
ORIGINAL ARTICLE

Surgical Resection vs. Ablative Therapies Through a Laparoscopic
Approach for Hepatocellular Carcinoma: a Comparative Study

Roberto Santambrogio1,2
& Matteo Barabino1

& Savino Bruno3
& Nicolò Mariani1 & Nirvana Maroni1 &

Emanuela Bertolini4 & Giuseppe Franceschelli5 & Enrico Opocher1

Received: 25 August 2017 /Accepted: 27 November 2017 /Published online: 12 December 2017
# 2017 The Society for Surgery of the Alimentary Tract

Abstract
Background When compatible with the liver functional reserve, laparoscopic hepatic resection remains the treatment
of choice for hepatocellular carcinoma while laparoscopic ablation therapies appear as a promising less invasive
alternative. The aim of the study is to compare two homogeneous groups of patients submitted to either hepatic
resection or thermoablation for the treatment of single hepatocellular carcinoma (≤ 3 cm).
Methods We enrolled 264 cirrhotic patients out of 905 cases consecutively evaluated for hepatocellular carcinoma.
We performed 59 hepatic resections and 205 thermoablations through a laparoscopic approach, and they were then
followed for similar follow-up (41.7 ± 31.5 months for laparoscopic hepatic resection vs. 38.7±32.3 for laparoscopic
ablation therapy). Outcomes included short- and long-term morbidities, tumoral recurrence, and overall survival.
Results Short-term morbidity was significantly higher in the resection group (but the two groups had similar rates for
severe complications) while, during follow-up, recurrence was more frequent in patients treated with thermoablation,
with a clear disadvantage in terms of survival. At multivariate analysis, only the type of surgical treatment was an
independent predictor of disease recurrence, while plasmatic alpha-fetoprotein and Hb values, model for end-stage liver
disease score, time to recurrence, and the type of surgical treatment were independent predictors of overall survival.
Conclusion Our data ultimately support some therapeutic advantages for hepatic resection in patients with a single
nodule and preserved liver function. However, thermoablation is an adequate alternative in patients with nodules that
would require complex surgical resections or imply a poor prognosis that might therefore better tolerate a less
invasive procedure.
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Introduction

Liver transplantation, hepatic resection (HR), and percutane-
ous tumor ablation are considered as curative therapies for
hepatocellular carcinoma (HCC) according to the current
EASL/ American Association for the Study of Liver
Diseases (AASLD) guidelines.1 Among these, liver transplan-
tation remains the ideal option at earlier stages, yet this choice
is significantly limited by the shortage of organ donors and the
advanced age of patients at diagnosis. Both HR and ablation
therapies influence the natural history of HCC by increasing
the survival of patients with a single small-size nodule, but
disease recurrence following either treatment remains an is-
sue. Several studies in the literature have compared the out-
comes of radiofrequency ablation (RFA) and HR,2,3 but there
is significant controversy with regard to which modality pro-
vides the best outcomes. Laparoscopic ablation therapies
(LATs) have been proposed in patients unsuitable to the per-
cutaneous approach as a less invasive technique alternative to
HR and provide an ideal comparison setting since both ap-
proaches allow the use of intraoperative ultrasonography
(IOUS).4 Recent comparative studies5–8 and a meta-analysis,9

comparing the outcome of HR for HCC using open or mini-
mally invasive surgery, showed how laparoscopic HR (LHR)
positively affects the postoperative course, reducing the mor-
bidity rate in cirrhotic patients.

The aim of this study is to compare two mini-invasive
approaches (LHR vs. LATs) for the treatment of HCC in terms
of postoperative morbidity and long-term results.

