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Treatment of small hepatocellular carcinoma: a comparison
of techniques and long-term results
Francesco Saverio Ferraria, Andrea Stellaa, Paolo Pasquinuccia,
Francesco Vignia, Letizia Civelia, Massimo Pieraccinia and
Fabrizio Magnolfib

Objective The aim of this study was to compare the results

over time of transcatheter arterial chemoembolization

(TACE), percutaneous ethanol injection (PEI), laser thermal

ablation (LTA) and combined therapy in the treatment of

small hepatocellular carcinoma.

Methods Between 1998 and 2004, 131 cirrhosis patients

(99 Child–Pugh class A, 32 Child–Pugh class B) with a

small hepatocellular carcinoma were included in the study;

34 were treated with PEI, 46 with LTA, 18 with TACE and 33

with combined therapy.

Results No major complication occurred during any

procedure. Computed tomography scan showed that

complete necrosis was achieved in 81% of treated nodules

(120 out of 148); as a whole, the disease relapsed in

42 (32.0%) patients (with a disease-free interval of

17.0 ± 13.7 months). The cumulative survival rates were

81.9, 35.7 and 20.8% at 12, 36 and 60 months respectively.

A univariate analysis of survival showed statistically

significant differences in the comparison between

Child–Pugh class A with respect to Child–Pugh class B

(P < 0.0001) and between nodules with a diameter of

20 mm or less as opposed to larger than 20 mm (P = 0.001).

Patients subjected to LTA showed a statistically significant

longer survival than those treated with TACE and PEI.

Conclusions LTA proves to be the most effective

treatment, affording reduced invasiveness, a limited

number of sessions, complete necrosis in almost all

cases and better total survival in the treated patients.
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Introduction
Hepatocellular carcinoma (HCC) is the most frequent

primary hepatic tumor and is one of the most common

malignancies worldwide; its yearly incidence rate is

approximately 500 000–1 000 000 cases, with wide varia-

bility in relation to geographic area [1,2]. Hepatic

cirrhosis favors an increase in cell proliferation and is a

precancerous condition with a variable annual rate of

malignant evolution of 2–5% [3]. Data from recent

epidemiological studies on viral hepatitis have confirmed

that chronic infection with hepatitis B virus (HBV + ) and

hepatitis C virus (HCV + ) is the main risk factor for HCC

development and that predisposition is higher in subjects

with concomitant HBV + + HCV + infection. These data

also show that other risk factors for HCC include being

male or being over 50 years of age [4].

HCC is considered an organ disease due to its multifocal

anatomopathological features and its high frequency of

local recurrence and/or new lesions following treatment

[5–7].

The widespread application of modern imaging techni-

ques in past years, initiation of screening programs for at-

risk subjects and decreased mortality from concomitant

hepatic cirrhosis have determined a considerable increase

in early-stage HCC diagnoses [3,4]. The prognosis in

HCC patients is nonetheless affected by factors un-

related to the tumor, such as grade of cirrhosis functional

compensation (Child–Pugh class), patient’s health status

and treatment method [8,9].

Owing to the shortage of donors, patients who may

benefit from liver transplantation are very few [10];

moreover, the percentage of patients eligible for a more

conservative surgical intervention (hepatic segmentect-

omy) is fairly low. HCC treatment therefore requires

application of intra-arterial and percutaneous techniques.

These methods have been increasingly utilized in past

years mainly thanks to their almost absent perioperative

mortality rate, as opposed to surgical resection, as well as

a much lower risk for complications and hepatic

insufficiency from excessive tissue removal [11,12].
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The aim of the present study was to analyze and compare

results over time of transcatheter arterial chemoemboli-

zation (TACE), percutaneous ethanol injection (PEI),

laser thermal ablation (LTA) and combined therapy to

treat small HCC.

Methods
Between November 1998 and March 2004, 131 cirrhosis

patients (94 men and 37 women) presenting a small HCC

and within the 44–82 year age range (mean age 67.8

years) were examined in the study.

Written consent was obtained prior to treatment and after

providing patients with information on the procedures,

risks and benefits associated with the proposed therapies.

In accordance with the current legislation, patients were

guaranteed anonymity; the present study is approved by

the local ethics committee.

All patients were selected during a sonographic follow-up

of cirrhosis, which allowed for the detection of nodules.

The histopathological investigation revealed post-hepatitis

cirrhosis in 122 cases (81 HCV + , 31 HBV + , and 10

HBV + + HCV + ), alcoholic hepatitis in four cases and

cryptogenetic hepatitis in five cases. All patients were

divided into subgroups according to the Child–Pugh

classification criteria (99 Child–Pugh class A, and 32

Child–Pugh class B) before starting treatment. The total

number of HCC nodules was 148 (average 1.1 per patient)

with a mean diameter of 27.9 mm (10–40 mm range). The

mean level of a-fetoprotein determined in patients before

starting treatment was 446.6mg/l (range 3.5–7730mg/l). In

the same period, nine more post-hepatitis cirrhosis

patients (six HCV + , two HBV + and one HBV +

+ HCV + ) with a small, solitary HCC that had gone

untreated due to cardiac problems or refusal of treat-

ment were followed-up. The mean age of these patients

(five men and four women) was 70.9 years (within a range

of 58–80 years). The Child–Pugh A/B class ratio was 5:4.

The total number of nodules was nine, with a mean

diameter of 37.1 mm (range 30–40 mm) (Table 1).

Eighteen patients were treated with TACE, 34 with PEI,

46 with LTA and 33 were treated with a combination of

TACE + PEI, for a total of 402 treatments (26 TACE, 106

PEI, 58 LTA and 212 combined treatments).

Table 2 presents the characteristics of the patients and

lesions for each treatment method.

The treatment subgroups were homogeneous in relation both

to nodule dimensions and clinical and laboratory findings. As

a general rule, treatments were randomized and the choice

of treatment is generated by a computer randomization

software, excluding the following cases: nodules with a

difficult percutaneous approach were treated with TACE,

and an alternative treatment to LTA was performed on

superficial lesions next to large vessels and cholecysts.

