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Abstract

Background Patients with single small hepatocellular
carcinoma (HCC) can be managed by surgical resection or
radio frequency ablation (RFA), with similar recurrence
and survival rates. Recently, minimally invasive surgery
(MIS) has been introduced in liver surgery, and the
advantage/drawback balance between surgery and RFA
needs reassessment.

Methods Patients with Child-Pugh class A or B cirrhosis,
and with single 1-3 cm HCC, undergoing MIS (laparo-
scopic or robot-assisted) or RFA from July 1998 to
December 2012 were compared.
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Results  Overall, 45 patients underwent MIS, and 60 under-
went RFA. Groups were not statistically different regarding
type of underlying liver disease, HCC size, and AFP. However,
RFA patients showed worse liver synthetic function with lower
albumin and higher bilirubin serum levels, and higher ASA
scores. Patients with HCC in segments 2-6 were more often
treated by MIS. The incidence of complications was similar
between groups (RFA: 6/60, 10 % vs. MIS: 5/45, 11 %,
p = 0.854), and there was no measurable difference in the rate
of procedure-related blood transfusions (RFA: 1/60, 1.7 % vs.
MIS: 3/45, 6.7 %, p = 0.185). Local recurrence was only
detected after RFA (11.7 %, p = 0.056, log-rank). Overall
survival was higher in the MIS group (p = 0.042), with
median survivals of 100 £ 13.5 versus 68 £ 15.9 months.
Conclusion The present data need further validation.
Selected patients with single <3-cm HCCs can be safely
treated by MIS, without increased risk of perioperative
complication, and with a lower risk of local recurrence.
MIS should be especially favoured in patients with
peripheral HCCs in segments 2-6, and/or when a histo-
logical assessment is desirable.

Keywords Laparoscopy - Robot - Outcome - Liver -
Resection - Hepatocellular carcinoma

The management and expected outcome of patients with
hepatocellular carcinoma (HCC) vary greatly according to
the underlying liver disease and the stage of the cancer.
According to the BCLC algorithm, therapeutic options
include liver resection, radio frequency ablation (RFA),
liver transplantation, chemo-embolization, sorafenib, and
best supportive care [1].

Patients with single early (<3 cm) HCCs demonstrate
the best potential outcomes with expected five-year
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survival rates of 40-70 % [1]. In the presence of a poorly
compensated liver disease and/or an increased hepatic
venous pressure gradient, patients are best treated by RFA.
Conversely, patients with well-compensated (mostly Child
A) liver disease can undergo liver surgery, and even more
when the location of the HCC only requires a minor
resection. In addition, a number of patients can be equally
managed by both RFA and liver resection procedures.

The published evidence has compared RFA with the
classical open liver surgery. Taking all data together, both
approaches appear similar in terms of survival and recur-
rence rates for the management of patients with early
(<3 cm) HCCs [2, 3]. However, RFA is associated with
fewer complications and shorter length of stay, appears
more cost-effective, and leads to a better post-treatment
quality of life than open surgery [4—6]. Conversely, surgery
offers a lower risk of local intra-hepatic HCC recurrence
and provides a specimen for pathological analysis [3].

Recently, minimally invasive liver surgery (MIS) has
emerged as a valuable treatment option for selected
patients, and the number of published laparoscopic and
robotic-assisted cases is increasing rapidly [7, 8]. Such an
approach appears associated with less blood loss and fewer
complications than open liver surgery [7, 9]. As a conse-
quence, the advantage/drawback balance of both RFA and
liver surgery must be reassessed. Specifically, one can
wonder whether the increased rate of complication after
liver surgery for HCC holds at the MIS era.

The aim of this case—control study was to compare RFA
with MIS for the management of patients with single <3-cm
HCCs.

Patients and methods

The study compared baseline characteristics and outcomes
of patients undergoing percutaneous RFA versus MIS in a
case—control design. It retrospectively assessed prospec-
tively acquired databases at the General Hospital Henry
Mondor, Creteil, France, and at the University Hospitals of
Geneva, Geneva, Switzerland. The two centers were
selected because they share common policies, with the aim
to reach a meaningful sample size.

