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Abstract
Purpose—To evaluate the clinical outcomes of percutaneous radiofrequency (RF) ablation of
colorectal cancer liver metastases (CLM) recurring after hepatectomy.

Methods—From December 2002 to December 2008 we ablated 71 CLM developing after
hepatectomy in 56 patients. We reviewed medical records and imaging to determine: technique
effectiveness/complete ablation (ablation defect covering the entire tumor on 4–6 week post-
ablation CT), complications and local tumor progression at the site of ablation. Local tumor
progression-free and overall survivals were calculated using Kaplan-Meier methodology. A
modified clinical risk score (CRS) including nodal status of the primary, time interval from
primary to liver metastases, number of tumors and size of the largest tumor was correlated to
overall survival and local tumor progression.

Results—Tumor size ranged between 0.5 and 5.7 cm. Complete ablation was documented in
67/71 (94%) CLM. Complications were: liver abscess (1) and pleural effusion (1). Median overall
survival was 31 months. One-, 2- and 3-year overall survival rates were 91%, 66% and 41%
respectively. CRS was an independent factor for overall survival (74% for CRS 0–2 vs. 42% for
CRS 3–4 at 2 years p=0.03) and for local tumor progression-free survival (66% for CRS 0–2 vs
22% for CRS 3–4 at one year after a single ablation p<0.01).

Conclusion—CT-guided RF ablation can be used to treat recurrent CLM after hepatectomy. A
low CRS is associated with better clinical outcomes.
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Introduction
Colon cancer is the second leading cause of cancer related mortality in the United States (1).
Over the past 5 years, more than 145,000 new cases were diagnosed and more than 49,000
people died from this disease each year (1). Colorectal cancer liver metastases (CLM) is one
of the most common hepatic malignant tumors(2). Approximately 50% of patients with
colorectal cancer develop CLM during the course of their disease(2). Resection is the
treatment of choice for CLM, but the majority of patients are not surgical candidates at
diagnosis(3). Treatment options, such as radiofrequency (RF) ablation, hepatic arterial
chemotherapy(4), chemoembolization(5) and radioembolization(6, 7) have been used for the
treatment of non-resectable CLM.

RF ablation delivers high-frequency alternating current in the tumor via an electrode/needle
creating ionic agitation, frictional heating and cell death(8). Although safety and efficacy of
RF ablation for unresectable CLM have been shown in several recent studies(9–11)
incomplete tumor ablation(12), and local tumor progression or recurrence(13–20) remain
limitations of the modality. The rates of local tumor progression after ablation vary widely
between 2%(21) and 60%(22). Despite the relatively high rates of local tumor progression,
overall survival rates after percutaneous RF ablation of non-resectable small CLM may be
similar to those reported after surgical resection(15, 20).

In this study, we evaluated the clinical outcomes of percutaneous CT guided RF ablation and
their correlation to several risk factors, when treating CLM occurring in the remnant liver in
patients who previously underwent hepatic resection. We modified the previously described
surgical clinical risk score (CRS) (23, 24) from a 5 point system to 4. This included the
nodal status of the primary, time interval from initial diagnosis to liver metastases, number
of tumors and size of the largest tumor (over 3 instead of 5 cm). Carcinoembryonic antigen
levels were not included because it was not recorded in most patients at the time of ablation.

Material and Methods
From December 2002 to December 2008, all patients that underwent percutaneous RF
ablation to treat recurrence after partial hepatectomy for CLM, were identified from our
prospectively created HIPAA registered RF ablation database. Institutional Review Board
waiver was obtained for retrospective review. Clinical data and all relevant imaging studies
were obtained from our database, patients’ medical records and PACS.

Subjects
Fifty-six patients underwent 82 RF ablations for 71 recurrent CLM after hepatectomy. The
interval between surgery and RF ablation ranged between 3 and 83, with a median of 16
months. Patients that had recurrence within 6 months from the liver resection as well as
patients in which resection did not achieve clear margins were considered at an increased
level of suspicion that they may have additional recurrences. Even if these patients
technically could undergo repeat hepatectomy they were offered RF ablation instead, as part
of a modified “test of time” management approach(18). Patient characteristics including
number of previous hepatic resections and previous chemotherapy treatment are listed in
Table 1.

