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 Alcohol (%) HBV (%) HCV (%) Others (%)
Europe     
Western 32 13 44 10
Central 46 15 29 10
Eastern 53 15 24 8
North America 37 9 31 23
Andean Latin America 23 45 12 20
Asia     
East Asia 32 41 9 18
Asia-Pacific 18 22 55 6
South-East Asia 31 26 22 21
Africa     
North Africa, Middle East 13 27 44 16
Southern (sub-Saharan) 40 29 20 11
Western (sub-Saharan) 29 45 11 15

*Contribution of hepatitis B, C, alcohol and other causes on absolute liver cancer deaths, both sexes, globally and by region 2015. Data refer to all primary liver cancers (HCC, intrahepatic CCA and liver cancer of mixed differentiation) 
1. Akinyemiju T, et al. JAMA Oncol 2017;3:1683–91; 
EASL CPG HCC. J Hepatol 2018; doi: 10.1016/j.jhep.2018.03.019

• 90% éthologie identifiée : 
– HCV, HBV, alcool
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Background & Aims: The aim of this study was to compare the
efficacy of radiofrequency ablation (RFA) with surgical resection
(RES) in the treatment of small hepatocellular carcinoma (HCC).
Methods: A total of 168 patients with small HCC with nodular
diameters of less than 4 cm and up to two nodules were ran-
domly divided into RES (n = 84) and RFA groups (n = 84). Out-
comes were carefully monitored and evaluated during the 3-
year follow-up period.
Results: The 1-, 2-, and 3-year survival rates for the RES and RFA
groups were 96.0%, 87.6%, 74.8% and 93.1%, 83.1%, 67.2%, respec-
tively. The corresponding recurrence-free survival rates for the
two groups were 90.6%, 76.7%, 61.1% and 86.2%, 66.6%, 49.6%,
respectively. There were no statistically significant differences
between the two groups in overall survival rate (p = 0.342) or
recurrence-free survival rate (p = 0.122). Multivariate analysis
demonstrated that the independent risk factors associated with
survival were multiple occurrences of tumors at different hepatic
locations (relative risk of 2.696; 95% CI: 1.189–6.117; p = 0.018)
and preoperative indocyanine green retention rate at 15 min
(ICG-15) (relative risk of 3.853; 95% CI: 1.647–9.015; p = 0.002).
Conclusions: In patients with small hepatocellular carcinomas,
percutaneous RFA may provide therapeutic effects similar to
those of RES. However, percutaneous RFA is more likely to be
incomplete for the treatment of small HCCs located at specific
sites of the liver, and open or laparoscopic surgery may be the
better choice.

! 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer
worldwide and the third most common cause of cancer mortality
[1,2]. It represents a major public health problem in the Asia–
Pacific region, where the incidence of viral hepatitis is high. The
incidence of HCC in China alone accounts for 55% of all cases
worldwide [3]. Emphasizing the importance of HCC surveillance
in patients with chronic liver disease in endemic Asian countries,
the treatment of small HCC (mostly early HCC) has become a
focus in hepatobiliary surgery. Surgical resection is widely
accepted as curative treatment for most of the patients with
small HCC, who are unwilling to receive liver transplantations
[4,5]. However, local ablative techniques, such as percutaneous
ethanol injection (PEI), microwave coagulation therapy (MCT),
and radiofrequency ablation (RFA) have become increasingly
popular in the treatment of small HCC [6–8]. Among these tech-
niques, RFA is currently the most widely used method due to its
ease of use, safety, cost-effectiveness, and minimal invasiveness
[7,9–12].

Whether RFA or surgical resection is the better treatment
option for small HCC has been debated since RFA was recom-
mended as treatment option in the 2005 practice guidelines
issued by the American Association for the Study of Liver Dis-
eases (AASLD) [13]. Recently, two meta-analyses have been con-
ducted on this matter [14,15]. However, the conclusions drawn
differ significantly. The main reason for these discrepancies is
the fact that the majority of data was obtained from non-ran-
domized controlled trials (1 RCT and 9 NRCTs in one study, 1
RCT and 7 NRCTs in another), and the overall level of clinical evi-
dence is low. Furthermore, the conclusions drawn from two
recently published randomized-controlled trials are contradic-
tory [16,17]. Additional credible randomized-controlled trials
are necessary for clinical guidance. Over the last 10 years, fre-
quent upgrades in radiofrequency devices and needle electrode
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of HCC with surgical resection and RFA contradict each other
[16,17]. Currently, staging protocols or clinical practice guidelines
that can accurately address the wide array of tumor factors and
individual characteristics involved in HCC are not available [29].
For a single tumor nodule without vascular invasion, surgical
resection continues to be one of the best curative treatment
options [30]. Nevertheless, it is generally accepted that surgical
resection is not curative if there are more than two tumor nod-
ules, even if they can be completely removed. Likewise, RFA
may result in ablation site recurrences if the nodules are greater
than 4 cm in diameter, or more than three nodules are present

[31–33]. Furthermore, it has been confirmed that RFA cannot
produce sufficiently high temperatures throughout all areas of
the tumor when the needle electrodes are placed multiple times,
attempting to overlap zones of thermal ablation in large tumors
[10,34]. Therefore, we chose patients with tumors that were
smaller than 4 cm in size and who had no more than two nodules
that could be cured by either RES or RFA. A multipolar needle
electrode with a 5-cm diameter was used to ensure complete
tumor necrosis, which can achieve the 1-cm safety margin similar
to local surgical excision [21]. This study showed that overall sur-
vival rates and recurrence-free survival rates were the same for
HCC patients with tumors smaller than 4 cm and with no more
than two nodules, regardless of whether they were treated with
RFA or surgical resection. Compared to surgical resection, RFA
had the advantages of a shorter hospitalization time, fewer blood
transfusions, and less need for postoperative TPN. It is possible
that ECOG scores were not different because (A) the study was
not powered to detect differences in performance status and (B)
the instrument selected was not sensitive for patients undergoing
therapy for HCC. Although the ECOG score was similar in the two
groups, the better perioperative period data in the RFA group
indicated the advantages of minimally invasive procedures.

The independent risk factors affecting the postoperative sur-
vival were preservation of liver function (ICG-15) and presence
of multiple tumors in different liver segments. The main cause
of death by HCC was not only tumor recurrence, but also gradu-
ally deteriorating liver function. The ICG-15 had more prognostic
value than other indicators of liver function (ALT, albumin, biliru-
bin, and Child-Pugh-Turcotte classification). The poor prognosis
caused by multiple tumors in different liver segments reflected
the severity of the underlying liver disease and the multicentric
occurrence. In such cases, neither surgical removal nor RFA can
effectively prevent death caused by tumor recurrence and decline
of liver function. For these patients, only liver transplantation can
provide a radical treatment effect.

Table 2. The peroperative period data of both groups.

RFA group 
(n = 84)

RES group 
(n = 84)

t or z value p value

Operation time (min) 40.5 (14.4) 140.8 (45.7) 7.254 0.000
Blood loss (ml) 20.5 (5-200) 375 (150-1800) 4.978 0.000
Blood transfusion (ml) 0 (0-600) 210 (0-2000) 2.681 0.014
Postoperative TPN (d) 0 (0-2) 2 (1-10) 5.407 0.000
Hospitalization duration (d) 7.3 (2.3) 14.8 (4.5) 13.641 0.000

All data above had a non-normal distribution, except the operation time and the duration of hospital stay.
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Fig. 2. Survival analysis according to the treatment group. (A) Probability of
survival in patients treated with surgical resection and in patients assigned to the
radiofrequency ablation group (log-rank test, v2 = 0.903, p = 0.342). (B) Probabil-
ity of recurrence-free survival in patients treated with surgical resection and in
patients assigned to the radiofrequency ablation group (log-rank test, v2 = 2.389,
p = 0.122).

Table 3. Treatment modalities of recurrence.

RFA group RES group
Surgical resection 7 3
Local ablative therapy 13 14
TACE 8 5
Radiotherapy 1 2
Chemotherapy 2 0
Liver transplantation 2 1
Palliative treatment 2 3
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BACKGROUND. Radiofrequency ablation (RFA) was introduced recently as a thera-

peutic modality for hepatocellular carcinoma (HCC), an alternative to percutane-

ous ethanol injection therapy (PEIT), which is coming into use worldwide. Previ-

ously reported treatment efficacy and complication rates have varied considerably.

