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Background

Approximately 50% of patients with colorectal cancer 
(CRC) develop liver metastases in their lifetime and liver 
metastases contribute to two-thirds of mortality of CRC 

(1,2). Despite liver resection being “gold standard” for 

colorectal cancer liver metastases (CRLM), the majority 

of the patients are not candidates for resection due to 

unresectable disease, presence of extrahepatic disease, or 
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Abstract: With a recent randomized prospective trial revealing that thermal ablative therapy as local tumor 
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solitary lesion, which would otherwise necessitate a major liver resection; and (V) patient preference. There 
are several approaches and modalities for ablative therapy, including open, percutaneous, and laparoscopic 
approaches, as well as radiofrequency ablation (RFA) and microwave ablation (MWA). Each approach and 
ablation modality have its own pros and cons. Percutaneous and laparoscopic approaches are preferred due 
to minimally invasive nature, yet laparoscopic approach has more benefits from thorough intraoperative 
ultrasound (US) exam as well as complete peritoneal staging with laparoscopy. Similarly, whereas high local 
tumor failure rate has been a major concern with RFA, MWA or microwave thermosphere ablation (MTA) 
have demonstrated significantly improved local tumor control due to homogenous tissue heating, ability to 
reach higher tissue temperatures, and less susceptible to the “heat-sink” effect. Although liver resection is the 
standard of care for CRLM, there have been some retrospective studies demonstrating similar oncological 
outcome between ablative therapy and surgical resection in very selected populations with small (<3 cm) 
solitary CRLM. Lastly, ablative therapy and liver resection should not be mutually exclusive, especially in 
the management of bilobar liver metastases. Concomitant ablative therapy with hepatectomy may spare 
the patients from having two-stage hepatectomy with less morbidity. The role of the thermal ablation will 
continue to evolve in patients with resectable and ablatable lesions owing to newly emerging technology, in 
addition to new systemic treatment options, including immunotherapy for metastatic colorectal cancer (CRC).
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patients’ comorbidities (1,3). Among the loco-regional 
treatment modalities for unresectable hepatic disease, such 
as cryotherapy and radiofrequency ablation (RFA), RFA 
had been increasingly recognized since early 1990’s and 
accepted as an effective therapy by early 2000’s, given its 
efficacy and relatively low morbidity (3-7). As the RFA 
technology advancement became stagnant, microwave 
ablation (MWA) technology gradually gained its popularity 
in CRLM management owing to its multiple advantages, 
especially after the newer microwave thermosphere ablation 
(MTA) device was approved by FDA in 2014 (8-12). 

A recent multicenter randomized prospective trial 
revealed that thermal ablative therapy as local tumor 
control improved overall survival (OS) compared to 
palliative chemotherapy alone in patients with unresectable  
CRLM (13). With this finding, thermal ablative therapy 
has the potential to be an important treatment option in 
patients with unresectable CRLM. 

Our aim of this article is to review the current role of the 
ablative therapy in the management of CRLM patients. 

Indications

Unless data are available from ongoing trials, ablation 
for resectable CRLM should not be used in lieu of liver 
resection (14). We recommend the readers to channel the 
patients as much as possible to multidisciplinary tumor 
boards to determine the best option in a given patient. 
On the other hand, followings are the scenarios that have 
evolved in our experience as indications for liver tumor 
ablation:

(I) Unresectable liver lesions, less than 8 in number 
with involvement of less than 20% of liver volume 
and the largest lesion less than 4 cm (13);

(II) In combination with hepatectomy to expand the 
pool of resectable patients;

(III) In patients who are unfit to undergo resection due 
to their medical comorbidities or performance 
status (PS);

(IV) A small (<3 cm) solitary lesion, which would 
otherwise necessitate a major liver resection, after 
discussion of pros and cons; 

(V) Patient preference: having already performed their 
own literature research, some patients present with 
a preference for ablation over resection. These 
patients need to be presented the pros and cons of 
resection versus ablation before commitment to 
ablation. 