Patients undergoing HCC treatment by either MIS, including
laparoscopic or robot-assisted surgery, or imaging-guided RFA
from July 1998 to December 2012 were considered. According
to the local policy of treating patients with compensated liver
disease, only patients with Child-Pugh class A or B biopsy-
proven cirrhosis were included, and to homogenize the popu-
lation, patients with a single, 1-3 cm HCC were selected.

Data of patients having undergone MIS were compared with
those of patients having undergone RFA. Matching criteria
included number of HCC = 1, HCC diameter = 1-3 cm,
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presence of histology-proven cirrhosis, Child score = A or B,
and absence of ascites.

Diagnosis of HCC was based on noninvasive findings or
histopathology, according to the European Association for
Study of Liver (EASL) consensus criteria [10].

The type of treatment was determined in dedicated mul-
tidisciplinary team discussions including surgeons, hepa-
tologists, oncologists, interventional radiologists, and
pathologists, according to HCC location, liver function, and
the presence of comorbidities. Exclusion criteria for MIS or
RFA were extra-hepatic metastasis, macroscopic evidence
of tumor invasion in the portal vein, hepatic vein or inferior
vena cava, portal hypertension (HVPG > 10 mmHg), and
decompensated liver cirrhosis with ascites.

Collected variables

Patient characteristics included gender, age, type of under-
lying liver disease, Child-Pugh score, American Society of
Anesthesiology (ASA) score, body mass index (BMI),
bilirubin, prothrombin time, creatinin, albumin, and platelet
count. HCC data included long-axis diameter, location, and
alpha-fetoprotein (AFP). Patients underwent similar preop-
erative assessments, including abdominal ultrasonography
(US), computed tomography (CT), and/or magnetic reso-
nance (MR) imaging. Procedure-related variables included
operative time, blood loss, blood transfusion, and length of
hospital stay. Complications were classified according to the
Dindo—Clavien grading system [11].

Survival and recurrence rates were assessed from the
time of the initial MIS or RFA intervention until last fol-
low-up visit. Patients undergoing subsequent liver trans-
plantation were censored at the time of transplantation.

Recurrence-free survival was calculated from the time
of the initial MIS or RFA until the follow-up visit with
evidence of local tumor progression or new tumor. Local
tumor progression was defined as the appearance of foci of
HCC close to a tumor that had been previously considered
as completely ablated or resected. New recurrence was
considered as new tumor growing at a distance from the
original site.

MIS procedure

The MIS procedure has been described previously [12—15].
Port placement and size were based on tumor location.
Three to four trocars between 5 and 12 mm were used.
Liver parenchymal transection was carried out using a
combination of harmonic scalpel, Cavitron ultrasonic sur-
gical aspirator, and vascular staplers. In a number of
patients, the procedure was robot assisted, using the Da
Vinci SI robot (Intuitive, Sunnyvale, CA). The liver spec-
imen was placed into a plastic bag and extracted through
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the umbilical incision without fragmentation. A Pringle’s
maneuver was performed if necessary. The hand-assisted
technique was not used.

Tumor-free resection margin (R0) was defined as >1 mm.

RFA procedure

All RFA procedures were performed percutaneously
under general anesthesia or short-acting intravenous
sedation. Placement of RFA electrodes was performed
under US, CT, or MRI guidance [16]. Of note, CT and
rarely MRI were only considered when HCC was not
visible on US. One bipolar electrode with an appropriate
active tip length was placed centrally within small HCC
nodules (1015 mm). Two or three electrodes were placed
in parallel in the outer third of larger HCC nodules
(16-30 mm). Whenever a nodule was in the vicinity of a
large vessel, at least one electrode was placed between
the HCC and the vessel. Percutaneous RFA ablations
were achieved with a 470-kHz RF generator (CelonLab
Power), which can manage simultaneously up to three
bipolar electrodes by automatic impedance feedback. The
initial power output was chosen between 20 and 120 W
(mean, 61 £ 32 W), depending on tumor size and number
of electrodes. The endpoint of energy deposition was
based on empirical parameters, taking into account tumor
size and geometry, and an intended safety margin of at
least 10 mm.

