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Abstract
Purpose The aim of this study is to describe a modified treatment strategy with image-guided percutaneous ablation after hepatic
resection as a completion method to surgical eradication of liver metastases (Bcompletion ablation [CA]^).
Methods We conducted a retrospective analyses of patients who underwent CAwithin 180 days from the liver surgical resection
to eradicate liver metastases present on the pre-surgical cross-sectional imaging or identified during intraoperative ultrasound that
were not resected due to various reasons. Lesions treated with CA were evaluated for local tumor progression (LTP). Patients
were evaluated for hepatic- and overall-recurrence-free survivals (hepatic-RFS and overall-RFS, respectively) and overall sur-
vival (OS).
Results Sixteen patients (10 females; median age 55 years, range 28–69) underwent CA of 21 lesions (median size 8 mm, range 6
to 22). Indications for the use of CAwere small future liver remnant in 10 (63%), inability to identify the lesion during surgical
exploration in 3 (19%), and technical difficulty of resection in 3 (19%) patients. No liver-related complications were recorded
following the surgical resection or the CA procedures. Primary and secondary CA efficacy rates were 95 and 100%, respectively.
LTP was 0% at a median clinical follow-up of 27 months (range 4.0–108 months). Five-year hepatic-RFS, overall-RFS, and OS
were 36, 16, and 51%, respectively.
Conclusion The use of CA as a complement to surgical resection is safe and effective. Such approach could potentially expand
the surgical candidacy for patients with limited liver functional reserve and reduce postoperative morbidity and mortality in this
selected patient population with more advanced disease.

Keywords Image-guided percutaneous ablation . Advanced
metastatic disease . Complete ablation

Introduction

The management of patients with limited liver metastases
is based on the predicate that liver resection is the pre-
ferred treatment option if all viable tumors detected prior
to chemotherapy can be removed with negative surgical
margins, while still preserving an adequate functional liver
remnant.1

,2 To achieve this goal, adjunctive measures such
as preoperative systemic chemotherapy,3

,4 two-stage
hepatectomy,5 portal vein embolization (PVE),6

,7 and per-
cutaneous fiducial marker of liver metastasis at risk of
disappearing8

,9 have been utilized with high degrees of
success. Nevertheless, in a small number of patients, sur-
gical eradication of all visible liver metastases is not pos-
sible either due to a limited functional liver volume to
undergo surgical resection or to technical limitations en-
countered during the surgical exploration.
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Liver ablation has been advocated as an alternative treatment
to surgery for patients with limited liver metastases, with both
intraoperative and percutaneous approaches routinely
utilized.10

–16 Although intraoperative ablation is traditionally
used as the combined approach of choice for patients undergoing
liver resection,2

,17 high rates of local tumor progression (LTP)
following intraoperative ablation, postoperative liver failure,
and mortality for patients submitted to hemihepatectomy com-
bined with intraoperative ablation have been described.18

,19

Furthermore, technical limitations encountered during surgical
exploration such as surgical adhesions and inability to identify
the target tumor(s) with intraoperative ultrasound are also known
factors that might preclude the use of intraoperative ablation.20

Recent advances on the understanding of the use of image-
guided percutaneous ablation in respect adequate patient se-
lection, use of contrast-enhanced cross-sectional imaging for
optimal definition of tumor extent, and close monitoring of
optimal ablationmargins have reduced associated rates of LTP
to rates equivalent to surgical resection.11

,13–16,21–23 Therefore,
the use of planned image-guided percutaneous ablation after
hepatic resection as a completion method to surgical eradica-
tion of liver metastases (Bcompletion ablation [CA]^) could be
advocated in selected patients undergoing resection of liver
metastases where complete surgical eradication of all visible
liver metastases could not be achieved.

Based on that hypothesis, we proposed a modified treat-
ment strategy where CA was utilized to complement the sur-
gical eradication of existing liver metastases which were pres-
ent but not resected at the time of surgical resection. The aim
of this retrospective cohort study is to describe our experience
with such approach in respect indications, safety, and
outcomes.

