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Abstract

Introduction: Radiofrequency ablation (RFA) isa new minimally invasive treatment that has been increasingly used in the treatment of
liver metastases. Thisreviewaimsto outlinetheprinciplesgoverning theuse of RFA andto examineitsrolewhen applied to themanagement
of colorectal liver metastases. Methods: A Medline search of experimental and clinical studiesrelatingtotheuseof RFA in themanagement
of colorectal hepatic metastasis was carried out. Results: RFA is currently used as an alternative to surgery in patients with unresectable
disease, and sometimesasitscompanion, allowing patientshitherto considered unsuitablefor resection to becomesurgical candidates. RFA
has been shown to be safe and well tolerated, with few major complications and minimal patient discomfort. Although its useis unlikely
to achieve curein such patients, it has a definiterolein palliation and relief of symptoms. Long-term data, when these become available,
may also show improved survival. However, because RFA isalocal ablativetherapy, it doesnot addressthe progressive and systemic nature
of colorectal carcinoma. Conclusions: RFA is an important alternative/complimentary tool in the management of colorectal hepatic

metastases. Combining RFA with surgery or chemotherapy may reduce the incidence of local and systemic relapse.
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Introduction

Colorectal cancer isthe second most common cancer in
Singapore, accounting for 15.9% of al cancers registered
with the Singapore Cancer Registry in the years between
1993 and 1997.! Despite recent advances in surgery,
radiotherapy and chemotherapy, more than half of those
afflicted will die from their cancer.

Atthetimeof initial presentation, 15%to 25% of patients
will aready have liver metastases. Another 20% will
develop hepatic metastases, despite treatment of the
colorectal primary.? Left untreated, the median survival
after detection of liver metastases is approximately 7.5
months.® Successful surgical resection of these metastases
has, however, produced 5-year survival rates of 28% to
40%.*% Unfortunately, fewer than 20% of patients with
metastases confined to the liver are eligible for curative
resection.” Diffuse bilobar disease, metastatic depositsin
closeproximity tomajor blood vessel sandbiliary structures
or inadequate hepatic reserve preclude surgery.
Furthermore, even after an adequate resection, at | east 50%
of patients will develop recurrent disease.

In this group of patients with unresectable colorecta
liver metastases, chemotherapy andlocal ablativetherapies
are available. Chemotherapy, either systemic or regional,
has, however, provendisappointing. Despitemultipletrials
and different drug regimes, improvements in survival are
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at best marginal .2° Over the years, awhole gamut of local
ablative therapies have also been applied to this problem
too. Theseinclude percutaneous ethanol injection, focused
ultrasound, cryoablation, microwave tumour coagulation,
laser photocoagul ationand radiof requency ablation (RFA).
Itishoped that by decreasing the volume of viable tumour,
asurvival advantage or even cure can be achieved in some
patients. There are also potential benefits of percutaneous
destruction of tumour, including decreased cost, morbidity
and the possibility of performing these procedures in
outpatients. Thisreview will discusstheroleof RFA inthe
treatment of hepatic metastases from colorectal cancer. A
MEDLINE search using the terms “radiofrequency
ablation”, “colon carcinoma’ and “hepatic metastases”
was performed. To date, in the English literature, there is
only 1 large clinical series focusing solely on the use of
RFA in colorecta hepatic metastases.

Most of the other published reports have often involved
multiple different treatment modalities or have included
patients with both primary and secondary hepatic tumours
or metastasesfrommulti pleprimary tumours. Inour review
of published results, wetherefore al so considered selected
reports satisfying the following criteria: (i) it included
more than 10 patients with hepatic metastases of which a
significant proportion arosefrom colorectal carcinoma, (i)
wecouldreliably determinetheresultsdirectly attributable
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totheuseof RFA inour sub-group of patients, or (iii) it was
significant in the evolution of the technique of RFA.

Background

The use of alternating radiofrequency (RF) current to
generate heat in living tissues, without causing pain or
muscular contractions, was first described by the French
physicist—d’' Arsanval —in 1891. Sincethen, RF energy has
beenwidely usedintheoperatingtheatresfor el ectrocautery,
incardiovascular |aboratoriesto abl ateaberrant conduction
pathwaysfor thetreatment of arrhythmiasandinendoscopic
techniques.