METHODS. Between February 1999 and February 2003, the authors performed 1000

treatments of RFA to 2140 HCC nodules in 664 patients with a cooled-tip electrode

at the University of Tokyo Hospital (Tokyo, Japan). Short-term and long-term

complications were analyzed by treatment and session basis. Cumulative survival

was also assessed in 319 patients who received RFA as primary treatment (naive

patients) and 345 patients who received RFA for recurrent tumor after previous

treatment including resection, PEIT, microwave coagulation therapy, and transar-

terial embolization (nonnaive patients).

RESULTS. A total of 40 major complications (4.0% per treatment, 1.9% per session)

and 17 minor complications (1.7% per treatment, 0.82% per session) were observed

during the observation period until March 31, 2004. There were no treatment-

related deaths. Surgical intervention was required in one case each of bile perito-

nitis and duodenal perforation. The cumulative survival rates at 1, 2, 3, 4, and 5

years were 94.7%, 86.1%, 77.7%, 67.4%, and 54.3% for naive patients, whereas the

cumulative survival rates were 91.8%, 75.6%, 62.4%, 53.7%, and 38.2% for nonnaive

patients, respectively.

CONCLUSIONS. The authors confirmed the safety and efficacy of RFA for HCC in a

large-scale series and long-term prognosis was satisfactory. Cancer 2005;103:
1201–9. © 2005 American Cancer Society.

KEYWORDS: hepatocellular carcinoma, interventional radiology, postoperative com-
plications, survival analysis, cirrhosis.

Hepatocellular carcinoma (HCC) is a common malignancy world-
wide, with an increasing incidence in the United States.1,2 Current

options for the treatment of this cancer consist of surgical resection,
transcatheter arterial embolization (TAE), and percutaneous ablation
therapy. Although surgical resection usually is considered to be the
first-choice treatment,3,4 it is not infrequently contraindicated by
underlying chronic liver diseases based on hepatitis B or C virus
(HCV) infection.5,6 Orthotopic liver transplantation (OLT) is a strategy
that can treat both cancer and liver dysfunction, and indeed has
shown excellent survival in patients at an early stage of the cancer
(e.g., a single nodule of ! 5 cm in dimension or ! 3 nodules of ! 3 cm
in dimension).7,8 However, with an increasing demand for donor
tissue but a limited supply, the waiting time for an OLT is now " 1
year in Europe and the United States.8,9 TAE is a widely performed

1201

© 2005 American Cancer Society
DOI 10.1002/cncr.20892
Published online 2 February 2005 in Wiley InterScience (www.interscience.wiley.com).

Radiofrequency Ablation of Hepatocellular Carcinoma:
Long-term Results and Prognostic Factors in 235

Western Patients with Cirrhosis
Gisèle N’Kontchou,1 Amel Mahamoudi,1 Mounir Aout,2 Nathalie Ganne-Carrié,1 Véronique Grando,1

Emmanuelle Coderc,3 Eric Vicaut,2 Jean Claude Trinchet,1 Nicolas Sellier,3 Michel Beaugrand,1 and Olivier Seror3

For the treatment of small hepatocellular carcinoma (HCC), radiofrequency ablation (RFA) is in
some centers considered a first-line therapeutic option. However, such a strategy is still under
debate with regard to tumor and patient characteristics. In this single-center study we assessed the
5-year survival and prognosis factors in 235 consecutive patients with cirrhosis (Child-Pugh A/B:
205/30) who received RFA as first-line treatment for up to three HCC <5 cm (307 tumors; mean
diameter: 29 ! 10 mm; 53 multinodular forms). Among these patients, 67 satisfied the criteria
for resection according to the Barcelona Clinic Liver Cancer. Complete ablation was obtained in
222 patients (94%). Overall, 337 RFA sessions were performed including iterative RFA for
recurrence. Major complications occurred in three patients (0.9%), including one treatment-
related death. After 27 ! 20 months of mean follow-up, local or distant, or both, tumor recur-
rence occurred in 16, 88, and 11 patients, respectively. Twenty-nine patients underwent
transplantation and were removed from the study at this point. Overall 5-year, recurrence-free,
and tumor-free (including results of iterative RFA) survival rates were, respectively, 40%, 17%,
and 32%. The overall 5-year survival rate was 76% for operable patients. Factors associated with
overall survival were prothrombin activity (hazard ratio [HR] " 0.97, 0.96-0.98; P < 0.0001)
and serum levels of #-fetoprotein (AFP) (HR " 1.02, 1.02-1.02; P < 0.0001), and factors
associated with tumor recurrence were multinodular forms (HR " 2.34; 1.52-3.6; P " 0.0001)
and serum AFP levels (HR " 1.015, 1.014-1.016; P " 0.015). Tumor size was associated with local
recurrence but not with overall and tumor-free survival. Conclusion: RFA is a safe and effective
first-line treatment of HCC up to 5 cm in diameter, especially for patients with a single tumor, a low
serum AFP level, and well-preserved liver function. (HEPATOLOGY 2009;50:1475-1483.)

In patients with cirrhosis and small hepatocellular car-
cinoma (HCC), radiofrequency ablation (RFA) is
currently recognized as an effective local treatment.1,2

Long-term results of RFA in a large series of patients are

often difficult to compare due to the heterogeneity of
selection and patient management, in light of the institu-
tion’s policy for approaches used (percutaneous or intra-
operative) or the indication of additional treatments,
especially transarterial chemoembolization (TACE).3-6

However, there is currently a broad consensus regarding
the major influence of the severity of the underlying liver
disease in HCC patients.3–9 This point may in part ex-
plain discrepancies in long-term survival rates reported
between Western and Eastern series. European patients
are usually older, with a higher rate of alcoholic cirrhosis
and a more advanced cirrhosis, explaining the fact that
only a small percentage of them (!10%) are candidates
for resection.10 Thus, a worse prognosis has been reported
in alcoholic patients after liver resection, even when they
belonged to Child-Pugh Class A.11 But in reported RFA
series, the percentage of patients with cirrhosis related to
alcohol is usually less than 10%.5,12 Concerning patients
with hepatitis C virus (HCV) cirrhosis, viral eradication

Abbreviations: AFP, !-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CT,
computed tomography; HCC, hepatocellular carcinoma; HCV, hepatitis C virus;
MRI, magnetic resonance imaging; RFA, radiofrequency ablation; TACE, trans-
arterial chemoembolization; US, ultrasound.
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Jean Verdier, Avenue du 14 Juillet, Bondy 93143 cedex, France. E-mail: olivier.
seror@jvr.aphp.fr; fax: "33 1 48 02 60 53.

Copyright © 2009 by the American Association for the Study of Liver Diseases.
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/hep.23181
Potential conflict of interest: Nothing to report.

1475

Radiofrequency Ablation
of Hepatocellular Carcinoma
as Bridge Therapy to Liver
Transplantation: A 10-Year
Intention-to-Treat Analysis
Min Woo Lee,1,2 Steven S. Raman,1 Nazanin H. Asvadi,1 Surachate Siripongsakun,1,3 Robert M. Hicks,1 Jeffrey Chen,1

Akeanong Worakitsitisatorn,1,3 Justin McWilliams,1 Myron J. Tong,4 Richard S. Finn,5 Vatche G. Agopian,6

Ronald W. Busuttil,6 and David S.K. Lu1

In a long-term (10-year) study of radiofrequency ablation (RFA) of hepatocellular carcinoma (HCC) as bridging therapy in
patients listed for orthotopic liver transplantation (LT), we evaluated the impact of RFA on waiting list dropout rate, post-LT
tumor recurrence, and long-term intention-to-treat, disease-specific survival (DSS). From March 2004 to October 2014, RFA
was performed as the initial stand-alone bridge therapy to LT for 121 patients (men/women ratio, 83:38; mean age, 60.0 years)
with 156 de novo HCCs (mean size, 2.4 cm). Follow-up period from initial RFA ranged from 1.3 to 128.0 months (median,
42.9 months). We assessed the overall and tumor-specific waiting list dropout rates, post-LT tumor recurrence, and 10-year
post-LT and intention-to-treat survival rates. Dropout from the waiting list due to tumor progression occurred in 7.4% of
patients. HCC recurrence after LT occurred in 5.6% of patients. The post-LT overall survival (OS) rate at 5 and 10 years was
75.8% and 42.2%, respectively, and the recurrence-free survival (RFS) rate was 71.1% and 39.6%, respectively. Intention-to-
treat OS, RFS, and DSS rates for the entire study population at 5 and 10 years were 63.5% and 41.2%, 60.8% and 37.7%,
and 89.5% and 89.5%, respectively. Conclusion: RFA as a first-line stand-alone bridge therapy to LT achieves excellent long-
term overall and tumor-specific survivals, with a low dropout rate from tumor progression despite long wait list times and a
sustained low tumor recurrence rate upon post-LT follow-up of up to 10 years. (HEPATOLOGY 2017;65:1979-1990)

