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Introduction

Lung metastasectomy can prolong survival in patients with 
metastatic colorectal carcinoma. Reported median survival 
ranges from 35-50 months (1,2). Reported 5-year survival 
rates after surgical resection range from 36-67.8% (3-5).  
However, many patients are considered ineligible for surgical 
metastasectomy due to medical co-morbidities or prior 
metastasectomy, rendering further resection technically 
challenging. Furthermore, with the possibility of additional 
future metastases, lung function preservation and quality 
of life should be a priority. In all of these clinical scenarios, 
thermal ablation offers a potential solution with similar 
reported median survival ranging from 33-46 months (6-8). It 
has minimal effect on pulmonary function or quality of life (9),  
can be repeated, and may be considered more acceptable 
to patients because of the associated short hospital stay and 
post-procedure recovery. Lastly, chemotherapy treatment 
does not need to be interrupted while thermal ablation is 
performed (Figure 1).

Heat-based ablation was first described in normal liver 
in 1990 using a modified Bovie knife and radiofrequency 

energy (10,11). Subsequent descriptions of successful 
thermal liver tumor ablation prompted further study of 
using the technique in other organs (12,13). Its successful 
use in lung tumors in humans was described in patients 
with inoperable non-small cell lung carcinoma in 2000 (14).  
These initial studies included a heterogeneous patient 
population with primary and secondary lung malignancies 
but provided the initial impetus to study thermal ablation 
as a safe method of treating inoperable lung tumors and 
metastases. Radiofrequency ablation (RFA) has since been 
joined by other heat based therapies: microwave and 
cryoablation.

Mechanism of action

Each ablation technique mechanism of action is described 
below in brief. For a more detailed description, the 
interested reader is directed to the following review articles 
on the topic (15-17).

During RFA, molecular friction is created when an 
electrical current is delivered to tumor cells surrounding 
the RFA probe tip, thus creating a rise in tissue temperature 
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named the Joule effect (15). A temperature at the electrode 
tip above 60 ℃ will achieve cell death (18,19). Tissue 
surrounding the electrode is heated by electrical conduction. 
The adjacent tissue is then heated by thermal conduction. 
Thermal conduction is impeded by tissue charring which can 
occur if ablation temperatures are too high (e.g., above 95 ℃).  
Tissue charring decreases ablation effectiveness (20-22). In 
order to avoid tissue charring, technical adaptations have 
been made to ablation probes including the use of multiple 
ablation probes (23), internally cooled probes (24) and 
pulsed RFA ablation systems (25).

When microwave energy is applied to human tissue, 
water molecules in the tissue adjacent to the probe tip 
continuously realign with the applied field leading to 
an increase in local tissue temperatures (26). Tissue 
destruction occurs when tissues are heated to lethal 
temperatures. Temperature at the probe tip can be as high 
as 150 ℃. Microwave power penetrates tissues of low 
electric conductivity such as lung and charred tissue, the 
latter feature confers an advantage over RFA in the lungs.

Cryoablation involves rapid tumor cooling causing cell 
death at temperatures in the range of −50 ℃. This occurs 
as a result of the rapid expansion of argon released from the 
ablation probe, named the Joule-Thompson effect, causing 
cooling of the adjacent tissues. Sequential warming and 
cooling augments the degree of cellular damage (17,27).  
The ice ball that forms during freezing is visible on 
computed tomography (CT), allowing the operator to 
closely monitor the ablation zone (28).

Indications for thermal ablation of colorectal 
lung metastases

Patients with colorectal cancer lung oligometastases can 
benefit from surgical metastasectomy (3-5). Similarly, these 
patients benefit from curative thermal ablation. Patients 
with tumor size smaller than 3 cm (29) and a favorable 
biologic profile are shown to have a lower rate of local 
tumor progression and cancer specific survival after thermal 
ablation than those with tumors larger than 3 cm and 

unfavorable biologic profile, including Ki67 positivity, a 
marker for cell proliferation (30). The 2012 Cardiovascular 
and Interventional Radiological Society of Europe (CIRSE) 
standards of practice based on expert consensus (31) state 
that the maximum number of lung metastases that may be 
ablated is not clearly defined with most centers treating 
patients with five or fewer metastases. Combination therapies 
are suggested as an option for improving chance of cure and 
sparing lung function including thermal ablation combined 
with surgery (32) or chemotherapy (33). Patients should 
be assessed by an interdisciplinary team and the maximum 
tumor diameter should not exceed 3 cm in diameter (31).  
A recent expert consensus document suggests that if curative 
ablation is intended, a tumor number cutoff of ≤3 in the 
case of unilateral metastases and ≤5 in the case of bilateral 
metastases be employed, echoing the CIRSE guidelines 
which suggest a cutoff of five metastases in total (31).  
Finally, the guideline suggests that no metastasis should be 
greater than 3 cm if multiple (34).