RF thermal ablation works by converting the energy of
an electromagnetic wave into heat. A high frequency
alternating current (around 500 kHz) passesfrom an active
needle electrode placed within the tumour, to the passive
electrodeintheform of adispersive pad applied totheskin.
Asaresult of the*toandfro” agitation of tissueelectrolytes
surrounding the needl e electrodein response to the change
in direction of the alternating current, frictional heat is
produced. Heat isnot generated within the electrodeitself,
but rather in the surrounding tissues.

As temperature increases to between 60°C and 100°C,
there is induction of irreversible cellular damage,
culminating in coagul ation necrosis.® Because the amount
of energy deposited variesinversely with the square of the
distancefromtheel ectrodetip, theareaof necrosisdoesnot
exceed 1.6 cm in diameter when using single monopolar
RF techniques. Charring of tissue surrounding the needle
tip increases impedance, which limits the propagation of
heat. This was the main factor limiting the clinical use of
RFA inthepast. Most tumoursarelarger than 1.6 cm by the
timethey aredetected. Successful treatment of theselesions
would have meant the use of either multiple needle
insertions, multiple treatment sessions or both. The “holy
grail” of RFA research had been the development of a
technique that can achieve safe and reliable large volume
tissue destruction of tumour in asingle treatment session.

Various techniques were proposed to overcome this
limitation including the use of bipolar!* and multipolar
electrodes!? and theinstillation of salinethrough the needle
el ectrode.®® Althoughthesemanoeuvresdidactual ly succeed
in obtaining larger areas of necrosis, often these were
irregular and unreliable, which made their use
unsatisfactory.

More recent RF technological developments have
revolved around 2 different systems. The first
(Radiotherapeutics, Sunnyvale, CA and RITA Medica
Systems, Mountain View, CA) involves a 15G to 17G
hollow needle which, when positioned within the lesion,
deploys between 4 and 10 retractable curved electrodes,
muchlikethespokesof anumbrella(Fig. 1). Thistechnique
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is able to produce areliable area of ablation—3to 4 cmin
diameter.* The second system utilisesan“internally cooled”
eectrode (Radionics, Burlington, MA, USA) (Fig. 2). Cold
sdline is circulated coaxially through 2 internal lumens
withinal4G electrode. By cooling theel ectrodetip during
the RF application, it is possible to increase generator
output as well as prevent charring of tissue immediately
adjacent to the needle tip. The technique can achieve a
reproducible area of necrosis of 2.4 cm in diameter using a
singlecooled el ectrode.®>When 3suchel ectrodesareclustered
about 0.5 to 1 cm apart, a spherica focus of coagulation
necrosisis obtained which approaches 4.5 cm in diameter.

The delivery of RF energy in pulses, rather than in a
continuous manner, has also led to some improvementsin
the size of ablation.'” Furthermore, it was found that
occlusion of tumour arterial supply, either mechanically or
pharmacologically, could also increase the diameter of
necrosis.®®

Technique
Imaging Guidance

Theneedleprobesare usually first positioned at the deep
margin of the tumour and subsequently pulled back to
cover themoresuperficial portion of thelesion. Ultrasound
(US) is the imaging modality that is most commonly
utilised for guidance in percutaneous RF ablation, either
aone or in combination with computed tomography (CT)
(Figs. 3 & 4). Advantages of US over CT and magnetic
resonance imaging (MRI) include its real-time capability,
vascular visualisation (with colour Dopplerimaging), wide
availability, speed and its relative low cost. Although US
isextremely useful in guiding placement of the RF needle
electrode, ithaslimited ability inassessing theeffectiveness
and extent of RFA. Thisis because RFA produces adense
echogenic area on USimaging, the size of whichisonly a
rough approximation of the area ablated. In addition, the
echogenic area obscures the margins of the tumour that is
being treated, especialy its posterior extent. A study in
animal sconcludedthat USoverestimatesthesizeof necrosis
when compared with histopathology in 23%.%° Contrast-
enhanced CT has, however, been accurate to within 2 mm
of actual lesion size.®

Approaches

RFA can be applied with either a percutaneous, open
surgical or laparoscopicapproach. Each of thesetechniques
has its advantages and limitations. The percutaneous
approachisminimally invasive and can be performed with
conscious sedation. It would therefore be ideal for poor
surgical-risk patients. The concern about a percutaneous
approach has been the inability to control haemorrhagic
complications. Fortunately, inour experience, haemorrhage
iS very uncommon.
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Fig. 1. LeVeen multiplearray needl eel ectrode showing with thetinesretracted (left) and
fully deployed (right) from the needle tip.

