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Abstract
Aims and Background: Only few patients with cirrhosis and hepatocellular carcinoma (HCC) 
larger than 5 cm are amenable to resection or straight liver transplantation, and in such cir-
cumstances, multibipolar radiofrequency ablation (mbp-RFA) could be a reliable alternative. 
This study was aimed to assess the long-term outcome in patients treated with mbp-RFA for 
unresectable HCC > 5 cm. Methods: Eighty-three consecutive patients with cirrhosis (median 
age 70 years [37–93 years], 67 males, BCLC A/B/C: 54/21/8, 74 naive) with up to three HCCs, 
the largest > 5 cm in diameter (median: 6.2 cm, 5.1–9 cm, 22 infiltrative forms, 12 with segmen-
tal portal invasion of which 10 were infiltrative forms) were treated with mbp-RFA. Overall (OS) 
and recurrence-free (RFS) survival and their associated predictive factors were assessed. Re-
sults: Complete ablation was observed in 78/83 (94%) patients. Thirty-one side effects oc-
curred, including 6 (7%) severe complications. After a median follow-up of 26.1 months (1–112 
months), in naive patients the 3- and 5-year OS was 51% (38–62) and 24% (13–36), 63 and 30% 
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for mass-forming and 25 and 6% for infiltrative form, respectively. Infiltrative form (HR: 2.5 
[1.33–4.69], p = 0.004) was the only independent OS predictor. In naive patients with mass-
forming and infiltrative form, the 3- and 5-year RFS were 47 and 17 and 18 and 18%, respec-
tively. Alpha-fetoprotein (HR: 2.86 [1.32–6.21], p = 0.008), multinodular form (HR: 2.74 [1.4–
5.38], p = 0.003) and infiltrative form (HR: 3.43 [1.67–7.01], p = 0.0007) were independent RFS 
predictors. Conclusions: mbp-RFA offers good OS in inoperable patients with cirrhosis and 
large HCC, with acceptable safety profile. For infiltrative forms, although mbp-RFA leads to 
complete responses in more than 80% cases, few only remain tumor progression-free in long-
term. © 2018 S. Karger AG, Basel

Introduction

Liver resection (mostly major hepatectomy when feasible) or liver transplantation (after 
downstaging) are the gold standard treatments of large hepatocellular carcinoma (HCC) > 5 
cm [1]. Major resections are not recommended even in compensated cirrhosis in case of 
significant portal hypertension or if the remnant liver is considered to be insufficient after 
ipsilateral portal vein embolization due to the risk of postoperative liver failure [2]. 

Thus, a significant proportion of patients with compensated cirrhosis and large (≥5 cm) 
HCC are not suitable for surgical treatment due to (1) severity of portal hypertension, (2) 
inadequate remnant liver, (3) poor response to preoperative procedures performed to 
increase liver volume, (4) advanced age, (5) and/or significant comorbidities. Moreover, only 
a patient downstaged within the Milan criteria could benefit from liver transplantation with 
an acceptable long-term survival [3]. As a consequence, most patients with HCC > 5 cm receive 
palliative care such as transarterial chemoembolization (TACE) or sorafenib, these approaches 
being characterized by poorly predictable partial response [4, 5]. Consequently, alternative 
curative approaches need to be proposed to such patients.

Multibipolar radiofrequency ablation (mbp-RFA) consists of inserting into the tumor 
several linear electrodes (up to six) that function sequentially in bipolar mode and aiming to 
control precisely the margin of ablation in order to safely perform treatment of large volume 
of tumors. It has previously been demonstrated that mbp-RFA using no-touch concept could 
ensure an efficient tumor ablation with a very low rate of local recurrence in HCC < 5 cm [6]. 
A small pilot study of 26 inoperable patients with HCC > 5 cm in diameter has reported the 
safety of the method with a local complete response rate of 70% [7]. Indeed, mbp-RFA could 
be a potential approach for HCC > 5 cm in a wide spectrum of patients, reserving TACE only 
to those with tumor load clearly beyond curative limits. The aim of our study was to assess 
the long-term outcome of 83 consecutive patients treated with mbp-RFA for HCC > 5 cm. 

