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ABSTRACT

Surgical resection for colorectal hepatic metastases (CRHM) is the preferred treatment for suitable candidates, and the

only potentially curative modality. However, due to various limitations, the majority of patients with CRHM are not can-

didates for liver resection. In recent years, there has been an increasing interest in the role of thermal tumor ablation (TTA)

as a component of combined resection-ablation strategies, staged hepatic resections, or as standalone adjunct treatment
P g 8 P )

for patients with CRHM. Thus, ablative approaches have expanded the group of patients with CRHM that may benefit

from liver-directed treatment strategies.
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Introduction

The optimal clinical role of thermal based tumor ablation
modalities (TTA), including cryoablation, radiofrequency,
and microwave ablation, in the treatment of colorectal
hepatic metastases (CRHM) has been a topic of discussion
and investigation for the last two decades. The appropriate
indications for TTA and how to best integrate TTA
with other regional and systemic modalities are issues
surrounded by considerable controversy. Succinctly put,
the authors propose that the volume of work that has
been performed in the field of CRHM would support the
following; (I) the gold standard is that CRHM should
be resected when appropriate conditions are met; (II)
combined resection-ablation treatment is reasonable when
tumor can be completely cleared; (I1I) staged resection
in combination with TTA is a reasonable option when
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preservation of sufficient parenchyma would not be possible
with resection alone; and (IV) TTA modalities can be
used as components of consolidation therapy for patients
ultimately determined to have unresectable disease.
Approximately 50% of patients with node-positive
colorectal cancer (CRC) will eventually develop liver
metastases during their disease process (1,2). The median
survival of patients with CRHM without any treatment is 8
to 10 months, and S-year survival is less than 5% (3,4). With
the use of modern combination systemic therapy regimens,
median overall survival has increased to 20-24 months (5-
8). For selected patients, who undergo surgical resection,
a S-year survival as high as 58% has been reported (9-11).
Thus, surgical resection is the gold standard for treatment
for patients with CRHM and the only potentially curative
therapy.

Unfortunately, approximately 80-90% of patients with
CRHM are not candidates for surgical resection with intent
to cure due to various limitations, including: the presence
of extra-hepatic metastases, unfavorable anatomic location
of tumor(s), estimated insufficient post-resection functional
hepatic reserve (<25-30%), or prohibitive medical co-
morbidities. In addition, modern chemotherapy regimens
involving oxaliplatin may limit the functional capacity of the
liver remnant due to hepatotoxicity (12,13) (Figure 1). Thus,
for the majority of patients, only non-surgical treatment
options are available and these can be broadly categorized
as systemic therapies or regional hepatic therapies (RHT).
Systemic therapies include chemotherapy and/or biologic
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Figure 1. *Systemic therapy may be given prior to and/or following liver directed treatment.

agents alone or in combination with other modalities,
which are intended to downstage initially unresectable
metastases, reduce or stabilize the disease burden in the
liver for previously chemotherapy naive patients at high risk
for progression, or as sole treatment for clearly advanced
unresectable disease.

RHT can be further grouped into catheter based
treatments such as trans-arterial chemo-embolization
(TACE, DEBS, etc), radio-embolization (Ytrrium-90) or
immune therapies , such as those offered at our center;
regionally infused genetically modified T cells. The
other RHT are the local tumor-ablative therapies such
as radiofrequency ablation (RFA), microwave ablation
(MWA). In recent years, local ablative therapies have
become one of the most widely employed modalities to treat
initially unresectable CRHM. RFA and MWA are “hot”
thermal tumor-ablation treatments that can be used as a
component of the initial resection, as components of staged
resection, with or without systemic therapy or as standalone
treatment strategies for patients with CRHM whom are
not initially candidates for resection or are ultimately
determined to be unresectable. RFA and MWA are
important components of the armamentarium for treating

CRHM when surgical resection with negative margins, the
gold standard, is not possible due to oncologic, physiologic,
or anatomic reasons.

A brief primer on ablation modalities

For the purposes of this discussion, ablation will be limited to
“hot” thermal ablation; and thus focused on RFA and MWA.
Because MWA is a more recent addition to the surgeon’s
armamentarium, the discussion will proceed from the
perspective of the RFA literature and except for several caveats,
which differentiate RF from MW energy, the assumption
is made that the clinical performance of MWA is at least
that of RFA. Our discussion will not include “cold” thermal
ablation (cryoablation), chemical ablation (percutaneous
ethanol injection, acetic acid injection, etc) electrical ablation
(irreversible electroporation, IRE), or high intensity focused
ultrasound (HIFU) as RFA and MWA are the most commonly
utilized technologies at the present time.