Hepatocellular carcinoma (HCC) is a major
cause of cancer death worldwide, with more
than 700,000 deaths per year.(1) Because

most HCCs develop in patients with liver cirrhosis,
liver transplantation (LT) is considered a treatment of
choice for cure of both cancer and cirrhosis. However,
not all patients with HCC and cirrhosis can be

managed with LT due to shortage of available liver
donors. Patients with HCCs on the waiting list for LT
are often delisted due to tumor progression beyond the
accepted criteria for LT. Therefore, locoregional thera-
py such as radiofrequency ablation (RFA) has been
applied to HCC patients in many transplant centers
before or after listing for LT, with the aim to bridge

Abbreviations: AFP, alpha-fetoprotein; CI, confidence interval; CR, complete response; CT, computed tomography; DSS, disease-specific survival;
HCC, hepatocellular carcinoma; LT, liver transplantation; LTP, local tumor progression; MELD, Model for End-Stage Liver Disease; MRI, magnetic
resonance imaging; OR, odds ratio; OS, overall survival; PD, progressive disease; PR, partial response; RFA, radiofrequency ablation; RFS, recur-
rence-free survival.
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According to the American Association for the Study of Liver Diseases guidelines, percuta-
neous ethanol injection (PEI) is a safe and highly effective treatment for small hepatocellular
carcinomas (HCC) and should be the standard against which any new therapy is compared.
The primary purpose of this study was to identify survival benefit of any percutaneous
ablation therapy as compared with PEI in the treatment of patients with unresectable HCC.
The secondary endpoints were initial tumor response, local tumor progression, and compli-
cations. Randomized controlled trials that compared pecutaneous ablative therapies with
PEI were included. MEDLINE, the Cochrane Library, CANCERLIT, and manual search
from 1978 to July 2008 were used. To control the potential heterogeneity, the random effects
model of DerSimonian and Laird was used for a meta-analysis. Egger’s test was performed to
test a potential publication bias. We identified seven randomized controlled trials (RCTs),
but only four RCTs including 652 patients that compared radiofrequency ablation (RFA)
with PEI met the inclusion criteria to perform a meta-analysis assessing 3-year survival. A
meta-analysis of the four RCTs demonstrated a significant improvement in 3-year survival
favoring RFA over PEI (odds ratio 0.477, 95% confidence interval 0.340-0.670; P < 0.001).
Heterogeneity among the four trials was not significant (Q ! 4.586; P! 0.205). Egger’s test
revealed that the publication bias was not significant (P ! 0.647). However, the number of
patients included in the analysis was insufficient for a robust meta-analysis of initial tumor
response. The definition of local tumor progression or major complication was not unified
among the trials included in the meta-analysis. Conclusion: RFA demonstrated significantly
improved 3-year survival status for patients with HCC, when compared to PEI. (HEPATOLOGY

2009;49:453-459.)

Hepatocellular carcinoma (HCC) is a problem
worldwide, including the United States and Eu-
rope.1-3 Surgical resection plays only a limited

role in the treatment of HCC, because the inclusion cri-
teria are usually very limited, and consequently several

nonsurgical therapies have been developed.4-6 Among
these therapies, percutaneous ethanol injection (PEI) has
been widely used as a standard treatment for small
HCC.7,8 This technique involves a needle being intro-
duced into a liver tumor and slow injection of absolute or
95% alcohol into the lesion,8 thus it can achieve a higher
rate of complete tumor response for small HCCs.9 Ac-
cording to the American Association for the Study of
Liver Diseases (AASLD) practice guidelines, PEI is safe
and highly effective for small HCC and should be the
standard against which any new therapy is compared.4

Other alternative nonsurgical treatments include per-
cutaneous acetic acid injection (PAI),10,11 microwave co-
agulation therapy (MCT),12-14 laser interstitial thermal
ablation therapy,14,15 cryoablation therapy,16, 17 and ra-
diofrequency ablation (RFA).18-24

Among these therapies, RFA is a promising and re-
cently developed thermo-coagulative ablation tech-
nique.18-24 According to the AASLD guidelines, RFA

Abbreviations: AASLD, American Association for the Study of Liver Diseases;
HCC, hepatocellular carcinoma; MCT, percutaneous microwave coagulation ther-
apy; PAI, percutaneous acetic acid injection; PEI, percutaneous ethanol injection;
RCT, randomized controlled trial; RFA, radiofrequency ablation.
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success rate of 91.7%. Of the 13 nodules with residual
tumor, 12 were completely ablated by a second
(n5 11) or third (n5 1) RFA session. The remaining
nodule showed tumor progression with portal vein
invasion after a second RFA session and thus was con-
sidered an unsuccessfully treated tumor.
Of 156 nodules, 148 showed no residual tumor after

a 3-month treatment course, a primary technique effi-
cacy rate of 94.9% (148/156). Residual tumors were
identified in three nodules where the initial RFA had
been considered technically successful in the treatment
course. Among them, two tumors with portal vein
invasion were considered unsuccessfully treated
tumors. One patient with residual tumor died before a
second RFA session because of variceal bleeding.
There were four cases where the presence of residual
tumor was uncertain; all eventually developed residual
tumor on later follow-up CT or MRI. These tumors
were followed over the treatment course and were
completely treated by second RFA sessions 4, 5, and
10 months after initial RFA, respectively.

LTP was identified in 11 (7.4%) of 148 HCC nod-
ules with initial primary technique efficacy. Cumulative
rates of LTP were estimated as 10.7%, 19.2%, and
19.2% at 1, 2, and 4 years, respectively. Among 11
nodules with LTP, seven were completely treated by
additional RFAs. However, one nodule showed tumor
progression after two additional RFA sessions. In one
case, radioembolization was performed because RFA
was considered infeasible. For the remaining two nod-
ules, LT was performed without additional RFA. Tak-
ing into account all RFA sessions including initial
course and repeated treatments for LTP, secondary
technique efficacy, or overall tumor control rate, was
93.6% (146/156).
Radiologic/pathologic correlation of 113 HCC nod-

ules was performed based on explant histology and it
revealed residual tumor in 28.3% (32/113) of cases on
histopathologic examination. Sensitivity, specificity,
positive predictive value, and negative predictive value
for diagnosis of residual disease on radiologic evalua-
tion were 3.1% (1/32), 98.8% (80/81), 50.0% (1/2),
and 72.1% (80/111), respectively. The rate of complete
necrosis was significantly higher for tumors <3 cm
than tumors! 3 cm (78.9% [60/76] versus 56.8% [21/
37]; P5 0.014). The rate of complete necrosis of
HCC was lower in patients with post-LT HCC recur-
rence than in those without recurrence (20.0% [1/5]
versus 67.9% [57/84]; P5 0.048).