Materials and Methods

Selection of Patients
This retrospective study was in accordance with ethical principles of the Declaration of Helsinki and was 

approved by the local committee on human research. In our tertiary center, the therapeutic management of 
primary malignant liver tumors is decided by consensus during a weekly multidisciplinary tumor board gath-
ering hepatologists, oncologists, radiologists, and surgeons involved in liver transplantation. For HCC, nonin-
vasive diagnosis and the initial staging of the tumors relied on at least standard triphasic cross-sectional 
imaging examinations with either CT or MR. Thus, patients with up to three HCC, the largest > 5 cm in diameter 
and < 10 cm without main portal vein invasion or evidence of extrahepatic spread are evaluated first for a 
potentially straight curative treatment including liver resection and mbp-RFA. Liver transplantation was 
considered secondary as salvage treatment in patients who experience recurrence or liver failure after a 
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first-line local curative treatment (liver resection or mbp-RFA). When liver resection was contraindicated for 
at least one of the following reasons: (1) cirrhosis Child-Pugh score > 6, (2) significant portal hypertension: 
platelet count < 100 g/L or portohepatic vein gradient pressure > 12 mm Hg, (3) bilirubin serum level > 50 
µmol/L, (4) assumed insufficient remnant hepatic volume after hepatectomy, (5) severe comorbidities, (6) 
performance status > 1, if tumors were located at least 1 cm from major bile ducts, prothrombin activity  
> 40%, platelet count > 40 g/L, and the Child-Pugh score ≤B7, mbp-RFA was considered. Small amount of 
intraperitoneal fluid not detected on physical examination (radiological ascites) and/or subcapsular or dome 
locations, as well as presence of large vessel abutting the tumor were not regarded as contraindication to 
mbp-RFA. For the patients not amenable to any local curative treatments, transarterial embolization (TAE) 
was considered with the aim to downstage the tumor load within the Milan criteria and with the prospect of 
liver transplantation when possible.

Ablation Procedures
All ablative procedures were performed percutaneously under ultrasound guidance and general anes-

thesia. Radiofrequency (RF) energy was provided by a 3 × 2 channel 250-W (maximal output power), 470-kHz 
RF generator (CelonLabPower®; Olympus-Celon, Teltow Germany), sequentially supplying every 2 s, up to 
15 possible dipoles. The generator fed 15-G electrodes terminated by bipolar coaxial 40-mm active part 
(CelonProsurg®; Olympus-Celon) internally cooling with a triple peristaltic pump (CelonAquaflow®; 
Olympus-Celon). 

The maximum distance between two adjacent electrodes was 3 cm. They were inserted into the liver 
parenchyma in a roughly parallel course (±30°). Up to six electrodes could be connected via adaptors plugged 
each on a single channel of generator [6]. Specific strategies of electrode placement have been designed with 
the aim to achieve safe complete ablation of large tumor resorting to the lowest as possible intratumorous 
pass and electrode repositioning whatever the location (intrahepatic, superficial, or exophytic) and form 
subtype of tumor (mass forming defined as nodular form including at least one tumor > 5 cm or infiltrative 
defined as poorly demarcated tumor tending to grow and invade portal vascularization along segmental 
distribution) (Fig. 1). The rise in impedance leading to shutdown between each electrode combination was 
the endpoint energy cycle deposition for a given arrangement of electrodes [6]. Tract ablation was system-
atically performed during electrode withdrawal to prevent postprocedure hemorrhage. From January 2010, 
to protect the diaphragm, artificial ascites with saline water solution at room temperature was performed in 
patients who had a main tumor located in the dome [8]. Antibiotic prophylaxis was performed only in case 
of history of transpapillary biliary endoscopic procedure or bilioenteric anastomosis.

Treatment Response
Radiological response was assessed 1 month after mbp-RFA, then every 3 months for 2 years, and there-

after every 6 months with a triple-phase contrast-enhanced CT or MRI. Alpha-fetoprotein serum level 
measurement accompanied each follow-up imaging examination. Any tumor progression described during 
follow-up was reviewed for validation at our weekly multidisciplinary tumor board. 

Technical success (defined as the ability to complete the mbp-RFA procedure as planned) and primary, 
secondary, and tertiary treatment effectiveness (defined as the ability to achieve complete response after 
one, two, or three mbp-RFA procedures, respectively) were assessed. A tumor was considered completely 
ablated if no nodular or irregular enhancement adjacent to the ablation zone was visible during the arterial 
phase. In cases of incomplete ablation, an additional mbp-RFA procedure was performed using the number 
of electrodes required regarding the volume of residual tumor remaining to be treated according to no touch 
concept as previously described [6]. If additional procedures could not be attempted or did not achieve 
complete ablation, the case was regarded as a failure of mbp-RFA treatment. The number of applications, the 
amount of energy delivered, the time of energy deposition, and the duration of the original mbp-RFA proce-
dures performed for the treatment of the main tumor of each patient were recorded.

