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Abstract

Background Aggressive treatment of intrahepatic recur-

rence of hepatocellular carcinoma (HCC) increases

patients’ survival. This study aimed to evaluate laparo-

scopic thermal ablation (TA) in the treatment of intrahe-

patic HCC recurrences.

Methods A retrospective analysis was performed on 88

patients (REC group) who underwent laparoscopic TA

after prior TA (66 patients.) or partial hepatic resection

(HR) (22 patients) as initial local treatment. Another 170

patients with primary HCC tumors (PRIM group) were

regarded as the control group.

Results The postoperative morbidity rates were similar

for the patients with prior TA (18%) and those with prior

HR (21%) (nonsignificant difference [NS]). The overall

survival rates were not significantly different between the

two groups (3-year survival rates of 59 and 78%, respec-

tively; P = 0.1662). Moreover, the disease-free survival

(DFS) rates did not differ significantly between the patients

with prior TA and those with prior HR (3-year DFS of 21

and 8%, respectively; P = 0.1911). The incidences of

morbidity in the whole REC (21%) and PRIM (20%)

groups were similar (P = NS), and no mortality occurred

in either group (0%). The cumulative 3-year survival rate

was 63% in the REC group and 59% in the PRIM group

(P = 0.5739), whereas the 3-year DFS rate was 17% in the

REC group and 22% in the PRIM group (P = 0.5266).

Conclusion Laparoscopic TA can be performed safely

and may be effective for intrahepatic HCC recurrence after

prior TA or HR. It leads to survival and DFS rates similar

to those obtained using laparoscopic TA for primary HCC

without increasing morbidity. Laparoscopic TA could be

proposed as first-line treatment of intrahepatic HCC

recurrence for selected patients.

Keywords Hepatic resection � Hepatocellular

carcinoma � Laparoscopic ultrasound � Liver cirrhosis �
Thermal ablation

Hepatic resection (HR) still is considered the most prom-

ising first-choice therapeutic option for hepatocellular

carcinoma (HCC) because the application of orthotopic

liver transplantation is limited due to a shortage of donor

organs and long waiting times [1, 2]. Unfortunately, as

many as 50–70% of patients who initially undergo HR or

thermal ablation (TA) for HCC will experience a recur-

rence in the remnant liver within 5 years [3–5]. To date,

salvage HR has been the preferred treatment for intrahe-

patic recurrence, resulting in further prolongation of sur-

vival [5, 6]. However, only approximately 20–30% of these

patients with intrahepatic recurrence are suitable for HR

because of multiple recurrences, reduced liver function

reserve, or comorbidities [7–9]. Such patients usually
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undergo transcatheter arterial chemoembolization, percu-

taneous ethanol injection therapy, or both [10, 11].

Recently, percutaneous TA has been increasingly per-

formed to treat intrahepatic recurrent HCC after HR or TA

[12]. However, as a consequence of previous therapies,

unexpected injuries to the adjacent organs or lesions dif-

ficult to target remain critical problems after TA using a

percutaneous approach [13]. In such cases, on the basis of

our experience, the laparoscopic approach could be a

suitable alternative therapy [4, 14].

This retrospective study aimed to evaluate the long-term

survival results and complications of laparoscopic TA for

recurrent HCC after HR or TA and to assess whether its

long-term therapeutic results are comparable with those

obtained for patients with primary HCC treated by lapa-

roscopic TA.

Methods

We analyzed a prospective database collection of cirrhotic

patients with HCC treated by laparoscopic TA at a single

institution between December 1997 and November 2010.

All the patients referred to our unit with the diagnosis of

HCC underwent an assessment of the disease staging with

a preestablished protocol until 2000 [4, 15]. The protocol

then was updated according to the Barcelona Clinic Liver

Cancer (BCLC) criteria [16].