TABLE 3. Multivariate Analysis for Significant Predictors of
Tumor-Specific Dropout

Variable OR 95% CI P

Treatment failure at 3 months 8.541 1.31-55.608 0.025
Serum AFP level upon listing 1.002 1.000-1.004 0.046

TABLE 4. Relevant Studies Reporting Neoadjuvant Treatment Before LT and Their Outcomes

Study
Neoadjuvant
Treatment

No. of
Patients

Waiting Time,
Months

Disease-
Specific

Dropout Rate, %
Post-LT HCC

Recurrence, %
Post-LT

Survival, %
Intention-to-Treat

Survival, %

Fontana et al.(12) RFA 23 Mean, 7.9 NA 13 OS, 85 (3 years) NA

Mazzaferro et al.(5) RFA 50 Median, 9.5 0 3.3 OS, 83 (3 years) NA

Lu et al.(11) RFA 52 Mean, 12.7 5.8 0 OS, 76 (3 years) OS, 74 (3 years)

Millonig et al.(22) TACE 116 Median, 9 8.6 14.2 NA OS, 70.3 (5 years)†

Cherqui(31) Resection 18* NA NA NA OS, 70 (5 years) OS, 72 (5 years); RFS,
44 (5 years)

Cucchetti et al.(21) Mixed 315 Median, 10 16.5 10.2 OS, 74.3 (5 years) NA

Current study RFA 121 Mean, 10.2 7.4 5.6 OS, 79.7 (3 years),
75.8 (5 years),
71.3 (8 years),
42.2 (10 years),

RFS, 78.3 (3 years),
71.1 (5 years),
66.9 (8 years),
39.6 (10 years)

OS, 67.2 (3 years),
63.5 (5 years),
60.0 (8 years),
41.2 (10 years),

RFS, 65.4 (3 years),
60.8 (5 years),
54.8 (8 years),
37.7 (10 years)

NA, not applicable.
*Out of the entire study population (n5 67), only 18 patients underwent LT.
†Patients within Milan criteria at the time of listing.

HEPATOLOGY, Vol. 65, No. 6, 2017 LEE ET AL.

1985

Traitement du CHC : TACE



�22

Traitement du CHC

Homme 43 ans 

Cirrhose HBV child A 

Apparition d’un nodule de 
2.2 cm

Traitement du CHC : TACE



�23

Traitement du CHC

Homme 43 ans 

Cirrhose HBV child A 

Apparition d’un nodule de 
2.2 cm 

Biopsie : CHC

Traitement du CHC : TACE



�24

Traitement du CHC

Homme 43 ans 

Cirrhose HBV child A 

Apparition d’un nodule de 
2.2 cm 

Biopsie transjugulaire : pas 
de gradient (4 mm Hg)

Traitement du CHC : TACE



�25

Traitement du CHC

Homme 43 ans 

Cirrhose HBV child A 

Apparition d’un nodule de 
2.2 cm 

Stratégie : TACE et RF

Traitement du CHC : TACE



�26

Traitement du CHC

Homme 43 ans 

Cirrhose HBV child A 

Apparition d’un nodule de 
2.2 cm 

Contrôle IRM à 3 ans

Traitement du CHC : TACE



Traitement du CHC
�27

CT à 3 mois 
nécrose complète des 2 
nodule à OLT à 3 mois

Traitement du CHC : TACE



�28
Forner A, et al. Lancet 2018;391:1301–1314 
EASL CPG HCC. J Hepatol 2018; doi: 10.1016/j.jhep.2018.03.019

TACE

Traitement du CHC : TACE



�29

CL IN ICAL STUDIES

Transarterial chemoembolization in combinationwith
percutaneous ablation therapy in unresectable hepatocellular
carcinoma: ameta-analysis
Wei Wang!, Jian Shi! and Wei-Fen Xie

Department of Gastroenterology, Shanghai Changzheng Hospital, Second Military Medical University, Shanghai, China

Keywords

chemoembolization – hepatocellular

carcinoma – percutaneous ablation

Correspondence

Wei-Fen Xie, MD, PhD, Department of

Gastroenterology, Changzheng Hospital,

Second Military Medical University, Shanghai

200003, China

Tel: 186 21 8188 5341

Fax: 186 21 6352 0020

e-mail: weifenxie@medmail.com.cn

Received 13 December 2009

Accepted 8 February 2010

DOI:10.1111/j.1478-3231.2010.02221.x

Abstract
Background: Recent evidence suggests that transcatheter arterial chemoembo-
lization (TACE) combined with radiofrequency ablation (RFA) or a percuta-
neous ethanol injection (PEI) may have a synergistic effect in treating
hepatocellular carcinoma (HCC). The aim of the current meta-analysis was
to identify the survival benefits of TACE combined with percutaneous ablation
(PA) therapy (RFA or PEI) for unresectable HCC compared with those of
TACE or PA alone. Methods: Randomized-controlled trials (RCTs) published
as full papers or abstracts were searched to assess the survival benefit or
tumour recurrence for patients with unresectable HCC on electronic data-
bases. The primary outcome was survival. The secondary outcomes were
response to therapy and tumour recurrence. Results: Ten RCTs met the criteria
to perform a meta-analysis including 595 participants. TACE combined with
PA therapy, respectively improved, 1-, 2-, and 3-year overall survival compared
with that of monotherapy [odds ratio (OR) 2.28, 95% confidence interval (CI)
1.14–4.57; P = 0.020], (OR = 4.53, 95% CI 2.62–7.82, Po 0.00001) and
(OR = 3.50, 95% CI 1.75–7.02, P = 0.0004). Sensitivity analysis demonstrated
a significant benefit in 1-, 2- and 3-year overall survival of TACE plus PEI
compared with that of TACE alone for patients with large HCC lesions, but
not in TACE plus RFA vs RFA for patients with small HCCs. The pooled result
of five RCTs showed that combination therapy decreased tumour recurrence
compared with that of monotherapy (OR = 0.45, 95% CI 0.26–0.78,
P = 0.004). Conclusion: TACE combined with PA therapy especially PEI
improved the overall survival status for large HCCs.

The incidence of hepatocellular carcinoma (HCC) has
increased dramatically in the past decade, making HCC
the sixth most common cancer in the world currently (1).
It is recognized that only a small proportion of patients
with early-stage HCC may benefit from radical options,
such as surgical resection and orthotopic liver transplan-
tation. However, surgical resection is not the first treat-
ment choice for HCC patients with large lesions or poor
liver function. Palliative care and management including
transcatheter arterial embolization, transcatheter arterial
chemoembolization (TACE) and percutaneous ablation
(PA) are prescribed for most HCC patients to prevent
and relieve suffering and improve quality of life. Patients
with large and multiple lesions exceeding the Milan
criteria have been widely treated by TACE, which has
been proven to improve the survival of those patients (2).
Moreover, percutaneous ethanol injection (PEI) and

radiofrequency ablation (RFA) have been shown to be
highly effective in the treatment of small HCCs (3, 4).

However, it is usually difficult to achieve complete
necrosis of the target lesion by TACE alone, because of
intracapsular or extracapsular invasion of HCC and
viable tumour cells remaining after treatment (5). Thus,
repeated procedures were needed to achieve a better
result, although no much survival benefit was gained
when TACE was used alone (6).

Additionally, recent evidence suggests that TACE com-
bined with RFA or PEI treatment may have a synergistic
effect in treating HCC, especially for larger lesions that
do not respond adequately to either procedure alone. For
5 cm lesions, the complete response rate of RFA after
TACE was reported to be 90–100% at 1 year (7, 8).
Kirioshi et al. (9) reported that better results were
observed in patients treated with TACE combined with
PA as compared with TACE or PA alone, in terms of both
the tumour response and the overall survival. However,
several studies found no significant difference in the!Contributed equally.
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affect the clinical course. In conflicting reports, Koda
et al. (17) and Yamamoto et al. (24) indicated a signifi-
cantly improved survival for patients treated with TACE-
PEI as compared with that of TACE alone, although
Child–Pugh class C liver cirrhosis patients were included
in these studies . The reason for this contrary result may be
the different aetiologies of liver disease. In Becker et al. ’s
(10) study, 50% liver disease was caused by alcohol. In
other studies, most patients had chronic hepatitis B or C,
suggesting that combined TACE with PEI may be less
effective in patients with alcohol-induced cirrhosis than
those with an HBV- or an HCV-induced pathology.

In the comparison of the treatment outcomes of TACE
combined with PEI vs PEI alone, the pooled result
showed that combination therapy significantly improved
1- and 2-year survival but not the 3-year survival. This
may be because this sensitivity analysis included only two
trials with 84 HCC patients focused on different sizes of
HCCs for each study. Although Koda et al. (17) demon-
strated that there was no significant difference between
combination therapy and PEI alone for small HCC
patients, the combination therapy was superior to PEI
alone for tumours measuring o 2 cm in the greatest
dimension. The authors suggested that the contrasting
result might be because of the short length of the clinical
follow-up. Nevertheless, Fracesco et al. (19) showed
significant survival benefit for patients treated with
TACE–PEI combination therapy in nodules up to
50 mm compared with that of PEI alone.