The present study considered the number of sessions for

each treatment (TACE, PEI, LTA, combined therapy),

the method efficacy in achieving HCC nodule necrosis,

the number and nature of possible complications, the

detection of local recurrences (in the site of the treated

nodule), the detection of new lesions and overall disease

relapse in the disease-free interval, the impact of

prognostic factors on survival and the overall survival rate

for each treatment method (primary end-point).

Treatment protocol
Inclusion criteria

All patients entered the protocol after being diagnosed

with hepatocarcinoma either by means of histological

examination or computed tomography and ultrasonography.

Table 1 Characteristics of patients

Treated Untreated

Number of patients 131 9
Age (years)

Mean ± standard deviation 67.8 ± 6.8 70.9 ± 7.9
Range 44–82 58–80

Sex (men/women) 94/37 5/4
Cause of disease (HCV/HBV/

HBV + HCV/alcoholic/cryptogenetic)
81/31/10/4/5 6/2/1/0/0

Child–Pugh class A/B 99/32 5/4
Number of lesions 148 9

Mean per patient 1.1 1
Diameter of lesions (mm)

Mean ± standard deviation 27.9 ± 7.7 37.1 ± 3.4
Range 10–40 30–40

a-Fetoprotein serum level
Mean ± standard deviation (mg/l) 446.6 ± 1214.7 70.9 ± 7.9
Range (mg/l) 3.5–7730 58–80

Table 2 Characteristics of patients and lesions in relation to treatment

Transcatheter arterial
chemoembolization

Percutaneous
ethanol injection

Laser thermal
ablation

Combined therapy Total

Number of patients 18 34 46 33 131
Child–Pugh class A/B 14/4 22/12 36/10 27/6 99/32
Number of treatments (mean per lesion) 26 (1.3) 106 (2.8) 58 (1.2) 212 (5.3) 402 (2.7)
Number of patients with 1/ > 1 treatments 11/7 14/20 41/5 0/33 66/65
Number of lesions 20 38 50 40 148
Number of patients with 1/2/3 lesions 16/2/0 30/4/0 42/4/0 28/3/2 116/13/2
Diameter of lesions (mm)

Mean ± standard deviation 30.1 ± 7.0 27.1 ± 7.7 29.4 ± 7.1 25.9 ± 8.3 27.9 ± 7.7
Range 15–40 10–40 12–40 10–40 10–40
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The selected patients had to have a single nodule with a

maximum diameter of 40 mm or multiple nodules (three

at most) each with a diameter of 30 mm or smaller. With

the exception of two cases in which the HCC nodules

had been treated in patients who had undergone partial

hepatic resection, the group had received no previous

therapy for HCC.

Following an evaluation of the cirrhosis severity, only

patients belonging to Child–Pugh class A and B were

enrolled. Other inclusion criteria were: a Patient Perfor-

mance Status of 0–2, cardiac and lung function of 0–2

(World Health Organization) and age older than 18 but 80

at most (with the exception of one 81-year-old patient

and one 82-year-old patient in good clinical condition).

A prothrombin time less than 40% (International Normal-

ized Ratio > 1.99) and/or platelet count below 40 000/ml

delayed treatment delivery to 23 patients until adequate

levels were re-established.

In our selected group, one patient was on the waiting list

for an orthotopic liver transplant in the hope of slowing

down disease progression and maintaining the patient’s

requirements for inclusion [13,14].

Exclusion criteria

The protocol excluded patients displaying neoplastic

vascular invasion (thrombosis of the portal vein, the main

portal branches or the suprahepatic veins), invasion of the

main bile ducts or extrahepatic metastases at the moment

of disease staging.

Inclusion in Child–Pugh class C as well as the presence

of decompensated cirrhosis (encephalopathy, high grade

esophageal varices) determined exclusion from the treat-

ment.

Pretreatment evaluation

Each patient underwent blood chemistry tests (total and

fractionated bilirubin, Quick’s test, International Normal-

ized Ratio, albuminemy, platelet count, ammoniemia,

a-fetoprotein, ferritin and hepatic markers if not already

available) when the evaluation of the Performance Status

and heart function was carried out.

Blood coagulation tests were performed no later than 7

days prior to the first treatment session and all patients

were questioned concerning drug allergies and the intake

of antiplatelet agents in the days preceding treatment.

Esophagogastroscopy was conducted if not performed

within the past year in order to detect esophageal varices.

Prior to treatment, all patients underwent abdominal

ultrasonography and dynamic computed tomography.

Abdominal ultrasonography was performed with a real-

time scanner and a 3.5-MHz transducer (EUB 8000;

Hitachi Medical, Tokyo, Japan; and Technos; Esaote

Biomedica, Genoa, Italy). Contrast ultrasonography

(SH U 508A Levovist; Schering, Berlin, Germany) was

performed starting in January 2000 [15,16]. Dynamic

computed tomography was performed with a helical

computed tomography scanner (Light Speed Plus CT;

GE Medical Systems, Milwaukee, Wisconsin, USA), in

accordance with the procedures described in interna-

tional literature [13,17–20]. In all patients, nonenhanced

computed tomography scans were first obtained; then

triple-phase, contiguous, 5-mm-thick computed tomo-

graphy scans were obtained starting 25, 60 and 120 s

following the powered injection of a single bolus of 150 ml

iopromide solution in water (Ultravist 370; Schering) at a

rate of 4 ml/s.

Ultrasonography and computed tomography scan allowed

for the detection of vascular invasion and exclusion of

portal thrombosis or thrombosis of the suprahepatic veins.

Starting in January 2001, in accordance with the

Barcelona 2000 guidelines, biopsy and histological tests

were carried out only in the case of an equivocal diagnosis

of HCC nodules (1–2 cm nodules in particular) [13]. The

presence of metastases was ruled out by means of

appropriate investigations (chest X-ray, total body bone

scintigraphy, etc.).

