cancer” 
covers a diverse spectrum of pathology, with treatment 
strategies varying greatly, dependent upon the extent and 
site of metastasis. Common sites of spread include liver, 
lung, bone, brain and peritoneum, with the lungs the 
second most common location after the liver. Metastases 
are termed to be either ‘synchronous’ or ‘metachronous’, 
dependent upon whether they are identified during the 
initial diagnostic work-up of the primary colorectal tumour 
(synchronous) or at any point afterwards(metachronous). 
‘Initial’ (as opposed to ‘non-initial’) is a term used to 
delineate the sequence of metastatic spread. The term ‘initial 
lung metastasis’ refers to a specific situation where the lungs 
are the first site of metastasis. An additional classification 
addresses whether the lung metastasis is ‘isolated’ (not 

accompanied by additional extrapulmonary metastasis) or 
‘non-isolated’. Presence or absence of either the original 
primary tumour or a local recurrence of this primary 
tumour does not affect the classification of lung metastases 
as either isolated or non-isolated (3). 

Evidence base for pulmonary metastasectomy

Traditionally, surgical resection of lung metastases has 
been recognised as the most effective treatment with 
regards to extending overall survival, despite a lack of high-
quality evidence to support this theory. However, some 
experts have challenged this practice and the topic remains 
contentious amongst thoracic surgeons. Whilst a number 
of retrospective studies demonstrated significantly longer 
disease-free and overall survival for patients undergoing 
lung resection in comparison to those patients who did not, 
it is difficult to avoid selection bias in studies of this type (4). 
Despite identifying over 50 papers, a 2010 systematic review 
was unable to draw any robust conclusions as to the effect 
of surgical metastasectomy, based on the poor quality of 
the evidence identified (5). An additional systematic review 
from 2013, which included 25 studies, was also unable to 
either confirm or refute the benefit of surgical resection, as 
all studies were single-arm and no controlled trials had been 
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undertaken at the time of review (6). The 5-year survival 
rates ranged from 27% to 68% in the studies included in 
the review. In a further literature review undertaken by 
Pfannschmidt et al. (2), 5-year survival rates ranged from 
32.7% to 56%.

In 2019 a randomised controlled trial was published 
which aimed to address this controversial issue. The 
Pulmonary Metastasectomy versus Continued Active 
Monitoring in Colorectal Cancer (PulMiCC) trial was 
a multi-centre study which randomised 65 patients to 
either surgical metastasectomy or continued active clinical 
monitoring. Problems with recruitment, as demonstrated 
by the relatively small number of patients included, left 
the study underpowered to draw meaningful conclusions, a 
fact acknowledged by the trial group. Whilst no significant 
difference in 5-year survival was demonstrated between the 
metastasectomy and control arms of the PulMiCC trial (38% 
vs. 29% respectively, HR 0.82, 95% CI: 0.43–1.56), the 
authors felt that the most important outcome of the study 
was the 5-year survival rate of 29% (16–52%) for those 
patients in the control arm. This is a substantially higher 
5-year survival rate compared to what has previously been 
reported in the literature and alters the context in which 
surgical metastasectomy is currently considered. 

We agree with the authors of the PulMiCC trial, who 
state that (although non-significant), a HR of 0.82 suggests 
that it is likely that in some patients, for whom isolated 
lung metastasis remains the only remnant of their otherwise 
fully-treated colorectal cancer, pulmonary metastasectomy 
is likely to convey benefit. However the study also strongly 
suggests that the previously-held belief that similar patients 
who do not undergo surgical resection have a very small 
chance of surviving to 5 years should be re-examined (7).

Criteria for surgical metastasectomy

Despite the absence of formal criteria, within the literature 
there is broad consensus regarding inclusion and exclusion 
criteria for patients to be deemed suitable to undergo 
surgical metastasectomy. As with any thoracic surgical 
procedure, patients must possess an appropriate degree 
of physiological reserve to withstand the procedure 
and should not be at a prohibitively high risk of peri-
operative mortality or post-operative dyspnoea. From an 
anatomical perspective, complete resection of all pulmonary 
metastases should be anatomically achievable. Oncological 
considerations include ensuring that the primary tumour 
has been appropriately treated (either fully resected or 

under therapeutic control). Decisions regarding treatment 
should be made by a multidisciplinary team on an individual 
case by case basis, particularly in the presence of more 
complex factors such as the presence of extrapulmonary 
disease. Interval imaging to demonstrate metastatic disease 
stability is also felt to be of importance when determining 
patient suitability for treatment (4). 