Fig. 2. A triple cluster RF electrode with a 2.5-cm exposed tip (above) and a single
internally cooled RF electrode with a 3-cm exposed tip (below).

Fig. 3. Oblique intercostal US image obtained during RFA with an internally cooled
electrode showing the needle tip and track (white arrows).

A laparoscopic approach is often used in conjunction
with laparoscopic ultrasound to hel p determinethe siteand
number of liver metastases and aid in placement of the
probe. Laparoscopy also provides the opportunity for
assessment of extra-hepaticdisease. However, certainareas
of the liver might be technically inaccessible to the
|aparoscope.

Open laparotomy is the most invasive approach and

Fig. 4. Axial CTimageduringinsertion of aneedleelectrodeintotheliver. Medial tothis
needleisintra-lesional haemorrhage and air (arrowhead) arising fromprior ablation
of an adjacent tumour.

Fig. 5a. Axial contrast enhanced CT scan shows a hypodense lesion with rim
enhancement in Couinaud segment 3 (arrow).

Fig. 5b. Contrast-enhanced axial CT scans obtained 3 months after treatment show
uniform hypo-attenuation of the segment 3 lesion and absence of contrast enhancement.

Fig. 5. Pre- and post-RFA of a colorectal hepatic metastasis.

associated with increased length of hospital stay and
morbidity, but it does have several advantages. At surgery,
oneis able to displace adjacent structures such as the gall
bladder or colon from the liver, preventing inadvertent
thermal injuries to these organs when treating peripheral
lesions. In addition, the surgical approach allows the
opportunity to interrupt portal venous flow by the Pringle
manoeuvre during RFA. This manoeuvre decreases the
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TABLE I:ELIGIBILITY CRITERIA FOR RADIOFREQUENCY
ABLATION OF HEPATIC METASTASES

I. Prior resection of the primary tumour with no evidence of residua
disease.

Il. Biopsy proven or strong clinical suspicion for colorectal metastases
based onraised carcinoembryonicantigen (CEA) and correl ativeimaging.

I11. Surgicaly non-resectable hepatic metastases, either because patient is
a poor surgical candidate, technically inaccessible or inadequate
functional reserve.

V. All hepatic lesions are deemed potentially treatable by RFA aloneor in
combination with other treatment. If tumour involves major biliary
ducts or major vessels, it might not be possible to perform RFA.

V. No evidence of extrahepatic disease.
V1. If percutaneousapproach considered, patient must not haveuncorrectable
coagulopathy. Generally, patients should have a platelet count of more

than 80,000 mL and prothrombin time/activated partial thromboplastin
time of less than 3 sec above normal.

cooling effect of blood flow to any given area, thus
optimising the size of coagulation necrosis and even
allowing tumour adjacent to major vascular structuresto be
treated.

Follow-Up

Although there are some investigators who report the
utility of contrast-enhanced ultrasound using micro-bubbles
to help detect residual tumour, most institutionsuse CT or
MRI for follow-up of these patients. I ntheimmediate post-
ablation scan, theaimisto assessthe extent of ablation and
to detect any potential complications. Immediately post-
ablation, CT scan may demonstrate a rim of contrast-
enhancement, which isattributable to reactive hyperaemia
around the margins of the ablated lesion. This makes it
difficult todistinguishit fromresidual tumour, limiting the
accuracy of the immediate CT scan in assessing the
completeness of ablation. Fortunately, this phenomenonis
only transient and hasbeen showntodisappear progressively
insubsequent follow-up studies. I ntra-lesional haemorrhage
and air may aso be seen in the immediate post-ablation
scan (Fig. 4). These are associated with the introduction of
the probe and also resolve over the course of time.

Multi-phase helical CT or gadolinium enhanced MR
imagingismainly usedin subsequent follow-up of patients,
often in combination with CEA tumour markers, if
previously raised. These are usually carried out 1 month
post-ablation and thereafter every 3to 6 monthly. Themain
aim in these follow-up scans is to look for evidence of
residual or recurrent tumour, either locally at the previous
site of ablation or distant new hepatic lesions. Lesionsthat
have been completely ablated will appear entirely and
homogeneously hypodense on a CT scan with no focus of
contrast enhancement (Figs. 5a & 5b). On T2W MR
imaging, these are seen as low intensity areas without
evidence of enhancement with gadolinium. If there is
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evidence of tumour recurrence limited to the liver, repeat
ablation is required and may be effective. One of the
significant advantages of percutaneous RFA isthat it can
be repeated as often as is necessary to treat intra-hepatic
recurrence.