The outcome of RFA was based on recommendations by
the International Working Group on Image-Guided Tumor
Ablation [17]. Technical success and early complications
were assessed by a contrast-enhanced CT performed 24 h
after RFA. Ablative margins were evaluated by image
fusion in the axial and coronal planes. One month after
treatment, technical effectiveness was assessed by using
contrast-enhanced CT or MR imaging.

Postoperative care

Post-procedural follow-up was similar between groups, and
at both institutions, including AFP, and CT or MRI every
3 months for the first year after resection or RFA, every
4 months for the second year, and every 6 months there-
after. The primary and secondary technique efficacy rates
were calculated during the imaging follow-up.

Statistical analysis

Patient characteristics were compared with the use of Fis-
cher and Mann—Whitney tests. Survival and incidence of
HCC recurrence were assessed using the Kaplan—Meier
method and compared with log-rank test. Results were
provided as median (minimum—maximum). Standard alpha

level of 0.05 indicated statistical significance. Analyses
were conducted using SPSS 18.0 (SPSS, Chicago, IL).

Results
Patient and HCC characteristics

During the study period, 156 and 235 patients were treated
by MIS or percutaneous RFA for HCC, respectively.
Among them, 105 with Child-Pugh class A or B cirrhosis
and single 1-3 cm HCC were included in the study. Forty-
five patients underwent MIS, including 40 laparoscopic
resections and five robotic-assisted resections. Sixty
patients underwent RFA under US (n = 49), CT (n = 7),
or MR (n = 4) imaging guidance.

Baseline characteristics are shown in Table 1. Both
groups were not statistically different regarding age, type
of underlying liver disease, and Child-Pugh score. How-
ever, patients undergoing RFA demonstrated worse liver
synthetic function with lower albumin serum concentra-
tions and higher bilirubin levels. In addition, RFA patients
also tended to have more comorbidities as reflected by
more ASA score 3 patients (45 vs. 15.6 %, p = 0.002).
Platelet counts were similar between groups.

HCC size and AFP were similar between groups (2.3 vs.
2.1 cm, p = 0.378; 10.2 vs. 9 ng/ml, p = 0.847, Table 2).
However, fewer HCCs were located in segments 7 and 8 in
the MIS group compared with the RFA group (3/45, 6.7 %
vs. 23/60, 38 %, p < 0.001, Table 2). In the RFA group, 13
patients demonstrated an HCC in the vicinity (<5 mm)
with a large vessel (>3 mm). Five patients did so in the
MIS group.

Peri-procedural characteristics

The MIS procedures included 28 wedge resections, 9
segmentectomies, and 8 bisegmentectomies. Procedure
duration was longer in the MIS group (180 vs. 28 min,
p < 0.001, Table 3). The median intra-operative blood loss
was 200 (20-2000) ml in the MIS group. One percutaneous
RFA patient had a post-procedure subcapsular hematoma
and required the transfusion of two red blood cell units. As
a result, the number of patients requiring a procedure-re-
lated transfusion was not statistically different between
groups (RFA: 1/60, 1.7 % vs. MIS: 3/45, 6.7 %,
p = 0.185). All MIS patients demonstrated a RO resection,
and 12/45 demonstrated microvascular invasion on the
specimen.

The rate of complications was similar between groups.
Most were Dindo/Clavien classification stage 1 and 2.
Stage 3 complications included a biloma requiring percu-
taneous drainage (after MIS), and a subcapsular
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Table 1 Comparison of patient