Alternative treatment modalities

When considering these criteria for patient selection it is 
understandable that a substantial proportion of patients 
with lung metastases will be deemed unsuitable for 
surgical resection. For these patients, alternative treatment 
modalities such as chemotherapy, stereotactic ablative body 
radiotherapy (SABR) and radiofrequency ablation (RFA) can 
be considered. However, as with surgical treatment, high 
quality data assessing these treatments is either severely 
lacking or absent altogether. A large retrospective study 
published in 2017 demonstrated a median overall survival 
of 23.8 months for patients with initial lung metastases who 
received treatment with chemotherapy (8), which is similar 
to the findings in other published studies (9). SABR delivers 
high energy radiation via high-precision external beams 
and has been used more frequently in recent times in the 
management of primary pulmonary tumours as first-line 
treatment for those patients who are unsuitable for surgical 
resection. A 2017 retrospective review of 44 patients with 
isolated lung metastases treated with SABR demonstrated 
an overall median survival of 38 months and 3-year survival 
of 50.8% (10). However, SABR is associated with a number 
of serious complications, particularly radiation pneumonitis, 
which has been reported to be as high as 8% in certain 
studies (9).

Radiofrequency ablation

RFA is a minimally invasive percutaneous technique which 
does not necessarily need to be performed under general 
anaesthesia. A high-frequency electrical current is delivered 
through an electrode. This current heats the area of lung 
parenchyma around the electrode to a temperature in excess 
of 60 ℃ and subsequently causes focal necrosis of tumour 
tissue. In the context of treating lung metastases, studies 
have shown that the technique is more effective when 
metastases are small (<3 cm, although one study showed a 
further improvement in outcomes when using <2 cm as the 
cut-off point) and when no more than three metastases are 
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present (11).
Benefits of the technique include a very low mortality 

rate (quoted as 0–0.4% in previous studies) and the 
minimally invasive aspect of the procedure. Nevertheless, 
there are also a number of associated drawbacks such as 
a fairly high rate of procedural morbidity. Complications 
include pneumothorax (occurring in between one-third 
and two-thirds of all cases, although the number of patients 
requiring a chest drain is substantially lower), bleeding, 
haemoptysis, pleural effusion and infection (4). The 
other main drawback associated with RFA is the lack of 
an unequivocal histological diagnosis [for those patients 
who have not had a biopsy of the lesion(s) prior to RFA], 
as the nature of the treatment means that post-procedural 
histological analysis cannot be undertaken, as it would be 
after surgical removal of a lesion.

Several studies assessing the efficacy of RFA in treating 
colorectal lung metastases have been published, including 
a 2013 systematic review which included three studies (12). 
These studies reported a 3-year survival rate of 46–60% 
and a 5-year survival rate of 34.9–45%. All three studies 
were retrospective, and all contained only small numbers 
of patients (n=78, 55 and 102). A larger study from 2015 
reviewed the outcomes of 566 patients who underwent RFA 
in 2 French centres between 2002 and 2010 with a median 
follow-up of 35.5 months (11). The average number of 
metastases per patient was 1.8 and the median diameter 
of metastases was 15 mm. The 3-year survival rate was 
67.7% and the 5-year survival rate was 51.5%. Patients 
received the treatment under general anaesthesia and 
post-procedural complication rates were similar to other 
published experiences. Pneumothorax occurred in 67% 
of cases, of which just over half required treatment with a 
chest drain. 

Hasegawa et al. have published their multicentre 
experience of patients undergoing RFA in 6 centres 
across Japan between 2008 and 2014 (13). This is the first 
prospective study undertaken to assess the efficacy of RFA 
in the management of colorectal lung metastases. The 
study recruited seventy patients with a total of 100 lesions 
which were all deemed anatomically resectable as well 
as suitable to undergo RFA. Mean lesion diameter was  
1.0 cm (SD ±0.5 cm, range, 0.4–2.8 cm) and 30% of patients 
(n=21) had more than one lesion. Inclusion criteria included 
previous complete resection of the primary tumour with 
no evidence of locoregional recurrence and no evidence 
of extrapulmonary metastasis, meaning that this study 
was designed solely to assess those patients with isolated 

metachronous colorectal lung metastases. Additional 
inclusion criteria included a maximum lesion diameter of 
3 cm and no more than five lesions present. These criteria 
correlate with previous studies, which have demonstrated 
that outcomes are better in patients with both smaller and 
fewer lesions.

