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Local ablation therapy for hepatocellular carcinoma

From ethanol injection to radiofrequency ablation

Shuichiro Shiina, MD, PhD, Ryosuke Tateishi, MD, PhD, Hideo Yoshida, MD, PiD,

Fumibhiko Kanai, MD, PhD, Masao Omata, MD, PhD.

ABSTRACT

This article reviews the current status of local ablation
therapy for hepatocellular carcinoma (HCC). In the
treatment of HCC, non-surgical treatments play
important roles since only 20-30% of patients are
candidates for surgery. Still worse, even after curative
surgical resection, 80% of patients develop recurrence
within 5 years. Among non-surgical treatments, image-
guided local ablation therapies have been widely used for
cases of small-number and small-size lesions, because they
are potentially curative, minimally invasive, and easily
repeatable. Although percutaneous ethanol injection has
long been a standard therapy, there has been a drastic
shift from ethanol injection to radiofrequency ablation
in recent years. Randomized controlled trials proved that
radiofrequency ablation is superior to ethanol injection
in the treatment of HCC from the viewpoint of not
only treatment response but also long-term survival.
Radiofrequency ablation will play more important roles
in the treatment of HCC.
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he incidence of hepatocellular carcinoma (HCC)

has been rising worldwide.'”? Unlike other solid
tumors, surgery plays a limited role in the treatment of
HCC.*¢ Only 20-30% of patients can be candidates for
hepatectomy, because of underlying cirrhosis, or multiple
lesions. Still worse, even after apparently curative resection,
80% of patients develop recurrence within 5 years’
because of latent metastasis or metachronous multicentric
carcinogenesis. Liver transplantation may be effective in
some cases,® but its feasibility is restricted by shortage of
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organ donors. Consequently, various non-surgical
therapies have developed for HCC. Among them,
image-guided local ablation therapies, such as
percutaneous  ethanol injection,”!'  microwave
coagulation,”” and radiofrequency ablation'*"
have been playing important roles, because they
are potentially curative, minimally invasive, and
easily repeatable. At our institute, we have treated
90% of previously untreated patients with HCC by
local ablation therapies. We have performed ethanol
injection on the total number of 2,000 since 1985,
microwave coagulation on the total number of 200
since 1995, with satisfactory long-term results.
However, since the introduction of radiofrequency
ablation into clinical practice in 1999, there has been
a drastic shift from ethanol injection and microwave
coagulation to radiofrequency ablation (Figure
1).” Recent randomized controlled trials proved
that radiofrequency ablation is superior to ethanol
injection in the treatment of HCC.'*" In this
article, we will first describe ethanol injection and
microwave coagulation briefly, then radiofrequency
ablation in more detail.