Patients and Methods

Study Population

This single-institution retrospective study was compliant with
the Health Insurance Portability and Accountability Act and
approved by the Institutional Review Board of the University
of Texas MD Anderson Cancer Center with a waiver of in-
formed consent (IRB protocol PA15-1036). The prospective
institutional surgical oncology liver database was searched
between 2006 and 2016 to identify patients who underwent
image-guided percutaneous ablation within 180 days from
hepatic resection.

Surgical Resection and Ablation Strategy

Multidisciplinary management of patients with liver metastasis
was discussed at the Institutional multidisciplinary hepatobiliary
meeting. The presence of limited, resectable extrahepatic disease

was not necessarily considered an exclusion criterion. Response
to chemotherapy was evaluated after every 4 cycles by cross-
sectional imaging. Second-line chemotherapywas considered for
patients with disease progression or suboptimal tumor response
after first-line chemotherapy.24

Liver metastases were deemed treatable when hepatectomy
could achieve a negative margin and image-guided percutaneous
ablation could achieve complete coverage of the target tumor
while preserving more than 20–30% of the total estimated liver
volume, sparing two continuous hepatic segments, andmaintain-
ing vascular inflow and outflow and biliary drainage.25 In order
to expand the number of patients eligible for potentially curative
surgical resection, portal vein embolization and two-stage hepa-
tectomy were also utilized by our institutional protocol when
indicated.

The use of CA was reserved for liver metastases where
surgical resection was not feasible due to intraoperative tech-
nical limitations as regards adequate identification and surgi-
cal exposure of the liver segment harboring the target metas-
tasis or when the surgeon determined that the resection of such
liver metastasis would require encompassing a considerable
functional liver volume on patients expecting to have a small
future liver remnant.

Completion Ablation Definition

CA was defined by the use of image-guided percutaneous
ablation within 180 days from the liver surgical resection to
eradicate known liver metastases present on the pre-surgical
cross-sectional imaging or identified during intraoperative ul-
trasound that remained visible in all cross-sectional imaging
studies following hepatic resection preceding the percutane-
ous thermal ablation session (Fig. 1). Finally, in order to be
considered a CA, the surgical report should have mentioned
the reason why the lesion subsequently treated with image-
guided percutaneous ablation was not resected.

Completion Ablation Technique

All percutaneous ablations were performed under computed
tomography (CT) or magnetic resonance (MR) by one of four
interventional radiologists (B.C.O., 7 years of experience;
S.Y.H., 6 years of experience; K.A., 15 years of experience;
and S.G., 17 years of experience). General anesthesia with
continuous hemodynamic monitoring by an anesthesiologist
was utilized for all patients. CA were performed with radio-
frequency (Cool-tip ablation system, Covidien, Boulder, CO,
USA) or microwave (Certus probe, Certus 140 2.4-GHz abla-
tion system, Neuwave, Madison, WI, USA) and cryoablation
(Galil Medical Inc., SeedNet® MRI cryoablation system,
Arden Hills, MN, USA) according to the operator’s choice.
Patients were discharged home within 24 h of the procedure.
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Clinical and Imaging Follow-up

Imaging assessment was performed by two readers (B.C.O.,
and S.Y., a hepatobiliary research fellow with 7 years of ex-
perience). Disagreements in interpretation were resolved by
consensus. All available pre- and post-CA cross-sectional
studies available in the electronic medical record were
reviewed. If a liver lesion was present on the first cross-
sectional imaging study available, the date of this study was
considered the date of diagnosis of that particular lesion.
Baseline cross-sectional imaging was defined as the
contrast-enhanced CT or MR available before the first CA
session. The initial post-CA cross-sectional imaging assess-
ment of the efficacy of ablation was performed within 4 to
8 weeks.Minimal ablationmargin was assessed by comparing
the distances of the ablated lesion on the baseline cross-
sectional imaging and the ablation zone on the initial post-
CA cross-sectional imaging from intrahepatic landmarks on
portal venous phase CT images.11 After the initial post-CA
imaging assessment, sequential imaging assessments were
performed at 2- to 4-month intervals until patient death or loss
to follow-up.