The diagnosis of recurrent liver metastases was in general made by radiologic findings in the
context of clinical history of metastatic colorectal cancer. In 3 lesions a biopsy was obtained
prior to RF ablation. The indication for biopsy was made in the context of previous
intraoperative RF ablation with questionable imaging findings of local tumor progression (2)
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and in a patient with multiple hemangiomas (1). In these 3 cases the colorectal origin was
confirmed.

CLM size ranged between 0.5 and 5.7 cm (median1.9 cm). In 64/71 (90%) CLM the largest
diameter was ≤ 3 cm and in 7/71 (10%) >3 cm.

Treatments
All ablations were planned after a contrast enhanced CT of the liver within 30 days prior to
the ablation(25).

During the procedure, patients were sedated and monitored by an anesthesiologist.
Prophylactic antibiotic (cefazolin 1g) was administered intravenously just prior to the
procedure. A limited non-contrast CT was performed to localize the lesion. Accurate
electrode position to cover the entire CLM was confirmed with CT imaging prior to the
initiation of RF ablation. Treatment was performed with the aim of creating a radius of
ablation at least 10 mm larger than the largest tumor diameter in order to achieve at least 5
mm margin around the tumor. Post-RF ablation limited CT imaging was obtained
immediately after ablation to evaluate for technical success and periprocedural
complications. The patients recovered in the post anesthesia recovery unit and were
observed overnight.

Imaging follow-up
An ablation defect with lack of enhancement encompassing the ablated tumor at the first
follow-up imaging consisting of a contrast enhanced CT scan 4–6 weeks after treatment was
considered “complete ablation” or “technique effectiveness” as described in definitions
(Table 2). Any evidence of irregular or nodular enhancement of the ablated area at this CT
scan was considered treatment failure. This first post-RF ablation CT was used as a baseline
to evaluate the area of ablation in subsequent follow-up CT every 2–4 months. Development
of new irregular peripheral or nodular enhancement of the ablated area, increase in size or in
enhancement of the ablated zone at any time after the first post ablation CT was considered
local tumor progression.

Statistical Analysis
Primary and assisted local tumor progression-free and overall survival rates were calculated
using Kaplan-Meier methodology. Permutation log-rank test was used to assess the
differences between overall survival between the CRS groups and a marginal Cox model
was used for primary and assisted local tumor progression-free rates to account for multiple
treated tumors per patient. Multivariate analysis (marginal Cox model) was possible for the
evaluation of factors affecting local tumor progression but not for overall survival due to the
small number of deaths observed during the study period. R (www.r-project.com) software
(version 2.10) was used for statistical analysis.

Results
We have adhered to the guidelines regarding terminology and definitions as described by
Goldberg et al (26) (Table 2). Risks factors included in the clinical risk score are shown in
table 2. Based on our definitions 45 CLM were classified as low clinical risk score (CRS):
0–2 and 26 as high CRS: 3–4.

Technical success was achieved in all 82 sessions. Complete ablation or technique
effectiveness was documented in 67/71 (94 %) lesions. The 4 failures were attributed to poor
visualization and inadequate tumor targeting (3) and insufficient overlap ablations (1) to
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provide complete tumor coverage with adequate margin. The median hospital stay after
ablation was 1.0 day (range 1 – 5 days).

Local Tumor Progression
During a median follow-up of 22 months local tumor progression occurred in 36 of 71
CLM. Of these, 17 were observed in the low CRS group (17/45 or 37.7 %) and 19 in the
high CRS group (19/26 or 75%). Overall 31/36 (86%) CLM, progressed during the first year
and 19/36 (53%) were in patients that developed diffuse disease progression (distant
intrahepatic and extrahepatic metastases) and were no longer candidates for local treatment.
Median and 1,2, and 3 year primary (after single ablation) local tumor progression-free rates
were 10 months and 50% at 1 year, 37% at 2 years and 30% at year 3 respectively (Figure
1). Median time to local tumor progression was 14 months in pump group and 10 months in
no pump group. The progression profiles for patients who had previous pump was
substantially better at earlier time points than those who did not have pump, however, this
was not significant (p=0.19). Median local tumor progression-free survival was 16 months
in CRS 0 – 2 group and 5 months in CRS 3 – 4 groups, respectively (p=0.001) (Figure 2).
Primary (after single ablation) local tumor progression-free survival rate of 66% was noted
at year 1 for CRS 0 – 2 vs 22% for CRS 3 – 4 (p<0.01) respectively.