This study analyzed only stage A patients. In stage A, a

single lesion with a diameter up to 5 cm and both normal

portal pressure and bilirubin is classified as A1. The same

lesion with increased portal pressure (hepatic vein pressure

gradient [10 mmHg, esophageal varices detectable on

endoscopy, or splenomegaly [major diameter [ 12 cm]

with a platelet count \100,000/mm3) is classified as A2.

The same lesion with both increased portal pressure and

abnormal bilirubin is classified as A3, and two or three

lesions 3 cm in diameter or smaller in a patient with Child-

Pugh A-B class cirrhosis with no symptoms or normal

performance status is classified as A4.

All patients were discussed in a weekly multidisciplinary

meeting at which surgeons, hepatologists, and radiologists

exchanged opinions. The diagnosis of HCC was based on

appropriate imaging studies including a triple-phase com-

puted tomography (CT) scan, a magnetic resonance scan, or

both according to the Barcelona-2000 European Associa-

tion for the Study of the Liver (EASL) Conference and a

histologic assessment when required [17].

Otherwise, the possibility of liver transplantation (when

liver function impairment was predominant) or HR was

evaluated first. When none of these approaches was feasi-

ble (HR was proposed if a resection of fewer than 2 seg-

ments was possible), the patients were evaluated for

laparoscopic or percutaneous interstitial therapy, the latter

for patients at high surgical risk. When the HCC charac-

teristics exceeded these values in nodule size or number,

transarterial chemoembolization was preferred. Patients

were proposed for laparoscopic TA if they fulfilled all the

following criteria at presentation:

• Large tumors (but with a diameter smaller than 5 cm)

or multiple lesions (fewer than 3 nodules with a

diameter no greater than 3 cm) requiring repeated

punctures

• Child-Pugh class A-B

• Superficial lesions adjacent to visceral structures that

could be displaced by laparoscopic maneuvers

• Deep-sited lesions necessitating a very difficult or

impossible percutaneous approach

• Severe impairment of the coagulation tests (plate-

lets \40,000 and/or International Normalized Ratio

[INR] [ 1.20).

During this period, 298 cirrhotic patients underwent

laparoscopic TA. A total of 40 patients were excluded from

the analysis for the following reasons: 17 patients due to

recurrent HCC after transcatheter arterial chemoemboli-

zation, 11 patients due to BCLC stage exceeding stage A,

and 12 patients due to treatment for a second or more

recurrent HCC. Finally, 88 patients treated for intrahepatic

HCC recurrence were enrolled in this study (REC group).

Of these 88 patients, 66 had recurrent HCC after prior TA,

and 22 had recurrent HCC after partial HR as initial local

treatment. The remaining 170 patients (PRIM group) had

laparoscopic TA as treatment of primary HCC and repre-

sented the control group of the analysis.

The laparoscopic TA technique has been described

already in previous articles [14, 15]. Briefly, with the

patient under general anesthesia, a laparoscopic ultrasound

(LUS) examination of the liver was performed. All the

patients underwent intraoperative ultrasound examination

(Aloka SSD 500 [1996–1999], SSD 1700 [2000–2006],

Alfa 10 [2006–2010]; Aloka Co, Tokyo).

For 220 patients, a 200-W, 480-KHz monopolar radio-

frequency generator (Valleylab, Boulder, CO, USA) was

used as the energy source. An insulated 18-gauge internally

cooled electrode tip was inserted into the tumor under

sonographic guidance. The shaft of this electrode is elec-

trically insulated, with only 3–4 cm of exposed metallic tip

from which the radiofrequency emanates. The electrode

tips were selected by matching tip exposure to lesion

diameter. Under LUS-guidance, the tip of the electrode was

advanced until it reached and passed the margin of the

lesion opposite the entry point of the needle.