One interesting application of thermal ablation has been 
to render the patient free of active disease and thus permit 
a chemotherapy holiday while receiving rigorous imaging 
surveillance. Such chemotherapy breaks are reported to be 
possible without disease progression for durations of up to 
20 months (35). An approach previously described in the 
case of thermal ablation of liver metastases is known as the 
“test of time” and may have an application in lung metastasis 
ablation (36). Selected resectable patients with limited 
disease suitable for thermal ablation undergo percutaneous 
ablation and imaging surveillance with the intention to 
undergo metastasectomy if thermal ablation does not lead 
to tumor control. This delayed period allows the biology 
of disease to declare itself. Patients completely treated by 
ablation, in addition to those who develop unresectable 
metastases under surveillance, are spared unnecessary 
surgery (37).

Relative contraindications for treatment include 
underlying interstitial disease, such as pulmonary fibrosis due 
to the risk of severe pulmonary failure, and coagulopathies 
(38-41). Lesions within 1 cm of sensitive structures such as 
the trachea, main bronchi, esophagus and central vessels are 
at higher risk of complications and may often be incompletely 
ablated due to heat sink effect (42).

Complications

Major complications as a result of thermal ablation are rare. 
Complications after lung RFA are reported to occur in 9.8% 

Thermal ablation

1.	 Has minimal effect on pulmonary function

2.	 Has minimal effect on quality of life

3.	 Does not require interruption of chemotherapy

Figure 1 Benefits of thermal ablation.
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of patients; the most frequently reported complications 
include pleuritis, pneumonia, abscess, hemorrhage, and 
refractory pneumothorax requiring pleurodesis (40). Major 
complications are rare and include bronchopleural fistula, 
tumor seeding, and nerve (0.3%) (43) or diaphragmatic 
injury. Self-limiting rib fractures after ablation of tumor 
located close to the chest wall has a reported incidence of 
13.5% of patients treated with RFA and MWA (44). Similar 
complication rates including self-limiting pneumothorax and 
pneumothorax requiring chest tube insertion are described 
after microwave and cryoablation (45). Skin burns are rare 
with an incidence of 0.3% (45). In terms of lung function, 
Lencioni and colleagues report a mild change at 3 month’s 
follow-up in forced vital capacity (FVC) of +13.7%, and 
forced expiratory volume in 1 second (FEV1) of −5.4% (9). 
This compares well to the surgical metastasectomy literature: 
one study of 27 patients after surgical resection of metastases 
describes a mild loss of pulmonary function including a 
decline in FVC of −15.2% and FEV1 of −16.3% (46).

The reported mortality rate after lung tumor RFA 
is 0.4% (47) and is slightly less than that reported after 
surgical metastasectomy (1.4-2.4%) (48). Careful patient 
selection can minimize the risk of complications. For 
example, in the largest case series reporting complications 

after RFA, previous systemic chemotherapy was a risk factor 
for pleuritis, while prior external beam radiotherapy and 
advanced age were risk factors for pneumonia (49). Patients 
with emphysema have a greater predilection for lung 
abscess and refractory pneumothorax. Serum platelet count 
(≤180,000 cells/μL) and tumor size >3 cm are risk factors 
for hemorrhage (49).

Reported outcomes

The literature analyzing outcomes after thermal ablation 
of colorectal metastases is limited by study size and patient 
heterogeneity. The majority of published literature 
describes outcomes after RFA of colorectal carcinoma lung 
metastases (4,6,7,29,35). Two studies report outcomes in 
patients after cryoablation and microwave respectively, 
although the latter does not report specific outcomes for 
patients with colorectal carcinoma lung metastases (8,50). 
Allowing for these limitations, the findings of 7 studies 
analyzing outcomes of 417 patients over a mean follow-up  
period range of 9-40 months after ablation of colorectal 
cancer lung metastases (Table 1) report 1-year survival 
ranging from 83.9-95%, and 3-year survival ranging from 
46-59.6% (6,8,9,29,35). A 5-year survival of 34.9% is 