Secondary treatments
Seventeen of the 36 lesions that progressed were amenable to local treatment and were
managed as follows: Nine underwent repeat percutaneous and 2 open RF ablation. Five
lesions were treated surgically, and 1 was lost to follow-up. The choice to treat the 5 lesions
with local tumor progression with surgery was based on the fact that more than 6 months
had elapsed since surgery, there was no other site of intrahepatic or extrahepatic metastasis
and the particular lesions were in locations where ablation with clear margin was difficult or
not feasible (subcapsular, in close proximity to a blood vessel or organ that could not be
protected with technique modifications such as hydrodissection. Local tumor progression
after the second RF treatment was observed in 5/8 lesions and was treated by surgical
resection (1), third RF ablation (2) and systemic chemotherapy alone (2). Median and 1,2
and 3 year assisted (accounting for all repeated ablations to treat the same tumor) local
tumor progression-free rates were 25 months and 64% at 1 year, 38% at 2 years and 30% at
year 3 respectively (Figure 1).

Patient Survival
Median overall survival from the time of the initial RF ablation was 31 months (Figure 3).
One, 2 and 3-year survival rates were 91%, 66% and 41% respectively. The group that
received pump chemotherapy prior to RF ablation (n=24) did not reach the median survival,
while the group with no pump treatment had a median survival of 25 months. Median
overall survival was 35 months in CRS 0 – 2 group and 21 months in CRS 3 – 4 groups,
respectively (p=0.03) (Figure 3). The 1- and 2- year overall survival rate for CRS 0–2 was
98% and 74% vs. 69% and 42% for CRS 3 – 4 respectively (p=0.03). The overall survival
was also evaluated between patients that had one versus those that underwent repeated
ablations to treat local tumor progression. The patients that underwent repeat ablation for
local tumor progression had a significantly prolonged survival with a 3-year survival rate of
89% compared to 23% for patients with one ablation (p=0.03).

Analysis of Factors Affecting Local Tumor Progression-free and Overall survivals
The results of analysis of association of individual covariates with overall survival and local
tumor progression-free survival are summarized in Tables 3 and 4. The CRS was an
independent factor for both overall survival and local tumor progression free survival. There

Sofocleous et al. Page 4

J Vasc Interv Radiol. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were 19 deaths in this study, which were not sufficient to perform a multivariate analysis for
overall survival. With 36 lesions exhibiting progression, however, we were able to
accommodate a multivariate analysis with the two significant factors from the univariate
analysis (sex and CRS). Sex was not significant (HR=1.733, p=0.15), leaving CRS as the
only significant predictor of progression in this cohort. Patients with CRS of 3 or higher
were 3.13 times more likely to progress (95% confidence interval: 1.61–6.06) than those
with CRS of 2 or less (p=0.001).

Adverse Events
There were 2 complications that required hospitalization: one liver abscess treated with
percutaneous drainage and IV antibiotics and one pleural effusion managed with
thoracostomy. There was no procedure related mortality.

