
Abstract. Aim: To investigate the role of intraoperative
local ablation techniques (LATs) in bilobar colorectal liver
metastases (bCRLM). Patients and Methods: Among patients
who underwent LAT for CRLM between 2005 and 2015, we
selected 33 patients with bilobar disease submitted to
thermal ablation alone or associated to liver resection.
Primary end-point was complete local response at one month
(CLR). Secondary end-points were morbidity, mortality,
disease-free survival (DFS), local tumor recurrence (LTR)
and long-term survival. Results: CLR was observed in 100%
of cases, while LTR occurred in 8 cases (22%). DFS at 1, 3
and 5 years was 37%, 5% and 5%. Overall survival (OS), in
the same interval, was 95%, 49% and 26%. Univariate
analysis found a significant correlation between LTR and
tumor size (11% ≤20 mm vs. 50% >20 mm; p=0.009).
Conclusion: LAT is an effective adjuvant strategy in bCRLM
for nodules within 20 mm diameter.

Liver resection is the only curative option in patients with
bilobar liver metastases from primary colorectal cancer
(bCRLMs), providing 5-year survival rates up to 58%,
according to low mortality (1-3%) (1, 2). Unfortunately, only
15-20% of patients with bCRLMs are suitable for upfront
liver resection. In the last decade, the mutual integration
among surgical techniques, multi-specialty treatments (portal
embolization, local ablation techniques, two-stage
hepatectomy) and new anti-angiogenic agents significantly
improved resectability rate up to 16-30% (3). 
The introduction of LATs in combination with resection,

scheduled in a single intervention or in a two-stage
procedure for bCRLM, initially proposed with enthusiasm by
French authors (4-6), was later widely criticized (7) and,
thus, judged unsuitable for a randomized clinical trial (8).
Considering the lack of evidence in the literature, the exact
role of LAT in this field remains unclear. The primary end-
point of this observational study was complete local response
(CLR) after LATs at one month. Secondary end-points were
morbidity, mortality, local tumor recurrence (LTR), disease-
free survival (DFS) and long-term survival.

Patients and Methods
Study design and patient eligibility. We planned this observational
study following the checklist of items included in the STROBE
Statement (9). A prospective database of treated patients affected by
bCRLM from a single Institution (San Paolo Hospital, Milan, Italy),
between November 2005 and August 2015, was retrospectively
analyzed. A multidisciplinary team, including surgeons, radiologists
and oncologists, determined the eligibility for invasive treatment.
When feasible, hepatectomy was considered the treatment of choice,
aiming to R0 resection, vascular inflow and outflow maintenance,
as well as adequate functional residual liver volume (10). All
patients had pathologically confirmed colorectal adenocarcinoma.
Most cases (29/38) underwent previous resection of the primary
tumor. Patients were considered eligible if affected by synchronous
or metachronous bCRLM (diagnosed six months after primary
tumor), whether initial or recurrent, treated or not with
chemotherapy, in absence of extrahepatic disease.

Patients with unresectable bCRLM <50 mm, unsuitable for
hepatectomy, were considered for LAT procedure, either alone in
the event of patients unfit for surgery (advanced age, comorbidities
and/or personal refusal) or in combination with liver resection, in
the presence of inadequate functional residual liver volume or
residual tumor in the liver remnant.

Patients who developed disease progression after perioperative
chemotherapy and/or were affected by extrahepatic localization
were excluded from the study.

Technical notes. For our initial experience, we used a 18-Gauge
radiofrequency cool tip type needle delivering, via a dedicated
generator, 200 W waves and 480KHz (Valleylab, Boulder, CO,
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USA) for a standard time of 12 minutes, obtaining areas of necrosis
not exceeding 26 mm. To cope with larger lesions, in this first
phase, a radio frequency system with 3 parallel needles, defined
Cluster, was adopted.