Moreover, TACE is more effective for small lesions
than large ones. On the other hand, PEI alone is not
appropriate for use for large lesions because it is difficult
for ethanol to permeate into tumours. Hence, TACE–PEI
should be more effective for either large HCCs or small
lesions compared with PEI alone. The superiority of
TACE–PEI must be strengthened by further prospective
RCTs because limited RCTs especially double-blinded
RCTs were available and included in this paper.

The sensitivity analysis also showed no survival benefit
from TACE combined with RFA in treating small HCC
patients as compared with that of RFA alone. The
advantages of TACE–RFA may be as follows: (a) TACE
can block the hepatic arterial flow and contribute to the
decrease in heat-sink effects and the increase in the
necrotic area induced by RFA and (b) effect of anticancer
agents on cancer cells may be enhanced by the hyperther-

mia (25). However, these advantages do not seem to have
any indication according to the current meta-analysis.
The reason for this may be that RFA has already achieved
complete necrosis in 4 90% in treating small (o3 cm)
HCC nodules (26), suggesting that adding TACE to RFA
seems to be redundant in producing an assessed out-
come. In fact, a few retrospective studies had already
showed that TACE followed by RFA had no advantage
with respect to the resultant local recurrence rate or the
survival rate (27, 28).

Although a quantitative stratification analysis based
on the size or the number of lesions and liver function
could not be performed because of insufficient data, one
RCT reported that the survival and new nodular recur-
rence benefit of TACE combined with PEI was statisti-
cally significant for tumours with diameter o 2 cm as
compared with that of PEI alone (17). Becker et al. ’s (10)
study demonstrated a significantly longer survival benefit
of the TACE–PEI group compared with that of TACE
alone for HCC at Okuda stage I, while no statistical
significance in the median survival was observed for
patients with HCCs at Okuda stage II between the two
groups. Kirikoshi et al.’s (9) RCT concluded that TACE
combined with PEI/RFA was more effective in producing
survival benefit at the 1-, 2- and 3-year follow-up than
TACE alone for patients with a single tumour.

The pooled result showed that combination therapy
significantly decreased the tumour recurrence rate as
compared with that of monotherapy. However, Becker
et al. (10) found progressive disease in both combination
and monotherapy groups. This may be because of the
small size of the studies and the different treatment
arms of the combination therapy used. Furthermore,
longer follow-up RCTs are required to confirm the
recurrence rate following the combination or monother-
apy regimes.

Several different ablative therapies were included in this
meta-analysis. This may raise concerns about the ration-
ality of pooled data and analysis. A recent meta-analysis
reported that RFA was superior to PEI for unresectable
HCC patients with a tumour diameter at least4 2 cm
(29). We demonstrated that TACE combined with PEI
could benefit survival for unresectable large HCC pa-
tients. Therefore, TACE combined with RFA might also
lead to a therapeutic response, which was consistent
with Yang et al.’s (22) study. It is reasonable to state that

Fig. 4. Meta-analysis of the five randomized-controlled trials comparing the number of patient recurrence between combination therapy vs
monotherapy for unresectable hepatocellular carcinoma patients.
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Child–Pugh class C liver cirrhosis patients were included
in these studies . The reason for this contrary result may be
the different aetiologies of liver disease. In Becker et al. ’s
(10) study, 50% liver disease was caused by alcohol. In
other studies, most patients had chronic hepatitis B or C,
suggesting that combined TACE with PEI may be less
effective in patients with alcohol-induced cirrhosis than
those with an HBV- or an HCV-induced pathology.

In the comparison of the treatment outcomes of TACE
combined with PEI vs PEI alone, the pooled result
showed that combination therapy significantly improved
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may be because this sensitivity analysis included only two
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patients, the combination therapy was superior to PEI
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dimension. The authors suggested that the contrasting
result might be because of the short length of the clinical
follow-up. Nevertheless, Fracesco et al. (19) showed
significant survival benefit for patients treated with
TACE–PEI combination therapy in nodules up to
50 mm compared with that of PEI alone.

Moreover, TACE is more effective for small lesions
than large ones. On the other hand, PEI alone is not
appropriate for use for large lesions because it is difficult
for ethanol to permeate into tumours. Hence, TACE–PEI
should be more effective for either large HCCs or small
lesions compared with PEI alone. The superiority of
TACE–PEI must be strengthened by further prospective
RCTs because limited RCTs especially double-blinded
RCTs were available and included in this paper.

The sensitivity analysis also showed no survival benefit
from TACE combined with RFA in treating small HCC
patients as compared with that of RFA alone. The
advantages of TACE–RFA may be as follows: (a) TACE
can block the hepatic arterial flow and contribute to the
decrease in heat-sink effects and the increase in the
necrotic area induced by RFA and (b) effect of anticancer
agents on cancer cells may be enhanced by the hyperther-

mia (25). However, these advantages do not seem to have
any indication according to the current meta-analysis.
The reason for this may be that RFA has already achieved
complete necrosis in 4 90% in treating small (o3 cm)
HCC nodules (26), suggesting that adding TACE to RFA
seems to be redundant in producing an assessed out-
come. In fact, a few retrospective studies had already
showed that TACE followed by RFA had no advantage
with respect to the resultant local recurrence rate or the
survival rate (27, 28).

Although a quantitative stratification analysis based
on the size or the number of lesions and liver function
could not be performed because of insufficient data, one
RCT reported that the survival and new nodular recur-
rence benefit of TACE combined with PEI was statisti-
cally significant for tumours with diameter o 2 cm as
compared with that of PEI alone (17). Becker et al. ’s (10)
study demonstrated a significantly longer survival benefit
of the TACE–PEI group compared with that of TACE
alone for HCC at Okuda stage I, while no statistical
significance in the median survival was observed for
patients with HCCs at Okuda stage II between the two
groups. Kirikoshi et al.’s (9) RCT concluded that TACE
combined with PEI/RFA was more effective in producing
survival benefit at the 1-, 2- and 3-year follow-up than
TACE alone for patients with a single tumour.

The pooled result showed that combination therapy
significantly decreased the tumour recurrence rate as
compared with that of monotherapy. However, Becker
et al. (10) found progressive disease in both combination
and monotherapy groups. This may be because of the
small size of the studies and the different treatment
arms of the combination therapy used. Furthermore,
longer follow-up RCTs are required to confirm the
recurrence rate following the combination or monother-
apy regimes.

Several different ablative therapies were included in this
meta-analysis. This may raise concerns about the ration-
ality of pooled data and analysis. A recent meta-analysis
reported that RFA was superior to PEI for unresectable
HCC patients with a tumour diameter at least4 2 cm
(29). We demonstrated that TACE combined with PEI
could benefit survival for unresectable large HCC pa-
tients. Therefore, TACE combined with RFA might also
lead to a therapeutic response, which was consistent
with Yang et al.’s (22) study. It is reasonable to state that

Fig. 4. Meta-analysis of the five randomized-controlled trials comparing the number of patient recurrence between combination therapy vs
monotherapy for unresectable hepatocellular carcinoma patients.
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2.4 | Procedure

The SIRT procedure involves the following distinct planning and treat-
ment stages: patient preselection, pretreatment screening evaluations, 
dosimetry, and injection of radioactive microspheres (Figure 3).46,47,51

2.4.1 | Patient preselection

Multiple	 factors	 influence	 allocation	of Y-90	SIRT to HCC	patients.	
Considering the complexity of the procedure, involvement of a mul-
tidisciplinary team of medical professionals is critical to ensure safe 
and successful treatment. This team typically includes interventional 
radiology, hepatology, medical/surgical/radiation oncology, trans-
plant surgery, medical physicists, and radiation safety personnel. 
Patients are considered eligible for Y-90 SIRT if they demonstrate: 

(1) confirmed diagnosis of unresectable HCC; (2) are 18 years of age 
or	older; (3)	an	ECOG PS ≤2; (4)	life	expectancy of at least 3	months;
(5)	adequate	haematologic parameters; and	(6)	the	ability to undergo	
angiography and selective visceral catheterisation. Patients can be ex-
cluded from Y-90 treatment if they have (1) significant extrahepatic
disease; (2) patent vascular flow to the gastrointestinal (GI) tract that
could potentially lead to non-target SIRT; and (3) concomitant other 
liver-directed therapies planned for cancer treatment.