Methods

Patient Enrollment

This study was approved by the institutional review board
at Milan University. The patient records were anonymized
and de-identified prior to analysis, and informed consent to
store the clinical data of patients with HCC was obtained
from each participant. In our center, all patients with HCC
were treated with HR or RFA, as determined by our mul-
tidisciplinary tumor board: Even if no liver transplant ac-
tivity was available in-site, an accurate evaluation by a
transplant center was considered; despite the availability
of this procedure, it was rather limited until the beginning
of the 2000s. Data included in this study came from pa-
tients who were treated with either HR or RFA starting
from 1998 to January 2017. The Barcelona Clinic Liver
Cancer (BCLC) criteria were utilized as a broad framework
for deciding appropriate treatment strategies.1 Until 2012
(when the modified BCLC therapeutic algorithm was pub-
lished), HR was proposed according to BCLC and AASLD
guidelines: patients who had a single lesion can be offered

surgical resection if they had cirrhosis with preserved liver
function. Portal hypertension was not considered a contra-
indication in all cases.10 When HR was not feasible or
warranted, patients were evaluated for percutaneous RFA
or LATs. Percutaneous RFA was considered in patients
with favorable target tumor (nodule was conspicuous on
planning ultrasound (US) for possible percutaneous
RFA), at higher surgical risk (more than two segments with
a postoperative remnant liver size less than 40–50%), im-
paired liver function (Child B), or severe comorbidities,
whereas LATs were considered for tumors in the dome of
the liver, in other dangerous locations (due to the proximity
with visceral structures such as the gallbladder, the colon,
and the stomach), or in locations difficult to accurately
target percutaneously, as confirmed by expert radiologists
skilled in interventional procedures. Patients were included
in the present cohort analysis if they fulfilled all of the
following criteria at presentation, i.e., single lesion, tumor
size less than 3 cm, Child-Pugh class A, resection of less
than two segments, and only treated once by either LAT or
LHR.

Upon referral, patients were tested for liver function includ-
ing plasma levels of alpha-fetoprotein (AFP), complete blood
cell count, and chest X-ray. The residual liver function was
classified according to the Child-Pugh classification and by
model for end-stage liver disease (MELD) score (which was
retrospectively recalculated for patients included before
2000),11 while the clinical stage was based on the BCLC stag-
ing system.1,12 Comorbidity was assessed using the
Charlson’s index13: According to this score, patients were
categorized as having slight (< 2) or severe comorbidities (≥
3). Furthermore, the diagnosis and staging of HCC were
achieved by sequential contrast-enhanced imaging studies
such as percutaneous ultrasound, triple-phase helical comput-
ed tomography (CT), and/or contrast-enhanced magnetic res-
onance imaging (MRI). Prior to the establishment of the
criteria for non-invasive diagnosis of HCC at the European
Association of the Study of the Liver in 2000, the diagnosis
was established by liver biopsy. As suggested by current
guidelines,1 a preoperative ultrasound-guided percutaneous
liver biopsy was performed only in patients with uncertain
diagnosis.

The choice of LHR or LATwas primarily based on the site
of the tumor: If it was located in a resectable segment, a LHR
was accomplished; if it was ill-located requiring major HR,
LAT was indicated.4 Furthermore, laparoscopic approach of
RFA permitted to treat deep-sited lesions with very difficult or
impossible percutaneous approach.14

Treatment

All patients underwent intraoperative ultrasound examination
(Aloka Alfa 10; Aloka Co, Tokyo) by surgeons trained in US
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techniques.4 The laparoscopic ultrasound (LUS) probe had a
flexible tip and dimensions of 10mm in diameter and 50 cm in
length. A 7.5 linear-array transducer was side-mounted near
the tip of the shaft. The length of the transducer surface was
38 mm, producing an image of approximately 4 cm in length
and 6 cm in depth. Each LUS liver exam was performed at the
beginning of each surgical procedure, with the patient under
general anesthesia.14

For all RFA, a 200-W, 480-KHzmonopolar radiofrequency
generator (AMICA-GEN, HS Hospital Service SpA, Aprilia,
Italy) was used. An insulated 18-gauge internally cooled tip
electrode was inserted into the tumor under sonographic guid-
ance. The tip of the electrode was advanced until it reached the
lesion and passed its distal margin, opposite to the point of
entrance of the needle. Additional RF needle electrodes were
inserted into the lesion as needed to cover the entire lesion
with adequate margin.