Table 1 Patients’ outcomes after thermal ablation of colorectal lung metastasis

Authors
Year of 

publication
Modality Patients

Mean size 

(SD) cm

Lesion 

number

Mean 

follow-up 

(months) 

1-year 

survival 

(%)

2-year 

survival 

(%)

3-year 

survival 

(%)

5-year 

survival 

(%)

Median 

survival 

(months)

2-year 

CSS 

(%)

Local 

progression,  

N (%) 

Yamakado  

et al. (6)

2009 RFA 78 NR 198 24.6±7.6 83.9 NR 56.1 34.9 38 NR 11/78 (14.1)

Yan  

et al. (29)

2006 RFA 55 NR NR NR 85 NR 46 NR 33 NR 21/55 (38.0)

Lencioni  

et al. (9)

2008 RFA 53 NR NR 24 89 66 NR NR NR 68 NR

Vogl  

et al. (50)

2011 MWA 40 NR 58 9 NR NR NR NR NR NR NR

Yamauchi  

et al. (8)

2011 Cryo-

ablation

24 1.3 (±0.7) 55 40 91 NR 59.6 NR 43 NR 17/55 (26.0) 

Petre  

et al. (35)

2013 RFA 45 NR* (0.4-3.5) 69 18 95 NR 50 NR 46 NR 9/69 (13.0)

Gillams  

et al. (7)

2013 RFA 122 1.7 (0.5-4) 398 NR NR NR 57 NR 41 NR 52/268 (19.0)#

Data is reported on a per lesion basis rather than a per patient basis. #, 268 tumors with more than 6 months’ imaging follow-up  

were included in recurrence analysis; CSS, cancer specific survival; RFA, radiofrequency ablation; NR, not reported; MWA, microwave 

ablation.
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reported by one group (6). Reported median survival ranges 
from 33-46 months (6-8,29,35). Reported local recurrence 
rates range from 13-38% (6-8,29,35). These findings are 
comparable to reported surgical outcomes which state that 
median survival ranges from 35-50 months (1,2). Surgical 
5-year survival rates after surgical resection range from  
36-67.8% (3-5). Comparable outcomes after thermal 
ablation and surgical resection are described in the 
literature. In both patient groups, there are similarities 
in the number of metastases treated (on average 1-2 per 
patient) and tumor size (typically <3 cm). However, a like 
for like comparison is limited by the nuances of surgical 
versus thermal ablation techniques and the inherent 
differences in the selected patient populations (Table 2). 
For example, there is a broad variety of surgical approaches 
depending on tumor size and number ranging from wedge 
resection to pneumonectomy, whereas thermal ablation 
involves only one approach. Secondly, the surgical literature 
concentrates on 5-year survival data, reflecting the life 
expectancy of patients eligible for surgical intervention. 
In contrast, the ablation literature is more likely to report 
1-3 year survival data, due to the multiple co-morbidities 
inherent to this patient population. Five-year survival after 
thermal ablation, when reported, is less favorable than that 
reported in the surgical literature.

Outcome prognostic factors

In a prospective study of 293 patients with colorectal cancer 
lung metastases treatment with RFA, tumor size >2 cm and 
a number of metastases ≥3 was significantly associated with 
overall survival (51). Clinical factors such as the presence 

of treated liver metastases, and a history of prior lung 
surgery has no impact on survival after RFA of colorectal 
cancer lung metastases (7). The administration of prior or 
concomitant chemotherapy has a variable reported impact 
on outcome with one study indicating that it does not affect 
survival (8) and another stating that it confers a survival 
advantage (33). Carcinoembryonic antigen level greater 
than 5 ng/mL is associated with decreased local tumor 
progression free survival (29).

Imaging surveillance

In clinical practice, PET-CT and/or CT are typically 
performed within two months of thermal ablation, to 
establish a new baseline for surveillance. In the initial 
imaging after ablation, the treated nodule always appears 
larger than the original tumor size as the ablation zone 
encompasses a margin around the tumor. Over time, 
this ablation zone should decrease in size. The patient 
undergoes imaging every three months for a year, and 
annual surveillance thereafter. An initial perilesional ground 
glass halo on CT during the first 2 months is likely due to 
inflammation which decreases over time. The expected 
CT appearances after 6 months include: (I) a residual 
nodule which is stable or decreasing in size (Figure 2); (II) 
an elongated linear nodule due to fibrosis; (III) atelectasis 
(Figure 3); or (IV) cavitation. Complete disappearance of 
the initial nodule is rarely observed (52).