The updated standardization of terminology and reporting
criteria for image-guided tumor ablation was utilized to assess
CA outcomes.26 Residual unablated tumor was defined as
irregular peripheral or nodular enhancement <1 cm of the
ablated area on the initial post-CA cross-sectional imaging.
LTP was defined as the appearance of tumor foci <1 cm of
the edge of the ablation zone on cross-sectional imaging after

at least one post-ablation contrast-enhanced imaging study
had documented adequate ablation and an absence of viable
tissue in the target tumor and surrounding ablation margin.
Primary efficacy rate was defined as the percentage of ablated
tumors successfully eradicated after the initial procedure or
course of treatment. Secondary efficacy rate was defined as
the percentage of target tumors that have undergone success-
ful repeat ablation after documentation of LTP. Time to LTP
wasmeasured in months from the date of the last percutaneous
ablation session to the date when LTP was detected on cross-
sectional imaging. All adverse events were graded using the
National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE), version 4.03.

Statistical Analysis

Variables extracted from the database or updated by review of
electronic medical records for each patient included date of
procedure, sex, age, type of primary malignancy (colorectal
versus non-colorectal), use of preoperative chemotherapy, in-
dication for CA, timing of liver metastasis (metachronus ver-
sus synchronous), presence of extrahepatic metastasis at the
time of surgical resection, presence of bilateral hepatic metas-
tases, type of surgical resection preceding ablation, total num-
ber of liver metastases per patient, number of percutaneously
ablated lesions per patient, time from lesion to ablation to its
discovery, preceding surgery and most recent imaging follow-
up, complications associated with ablation, use of post-
ablation chemotherapy, local tumor progression, and intra-

Fig. 1 Representative case receiving completion ablation. a, b A 42-
year-old man with synchronous multiple bilobar colorectal liver
metastases (CLM) (red arrowheads). After resection of primary cecal
cancer (T3N1), the patient underwent 8 cycles of FOLFOX at outside
hospital and was referred to our institution. c After preoperative right
portal vein embolization (red arrow), the future liver remnant volume
was estimated as 30%. Patient underwent right hemi-hepatectomy and 2
limited resections in the left liver. d Intraoperative ultrasonography

incidentally detected small CLM at segment IVA (yellow arrowhead),
later identified on subsequent contrast-enhanced computed tomography.
Decision was made to ablate percutaneously this lesion given its deep
location and high risk of postoperative liver failure due to small liver size.
e Percutaneous radiofrequency ablation was performed 30 days after sur-
gery. f A CT scan performed 3 months after ablation showed ablation
zone in segment IVA and absence of local tumor progression
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and extrahepatic disease recurrence. Continuous data (age,
lesion size) were expressed as median (range). Hepatic- and
overall recurrence-free survival (hepatic-RFS and overall-
RFS, respectively) were measured in months from the date
of the last image-guided percutaneous ablation session to the
date of detection of hepatic and any organ recurrence on cross-
sectional imaging or last follow-up, respectively. Overall sur-
vival (OS) was measured in months from the date of the last
image-guided percutaneous ablation session to the date of
death or last follow-up. Survival curves were generated using
the Kaplan-Meier method. Statistical analyses were performed
with the JMP software (version 12.1.0; SAS Institute Inc,
Cary, NC).