For all microwave ablations (MWA), a 2.45-MHz mi-
crowave generator (AMICA-GEN, HS Hospital Service
SpA, Aprilia, Italy) was used, also under ultrasound guid-
ance. The generator delivered 40–100 W through a 14- or
16-gauge internally cooled coaxial antenna. This antenna
utilized a miniaturized quarter-wavelength tip to improve
heating efficiency and ensure a radiation pattern localized
to the tip. An automatic peristaltic pump was used to de-
liver water cooling around the antenna shaft to avoid
overheating.

If the lesion was located near major biliary or portal ves-
sels, a cooling technique was accomplished: Continuous
infusion/perfusion of gauzes around the hepatic hilum with
cold normal saline was done during the LAT procedure to cool
the portal inflow and prevent both portal thrombosis and bil-
iary damage.

The technique of LHR has been described elsewhere.15

Briefly, each patient’s position and trocar placement were
determined based on the location of the tumor. The patient
was positioned in the supine split-leg position, with the
surgeon standing between the legs and his assistants at the
sides; a left lateral decubitus was employed for right pos-
terior lesions. Pneumoperitoneum was achieved with the
open Hasson technique. Laparoscopic hepatectomies were
performed with the four- or five-trocar technique, placed
according to tumor location. LUS was routinely per-
formed to localize the lesion and evaluate its relationship
with the biliary and vascular structures and to delineate
the transection plane before the resection. For parenchy-
mal transection, Thunderbeat (Olympus Medical Systems
Corp., Tokyo, Japan) and bipolar shears were usually
employed. Endovascular staplers were used to divide larg-
er vascular pedicles, while bleeding from small vessels
was controlled with metal clips or bipolar coagulation.
Pringle maneuver was always prepared and used eventu-
ally to control bleeding.

Assessment and Follow-Up

Postoperative was defined as the occurrence of death within
30 and 90 days after treatment. The severity of postoperative
morbidity was defined according to the Dindo-Clavien classi-
fication of surgical complications.16 Liver US and CT (and/or
MRI) were performed within 1 month after treatment to assess
the response to LATs or HR. Post-treatment follow-up evalu-
ation was performed by spiral CT (and/or MRI) after 1–
3 months and every 6 months thereafter.

Technical Evaluation

Technical outcome and oncologic response were defined
using the International Working Group on Image-Guided
Tumor Ablation17-standardized definitions. Local tumor
progression was diagnosed when a follow-up exam showed
findings of interval development/growth of the tumor along
the margin of the ablation or resected zone where the LATs/
LHR had been considered to be technically effective. HCC
recurrence was also classified as early or late, using a cutoff
of 12 months. Experienced radiologists reviewed all CT or
MRI scans.

Statistical Analysis

Cumulative actuarial curves were analyzed by the Kaplan-
Meier method and were compared by the log-rank test.
Comparison of continuous variables between and within
groups was done using the Mann-Whitney U test and the
Wilcoxon matched-pair test. Comparison of proportions was
done by the Fisher exact probability test. Data following a
normal distribution are expressed as mean ± standard devia-
tion; if non-parametric, median and interquartile range (IR)
are reported. In all patients, 22 variables were recorded and
their influence upon survival and HCC recurrence in each
treatment group was assessed by univariate analysis and by
either the logistic regression or Cox’s proportional-hazard re-
gression model if the variable is time-related. The association
of each parameter with survival and recurrence rates was
univariately estimated by comparing actuarial curves
(Kaplan-Meier product-limit method and log-rank test) after
the categorization of the continuous variables in a multivariate
setting. Only parameters with p values < 0.05 were then in-
cluded in the multivariate analysis. For each parameter ana-
lyzed in the multivariate analysis, the t values (hazard ratio)
and the 95% confidence intervals (CI) were obtained. All
analyses were two-tailed, and p values < 0.05 were considered
as significant throughout the study. Initial evaluation and sub-
sequent follow-up data were collected in a dedicated database
(FileMaker Pro for Macintosh, FileMaker Inc., Santa Clara,
CA) and subsequently analyzed (Intercooled Stata 14.1 for
Macintosh, Stata Corp., College Station, TX, USA).
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Results

Subjects

Figure 1 illustrates the patient selection process, which led to
the present study comparing outcomes in 59 patients who
underwent LHR and 205 who underwent LAT. In the same
figure, the causes for ineligibility and the alternative treatment
options are also reported.