However, patients who had undergone previous 
treatment for colorectal metastases, such as chemotherapy 
or previous metastasectomy, were not excluded from the 
trial. Indeed, almost one-third of patients (n=22) had 
previously undergone surgical metastasectomy and one-fifth 
(n=14) had previously undergone adjuvant chemotherapy. 
A further 21% of patients received chemotherapy after 
undergoing RFA. Moreover, although the presence of 
extrapulmonary metastasis was a specific exclusion criterion, 
it is not clear whether patients with previously resected 
extrapulmonary metastasis (i.e., previous liver resection for 
isolated liver metastasis) were included in the study.

The other major drawback with this study was the 
large proportion of patients (93%, n=65) who didn’t have 
histological confirmation of the presence of colorectal 
lung metastasis prior to undergoing RFA. Lesions were 
considered to be pathological if they had increased by 30% 
or more on 3-monthly computed tomography (CT) scans, 
and/or if they showed positive uptake on positron emission 
tomography (PET) scan, although no information was 
given as to where the cut-off lay for differentiation between 
positive and negative uptake on PET scan. Biopsy was only 
performed if there was no PET uptake or if there were 
radiological features suggestive of primary lung cancer. 
Although concordance between PET and histology is 
generally accepted as being higher than the concordance 
between CT and histology, studies report this concordance 
as being around 70% (4), meaning that a substantial 
subgroup of patients may have undergone RFA of a benign 
nodule which was erroneously assumed to be malignant. 
Clearly this would have implications on both disease-free 
and overall survival rates.

Despite these drawbacks, Hasegawa et al. have published 
excellent results. The study demonstrated a 3-year survival 
rate (the designated primary endpoint of the study) of 84% 
with a mean follow-up of 57 months (±32 months, range, 
0–115 months). After multivariable analysis rectal cancer, 
positive carcinoembryonic antigen (CEA) and an absence 
of previous chemotherapy were found to be independently 
associated with a worse overall prognosis. Three patients 
required a second session of RFA when the lesions were 
not fully ablated during the first session. Hence the authors 
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report a primary technical success rate of 96%. 30-day 
mortality was 1.43% (n=1), due to one patient who died on 
day one post-procedure as a result of a large haemothorax. 
43% (n=30) of patients developed a pneumothorax, of 
which 60% (n=18) required treatment with a chest drain. 
These results demonstrate an excellent standard of technical 
efficacy and safety and are summarised in Table 1, alongside 
results from other published studies looking at outcomes 
after different treatment modalities. 

Conclusion

The management of colorectal lung metastases remains 
controversial. Whilst a number of authors have examined 
the prognostic benefit of various therapies including 
surgery, radiotherapy and percutaneous ablation, no studies 
have been powered to show a statistically significant impact, 
and opponents of the intervention continue to suggest that 
the improved prognosis demonstrated in studies is due to 
positive selection bias. Hasegawa et al. have demonstrated 
that RFA is a safe and effective option for treating colorectal 
lung metastases, although a number of study limitations 
mean that these results should be interpreted with some 
caution. Whilst their 3-year overall survival rate is the 
highest published to date for any treatment modality for this 
patient population, only 7% of patients had pathological 
confirmation of diagnosis prior to treatment. Nevertheless, 

when compared to the results of the PulMiCC trial, (and 
indeed to all other published studies in this area), the 3-year 
results from Hasegawa et al. appear promising and we await 
the 5-year results with interest.

In conclusion, there remains very little high-quality 
evidence demonstrating the benefit of any form of 
intervention in this patient group and hence a controlled 
trial  comparing overall  survival  between patients 
undergoing surgical metastasectomy, SABR or RFA for 
biopsy-proven metastatic colorectal cancer is required to 
address the question of which modality provides superior 
outcomes in this cohort of patients.
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Table 1 Published outcomes for patients receiving different treatment modalities for colorectal lung metastases

Study & design Number of patients Treatment modality 3-year survival 4-year survival 5-year survival

Gonzalez (6) Systematic 
review

25 studies included 2,925 patients Surgery NR NR 27–68%

Pfannschmidt (2) 
Systematic review

17 studies included 1,684 patients Surgery NR NR 32.7–56%

PulMiCC (7) RCT 65 patients Surgery NR 43% 38%

PulMiCC (7) RCT 65 patients Conservative NR 40% 29%

Agolli (10) Retrospective 
review

44 patients SABR 50.8% NR NR

Schlijper (12) Systematic 
review

3 studies included
241 patients

RFA 46–60% NR 34.9–45%

De Baere (11) 
Retrospective review

566 patients RFA 67.7% NR 51.5%

Hasegawa (13) 
Prospective study

70 patients RFA 84% NR NR

NR, not recorded; SABR, stereotactic ablative body radiotherapy; RFA, radiofrequency ablation.
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