Percutaneous ethanol injection. In percutaneous
ethanol injection, absolute ethanol is injected
directly into lesions through 21-22 gauge needles
which are inserted under ultrasound-guidance.” It
can destroy a considerably large volume of tissue in
one ablation. Ethanol injection was introduced into
clinical practice in the early 1980’.”"" It has enabled
us to treat HCC potentially curatively by non-
surgical measures. Ethanol injection has been widely
performed as a standard therapy for small HCC, such
as those <3 cm in diameter.””*° Histopathological
examinations after the therapy have revealed that
ethanol injection can destroy the tumor completely
when it is performed properly.”® Some investigators
have reported that its long-term survival may be
similar to that of surgery."?* According to the report
of the 16th nationwide follow-up survey of the Liver
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Cancer Study Group of Japan, the 1-, 2-, 3-, 4-, 5-, 7-,
and 10-year survival rates of all 15,579 patients treated
by ethanol injection were 92.4%, 79.3%, 65.5%,
52.8%, 42.2%, 27.2%, and 14.3%.% At our institute,
the cumulative survival rates of 524 patients treated by
ethanol injection were 89.8%, 79.0%, 65.9%, 55.5%,
47.7%, 32.4% and 17.3% at 1, 2, 3, 4, 5, 7 and 10
years.” A recent randomized controlled trial showed
that there is no statistical significance for recurrence
and survival between ethanol injection and surgical
resection.”’” Its efficacy is not very reliable, however,
because spread of injected ethanol is largely restricted
by the capsule or septa of the lesion (Figure 2).”* Thus,
the number of patients treated by ethanol injection
has sharply decreased since the recent introduction
of radiofrequency ablation.” Randomized controlled
trials showed that radiofrequency ablation is superior
to ethanol injection for small HCC from the viewpoint
of not only treatment response but also recurrence and
survival.'*'® Nowadays, ethanol injection is a treatment
of choice only if radiofrequency ablation cannot be
performed safely, such as those in which enteric-biliary
reflux is observed so that radiofrequency ablation may
develop liver abscess, or those in which adhesion exists
between the lesion and the gastrointestinal tract so that
radiofrequency ablation may cause gastrointestinal tract
perforation or penetration even after artificial ascites
technique.
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Figure 1 - Transition of local ablation therapies for liver tumors at the
Department of Gastroenterology, University of Tokyo. At
our institute, 90% of previously untreated patients with
hepatocellular carcinoma have been treated by local ablation
therapies. Since the introduction of radiofrequency ablation
into clinical practice in 1999, there has been a drastic shift from
ethanolinjectionand microwave coagulation to radiofrequency
ablation. In 2005, we performed radiofrequency ablation on
a total of 564 patients with liver tumors while we did ethanol
injection on 7. PEIT - percutancous ethanol injection therapy,
PMCT - percutaneous microwave coagulation therapy, REFA
- radiofrequency ablation.
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Percutaneous ~ microwave  coagulation. In
percutaneous microwave coagulation, the cancer tissue
is ablated by heat produced by microwave energy
emitted from the inserted electrode (16 gauge)."
Heat may be conducted considerably homogeneously
in all directions; the capsule or septa of the lesion
may not prevent the conduction very much. It can
surely destroy a certain amount of tissue, although its
necrotic area is smaller (2 cm in diameter and 2.5 cm
in length) compared with ethanol injection. Microwave
coagulation became popular in Japan in the late 1990’s.
However, since the spread of radiofrequency ablation,
microwave coagulation has rarely been performed.”
According to the report of the 15th nationwide follow-
up survey of the Liver Cancer Study Group of Japan,
the 1-, 2-, 3-, 4-, and 5-year survival rates of all 828
patients treated by microwave coagulation were 93.8%,
85.6%, 77.1%, 67.3%, and 57.2%.%

Radiofrequency  ablation. In  percutaneous
radiofrequency ablation, the electrode is inserted into
the tumor under image guidance. Then radiofrequency
energy is emitted from the exposed portion of the
electrode, which is converted into heat and causes
necrosis of the tumor. Radiofrequency ablation can
ablate a tissue of up to 3 cm in diameter or more as
expected. Thus, this therapy has an advantage of
ethanol injection in that it can ablate a large volume
of tissue in one ablation, and that of microwave
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Figure 2 - Scheme of cases of incomplete necrosis treated by ethanol
injection. Inanearly period of ourstudy, we histopathologically
examined 24 lesions of hepatocellular carcinoma treated by
ethanol injection and found that the lesion was completely
necrotic in 17 lesions, 90% necrotic in 6 lesions, and 70%
necrotic in the remaining lesion Viable cancer tissue remains
in small nodules around the main lesion, along the edge of
the lesion, or in portions isolated by septa. This is because
spread of injected ethanol is largely restricted by the capsule
or septa of the lesion, which results in less reliable efficacy in
ethanol injection than thermal ablation.
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Figure 3 - A view of radiofrequency ablation. An electrode is inserted
percutaneously into the lesion under ultrasound-guidance.