_ MIS RFA P
characteristics of the two groups (n = 45) n = 60)
Gender (F/M) 15/30 8/52 0.018
Age (years) 61.4 (31-84) 67.3 (47-83) 0.078
Type of underlying liver disease
HBV =+ alcohol 8 (17.8 %) 7 (11.7 %) 0.375
HCV + HBV =+ alcohol 20 (44.5 %) 26 (43.3 %) 0.909
Alcohol 13 (28.9 %) 26 (43.3 %) 0.13
Other 4 (8.8 %) 1 (1.7 %) 0.105
Child-Pugh grade
A 40 (88.9 %) 45 (75 %) 0.084
B 5 (11.1 %) 15 (25 %)
ASA
I 38 (84.4 %) 33 (55 %) 0.002
1 7 (15.6 %) 27 (45 %)
BMI (kg/m?) 25.3 (18.5-37.2) 25.7 (16.3-35.6) 0.73
Total bilirubin (pmol/L) 13 (6-39) 20.5 (9-94) <0.001
Prothrombin time (s) 84 (50-100) 82.5 (40-100) 0.98
Serum creatinin (pmol/L) 74 (53-214) 73.5 (41-136) 0.39
Serum albumin (g/L) 40 (28-48) 33 (21-41) <0.001

Platelet count (x 10°/L)

112 (83-339) 113 (24-325) 0.103

Values are in median (range)/(percentage)
HBYV hepatitis B virus, HCV hepatitis C virus, BMI Body Mass Index

Table 2 Comparison of tumor characteristics of the two groups

MIS RFA P
(n = 45) (n = 60)
Tumor location
I 122 %) 0 0.429
I 7 (15.6 %) 7 (11.7 %) 0.562
10 11 24.4 %) 2 (3.3 %) 0.002
v 7 (15.6 %) 8 (13.3 %) 0.784
A% 8 (17.8 %) 10 (16.7 %) 0.881
VI 8 (17.8 %) 10 (16.7 %) 0.881
Vil 2 (4.4 %) 8 (13.3 %) 0.182
VIII 122 %) 15 (25 %) 0.001
Tumor size (cm) 2.3 (1-3) 2.1 (2.1-3) 0.378
AFP 10.2 (3-214) 9 (2.4-2892) 0.847

Values are in median (range)/(percentage); AFP alpha-fetoprotein

hemorrhage requiring arterial embolization and a pneu-
mothorax requiring chest tube insertion (after RFA). No
procedure-related 30-day mortality was observed.

The median hospital stay was 6 (1-16) days in the MIS
group versus 1 day (range 1-12 days) in the RFA group
(p < 0.001).
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HCC recurrence and survival

After a median follow-up of 26 (2-129) months, a local
tumor progression was detected in 11.7 % (7/60) of
patients in the RFA group, while no MIS patient had a local
recurrence (p = 0.056, log-rank, Fig. 1A). These RFA-
related local tumor progressions were identified during
follow-up imaging in five patients, and on the explant
pathology following transplantation in two patients. The
risk of local HCC progression was not different between
patients with HCC in the vicinity of a large vessel versus
others (2/13 vs. 5/47, p = 0.64). Patients with local HCC
progression after RFA were treated by RFA (n = 3), trans-
arterial chemo-embolization (n = 2), and transplantation
(n = 2). The incidence of all-site recurrence was not sta-
tistically different between groups (21/45, 46.7 % vs.
34/60, 56.7 %, p = 0.906 on log-rank, Fig. 1B). During
follow-up, the primary and secondary technique efficacy
rates of percutaneous RFA were 88 and 93 %, respectively.
Overall survival was significantly higher in the MIS group
(p = 0.042, Fig. 2A), with median survivals of 100 £ 13.5
and 68 *+ 15.9 months for the MIS and RFA groups,
respectively. In the MIS group, 6 deaths were related to
HCC, 3 to non-liver-related causes, and 1 to a decompen-
sate cirrhosis. In the RFA group, 10 deaths were related to
HCC, 7 to non-liver-related causes, and 2 to a
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Table 3 Procedure details and MIS RFA »
short-term outcomes (n = 45) (n = 60)
Operation time (min) 180 (60-450) 28 (15-50) <0.001
Procedure-related blood transfusion (patients) 3 (6.7 %) 1 (1.7 %) 0.185
Severity of complication (Dindo—Clavien)
1 2 (4.4 %) 4 (6.6 %) 0.696
1I 2 (4.4 %) 0 0.185
1 122 %) 2 (3.3 %) 1
IvV-v 0 0 1
Hospital death 0 0 1
Hospital stay (days) 6 (1-16) 1 (1-12) <0.001

