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Introduction

Colon cancer is currently the third most common cancer 
and cause of cancer-related deaths in the United States. 
Approximately 35–55% of patients with colorectal cancer 
present with metastatic disease; of these, 10–20% of 
patients have resectable disease, with the liver being the 
most common site of metastasis (1). Surgical resection is 
considered the gold standard curative option for metastatic 
disease, with overall 5-yr survival of 35–55% after successful 
resection (1). Many patients with surgically unresectable 
disease, however, are candidates for microwave (MW) or 
radiofrequency ablation (RFA) of hepatic metastases or 
other liver-directed therapies. While ablation can often be 
performed minimally invasively or percutaneously and is 
generally well tolerated with effective local tumor control, 
it is not without limitations.

Three main limitations of RFA are often cited. First, 
this technique is limited by the volume of tissue to be 
ablated. While individual protocols may vary, 4–5 cm 
maximum diameter is generally accepted as the upper 
limit of what can be ablated without significant risk of 
hepatic abscess or injury; this typically would account 
for treatment of a tumor 3 cm or smaller (2). Second, 
this technique can be technically infeasible due to tumor 
location or local characteristics. Attempting to ablate a 
lesion adjacent to the colon, gallbladder or bile ducts, for 
instance, can put these organs at risk for thermal injury. 
Various techniques to minimize this injury have been 

developed, including creation of artificial ascites to assist 
RFA by separating tissue planes, and biliary cooling via 
a naso-biliary catheter to lessen the thermal impact on 
biliary structures. Third, the heat-sink effect seen most 
prominently with lesions near vessels can limit its efficacy. 
The thermal impact of the ablation is dissipated by blood 
flow away from the lesion, noticed most when the ablative 
tip of the probe is within close proximity of a major 
hepatic vein. The use of a Pringle maneuver has been 
noted to minimize this heat sink effect, though this then 
requires operative intervention.

Despite these limitations, ablative techniques are used 
increasingly more often for their benefits as a targeted, 
often minimally invasive, alternative of addressing hepatic 
lesions. In one series evaluating a percutaneous approach 
for 61 lesions, complete ablation was achieved in 86.9%; 
recurrence was predicted by the presence of multiple 
metastases, ablation margins <5 mm, and non-colorectal 
metastases (3). Up to 50% of patients, however, ultimately 
develop recurrent metastatic disease after initial ablative or 
surgical treatment (4). Prognostic factors include multiple 
lesions and elevated CEA and CA19-9 levels. Other factors 
that have also been identified include number of lesions, 
size, and bilobar distribution (5-8).
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hepatic injury in the setting of hematogenous instillation 
of colon adenocarcinoma cells to promote metastases 
formation (9). They evaluate the rate of formation of 
metastatic disease following various modalities of ablative 
therapy, including RFA, MW, and direct cautery. While 
RFA has been widely used to treat small or unresectable 
liver metastases, MW is increasingly being used. Both of 
these modalities increase tissue temperature to induce 
protein coagulation and cell death. When compared 
to surgical resection, however, both these therapies 
have demonstrated increased local recurrence rates 
and decreased survival, although these are typically not 
matched cohorts and represent a heterogeneous group. 
The authors hypothesize that direct cautery may be 
associated with a lower metastatic recurrence rate due 
to its pattern of more localized thermal spread than that 
seen in either MW or RFA, while still allowing adequate 
heating of the tissue.

The study was conducted with four groups: RFA, MW, 
cautery, sham. Tumor cells were introduced via splenic 
injection just prior to application of either RFA, MW, cautery 
energy, or simple puncture injury in the case of the sham 
group. Thermography was performed with an infrared camera 
to monitor tissue temperatures, and the mice were sacrificed 
POD7 to measure tumor volume. Tissue temperature was 
significantly higher for cautery than either MW of RFA, but 
the rate of temperature decline was significantly faster, and 
final tissue temperature was lower in the cautery group; the 
mean tumor volume was significantly lower in the direct 
cautery group as compared to MW or RFA, which were 
similar to each other. Interestingly, no metastases were seen in 
the sham mice receiving non-thermal probe injury.

