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SUMMARY

Background
Radiofrequency thermal ablation is the first therapeutic option in percu-
taneous treatment of hepatocellular carcinoma but data on its long-term

efficacy and safety are not conclusive.

Aim
This study reports a prospective survey on radiofrequency thermal abla-
tion in north-east Italy.

Methods
Data were collected on 401 patients with hepatocellular carcinoma
(males 301, mean age: 68 years) treated by radiofrequency thermal
ablation in 13 centres. Indication to treatment was: single nodule not
eligible for surgery in 77% of patients, 2–3 nodes in 18% and multiple
lesions in 5%. Mean size was 3 cm (1–8 cm). Treatment response was
assessed at 1 month by spiral computerized tomography and then with
ultrasound examination and new spiral computerized tomography.

Results
Complete response was obtained in 67% of patients and in 27%
response was 75–99%. Complete response raised to 77% in lesions smal-
ler than 3 cm. The morbidity rate was 34%; the mortality was 0.5%,
seeding was observed in four patients. Ten patients presented an unex-

pected rapid disease progression.

Conclusion
The above data show that by radiofrequency thermal ablation, com-
plete response can be achieved only in about two-third of the cases,
clearly less than expected, and that, beyond seeding, unexpected pro-
gression can be observed.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a major health

problem worldwide, involving 500 000 new cases per

year; and in some areas, such as sub-Saharan Africa

or China it is the first cause of death due to cancer.1

Its incidence is increasing in Europe and United States,

currently representing the leading cause of death

amongst cirrhotics.2

In Western countries, early detection of HCC

through surveillance programmes allows so-called

‘curative’ treatments, such as resection, liver transplan-

tation and percutaneous treatments to be applied in

30–40% of patients.3

Resection and transplantation achieve the best out-

come in well selected candidates while, if surgery is

precluded, generally because of impaired liver function

or portal hypertension,4 percutaneous treatments con-

stitute the best option and are considered as minimally

invasive and safe procedures, with survival rate similar

to surgery.

While up to 5 years ago percutaneous ethanol injec-

tion (PEI) was, also from the point of view of the

European5 and the Italian Society for the Study of the

Liver,6 the ablation treatment of choice, the last

5 years have seen the progressive spread of radiofre-

quency thermal ablation (RFTA). This was initially due

to the procedure being faster, in terms of number of

sessions needed, and to the methodology being more

‘scientifically appealing’. Later on however, a number

of papers appeared that suggested that RFTA appar-

ently guaranteed higher rates of complete response,

lower rates of recurrence and prolonged survival with

respect to PEI.7–9

Despite what above, there is no general consensus

on whether or nor RFTA should replace PEI as the per-

cutaneous treatment of choice in HCC and some scep-

ticism is surfacing,10 as recent studies11–13 have not

confirmed the above reports about the efficacy of

RFTA and some authors have downsized the enthusi-

asm by referring a rapid intrahepatic neoplastic pro-

gression after treatment.14

As most of the data published so far derive from

the experience of single, highly specialized centres,

aim of this study was to assess the effectiveness and

safety of RFTA in a survey involving 401 patients

with HCC recruited by a multicentric Italian collabor-

ative group [Gruppo Epatocarcinoma Nord-Est (GENE);

Hepatocarcinoma (collaborative) North-east (Italy)

Group].

MATERIALS AND METHODS

Patients

From 2000 to 2004, 401 patients with HCC were con-

secutively diagnosed and treatment of RFTA by GENE,

in 13 centres. The diagnosis was obtained either by

means of fine needle-aspiration biopsy or cytology or

on the basis of the standardized EASL criteria for the

diagnosis of HCC.5

The following criteria were adopted for the choice of

RFTA as the treatment option: contraindication for sur-

gery or orthotopic liver transplantation (OLTx), single

nodule of 5 cm or smaller or up to three nodules each

3 cm or smaller, Child-Pugh A and B status, absence of

portal vein thrombosis or extrahepatic metastases.

Before treatment all patients were staged by a spiral,

dual-phase computerized tomography (CT) and coagu-

lation parameters were also checked. RFTA was not

performed in patients with a platelet count below

40 000/mm3 or prothrombin time lower than 40%.

Techniques

All patients were under deep sedation with propofol

plus fentanyl and atropin when required. The proce-

dure was performed under real time ultrasound (US)

guidance with a 3.5–3.75 MHz sector probe with a

150 W generator connected to an 14–15 gauge needle

with a 2 cm exposed tip (expandable by means of

seven or nine hooks – RITA) or by a water-cooled 2–

3 cm exposed tip needle (Radionics, Burlington, MA,

USA). Treatment lasted an average of 12 min.10, 15

Because of tumour size and number of nodules, RFTA

was applied a variable number of times in each patient.