Complications
Complications were assessed according to the Clavien-Dindo classification [9]. The duration of hospital 

stay was recorded.

Recurrence and Survival
After complete ablation was achieved, local and distant recurrences were assessed during follow-up as 

previously defined [10]. Additional mbp-RFA procedure was considered when recurrence was detected. For 
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Fig. 1. Strategies for the place-
ment of six electrodes (40 mm ac-
tive part) according to the loca-
tion and the form of hepatocellu-
lar carcinoma (HCC) to treat with 
multibipolar radiofrequency ab-
lation (with adaptors) tumors > 5 
cm by limiting as much as possi-
ble full intraprocedural reposi-
tioning and intratumorous punc-
tures. a Basic pentagonal configu-
ration planning for the insertion 
of six electrodes according to 
roughly parallel courses (±30°) 
according as much as possible to 
the long axis of the tumor. b The 
cutting technique for the ablation 
of large tumors located at the pe-
riphery of the right or left lobe. 
Using the cutting strategy, the ef-
fect of the ablation extends from 
pure thermal effect for the safety 
margin and the proximal side of 
the tumor to ischemic effect for its 
opposite exo-hepatic side. c The 
no touch retronodular conver-
gent technique is the safer strate-
gy for the ablation of subcapsular 
tumor having a large liver side. 
This technique allows a strict ex-
tratumorous (no touch) ablation 
of subcapsular tumor up to 6 cm. 
Distances between the tips of two 
adjacent electrodes have to be 
within the 1–3 cm range. d The 
wedged ablation technique con-
sisting of inserting electrodes ac-
cording to the convergent course 
to the apex of the liver subseg-
ment or a segment where the tu-
mor is located is especially de-
signed to treat poorly delineated 
infiltrative HCC (assumed to be 
not diffuse). 
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recurrence, not amenable to percutaneous ablation, other treatments were considered: TAE, sorafenib, best 
conservative management. At the end of follow-up, overall local tumor progression rate included primary 
treatment failures, and local recurrences were recorded. In naive patients, the overall (local and distant 
tumor recurrences) recurrence-free survival (RFS) was computed. In cases of liver transplantation (for 
tumor progression within the Milan criteria or liver failure), all explants were submitted to a liver pathologist 
for gross and microscopic examination of ablated tumors as previously reported [11]. For patients who died 
during the follow-up period, the cause of death was recorded. 

Statistical Analysis
Continuous data were expressed as median and interquartile range, and categorical variables were 

expressed as frequency. Overall survival (OS) was defined from the date of original mbp-RFA to the patient’s 
death, or the last date of follow-up, the last visit. Follow-up was recorded until June 1, 2015. Patients who 
underwent liver transplantation during follow-up were censored at the date of transplantation. Tumor RFS 
(including local tumor progression and distant recurrence) was measured from the date of original mbp-RFA 
to the date of the first tumor progression or death or last date of follow-up without tumor progression. 

Survival curves were estimated using the Kaplan-Meier method. Univariate and multivariate Univariate 
Cox proportional hazards regressions were performed to determine the parameters associated with OS and 
RFS in naive patients. All variables with a p < 0.2 were entered into a stepwise Cox proportional hazards 
regression model. All statistical analyses were conducted using SAS software 9.4.1.

Results

Selection of Patients
Between January 2004 and February 2014, among the 105 patients referred to our Center 

for the treatment of HCC larger than 5 cm, not exceeding 10 cm, 83 (79%) received mbp-RFA 
as first-line treatment (Fig. 2). Eighty (96.4%) patients had biopsy-proven cirrhosis, 61 
(78.3%) mass-forming and 22 (21.7%) infiltrative forms including 12 (14.5%) cases of 
segmental portal invasion at imaging, 10 of which were infiltrative forms. Eighteen had a 
serum AFP level > 200 ng/ml. The median size of the largest nodule was 6.2 cm (5.1–9), and 
the diagnosis of HCC was made on the basis of histological findings at percutaneous biopsy 
for 56 patients and on the basis of noninvasive criteria [12] for the remaining 27 patients. 
Patient and tumor baseline characteristics are provided in detail in Table 1. 