The baseline characteristics of patients allocated to the
LHR and LAT groups are illustrated in Table 1. Despite the
non-randomized design of the present study, the two groups
were not significantly different for any of the preoperative
demographic, clinical (including the Child-Pugh, MELD,
and BCLC scores), and biochemical variables with the excep-
tion of HCC localization, hemoglobin, and cholinesterase
plasma levels.

Surgical Procedures and Findings

Anatomical resection based on the segmental division of the
liver was performed in 30 cases (51%), while a US-guided
atypical resection was chosen in 29 cases (49%); the Pringle
maneuver was used in 3 patients (5%) (total duration with
interval maneuver 14 ± 13 min). In the LAT group, a single-
electrode technique (RFA) was used in 159 patients (78%) and
a cluster-electrode system in 1 case (exposed tip 2.5 cm),
while a microwave antenna was used in 44 patients (22%).
In 128 patients (62%), a single needle insertion was sufficient
while in 66 patients (32%), two needle insertions were suffi-
cient and in 11 (6%) patients, three needle insertions were

necessary to obtain adequate tissue coagulation. Mean proce-
dure time for the RFA portion of LAT treatments was
15 ± 5 min and for MWA, it was 8 ± 4 min, while the proce-
dure duration was significantly longer for LHR (165 ± 45min,
median 160, IR 140–200) compared to LAT (78 ± 28 min,
median 70, IR 60–90) (p < 0.0001).

During LUS evaluation, 9/59 (15%) patients who
underwent LHR were found to have additional lesions (four
in a different segment, five within 2 cm of the primary HCC
location); of these, four were submitted to enlarged resection
and five to ethanol injection. In the LAT group, LUS identified
31/205 (15%) cases with previously undetected lesions (21 in
a different segment, 10 within 2 cm of the primary HCC); of
these, 25 cases were treated with additional thermoablation
and 6 with ethanol injection.

Postoperative Results

Table 2 illustrates the postoperative outcomes at both short
and long terms following LHR and LAT. As expected, LHR
was characterized by significantly longer admission and
higher morbidity rates compared to LAT in the short term
(but the two groups had similar rates for severe complica-
tions), while morbidity rates became similar during the
follow-up period. There were no operative deaths in either
group at 30 days. Two patients died in the LHR group within
90 days: one patient for liver failure with diffuse HCC and the
other for cerebro-vascular accident.

The margins of all liver resection specimens were negative,
except in one case (1.7%). In the LAT group, a complete
necrosis was obtained at 1 month in 199/205 (97%) patients:
These patients required an additional transarterial
chemoembolization in four cases and another thermoablation
session in the other two to achieve complete HCC necrosis.

During follow-up, 17/59 (29%) patients in the LHR group
and 113/205 (55%) of the LAT group (p = 0.024) died
(Table 2). Following similar follow-up durations in the two
groups (41.7 ± 31.5 months for LHR vs. 38.7 ± 32.3 for LAT),
24/59 (41%) patients treated with LHR and 135/205 (66%)
treated with LAT had HCC recurrence (p = 0.0001).
Recurrences in the LHR group did not occur near the surgical
margins in any case, while in the LAT group, they occurred
near the necrosis area in 30/205 cases (local tumor progression
15%; p = 0.002) with a slight difference between RFA (16%)
and MWA (11%; p =NS). The actuarial recurrence rate calcu-
lated by the Kaplan-Meier product-limit method in patients
treated with LATwas significantly different compared to cases
treated with LHR (p = 0.0002) (Fig. 2a). Furthermore, the ac-
tuarial survival rates at 1, 3, and 5 years of follow-up were,
respectively, 93, 82, and 56% in the LHR group and 91, 62,
and 40% in the LAT group (p = 0.0053) (Fig. 2b). Considering
the HCC position a confounding factor, which could affect
survival and recurrence rates, a subgroup of patients with only

Fig. 1 Study design and patient eligibility discrimination process. For all
uneligible patients, the exclusion criteria and alternative treatment options
are illustrated. pts patients, LPT laparotomic, RFA radiofrequency
ablation, LAT laparoscopic radiofrequency ablation, LHR laparoscopic
hepatic resection

J Gastrointest Surg (2018) 22:650–660 653



superficial lesions has been analyzed (50 LHR vs. 64 LATs).
Also, for these patients, actuarial recurrence and survival rates
were significantly different (p = 0.0001 and p = 0.0008, re-
spectively) (Fig. 3).