Radiofrequency Ablation

RFA induces tumor necrosis by achieving local
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hyperthermia with temperatures exceeding 58°C. RFA
is based on alternating current of radio frequency waves
(=500 KHz) that are transmitted via a probe into tissue
to cause ionic agitation, which generates frictional
heat that extends into adjacent tissue by conduction.
Eventually, hyperthermia leads to cell destruction as a
result of coagulative necrosis (14). RFA can be performed
under US, CT, or MRI guidance. This can be achieved by
percutaneous, laparoscopic, or open surgical approaches,
depending on operator preference, tumor anatomy, and
extent of disease. However, multiple studies (15-18)
have shown that the open surgical approach is superior
to percutaneous approach in terms of minimizing local
recurrence rates. Better exposure of the liver, ability to
visually inspect and palpate surface liver lesions, and ability
to use intra-operative ultrasound with its associated high
sensitivity to detect additional lesions may explain the
superior results of surgical approach (19-21).

Limitations of RFA

Tumor number and tumor size are important
determinants of local recurrence rates or treatment
failure after RFA. Patients with solitary CRHM have
been shown to have better survival and lower recurrence
rates compared to those with multiple CRHM (22,23).
Similarly, patients with tumors of size less than or equal
to 3 cm have better recurrence free survival following
ablation (16,24,25). The optimal negative margin size
or ablation zone extension beyond the tumor border for
RFA of CRHM has not yet been standardized. Currently,
ablating to a negative margin of 0.5 - 1 cm has been
recommended (15,20). On the other hand, one study
(26) has showed that the rate of local tumor progression
was independent of the size of the post-ablation margin,
and a meta-analysis (21), suggested that 1 cm intentional
margin was not a significant factor on multivariate
analysis, for local recurrence However, there is no
disagreement that complete eradiation of tumor cells
in the target lesion(s) is primary goal of any attempt at
ablation. Reported rates of local recurrence from RFA for
CRHM range widely, from 2% to 40% (10,20,27).

A well recognized cause of RFA treatment failure is the
location of CRHM in close proximity to blood vessels. In
this scenario, complete tumor ablation has proven to be
challenging as the result of “convective heat loss”, or heat
sink effect, as it commonly referred (21,28,29), in which
thermal energy produced by ablation is shunted away
from the tumor by the cooler blood, and higher electrical
conductivity of blood (30) that, also, carries heat away from
tumor. This specific limitation can be potentially overcome

by occluding the hepatic inflow with a Pringle maneuver
(28,31,32). However, the Pringle maneuver has to be used
with caution when performing RFA, as there is a risk of
hepatic vein and portal vein thrombosis (33). RFA also has
technical and mechanical limitations (34), including the
challenges of targeting isoechoic lesions using ultrasound-
guidance. Moreover, CT- or US-guided RFA is time
consuming, as complete destruction of a 4 cm lesion
can take up to 30 minutes (35). The visualization of liver
tumors on standard B-mode sonography may be improved
with contrast enhancement using perfluorocarbon

microbubbles (36).
Microwave Ablation (MWA)

Like RFA, MWA is also a “hot” thermal ablation modality.
MWA uses microwave frequencies >900 MHz (up to 2.4
GHz). The electric charge from MW radiation interacts
with water molecules, causing them to oscillate and agitate,
producing friction and heat, thus producing cellular death
by coagulative necrosis (37,38). MWA has many similarities
with RFA in terms of patient selection and technique. Probe
placement can be achieved, like RFA, by percutaneous,
laparoscopic, and open surgical approaches. Advantages
of the surgical approach over percutaneous access are
as discussed previously. Due to the relatively recent
availability of MWA there is a lack of mature data that can
be independently assessed.

Advantages of MWA vs. RFA

MWA has multiple advantages over RFA that include
wider ablation diameter, higher ablation rates, avoidance
of the heat sink effect (39,40), and shorter duration of
ablation. Unlike RFA, MWA does not need a grounding
pad, thus eliminating a source of skin burns. MWA can
simultaneously utilize multiple probes for ablation, thus
ablating larger volumes of tissue in shorter periods of time.
As opposed to conductive heating in RFA, MWA involves
active heating, which causes cellular destruction throughout
the entire microwave field. Unlike RFA, MWA is not
affected by charred and desiccated tissue at the tip of probe
due to active heating, and thus produces more uniform and
reliable tissue ablation zones (40,41). Limitations of MWA
include the higher probe costs and diameters, the latter of
which may lead to visceral or vascular trauma (endothelial
damage, portal vein thrombosis) (42,43).