Since February 2009, a 2.45-MHz microwave generator
(AMICA-GEN, HS Hospital Service SpA, Aprilia, Lazio, Italy)
providing energy through a 14- or 16-Gauge internally cooled
coaxial antenna has also been adopted. This features a miniaturized
quarter-wave impedance transformer (referred to as a minichoke)
for reflected wave confinement. The minichoke antenna design,
protected by an industrial patent (PCT/IB2002/00299), owned by
the Italian National Council for Research, provided a quasi-spherical
radiation pattern without increasing the probe diameter (14-Gauge
at most). According to the tumor size, a single microwave energy
application was delivered into the tissue, ranging from 45 to 70 W
net power at the applicator end, for a total period of 5-10 min.
Microwave ablation (MWA) could generate greater areas of
necrosis, more homogeneous and in lesser ablative time, allowing
us to treat lesions greater than 3 cm. For any type of ablation system
pursued, intraoperative ultrasound guidance was considered
mandatory to define the needle route. 

Hepatectomies were classified according to the Brisbane 2000
terminology (12). An experienced hepatobiliary surgeon carried out
all surgical procedures. Open liver surgery was performed by
subcostal or J-shape incision; as a standard procedure, vascular and
biliary anatomy were evaluated via intraoperative ultrasound
(IOUS). Pringle’s maneuver was performed in selected cases;
irrigated bipolar forceps and ultrasound knife were adopted for
parenchymal transections in most cases. Other transection
techniques included the use of cavitron ultrasonic surgical aspirator
(USU; Olympus, Tokyo Japan).

Pre- and postoperative workup. Preoperative workup systematically
involved thoraco-abdomino-pelvic computed tomography (CT),
abdominal and liver ultrasonography (contrast-enhanced in some
cases), eventually magnetic resonance imaging (MRI),
carcinoembryonic antigen (CEA) level and indocyanine green
clearance. A volumetric analysis of the future functional liver
remnant was performed to assess the possibility for resection in one
or two stages. Liver ultrasound and dynamic CT scan were
performed within 1 month after surgical treatment to check complete
local response (CLR). Spiral CT scan were performed after 3 and 6
months to assess the local response. Once the treated area was
detected on helical CT scan, further contiguous 5-mm thick axial
incremental scans were obtained in order to evaluate the resulting
necrosis. LAT was defined successful if the aforementioned hypo-
attenuating area did not show contrast enhancement (13). An
experienced radiologist reviewed all CT scans.

Publication bias. The postoperative results after LAT have been a
priori negatively conditioned by advanced liver disease burden, not
amenable to upfront surgery because of inadequate functional
reserve in the liver remnant, major vascular involvement (10) or
poor performance status. Moreover, the small sample of cases
included in the study (38 cases in 33 patients), could represent a
setback to statistical analysis’ relevance. Focusing on this point,
Weng et al. (14) showed, in a recent meta-analysis, a mean number
of 37 patients submitted to LATs enrolled for each study in which
location of the nodules (unilobar/bilobar) was not specified. Thus,
considering 38 cases with CRLM submitted to LATs, the series

reported in the present study could be deemed significant.
According to the study design, the sub-group of patients affected
by bilobar disease has been selected in order to better understand
the real impact of the procedure in this advanced setting.

Statistical analysis. Data were collected retrospectively from an
electronic database (FileMaker Pro 8.5 Advanced®, Filemaker Inc.,
Santa Clara, CA, USA) and exported to Microsoft Excel® 2010
release for Microsoft Windows XP. For statistical analysis, the
Stata®10 program (Stata Corporation, College Station, TX, USA)
was used. The survival curves were obtained by Kaplan-Meier
method; the correlation between the main parameters and the
occurrence of relapse was investigated through the most common
statistical index (χ2, Fisher’s exact test, Pearson’s correlation
coefficient). The 5% confidence interval (CI) was considered as
statistically significant (p<0.05).

Results

Between 2005 and 2015, sixty-one consecutive patients
affected by colorectal liver metastases underwent LAT (either
radiofrequency ablation (RFA or MWA) whether or not
combined with hepatic resection. Among them, we selected
33 patients (38 interventions) with bCRLM (Figure 1).
Baseline patients’ characteristics are summarized in Table I. 