Table 3 summarizes the results of univariate analysis of
the influence of preoperative and intraoperative factors on
the recurrence rates and survival among the 264 patients
with HCC included in the present study, regardless of the
surgical approach. Of note, the choice of LHR or LAT was
significantly associated both with HCC recurrence and
with patient survival. When a multivariate analysis
(Table 4) was performed using variables associated with
HCC recurrence at the univariate analysis, only the type
of surgical treatment was an independent predictor of dis-
ease recurrence. A similar statistical analysis was used to
determine what variables were independent predictors of
overall survival and demonstrated that plasmatic AFP and
Hb values, MELD score, time to HCC recurrence, and the
type of surgical treatment significantly predicted survival.

Discussion

The choice of a surgical approach in patients with HCC re-
mains a challenge for the surgeon, the radiologist, and the
hepatologist alike. Invasive procedures such as HR remain
widely accepted based on the proven impact on
prognosis,18–20 while promising evidence is growing for all
types of RFA which are better tolerated but burdened by
higher recurrence rates.21,22 We herein report that in a well-
selected series of HCC cases, HCC recurrence rates are mainly
determined by the choice of LATor LHR treatment, while the
overall patient survival is determined by individual features
including liver function, aggressive tumoral behavior, and also
the type of treatment. The major limitation of this study is that
the two treatment groups do not have equivalent baseline
characteristics, above all regarding the tumor location. It is
unclear in the literature if the position of the tumor (superficial
or deep location) could influence both recurrence and
survival.23 Our subgroup analysis for patients with superficial

Table 1 Baseline characteristics of patients treated for HCC

LHR (n = 59) LAT (n = 205) p value

Male sex (%) 42 (71%) 152 (74%) NS

Age (years) 68 ± 9 69 ± 9 NS

Cirrhosis etiology (%)

HCV 43 (72%) 136 (66%) NS

HBV 8 (14%) 29 (14%) NS

Other 8 (14%) 40 (20%) NS

Child-Pugh class A5-A6 (%) 68-32% 63-37% NS

MELD score 8.4 ± 1.7 8.9 ± 2.3 NS

Charlson’s index ≥ 3 14 (24%) 76 (37%) NS

BCLC A1-A2-A3 (%) 58-30-12% 56-24-20% NS

Esophageal varices 21 (36%) 67 (33%) NS

HCC segment localization (%) 0.0001

I/II/III/IV 0/10/21/7 1/7/4/15

V/VI/VII/VIII 17/39/3/3 11/13/20/29

HCC lesion diameter (mm) (median, IR) 20.9 ± 6.7 (20, 15–26) 19.1 ± 5.8 (20, 15–22) NS

New HCC nodules at IOUS (%) 9 (15%) 31 (15%) NS

Vascular microinfiltration at IOUS (%) 12 (21%) 47 (23%) NS

Hemoglobin (g/dl) 14 ± 1.4 13.4 ± 1.8 0.0121

Platelet count (×103/mm3) (median, IR) 123 ± 55 (117, 74–166) 112 ± 55 (105, 73–139) NS

Total bilirubin (mg/dl) (median, IR) 1.16 ± 0.5 (1.1, 0.9–1.4) 1.11 ± 0.5 (1, 0.78–1.36) NS

Serum albumin (g/l) (median, IR) 3.9 ± 0.5 (4, 3.5–4.3) 3.8 ± 0.5 (3.8, 3.5–4.13) NS

Prothrombin time (INR) (median, IR) 1.10 ± 0.11 (1.07, 1.02–1.18) 1.14 ± 0.19 (1.11, 1.05–1.19) NS