Methods applied

Digital-angiograph TACE (UPI; Philips Medical System,

Eindhoven, The Netherlands) was performed following

diagnostic angiography for the evaluation of lesion

vascularization and the presence of venous shunts. Patients

were administered an intravenous analgesic (buprenor-

phine, Temgesic; Schering-Plough, Milan, Italy) before

starting treatment. The catheter was inserted into the

hepatic artery via a transfemoral approach, and was placed

into the segmental or subsegmental arteries supplying

blood to the lesion by means of a superselective technique

where feasible [21,22]. An emulsion of antitumoral agents

was injected with iodized fluid in variable amounts, from

15 to 30 mg and from 3 to 10 ml, respectively, until

attaining perfusion of the whole neoplastic mass. Subse-

quently, an embolizing suspension was injected containing

gelatin sponge particles (Spongostan, Ferrosa, Denmark) in

a radiologic contrast medium (Ultravist; Schering) to stop

blood flow. The amount of emulsion to be injected was

determined in relation to each tumor’s dimensions and

extent of vascularization [23].

TACE was applied with two different techniques. Until

September 2001 (and after that date in the presence of

diffuse multiple nodules or severe cardiopathy) a selective

and superselective TACE was carried out with epibirucin

(Farmarubicina; Pharmacia Italia, Milan, Italy) in variable

Treatment of small hepatocellular carcinoma Ferrari et al. 661

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



doses from 50 to 90 mg (average 70 mg) together with

iodized fluid (Lipiodol Ultra Fluid; Guerbet, Aulnay-sous-

bois, France) (8 ml on average); embolization with

fragmented Spongstan or polyvinyl alcohol was subse-

quently performed. Starting in September 2001 a selective

and superselective TACE with a mixture of antitumoral

agents was performed: mitomycin 10 mg (Mitomycin-C

Kyowa; Italiana Farmaceutici, Milan, Italy), doxorubicin

50 mg (Adriblastina; Pharmacia Italia), cisplatin 50 mg

(Platamine; Pharmacia & Upjohn S.P.A., Milan, Italy)

+ Lipiodol Ultra Fluid 8 mg and subsequent embolization

with fragmented Spongstan or polyvinyl alcohol.

PEI was always performed under real-time ultrasonogra-

phy guidance to monitor needle insertion, the needle

position inside the lesion and the distribution of the

injected ethanol. A multifrequency convex echographic

probe was used with a lateral needle guide device (20 G)

and a sterile 95% ethanol solution. In a single session,

from 1 to 8 ml ethanol was injected according to nodule

dimensions, the extent of vascularization, alcohol dis-

tribution and patient tolerance. The ethanol injection

was always slow and in small boluses. As alcohol reflux can

be painful, at the end of each injection the needle was

left on site for approximately 30 s and then slowly

withdrawn. In the case of noticeable reflux, the extraction

was momentarily stopped and continued after a few

seconds. The treatment was terminated when complete

perfusion was achieved.

Laser ablation utilizes the energy generated by a phased,

collimated light beam to destroy living tissue. To this

purpose, 300 mm flexible, flat tip, sterile optical fibers

were used without an outer coating on their terminal end.

Once inserted into the neoplastic tissue, the fibers

quickly convey the energy from the laser source into the

nodule with considerable precision and an optimum ratio

between the supplied energy and necrosis dimension

[24–26]. The treatment was performed under real-time

ultrasonography guidance with a multifrequency convex

probe equipped with a lateral needle guide system. We

used a 21-gauge modified Chiba needle (H.S., Rome,

Italy).

After anesthetizing the needle insertion site with 2%

lidocaine, four needles were appropriately positioned into

the lesion and only later was the patient administered

conscious sedation under continuous monitoring of the

vital signs [27]. Subsequently, after switching on the light

source device, the mandrin was substituted with an

optical fiber that was inserted into the neoplastic tissue,

1 cm over the needle tip. In order to obtain a larger zone

of necrosis, four fibers were inserted, with some of them

inside and others outside the lesion margins at a distance

of 1–1.5 cm from one another.

A neodymium yttrium–aluminum–garnet laser light

source was used (DEKA-M.E.L.A.; EL.EN, Florence,

Italy) with a wavelength of 1.064 mm, applying 5 W for

6 min so as to produce 1800 J per fiber and 7200 J as a

whole per treatment [24,28]. Once the treatment session

was finished, the fibers were extracted with the laser still

on, with the aim of inducing hyperthermia along the

needle extraction pathway and thus avoiding any seeding

of neoplastic cells [29–31].

The following protocol was applied for the combined

therapy. Chemoembolization was followed by various

sessions of alcoholization (after 1–2 weeks) with a

variable amount of ethanol in relation to nodule dimen-

sions. The treatment techniques were the same as those

described for PEI.

Treatment efficacy evaluation

After 24–48 h of treatment, all patients underwent liver

ultrasonography [32–34] (and ultrasonography with con-

trast starting in January 2000); a triphasic computed

tomography scan was performed within 15 days of

treatment [18,35,36]. Computed tomography scan find-

ings indicated that complete necrosis was achieved when

in the early arterial phase (25–30 s after contrast

injection) no contrast impregnation area was detected

in the nodule site. Necrosis was incomplete when the

volume was smaller than at the baseline, with the

detected contrast-enhanced neoplastic tissue inside or

outside the necrotic area margins [37].

In the case of partial response to the treatment, patients

underwent further treatment sessions, whereas in the

case of complete necrosis they were included in the

follow-up program.

The treatment was interrupted in the event of fast

disease progression and parenchymal dissemination or

other signs and symptoms of severe cirrhosis decom-

pensation.

Follow-up

At the end of treatment all patients were assigned a

follow-up protocol as follows.

One month after treatment and subsequently every 3

months, the following was determined: dosage of alkaline

phosphatase, total and fractionated bilirubin, glutamic–

oxalacetic transaminase and glutamic–pyruvic transami-

nase, g-glutamyltransferase, carcinoembryonic antigen,

albuminemy, Quick’s test and International Normalized

Ratio, platelet count and a-fetoprotein; staging of hepatic

functions according to the Child–Pugh classification

criteria; liver and spleen ultrasonography with flussi-

metric evaluation of the portal flow.
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Three months after treatment and subsequently every

6 months, the protocol involved a triphasic computed

tomography scan to evaluate the extent of the necrotic

areas or detect local recurrences and/or new lesions [38].

In the overall evaluation of disease relapse, a ‘local

recurrence’ was defined as the presence of neoplastic

tissue in the same hepatic segment of the treated nodule

and a ‘new lesion’ was defined as the identification of

nodules in other hepatic segments. The detection of

neoplastic tissue fulfilling the inclusion criteria led to a

new treatment session [25,39].