coagulation in that it can surely destroy a certain size
of tissue. Radiofrequency ablation is mainly performed
percutaneously under ultrasound guidance, while it
can also be used under laparotomy,® laparoscopy,® or
thoracoscopy.” Several types of radiofrequency ablation
systems are commercially available.”* In the RITA
(Mountain View, CA, USA) and Boston Scientific
(Natick, MA, USA) systems, expandable-type electrodes
are used; multiple thin curved monopolar electrodes
extend from the central cannula (18-14 gauge) of the
electrode. Radiofrequency emanates from each of these
hooks resulting in increased coagulation. In the Valley
Lab (Boulder, CO, USA) system, cooled-tip electrodes
(17 gauge) are used. These electrodes have 2 hollow
lumens that permit continuous internal cooling of
the tip with a chilled perfusate. As a result, heating of
tissues nearest to the electrode is reduced, which allows
for greater current deposition without tissue charring
or impedance rises. We use the cooled-tip electrodes in
our institute because some lesions can be ablated with
these electrodes but not with the expandable-type ones.
In Japan, more than 1400 institutes have introduced
radiofrequency ablation in the treatment of liver tumors
and the system with the cooled-tip electrodes has an
80% share of the market while in other countries,
the systems with expandable type electrodes are more

widely used.
Patient  selection. 'The general requirements
for radiofrequency ablation are as follows: 1.

histopathologically confirmed HCC or characteristic
imaging features of HCC, 2. unresectable lesions or
refusal of surgery, 3. absence of apparent vascular or
biliary invasion, 4. absence of refractory ascites, 5.
absence of marked bleeding tendency (prothrombin
times should be 50% or more, and platelet count should
be 50,000/mm? or more), 6. serum bilirubin level
of less than 3.0 mg/dl, 7. lesions located in portions
where the electrode can be inserted and held safely,
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taken before

Figure 4 - Computerized
radiofrequency ablation. a) A 62-year old man

tomography scan

had confluent multinodular-type hepatocellular
carcinoma of 4 cm on the surface in S4. b) After the
second session of radiofrequency ablation. Not only
the lesion but also some amount of surrounding tissue
became non-enhanced area. When we see cases like
this, we can understand that radiofrequency ablation
can surely be a curative treatment of liver tumors.

8. informed consent. With regard to the size of the
lesions, radiofrequency ablation is usually performed
for small lesions up to 3 cm in diameter, since the size
of necrosis achieved by each radiofrequency ablation
process is limited. Larger tumors can be treated by
radiofrequency ablation, however, with overlapping
of ablated areas. A combination of transcatheter
arterial  chemoembolization and  radiofrequency
ablation is often useful for large tumors. With regard
to the number of the lesions, most investigators have
performed radiofrequency ablation on patients with
3 or fewer lesions. It is impractical to treat very many
lesions with radiofrequency ablation because of the
number of necessary treatment sessions. In addition,
it is very likely that there are also small undetectable
metastases in cases of many lesions, and therefore, even
if all detected lesions are treated by radiofrequency
ablation, complete cure cannot be expected in those
Saudi Med ] 2007; Vol. 28 (6) 833
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cases. In cases of more than 3 lesions, in which complete
cure cannot be expected, radiofrequency ablation may
still be performed with a combination of transcatheter
arterial chemoembolization. Chemoembolization is first
performed to treat all lesions, and then radiofrequency
ablation may be performed against main lesions.

Anatomical locations of the tumor may have
potential influence on the efficacy and complication
of radiofrequency ablation, although we have put no
restrictions on lesion location, and we have successfully
performed radiofrequency ablation on more than 99%
of patients at our institute.’® It is risky to perform
ablation for lesions adjacent to the Glisson’s capsule. It
frequently causes biliary injury, which results in biliary
stricture or biloma. It may also damage the hepatic
artery and the portal vein, which results in hepatic
infarction. “Heat-sink” effect due to the blood flow
may cause incomplete necrosis of lesions contiguous
with large vessels. It is also risky to carry out ablation
near other organs, such as the gallbladder and the heart.
Lesions near the gastrointestinal tract may be treated
safely if the artificial ascites technique can separate the
lesion from the tract.”> Subcapsular lesions are reported
to be a high risk of malignant cell seeding,* and thus,
if possible, the lesion should be punctured through the
nontumorous liver. Lesions beneath the diaphragm can
be ablated successfully if you have the artificial pleural
effusion technique.”” Radiofrequency ablation can be
used even in cases in which complete cure cannot be
expected, since it is not very invasive, and it definitely
reduces the tumor mass. In those cases, only main
lesions may be treated by radiofrequency ablation to
reduce the tumor burden, and some lesions may be
treated by other therapies.