Eligibility Criteria

In general, RFA should only be considered in patients
who satisfy the criteria listed in Table . At the present,
there is no clear consensus with regards to the size and
number of lesionsthat can be treated with RFA. Although
there are and will be case reports of the procedure being
successfully carried out in patients with 10 to 15 lesions,
most would only perform RFA in patient with not more
than5lesions. Similarly, someinvestigatorshaveattempted
ablation of lesionsaslarge as 15 cm using multiple passes.
Itis, however, felt that 5-cm tumours are at the upper limit
of its current ability, although we have no doubt that this
will increase with future technological developments.

Rationale and Role of RFA

RFA, in the context of colorectal metastases, isunlikely
tobecurative. Likeall other local ablativetherapies, it does
not address the progressive and systemic nature of the
disease. Even if there should be no local recurrence in
ablated lesions, many will subsequently develop other
hepatic and/or extra-hepatic lesions as a result of co-
existent micro-metastatic deposits. It isfor thisreason that
the primary tumour must be treated along with or before
RFA of the hepatic metastases.

At present, surgical resection of colorectal metastasesin
the liver remains the treatment of choice and should be
recommended to the patient whenever possible. However,
if surgery isrefused or not appropriate because of bilobar
disease, proximity of tumour to key vascular or biliary
structuresthat precludeacl ear tumour margin, or inadequate
functional hepaticreservesasaresult of coexistent cirrhosis,
RFA can be offered to the patient, either alone or in
combination with other therapies.

If RFA isused alone, ideally it should be able to deliver
benefits approximating that of surgical resection in terms
of local recurrence rates, long-term survival advantage as
well assizeof lesionsthat can betreated. The crucial factor
inRFA, whichimpact all of theaboveend points, isthesize
of ablationit canreliably produce. Although there hasbeen
much development in this area over the past 7 years, more
needs to be done before RFA can achieve this goal. Till
then, operators need to be aware of its limitations and the
necessity for careful patient selection.

RFA can aso be used in combination with surgery or
chemotherapy. When used in conjunction with surgery, it
allows surgeons to extend the therapeutic envelope and
offer treatment to a wider cohort of patients, including
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those who were previously considered unresectable.
Conceptually, combining RFA and systemic or regional
chemotherapy is very attractive. RFA can destroy larger
visibletumours, whilst chemotherapy isusedtokill remnant
tumour cells and occult metastases. It is hoped that this
would translate into greater survival advantage for the
patient.

Results of RFA

Despite the recent slew of reports on the use of RFA on
liver cancers, theseresultsmust all beviewedaspreliminary
— principaly as assessments of safety and short term
efficacy — because long-term follow-up has only recently
been available.

RFA Alone

Rossi et al?tin 1996 were amongst thefirst to report their
experienceof RFablation of hepatictumours. They initially
experimented with simple monopolar and bipolar needles
in a mix of primary and secondary liver cancers. They
struggled to achievecompl etenecrosisof tumour, requiring
multiple RFA sessions for tumour nodules with a mean
diameter of 2.2 cm. Their subsequent results with
expandable multi-prong electrodes* were more
encouraging. Thisstudy involved 37 patients, of whom 14
had atotal of 19 hepatic metastases. Therewerenomortality
or major complicationsencountered. Onaverage, treatment
was completed in 1.3 sessions and with 1.7 electrode
insertions. Of the 14 patients, 3underwent surgical resection
after RFA. Histological examination of these 3 specimens
showed complete tumour necrosis. Of the 11 remaining
patientswith 16 metastatic nodules at a mean foll ow-up of
12 months, 1 (9%) had local recurrence, 8 (73%) had other
hepatic or systemic disease and 2 patients (18%) were
tumour-free. Rossi’ sefforts showed that RFA wassafeand
effectivein controlling local recurrence of hepatic disease,
but fails to address the systemic nature of the disease.

Another group involving Solbiati et a? and Livraghi et
al®® in 1997 reported their results on small groups of
patients with hepatic metastases highlighting the utility of
concomitant intra-parenchymal injection of saline to
improve the zone of destruction. Although they were
successful inincreasing the area of ablation, necrosis was
found to beincompletein amost half of thelesionstreated,
causing the investigators to abandon this approach in
favour of internally cooled electrodes.