Statistical analysis

Data relating to the patient’s selected parameters and

the follow-up results were analyzed with the aid of the

Epi Info 2000 1.1 advanced statistics program (Epi Info,

CDC, Centers for Disease Control and Prevention,

Atlanta, Georgia, USA).

The chi-squared test was used to compare the ratios in

different groups. Survival curves were obtained with the

Kaplan–Meier method and the differences among these

were analyzed with the log-rank test. An analysis of

prognostic factors [40] was carried out with the Cox

regression method. A P value less than 0.05 was

considered statistically significant.

Results
One hundred and thirty-one selected patients (148

nodules) underwent a total of 402 treatment sessions

(mean of 2.7 per lesion with a 1–13 range). Sixty-six

patients (50.3%) received a single treatment whereas the

other 65 (49.7%) patients underwent more than one

treatment (Table 2).

Complete necrosis was achieved in 81% of treated

nodules (120 out of 148) (Table 3), while in the

remaining 28 nodules (19%) computed tomography scans

showed a residue of neoplastic tissue (incomplete

necrosis).

No death or major complication arose during the

procedures, whereas two minor complications were

observed using TACE (cholecystitis in two patients).

No case has been observed of neoplastic cellular seeding

in patients treated with either PEI or LTA.

At follow-up, 30 recurrences were observed in the site of

the treated nodule (20.0% of all nodules). Over one-third

of these (43.3%) appeared within 12 months and almost

all of them (86.7%) within 24 months of treatment (with

the disease-free interval being 15.7 ± 9.4 months)

(Table 4). Statistical analysis with the chi-squared test

did not show significant differences in the comparison of

proportions among the various groups.

New neoplastic nodules were diagnosed in 22 patients

(16.8%). Of these, 27.3% displayed a new lesion within 12

months and 68.2% within 24 months (with the disease-

free interval being 21.9 ± 17.7 months) (Table 4).

As a whole, the disease relapsed in 42 patients (32.0%):

40.5% within 12 months and 83.3% within 24 months

(with the disease-free interval being 17.0 ± 13.7 months)

(Table 4 and Fig. 1).

In the weeks following the end of treatment, a-

fetoprotein serum levels returned to normal in all

patients who had shown high levels at baseline; in

recurrences, a new increase of a-fetoprotein levels was

observed.

Cumulative survival rates in untreated patients were

55.6% at 12 months and 0% at 36 and 60 months. In

Child–Pugh subgroups A and B, these rates were

respectively of 80.0 and 25.0% at 12 months.

In the 131 treated patients, cumulative survival rates

obtained with the Kaplan–Meier method were 81.9%

(Child–Pugh class A, 85.5%; class B, 71.9%), 35.7%

(Child–Pugh class A, 48.5%; class B, 7.3%) and 20.8%

(Child–Pugh class A, 28.4%; class B, 0%) at 12, 36 and

60 months, respectively.

The results of the survival curve analysis are reported in

Table 5.

A univariate analysis of survival showed statistically

significant differences in the comparison of Child–Pugh

class A and B groups (P < 0.0001), of maximum nodule

diameters of 20 mm or less versus greater than 20 mm

(P = 0.0010) and of treated versus untreated patients

(P < 0.0001). The corresponding survival curves accord-

ing to the Kaplan–Meier method are reported in Figs 2–4.

As concerns the treatment method, the patients who

received LTA and combined therapy survived longer than

those treated with TACE (LTA versus TACE, P = 0.0001;

combined therapy versus TACE, P = 0.0096). LTA

Table 3 Rate of complete necrosis in the first treatment session in
relation to treatment method

Treatmenta Complete necrosis

Number of nodules %

Transcatheter arterial chemoembolization
(n = 20)

14 70

Percutaneous ethanol injection (n = 38) 28 74
Laser thermal ablation (n = 50) 46 92
Combined therapy (n = 40) 32 80
Total (n = 148) 120 81

an, number of nodules.
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treatment performed better than PEI with a statistically

significant difference in survival (P = 0.0274) (Table 5

and Fig. 5).

Other factors such as age, sex and the number of nodules

did not display significant differences among the groups

following a univariate analysis of survival (Table 5).

A stratified analysis of survival was conducted for each

treatment in relation to inclusion in the Child–Pugh class

A and B groups (Figs 6 and 7): this analysis confir-

med a better survival rate following LTA treatment or

other combined therapies when compared with TACE

(P < 0.0001 and P = 0.0095); LTA treatment showed

better performance than PEI with a statistically signifi-

cant difference (P = 0.0239). Conversely, no statistically

significant difference was found in the Child–Pugh class

B group.

Table 6 reports the results from the multivariate analysis

according to the Cox model, in which the following

variables are considered: Child–Pugh class, maximum

diameter of the nodule, number of nodules and treatment

method.

Table 4 Incidence of local recurrence, new lesion and disease relapse in treated patients (n = 131) in relation to Child–Pugh class and
treatment method

Local recurrences
(number of
nodules)

Local recurrence-
free interval
(months)a

New lesions
(number of
patients)

New lesion-free
interval

(months)a

Disease relapse
(number of
patients)

Disease-free
interval

(months)a

Transcatheter arterial chemoembolization
(n = 20/18)b

4 18.0 ± 5.5 1 15.0 4 18.0 ± 5.5

Child–Pugh class A (n = 14/14) 4 18.0 ± 5.5 1 15.0 4 18.0 ± 5.5
Child–Pugh class B (n = 6/4) – – – – – –
Percutaneous ethanol injection (n = 38/34) 3 27.0 ± 13.5 4 37.5 ± 15.0 5 29.8 ± 13.4
Child–Pugh class A (n = 24/22) 2 34.0 ± 8.5 3 38.0 ± 18.3 3 33.3 ± 13.3
Child–Pugh class B (n = 14/12) 1 13.0 1 36.0 2 24.5 ± 16.3
Laser thermal ablation (n = 50/46) 10 13.7 ± 8.7 2 17.0 ± 1.4 12 14.3 ± 8.0
Child–Pugh class A (n = 38/36) 6 16.2 ± 10.5 2 17.0 ± 1.4 8 16.4 ± 8.9
Child–Pugh class B (n = 12/10) 4 10.0 ± 3.7 – – 4 10.0 ± 3.7
Combined therapy (n = 40/33) 13 13.9 ± 8.9 15 18.8 ± 18.2 21 15.4 ± 16.1
Child–Pugh class A (n = 34/27) 10 16.4 ± 8.6 13 20.3 ± 19.0 16 18.0 ± 17.5
Child–Pugh class B (n = 6/6) 3 5.7 ± 3.5 2 9.0 ± 9.9 5 7.0 ± 5.8
Total (n = 148/131) 30 15.7 ± 9.4 22 21.9 ± 17.7 42 17.0 ± 13.7
Child–Pugh class A (n = 110/99) 22 18.2 ± 9.6 19 22.5 ± 18.1 31 19.1 ± 14.4
Child–Pugh class B (n = 38/32) 8 8.8 ± 4.1 3 18.0 ± 17.1 11 11.3 ± 9.4