Summary

This brief synopsis on thermal tumor ablation highlights
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the characteristics of RFA and MWA, which provides the
rationale for inclusion of ablation as an adjunct to resection,
with or without systemic therapy or as the primary
modality for patients with CRHM whom are not initially
candidates for resection or are ultimately determined to be
unresectable, as discussed below.

Resection Combined with Ablation

This section heading is deliberately vague. It would be
well beyond the scope of this article to include all of the
major patient management controversies that emerge when
considering the innumerable potential clinical scenarios
that may arise when treating patient with CRHM not clearly
amenable to surgical resection at the time of presentation.
Our discussion will not address the topic of selecting patient
for neoadjuvant or perioperative systemic therapy. The
other significant issue that will not be covered in detail is
the ongoing debate regarding the timing of primary tumor
resection in relation to systemic therapy and liver resection
or tumor ablation.

For patients who present with CRHM that cannot be
initially managed by resection alone, formulation of an
individualized multimodality treatment plan for each
patient is imperative (Figure 2). This treatment plan will

by necessity vary depending on the biology of disease,
anatomic considerations, and overall physiology of the
patient. For example, a patient at high risk for post-resection
disease progression, as indicated by important surrogates
of outcome including the clinical risk score components
(44), may be considered for non-ablative regional hepatic
therapies (45), such as lobar or whole liver yttrium-90
infusion which may scheduled before or after systemic
chemotherapy. Infusional brachytherapy may achieve
sufficient tumor response to allow for resection with or
without ablation in a small number of patients.

For patients with extensive CRHM, a staged resection-
ablation strategy may be appropriate. The optimal initial
modality will be dependent on tumor biology, anatomy, and
patient condition, as mentioned above. Based on pre- and
post-treatment imaging the resection-ablation strategy may
need to be adjusted to accommodate tumor response or lack
thereof. Interval imaging following the initial intervention
may demonstrate that the patient’s disease is not ultimately
resectable and therefore the patient should proceed to
systemic therapy, palliative thermal tumor ablation, or
potential enrollment into a clinical trial. Conversely, if after
the initial liver-directed procedure, subsequent imaging
supports that complete CRHM eradication can be achieved
either by resection or by combined resection + TTA, then
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the treatment plan would thus proceed, accordingly. We
now consider several common scenarios in which thermal
tumor ablation may be appropriate.

Synchronous presentation of the colorectal primary and
single or low volume CRHM

As the frequency of laparoscopic colorectal resections
continues to increase, or in open cases with adequate
exposure, the use of TTA in the same setting is reasonable
if clearance of the liver disease would require a major
(lobectomy or greater), unplanned hepatic resection or if
patient can not tolerate simultaneous primary tumor and
hepatic resection. Caveats to this approach, and for the
initial combined resection-ablation strategy, are that for
conventional thermal tumor ablation, lesions should be less
than 4 cm. If bilobar disease is present, then ablation should
not compromise inflow or outflow tracts as a consequence
of hepatic swelling, as this may compromise future liver
resection. Utilization of intra-operative ultrasound is
employed both for targeting TTA, avoiding treatment
failure, and protecting vital intrahepatic structures. Use of
ablation for management of synchronous CRHM during
primary tumor resection may limit the morbidity when
compared to simultaneous colorectal and liver resections,
although both can be performed safely in selected patients
(46). 1t is worth noting that in the setting of CRHM, the
need for resection of the primary tumor in the absence of
over bleeding or obstruction may not be necessary and
could delay more pressing issues including the management
of CRHM or extrahepatic disease (47,48).

Bilobar CRHM with the ability to render an appropriate
volume of liver free of disease, upon which the future hepatic
remnant can be based

This is perhaps the most common clinical scenario in which
ablation complements resection. Any staged treatment plan
will ultimately require that after planned interventions,
a portion of liver remains with uncompromised inflow
and outflow, ideally completely clear of disease. Although
not the focus of this review, portal vein embolization
(PVE) has enabled the hepatic surgeon to offer staged
approaches to a greater number of CRHM patients through
the optimization of future liver remnant volume (49,50).
Consider the patient with right hepatic lobe dominant
disease and an isolated CRHM in segment III. The authors
would advocate that this patient should proceed to undergo
a partial left hepatic lobectomy (laparoscopic approach
preferred) and thermal tumor ablation of any lesion at
risk of crossing the main portal scissurae as defined by the

middle hepatic vein. Subsequently, the right portal vein is
embolized to induce left liver hypertrophy in anticipation of
a right formal hepatectomy.