These indications are not necessarily limited to the initial 
treatment. Ablative therapy has a great role in patients with 
limited recurrent diseases after ablative therapy or liver 
resection, owing to less morbidity and favorable recovery (15).  
Indications for ablative therapy for CRLM should be 
determined by multidisciplinary evaluation. Ablative 
therapy, in general, is not effective in larger tumors ≥5 cm 
given its higher incomplete ablation rate and subsequent 
ablation site recurrence (ASR) rate. The most common 
cut-off size in the literature is 3 cm (5). With percutaneous 
approach, four lesions or less are typically suggested in a 
single session (5). While it is possible to be more aggressive 
with the laparoscopic or open approach, the median tumor 
size was 2.2 cm (range, 0.3–5.6 cm) and tumor number was 
2 (range, 1–13) for CRLM in our series, the majority of 
which were performed laparoscopically (16). 

Contraindications of ablative therapy include the 
followings (5,17,18): 

(I) Uncorrectable coagulopathy;
(II) Contraindications for general anesthesia for 

laparoscopic or open approach; 
(III) Diffuse metastatic liver disease;
(IV) Tumor location abutting either the liver hilum or 

the right/left hepatic ducts; 
(V) Biliary dilatation; 
(VI) Untreatable extrahepatic disease. 

Approaches and techniques

Approaches

There are three approaches to perform ablation, including 
open, laparoscopic, or percutaneous approaches. In our 
practice, we prefer to perform laparoscopic approach in lieu 
of percutaneous approach given several advantages with 
laparoscopy (4,19).

Open
Open approach is the most invasive approach, which can be 
performed alone. However, the majority of open ablation is 
performed in combination with concomitant liver resection 
or other simultaneous open procedures. Hof et al. recently 
reported that severe complications were significantly 
less in the simultaneous ablation group compared to the 
simultaneous partial hepatectomy group in the synchronous 
CRLM management, which highlights the significant 
benefit of lower morbidity associated with ablative  
therapy (20). Whereas the benefit includes optimal staging 
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by detecting of occult hepatic or peritoneal disease and 
better mobilization of the liver, the open approach carries 
the morbidity of a laparotomy. 

Percutaneous 
Percutaneous approach is the least invasive approach 
that may be performed without general anesthesia. 
Several imaging modalities, including ultrasound (US), 
computational tomography (CT), and magnetic resonance 
imaging (MRI) are used to guide probe placement (5). 
Despite its minimally invasive feature, this approach has 
several limitations, including potential higher ASR rate 
compared to open or laparoscopic approach, inferior tumor 
staging for the peritoneal cavity or even additional liver 
tumors, and limitations to treat superficial lesions close 
proximity to other organs (4,21-23).

Laparoscopy
Laparoscopic approach has the benefits of both open and 
percutaneous approaches. Although it requires general 
anesthesia and an expertise with advanced laparoscopy 
and US, the associated morbidity is much less than open 
approach (5,24). Additionally, it has been shown to be 
superior in terms of local tumor control secondary to 
precise targeting with laparoscopy and more aggressive 
ablation with intraoperative US monitoring (19,21). 
Moreover, thorough exam with laparoscopic US enables the 
identification of additional liver tumors that are not seen 
on preoperative imaging studies (25). Finally, similar to the 
open approach, laparoscopic approach allows better staging 
for occult peritoneal or hepatic diseases, and treat multiple 
lesions in the liver with minimal risk of surrounding organ 
injuries (4,9,26-28). 

Techniques

There are two major thermal ablation therapy options: 
RFA and MWA. Both modalities apply a form of thermal 
energy in order to destruct the tumor cell with surrounding 
adjacent liver parenchyma as a matter of local control. 