AST (U/l) (median, IR) 65 ± 45 (50, 32–82) 74 ± 59 (54, 35–94) NS

ALT (U/l) (median, IR) 66 ± 53 (47, 30–84) 71 ± 67 (51, 31–87) NS

CHE (U/l) (median, IR) 5914 ± 2477 (5672, 4461–7381) 5080 ± 1980 (4835, 3559–6326) 0.008

Alpha-fetoprotein (ng/ml) (median, IR) 7.5 (3.7–17.2) 6.75 (3.2–23.5) NS

LHR laparoscopic hepatic resection, LAT laparoscopic ablation therapies, BCLC Barcelona Clinic Liver Cancer, IOUS intraoperative ultrasound, HCC
hepatocellular carcinoma
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lesions (which could improve LAT outcomes) showed differ-
ent recurrence and survival rates between LAT and LHR pa-
tients, confirming a clear advantage for the resection group.
Other potential confounding factors such as HCC diameter,
vascular microinfiltration, or liver functional reserve had
equivalent baseline rates.

The BCLC therapeutic algorithm recommended RFA as
the first-line treatment option for single HCC nodule ≤ 2 cm,

while surgical approach should be considered in patients with
failure or contraindications to ablation therapies.1 RFA is
more commonly performed percutaneously, thus making its
outcome more dependent on the clinical setting or individual
factors such as the r isk of bleeding and nodule
localization.24–26 On the other hand, the laparoscopic ap-
proach is characterized by further advantages over percutane-
ous RFA for HCC, particularly since it allows an IOUS study

Table 2 Postoperative results after hepatic resection (LHR) or laparoscopic thermoablation (LAT)

LHR (n = 59) LAT (n = 205) p value

Postoperative results

Hospital admission (days) (median, IR) 5.5 ± 1.3 (5, 5–6) 3.9 ± 1.5 (4, 3–4) 0.0001

Postoperative mortality (30 days) 0 0 NS

Postoperative mortality (90 days) 2 (3%) 0 0.008

Morbidity (%)a 17 (29%) 31 (15%) 0.016

Abdominal wall hematoma 6 (10%) 11 (5%)

Ascites 0 9 (4%)

Mild acute encephalopathy 2 (3%) 6 (3%)

Hemoperitoneum 3 (5%) 0

Jaundice 4 (7%) 6 (3%)

Transient renal failure 0 1 (0.5%)

Other complications 4 (7%) 8 (4%)

Dindo-Clavien ≥ 3 2 (3%) 2 (1%) NS

Long-term results

Follow-up duration (months) (median, IR) 41.7 ± 31.5 (38.5, 22–53) 38.7 ± 32.3 (31.5, 15–54) NS

Morbiditya(%) 28 (47%) 92 (45%) NS

Portal thrombosisb 7 (12%) 18 (9%)

Ascites 10 (17%) 39 (19%)

Mild acute encephalopathy 2 (3%) 9 (4%)

Metastatic HCC 5 (8%) 8 (4%)

Digestive hemorrhage 2 (3%) 8 (4%)

Hepatic abscess 3 (5%) 1 (0.5%)

Other tumors 1 (2%) 14 (7%)

Other extra-hepatic complications 7 (12%) 27 (13%)

Mortality (%) 17 (29%) 113 (55%) 0.0001

Liver failure with diffuse HCC 8 (47%) 50 (44%)

Liver failure without diffuse HCC 5 (29%) 24 (21%)

HCC rupture (hemoperitoneum) 0 1 (1%)

Digestive hemorrhage 1 (6%) 2 (2%)

Other neoplastic disease 1 (6%) 8 (7%)

Septic shock 0 12 (11%)

Cardiovascular accident 2 (12%) 10 (9%)

Unknown 0 6 (5%)