In a patient with more extensive, bilobar CRHM in
segments 1I/111, IV, VIII (dome), and VI lesion, several
approaches are possible. The optimal strategy would be
based on the relationship of the tumors to major vascular
and biliary structures, in addition to optimizing liver
remnant volume. One approach would be to perform a
formal left hemi-hepatectomy (clearing II/1II and I'V-
A) and non-anatomic resections of the segment VIII and
segment VI lesions. Another approach, again depending
on proximity to vital intrahepatic structures, would be to
use thermal ablation for the segment VIII lesion and resect
the others as previously proposed. For a lesion <3cm and
away from potential heat sinks, thermal ablation offers a
reasonable alternative to resection when patient and/or
tumor factors prohibit surgical extirpation (51,52). In this
scenario, thermal ablation allows for the staging of liver-
directed therapies in selected patients, which may mitigate
some of the risk(s) associated with major hepatectomies and
maximize the preservation of functioning liver parenchyma.

Intra-operatively identified additional CRHM disease

Intra-operatively identified CRHM not detected by
preoperative imaging are rare with modern imaging
techniques and occur in 10 - 12% of patients (53-55). In
general, these are sub-centimeter sized lesions and are
identified by intra-operative ultrasound examination
or palpation. When these lesions are identified, and not
otherwise included in the planned resection, MWA or
RFA offer the opportunity to treat the lesions if it is not
possible to safely include them in a resection. Again,
based on the principle, that for a lesion <3cm and away
from potential heat sinks, TTA is a valuable option in
patients who are not suitable candidates for complete
CRHM resection (51,52).

Single or low volume CRHM with limited resectable
pulmonary metastases

For CRHM patients with extrahepatic disease in the lungs,
our willingness to perform major hepatic resections is
tempered by the aggressive tumor biology or heightened
risk for recurrent disease following treatment. As such, for
patients with both liver and lung metastases, RFA or MWA
for the management of the CRHM is a valuable option if a
major hepatectomy would be required to clear the liver of
disease. Long-term survival is possible in highly selected
patients with limited lung and liver colorectal metastases
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(56,57). Such management plans are carried out in the
context of systemic therapy. Although not addressed in
this review, ablative modalities are also employed in the
treatment of lung metastases.

Is thermal ablation alone reasonable for unresectable
CRHM?

For this scenario to arise, the patient may not have been
resectable at presentation, there was insufficient down
staging from systemic therapy, and/or initial partial tumor
clearance with the intent to return for a second staged
operation has failed due to progressive disease. We argue
that there is a limited role for TTA in the unresectable
patient with liver-only disease.

There is general agreement that systemic chemotherapy
+/- biologic agents is the mainstay of therapy for an
unresectable patient. Although too complex to be adequately
discussed in this article, the various combinations of
systemic chemotherapy agents and now the handful of
monoclonal antibody therapies offer meaningful response
rates. We now consider whether TTA is a useful modality
when complete CRHM clearance is not a reasonable goal.

The 10-year Cleveland clinic experience (58)
demonstrates that patients undergoing thermal tumor
ablation and receiving adjuvant chemotherapy had a survival
benefit compared to patients receiving only systemic
chemotherapy or importantly, only thermal tumor ablation.
The median survival was 28 months in the group receiving
both modalities compared to 18-19 months in those treated
with only chemotherapy or ablation. As would be expected,
survival was significantly correlated with the number of
lesions ablated and therefore the extent of intrahepatic
disease which likely reflected overall tumor biology. An
EORTC study (59) compared systemic chemotherapy (CT)
alone to CT plus thermal tumor ablation and demonstrated
a significant improvement in median progression free
survival with the combined approach (16.8+ CT vs. 9.9
months, P=0.025), although the 30-month overall survival
difference was not significant.

As a summary observation, for patients with unresectable
CRHV, if thermal tumor ablation can be safely performed,
then the addition of TTA to systemic chemotherapy is
a reasonable approach to control intrahepatic disease.
Interestingly, recent literature suggests that both ablation
and systemic agents may improve the host immune response
to CRHM, which has been associated with improved
survival (60). However, the superior outcomes of patients
who received ablation in addition to systemic therapy
may be in part dependent on selection of those with more
favorable tumor biology.

Should thermal tumor ablation be used in lieu of
resection?

This strategy may be applicable in select patients with
contraindication to surgical resection in relation to extent
of disease or medical co-morbidities. There are limitations
to consider for avoiding treatment failure and/or hepatic
damage. Initially, the size limit for tumors for RFA was
3cm, however over the last few years with increasingly
powerful generators and improved needle configurations
the lesion size cutoft has moved to 4cm. The advent of MWA
technology has largely removed the theoretical limits of an
ablation size, although many lesions larger than Scm are in
close proximity to major portal structures.