aData presented as mean ± standard deviation.
bn, Number of nodules/patients.

Fig. 1
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This analysis highlights how inclusion in a Child–Pugh

class was the best predictor of survival in our selected

patient group. The prognosis was often affected, however,

by the hepatocellular tumor features (diameter and the

number of nodules) and the treatment method (assessed

according to an increasing efficacy scale TACE’PEI’
combined’LTA).

Transcatheter chemoembolization of hepatic arteries

Twenty nodules in 18 patients undergoing TACE were

treated during a total of 26 sessions, with a median of 1.3

treatments per lesion (range 1–2) and of 1.4 treatments

per patient (range 1–3). Sixty-one percent of patients

(n = 11) required a single treatment session while seven

patients (39%) underwent two or three treatments. Every

session lasted from 30 to 60 min. Complete response to

treatment was obtained in 14 nodules (70%), whereas in

the other six (30%) the extent of necrosis achieved was

smaller than that of the original lesion.

Side-effects included nausea, mild pain in the right

hypochondrium and fever in the hours immediately

following treatment. Severity of symptoms was directly

proportional to the volume of the treated lesion. No

death occurred and no case of pulmonary oil embolism

was observed, while two patients mentioned an episode

of cholecystitis a few days following the session.

At follow-up, four recurrences were diagnosed on the site

of the primary nodules (20%). One-quarter of these

(25.0%) appeared within 12 months and all of them

(100%) within 24 months (with the disease-free interval

being 18.0 ± 5.5 months). At the 15th month of follow-

up, one patient (5.6%) presented a new lesion.

Overall, the disease relapsed in four patients (22.2%): in

one patient (25.0%) within 12 months and in the other

three patients (100%) within 24 months (with the

disease-free interval being 18.0 ± 5.5 months).

Cumulative survival rates in this patient group were 66.7,

11.1 and 0% at 12, 36 and 60 months, respectively. In

Child–Pugh class A and B subgroups, rates were

respectively 64.3 and 75.0% at 12 months, 14.3 and 0%
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Cumulative survival curves (Kaplan–Meier with rectilinear interpolation)
in relation to Child–Pugh class A (n = 99) and class B (n = 36).
P < 0.0001 (log-rank test).
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Cumulative survival curves (Kaplan–Meier with rectilinear interpolation)
in relation to the maximum diameter of nodules (r20 mm, n = 23;
> 20 mm, n = 117). P = 0.0010 (log-rank test).
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Cumulative survival curves (Kaplan–Meier with third-order Lagrange
interpolation) in relation to treated (n = 131) and untreated (n = 9)
patients. P < 0.0001 (log-rank test).
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at 36 months and 0% in both groups at 60 months.

Statistical discrepancy in the percentages at 12 months

was attributable to the small number of cases in the

Child–Pugh B class.

Percutaneous ethanol injection

Thirty-four patients with 38 nodules received a

total of 106 PEI treatments, with a mean of 2.8

treatments per lesion (range 1–5) and 3.1 treatments

per patient (range 1–8). Forty-one percent of patients

(n = 14) required a single treatment session, whereas

the other 20 patients (59%) needed more than one

treatment.

Table 5 Univariate analysis of survival (log-rank test) in relation to
patients’ age and sex, Child–Pugh class, maximum diameter of the
tumor, number of nodules, performance or absence of treatment
and treatment method

Variable Log-rank test P value

Age
r60 years (n = 19)
> 60 years (n = 121) 1.19 0.2795

Sex
Men (n = 99)
Women (n = 41) 3.27 0.0706

Child–Pugh
Class A (n = 104)
Class B (n = 36) 32.99 0.0000

Maximum diameter
r20 mm (n = 23)
> 20 mm (n = 117) 10.86 0.0010

Number of nodules
1 (n = 125)
> 1 (n = 15) 2.95 0.0861

Treatment
Untreated (n = 9)
Treated (n = 131) 20.64 0.0000

Type of treatment
LTA (n = 46) versus combined therapy
(n = 33)

1.52 0.2181

LTA versus PEI (n = 34) 4.86 0.0274
LTA versus TACE (n = 18) 15.55 0.0001
Combined therapy versus PEI 1.62 0.2029
Combined therapy versus TACE 6.71 0.0096
PEI versus TACE 2.00 0.1569

LTA, laser thermal ablation; PEI, percutaneous ethanol injection; TACE,
transcatheter arterial chemoembolization.
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Cumulative survival curves (Kaplan–Meier with rectilinear interpolation)
in relation to the treatment method [laser thermal ablation (LTA) n = 46;
combined therapy (Combined T.) n = 33; percutaneous ethanol
injection (PEI) n = 34; transcatheter arterial chemoembolization (TACE)
n = 18].
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Stratified analysis of survival (Kaplan–Meier method with rectilinear
interposition) according to inclusion in Child–Pugh class A (n = 99) in
relation to the treatment method. LTA, laser thermal ablation; Combined
T., combined therapy; PEI, percutaneous ethanol injection; TACE,
transcatheter arterial chemoembolization.
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Log-rank test:

•  LTA vs Combined T. P =ns
•  LTA vs PEI P =ns
•  LTA vs TACE P =ns
•  Combined T. vs PEI P =ns
•  Combined T. vs TACE P =ns
•  PEI vs TACE P =ns 
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Stratified analysis of survival (Kaplan–Meier method with rectilinear
interposition) according to inclusion in Child–Pugh class B (n = 32) in
relation to the treatment method. LTA, laser thermal ablation; Combined
T., combined therapy; PEI, percutaneous ethanol injection; TACE,
transcatheter arterial chemoembolization.
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The necessary number of sessions per patient was

difficult to establish in advance, as well as the amount

of ethanol to be administered, although both parameters

generally proved to be directly proportional to the lesion

diameter.