RFA
RFA uses a form of alternating electrical current at a 
frequency of 400 MHz to generate thermal energy. The 
generator applies a high-frequency alternating electrical 
current, causing ionic agitation that heats spherical volume 
of the tissue in the area of the applicator tip (Figure 1A,B,C). 
There are multiple systems available that use catheters that 

can produce up to 5 cm of ablation zones with a single stick 
that either use temperature or impedance regulation, with 
or without saline infusion (Figure 2A,B). Although RFA has 
filled a gap in the treatment of patients with unresectable 
disease, it has some limitations. The ablation process may 
be lengthy and may take up to 25–30 minutes when creating 
5-cm treatment zones. It is susceptible to the heat-sink 
effect, causing difficulties to treat lesions in close proximity 
to large vessels (29). Furthermore, except for the initial 
improvements that resulted in more powerful (200 versus  
50 W) generators that could be used with catheters that 
could produce larger ablations zones (5 versus 2 cm) 
with a single deployment, technology was not advanced 
significantly over the recent years. Lastly, the higher local 
control failure rate (up to 20–40%) has been a major 
concern for RFA (Figure 2C) (17,21,30-32). 

MWA and MTA
MWA uses electromagnetic waves to agitate water 
molecules and generate heat for tumor destruction using 
devices with frequencies greater than 900 MHz (8). MWA 
has demonstrated significant advantages over RFA, such as 
more homogenous tissue heating, ability to reach higher 
tissue temperatures, and less susceptible to the “heat-sink” 
effect compared to RFA (33,34). However, there were a few 
major limitations with MWA, such as antenna design and 
the inability to create predictable, spherical ablation zones 
due to changing tissue physical properties (10,11). 

Nevertheless, in 2014, FDA approved an advanced 
microwave system that can perform ablation by keeping 
tissue properties and field shape constant with a cooled-
tip antenna with saline irrigation channels. This new MTA 
technology successfully creates predictable and reproducible 
spherical ablation zones (35). With a 2.45 GHz generator 
and 14-G microwave antenna equipped with a saline 
infusion cooled-tip (Emprint, Covidien, Boulder, CO, 
USA) (Figure 3A,B), the generator was run at 100 W for 
2.5 min for a 3-cm ablation, 10 min for a 4-cm ablation, 
and 15 min for a 5-cm ablation, which is 100% faster than 
the RFA system (Figure 4A,B) (11,12,16). Other newer 
generation microwave systems (Neuwave, Angiodynamic) 
are also available in the market that can create non-
spherical ablation zones in similar ablation times. Since 
the newer generation microwave system, including MTA, 
demonstrates multiple advantages over RFA system, RFA 
system in CRLM management might be replaced in a few 
years. In fact, owing to these significant benefits with MTA, 
we changed our practice from RFA to MTA in 2014. 
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Figure 1 Radiofrequency ablation (RFA) needle (A) used in our institution. The picture is 15 Gauge, 5 cm catheter. An intraoperative photo 
demonstrating the performance of RFA guided by intraoperative ultrasound (B). In our practice, two 12 mm trocars were placed in the right 
upper quadrant, one for the laparoscope and the other for the ultrasound probe. The RFA needle was placed percutaneously under direct 
visualization. An intraoperative photo demonstrating a laparoscopy/ultrasound picture in picture during the RFA (C). 

A B

C

Figure 2 An example for radiofrequency ablation (RFA). The patient is an 83-year-old female with metachronous liver metastasis from 
sigmoid colon cancer. During the surveillance 2 years after sigmoidectomy, the patient was found to have a lesion in the segment III. (A) 
Preoperative lesion (red circle), 1.39 cm × 1.30 cm on the segment III; (B) 3-month postoperative lesion; and (C) local recurrence medial to 
the previous ablation site in 15-month follow-up imaging. 