A peristaltic pump was used to infuse 0�C normal saline

solution into the cooling lumen of the radiofrequency

electrode at a rate sufficient to maintain a tip temperature
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of 18–25�C. Repeated needle placements into the lesion to

obtain maximal lesion coverage were performed when

necessary. If the lesion was located near major biliary or

portal vessels, a cooling technique was used: continuous

infusion/perfusion of gauzes around the hepatic hilum with

cold normal saline was performed during the radiofre-

quency ablation (RFA) procedure to cool the portal inflow

and to prevent portal thrombosis and biliary damage.

From February 2009, a 2.45-MHz generator for micro-

wave ablation (MWA) (AMICA-GEN, HS Hospital Ser-

vice SpA, Aprilia, Italy) was used to deliver energy to 38

patients through a 14- or 16-gauge, internally cooled

coaxial antenna. This generator features a miniaturized

quarter-wave impedance transformer (referred to as a

minichoke) for reflected wave confinement. The minichoke

antenna design is protected by an industrial patent (PCT/

IB2002/00299) owned by the Italian National Council for

Research, which ensures a quasi-spherical radiation pattern

while not increasing the probe gauge (14-gauge at the

most).

According to the tumor size, a single microwave energy

application ranging from 45 to 70 W net power at the

applicator end was delivered to the patient for 5–10 min.

Liver ultrasound and CT (and/or MRI) were performed

within 1 month after treatment to assess the response to

TA. The thermal ablation achieved ‘‘technique effective-

ness’’ if a hypoattenuating area was seen on CT and this

area was not enhanced after administration of contrast

material (complete ablation), whereas an incomplete

response to TA was defined as persistent nodular or mar-

ginal enhancement (partial ablation).

Posttreatment technique effectiveness was further eval-

uated by spiral CT after 3 months and every 6 months

thereafter. Recurrence was defined as local tumor pro-

gression if a new enhancing lesion appeared within 2 cm of

the treated nodule after complete ablation was confirmed

on the first postablation CT scan. It was defined as distant if

a new nodule arose at a site distant from the primary tumor.

Intrahepatic HCC recurrence was classed as early or late

using 9 months as the cutoff. A single experienced radi-

ologist reviewed all the CT scans.

Statistical analysis

Cumulative actuarial curves were analyzed by the Kaplan–

Meier method and compared by the log-rank test. Com-

parison of continuous variables between and within groups

was performed with the Mann–Whitney U test and the

Wilcoxon matched pairs test. Comparison of proportions

was performed with Fisher’s exact probability test. Data

following a normal distribution are expressed as

mean ± standard deviation. For nonparametric data, the

median and range are reported.

All analyses were two-tailed, and P values less than 0.05

were considered significant throughout the study. Initial

evaluation and subsequent follow-up data were collected in

a dedicated database (FileMaker Pro for Macintosh; File-

Maker Inc, Santa Clara, CA, USA) and subsequently ana-

lyzed using Intercooled Stata 10.0 for Macintosh (College

Station, TX, USA).

The hospital’s Ethics Committee approved the study,

and written informed consent for recording and analysis of

data was obtained from all the patients.

Results

The baseline characteristics of all the patients included in

the study are illustrated in Table 1. In the REC group, only

Table 1 Comparison of clinical backgrounds in the treatment groups

Variables REC group

(n = 88)

After HR

(n = 22)

After RFA

(n = 66)

P Value PRIM group

(n = 170)

P value

(vs. REC)

Sex M:F 58:30 16:6 42:24 NS 122:48 NS

Mean age 70 ± 6.9 70 ± 6.2 69.7 ± 7.1 NS 67 ± 7.9 0.025

HCV cirrhosis: n (%) 62 (70) 14 (64) 48 (73) NS 118 (69) NS

Pugh-child A:B 68:20 20:2 48:18 NS 137:33 NS

Median MELD: n (range) 9 (6–27) 8 (6–13) 10 (6–27) 0.0343 10 (6–21) NS

Varices: F0: [ F1a 57:25 20:2 37:23 0.016 87:55 NS

Single HCC: n (%) 51 (58) 11 (50) 40 (61) NS 103 (61) NS

HCC diameter (mm) 22.1 ± 8.8 22.5 ± 7.7 21.9 ± 9.1 NS 26.6 ± 10.1 0.0005

Median aFP: n (range) 10.2 (1.1–4,282) 9.9 (1.1–352) 11.12 (1.2–4,282) NS 11.4 (11.6–4,206) NS