Results

A total of 1150 patients with liver metastases underwent sur-
gical resection during the 10-year study period. Of these, 16
patients (10 females; median age 55 years, range 28–69)
underwent CA of 21 liver lesions as a complement to surgical
resection and comprised the present study population.
Patient’s clinicopathologic factors are depicted in Table 1.
Colorectal liver metastasis was the most common type of tu-
mor treated with the CA strategy. Over two thirds of the pa-
tients underwent preoperative systemic chemotherapy. The
factors associated with the inability to resect the lesions who
led to the use of CAwere small future liver remnant 10 (63%)
patients, inability to identify the lesion with intraoperative
ultrasound in 3 (19%) patients, and technical difficulty of re-
section by tight adhesion in 3 (19%) patients.

In terms of operative procedures preceding CA, there were
7 (44%) patients treated with major resection (≥3 Couinaud’s
segments). The two-stage hepatectomy was performed in 3
(19%) patients. Preoperative portal vein embolizationwas per-
formed in 5 (31%) patients (Tables 1 and 2). One third of the
patients had multiple liver lesions that were treated with CA.
No liver-related complications were recorded in respect either
the surgical resection or the CA procedures. As of July 2016,
the median imaging follow-up period from the CA procedure
was 27 months (range 2.8–88.8 months).

The characteristics of the 21 lesions treated with the CA are
listed in Table 3. Primary and secondary efficacy rates were
95% (20 of 21) and 100% (21 of 21), respectively.
Radiofrequency ablation was the most common (62%) ther-
mal ablation modality utilized, followed by microwave (33%)
and cryoablation (4.8%). Lesions were almost equally located
on the right and left hepatic lobes. The median size of the
ablated lesions at the time of ablation was 8 mm (range 6 to
22 mm). Nine (43%) of 21 ablated lesions were incidentally
found at the time of surgical exploration with intraoperative
ultrasound and not detected on pre-surgical cross-sectional
imaging. Of those, all progressed to visible lesions on

subsequent cross-sectional contrast-enhanced imaging study
following the liver resection. Lesion pattern of growth since
its identification on cross-sectional imaging demonstrated sta-
ble lesion size in 16 (76%) lesions, reducing in size in 3 (14%)
lesions, and growing in 2 (9.5%) lesions. Minimal ablation
margins >5 mm were achieved in 15 (72%) of the lesions.
No cases of LTP at the lesions treated with CAwere recorded
at a median clinical follow-up of 27 months (range 4.0–
108 months).

Recurrence-free survival analyses overall-RFS to be 16%
for both 3 and 5 years. Three- and 5-year hepatic-RFS were
both 36%. Finally, 3- and 5-year OS were 85 and 51%, re-
spectively (Fig. 2).

Discussion

In the present study, we demonstrated for the first time the use
of CA as a part of a planned treatment in addition to surgery
for eradication of known liver metastases that were intention-
ally not resected during surgical removal of other sites of liver
metastases in a small patient population with widespread liver
metastases. The efficacy of such treatment strategy was con-
firmed by the successful eradication of all 21 small liver me-
tastases treated with ablation in all 16 patients with no cases of
LTP at the end of study follow-up. Also, we were able to
verify the safety of this approach as demonstrated by the ab-
sence of postoperative and post-CA complications in our pres-
ent series. Finally, despite of the extensive disease burden of
our present study population, we were able to achieve satis-
factory 3- and 5-year rates of hepatic-RFS and OS comparable
to other series in the literature.2

In our casuistic, the use of CA avoided the escalation of the
surgical resection to encompass a considerable functional liver
volume in approximately two thirds of the patients, potentially
reducing the associated risks of liver dysfunction and conse-
quent postoperative morbidity and mortality,19 while still
maintaining the candidacy for the intended surgical resection.
In the other remaining one third of the patients, surgical resec-
tion of those liver metastases was not possible due technical
limitations such as adequate lesion identification with intraop-
erative ultrasound because of the effect of preoperative che-
motherapy or difficulty in obtaining an adequate surgical ex-
posure of the affected liver segment(s) due to tight adhesions.
Therefore, the use of CA as a complement to surgery for the
eradication of small liver metastases could potentially expand
the surgical indication for patients with limited functional liver
reserve where the resection of the ablated lesion would pose a
high risk of liver insufficiency or where resection or intraop-
erative ablation would not be feasible.