A B C

Technical description for laparoscopic MTA 
The following is a brief description of the technique for 
laparoscopic MTA (11,12,36). All laparoscopic ablations 
need to be performed under general anesthesia. Two 12 mm 
trocars are placed in the right upper quadrant, one for the 
laparoscope and the other for the US probe. Intraoperative 

US is performed for complete staging of the liver. A 
microwave antenna is inserted through an additional 3 mm 
trocar in the right upper quadrant. The surgeon controls 
the generator by a foot pedal. Under US guidance, the 
tumors are targeted with a “free hand” technique. Under 
real-time US monitoring, surgeons should aim for at least 
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Figure 3 Microwave thermosphere ablation (MTA) needle (A) 
used in our institution. The needle is 14 Gauge and 30 cm with 
saline circulation to cool off the antenna tip. An intraoperative 
photo shows the performance of MTA guided by intraoperative 
ultrasound (B).

A B

Figure 4 An example for microwave thermosphere ablation (MTA). The patient is a 75-year-old male with synchronous liver metastasis 
from right side colon cancer. The patient underwent simultaneous laparoscopic MTA and right hemicolectomy. Green circle represents 
the targeted tumor, and red circle represents the anticipated ablation size (A). Preoperative lesion using the simulation software (B) 1-week 
follow-up image after MTA.

A B

1cm margin around the tumor (Figure 5). Additional cycles 
or overlapping ablations can be performed as needed based 
on the real-time US monitoring. Track ablations also 
should be performed for deep lesions while pulling back the 
antenna and ablating every centimeter of the needle track 
for 2–3 seconds in order to control the bleeding as well as 
prevent tumor seeding. 

Complications
Compared to liver resection, ablative therapy in any 
approach is generally considered as a relatively safe and less 
invasive. Morbidity rate has been reported approximately 
4–9% (5,17,22,24,37) and mortality rate approximately 

0–2.0% in the l i terature (5,17,37).  The common 
complications with ablative therapy include postoperative 
bleeding, infectious complications such as wound infection 
or liver abscesses, biliary tract injury including bile duct 
stricture or biloma, surrounding visceral organs injury, liver 
failure, and cardiopulmonary complications, with bleeding 
and infectious complications being common approximately 
1% each (24,37). Complication rates do not significantly 
change between RFA and MWA (36,38). Additionally, as 
patients referred to ablative therapy for CRLM often have 
multiple underlying comorbidities and poor PS, there might 
be a potential selection bias in higher cardiopulmonary 
complications in the ablation cohort compared to liver 

Figure 5 The trocar placement is similar to that in radiofrequency 
ablation (RFA) except for the use of an additional 3 mm trocar for 
the microwave thermosphere ablation (MTA) antenna, which is less 
rigid than the RFA needle. An intraoperative photo demonstrating a 
laparoscopy/ultrasound picture in picture during the MTA.
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resection in the literature. 

Follow up

An early scan (triphasic liver CT or MRI) within 2 weeks 
of the surgical procedure is important to assess the ablation 
zones for completeness and also to rule out any missed 
lesions (Figure 4B). Incomplete ablation and missed lesions 
are extremely rare nowadays owing to the improved modern 
imaging quality as well as the use of intraoperative US 
during laparoscopic ablation. However, in case incomplete 
ablation or insufficient margin ablation are identified in 
the immediate imaging studies, it is feasible to consider re-
ablation on these lesions to prevent ASR. 

For long term follow up after ablative therapy, 
we recommend repeating the imaging studies and 
carcinoembryonic antigen (CEA) levels quarterly for the 
first 2 years and then biannually afterwards (Figure 2C). 

Outcomes

Patient and tumor characteristics for clinical outcomes 

After successful curative intent treatment for CRLM 
regardless of ablative therapy or liver resection, tumor 
biology is likely to dictate eventual clinical outcomes. 
Clinical characteristics suggesting worse tumor biology 
include high preoperative CEA values, node-positive 
primary diseases, short disease-free interval, number 
of CRLM lesions, larger size of CRLMs, and genetic 
mutations including RAS or BRAF (15,39-41). Although 
liver directed therapy, including ablative therapy or liver 
resection, might not be enough for those with multiple 
risk factors, it is beyond our scope in this review to discuss 
further treatment options. 