Solbiati et al,*inarecent review of their data, published
their results of 117 patients with 179 metachronous
colorectal hepatic metastases, which ranged in size from
0.9cmto9.6cm. Percutaneously inserted singleor clustered
internally cooled electrodes were used in al patients. The
estimated median survival was 36 months (95% Cl: 28, 52
months). The 1-, 2- and 3-year survival rates were 93%,

69% and 46%, respectively. In 77 (66%) of the 117
patients, new metastases were observed at follow-up.
Estimated mediantimeuntil new metastaseswas12 months
(95% CI: 10, 18 months). Survival and time to new
metastases were not significantly related to number or size
of metastases treated. Seventy (39%) of 179 lesions
developed local recurrence after treatment. Of these, 54
were reported within 6 months and 67 at 1 year. No local
recurrence was seen after 18 months. The frequency and
timetolocal recurrencewererelatedtolesion size. Patients
with local recurrence were retreated whenever possible.
Thisstudy documentstherelativesafety of RFA intreatment
of colorectal metastases, with results that compare
favourably with recent surgical series, despite the fact that
most of the patients were considered not good surgical
candidates.

The French study reported by De Baere et a,® on 68
patients with 121 hepatic metastases that were mainly
colorectal in origin, combined both percutaneous (in 47
patients and 88 metastases) and intraoperative approaches
(21 patients with 33 lesions). The latter was performed
during partial hepatectomy to destroy unresectable
metastases. Local control was achieved in 91% of the
lesions (84% of patients). At a mean follow-up of 13.7
months (range, 4 to 23 months), 81% of patientswerealive
including 50% who did not have evidence of any hepatic
disease. However, only 31% of patients were actualy
tumour-free, emphasising the excellent local control
afforded by RFA, but a lack of effect on tumour-free
survival in most patients due to the natura history of a
metastasizing tumour.

Bowles et al* treated 76 patients with advanced,
unresectable liver tumours with RFA. Fifty-one of his
patients had metastatic liver disease, of which 39 were
colorectal inorigin. A total of 328 tumourswere ablatedin
99 treatment sessions. At amean follow-up of 15 months,
local recurrencefor all tumour typeswas 9% per lesion (30/
328). Thesurgical recurrenceratefor colorectal metastases
was 31% per procedure. Size, vascular invasion and total
volume ablated were predictors of local recurrence but the
number of tumours were not.

RFA in Combination with Other Therapy

Eliaset al? combined hepaticresectionandintraoperative
RFA in the management of 33 metastatic lesions in 21
patients, who were thought not to be amenable to surgical
resection alone. No operative mortality or RFA-related
complications was encountered. Clear resection margins
were achieved in 18 patients (86%). Other than the patient
in whom it was not possible to destroy al metastastic
lesions intraoperatively, only 1 loca recurrence (3% of
lesions) was reported after a mean follow-up of 17.3
months. The 2-year overall and disease-freesurvivalswere
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94.7% and 22%, respectively. This study showsthat RFA
can be used in combination with surgery to allow surgeons
to extend potentially curative resection to patients who
were otherwise not considered surgical candidates.

Similarly, Jiao et al® reported on 35 patientswith primary
and secondary liver cancer who were deemed not suitable
for curative resection alone, including 17 patients with
colorectal metastases. Of these 17, 16 had multiple/bilateral
lesions and the remaining 1 had poor hepatic function. A
combination of RFA (either percutaneousor intraoperative)
and liver resection or metastectomy was employed in 9 of
these patients, while the other 8 were treated with
intraoperative RFA alone. Of these 17 patients, 10 patients
(59%) had stable disease with a mean follow-up of 7.6
months, 4 had died and 3 had developed local or systemic
recurrence.