Outcome and follow-up

Within 30 days from RFTA, a spiral CT (sCT) was

repeated. Complete response rate was defined as no

evidence of residual arterial phase enhancement in the

treated lesion(s) and no evidence of new lesions.

The subsequent follow-up protocol included clinical

assessment, evaluation of liver function by Child-Pugh

score, AFP level, US examination, with second-genera-

tion contrast media (when feasible) every 3 months

and CT scanning every 6 months.

Local recurrence after total necrosis at sCT scan was

defined as the appearance of new enhancement areas

at the margin or in the centre of the treated lesion.
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All cases in which sCT findings were not clear cut;

however, reviewed in a centralized manner by the

radiologist of the co-ordinating unit and/or re-evalu-

ated by gadolinium-enhanced nuclear magnetic reson-

ance.

Statistical evaluation

The Kaplan–Meier method was used to estimate overall

and disease-free survival (DFS). Differences in the sur-

vival rates were compared with log-rank test. The

overall survival was the interval between starting

RFTA treatment and death or last follow-up while DFS

was the time interval between the demonstration of

absent active disease at sCT 1 month after the first

treatment with RFTA and the reappearance of the

tumour.

The following variables were considered for univari-

ate and multivariate analysis to identify the risk fac-

tors for overall survival:

1 participating centre;

2 period of treatment (before or after 2001);

3 number and diameter of the nodules;

4 number of insertions;

5 treatment setting (percutaneous laparoscopic/

tomic);

6 naive patient or retreatment

7 complications;

8 tumour grading according to Edmonson and Stei-

ner15 (when the diagnosis was bioptically

obtained);

9 a-fetoprotein levels;

10 patients’ age;

11 aetiology of liver disease (HCV, HBV, ethanol

abuse, others);

12 RFTA needle type (RITA, Radionics);

13 tumour location (left or right lobe);

13 Child-Pugh scoring;

14 percentage efficacy of treatment at sCT and

15 presence or absence of residual disease.

A P-value <0.05 was considered as statistically sig-

nificant.

RESULTS

Features of patients

From January 2000 to December 2004 we recruited

and treated 401 consecutive patients with HCC. The

mean age of patients was 68 years, the male/female

ratio was 3/1. All patients were cirrhotic (74% Child

A, 26% Child B). Of the above patients, 308 presen-

ted with a single nodule (77%), 73 presented with

two to three lesions and the remaining 20 (5%) pre-

sented a multinodular disease. The diagnosis was sup-

ported by histology or cytology in 70% of cases

while was obtained according to the EASL criteria in

30%.

About 51% patients had lesions smaller than 3 cm,

38% lesions with a diameter of 3–5 cm and 11% were

patients with tumour size exceeding 5 cm, therefore

lying outside the original criteria for inclusion.

Radiofrequency thermal ablation was applied only

once in 48% of patients, twice in 30% and with mul-

tiple insertions in 22% because of tumour size or

number of nodules. About 80% of the patients had

nodes with a size lower than 5 cm. In these patients

median number of needle insertions was 2, with a

range of 1–6. All patients with tumour size lower than

3 cm had a single needle insertion. In patients with

tumour size exceeding 5 cm (20% of the series) med-

ian number of insertions was 3 with a range of 2–4.

The application time lasted an average of

12 � 2.65 min per each insertion. About 7% of the

patients were treated by the RITA system and 93% by

the Radionics cooled tip needle.

Treatment efficacy and complication

At the CT scanning 63% of nodules presented com-

plete necrosis, in 27% of patients response rate was

from 75 to 99%; in 10% of patients lower than 74%.

The percentage of total response increased to 67%

when, also the results of a second session at brief

term, carried out with the aim of completing the treat-

ment, were considered. The highest percentage of com-

plete response rate was observed in patients with

single node smaller than 3 cm (77%) while it was 51%

in nodules between 3 and 5 cm and only 36% in nod-

ules >5 cm. With respect to efficacy, there was no dif-

ference between operators who had performed less or

more than 20 RFTA and the percentage of complete

necrosis was the same in patients undergoing RFTA

before and after 2001, thus suggesting the absence of

a learning curve.