Local tumor control

Local tumor recurrence rate after RFA has been reported 
to range between 4–40% (Figure 5) (27,30,42-44). In our 
experience, ASR happened in 26.0% (121/466) of the 
lesions and 42.7% (76/178) of the patients with CRLM. 
Predictors of ASR after RFA include tumor size larger 
or equal to 3 cm [hazard ratio (HR) =2.64], and ablation 
margin smaller than 0.5 cm (HR =1.6) (30). Additionally, 
the proximity to larger vessels has often been reported as 
one of risk factors for ASR as well (18,22). Ablation margin 
is the only parameter that the surgeons can control; hence, 

we suggest aiming for 1 cm margin for each colorectal 
liver metastasis. Similarly, ASR after MWA ranges between 
6–10% in the literature, which is significantly reduced 
compared to RFA (9,16,22,42). In our experience with 
MTA, ASR happened in 12.0% (12/100) of the lesions and 
23.4% (11/47) of the patients with CRLM. Predictors of 
local control failure include tumor size larger or equal to  
3 cm (HR =3.8) and ablation margin smaller than 0.5 cm 
(HR =3.7) (36). Interestingly, while proximity to larger 
vessels was often a risk factor for ASR in RFA (17,19), it did 
not become significant in multivariable analysis in the MTA 
or MWA studies (16,36,38). This is likely due to its higher 
energy and less susceptibility to heat-sink effect (33,34). 

Having used both technologies, we compared the 
ASR rate after RFA versus MTA. In this study, ASR rate 
was significantly lower in the MTA group (20% vs. 10%, 
P=0.020), and the ablation modality (HR =2.52) and 
tumor size (HR =2.34) were independent risk factors for 
local recurrence after the ablative therapy for CRLM. 
Furthermore, we found that MTA significantly reduced 
the total ablation time (37±3 vs. 19±3 min, P<0.001) and 
operative time (202±13 vs. 154±3 min, P=0.009) (16). 
Based on these results, we concluded that the ablation with 
microwave system provides a better local tumor control 
with faster ablation cycles. 

Oncological outcomes 

The first multicenter randomized prospective trial, 
evaluating the effect of RFA of non-resectable CRLM, was 
conducted in Europe between 2002 and 2007. While the 
initial report in 2012 revealed significant improvement in 
progression-free survival (PFS) without OS benefit, the 
final analysis with longer median follow-up (9.7 years)  
demonstrated significant improvement in both OS  
(8-year OS 35.9% vs. 8.9%; P=0.01, median OS 45.6 vs. 
40.5 months) and PFS (3-year PFS 27.6% vs. 10.6%, 
P=0.025, median PFS 16.8 vs. 9.9 months) (13,45). It can 
be challenging to analyze the effect of ablation with OS 
given multiple available treatment options before or after 
ablative therapy, although OS is a commonly used end point 
in cancer studies. Albeit limitations with smaller sample 
size, this is the first randomized study demonstrating 
significant survival benefit with aggressive ablative therapy 
compared to palliative chemotherapy alone for patients with 
unresectable CRLM. 

There have been multiple non-randomized retrospective 
and prospective studies for ablation in patients with CRLM. 
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Table 1 showed recent studies with median OS and DFS, 
although these studies need to be considered carefully due 
to possible selection bias, different patient number, and 
different methods of statistical analysis (9,22,27,42,46-48).  
In our own experience, the patients with unresectable 
disease who had laparoscopic RFA exhibited median 
disease-free survival (DFS) of 6 months and median OS of 
24 months (48). When we analyzed the subset of patients 
with small (<3 cm) solitary colorectal liver metastasis, we 
found that the DFS and OS were similar (47). The ASR in 
this cohort was 18% and with a close follow up strategy, 
those patients who developed ASR were identified early and 
salvage therapies with either resection or repeat ablation 
were performed. 