From January 2004 to February 2014,
105 patients were referred for the treatment of less than three HCC >5 cm

15 treated by resection
– 8 without cirrhosis
– 7 with cirrhosis

7 treated by TAE
– 3 because of tumor location
– 4 because of too poor
 general conditions

83 treated by multibipolar RFA
– 2 without cirrhosis
– 83 with cirrhosis

Fig. 2. Flow chart of patient selec-
tion for treatment by multibipolar 
radiofrequency ablation (RFA) of 
up to three hepatocellular carci-
nomas (HCC) with a main nodule 
> 5 cm in the largest diameter. 
TAE, transarterial embolization.
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Treatment Response
Technical success was 100% (Fig. 3, 4). The original mbp-RFA procedures for the 

treatment of the main tumor required a mean number of 2.14 ± 1.4 [1–10] of RFA applica-
tions, a mean total amount of energy of 200 ± 100 kJ, a mean total deposition time of 39.7 ± 
15 min, and a mean total procedure duration of 104 ± 30 min. Whole treatment course 
consisted in one, two, and three procedures (the second and third procedures were performed 
within 2 months after a previous one regarded as incomplete) in 75, 6, and 2 patients, respec-
tively. After the last mbp-RFA procedures, CT or MRI showed complete ablation at 1 month 
in 78/83 (94%) patients resulting in primary, secondary, and tertiary effectiveness rates of 
84, 91, and 94%, respectively. Thus, mbp-RFA failed to achieve complete ablation in 5 patients, 
4 with infiltrative and 1 with mass-forming HCC.

Table 1. Characteristics of 83 patients with HCC >5 cm in diameter treated with multipolar RFA

Age, years 71 [37–93]
Male gender 67 (80.7)
Child-Pugh score

<6 64 (77.1)
=7a 16 (19.3)

Main etiology of liver disease 
Alcohol 34 (41)
HCV 27 (32.5)
HBV-HDV 11 (13)
NASH 7 (8.5)
Hemochromatosis 4 (5)

Esophageal varices 36 (43.5)
Platelet count, g/L
Platelet count <100 g/L

149 [53–440]
22 (26.5)

Prothrombin activity, %
Prothrombin activity <75%

79 [42–100]
30 (36)

Serum bilirubin level, µmol/L
Bilirubin >20 µmol/L

16 [4–78]
15 (18.1)

Naive 74 (89.1) 
Nonnaive 9 (8.9%)
Serum AFP level, ng/mL
AFP >200 ng/mL

1,404 [1–60,500]
18 (21.7)

Tumor
Mass forming 61 (73.5)
Infiltrative 22 (26.5)

Portal invasion at imaging 12 (14.5)b

Diameter of the main tumor, mm 62 [51–90]
Tumor diameter >70 mm 22 (26.5)
Number of tumors/patient

1 62 (74.7)
2 17 (20.5)
3 4 (4.8)

Intrahepatic portal vein invasion 12 (14.5)

Data are presented as mean [range] or n (%). HCC, hepatocellular carcinoma; RFA, radiofrequency 
ablation; HCV, hepatitis C virus; HBV, hepatitis B virus; HDV, hepatitis D virus; NASH, nonalcoholic steatosic 
hepatitis; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer. a Excluded 3 patients without 
established cirrhosis. b Of which 10 were infiltrative forms.
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Complications
The median duration of hospital stay after original mbp-RFA procedure was 4.3 days 

(2–45). The 31 observed complications were graded I (n = 25, 30%), II (n = 0, 0%), IIIa (n = 
3, 3.6%), IIIb (n = 1, 1.2%), IVa (n = 1, 1.2%), IVb (n = 0, 0%), and V (n = 1, 1.2%) according to 
Clavien-Dindo (Table 2). Six (7%) severe complications occurred, including one (1.2%) lethal 
septicemia. One patient treated for an infiltrative recurrence of HCC developed tract seeding 
and another one, with past history of sphincterotomy identified only after the treatment 
using six electrodes, developed hepatic abscess with biliopleural fistula successfully treated 

a b

c d

a b

c d

Fig. 3. Complete ablation of 55-
mm nodular hepatocellular carci-
noma (HCC) of segment 4 in a 
61-year-old man with Child-Pugh 
A cirrhosis. Axial CT scan at arte-
rial phase (a) and portal phase (b) 
of intravenous iodinate contrast 
medium injection showing well-
demarcated subcapsular mass of 
segment 4 with typical wash-in 
wash-out of HCC. Anterior hypoat-
tenuating area of the spleen is re-
lated to history of embolization for 
hypersplenism. One month after 
multibipolar radiofrequency abla-
tion, axial CT scan at arterial phase 
(c) and portal phase (d) of intrave-
nous iodinate contrast medium in-
jection shows unenhanced mass 
encompassing the limits of the tu-
mor. Note the presence intraseg-
mental bile duct dilatation up-
stream the ablation area (arrow) 
and basal right lung atelectasis 
due to reactive pleural effusion.