Most patients were male with synchronous disease
(68.5%) and a previous history of chemotherapy (65.7%).
LATs were used in association with liver surgery in 84.2%
(n=32) of cases (LAT-R), predominantly in a single
intervention (79%). In eight cases, a stepwise surgical
strategy was adopted via a two-stage hepatectomy (TSH). In
most cases, LAT was associated with minor (22/32, 68.7%)
hepatic resection, mainly via laparotomic approach (34/38,
89.5%). Concomitant resection of the primary tumor
occurred in 9 cases (23.6%).

Six cases underwent LAT without liver surgery. Four of
them underwent concomitant laparoscopic resection of
primary tumor within a staged procedure, while two patients
with tiny and deep liver nodules (2 and 3 lesions,
respectively) were submitted to LAT because of unfitness for
both surgery and systemic therapy due to elderly age and
comorbidity. 

Referring to LATs (Table II), the most widely used
technique was RFA (30/38, 79%) via a single (26/38, 68.4%)
or Cluster needle (4/38, 10.5%); MWA, introduced since
2009, was adopted in 8 procedures (21%).

Eventually, a total of 89 lesions with an average diameter
of 20 mm (standard deviation, SD=±9; median=18, range=8-
50) were treated with RFA/MWA. In 27 cases, ablation was
performed on more than a single nodule (median=2,
range=1-5). Compared to RFA, metastases treated with
MWA were fewer (26 vs. 63) but larger in diameter
(mean=23 vs. 19 mm; median=20 vs. 16 mm) (Table II).

Operative time (mean=86 vs. 296 min; median=65 vs. 280
min) and blood loss (mean=0 vs. 476 ml; median=0 vs. 375 ml)
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were expected to be greater for the combined intervention
(Table III). The median postoperative hospital stay was 9 days
(range=4-29). No mortality was observed. 

The postoperative complication rate was 21%, involving
mainly the respiratory system (4/8, 50%). Complications
directly attributable to the ablation procedure (pleural
effusion) occurred in a single case. According to the Dindo-
Clavien classification of surgical complications, we found,
respectively, in 37.5% a major grade I, in 25% a grade II, in
37.5% a grade III. No case presenting a grade IV was
registered. Complication grade III consisted of a biliary
leakage and an infected collection at the cut surface. These
complications requested the placement of a biliary drainage
through endoscopic retrograde cholangiopancreatography
(ERCP) and an abdominal drainage under CT guidance,
respectively. In the LAT group, a single case of acute
respiratory failure occurred, due to chronic obstructive
pulmonary disease exacerbation, not requiring intensive care
unit (ICU).

Median follow-up in the study was 30 months (range=3-
156). CLR of LATs at one month was observed in 100% of
cases. DFS rate at 1, 3 and 5 years was 37%, 5% and 5%,
respectively (Table IV, Figure 2a). One-, three- and 5-year
overall survival (OS) rates were 95%, 49% and 26% (Table

IV, Figure 2b). Concerning the LAT group, OS at 1, 3 and 5
years represented 85%, 50% and 33%, while DFS, in the
same interval, was assessed in 33%, 0% and 0% of cases
(Table IV). 
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Figure 1. Patients’ selection. CRLM, colorectal liver metastases; bCRLM, bilobar colorectal liver metastases; LAT, local ablative therapy; LAT-R,
local ablative therapy and hepatic resection.

Table I. Preoperative characteristics of patients.

Patients’ characteristics                                    Total No of cases (n=38)

Age (mean, range)                                                    58±9.6 (36-78)
Gender
    M                                                                              28 (73.6%)
    F                                                                               10 (26.3%)
Primary tumor
    Colon                                                                        24 (63.1%)
    Rectum                                                                     14 (36.9%)
Primary nodal status
    Negative                                                                   12 (31.5%)
    Positive                                                                    26 (68.5%)
Timing of colorectal liver metastases 
    Synchronous                                                            26 (68.5%)
    Metachronous                                                          12 (31.5%)
Neoadjuvant chemotherapy
    N                                                                               13 (34.3%)
    Y                                                                               25 (65.7%)
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Table II. Characteristics of local ablation techniques (LATs).