Additionally, showing that the oncologic outcomes of 
patients with small solitary colorectal metastasis were similar 
between ablation and resection, we looked at opportunities 
for cost savings. Combined with significantly shorter 
operative time and shorter length of stay, the total cost 
for initial ablative therapy was significantly less than liver 
resection in this very selected patient population (49,50). 

Discussion

The exact role of thermal ablation therapy continues to 
evolve, as the technology improves and this treatment 
modal i ty  remains  as  an important  opt ion in  the 
armamentarium of the surgeon treating CRLM. For 
unresectable disease, as demonstrated in CLOCC trial, 
ablation contributes to the local control and OS, with 
minimal disruption to the systemic chemotherapy (13). 

Although a few studies have suggested comparable 
results compared to hepatectomy for resectable disease 
(15,47,51,52), further evidence is necessary to recommend 
ablation versus hepatectomy. The COLLISION trial is 
an ongoing phase III randomized trial comparing thermal 
ablation and liver resection on patients with small (<3 cm) 
CRLM (14). Another ongoing trial, the LAVA trial, has 
also been designed to compare liver resection and ablative 
therapy for the patients with CRLM (53). These new 
randomized trials might provide more evidence for this 
dilemma. Certain scenarios might be appropriate for the 
performance of ablation in some patients, such as with the 
intention for parenchymal preservation, down staging as 
a part of two-stage treatment, or the treatment of patients 
with poor risk for a major liver resection. In these scenarios, 
we suggest to consider MWA and monitor the patient 
closely to recognize local treatment failures early. 

Nevertheless, ablative therapy and liver resection 
should not be mutually exclusive. For example, both 
modalities should be utilized in the management of 
bilobar diseases with improved perioperative outcomes 
(51,52,54). Additionally, concomitant ablative therapy with 
hepatectomy may spare the patients from having two-
stage hepatectomy. Philips et al. reported that single-stage 
hepatectomy and MWA resulted in outcome similar to that 
with two-stage hepatectomy (OS: single-stage 38.4 months 
vs. two-stage 42.2 months; P=0.132) with less morbidity for 
bilobar CRLM (55). 

In conclusion, with EORTC-CLOCC trial, ablative 
therapy has established its position in patients with 
unresectable but ablatable lesions (13). The role of the 

Table 1 Summary of the literatures on outcomes in CRLM after RFA and MWA

Authors Year Patients Modality
Follow-up 
(months)* 

LR rate (%)§ DFS (months)* OS (months)*

Shady et al. (percutaneous) (46) 2016 162 RFA 55 48 26 (LTPFS) 36

Leung et al. (42) 2015 140 MWA 20.5 7.9 NA 57

Groeschl et al. (22) 2014 198 MWA 19 5.2 24.5 32.1

Aliyev et al. (tumors ≤3 cm) (47) 2013 44 RFA 32 18 25 47¶

Kennedy et al. (27) 2013 130 RFA 42.2 4.3 17.4 40.4

Martin et al. (9) 2010 50 MWA 36 6 12 36

Siperstein et al. (48) 2007 234 RFA 24 18 6 24
§, LR rate is calculated per lesions; *, follow-up, DFS and OS were reported as median unless otherwise specified; ¶, cancer-specific 
survival. CRLM, colorectal cancer liver metastasis; RFA, radiofrequency ablation, MWA, microwave ablation; LR, local recurrence; DFS, 
disease-free survival; OS, overall survival; NR, not reached; LTPFS, local tumor progression free survival; NA, not assessed.
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thermal ablation will continue to evolve in patients with 
resectable and ablatable lesions owing to newly emerging 
technology, in addition to new systemic treatment options, 
including immunotherapy for metastatic CRC. 
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