Fig. 4. Complete ablation of 52-
mm infiltrative hepatocellular 
carcinoma of segment 4 in a 
69-year-old man with Child-Pugh 
A cirrhosis. Axial CT scan at arte-
rial phase (a) and portal phase 
(b) of intravenous iodinate con-
trast medium injection showing a 
subsegmental infiltrative tumor 
of segment 4 with portal invasion 
reaching the left branch (arrow). 
One month after multibipolar ra-
diofrequency ablation, axial CT 
scan at arterial phase (c) and por-
tal phase (d) of intravenous iodin-
ate contrast medium injection 
shows wedged unenhanced area 
extending beyond the limits of in-
filtrative tumor.

3

4
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by drainage, antibiotic, and surgery to close the disruption of diaphragm. Three patients 
developed right pleural effusion requiring thoracocentesis. Twenty-five (30%) patients expe-
rienced at least one minor complication including (20.5%) postablation syndrome that 
persisted up to 7 days. Most of the pleural effusion (4/5) had an early onset when artificial 
ascites was not systematically performed for HCC located in the dome.

Recurrence and Survival
The median follow-up was 26.1 months (1–112) months. After complete ablation (n = 

78), local recurrence occurs in 14 patients (17.9%). Adding the 5 patients with mbp-RFA 
failure, the overall local-tumor progression was 22.9% (19/83). At multivariate analysis, 
infiltrative form (HR 5.18 [2.01–13.2], p = 0.0006), multinodular form (HR 5.29 [2.14–13.1], 
p = 0.003), and serum AFP >200 ng/mL (HR 3.45 [1.29–9.64], p = 0.02) were predictive of 
overall local tumor progression (Table 3).

Distant recurrence occurred in 43 out of the 78 (55.1%) patients with an imaging pattern 
of complete ablation after the initial cycle of mbp-RFA treatment, including 4 patients for 
whom extrahepatic metastasis appeared. Adding the local tumor progression, in the 74 naive 
patients, the estimated 3- and 5-year RFS were 31% (20–43) and 14% (5–28), respectively 
(Fig. 3). The median time of tumor progression was 14 months. Serum AFP > 200 ng/mL  
(HR = 2.86 [1.32–6.21], p = 0.008), multinodular form (HR 2.74 [1.4–5.38], p = 0.003), and 
infiltrative form (HR 3.43 [1.67–7.01], p = 0.0007) were independent risk factor of overall 
tumor progression in multivariate analysis (Table 3). The 3-year RFS was 47% in the 57 naive 
patients with mass-forming HCC, compared to 18% in the 17 naive patients with infiltrative 
HCC (Fig. 5). Compared with the mass-forming form, infiltrative HCC were associated with 
lower 3-year local and distant RFS: 85 versus 22%, and 48 versus 18%, respectively. 

Among the 74 naive patients, 53 (71.6%) patients died during follow-up and 2 patients 
were lost at follow-up. Known causes of deaths (n = 52) were: HCC progression (n = 31, 
41.9%), liver failure or digestive hemorrhage (n = 9, 12.2%), and non-liver related (n = 12, 
16.2%). Twenty-one (28.4%) patients were alive, including transplanted patients (censored 
at the date of transplantation). Five patients were listed for transplantation, 3 for tumor 
progression, 1 for liver failure, and 1 for both causes. Two patients were finally not trans-

Table 2. Complications encountered after single original multibipolar RFA procedure for the treatment of 
HCC >5 cm in 83 patients according to the Clavien-Dindo classification

Grade Events

I 17 (20.5%) postablation syndrome persisting beyond 7 days*
1 (1.2%) paralytic ileus*
1 (1.2%) hemobilia†

2 (2.4%) pleural effusion*
2 (2.4%) ascites†

2 (2.4%) icterus†

II No event
IIIa 3 (3.6%) pleural effusion requiring thoracentesis† 
IIIb 1 (1.2%) tumor tract seeding†