Characteristics of LATs                                            Total No of cases            Radiofrequency ablation (RFA)                Microwave Ablation (MWA)
                                                                                            (n=38)                                          (n=30)                                                        (n=8)

Total no. of ablations                                                             89                                                 63                                                              26
   For single lesion                                                           11 (29%)                                      11 (37%)                                                     0 (0%)
   For multiple lesions                                                      27 (71%)                                     19 (63%)                                                   8 (100%)
Colorectal liver metastases diameter                                      
   Mean (standard deviation), mm                                    20 (±9)                                         19 (±9)                                                      23 (±9)
   Median (range), mm                                                     18 (8-50)                                     16 (8-50)                                                  20 (15-40)
                                                                                                                                                      
   <20 mm                                                                         28 (73%)                                     23 (77%)                                                    5 (63%)
   >20 mm                                                                         10 (27%)                                      7 (23%)                                                     3 (37%)

Table III. Perioperative results.

                                                    Total number of cases        Local ablation technique (LAT)       Local ablative therapy and hepatic resection (LAT-R)
                                                                 (n=38)                                          (n=6)                                                                   (n=32)

Operative time 
    Mean, min                                       263 (±107)                                    86 (±67)                                                             296 (±107)
    Median (range)                              270 (25-540)                               65 (25-210)                                                       280 (150-540)
Blood loss 
    Mean, ml                                         401 (±417)                                      0 (±0)                                                               476 (±413)
    Median (range)                              300 (0-2300)                                        0                                                               375 (100-2300)
Morbidity 
    Overall (%)                                           21%                                        33% (2/6)                                                           19% (6/32)
    Ablation-related(%)                               0%                                              17%                                                                       0%
In-hospital mortality                                    0                                                  0                                                                           0
Length of stay
    Mean, days                                       10 (±4.5)                                      10 (±4)                                                               10 (±4.6)
    Median (range)                                  9 (4-29)                                      10 (4-16)                                                               9 (6-29)

Table IV. Univariate analysis.

                                                                                                                        Overall survival (OS) (%)                        Disease-free survival (DFS) (%)

                                                                                                                  1/3/5 years                       p-Value                      1/3/5 years                   p-Value

Procedure                                                                                                                                             0.60                                                                0.57
    Both groups                                                                                            95/49/26                                                               37/5/5
    Local ablation technique (LAT)                                                            83/50/33                                                               33/0/0
    Local ablative therapy and hepatic resection (LAT-R)                        91/45/24                                                               34/6/6
No. of lesions                                                                                                                                       0.85                                                                0.35
    Single lesion                                                                                           82/55/27                                                               45/9/9
    Multiple lesions                                                                                     92/46/25                                                               33/4/4
Type of thermal ablation                                                                                                                    0.26                                                                0.44
    Microwave ablation (MWA)                                                                 87/29/29                                                               38/0/0
    Radiofrequency ablation (RFA)                                                            93/53/27                                                               37/7/7
Lesion diameter                                                                                                                                   0.21                                                                0.93
    ≤20 mm                                                                                                  93/56/28                                                               36/7/7
    >20 mm                                                                                                  90/30/20                                                               40/0/0



OS at 1, 3 and 5 years for LAT-R was 91%, 45% and
24%, while DFS, in the same interval, was assessed in 34%,
6% and 6% of cases.

Specifically, over the study period, overall recurrences
were observed in 36 cases (94.5%, 29 confined to the liver
and 7 extended to extrahepatic sites). Liver relapses were
focused in the area of ablation in 22% of cases, 50% of cases
in the same segment, 30% in another segment.