2.4.2 | Pretreatment evaluation

Prior to the first planned Y-90 treatment, patients undergo compre-
hensive pretreatment evaluation consisting of a medical history, a 
physical exam and a laboratory and imaging workup to confirm eli-
gibility for treatment. This prepares the peri-hepatic arterial anatomy
for SIRT and enables treatment planning and posttreatment response 
assessment.45,47,51

Imaging workup
A	triple-phase	contrast computed	tomography (CT)	scan	or	contrast-
enhanced	 magnetic resonance	 imaging	 (MRI)	 of the	 liver	 are	 per-
formed to assess tumour and non-tumour volume, to evaluate the 
extent of extrahepatic disease, and to assess the arterial anatomy and 
patency of the portal vein.45,47,51,54

MAA hepatic arteriography
One of the potential complications of Y-90 SIRT is the inadvertent
extrahepatic delivery of high-intensity radiation to the GI tract or 
pancreas resulting in adverse side effects such as gastric ulceration 
or pancreatitis.47 As	a	result,	a	critical	step in	the	workup for	SIRT re-
quires	that the	patient’s	interventional	radiologist perform a	diagnos-
tic angiography to precisely map out the visceral arterial anatomy, to 
study the hepatic vasculature, and to identify and embolise any extra-
hepatic branches that could result in Y-90 distribution to non-target
organs such as the stomach, duodenum or pancreas. Finally, the most
appropriate catheter location for injecting Y-90 microspheres on the 
treatment day is identified at this point.45,46,51,54As	embolised	vessels/
organs can revascularise via collateral blood flow, it is recommended 
that pretreatment embolisation be scheduled close to the intended 
time	of the	subsequent Y-90	treatment to minimise	the	possibility of
significant interval change in the peri-hepatic arterial anatomy. Prior 
to administering Y-90 microspheres on the treatment day, additional 
arteriograms are performed to ensure that the previously embolised 
extrahepatic blood vessels remain occluded.51

On the pretreatment planning day, diagnostic angiography is ac-
companied	 by 99mTc-macroaggregated	 albumin	 (MAA)	 scintigraphy.	
This involves injecting 99mTc-labelled particles into the hepatic ar-
tery,	followed	by nuclear medicine	scintigraphy to assess	99mTc-MAA	
distribution.	With	a	size	and	diffusion	pattern	similar to that of Y-90	
microspheres,	99mTc-MAA particles	serve	as	a	safe	test dose	to sim-
ulate the future treatment distribution of Y-90 in the liver and its po-
tential undesired distribution to extrahepatic sites.47,51 Because the 
microvasculature of tumours can be variable with differing degrees of

F IGURE 2 Differences	between	cTACE	and	radioembolisation	
(adapted from Salem and Lewandowski27)

Traitement du CHC : radio-embolisation

6 of 15  |

2.4 | Procedure

The SIRT procedure involves the following distinct planning and treat-
ment stages: patient preselection, pretreatment screening evaluations, 
dosimetry, and injection of radioactive microspheres (Figure 3).46,47,51

2.4.1 | Patient preselection

Multiple	 factors	 influence	 allocation	of Y-90	SIRT to HCC	patients.	
Considering the complexity of the procedure, involvement of a mul-
tidisciplinary team of medical professionals is critical to ensure safe 
and successful treatment. This team typically includes interventional 
radiology, hepatology, medical/surgical/radiation oncology, trans-
plant surgery, medical physicists, and radiation safety personnel. 
Patients are considered eligible for Y-90 SIRT if they demonstrate: 

(1) confirmed diagnosis of unresectable HCC; (2) are 18 years of age 
or	older; (3)	an	ECOG PS ≤2; (4)	life	expectancy of at least 3	months;
(5)	adequate	haematologic parameters; and	(6)	the	ability to undergo	
angiography and selective visceral catheterisation. Patients can be ex-
cluded from Y-90 treatment if they have (1) significant extrahepatic
disease; (2) patent vascular flow to the gastrointestinal (GI) tract that
could potentially lead to non-target SIRT; and (3) concomitant other 
liver-directed therapies planned for cancer treatment.

2.4.2 | Pretreatment evaluation

Prior to the first planned Y-90 treatment, patients undergo compre-
hensive pretreatment evaluation consisting of a medical history, a 
physical exam and a laboratory and imaging workup to confirm eli-
gibility for treatment. This prepares the peri-hepatic arterial anatomy
for SIRT and enables treatment planning and posttreatment response 
assessment.45,47,51

Imaging workup
A	triple-phase	contrast computed	tomography (CT)	scan	or	contrast-
enhanced	 magnetic resonance	 imaging	 (MRI)	 of the	 liver	 are	 per-
formed to assess tumour and non-tumour volume, to evaluate the 
extent of extrahepatic disease, and to assess the arterial anatomy and 
patency of the portal vein.45,47,51,54

MAA hepatic arteriography
One of the potential complications of Y-90 SIRT is the inadvertent
extrahepatic delivery of high-intensity radiation to the GI tract or 
pancreas resulting in adverse side effects such as gastric ulceration 
or pancreatitis.47 As	a	result,	a	critical	step in	the	workup for	SIRT re-
quires	that the	patient’s	interventional	radiologist perform a	diagnos-
tic angiography to precisely map out the visceral arterial anatomy, to 
study the hepatic vasculature, and to identify and embolise any extra-
hepatic branches that could result in Y-90 distribution to non-target
organs such as the stomach, duodenum or pancreas. Finally, the most
appropriate catheter location for injecting Y-90 microspheres on the 
treatment day is identified at this point.45,46,51,54As	embolised	vessels/
organs can revascularise via collateral blood flow, it is recommended 
that pretreatment embolisation be scheduled close to the intended 
time	of the	subsequent Y-90	treatment to minimise	the	possibility of
significant interval change in the peri-hepatic arterial anatomy. Prior 
to administering Y-90 microspheres on the treatment day, additional 
arteriograms are performed to ensure that the previously embolised 
extrahepatic blood vessels remain occluded.51

On the pretreatment planning day, diagnostic angiography is ac-
companied	 by 99mTc-macroaggregated	 albumin	 (MAA)	 scintigraphy.	
This involves injecting 99mTc-labelled particles into the hepatic ar-
tery,	followed	by nuclear medicine	scintigraphy to assess	99mTc-MAA	
distribution.	With	a	size	and	diffusion	pattern	similar to that of Y-90	
microspheres,	99mTc-MAA particles	serve	as	a	safe	test dose	to sim-
ulate the future treatment distribution of Y-90 in the liver and its po-
tential undesired distribution to extrahepatic sites.47,51 Because the 
microvasculature of tumours can be variable with differing degrees of

F IGURE 2 Differences	between	cTACE	and	radioembolisation	
(adapted from Salem and Lewandowski27)



�42

Unilobaire Bilobaire Segmentair

Salem R, J Vasc Interv Radiol 2006

Traitement du CHC : radio-embolisation



�43

Angiographie Microcathétère Contrôle final

Traitement du CHC : radio-embolisation



�44

baseline CT Suivi à 11 mois

Traitement du CHC : radio-embolisation



�45

baseline CT TARE Contrôle à 11 mois

Traitement du CHC : radio-embolisation



Comparative analysis of the 
safety and efficacy of TACE 
and Y90 in 73 patients with 
unresctable HCC 

TACE had significantly higher 
rates of hospitalization as a result 
of postembolization syndrome 

Y90 therapy is much more 
tolerated by patients over TACE

Safety and efficacy

�46

Lance J Vasc Interv Radiol 2011 

benefit with a well-characterized toxicity profile in these
patients (4–6), which has established this procedure as the
standard of care for indeterminate HCC (13,14). Although
chemoembolization has been used for many years, there are
significant differences in the procedure among institutions
and practitioners, with varying chemotherapy agents (doxo-
rubicin, mitomycin, cisplatin), embolic agents (spheres, ab-

sorbable gelatin sponge [Gelfoam; Baxter, Deerfield, Illi-
nois]), dosing, and treatment schedules in use. One
conventional chemoembolization regimen has not shown
benefit over another (24); however, the PRECISION V
trial, which compared doxorubicin-eluting beads with con-
ventional chemoembolization, found that the beads were
associated with an improved objective tumor response

Table 2. Results and Follow-Up

Variable Radioembolization (n ! 38) Chemoembolization (n ! 35) P Value
Median follow-up (mo) (95% CI) 12.1 (7.6–15) 16.4 (12.5–20.5) .11
Mean number of procedures ! SEM 1.37 ! 0.09 1.51 ! 0.132 NS
Median survival (mo) (95% CI) 8.0 (1.9–14.1) 10.3 (8.9–11.8) NS
Follow-up treatment

Systemic chemotherapy (%) 8 (21.1%) 9 (25.7%) NS
Bland embolization (no. procedures) 1 (2) 3 (3) NS

Crossover treatment .1
Chemoembolization (no.

procedures)
7 (8)

Radioembolization (no. procedures) 2 (2)

CI " confidence interval; NS " nonsignificant; SEM " standard error of the mean.