Intrahepatic recurrence (n) 24 (41%) 135 (66%) 0.0001

Local tumor progression (n) 0 30 (15%) 0.002

Early recurrence 9 (15%) 67 (33%) 0.009

LHR laparoscopic hepatic resection, LAT laparoscopic ablation therapies, HCC hepatocellular carcinoma
aMore than one coexisting complication are included
b Portal thrombosis includes partial events or thrombosis of intrahepatic branches
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to diagnose otherwise undetected nodules and to provide a
better visualization of the tumor and a more accurate place-
ment of the ablation probe.4,14 Furthermore, in the literature,
HR is similar to or better than percutaneous RFA in terms of
survival, with lower recurrence rates but with higher postop-
erative complications rates. In this setting, LHR for patients of
HCC with cirrhosis seems to suffer lower morbidity rates
which were usually reported in open HR7,11 and this justifies
the similar rates of severe postoperative complications in this
study. For these reasons, we were convinced that the LHR
outcomes were to be compared to LAT, rather than percutane-
ous RFA, particularly in patients with compensated (i.e., Child
A) liver cirrhosis.

In literature, five studies compared LHR with RFA (three
through a percutaneous access27–29 and two through a laparo-
scopic approach30,31). The studies comparing LHR with per-
cutaneous RFA showed that LHR had similar morbidity but
fewer recurrences. As regards to the other two studies,
Casaccia et al.30 showed a higher survival rate for the LHR

group, but the small sample size and different preoperative
characteristics do not permit definitive conclusions. Yazici’s
study31 is limited to elderly patients (> 65 years), and it
showed similar morbidity and overall survival rates but higher
local recurrences after LAT. Also, this study has some limita-
tions such as the small size and heterogeneity of tumor type
between the LHR and LAT groups.

Despite the good rates of technical success after LAT (97%
of total necrosis at 1 month), our univariate comparisons dem-
onstrate that LHR led to lower recurrence rates (particularly
for the local tumor progression) compared to LAT in patients
with Child-Pugh A liver cirrhosis and a single small HCC
nodule (less than 3 cm). The multivariate model also con-
firmed this view of HCC recurrence. This is in accordance
with the concept of anatomic resection and intrahepatic dis-
semination through the portal vein branches32,33 with the re-
section of HCC and its portal venous territory, reducing the
risk of HCC local tumor progression.34 When the liver func-
tion is adequate, anatomically systematic LHR or atypical

Fig. 3 Probability of hepatocellular carcinoma (HCC) recurrence (a) and
survival (b) actuarial curves comparing surgical resection (LHR) and
laparoscopic radiofrequency (LAT) in subgroups of patients with super-
ficial HCC nodules. The differences between these groups were statisti-
cally significant for recurrence (p = 0.0001) and overall survival (p =
0.0008)

Fig. 2 Probability of hepatocellular carcinoma (HCC) recurrence (a) and
survival (b) actuarial curves comparing surgical resection (LHR) and
laparoscopic radiofrequency (LAT). The differences between these
groups were statistically significant for recurrence (p = 0.0002) and over-
all survival (p = 0.0053)
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resections with wide margins lead to HCC-free surgical mar-
gins that may otherwise conta in non-detectable
micrometastases due to vascular infiltration.35 The possibility
of distant intrahepatic HCC recurrences, however, supports
a metachronous multicentric hepatocarcinogenesis in the
remnant liver36,37 and further proves that recurrence shares
two possible etiologies: i.e., via metastases or as new pri-
mary lesions. This concept is the rationale for liver trans-
plantation in small HCC38 and prompted some authors to
advocate interstitial therapies such as less invasive proce-
dures as efficient as LHR.39

Our data showed that LHR had higher survival rates in
patients with single-nodule HCC and preserved liver function.
In the Cox model, as well as the type of treatment, elevated
baseline serum AFP (> 20 ng/ml), MELD (> 9), and an early
recurrence (<12 months) were independent determinants of
poor overall survival. Several studies showed that MELD
score could accurately predict mortality, morbidity, and
long-term survival in patients with HCC and cirrhosis under-
going HR.40,41 In our study, it is evident that a MELD score >
9 is an independent predictive factor of survival, irrespective
of the type of HCC treatment and it is an expression of latent
liver failure.42 Serum AFP levels likely reflect the degree of
HCC differentiation and thus the risk of spreading, and its
importance as an HCC prognostic factor has been shown in
several studies.43We also confirmed previous data that there is
an independent association between the time interval to recur-
rence and survival.44 Based on the poor prognosis of early
recurrences, a stringent follow-up and a prompt treatment of
recurrences are critical to ameliorate long-term survival.45