Technique. Planning ultrasound should be performed
carefully to select the optimal approach. In Japan,
radiofrequency ablation is performed on an inpatient

basis."”” The patients should fast at least 4 hours before
the treatment and should be given premedications for
analgesia and sedation. In radiofrequency ablation,
grounding isachieved by attaching?2 padsto the patient’s
thighs. An 17-gauge, cooled-tip electrode with a 2- or 3-
cm exposed tip is attached to a radiofrequency generator
(CC-1 Cosman Coagulator, Valley Lab). After local
anesthesia, the electrode is inserted under ultrasound-
guidance (Figure 3). During ablation, the temperature is
measured with a thermocouple in the electrode. Tissue
impedance is also monitored by circuitry incorporated
into the generator. A peristaltic pump infused 0°C saline
into the electrode lumen to maintain the tip temperature
below 20°C. Radiofrequency energy is usually delivered
for 6-12 minutes for each application as follows: after
measurement of baseline impedance, generator output
is gradually increased up to 1,400 mA. This level is
maintained until the impedance increased over 10
Ohms from the baseline. Then the current is temporarily
reduced until impedance becomes stabilized. Output is
decreased and increased repeatedly for the remainder
of the session to avoid tissue charring. Twelve-minute
ablation using a 3-cm exposed-tip electrode produces
a quasi-spherical necrotic volume 3 cm in diameter.
For large lesions, the electrode is repeatedly inserted
into different sites, so that the entire lesion can be
enveloped by assumed necrotic volumes. Following the
procedure, the patients should remain in bed until the
next morning. If the entire lesion is assumed to have
become necrotic, enhanced CT is performed (Figure 4).
When any possible undestroyed portions remain, the
therapy is repeated until CT demonstrates the entire
tumor necrosis.

Local tumor progression and distant recurrence.
Although  many  investigators  reported  that
radiofrequency ablation could achieve complete tumor
necrosis in most cases on CT, local tumor progression

Table 1 - Studies reporting long-term survival outcomes of radiofrequency ablation.

Authors and year Conditions of the cases Years No. of cases Survival rates
1-year 3-years
Rossi et al,’® 1996 1-2 HCCs <3 cm 40 39 94 68
Buscarini et al,> 2001 Child A-B, 1-3 HCCs <3.5 cm 33 82 89 62
Lencioni et al,*® 2005 Child A-B, 1 HCC <5 cm or <3 cm 48 187 97 71
Machi et al,* 2005 Unresectable or recurrent HCC 40 65 75 50
Tateishi et al, 2005 Naive patients 54 319 95 78
Non-native patients 38 345 92 62
Cabassa et al,* 2006 Child A-B, 1 HCC <5 c¢m or <3 cm 43 59 94 65
HCC - hepatocellular carcinoma, *not primary outcomes
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is not infrequent; the local tumor progression rate at 3
years was reported to be 1.7-20.4%.''%3%% The most
important factor associated with failure of the local
tumor control is the tumor size.®* It is not easy to
obtain a certain amount of safety margin all around the
large tumor in 3 dimensions. Although various new
radiofrequency ablation devices to increase the ablation
volume have been introduced, a large tumor of 3 cm or
more still requires multiple overlapping ablations. While
local tumor progression is related to incomplete tumor
ablation, distant intra- and extra-hepatic recurrence is
mainly determined by the biological characteristics and
natural history of HCC. The incidence of distant intra-
and extra-hepatic recurrence ranges from 41-73%.