Figure 2. Kaplan-Meier survival curve depicting patient survival for the chemoembolization (n " 35) and radioembolization (n " 38)
cohorts. There was no difference in overall survival (log-rank test, P " .33).

1702 ! 90Y Radioembolization vs Chemoembolization Lance et al ! JVIR
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prospective randomized study. 
BCLC A & B 

no PVT / Child Pugh A/B 

longer TTP (p = 0.012)  
- 90Y: > 26 months
- TACE:      6.8 months

no difference in median OS

cancer-related symptoms or weight loss at presentation.
Supplementary Table 1 lists the baseline distribution of
covariates used in the IPCW analysis, variables that may
affect progression and transplantation. These covariates
show no significant difference between treatment arms.

Treatment and Dosimetry
All 24 Y90 patients were treated successfully. Two of the

21 randomized cTACE patients received treatment off study
but were included in the ITT analysis.

Y90. Selective Y90 was performed in 17 of 24 patients;
7 were lobar treatments. The median dose was 126 Gy
(95% CI, 124–176) to a median of 405 ml (95% CI,
347–623) treatment volume. The median residual activity
was 1.9% (95% CI, 1.6–3.5). The median lung shunt fraction
was 5.1% (95% CI, 4.4–7.6), with a cumulative lung dose of
4 Gy (95% CI, 2.8–6.6). All treatments were as outpatients.

cTACE. Selective chemoembolization was performed in
16 of 19 patients; 3 were lobar infusions. On average, 52%
of the total drug-lipiodol mixture was infused. The median
number of days hospitalized at first procedure and cumu-
latively were 1 (95% CI, 0.9–2.2) and 1.5 (95% CI, 1.3–2.9),
respectively.

cTACE vs Y90. Because of planning angiography, days
from randomization to treatment were longer with Y90
compared with cTACE (18-day 95% CI, 15–26 vs 8-day
95% CI, 8–11, respectively; P < .0001). cTACE patients
trended toward more treatments at 1.7 ± 1.1 (95% CI,
1.2–2.2) compared with 1.3 ± 0.5 (95% CI, 1.0–1.5) Y90
(P ¼ .098). One cTACE patient crossed over to Y90 after
13.8 months because of continued progression after 3
cTACE treatments.

Clinical and Laboratory Toxicities
Supplementary Table 2 summarizes toxicities. The 30-

day mortality rate was 0%. Vascular complications
(n ¼ 2) included common femoral artery pseudoaneurysm,
1 in each group (P ¼ 1.0). There was a trend for more fa-
tigue with Y90 (P ¼ .08). The cTACE groups experienced
more diarrhea (P ¼ .031) and hypoalbuminemia (P < .001).

Delayed (>30 days) grade 3þ toxicities occurred in 3
cTACE patients: hyperbilirubinemia (day 49), abdominal
pain from progression (day 183), and sepsis (day 309, early
after the third cTACE cycle). Delayed grade 3þ toxicities
occurred in 4 Y90 patients: ascites (days 68, 81, and 179)
and bacterial peritonitis (day 54).

Follow-Up Evaluation and Censoring
Patients were followed up until the last imaging date and

for survival. For all 45 patients, the median length of follow-
up evaluation was 17.2 months (range, 1.4–62.1 mo). For
TACE, the median follow-up evaluation was 15.7 months
(range, 1.4–62.1 mo). For Y90, the median follow-up eval-
uation was 21.0 months (range, 2.3–59.6 mo). For TACE,
there were 7 transplants at a median of 7.6 months (range,
3.0–17.3 mo). For Y90, there were 13 transplants at a me-
dian of 8.8 months (range, 4.0–15.3 mo). For TTP, there
were 12 progressions (TACE, 10; Y90, 2) and 33 censored
(TACE, 11; Y90, 22). Of the 11 censored in TACE, 6 (54.6%)
were transplanted after the last imaging for progression and
were censored in the TTP analysis. Of the 22 censored in
Y90, 12 (54.6%) were transplanted after the last imaging for
progression and were censored in the TTP analysis. Of the
12 progressions, there was 1 patient in each group who had
a transplant after the progression. All transplants occurred

Figure 1. Time to
progression.
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an analysis was not performed since it should have
required a larger sample size to achieve suitable results.

In conclusion, this proof-of-concept study, retrospec-
tively analysing the results attained in our clinical prac-
tice, suggests that TARE is a valuable therapy for
patients with locally advanced HCC or whenever previ-
ous therapies have failed to control the disease. Further
studies are needed to define the precise role of TARE in
the composite scenario of HCC treatments, in a per-
spective that considers not only prognosis, but also
quality of life and costs.
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treat population (237 [52%] in the SIRT group and 
222 [48%] in the sorafenib group; figure 1). The 
two groups were well balanced at baseline; no clinically 
relevant differences between the groups were observed 
in either the intention-to-treat population or the per-
protocol population (table 1; appendix pp 36–37).

In the SIRT group, 53 (22%) of 237 patients did not 
receive SIRT, of whom 26 (49%) were treated with 
sorafenib. The median delay between randomisation and 
treatment initiation was 29 days (IQR 23–36) in the 
SIRT group and 7 days (3–9) in the sorafenib group. Of 

184 patients who received SIRT, 115 (63%) received a 
single administration (table 2). Of 41 patients who 
received a contralateral second SIRT treatment, 20 (49%) 
had bilobar tumours at baseline (median time between 
the first and second SIRT session: 39 days 
[IQR 29·0–53·5]), 14 (34%) had a large central tumour 
that required bilateral treatment (median time between 
sessions: 49 days [38–56]), and seven (17%) progressed 
in the contralateral hemiliver (median time between 
sessions: 216 days [183–473]). In three (18%) of 17 patients 
who received an ipsilateral second SIRT treatment, the 

Figure 1: Trial profile
SIRT=selective internal radiotherapy. *Eight patients withdrew consent after being randomly assigned (two in the SIRT group, six in the sorafenib group). 
In accordance with French law the data from these patients could not be used in the analysis. †Two of these patients also received another anticancer treatment 
before progression. ‡One of these patients received another anticancer treatment (other than sorafenib) before progression. 21 of these patients received sorafenib 
instead of SIRT for technical reasons: lung shunting (n=14), arterioportal shunt (n=2), extrahepatic uptake on technetium-99 (⁹⁹Tc) macroaggregated albumin (n=1), 
no tumour uptake on ⁹⁹Tc macroaggregated albumin (n=1), no selective catheterisation (n=2), and iliac pseudoaneurysm (n=1). Five received sorafenib instead of 
SIRT because of worsening disease: ascites and pulmonary embolism (n=1), gastrointestinal bleeding (n=2), cirrhosis decompensation and gastrointestinal bleeding 
(n=1), and extrahepatic disease (n=1). §16 patients did not receive any treatment because of pulmonary embolism (n=1), worsening disease (n=8; deterioration of 
general state [n=3], deterioration of hepatic function [n=1], ascites and cirrhosis decompensation [n=3], and jaundice [n=1]), early death (n=2), or for technical 
reasons (n=5; arterioportal shunt [n=1], hepatic arterial thrombosis [n=1], extrahepatic uptake on ⁹⁹Tc macroaggregated albumin [n=1], no tumour uptake on MAA 
[n=1], and lung shunting [n=1]).