About 61% of patients needed additional treatments

either immediately or during follow-up because of

partial response or disease recurrence. The additional

treatments were RFTA in 12% of patients, PEI in 15%,

transcatheter arterial embolization (TACE) in 9%, sur-
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gery in 5%, medical treatment in 2% and a

combination of the above approaches in the remain-

ing. Only about 40% of the patients therefore did not

required additional treatments during follow-up.

Procedure-related mortality was 0.25% with a

patients dying for complications of colonic perfor-

ation. An additional patient had a stroke 20 days after

the procedure. The overall incidence of complications

was recorded and subgrouped as:

1 during treatment (12%);

2 during hospital admission (21%) and

3 at long-term (following discharge, 6%).

The incidence of major complication during and

after treatment was 5%: seven patients developed

portal vein thrombosis after discharge. Other major

complication reported was seeding (four cases),

appearance of artero-venous fistula (one case), intra-

hepatic abscess (one), subcapsular haematoma (one),

haemobilia (one), haemoperitoneum (one) and bowel

perforation (one case). The most frequent minor com-

plications were fever and abdominal pain observed in

34% and 61% of patients respectively. We also

observed, at the first sCT scanning 1 month after

RFTA treatment or within the first 6 months, a rapid

intrahepatic progression of disease in 10 cases (2.5%),

defined as the unexpected occurrence at short-term

of several1, 13 new nodules, some times of very large

size or of extrahepatic metastasis, with local disease

totally ablated or minimal residual disease at first

sCT control.

Follow-up

Recently, the mean follow-up is 28 months. The over-

all survival rate was 85%, 65% and 40% at 12, 24 and

36 months respectively (median survival: 32 months).

Survival was longer in patients in Child A risk group,

single nodule up to 3 cm (median: 39 months), the

differences being statistically significant (P ¼ 0.01).

No difference in survival was observed when compar-

ing naive vs. pre-treated patients.

Tumour size had a significant impact on survival,

patients with largest diameter of £2 cm surviving sig-

nificantly longer (62% survival at 5 years) than those

with 2–3, 3–5 or >5 cm (P ¼ 0.001).

When survival was stratified according to the per-

centage of residual disease as judged by the radiolo-

gists, patients with complete or subcomplete (75–99%)

response, had a significantly longer survival than

patients with lower response rate (P ¼ 0.0008) and the

difference was even more striking when patients with

complete response were compared with those harbour-

ing any degree of residual disease (P ¼ 0.0001), with a

median survival of 48 vs. 31 months.

Multivariate analysis indicated tumour size, efficacy

of treatment, Child-Pugh class and presence of residual

disease as independent and significant predictors of

overall survival. Not significant were the correlations

with participating centres, period of treatment (less

than or greater than 2001), number of nodules, num-

ber of insertions, treatment setting, lack or presence of

complications, tumour grading, disease aetiology and

needle type. In 50% of patients, cancer recurrence was

observed within the first 6 months: 60% of these

developed local recurrence and the remaining devel-

oped new lesions, distant from the initially treated

ones. The overall survival, the survival in patients with

residual disease vs. those completely ablated and the

DFS rate are illustrated in Figures 1–3. Median DFS

was 12 months, 0% at 60 months.

DISCUSSION

When a new treatment is introduced in the clinical

practice there is always an enthusiastic phase that is

generally acknowledged as the ‘honey-moon effect’,

following which the indications, efficiency and limits

of a procedure become clear. In our mind, this is also

happening with respect to RFTA. First introduced in

1990s, the first reference paper for RFTA was pub-

lished in 199510 and when the EASL and AISF guide-

lines of HCC were published, too little evidence was

Survival plot (PL estimates)
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Figure 1. Overall survival.
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available for declaring RFTA the percutaneous treat-