Complete necrosis was achieved in 28 nodules (74%),

while necrosis was incomplete in the remaining 10

nodules (26%). In the cases of high induced necrosis, in

the 24–48 h following treatment seven patients displayed

hyper-pyrexy. During the treatment sessions, no death or

complications occurred.

At follow-up, three local recurrences were diagnosed

(7.9% of the total 38 nodules), none of which occurred at

12 months and one of which (33.3%) was diagnosed at 24

months (with the disease-free interval being 27 ± 13.5

months). New nodules were observed in four patients

(11.8%), none within 12 months or within 24 months

(with the disease-free interval being 37.5 ± 15.0 months).

The disease relapsed in a total of five out of the 34

patients who received PEI treatment (14.7%): in no

patient did it reappear within 12 months and in 40.0% of

patients within 24 months (with the disease-free interval

being 29.8 ± 13.4 months).

The cumulative survival rates were 71.0% (Child–Pugh

class A, 68.4%; class B, 75.0%), 29.4% (Child–Pugh class

A, 33.1%; class B, 25.0%) and 18.4% (Child–Pugh class A,

33.1%; class B, 0%) at 12, 36 and 60 months, respectively.

Laser thermal ablation

Fifty nodules in 46 patients undergoing LTA were treated

over the course of 58 sessions, with a median of 1.2

treatments per lesion (range 1–3) and 1.3 treatments per

patient (range 1–3). Eighty-nine percent of patients

(n = 41) required one treatment session while five

patients (11%) underwent more than one treatment. In

92% of treated nodules (46 out of 50) complete necrosis

was achieved, whereas necrosis was incomplete in four

nodules (8%).

Triphasic spiral computed tomography scan and contrast

ultrasonography in the days following treatment revealed

a necrotic area with no contrast enhancement and

surrounded by a peripheral ring with high-contrast

medium impregnation due to inflammation from laser

application, which was not detected during the following

control. During the session no major complication was

observed.

At follow-up 10 local recurrences were found (20.0%),

one-half of which (50.0%) appeared within 12 months

and 90.0% within 24 months (with the disease-free

interval being 13.7 ± 8.7 months).

New HCC nodules were diagnosed in other hepatic

segments in two patients (4.3%) within 12–24 months

from the end of treatment (with the disease-free interval

being 17.0 ± 1.4 months). Overall, the disease relapsed in

12 patients (26.0%): in 41.7% of them within 12 months

and in 91.7% of them within 24 months (with the disease-

free interval being 14.3 ± 8.0 months).

Cumulative survival rates were: 90.0% (Child–Pugh class

A, 96.7%; class B, 70.0%), 53.3% (Child–Pugh class A,

71.9%; class B, 0%) and 31.0% (Child–Pugh class A,

41.9%; class B, 0%) at 12, 36 and 60 months, respectively.

Combined therapy

Thirty-three patients with 40 nodules underwent a total

of 212 treatments, with a mean of 5.3 treatments per

lesion (range 2–13) and 6.4 treatments per patient (range

2–13). More than one session was necessary for all lesions

(100%).

In 80% of treated nodules (32 out of 40), a complete

response was achieved. In eight nodules (20%) necrosis

was incomplete. No complication was observed.

At follow-up 13 local recurrences were diagnosed (32.5%),

53.8% of which had appeared within 12 months of

treatment and 92.3% within 24 months (with the disease-

free interval being 13.9 ± 8.9 months).

Fifteen patients (45.4%) developed new HCC nodules,

40.0% within 12 months and 73.3% within 24 months

(with the disease-free interval being 18.8 ± 18.2 months).

As a whole, the disease relapsed in 21 patients (63.6%), in

42.4% of which within 12 months and 85.7% within 24

months (with the disease-free interval being 15.4 ± 16.1

months).

The cumulative survival rates were 90.8% (Child–Pugh

class A, 96.2%; class B, 66.7%), 41.4% (Child–Pugh class

A, 51.3%; class B, 0%) and 19.3% (Child–Pugh class A,

23.9%; class B, 0%) at 12, 36 and 60 months, respectively.

Discussion
In nations that promote ultrasonography screening of the

high-risk population for HCC, early diagnosis is often

Table 6 Multivariate analysis according to the Cox model of
survival predictors

Variable Regression
coefficient

EXP
(coefficient)

Global
chi-square

P value

Child–Pugh class 0.959 2.608 30.205 < 0.0001
Type of treatment – 0.424 0.654 49.643 < 0.0001
Maximum diameter 0.073 1.075 68.469 < 0.0001
Number of nodules 0.590 1.805 71.212 0.030
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achieved [13]. Therapeutic options for small HCC

include surgery (liver transplant or partial resection via

laparotomy or laparoscopy), intra-arterial methods

(TACE) or percutaneous methods (PEI, LTA, radio-

frequency). The use of radiotherapy and systemic

chemotherapy is limited to advanced-stage patients

[13]. Choosing the most suitable therapeutic option is

not easy, as HCC is a neoplasm of multicentric origin

[5–7] and in almost all cases a pre-existing chronic liver

condition precedes onset of the tumor [2,3].

Diverse factors can be identified that may affect

prognosis, and are related to neoplasm progression (tumor

dimension, poor histological differentiation, vascular

invasion, lymph-nodes or distant metastases, high a-

fetoprotein levels, the presence of estrogen receptors),

and the evolution of the underlying chronic liver

condition (high bilirubin and transaminases blood levels,

low albuminemy levels, Child–Pugh class B/C, the

presence of abundant ascites) [9,13,41,42].