REC retrospective analysis; HR hepatic resection; RFA radiofrequency ablation; PRIM primary tumor; HCV hepatitis C virus; HCC hepato-

cellular carcinoma; aFP a-fetoprotein
a Only 82 of 88 enrolled patients had endoscopic evaluation in the REC group compared with 142 of 170 in the PRIM group
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the model for end-stage liver disease (MELD) value and

the presence of varices statistically differed between

patients with HCC recurrence after either HR or TA,

whereas the PRIM group had a higher mean age and larger

HCC diameter than the REC group.

Table 2 shows the perioperative results for these

patients. Due to the complexity of reoperation, laparo-

scopic TA required a longer operative time and hospital

stay after HR than after TA. However, no differences

were found between the REC and PRIM groups.

In the REC group, complete ablation (technique effec-

tiveness) was obtained at 1 month for 57 of the 66 patients

in the group after prior TA (86%) and for all patients after

prior HR (100%) (nonsignificant difference). No

differences were found between the REC group and the

PRIM group. Complete ablation was obtained for 79 of 88

REC patients (90%) and 153 of 165 PRIM patients (93%)

(nonsignificant difference).

After similar follow-up periods in these groups (median,

16 months after prior TA and 18 months after prior HR;

16 months in the REC group and 22 months in the PRIM

group), similar HCC recurrences occurred in all the groups

analyzed (Table 3), except that in the REC group, a slight

difference was found in early recurrences between TA after

HR (50%) and TA after TA (27%). However, local

recurrences and the treatment of new HCC recurrences

were not influenced by the different HCC or therapeutic

groups.

Table 2 Perioperative results in the treatment groups

Variables REC group

(n = 88)

After HR

(n = 22)

After RFA

(n = 66)

P value PRIM group

(n = 170)

P value

(vs. REC)

Intraoperative problems: n (%) 13 (15) 4 (19) 9 (14) NS 30 (18) NS

Visceral or diaphragmatic injuries (%) 1 (1) 1 (5) 0 NS 0 NS

Intraoperative bleeding (%) 12 (14) 3 (14) 9 (14) NS 30 (18) NS

Mean total operative time (min) 97 ± 37 120 ± 42 86 ± 28 0.0002 88 ± 33 NS

Postoperative complications: n (%) 18 (20) 4 (19) 14 (21) NS 42 (25) NS

Abdominal wall hematoma (%) 10 (11) 2 (9) 8 (12) NS 18 (11) NS

Hemoperitoneum 0 0 0 NS 3 (2) NS

Transient ascites 3 (3) 1 (5) 2 (3) NS 11 (6) NS

Transient jaundice

(bilirubin [ 3 mg/dl): n (%)

5 (6) 1 (5) 4 (6) NS 10 (6) NS

Operative mortality 0 0 0 NS 0 NS

Mean hospital stay (days) 4.4 ± 2.3 5.8 ± 3.4 3.9 ± 1.5 0.0008 4.1 ± 2.1 NS

REC retrospective analysis; HR hepatic resection; RFA radiofrequency ablation; PRIM primary tumor

Table 3 Patterns of intrahepatic recurrences in the treatment groups

Variables REC group

(n = 88) (%)

After HR

(n = 22) (%)

After RFA

(n = 66) (%)

P value PRIM group

(n = 170) (%)

P value

(vs. REC)