Survival. There have been only several studies which
reported long-term follow-up of patients treated by
radiofrequency ablation (Table 1). Survival rates range
from 75-97% at one year, from 50-78% at 3 years, and
from 33-54% at 5 years."*® Survival depends on not
only tumor factors but also liver function. There have
been a few randomized controlled trials to compare
radiofrequency ablation with ethanol injection. In a
study by Lin et al,'” 157 patients with 186 HCCs 4
cm or less were randomly assigned to radiofrequency
ablation, conventional ethanol injection, and higher-
dose ethanol injection. Radiofrequency ablation
was superior to conventional ethanol injection and
higher-dose ethanol injection from the viewpoint of the
local tumor progression, overall survival, and cancer-
free survival. In the other study by Lin et al,¥ 187
patients with HCC were assigned to radiofrequency
ablation, ethanol injection, or acetic acid injection.”
Radiofrequency ablation was superior to ethanol
injection and acetic acid injection with respect to local
recurrence, overall survival, and cancer free survival
rates, but radiofrequency ablation also caused more
major complications. In our study, 232 patients with
HCC who had 3 or fewer lesions, each 3 cm or less
in diameter, and liver function of Child-Pugh class A
or B were entered onto a randomized controlled trial.'®
The primary endpoint was survival, and the secondary
endpoints were overall recurrence and local tumor
progression. Radiofrequency ablation had a 46% smaller
risk of death, a 43% smaller risk of overall recurrence
and an 88% smaller risk of local tumor progression
than ethanol injection. The incidence of adverse events
was not different between the 2 therapies. Recently, a
randomized controlled trial to compare radiofrequency
ablation with surgical resection reported that there
was no difference between these 2 treatments from the
viewpoints of overall survival and disease-free survival
while post-treatment complications were more often
and severe after surgery.*®
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Adpverse effects and complications. Knowledge of the
broad spectrum of adverse effects and complications
and relevant management is mandatory to perform
radiofrequency ablation safely, although its mortality
and morbidity rates are much lower than those reported
for surgery. Common adverse effects of radiofrequency
ablation were pain, fever, nausea, and asymptomatic right
pleural effusion. Mulier et al* reviewed 82 articles and
reported that the mortality and morbidity rates of 3,670
patients treated by radiofrequency ablation were 0.5%
and 8.9%. There were 20 deaths reported, as a result of
sepsis (n=7), liver failure (n=7), cardiac complications
(n=4), peritoneal hemorrhage (n=1), and bile duct
stricture (n=1). Major complications were abdominal
bleeding (1.6%), abdominal infection (1.1%), bile
tract damage (1%), liver failure (0.8%), dispersive pad
skin burn (0.6%), hepatic vascular damage (0.6%),
visceral damage (0.5%), cardiac complications (0.4%),
myoglobinemia or myoglobinuria (0.2%), tumor
seeding (0.2%), coagulopathy (0.2%), and others. The
complication rate was similar for the percutaneous
(7.2%), laparoscopic (9.5%), and simple laparotomic
(9.9%) approach while the laparotomic combined with
cryotherapy, hepatic or extrahepatic resection had a
morbidity rate of 31.8%. A multicenter study in Italy
reported that 6 deaths (0.3%) were noted among 2,320
patients treated with the cooled-tip electrode, including
multi organ failure following intestinal perforation
(n=2), septic shock following Staphylococcus aureus-
caused peritonitis (n=1), massive hemorrhage following
tumor rupture (n=1), liver failure following stenosis of
right bile duct (n=1), and sudden death of unknown
cause 3 days after the procedure (n=1).° Fifty patients
(2.2%) had additional major complications. Common
complications were peritoneal hemorrhage (0.5%),
neoplastic seeding (0.5%), intrahepatic abscess (0.3%),
and intestinal perforation (0.2%). An increased number
of treatment sessions were related to a higher rate of
major complications. A multicenter survey in Korea
revealed one procedure-related death (0.09%) due to
peritoneal hemorrhage and 37 major complications
(2.4%) among 1,139 patients in 11 centers. Reported
complications were hepatic abscess (0.7%), peritoneal
hemorrhage (0.5%), biloma (0.2%), ground pad burn
(0.2%), pneumothorax (0.2%), vasovagal reflex (0.1%),
and others.”!