The restrictive criteria for orthotopic liver transplant

include a solitary tumor of 5 cm or less or up to three

nodules of 3 cm or less [43]. These were first proposed by

Bismuth et al. [44], were refined and disseminated

by Mazzaferro et al. [45] and were ultimately confirmed

by several other groups [46–48]. The shortage of donors

delays transplants, however, allowing for consequent

neoplastic growth and the withdrawal of patients from

the waiting list as they no longer meet the criteria for

transplant. Llovet et al. reported that, with a waiting

period exceeding 6 months, more than 25% of patients

must be removed from the transplant waiting list

[49]. Percutaneous and loco-regional therapies for HCC

in transplant candidates make it possible to delay

disease progression and maintain patients’ suitability

for transplant according to the inclusion criteria

[13,50,51].

Surgical resection of a cirrhotic liver is acceptable,

provided that the residual hepatic function is properly

evaluated and extensive removal of parenchymal tissue is

avoided, restricting the use of surgery to those cases

where segmentary or subsegmentary resection is possible.

It is appropriate to underline that surgical excision can be

applied to unifocal HCCs and in the absence of extra-

hepatic diffusion. As a consequence, the percentage of

HCC patients eligible for hepatic resection is not high,

ranging between 9 and 27% [52].

In a multicentric study by Ryu et al. on a total of 3225

patients, the survival rate at 5 years of Child–Pugh class A

patients with less than three nodules smaller than 30 mm

and subjected to surgical resection was 54.7%, whereas

the survival rate of patients who underwent PEI was

53.8% with a nonsignificant statistical difference [7].

Similar results were obtained by Livraghi et al. [53].

Better results were obtained in studies where a more

accurate selection of patients was carried out: Lau et al.
reported a survival rate at 5 years of 72 and 55% in

patients with stage I and II tumors, respectively, of the

TNM classification by the International Union against

Cancer [54].

In conclusion, surgical resection almost always leads to

complete removal of the neoplasm, although several

factors (tumor multicentricity, cirrhosis, perioperative

risk, postoperative complications, excessive loss of

healthy tissue with consequent liver insufficiency, poor

reproducibility, higher costs) make the choice of

an equally effective but less expensive methodology

preferable.

TACE has been used for several years in the treatment of

HCC. The efficacy of this treatment has been confirmed

by histopathological [55] and survival studies [7,12],

although randomized controlled studies have not re-

ported a statistically significant difference in survival

between TACE and untreated patients [56,57].

In our experience, TACE produced data on survival

matching those in the literature, where survival at 1 year

ranges between 24 and 73% [12]. In our case series a

statistically significant difference was observed between

the TACE group and the untreated patients, although the

overall survival rate was statistically lower than that

obtained with LTA and combined therapy (Table 5 and

Fig. 5). Data show that TACE proves to be more effective

in combination with another treatment, as extensively

described in the literature [12,23,28,58].

Of all the percutaneous ablation techniques, PEI has

been the most practiced and investigated. PEI therapeu-

tic efficacy — namely its necrotizing effect — has been

evaluated in various histopathological studies. In 37

lesions from different case series with dimensions ranging

between 10 and 45 mm and treated with PEI, complete

necrosis was observed in 73% of nodules and in over 90%

of the remaining lesions [53,59]. Several clinical studies

have also been published with a detailed evaluation

of complications, recurrence and long-term survival

rates [12].

In studying more case series, cumulative survival ranges

between 85 and 97% at 1 year and 57 and 68% at 3 years.

The local recurrence rate is 3–17%, whereas the new

lesions rate is 78–87% [53,60–63]. In all these patient

series, the main cause of death in Child–Pugh class A

patients was disease progression, mostly due to new

lesions, while death in patients with advanced cirrhosis

was almost always caused by accentuation of liver

insufficiency.
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In our case series, the survival rate in patients treated

with PEI was statistically lower than in LTA groups

(Table 5 and Fig. 5), with a low average rate of complete

necrosis (Table 3). PEI, notwithstanding its advantages

(reproducibility, ease of performance, low complication

rate), should be combined with another treatment,

especially when treating large nodules that necessitate

multiple treatment sessions to attain complete necrosis

[12,23,58].

Several attempts have been made in recent years to

improve PEI efficacy with a view to obtaining a larger

necrotic area with a smaller number of treatments.

Nevertheless, the most encouraging results are now

being obtained with the application of interstitial

hyperthermia with radiofrequency or LTA.

The laser, by transforming light energy into heat, induces

immediate cellular coagulation necrosis resulting from

the deactivation of mitochondrial enzymes and cyto-

plasmatic protein denaturation. The necrotic area is

temporarily surrounded by a ring of hyperemic and

edematous tissue later substituted by necrotic tissue

[26,27].

Pacella et al. have recently published a prospective study

on 74 patients with a single HCC of 40 mm or less with

not more than three nodules of 30 mm or less, treated

with LTA. The necrosis achieved was greater than or

equal to the original lesion volume in 97% of cases, with a

median number of 1.1 treatments for each HCC. At

follow-up, the local recurrence rate was 6% (the mean

disease-free interval was 14.8 months) and the new lesion

rate was 49% (the mean disease-free interval was 17.7

months). Cumulative survival rates at 1, 3 and 5 years

were 99, 68 and 15%, respectively. No major complica-

tions were reported [17]. In a study on 85 patients with

large HCCs, Giorgio et al. [25] obtained 70 necroses

(82%). This study did not report data on long-term

survival, however, which is considered the main end-point

of a controlled clinical study as stated at the Barcellona-

2000 EASL conference [13]. In comparison with PEI,

LTA carries a much lower risk of neoplastic cellular

seeding and it often succeeds in inducing complete

necrosis in a single treatment session [17,26].

Our LTA group attained the best rate of complete

necroses (92%) (Table 3). In terms of survival, LTA

performed significantly better than PEI and TACE

(Table 5 and Fig. 5).

Radiofrequency is a thermal ablation technique inducing

coagulation necrosis with similar effects to those pro-

duced by LTA. In a prospective study by Livraghi et al.,
results were compared from PEI and radiofrequency

application in a sample group of 86 patients with HCC —

either single or multiple, 30 mm or less. Complete

necrosis was achieved in 47 out of 52 radiofrequency-

treated tumors (90%) and in 48 out of 60 PEI-treated

tumors (80%) with an average of 1.2 and 4.8 treatments,

respectively [64].