In Japan, Kainuma et ad? investigated the efficacy of
combining RFA with hepatic arteria infusion (HAI) of
chemotherapeuti c agentsin 9 patientswith bilobar col orectal
liver metastases. RFA was applied either percutaneously
or intraoperatively using amulti-prong electrode followed
by 5-fluorouracil with or without doxorubicin and
cisplantinum administered weekly viaaHAI pump. A total
of 64 lesions were treated over 20 sessions, with nodules
varyinginsizefrom 0.5t0 4.8 cm. Each patient had amean
of 6 deposits, ranging from 2 to 13. During the mean
follow-up of 15.2 months, local recurrence was observed
in5 patients(55%), new lesionsin 4 (44%) and extrahepatic
diseasein 5 (55%). Six (67%) of the 9 patients were alive
at 1 year and 3 (33%) for more than 2 years. Kainuma's
study suggests that RFA may be safely combined with
chemotherapy with possible survival advantage. It is
conceivable that the superior results of local ablative
treatment of liver metastasesmay bedueto patient selection,
especially since patients sel ected for local ablative therapy
often only have a limited number of metastatic deposits,
while patients given chemotherapy often show widespread
liver involvement. A European Organization for Research
and Treatment of Cancer (EORTC) study is currently in
progresscomparing RFA pluschemotherapy versuschemo-
therapy alone for unresectable colorectal liver metastases.

RFA versus Other Local Ablative Therapy

Many other modalitiesof local ablationhavebeenapplied
to the treatment of hepatic metastatic disease with varying
degrees of success. These include percutaneous ethanol
injection (PEI), cryosurgical ablation (CSA) and other
forms of thermal ablation (laser, microwave, focused
ultrasound). Although there have been no prospective
randomised controlled trials comparing RFA with these
other forms of local therapy, historical data provide some
perspective on this issue.
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Sincetheinitial reportson the use of laser to ablateliver
metastases in the early 1990s, developments in laser
technology have enabled increased power deposition and
internal cooling of laser probes, achievingincreased volume
of necrosis. In a comparison of the effectiveness between
cooled tip radiofrequency and interstitial laser
photocoagul ation, Leeset al*°found it easier and quicker to
achieve larger ablation volumes with RFA, particularly
when including amargin of normal liver around tumours.
It waspostul ated that thiswould bereflectedinadifference
in rates of local recurrence with these 2 modalities of

therapy.

During CSA, tumours are frozen with the aid of liquid
nitrogen circulating through a probe placed within the
tumour. Tumour destruction arises from a freeze-thaw
process, resulting in cell death and microvascular
thrombosis. Local tumour control can be obtained for
metastatic lesionsup to 8to 9 cmin size. 332 However, the
complication rate after CSA ismuch higher, between 10%
and 20%, i ncluding some seriousonessuch ashaemorrhage
and cryo-shock. Pearson et al** compared thecomplications
and early recurrence rate with either CSA or RFA in
patientswith unresectable malignant liver tumours. A total
of 146 patientswereenteredinto 2 consecutive, prospective,
non-randomised trials of whom 90 had colorectal
adenocarcinoma. Of these, 46 patients underwent intra-
operative RFA and the other 44 had CSA performed. The
median diametersof all lesionstreated with CSA and RFA
were not significantly different (3.6 cm versus 3.8 cm). In
the CSA group, there was 1 mortality and an overall
complication rate of 41%. In contrast, no treatment-rel ated
death wasrecorded with RFA and complicationswere seen
in only 3 patients (3.3%). With a median follow-up of 15
months, tumour had recurred in 13.6% of lesions treated
with CSA comparedwith 2.2%inthe RFA group. Although
this was not a prospective randomised trial, this study
suggests that RFA has fewer complications and local
recurrences when compared with CSA.

Conclusion

RFA has been busy carving a niche for itself in the
treatment not only of colorectal metastases, but also of
other primary and secondary liver cancers, as well as at
other sites such as the lung, breast, kidney and bone. It is
currently used as an alternative to surgery in patients with
unresectable disease and sometimes as its companion,
allowing patients hitherto considered unsuitable for
resection to become surgical candidates. RFA has been
shown to be safe and well tolerated, with few major
complications and minimal patient discomfort. Although
itsuseis unlikely to achieve cure in such patients, it hasa
definite role in paliation and relief of symptoms. Long-
term data, when these become available, may also show
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improved survival.

It is obvious the successful use of RFA can only be
achieved with a clear understanding of its limitations,
coupled with knowledge of the natural history and biologic
features of colorectal cancer. After all, RFA, like all other
local ablative therapies, is unable to address the systemic
nature of cancer spread. Itislikely that the best resultswill
be obtai ned with combination therapy. Wewait with eager
anticipation the results of on-going trials involving both
RFA and regional or systemic chemotherapy. Faced with
the many possibilities in treatment options for colorectal
metastases, a collaborative effort between medical
oncologists, oncologic surgeons and interventional radio-
logists is essential to ensure the best outcome for these
patients.
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