Out of 36 patients affected by hepatic recurrence, 13 cases
underwent a novel invasive treatment (36.1% of patients).
Repeated invasive treatment were LAT in 3 cases, LAT and
hepatic resection in 5 cases, extrahepatic resection in a single
case. In this small setting, only 4 patients relapsed again, still
benefiting -in 3 cases- of an invasive treatment (1 thermal
ablation, 1 thermal ablation and liver resection, a single lung
thermal ablation followed by lobectomy a year later). In a
single case, hepatic recurrence was treated with chemotherapy
alone (2.7%).

Among the different variables considered at univariate
analysis (single vs. multiple lesions, MWA vs. RFA, tumor
diameter; Table V) a statistically significant correlation was
found within LTR and tumor size (11% for lesions ≤20 mm
vs. 50% for lesions> 20 mm, p=0.009; Figure 3).
Furthermore, DFS did not show a statistically significant
correlation within the number of treated lesions, nor did
tumor dimension.

Discussion

Our study demonstrated that LATs combined with surgery is
a potentially curative treatment to selected patients with
otherwise unresectable bilobar liver disease, by showing a
100% CLR at one month. Furthermore, LAT proved to be a
safe procedure with low morbidity (21%), an acceptable LTR
(22%) and 5-year survival (26%), thus confirming that
multidisciplinary and multimodal approaches could even
enhance treatment perspective in advanced bCRLM. 

The morbidity and mortality of LATs, adopted to cope
with unresectable disease with a curative intent, were
favorable in our study; 21% and 0%, respectively. Since
LAT for bCRLM is almost exclusively associated to liver
resection, the evalution of a peculiar morbidity due to
LATs remains difficult to define. Previous studies (18, 24,
26-27) reported postoperative overall and liver-related
complications, not defining LATs specific morbidity in this
setting. Elias et al. described a 27% morbidity rate after
LAT-R (25), referring to LAT a possible contribution to
some transient liver insufficiency or right pleural effusion.
In our series, postoperative complication rate was 21%,
where, in a single case, pleural effusion was directly
related to LAT.
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Figure 2. Disease-free survival (a) and overall survival rate (b) of 38
cases.

Figure 3. Correlation between local tumor recurrence (LTR) and tumor
diameter.



The drawback in our series of this effective and safe
procedure has been the low 1-year DFS (37%). This is an
open issue closely related to the rate of local recurrence next
to thermal ablation site (LTR), widely varying between 2%
and 60%, and directly related to the size of the target (29).
LTR can be as high as 21.7% for metastases larger than 3 cm
(21, 30) but it is considerably lower for smaller lesions
varying between 1.6 and 3.8% (21-23). LTR rate was 9% in
the CLOCC trial (16) and 4% (2 of 49 patients) in the series
reported by Evrard et al. (18), where the median size of the
ablated lesions was 10 mm. Statistical analysis in our series
significantly confirmed this trend, reporting LTR rates of
11% for nodules smaller than 20 mm versus 50% for larger
metastases (p=0.009). Nevertheless, if LAT-treated patients
had a low DFS due to LTR, 36% of them have been
submitted to repeated curative treatments, thus finally
obtaining an acceptable 5-years OS (26%).

Prospective data on long-term survival after LAT for
colorectal liver metastases are limited (16-18). The first
phase 2 randomized trial on the efficacy of LAT for
unresectable CRLM was proposed by Ruers et al. in 2012
(16); eligible patients (n=119) were randomly assigned at a
1:1 ratio to receive LAT (eventually combined with surgery)
plus systemic chemotherapy or systemic treatment alone.
Location of the nodules (if unilobar or bilobar) was not
specified. LAT (combined with liver surgery in 47% of
cases) plus chemotherapy resulted in good survival (median
OS rate of 45.3 months vs. 40.5 p=0.22) and in significant
improvement of progression-free survival (PFS) at 3 years
(27.6% vs. 10.6% of chemotherapy alone, p=0.025). This
trial was criticized because the notable OS reported was also
achieved in the control arm; thus, the real benefit of LAT in
OS has still to be proved.