Although there have been no prospective randomized
trials comparing RFA to resection, nor are there likely to ever
be, the currently available data suggest evidence that RFA
is an effective modality in the treatment of selected patients
with CRHM <3cm in size, who are not suitable candidates
for surgical resection. In a study by Berber et al. (61), median
overall survival for patients with unresectable CRHM, after
laparoscopic RFA, was 28.9 months compared to historical
controls with chemotherapy alone (10 to 14 months). In a
study by Oshowo et al. (62), who treated patients with solitary
CRHM, median survival after liver resection was 41 months
compared to 37 months for RFA, while 3-year survival rate
was 55.4% for resection compared to 52.6% for RFA, although
3-year follow up is not adequate. In another study (51), Hur
et al. demonstrated that in RHM <3 cm, the S-year survival
rates following resection and RFA were similar, including
overall (56.1% vs. 55.4%, P=0.451) and local recurrence-free
(95.7% vs. 85.6%, P=0.304) survival rates, suggesting that
RFA is an acceptable alternative treatment in patients with
solitary CRHM smaller than 3 cm who are not candidates for
resection. In another study, Otto et al. (63) showed that there
is no difference in overall 3-year survival between resection
and RFA for early CRHM, even though RFA was associated
with higher local tumor recurrence rates and shorter time
to progression. In yet another recent study, Kim et al.
(52) suggest that RFA may be a safe alternative treatment
for solitary CRHM <3 cm, with equivalent outcomes
(overall and disease-free survival) compared to resection.
These data suggest that RFA represents an effective local
treatment for patients who are unsuitable for conventional
surgical treatment. However, caution is warranted in using
ablation in lieu of resection for patients who are suitable
candidates for surgical treatment. Ablation should NOT
be seen as a replacement for hepatic resection and does not
preclude the need of systemic chemotherapy. Furthermore,
the candidates for this specific approach are likely to be
few.
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Important clinical and technical considerations for
thermal tumor ablation

Just as the vast majority of patients with CRHM are not
candidates for potentially curative resection, most will also
not be candidates for evolving strategies that includes staged
hepatic resection with or without tumor ablation, regional
infusion therapies, and the preceding approaches in the
context of systemic regimens. The evolving field of regional
hepatic therapies lacks mature data to guide the approach,
such as the optimal sequence of therapies and defining the
target patient population that may be most likely to benefit.
As such, we put forth a few caveats, which are critical in the
treatment planning process for these complex patients.

The most important determinant of outcome for patients
with CRHM is the biology or extent of disease. Regardless
of the treatment efficacy of any one modality at the local
level (liver), the presence of progressive, persistent, or
chemotherapy-refractory systemic disease should in most
instances preclude the use of resection or thermal tumor
ablation. Assuming the conditions described in the previous
paragraph are met, the limitations of thermal tumor
ablation are straightforward, and by no means complete in
the listing that follows: (I) At any given time, there must
be sufficient hepatic reserve to ensure adequate function.
(II) The use of ablation as a prelude to resection should
encompass the principles of known treatment failures, such
as heat sinks. Basing a future liver remnant on a portion
of liver at high risk for persistent or recurrent tumor in the
ablation zone should be avoided. (III) The potential for
inadvertent for injury to vital hepatic structures needs to be
carefully considered utilizing TTA for CRHM, particularly
in the context of a staged approach to ensure adequate
inflow and outflow for the liver remnant. (IV) In the setting
of chemotherapy-refractory or progressive disease, TTA
should be limited to highly selected patients for control of
intrahepatic disease causing specific symptoms.

Conclusion

Surgical resection with a negative tumor margin is still the
optimal and only potential curative strategy for patients
with CRHM. The vast majority of patients with CRHM
are not candidates for curative resection, thus many may
benefit from the use of adjunct modalities such as TTA
alone or in combination with systemic therapy. In well-
selected patients with initially unresectable CRHM, a well
formulated multidisciplinary plan may include staged liver
resection alone or in combination with thermal ablation. In
patients who are not surgical candidates and fail to achieve
tumor down staging for conversion to resectability, TTA

may enable control of intrahepatic disease for control of
symptoms as a component of total oncologic care. TTA is
a valuable component of the multimodality management
of patients with CRHM that complements resection and
systemic therapy. A sound understanding of the indications
for and limitations of TTA will enable the clinician to
appropriately select patients who may benefit from ablation
of liver metastases.
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