This study seems to suggest that utilization of RFA 
or MW creates a milieu in the hepatic parenchyma that 
allows for tumor cells to adhere and populate. This, 
perhaps, reinforces the concept that circulating tumor 
cells (CTCs) may be present during surgical treatment; 
CTCs have been promoted as one theory to explain 
metastasis formation from colon cancer despite surgical 
resection. This finding could have major implications 
for the management of metastatic colorectal cancer. 
This is the first study to use thermal imaging to compare 
direct cautery to MW and RFA using an in vivo animal 
model. Ultimately, the authors conclude that the rapid 
heating and destruction of liver tissue results in less tumor 
recurrence. Thus, by reducing the area of subacute injury 
that results from MW or RFA, for example, the incidence 
of metastatic recurrence may be limited (9).

Discussion

This study, provocative in nature, raises the question about 
clinical application of current ablative modalities; there 
would be grave concern if RFA or MW inadvertently alters 
the hepatic parenchyma to make it favorable for metastatic 
tumors to populate. One question raised by a discussant 
focused on the lack of visible lesions, which would, in 
clinical terms, obviate any ablation application. Additionally, 
most patients typically undergo systemic treatment prior 
to surgical resection or liver-directed therapy. This would 
again relate to the concept of CTCs creating metastatic 
disease. Cohen et al. outlined the poor prognosis of patients 
with metastatic colorectal carcinoma and demonstrated the 
association of poor overall and progression-free survival 
with higher levels of CTCs. These levels could persist 
despite administration of months of systemic therapy (10). 
Creation of a niche or microenvironment for CTCs to 
implant upon, however, with the utilization of ablative 
techniques is a novel concept. 

Initial concern regarding local recurrence following RFA 
or MW centered on the zones of coagulation, particularly 
for RFA. Three zones typically are created: a center 
charred zone, coagulation zone, and congestion zone (11). 
These zones are dependent upon tissue heterogeneity since 
electric and thermal conductivity varies by tissue type; 
these zones may also not be symmetric. Longer ablations 
with microwave seemed to improve upon the shape and 
zone of coagulation. Because the zone of coagulation and 
congestion are not necessarily associated with true cell 
death, it has been hypothesized that these zones contribute 
to local tumor recurrence. Ensuring one cm margins 
around the lesion has been associated with lower tumor 
recurrence (12).

Several studies have evaluated the changes that occur 
at the periphery of the necrotic zone, and have found 
that a strong immunologic response occurs. Neutrophils, 
activated myofibroblasts and macrophages infiltrate into 
the surrounding zone, and there is a substantial increase 
in various factors such as hepatocyte growth factor and 
interleukin-6 (13). Another group also demonstrated in 
vivo that the pro-inflammatory response of the hepatic 
parenchyma around the ablation promoted hepatic 
metastases, particularly because of increased expression of 
vascular endothelial growth factor and fibroblast growth 
factor-2 (14). This pro-inflammatory milieu has been 
demonstrated even in non-thermal ablative technologies, 
such as irreversible electroporation (IRE); in particular with 
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IRE, where vasculature is preserved because of the nature 
of ablation, there seems to be a stronger upregulation of 
inflammatory cytokines (15). It is unclear whether this will 
translate to a higher recurrence rate clinically.

These studies raise a startling concept: perhaps by ablating 
tumors, we are creating a microenvironment which is a great 
substrate for metastasic tumors to grow. Outside of in vivo 
applications, however, human patients and clinical application 
are much more complex. Patients typically undergo 
multi-modality therapy, which includes systemic therapy, 
surgery, and other liver directed therapies. These include 
chemoembolization, radioembolization and even hepatic 
artery infusion pumps. These modalities will also change the 
hepatic parenchyma and its response to subsequent ablation. 
In situations of a pre-treated liver, it is difficult to draw the 
same conclusion that the peritumoral ablation site increases 
the pro-tumorigenic microenvironment.

Conclusions

Surgical resection remains the mainstay of treatment for 
colorectal liver metastases. However, ablation techniques have 
been increasing in frequency but are affiliated with a significant 
risk of local recurrence. Based on this study by Jones et al., it 
is possible that the pro-inflammatory effect of ablation creates 
a niche for metastatic cells to implant and grow. However, in 
the context of patients receiving systemic and potentially other 
liver-directed therapies, it is unclear if this, as yet unproven 
risk, outweighs the benefit of ablation. Further investigation 
is needed to understand the role of ablation in the context of 
treatment of colorectal liver metastases.
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