Discussion
Surgery for CLM is possible in approximately 15% of patients resulting in 5 year survival
rates between 31–58%(24, 27, 28). RF ablation has been used to control liver metastases
successfully in selected non resectable patients with limited number and relatively small
tumor size (18, 29–31). In series with good selection criteria median survival of 36 months
and 1, 3 and 5 year survival of 86%, 80% and 24% have been reported(30). Similarly a
subgroup of patients without extrahepatic disease and with less than 5 liver lesions each
under 5 cm in diameter treated with ablation achieved an overall survival rate of 30% at 5
years from diagnosis(31). Although there is no randomized controlled trial between surgery
and RF ablation for CLM, retrospective studies comparing the two treatments demonstrated
comparable outcomes (32). RF ablation was used in the treatment of CLM in surgical
candidates within the concept of “test of time” as described by Livraghi et al (18) in 88
surgical candidates while awaiting surgery. 59% of patients were spared unnecessary
surgery either because they were free of disease after RF ablation (44%) or because they
developed multiple new sites of disease during the waiting time (56%) deeming them
unresectable(18). The local tumor control achieved with RF ablation allowed time to elapse
for multifocal disease to develop and these patients were thus spared unnecessary surgery
with significant morbidity and not negligible mortality (15, 33). We applied this approach to
patients with recurrent colon cancer liver metastases after hepatectomy that were technically
re-resectable, but were considered to be at increased risk for additional recurrences in the
liver or extrahepatic sites. This was in particular the case for patients that presented with
new liver metastasis within 6 months of resection or had prior surgery that did not achieve
clear margins. In patients that remained technically and clinically re-resectable, surgery was
reconsidered when they developed additional local tumor progression at the site of ablation
at a later time (more than 6 months from original surgery) and if they had no other site of
disease. In these patients repeat surgery was preferred over repeat ablation when the local
tumor progression occurred in a location that would jeopardize ablation with clear margin
(subcapsular location; abutting or in close proximity to a hepatic vessel or to an organ that
could not be protected).

Complete ablation in this paper was defined as recommended by the Guidelines of the
Society of Interventional Radiology (26). Obviously there is a discrepancy between
complete ablation and residual microscopic disease that can cause local tumor progression.
This is a key limitation of ablation when compared to surgery since tissue sampling or
margin analysis is not routinely performed after RF ablation. In a dedicated paper it was
demonstrated that the presence of Ki67 tumor cells on ablation electrodes can predict local
tumor progression despite an initial technical effectiveness after ablation of liver tumors
(29). Similarly, the relatively high rate of local tumor progression reported after RF ablation
of CLM when compared to historic surgical data remains a limitation for the widespread use
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of RF ablation in surgical patients (15, 20). RF ablation can be easily repeated to treat tumor
progression and this is one of its advantages when compared to repeat hepatectomy. This
point demonstrates a role of the technique as a salvage treatment after surgical failures or
recurrences. The effect of repeat ablation in overall survival was significant (p=0.03). It is
likely that the added survival benefit for the population that was eligible for repeat ablation
is the result of multiple factors related to the biology of disease that could not be addressed
in a small sample.

There was an overall high rate of local tumor progression after a single ablation in this series
even in the lower CRS 0-2 CLM (37.7%). This may be partially attributed to the aggressive
nature of the treated tumors. All patients in this series had recurrence after surgery and more
than half of those who had local tumor progression after ablation (19/36, 53%) had
multifocal and extrahepatic progression of disease. Repeat ablation was performed to those
patients with local tumor progression only and resulted in local tumor progression-free
survival of 25 months and 1, 2, and 3 year local tumor progression-free survival rates of
64%, 38% and 30% respectively. Although the local tumor progression-free survival
achieved with ablation in this cohort is towards the short end of the spectrum, it is important
to remember that this is in addition to the local tumor progression-free survival achieved
after hepatectomy (median disease free interval between surgery and hepatic recurrence
treated by percutaneous ablation was 16 months, range: 3–83).

The overall survival of 41% at 3 years in this series compares favorable to treatments with
chemotherapy only(4). This survival rate, calculated from the day of ablation is achieved in
patients that have tumor progression after resection and reflects the additional survival
benefit of aggressive locoregional treatment with ablation and pump as well as systemic
treatment after hepatectomy(4). As such the population evaluated in this study is highly
selected and any direct comparisons to other percutaneous ablation or hepatectomy series
are difficult if not impossible. Nevertheless, this survival rate appears similar to several prior
series of patients treated with ablation immediately after the diagnosis of liver metastasis
(30, 32).