Lencioni et al. conducted a randomized study in order to

compare radiofrequency and PEI ablation efficacy in

treating patients with a single HCC of 50 mm or smaller,

or as many as three HCCs each 3 cm or smaller, with well-

compensated cirrhosis. After a 2-year follow-up the

radiofrequency-treated group showed a significantly lower

rate of local recurrence and a longer disease-free interval

than the PEI-treated group [65].

Buscarini et al. recently carried out a prospective study on

88 patients with 101 nodules of HCC measuring 35 mm

or smaller to measure the efficacy and safety of radio-

frequency ablation. The authors observed a cumulative

survival rate at 1, 3 and 5 years of 89, 62 and 33%,

respectively, and a mean disease-free interval of 19

months. Two cases of major complications and 14 of

minor complications were also reported [66,67]. The

results from the studies described above support the

relevance of radiofrequency therapy in the treatment of

small HCCs mostly for its optimal capacity to induce

complete necrosis of the lesion in few treatment sessions.

It is to be underlined, however, that some authors have

found the incidence and severity of radiofrequency

complications to be greater than those from PEI

[11,53]. Moreover, in the studies on radiofrequency,

patients with lesions close to the hepatic ileum or

cholecyst are generally excluded, whereas according to

Pacella et al. these cases may undergo thermoablation

using a thin laser fiber [17]. The results of long-term

survival following radiofrequency basically overlap those

of LTA [12,17,64].

In our department, radiofrequency is not performed to

treat HCC. It would however appear to be an alternative

to LTA with very similar results, depending on operator

availability and experience. In recent years a combined

treatment of percutaneous and locoregional techniques

has been put forward, especially to treat large HCCs. The

use of TACE + PEI has been validated by histopatholo-

gical findings on the destruction of the intra-tumoral

septa by TACE along with the marked reduction of the

tumoral dimensions and consistency, thus easing ethanol

diffusion in the subsequent PEI treatment [23,55,68].

Ethanol washout is delayed after arterial embolization

as TACE itself creates a fibrous wall surrounding the

mass, thus producing longer retention and a stronger

tumor-killing effect [12,68]. Several studies report an

optimal therapeutic response to TACE + PEI, a good

long-term survival rate and no major complications

[12,23,68].
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Other combined therapies have recently been proposed,

namely TACE + thermoablation, especially for the treat-

ment of large HCCs [28,69], and chemoembolization in

combination with therapies such as surgery, microwaves,

radiotherapy, immunotherapy or gene therapy, with

encouraging preliminary results [58].

In our case series the TACE + PEI therapy produced

good results in terms of complete necrosis and a

significantly better survival rate than that obtained with

TACE alone (Tables 3–5 and Fig. 5).

Our study compared the response rate, recurrence rate

and disease-free survival, secondary end-points according

to the Barcelona-2000 EASL Conference [13]. The

highest rate of complete successful nodule necrosis was

achieved with LTA (92%, compared with 80% for

combined therapy, 74% for PEI and 70% for TACE).

LTA also required a smaller number of sessions per lesion,

with a median of 1.2 versus 1.3 for TACE, 2.8 for PEI and

5.3 for the combined treatment. As reported in current

literature, the greatest number of local recurrences and

new lesions was observed within the first 2 years of

treatment and in Child–Pugh class A patients. Survival of

Child–Pugh class B patients was much lower and there-

fore recurrences were also rarer. Overall, the disease-free

interval was 17 months, but statistical analysis did not

show significant differences in the comparison of treat-

ment groups.

In the patient series examined, factors affecting prognosis

— in addition to the Child–Pugh score — included the

diameter and number of nodules, the performance or

nonperformance of treatment and the treatment method

itself. It has now been confirmed that cirrhosis severity

according to the Child–Pugh classification is indicative of

the survival of HCC patients. In accordance with the data

in the literature [13], the survival rate in our studies of

Child–Pugh class A patients is significantly higher

(P < 0.0001) than that of Child–Pugh class B patients

(Fig. 2). It is clear that in HCC patients the severity of

the underlying chronic liver condition has a considerable

impact on survival. A statistically significant difference in

survival was observed between treated and untreated

patients (P < 0.0001). In spite of the differences in

number and nodule diameter in both groups, it emerges

that whatever treatment is chosen it significantly

increases survival. In a recent study by Llovet et al.,
survival data were reported for 102 patients with

untreated, median-stage HCC, and their survival

rates were 54 and 28% at 1 and 3 years, respectively

[70]. A statistically significant difference (P = 0.0010)

was also noted between patients with nodules measuring

20 mm or smaller and nodules measuring > 20 mm, with

similar results to those obtained in several studies

[7,13,53].

Conclusion
Technological evolution produces repeated equipment

innovation and turnover, as well as improvement in

diagnostic and therapeutic methodologies and their

capacity. Accordingly, the application and efficacy of each

type of treatment recognizes the operator’s experience

and the availability of adequate instrumentation as

fundamental. As concerns the comparison of the methods

in the treatment of HCC, it is to be underlined that

results from prospective randomized and controlled trials

are not yet available. These studies should only compare

cases that, due to the nature and evolution of the chronic

liver condition and HCC manifestation, can be treated

with either method in order to test the actual superiority

of one over the other. Furthermore, the most significant

result should be the recurrence rate of the treated

nodules: that is, the achievement of a complete or

incomplete necrosis of the tumor over time. Other

factors, such as varying survival rates for each method,

may be influenced by the characteristics of the patient

with chronic hepatic condition.

This study provides some interesting hints on the role

and efficacy of the analyzed treatment methods. In

particular, the stratified analysis of survival per Child–

Pugh class (representing the most relevant prognostic

factor in the observed HCC patients) in relation to the

treatment applied indicates that LTA offers a signifi-

cantly better prognosis than the other techniques.

Moreover, the multivariate analysis, in which the treat-

ment method (classified according to prognostic influ-

ence) was considered among the possible factors affecting

prognosis, indicated how this variable has a prognostic

value independent of survival. The examined case series

reveals LTA to be the most effective treatment, combin-

ing the ease of use and reduced invasiveness of typical

percutaneous techniques with a limited number of

sessions and complete necrosis in almost all cases,

producing the best overall survival rate for treated

patients.
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