PET-CT at 24 hours and at 1 month after ablation can 
exhibit tracer activity at the ablation site despite adequate 
treatment, due to inflammation. Tracer uptake is expected 
to resolve by 3 months after ablation (53). The absence of 

Table 2 Patient outcomes after surgical resection of colorectal lung metastasis

Authors
Year of 

publication
Patients Tumor size Lesion number

Median  

follow-up 

(months) 

1-year  

survival (%)

3-year 

survival (%)

5-year  

survival (%)

Median 

survival 

(months)

Meimarakis  

et al. (1)

2014 77 <3 cm: 108;  

≥3 cm: 48

1: 88; ≥2: 68 35.2 88.8 52.1 35.2 35.2

Zampino  

et al. (2)

2014 199 NR 1: 95; ≥2: 98 48 NR NR 43 50

Watanabe  

et al. (3)

2009 113 1.8^ 1: 83; ≥2: 30 49 NR 80.4 67.8 NR

Mori et al. (4) 1991 35 NR 1: 22; ≥2: 13 NR NR NR 38 NR

Saito et al. (5) 2002 165 2.5 1: 104; ≥2: 61 56.5 NR NR 39.6 NR

^, median value. NR, not reported; CSS, cancer specific survival.
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tracer activity at the site of ablation on PET-CT at 6 months 
after ablation has been shown to correlate better with clinical 
outcome at 1 year than PET-CT performed within 4 days of 
ablation (54). The expected early PET-CT appearance is that 
of a relatively uniform ring of low level FDG activity (about 
the same as mediastinal blood pool activity) and central 
photopenia, a finding which may persist until 6 months and 
should resolve by 12 months (Figure 4) (55).

Residual disease or recurrence of disease may be present 
if there is contrast enhancement in the ablation zone, 

peripheral nodular growth, a change within the ablation 
zone from ground-glass to solid opacity, regional or distant 
lymph node enlargement, new sites of intrathoracic disease, 
or new extrathoracic disease; and increased metabolic 
activity centrally or in a nodular pattern at the ablation site 
on PET-CT more than 3 months after ablation (56).

Thermal ablation in combination with adjunctive 
therapies

Combined multimodality therapy using thermal ablation 
and radiation or chemotherapy may synergistically result in 
an improved survival compared with either modality alone. 
A study of 21 patients analyzing multimodality therapy 
reported a 3-year survival of 87.5% after multimodality 
therapy including RFA, radiotherapy and chemotherapy 
compared to 33.3% using chemotherapy alone (57).

Conclusions

Thermal ablation is an effective therapy for colorectal 
carcinoma lung metastases that controls disease while 
preserving adjacent normal lung and quality of life (9), can be 
repeated, and may be considered more acceptable to patients 
because of the associated shorter hospital stay and recovery. 
Patient selection is based on patient and lesion characteristics 
and appropriate patient selection substantially influences 
survival. The ideal candidate for thermal ablation has  
5 metastases or fewer, with an individual lung metastasis size 

Figure 2 Axial CT images of a 62-year-old patient with a left lower lobe adenocarcinoma (A). Typical perilesional concentric rings of 
varying density, often referred to as the cockade phenomenon, are observed on CT 1 month after the procedure (B). Contrast enhanced CT 
performed 2 years later demonstrates a rounded low attenuation nodule without focal enhancement or enlargement (C,D) since the initial 
post ablation CT. CT, computed tomography.

Figure 3 Expected CT appearances after thermal ablation. (A) 
Axial CT images of a 73-year-old patient with a left lower lobe 
adenocarcinoma; (B) at 3 months after radiofrequency ablation 
atelectasis is seen at the ablation zone. CT, computed tomography.

A B

A B C D
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Figure 4 Expected PET-CT appearances after thermal ablation. Unenhanced CT (A), fused (B) and unfused PET-CT (C) images of a left 
upper lobe adenocarcinoma 4 months after radiofrequency ablation exhibit a halo of mild peripheral tracer uptake in the ablation zone with 
central photopenia, referred to as a bullseye appearance, indicating successful ablation. CT, computed tomography.

of <3 cm. A lesion location distant from sensitive structures 
and large vessels is ideal to minimize complications and 
avoid local recurrence, respectively. One and 3 year survival 
after thermal ablation of unresectable colorectal carcinoma 
lung metastases are good and therefore thermal ablation 
offers a lung-preserving therapeutic alternative to patients 
with medical co-morbidities.
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