The second prospective study was published in the same
year by Evrard et al. (18) and it was a multicenter, single arm,
non-randomized phase 2 trial that evaluated the effectiveness
of LAT with or without resection for the treatment of
unresectable metastases (52 cases), 84% of which with
bilobar presentation. After a median follow-up time of 34.8
months, the authors observed a 5-year OS rate of 43% and a
3-year event-free survival rate of 10%. Other retrospective
series reported 5-year OS rates ranging from 17.9% to 49%
(16); among them, French authors in particular remarked the
role of LAT in bCRLM multimodal treatment. Elias et al. first
reported the proficiency of LAT combined with surgery for
bCRLM, in a one-step procedure, thus describing the so
called "post-RF-trans-metastasis-hepatectomy (PRTMH)", to
treat bilobar disease for small lesions located at the cut
surface of a planned resection. This approach, applied on
twenty-one patients, showed a notable 3-year OS (18%) with
no LTR after a median follow-up of 19.4 months (17). In
spite of these promising results, the PRTMH approach for the
treatment of bCRLM did not meet with wide appeal and,
consequently, did not allow drawing conclusions regarding
the real therapeutic impact of this procedure. 

Nevertheless, the role of LATs within a one- or two-stage
treatment of bCRLM is strengthened, as reported first by
Adam et al. (4, 19) and recently by Faitot et al. (20). In a case-
match analysis (156 patients), Faitot et al. showed that median
OS did not differ significantly between patients treated via
one- or two-stage hepatectomy (37.2 and 34.5 months, p=0.6).
The Authors confirmed that an aggressive strategy combining
chemotherapy, surgery and LATs led to an appreciable OS of
36% in these advanced patients, stressing the major pitfall of
the two-stage procedure as a drop-out rate up to 30% due to
disease progression (20). In our series, 84% of cases
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Table V. Univariate analysis.

                                                                                                                  Recurrence (n=36, 95%)                  Local tumor recurrence (LTR) (n=8, 22%)

                                                                                                         No. of cases (%)               p-Value                     No. of cases (%)              p-Value

Procedure                                                                                                                                      0.53                                                                    0.42
    Local ablation technique (LAT)                                                       6 (100%)                                                             2 (33%)
    Local ablative therapy and hepatic resection (LAT-R)                   30 (93%)                                                             6 (19%)
No. of lesions                                                                                                                                0.50                                                                    0.25
    Single lesion                                                                                      10 (90%)                                                              1 (9%)
    Multiple lesions                                                                                 26 (96%)                                                             7 (26%)
Type of thermal ablation                                                                                                             0.45                                                                    0.20
    Microwave ablation (MWA)                                                             8 (100%)                                                             3 (37%)
    Radiofrequency ablation (RFA)                                                        28 (93%)                                                             5 (17%)
Lesion diameter                                                                                                                            0.39                                                                   0.009
    ≤20 mm                                                                                              26 (93%)                                                             3 (11%)
    >20 mm                                                                                             10 (100%)                                                            5 (50%)



underwent a combined procedure in one (79%) or two steps.
We did not observe any drop-out in the subset of eight patients
submitted to TSH. OS at 1, 3 and 5 years for the LAT-R was
91%, 45% and 24%, respectively, while DFS, in the same
interval, was assessed in 34%, 6% and 6% of cases.

Our study has some specific bias (retrospective design,
small sample of cases, advanced bilobar disease conditioning
long-term results). Still, our series seems to stress that a
multidisciplinary approach can make the difference in
patients deemed to be untreatable. Nonetheless, proper
selection of patients with bCRLM amenable to LAT-R is
crucial in order to obtain low LTR.

In conclusion, the gold standard of care for bCRLM is liver
resection. Thermal ablation plays a notable role, complementary
to surgery, in patients affected by bCRLM since it allows higher
resection rates in selected cases, otherwise not amenable to
surgery. In our series, local ablative therapies associated with
surgery show a low local tumor recurrence rate when adopted
for lesions lesser than 20 mm in diameter.
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