ment of choice for HCC, this role being still played by

PEI. In the following 4–5 years the situations changed

and a number of studies8, 9 were published demonstra-

ting a superiority of RFTA with respect to PEI in total

necrosis rate,16 local recurrence and event-free survi-

val.7, 17 Some of these studies were not properly rand-

omized prospective-controlled studies and indeed

some doubts still persist on the possibility of truly

randomizing patients to PEI or RFTA without taking

into consideration other variables, such as the position

of the nodule. Still the bulk of evidence was in favour

of RFTA, with response rates as high as 90–98%.18, 19

It remains to be noted that RFTA presents morbidity

and mortality rates that are reportedly higher than for

PEI,7 while the preliminary report recording very high

seeding rate has not been confirmed.20

Is all that glitters gold? Perhaps not. Some dissonant

voices are now showing that when the gold standard

of explanted liver is adopted to assess treatment effic-

acy, only 46–74% of the patients are successfully trea-

ted.21, 22 The Milan liver transplant group for instance

reported a response rate of 55%, with tumour persist-

ence probability increasing with time from treatment,

thus suggesting that even patients apparently com-

pletely treated have in fact small foci of tumour per-

sistence.23 Others demonstrate that 3-year survival is

much lower than expected from preliminary reports,

that figure being 57% at 30 months.24

Overall, almost all authors now agree that when the

tumour size exceeds 3 cm the possibility of obtaining

complete ablation is relatively low. Given that in nod-

ules characterized by diameter lower than 2 cm PEI is

still a reasonable option, as also suggested by the

recent Consensus Conference on HCC held in Barce-

lona, to which the European Association for the Study

of Liver Disease, the American Gastroenterological

Association and the Japanese Cancer Society took part,

this means that in practice RFTA could be only indica-

ted in nodules with size ranging from 2 and 3 cm.

Where do our data stand with respect to the situ-

ation described? Overall we support the results more

recently obtained. This is based on the fact that:

1 complete response rate with total tumour ablation

is obtained in 63% of the cases, a figure that increases

to 67% in those who undergo an immediate second

RFTA application and to 77% in those with tumour

smaller than 3 cm;

2 more than 60% of the patients require additional

treatments, such as new RFTA, PEI, transarterial chem-

oembolization, resection or combined approaches

within the relatively short time of follow-up. This is

indeed a heavy burden of work, as only in 40% of the

patients we can hope to perform a treatment that is

‘definitive’ within the first 12 months. This is in fact

hardly surprising, while surprising were the first repor-

ted results, with 2 years recurrence-free survival above

95% (vs. 60% for PEI);

3 morbidity is low but not irrelevant, with 0.25%

mortality and a 1% seeding rate;

4 overall survival is 25% at 5 years (with a median

survival of 32 months), the figures being 40% for

patients with HCC size lower than 3 cm, and 62% sur-

Survival plot (PL estimates)
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Figure 3. Disease-free survival (0% at 5 years, median:
12 months).
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Figure 2. Survival rate in patients with and without
residual disease at computerized tomography (CT) scan-
ning. The difference in survival is highly statistically sig-
nificant (P ¼ 0.0001).
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vival at 5 years in patients with tumour smaller than

2 cm and

5 in about 25% of the cases we observed a dramatic

and unexpected rapid disease progression, which we

already reported,25 with appearance of multiple nodes

(up to 13), of large size active lesions (up to 8 cm) or

of extrahepatic metastases (lung) at very short-term

(1–6 months from treatment) and even in patients in

whom complete tumour ablation (at least radiological-

ly) was obtained. This aspect has been so far reported

in other three papers13, 26, 27 and is, in our mind to

appear again if a careful evaluation of the series is

performed. A possible explanation is that, under rapid

temperature increase and formation of gas within the

tumour mass, an ‘explosion’ of the tumour may hap-

pen, with dissemination within or outside the liver of

neoplastic emboli via portal, hepatic veins or arterial

branches. HCC growth may then be boosted by cytok-

ines and growth factors release has been shown in

experimental animals.28

Additional observations were the lack of a learning

curve, with no difference between units who recruited

less or more of 20 cases and between the results

obtained earlier or after 2001, this being probably

because of the fact that all the centres participating

in the study had previous experience with PEI.

Also, number of treated lesions, a-fetoprotein levels

or tumour grading, patients age, disease aetiology

and type of needle had no impact on the results

obtained.

The data presented in this study with respect to sur-

vival are apparently discouraging but definitely resent

of several factors such as:

• the heterogeneity of the patients included and the

fact that a substantial share of them had negative

prognostic factors, such as lesions over 3 cm in 49%

of the cases, 26% of them having a Child-Pugh B risk

score and

• probably too low number of insertion in very

large-size nodules, in which in any case complete

response was pursued by additional treatment strat-

egies.

In conclusion, we agree on the data published by

Mazzaferro et al.,23 Cammà et al.24 and others that all

suggest some caution in evaluating the role of RFTA

in HCC treatment, supporting the Barcelona group and

Lencioni and Llovet10 when they state that whether

RFTA definitely improves survival in comparison with

PEI is still to be defined10, 29–31 and the Milan group

when they state that RFTA is not to be considered at

present an independent therapy for HCC.23

More aggressive approaches, such as RFTA associ-

ated with temporary arterial de-vascularization,32 a

more accurate patients selection and/or new advances

in the instruments may in future improves the results,

but at present we are assisting the end of the honey-

moon time and we are waiting to see which the stabil-

ized results will be.
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