Global HCC recurrences 50 (57) 15 (68) 35 (53) NS 91 (55) NS

Early (\9 months) HCC recurrences 29 (33) 11 (50) 18 (27) NS 37 (22) NS

Local HCC recurrences 19 (22) 5 (23) 14 (21) NS 31 (19) NS

Treatment of new HCC recurrencesa 29 (58) 10 (67) 19 (54) NS 60 (66) NS

TACE 13 (45) 5 (50) 8 (42) 22 (37)

Ablative therapies 15 (52) 5 (50) 10 (53) 28 (47)

Hepatic resection or OLT 1 (3) 0 1 (5) 9 (15)

Therapy failure of new HCC recurrence 5 (17) 1 (10) 4 (21) NS 14 (25) NS

No treatment for liver failure 4 (19) 0 4 (25) NS 11 (35) NS

No treatment for multiple HCC recurrences 17 (81) 5 (100) 12 (75) NS 18 (58) NS

REC retrospective analysis; HR hepatic resection; RFA radiofrequency ablation; PRIM primary tumor; HCC hepatocellular carcinoma; TACE
transcatheter arterial chemoembolization; OLT orthotopic liver transplantation
a Compared with total HCC recurrences
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Figures 1 and 2 show the actuarial survival curves.

Neither the comparison between TA after HR and TA after

TA nor the comparison between the REC group and the

PRIM group showed any statistical differences. Similar

results were obtained with the actuarial curves of disease-

free survival (DFS) (Figs. 3, 4).

Discussion

The incidence of recurrence after treatment for HCC

remains high, even with curative resection, thus repre-

senting the main cause of death [11, 18]. The remnant liver

is the primary site of tumor recurrence, and the recurrence

rate is 36.8–78%, as described in a recent systematic

review [5].

Treatment for recurrent HCC includes HR, TA treat-

ments, and transarterial therapy such as transcatheter

arterial embolization [6–8, 12, 19–21]. Liver transplanta-

tion is another option for selected patients with impaired

liver function [22, 23].

A few series of results from treatment of HCC recur-

rence after HR have been reported [5–10, 24]. Re-resection

could safely be performed even for cirrhotic patients, with

operative mortality and morbidity rates similar to those for

a first HR. Re-resection is technically more demanding

than primary HR because of anatomic disorientation due to

rotation of the liver remnant, modifications in anatomic

landmarks, postoperative adhesions causing protracted

Fig. 1 Cumulative survival rates after the first laparoscopic radio-

frequency ablation (RFA) and hepatic resection (HR)

Fig. 2 Cumulative survival rates of patients submitted to laparo-

scopic radiofrequency ablation for intrahepatic recurrent HCC

(retrospective analysis [REC] group) and control patients after the

primary operation (primary tumor [PRIM] group)

Fig. 3 Cumulative disease-free survival (DFS) rates after the first

laparoscopic radiofrequency ablation (RFA) and hepatic resection

(HR)

Fig. 4 Cumulative disease-free survival (DFS) rates of patients

submitted to laparoscopic radiofrequency ablation for intrahepatic

recurrent HCC (retrospective analysis [REC] group) and control

patients after the primary operation (primary tumor [PRIM] group)
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adhesiolysis, and difficult control of the portal inflow at the

hepatoduodenal ligament [5, 9, 24]. This is particularly

troublesome in cirrhotic patients, for whom the risk of

bleeding is augmented. Therefore, only a few patients with

recurrence are suitable for repeat HR, partly due to pro-

gressive deterioration of liver function in some patients

with cirrhosis [25–27].

There are some reports on percutaneous TA for intra-

hepatic recurrent HCC. The easy repeatability and good

tolerance of TA may help to prolong the survival of

patients with recurrent HCC [12, 28–33]. For these

patients, RFA is less expensive and less invasive, involving

lower complication rates than surgical HR. However, with

regard to completeness of tumor ablation, percutaneous TA

probably is inferior to repeat HR, but further studies are

necessary [34]. As in the case of repeat HR for recurrent

HCC, a high incidence of intrahepatic distant recurrence

can be expected after TA [35]. In fact, RFA is size

dependent, so the upper limits must not exceed 2.5–3.0 cm

to ensure complete necrosis. Recently, we have begun to

evaluate the clinical application of MWA, with the goal of

achieving larger areas of necrosis than with RFA.