Translating from the surgical knowledge we slightly modified a previously described
clinical risk score (CRS) (23, 24) to correlate to our eligibility criteria for CLM RF ablation.
We used a 3 instead of 5 cm as a cutoff since tumor size over 3 cm has previously been
associated with worse outcomes after ablation (16, 29). The CRS was an independent factor
for both overall survival and local tumor progression. These results underscore the
importance of appropriate screening when selecting patients with intent to cure their CLM.
Our findings are similar to those reported by surgical series showing a strong correlation
between clinical risk factors and outcomes (23, 24). The administration of pump therapy was
associated with better outcomes but did not reach significance. The only statistically
significant factor was the CRS.

This study has several limitations. An important one is the relatively small number of
patients and short follow-up period making comparisons between the groups of patients that
received pump and those who did not, inconclusive. It is possible that the relatively higher
local tumor progression-free and overall survival noted in the pump population would
become significant in a larger population over a longer follow-up period. The same
limitation did not allow us to complete multivariate analysis regarding all factors affecting
survival. We plan to update our analysis when we will have long enough follow-up to
estimate the 5 year survival in our population.

The primary objective of the study was to determine outcomes after RF ablation of colon
cancer liver recurrences after hepatectomy. Despite the limitations of this small retrospective
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review we believe that the main goals of the study were met. In addition the introduction of
the modified CRS and its significant correlation to local tumor progression and overall
survival is described for the first time in the evaluation of this population. We believe that
this paper showed that CT-guided percutaneous radiofrequency ablation can be used as a
salvage treatment of recurrent CLM after hepatectomy, offering additional local tumor
control and prolonging overall survival in a selected heavily pretreated population with
limited therapeutic options.
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Figure 1.
Primary and assisted (dotted line) local tumor progression-free survival curves
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Figure 2.
TTP by CRS (solid line 0–2, dotted line 3–4)
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Figure 3.
Overall survival curves for entire group (solid line) and by CRS (dotted lines)
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Table 1

Patient Characteristics

No. of patients (%)

N 56 (100)

Sex

 Male 32 (57)

 Female 24 (43)

Timing of liver metastases

 Synchronous 39 (70)

 Metachronous 17 (30)

No. of prior hepatic resections

 One 40 (71)

 Two 13 (23)

 Three 2 (4)

 Four 1 (2)

Prior chemotherapy

 Systemic only 31 (55)

 Systemic + HAI pump 24 (43)

 None 1 (2)

Chemotherapy post RF ablation

 Systemic only 34 (61)

 Systemic + HAI pump 9 (16)

 None 12 (21)

 N/A 1 (2)

No. of tumors (average, range per patient) 71 (1.3, 1 – 4)

No. of RFA sessions (average, range per patient) 81 (1.4, 1 – 3)

RF ablation system used*

 LeVeen® Radiotherapeutics 30 (42)

 RITA XL or Xli 14 (20)

 Radionics/Valleylab 27 (38) * numbers refer to lesions

HAI=Hepatic Artery Infusion
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Table 2

Definitions.

Term Definition

Technical success Ablation protocol completed and tumor covered (on immediately post-ablation CT)

Complete ablation(Technique effectiveness) Ablation defect covering the entire tumor on the 4–6 week post- ablation CT

Local Tumor Progression Evidence of tumor recurrence (progression) in the previously ablated area by CT criteria

• enlargement of the ablation size

• increase of enhancement and/or

• irregular and nodular increase of enhancement in the ablated zone

Primary LTP-free survival Time period between the initial RF Ablation and the first radiologic evidence of LTP

Assisted LTP-free survival Cumulative time interval between the first RF ablation and the latest radiologic follow-up
showing evidence of LTP (local tumor recurrence); includes all the ablations performed for
the treatment of the same target tumor to treat LTP

Overall Survival Time period between the initial RF ablation and patient’s death from any cause, or most
recent follow-up

Clinical Risk Score (CRS) modified for Ablation
Patients with 0-2 points: low risk
Patients with 3–4 points: high risk

One point for each:

1 node-positive primary tumor

2 disease-free interval from primary to liver metastases (DFI) <12 months

3 number of hepatic tumors >1

4 any hepatic tumor >3 cm
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