Values are in median (range)/(percentage)
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Fig. 1 Proportion of patients with local recurrence (A, p = 0.056) or
with all types of recurrence (including intra- and extra-hepatic, B,

p = 0.906)
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Fig. 2 Patient survival from the time of minimally invasive surgery or

radio frequency ablation, including all patients (A, MI = 45 patients
vs. RFA = 60 patients, p = 0.042) or only patients with Child-Pugh A

cirrhosis (B, MI = 39 patients vs. RFA = 42 patients, p = 0.147)
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decompensate cirrhosis. In an effort to understand whether
this observed difference was linked to the severity of the
original liver disease, an overall survival analysis was also
conducted only looking at Child-Pugh A patients. The
trend remained with longer median survivals in the MI
group (100 £ 10.8 and 75 &£ 26.4 months, p = 0.147,
Fig. 2B).

Discussion

This study suggests that MIS offers at least similar overall
and disease-free survivals as percutaneous RFA in the
management of selected patients with single <3-cm HCCs.
Complication rates are similar between both strategies.

Patients with well-compensated liver disease (Child A
and early Child B) and low (<10 mmHg) hepatic venous
pressure gradient have the potential of being treated by both
RFA and MIS. The present data confirm that both strategies
are valuable and allow for similar post-treatment survivals.

Of interest, the increased risk of complication previ-
ously seen in HCC patients treated by open liver surgery is
not observed anymore with the use of liver MIS and
modern perioperative patient management [5]. Both MIS
and percutaneous RFA were associated with low compli-
cation rates (<11 %), with most being minor and easily
treatable (Dindo—Clavien stages 1 and 2, Table 3). Overall,
the surgical stress is less intense after MIS compared with
open liver surgery with fewer complications, shorter length
of stay, and less bleeding, and the gap between MIS and
RFA is closing [9]. In addition, MIS helps preserving the
integrity of the abdominal wall and round ligament porto-
systemic shunts and could help maintaining the portal
pressure low.

In practice, the choice between MIS and RFA should be
guided by a number of points. HCC location remains a key
element as the MIS approach should still be favored in
patients with HCCs located in the left and inferior seg-
ments [18]. To illustrate, most studied patients with HCCs
in segments 2—-6 were treated by MIS. Conversely, central
lesions would require a larger surgical parenchymal sacri-
fice and are better treated by RFA. In addition, a radical
surgical resection should be favored when an anatomo-
pathological expertise of the HCC is desirable. This is of
special interest when guiding a potential subsequent liver
transplantation according to the HCC stage and microvas-
cular invasion. Finally, the surgical approach helps mini-
mizing the risk of local intra-hepatic recurrence (none
observed in the present study). Such recurrences can appear
because of preexisting microscopic tumor foci that are
undetected by imaging, or malignant cells that have been
disseminated during RFA. A local recurrence was found
7/60 patients treated by percutaneous RFA.
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The present study includes a reasonable number of
patients for the MIS field (n = 45). However, it is limited
by its retrospective nature, and all studied patients were
likely not eligible for both procedures. To illustrate, MIS
patients tended to demonstrate better liver function, with
higher albumin and lower bilirubin serum levels. Ideally, a
randomized clinical trial would be needed to solve these
limitations. Alternatively, further validation would require
the inclusion of more patients, which could allow for a
better adjustment for the stage of the underlying liver
disease and for the potential presence of portal hyperten-
sion. Such data are especially desirable to better capture the
impact of MIS on survival.

Overall, the main message of the present assessment is
that patients with single <3-cm HCCs can be safely treated
by MIS, without increased risk of perioperative compli-
cation, and with a lower risk of local recurrence. This
strategy should be especially favored in patients with
peripheral HCCs in segments 2-6, and/or when a histo-
logical assessment is desirable.
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