On the other hand, if a percutaneous approach is used

for patients with recurrent HCC, bowel damage is a

potentially fatal condition when the tumor is located

adjacent to the bowel due to fibrotic adhesions between the

liver and bowel (heat diffusion) [13, 30, 36, 37]. Further-

more, adhesions may prevent good visualization of the

recurrent HCC during ultrasound examination. Laparo-

scopic TA using either RFA or MWA technology could be

a valid alternative approach to overcome the limitations of

percutaneous access.

Our study indicated that no significant difference exists

between the results for patients with recurrent HCC who

had undergone previous HR or TA. The presence of several

hypervascularized adhesions in cirrhotic patients makes

laparoscopic reintervention for recurrent HCC very chal-

lenging [27]. The main difficulty with such an iterative

approach is adhesiolysis, which has an impact on the total

operative time and hospital stay. However, these technical

difficulties do not affect intra- or postoperative morbidity,

and all laparoscopic procedures were completed success-

fully without conversion.

Only a slight increase in early HCC recurrences was

observed in the group treated after HR, probably because

adhesions prevented a complete, accurate LUS exploration

during the TA of the recurrence. The 3-year survival curves

showed no statistically significant differences between TA

(59%) and HR (78%); nor did the DFS curves (8% after HR

vs. 24% after TA).

These findings were confirmed by analyzing the

appearance of a new recurrent HCC. Once a recurrence had

taken place, the two groups did not differ significantly with

regard to the most common pattern of recurrence or treat-

ment for recurrence after initial TA or HR for a primary

HCC. In other words, laparoscopic TA can be performed

successfully for recurrent HCC even after a previous HR,

although that approach is more demanding in terms of total

operative time and hospital stay after a previous HR than

after a previous TA. We observed good long-term survival

results comparable with those after previous TA, very low

complication rates, and no procedure-related mortality in

patients not eligible for repeat hepatectomy, including

those treated through laparoscopic access [27] and selected

patients with resectable tumors because after an incomplete

response to TA, HR may be more technically challenging

but still safe and effective [38].

Furthermore, the results for the group treated with lap-

aroscopic TA for recurrent HCC were similar to those for

the patients treated for primary HCC. During the hospital

stay, no differences were found in terms of morbidity, total

operative time, or hospital stay. This study demonstrates

that the survival and DFS rates for patients treated with TA

for recurrent HCC are similar to those for recurrence-free

patients. These findings suggest that repeat laparoscopic

TA for recurrent HCC could induce a survival benefit

equivalent to that for patients without recurrence. These

findings are similar to those obtained by repeat HR. Several

studies have demonstrated no marked difference in survival

after the initial and repeat hepatectomy [5–9, 21, 24–27],

suggesting that repeat HR also is a safe, effective therapy

for intrahepatic recurrence.

This study had some limitations. First, the number of

patients with recurrent HCC in the study was relatively

small, especially for the analysis of subgroups. Second, the

mean follow-up period was significantly shorter for the

REC group than for the PRIM group. This is secondary to

the fact that the REC group involved the treatment of

recurrent HCC occurring in the same PRIM group. Third, it

was a retrospective study with all the inherent defects of

such a study.

In conclusion, laparoscopic TA for recurrent HCC in

cirrhotic patients is a safe, feasible procedure with good

outcomes, even for patients with previous HR. It is a useful

alternative to either percutaneous TA or repeated HR.

However, the choice of local treatment for recurrent

hepatic lesions should made after discussion by a multi-

disciplinary group, with the aim of refining the indications

for each treatment to obtain the greatest benefit with the

lowest risks.
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