Our findings also provide pertinent information in respect
the management of patients undergoing liver resection in
which incidental lesions were found during surgical
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exploration. In our series, 43% of the patients had incidental
lesions identified with intraoperative ultrasound that would
require a change in the initial surgical plan. This finding is
in keeping with existing literature, where 26 to 38% of pa-
tients present with incidental liver lesions on intraoperative

ultrasound at the time of surgical resection.27
,28 Although

surgical resection should be considered the treatment of
choice on those situations, it is not uncommon that such
approach could increase the postsurgical morbidity and
mortality due to the requirements of an extensive liver

Table 1 Clinicopathological
factors of 16 patients Factor Number (%)

Year of treatment

2006 to 2010 4 (25)

2010 to 2012 5 (31)

2013 to March 2016 7 (44)

Age, median (range), years 55 (28–69)

Gender

Male 6 (38)

Female 10 (63)

Disease

Colorectal liver metastases 14 (88)

Non-colorectal liver metastasesa 2 (13)

Preoperative chemotherapy

Yes 11 (69)

No 5 (31)

Reasons for completion ablation

Small future liver remnant 10 (63)

Unable to find out intraoperatively due to preoperative chemotherapy 3 (19)

Technical difficulty of resection by tight adhesion 3 (19)

Timing of liver metastases

Metachronous 7 (44)

Synchronous 9 (56)

Presence of extrahepatic metastases 2 (13)

Bilobar liver metastases 14 (88)

Operative procedure preceding ablation

Major resection (≥3 Couinaud’s segments) 7 (44)

Minor resection (<3 Couinaud’s segments) 9 (56)

Preoperative portal vein embolization 5 (31)

Two-stage hepatectomy 3 (19)

Number of total liver metastases per patient, median (range) 3 (2–18)

Number of ablated lesions per patient

One 11 (69)

Two 5 (31)

Time from lesion discovery to ablation, median (range), days 165 (6–568)

Time from latest resection to the current ablation, median (range), days 29 (3–175)

Time from ablation to the most recent imaging follow-up (range), days 807 (84–2666)

Complication of completion ablation 0

Post-ablation chemotherapy 8 (50)

Disease recurrence 12 (75)

Intrahepatic 10

Extrahepatic 2

Intra- and extrahepatic recurrence 0

Values in table are number of patients (percentage) unless indicated otherwise
a They included liver metastases from parathyroid (n = 1) and breast (n = 1) cancers
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resection.19 Performing CA as a complement to surgery in
a distinct time point brings the theoretical advantage of
splitting the metabolic response associated with both sur-
gery and ablation in two distinct moments, potentially re-
ducing the associated postsurgical morbidity. Finally, the
proposed approach suggested in this study could provide a
Btest of time^ strategy for those patients presenting with
incidental lesions that were considered undetermined at
the time of the surgery. Performing close monitoring of
the incidental lesion with contrast-enhanced cross-section-
al imaging could be helpful to define the real nature of
such incidental lesion(s) before a definitive therapy is ap-
plied, while still achieving high rates of local tumor con-
trol as demonstrated in our series by absence of LTP at the
lesions treated with CA.