IVa 1 (1.2%) liver abscess and biliopleural fistula†

IVb No event
V 1 (1.2%) septicemia†

RFA, radiofrequency ablation; HCC, hepatocellular carcinoma. *, † Regarded as minor and major according 
to the Society of Interventional Radiology classification, respectively. 
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planted, 1 without tumor recurrence refused and died from liver failure; 1 died of severe 
sepsis on the waiting list 21 months after mbp-RFA. The 3 patients transplanted were alive 
without recurrence with a median follow-up since transplantation of 53 months (9.7–137 
months). In these patients, three nodules ≥5 cm previously treated with mbp-RFA appeared 
completely ablated at systematic pathological examination of the explanted livers. Among the 

Table 3. Factors associated with tumor progression-free survival (local and overall) and overall survival in 
patients treated with multibipolar radiofrequency ablation for hepatocellular carcinoma >5 cm

Univariate analysis Multivariate analysis

hazards ratio p hazards ratio p

Overall local tumor progression-free survival (83 patients) 
Age (>65 years) 0.95 (0.31–2.85) 0.92
Male gender 2.29 (0.53–9.91) 0.26
Prothrombin activity (<75%) 1.66 (0.68–4.01) 0.26
Serum bilirubin level (>20 μmol/L) 0.67 (0.15–2.94) 0.62
Platelet count (>100 g/L) 95 (0.34–2.61) 0.29
Child-Pugh score ≤6/=7 1.11 (0.32–3.87) 0.86
Esophageal varices 1.40 (0.58–3.37) 0.45
Serum AFP level (>200 ng/mL) 2.17 (0.82–5.67) 0.11 3.45 (1.29–9.64) 0.02
Multinodular form 3.88 (1.60–9.37) 0.0025 5.29 (2.14–13.1) 0.003
Tumor diameter (>70 mm) 1.66 (0.66–4.18) 0.27
Infiltrative tumor 3.37 (1.37–8.24) 0.00745 5.18 (2.01–13.2) 0.0006
Vascular invasion 3.83 (1.45–10.1) 0.006
Number of electrodes (<4) 1.3767 (0.59–3.29) 0.48

Overall tumor progression-free survival (74 naive patients)
Age (>65 years) 0.69 (0.34–1.41) 0.31
Male gender 0.59 (0.29–1.17) 0.13
Prothrombin activity (<75%) 1.01 (0.54–1.88) 0.96
Serum bilirubin level (>20 μmol/L) 0.74 (0.29–1.90) 0.54
Platelet count (>100 g/L) 0.63 (0.33–1.21) 0.16
Child-Pugh score ≤6/=7 1.25 (0.55–2.83) 0.59
Esophageal varices  1.46 (0.81–2.61) 0.20
Serum AFP level (>200 ng/mL) 2.05 (0.98–4.28) 0.06 2.86 (1.32–6.21) 0.008
Multinodular form 2.05 (1.08–3.89) 0.03 2.74 (1.4–5.38) 0.003
Tumor diameter (>70 mm) 2.15 (1.11–4.16) 0.03
Infiltrative tumor 2.28 (1.19–4.38) 0.01 3.43 (1.67–7.01) 0.0007
Vascular invasion 2.28 (1.04–4.99) 0.04
Number of electrodes (<4) 0.96 (0.54–1.73) 0.91

Overall survival (74 naive patients)
Age (>65 years) 0.56 (0.28–1.11) 0.09
Male gender 1.00 (0.48–2.07) 0.99
Prothrombin activity (<75%) 1.13 (0.62–2.07) 0.68
Serum bilirubin level (>20 μmol/L) 1.43 (0.69–2.97) 0.34
Platelet count (>100 g/L) 0.93 (0.47–1.83) 0.83
Child-Pugh score ≤6/=7 1.97 (0.99–3.91) 0.05
Esophageal varices 1.24 (0.69–2.20) 0.46
Serum AFP level (>200 ng/mL) 1.45 (0.70–3.01) 0.31
Multinodular form 0.99 (0.51–1.93) 0.99
Tumor diameter (>70 mm) 1.21 (0.62–2.40) 0.57
Infiltrative tumor 2.50 (1.33–4.70) 0.004 2.5 (1.33–4.69) 0.004
Macrovascular invasion 2.45 (1.21–4.97) 0.01
Number of electrodes (>4) 1.04 (0.58–1.85) 0.88