Our study furnished interesting information despite the ab-
sence of prospective randomization, as in the vast majority of
surgical comparisons. To the best of our knowledge, this is the
largest comparative study between two laparoscopic treat-
ments including all covariates that could affect the outcomes.
Our stringent inclusion and exclusion criteria led to similar
preoperative patient features in the two groups, particularly
for established prognostic factors (i.e., gender, age, HCC pat-
tern and staging, and liver function) with the expected excep-
tion of HCC localization. Further exploration into the role of
HCC location would be important in the evaluation of these
two modalities; however, a direct analysis of a subgroup of
patients with superficial tumors seems to show the same re-
sults of the entire group. Indeed, the choice of LHR or LAT
in enrolled patients was ultimately made after a multidis-
ciplinary evaluation, based on the nodule localization, and
LAT was performed in cases in which the HCC nodule
could not be safely treated by LHR. Furthermore, the use
in all cases of IOUS with a high-frequency transducer
placed directly onto the liver surface should be regarded
as a major strength since it allows the detection of previ-
ously undetected small tumor nodules and their intraoper-
ative treatment in both groups.

Table 3 Overall survival and tumor recurrence prognostic factors
(univariate analysis)

Recurrence (%) Survival (%)

At 5 years p value At 5 years p value

Sex

Male/female 74/75 0.702 42/47 0.750

Age

≤ 70/> 70 years 76/72 0.876 45/42 0.932

Cirrhosis etiology

No virus/HCV/HBV 72/77/61 0.897 44/43/45 0.934

BCLC score

A1/A2/A3 71/79/79 0.400 50/39 0.433

Child’s score

A5/A6 49/35 0.042

MELD score

≤ 9/> 9 73/75 0.517 53/28 0.0004

Charlson’s index

< 3/≥ 3 76/71 0.637 47/38 0.659

Diabetes

Absent/present 74/75 0.724 43/44 0.876

Esophageal varices

F0/≥F1 75/73 0.856 46/38 0.239

HCC diameter

≤ 20/> 20 mm 74/78 0.900 48/35 0.219

Hemoglobin (g/dl)

≤ 12/> 12 74/74 0.618 26/48 0.0006

Platelet (×103/mm3)

< 100/≥ 100 71/79 0.739 36/50 0.019

Total bilirubin (mg/dl)

< 1.2/≥ 1.2 73/79 0.300 48/37 0.015

Serum albumin (g/l)

≤ 3.5/> 3.5 75/75 0.469 30/48 0.078

Prothrombin time (INR)

≤ 1.2/> 1.2 75/73 0.841 44/43 0.059

CHE (U/l)

< 5900/> 5900 79/66 0.292 36/56 0.0019

AST (U/l)

≤ 2N/> 2N 64/85 0.136 52/35 0.006

Alpha-fetoprotein (ng/ml)

≤ 20/> 20 72/83 0.085 48/34 0.008

Vascular microinfiltration at IOUS

Absent/present 73/79 0.244 46/33 0.137

New HCC nodule at IOUS

Absent/present 73/84 0.031 47/21 0.156

LHR or LAT 55/80 0.0002 56/40 0.005

Recurrence interval

≤ 12/> 12 months – 26/51 0.0001
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There are a number of limitations of the study. These in-
clude the retrospective analysis and heterogeneity of tumor
location between the LAT and LHR groups. Nevertheless,
the main objective was to see how cirrhotic patients would
tolerate a LHR better than open resection in comparison with
LAT and we believe that the study provides some insight into
this question, with the two groups having similar demographic
and comorbidity profiles.

Despite these limitations, our data ultimately support some
therapeutic advantages for LHR in patients with a single HCC
nodule and preserved liver function compared to LAT, in
agreement with data in percutaneous RFA.11 However, we
suggest that LAT is an adequate alternative in patients with
nodules that would require complex surgical resections or
imply a poor prognosis that might therefore better tolerate a
less invasive procedure, which also constitutes an ideal bridge
to liver transplantation.46
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