Table 3 Characteristics of 21
ablated lesions Characteristics Number (%)

Ablation modality

Radiofrequency 13 (62)

Microwave 7 (33)

Cryoablation 1 (4.8)

Localization

Left liver 10 (48)

Segments II–III 5

Segment IV 5

Right liver 11 (52)

Segment V 3

Segment VI 2

Segment VII 3

Segment VIII 3

Lesion seen on pre-surgical imaging

Yes 12 (57)

No 9 (43)

Depth of lesion >10 mm from liver surface 15 (71)

Median size before preoperative chemotherapy, median (range), mm 9 (6–22)

Median size before ablation, median (range), mm 8 (6–22)

Concomitant use of fiducial marker 3 (14)

Adjacent to major vessel(s) (>3 mm in diameter) 5 (24)

Lesion pattern in size before ablation

Growing 2 (9.5)

Stable 16 (76)

Reducing 3 (14)

Incomplete ablation 0

Ablation margin

<5 mm 6 (29)

5–10 mm 9 (43)

>10 mm 6 (29)

Local tumor progression 0

Values in table are number of patients (percentage) unless indicated otherwise

Table 2 Variable types of treatment sequences including completion
ablation

Number of cases Type of treatment sequence

1 CTX HEP PVE HEP Ablation CTX

1 CTX HEP PVE HEP Ablation

1 CTX PVE HEP Ablation CTX

1 HEP PVE HEP Ablation

3 CTX HEP Ablation CTX

1 PVE HEP Ablation CTX

5 CTX HEP Ablation

2 HEP Ablation CTX

1 HEP Ablation

CTX perioperative chemotherapy, HEP hepatectomy, PVE portal vein
embolization
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The use of percutaneous liver ablation with advanced im-
aging guidance can also provide advantages over intraopera-
tive ablation. The use of contrast-enhanced cross-sectional
imaging is advocated as an important technical factor for re-
ducing rates of LTP.13

,29,30 Our institution routinely utilizes
CT or MR imaging for guidance and monitoring of percuta-
neous liver ablation with acquisition of intravenous contrast-
enhanced studies for monitoring ablation results at the time of
treatment. Such strategy permits clear depiction of the ablation
zone, providing information in respect completeness of the
tumor ablation, as well assessment of the minimal ablation
margins in all dimensions.26 Therefore, additional ablation
of the tumor can be performed at the same ablation session,
potentially promoting lower rates of LTP.

The present study has some limitations. Firstly, it encom-
passes a small patient population with different types of liver
metastases. Nevertheless, this is a reflection of the strict selec-
tion criteria employed by our group to select patients for the
use of CA as a complement to surgery; secondly, no histolog-
ical confirmation of liver metastases of the incidentally found
lesions treated with CA was obtained. Nonetheless, all inci-
dental lesions grew on the subsequent postoperative cross-
sectional contrast-enhanced imaging, therefore supporting
the understanding that they were, in fact, liver metastasis;
thirdly, it is unclear if the liver metastasis not treated at the

time of surgical resection could affect overall RFS. However,
we were able to achieve acceptable rates of hepatic-RFS and
OS with the proposed approach. Moreover, the resection of
liver metastases preceding the primary tumor resection has
been routinely utilized in many centers, therefore probably
making the presence of such small liver metastases of little
contribution to the overall patient’s tumor burden. Finally, the
minimal follow-up period of the current study might be insuf-
ficient to evaluate LTP; however, this is comparable with pre-
vious literature dealing with LTP after percutaneous ablation
for colorectal liver metastases.10

In conclusion, our present results demonstrate that the
use of CA for eradication of liver metastasis identified but
not resected at the time of surgical resection is safe and
effective in a selected patient population. This approach
could potentially expand the surgical candidacy for pa-
tients with limited liver functional reserve and reduce
postoperative morbidity and mortality in this selected pa-
tient population while still achieving acceptable rates of
hepatic-RFS and OS. In order to achieve optimal results,
we encourage that the use of such modified treatment
strategy should be discussed on a multidisciplinary set-
ting, with hepatobiliary surgeons and interventional radi-
ologists familiar with the optimal patient selection for he-
patic ablation therapies.

Fig. 2 Survival after treatment for liver metastases. a Overall recurrence-free survival after completion ablation session, b hepatic recurrence-free
survival after completion ablation session, and c overall survival after completion ablation session
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