Figures in parentheses indicate confidence intervals. AFP, alpha fetoprotein.
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19 nontransplanted living patients, 10 had no detectable tumor. The estimated 3- and 5-year 
OS in naive 74 patients were 51% (38–62) and 24% (13–36), respectively. The median OS 
was 38 months, (Fig. 5). In univariate analysis, the variables associated with OS in naïve 
patients were age, Child-Pugh B class, macrovascular vascular invasion and infiltrative form 
(Table 3). In multivariate analysis, infiltrative form was the only independent risk factor for 
death (HR: 2.5 [1.33–4.69]; p = 0.004). In the 57 naive patients with mass-forming HCC, the 
estimated 3- and 5-year OS was 63.4 and 30% compared to 25 and 6% in 17 patients with 
infiltrative HCC, respectively (Fig. 3).
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Fig. 5. Survival figures. a Probabilities of tumor progression-free survival in 74 naïve patients treated with 
multibipolar radiofrequency ablation (RFA) for hepatocellular carcinomas (HCC) > 5 cm (median: 17.4 
months). b Probabilities of tumor progression-free survival in naïve patients after multibipolar RFA for the 
treatment of HCC > 5 cm according to the tumor type: mass-forming (n = 57) (median: 11.5 months) vs. infil-
trative form (n = 17) (median: 29.7 months). c Probabilities of overall survival in 74 naïve patients treated 
with multibipolar RFA for HCC > 5 cm (median: 37.2 months). d Probabilities of overall survival in naïve pa-
tients after multibipolar RFA for the treatment of HCC > 5 cm according to the tumor type: mass forming  
(n = 57) (median: 21.8 months) vs. infiltrative form (n = 17) (median: 41.8 months).
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Discussion

In this study, we reported the long-term outcomes of patients after mbp-RFA for the 
treatment of up to three unresectable HCC arising on compensated cirrhosis, the largest 
nodule measuring more than 5 cm in diameter. From the original cohort of 105 patients 
referred to our center with similar HCC staging, this strategy could be performed for 83 
(79%), while less than 10% (n = 7, 6.7%) received TAE including only 3 (2.8%) because the 
tumors were technically not suitable for percutaneous RFA. The fact is that mbp-RFA was 
highly effective to obtain complete response (78/83, 94%) in various challenging situations 
regarding the size and location of the tumor. Thus, mbp-RFA allows to maintain in upfront 
curative strategy a large portion of patients with large HCC and cirrhosis mostly not amenable 
to resection.

Preoperative ipsilateral portal vein embolization can increase marginally the overall 
resectability of these patients. However, at least 20% of originally planned liver resections 
are cancelled after portal vein embolization because of insufficient growth of future remnant 
lobe or tumor progression [13]. In our study, mbp-RFA was associated with 3- and 5-year OS 
of 51 and 24%, respectively. Although these results were in the lower range of 5-year OS 
reported after resection of HCC > 5 cm: 34% [14] and 33.8% [15], it must be pointed out that 
in our patients resection was contraindicated mainly because of too advanced cirrhosis and/
or insufficient general condition. For instance, in comparison with western HCC patients 
resected by Kluger et al. [14], in our study twice more had cirrhosis, and their median age was 
10 years older. That emphasized the main advantages of mbp-RFA over resection in the 
setting of cirrhosis by offering a curative option in a larger number of less selected patients. 
In our study, while fewer patients were amenable to salvage transplantation, 39% died of 
competitive causes of tumor progression (77.1% patients without local tumor progression at 
the endpoint of the study). The high efficacy of mbp-RFA to induce complete ablation of large 
HCC was confirmed in 3 patients transplanted since no viable tumor tissue in the treatment 
sites was found at histopathological analysis of liver specimens. Complications of the cirrhosis 
were nonnegligible cause of death in our cohort, emphasizing the need to improve the 
management of the underlying liver disease, and particularly alcohol abstinence. Thus, careful 
comparison of results achieved by resection and mbp-RFA for the treatment of HCC 5–10 cm 
in diameter in patients sharing similar characteristics, shows a comparable or even better (in 
intention to treat) rate of OS [14].

Recently, in more selected patients (n = 17) bearing large mass-forming HCC ranging 
from 5 to 7 cm in maximum diameter without intrahepatic major vessel invasion, similar 94% 
complete response rate has been achieved with the overlapping RFA technique using simul-
taneously only three electrodes [16]. The 5.7% major complication rate reported was also 
remarkably comparable to the 7% of our study, while a higher mean of 9 ± 2.2 intratumorous 
electrode placements and 3 ± 0.8 sessions were required. 