496 patients assessed for eligibility

467 randomly assigned

237  assigned to receive SIRT (intention-to-
 treat population)

222 assigned to receive sorafenib
 (intention-to-treat population)

226 underwent work-up (safety population) 216 received sorafenib (safety population)

174 patients treated with SIRT with no
 major deviations (per-protocol population)

206 patients treated with sorafenib with no
 major deviations (per-protocol population)

29 excluded
 25 did not meet inclusion criteria
 1 medical decision
 2 early deaths
 1 other reason

8 excluded (withdrew consent)*

6 excluded
 2 patient choice
 2 early deaths
 2 medical decisions

11 excluded
 3 worsening disease
 5 early deaths
 3 medical decisions

10 excluded
 8 did not meet inclusion criteria
 2 received another anticancer treatment
          before progression

52 excluded
 10 received SIRT

  8 did not meet inclusion criteria†
  2 received another anticancer treatment

before progression
 42 did not receive SIRT
  26 received sorafenib instead of SIRT‡
  16 did not receive any treatment§
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treatment-related, 80 were due to disease progression, 51 
were due to hepatic cirrhosis and associated complications, 
19 were due to hepatic failure, 20 were due to other non-
abdominal causes, 12 were due to sepsis or other infections, 
and 15 were of unknown cause (many patients had multiple 
causes of death). Of the 12 sorafenib-related deaths in the 
sorafenib group, six were due to disease progression and 
treatment-related adverse events (reduced general 
condition, n=6), four were due to hepatic cirrhosis and 
associated complications, two were due to myocardial 
infarction, two were due to sepsis or other infections, one 
was due to renal failure, and one was of unknown cause. 
Multiple causes of death were reported for some patients.

In the QOL analysis, the global health status subscore 
was significantly better in the SIRT group than in the 
sorafenib group (group effect p=0·0048; time effect 
p<0·0001) and the between-group difference tended to 
increase with time (group-time interaction p=0·0447) for 
both the intention-to-treat and the per-protocol 
populations (figure 4).

Discussion
The multicentre, open-label, randomised, controlled, 
phase 3 SARAH trial did not show a difference in overall 
survival between SIRT and sorafenib among patients 
with locally advanced or intermediate-stage hepatocellular 
carcinoma after unsuccessful transarterial chemo-
embolisation. However, tumour response and QOL were  
significantly better in the SIRT group than in the 
sorafenib group and safety was better in the SIRT group 
than in the sorafenib group.

Overall survival in the SIRT group was similar to that 
observed in the sorafenib group of the SHARP trial 
(10·7 months [95% CI 9·4–13·3]) and better than that of 
the sorafenib group in the Asia-Pacific trial (6·5 months 
[95% CI 5·6–7·6]).4,5 The population included in the 
SARAH trial was, however, slightly different to these 
studies, as patients with both advanced and intermediate-
stage hepatocellular carcinoma were included. Patients 
with extrahepatic involvement at baseline were excluded 
as the SARAH trial aimed to compare a systemic 
treatment with a liver-targeted one. Most patients with 
locally advanced hepatocellular carcinoma in the SARAH 

trial had vascular extension (including complete portal 
vein obstruction), which is known to carry a worse 
prognosis than extrahepatic spread.23,24 Another 
difference was the higher proportion of Child-Pugh B 
patients in the SARAH trial than in the SHARP trial 
(16% vs 3%),5 with Child-Pugh B patients having a worse 
prognosis in our series than the Child-Pugh A patients. 
Patients with previous unsuccessful transarterial 
chemoembolisation had longer overall survival than the 
other patients in the SARAH trial, indicating that these 
patients could also benefit from SIRT.

Progression-free survival was not different between the 
SIRT group and the sorafenib group. Most patients had 
severe chronic liver disease and many deaths were due to 
underlying liver disease, which could mask treatment 
efficacy. Therefore, we looked at the cumulative incidence 
of progression at any site (considering deaths unrelated 
to tumour progression as a competitive risk) and of 
progression in the liver only (considering progression 
outside the liver and deaths unrelated to tumour 
progression as competitive risks). There was a signifi-
cantly lower cumulative incidence of progression in the 
liver as the first event and a higher cumulative incidence 
of progression outside the liver as the first event in the 
SIRT group compared with the sorafenib group. These 
results suggest that SIRT has local efficacy in the liver 
and sorafenib has systemic efficacy.

The tumour response (complete or partial response) 
was significantly higher in the SIRT group than in the 
sorafenib group. Although the changes in imaging 
following ⁹⁰Y therapy could hide the tumour response 
or intrahepatic progression, these changes are more 
noticeable on CT scans obtained soon after therapy than 
on those obtained later (as observed in our study at 3 and 
6 months).25 Moreover, the most common pitfall of 
imaging, in our view, is a paradoxical increase in tumour 
size, which should not be interpreted as disease 
progression alone.26 In our study, the radiologists who 
interpreted all CT examinations had extensive expertise 
in liver imaging. Finally, the same criteria for tumour 
progression in the liver were applied in both groups 
(significant increase in tumour size or new tumours 
even in the non-treated liver in patients in the SIRT 
group), which could be unfavourable to SIRT.

Importantly, tolerability was significantly better in the 
SIRT group than in the sorafenib group. The total and 
median numbers of treatment-related adverse events per 
patient were twice as frequent with sorafenib than with 
SIRT. Treatment-related adverse events of grade 3 or 
worse were also more frequent in the sorafenib group 
than in the SIRT group, which explains the treatment 
discontinuation that has previously been observed.4,5 
As expected, the most common treatment-related adverse 
events in the sorafenib group were gastrointestinal 
disorders, hand-foot skin reaction, fatigue, and abnormal 
blood tests. No patient presented with radiation hepatitis—
the most challenging SIRT-related adverse event. Few 

SIRT (n=190) Sorafenib (n=198) p value

Best overall response

Complete response 5 (3%) 2 (1%) 0·0077

Partial response 31 (16%) 21 (11%) ··

Stable disease 93 (49%) 131 (66%) ··

Progressive disease 60 (32%) 44 (22%) ··

Disease control* 129 (68%) 154 (78%) 0·0346

Data are n (%). SIRT=selective internal radiotherapy. RECIST=Response Evaluation 
Criteria in Solid Tumors. *Disease control is the percentage of patients who had a 
best response of complete response, partial response, or stable disease.

Table 3: Comparison of treatment responses (RECIST 1.1) among 
evaluable patients in the intention-to-treat population
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discontinued. Among the 542 distinct reasons for drug-
related discontinuation (assessed by the lowest level term 
of MedDRA structure), the most frequent reasons were 
reduced general condition (47 [9%]), diarrhoea (44 [8%]), 
dermatological events (37 [7%]), hepatic failure (35 [6%]), 
and cirrhosis-associated complications (29 [5%]). Of the 
196 deaths in the SIRT group, 19 (10%) were recorded as 
treatment-related (six of these occurred in patients who did 
not receive the allocated treatment and subsequently 
received sorafenib and were therefore recorded as 
sorafenib-related), 73 were due to disease progression, 
73 were due to hepatic cirrhosis and associated 

complications, 19 were due to hepatic failure, 14 were due 
to other non-abdominal causes, eight were due to sepsis or 
other infections, one was due to radiation pneumonitis, 
and 16 were of unknown cause (many patients had multiple 
causes of death). Of the 13 SIRT-related deaths in the SIRT 
group, six were due to hepatic cirrhosis and associated 
complications, three were due to hepatic failure, two were 
due to sepsis or other infections, one was due to disease 
progression and reduced general condition, one was due to 
radiation pneumonitis, and one was of unknown cause. Of 
the six sorafenib-related deaths in the SIRT group, two 
were due to disease progression and treatment-related 
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Figure 2: Kaplan-Meier curves and cumulative incidence of progression for the intention-to-treat population
(A) Kaplan-Meier curve for overall survival. (B) Kaplan-Meier curve for progression-free survival. (C) Cumulative incidence of progression at any site considering death 
as competing risk. (D) Cumulative incidence of progression in the liver as first event considering death and progression outside the liver as competing risks. p values 
correspond to a log-rank test for parts A and B, and to the Gray test for parts C and D. SIRT=selective internal radiotherapy.
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• *Other molecular therapies: sunitinib, linifanib, brivanib, tivantinig, erlotinib, everolimus
• Weak recommendation: more evidence needed

EASL CPG HCC. J Hepatol 2018; doi: 10.1016/j.jhep.2018.03.019

Traitement du CHC : évidence



Suivi post-traitement

CT à 24 h pour thermo-

ablation (complications) 

CT / MRI à 1 mois puis tous 

les 3 mois la 1ère année et 

tous les 6 mois la 2ème 

année.  

IRM > CT 
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CT
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