For the treatment of large HCC in inoperable patients, combined treatments consisting of 
TACE followed by intratumorous mono-applicator ablation (mostly with RFA and more 
recently with microwave ablation) have gained popularity [17–20]. Although these strategies 
led to 65–94% response rates for HCC > 5 cm when all therapeutic schedule was completed 
[17–19], the main limitation of this approach is that all patients with such large HCC respond 
sufficiently to TACE to benefit from the subsequent mono-applicator ablation procedure. Like 
the mono-applicator ablative procedure either performed with RFA or microwave ablation, 
response to TACE drops dramatically with the tumor diameter [21]. In a recent study, while 
the superselective cone beam CT-guided technique was used to perform lipiodol TACE, 35% 
of patients still had no objective response according to m-RECIST criteria [22, 23]. These 
results suggest that a nonnegligible portion of patients bearing solitary large HCC could not 



183Liver Cancer 2019;8:172–185

N’Kontchou et al.: Multibipolar RFA for the Treatment of Large HCC

www.karger.com/lic
© 2018 S. Karger AG, BaselDOI: 10.1159/000489319

be treated with curative intent using TACE combined with the mono-applicator ablative 
procedure. 

Infiltrative HCC was associated with treatment failure with impaired RFS and OS. Infil-
trative HCC is a morphological subtype of primary liver cancer identified by imaging and is 
characterized by a more aggressive phenotype than the classical and more frequent “mass-
forming” subtype [24]. This aggressive behavior was confirmed in our study as these tumors 
were characterized by a high rate of vascular invasion at imaging (10/12), elevated level of 
AFP and poor survival. In addition, even if the feasibility of ablation of infiltrative tumor was 
improved with mbp-RFA thanks to the wedged ablation strategy for the placement of elec-
trodes especially when six are used (18/22 complete ablation), results were still impeded by 
a high and early recurrence rate likely due in part to the difficulty to ensure a safety margin 
in these poorly demarcated tumors. Infiltrative form was also a negative feature in other 
types of treatments including surgery that is frequently not considered or not possible in this 
setting. Thus, nonsurgical approaches like percutaneous intraarterial ethanol injection, radio-
embolization, TACE, or combined treatments also led to poorly sustained favorable outcomes 
even in few cases displaying initial complete response [25–28]. Thus, for the treatment of 
infiltrative but not diffuse HCCs, further strategies remain to be studied, including a better 
selection of patients who might benefit from local aggressive treatment such as mbp-RFA.  

mbp-RFA appeared as a safe option for the treatment of large HCC. The mortality rate was 
1.2% (n = 1), and major complications occurred in 7% (n = 6). Most complications except one 
biliopleural fistula and one tumor seeding were easily manageable. The increasing number of 
electrode insertions needed to perform mbp-RFA was not associated with more frequent 
hemorrhagic events. However, the rate of complications reported in our study was clearly 
higher than that reported in the treatment of small HCCs [29], but was still in the range of 
those reported by other series of percutaneous ablation of large HCCs [30]. We observed 
especially a relatively high incidence of pleural effusion and postablation syndrome due to 
treatment in HCC located in the dome. These complications mostly occurred during the first 
period of the study and dramatically decreased since artificial ascites were systematically 
used during the treatment of HCC located in the dome. Interestingly, according to the Clavien-
Dindo grading of surgical complications, the safety of mbp-RFA of large HCC still compares 
favorably with hepatectomy, while patients treated were definitely in the higher risk group 
than those commonly resected [31].

The limitations of our study were related to its retrospective, monocentric, and noncom-
parative design. In addition, the small size of our population and the number of events may 
have limited the ability of our multivariable model to study more than 2 association factors. 
The direct comparison with surgical series was not possible as most of our patients were 
considered as nonresectable. Comparison with combined TACE and monopolar RFA could be 
interesting if the analysis includes patients for whom RFA is not attempted because of insuf-
ficient response to previous TACE. Finally, we acknowledge that mbp-RFA is skill demanding 
and that slows down its development. However, regarding the stake to offer curative strategy 
to the numerous patients bearing large HCC not upfront resectable or transplantable, we 
believe that mbp-RFA is worth being an available option in expert centers. 

In conclusion, our study showed that mbp-RFA treatment has an acceptable safety profile, 
offers good OS in HCC > 5 and < 10 cm and should be considered as a potential curative 
approach when surgical resection is not possible. Conversely, for infiltrative HCC, although 
complete response rate to mbp-RFA, even lower, remained favorable, the worst RFS and OS 
associated with this form confirmed its aggressive behavior. Beyond a more stringent strategy 
for selecting patients with infiltrative form to benefit from mbp-RFA, new or combined 
treatment approaches are needed to improve survival of patients with these subtypes of 
tumors.
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