In conclusion, in the treatment of HCC, image-
guided percutaneous local ablation therapies have been
playing more and more important roles. Among various
local ablation therapies, radiofrequency ablation has
been replacing ethanol injection as a standard therapy
for patients who have unresectable HCC or who do
not want surgery. Randomized controlled trials of
radiofrequency ablation with surgery from the viewpoint
of survival would be mandatory in the near future.

Saudi Med J 2007; Vol. 28 (6) 835

WWW. Smj.org.sa

5/15/07 9:59:42 AM



Local ablation therapy for HCC ... Shiina et al

References

1. El-Serag HB, Mason AC. Rising incidence of hepatocellular

10.

11.

12.

13.

14.

15.

16.

17.

836

carcinoma in the United States. N Engl ] Med 1999; 340: 745-
750.

. Taylor-Robinson SD, Foster GR, Arora S, Hargreaves S,

Thomas HC. Increase in primary liver cancer in the UK, 1979-
94. Lancet 1997; 350: 1142-1143.

. Okuda K, Okuda H. Primary liver cell carcinoma. In: McIntyre

N, Benhamou JP, Bircher J, Rizzetto M, Rodes J, editors. Oxford
textbook of clinical hepatology. Volume 2. Oxford, England:
Oxford University Press; 1991. p. 1019-1052.

. Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R,

Burroughs AK, et al. Clinical management of hepatocellular
carcinoma. Conclusions of the Barcelona-2000 EASL
conference. European Association for the Study of the Liver. J

Hepatol 2001; 35: 421-430.

. Ryder SD, British Society of Gastroenterology. Guidelines for

the diagnosis and treatment of hepatocellular carcinoma (HCC)

in adults. Gut 2003; 52 Suppl 3: iiil-iii8.

. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.

Lancet 2003; 362: 1907-1917.

. Balsells J, Charco R, Lazaro JL, Murio E, Vargas V, Allende E,

et al. Resection of hepatocellular carcinoma in patients with

cirthosis. Br J Surg 1996; 83: 758-761.

. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,

Bozzetti F, et al. Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N Engl J

Med 1996; 334: 693-699.

. Sugiura N, Takara K, Ohto M, Okuda K, Hirooka N.

Percutaneous intratumoral injection of ethanol under ultrasound
imaging for treatment of small hepatocellular carcinoma. Acta
Hepatol Jpn 1983; 24: 920.

Livraghi T, Festi D, Monti E Salmi A, Vettori C. US-guided
percutaneous alcohol injection of small hepatic and abdominal
tumors. Radiology 1986; 161: 309-312.

Shiina S, Yasuda H, Muto H, Tagawa K, Unuma T, Ibukuro K,
et al. Percutaneous ethanol injection in the treatment of liver
neoplasms. AJR Am J Roentgenol 1987; 149: 949-952.

Seki T, Wakabayashi M, Nakagawa T, Itho T, Shiro T, Kunieda
K, et al. Ultrasonically guided percutaneous microwave
coagulation therapy for small hepatocellular carcinoma. Cancer
1994; 74: 817-825.

Rossi S, Di Stasi M, Buscarini E, Cavanna L, Quaretti D,
Squassante E, et al. Percutaneous Radiofrequency Interstitial
Thermal Ablation in the Treatment of Small Hepatocellular
Carcinoma. Cancer J Sci Am 1995; 1: 73-81.

Livraghi T, Goldberg SN, Lazzaroni S, Meloni E Solbiati L,
Gazelle GS. Small hepatocellular carcinoma: treatment with
radio-frequency ablation versus ethanol injection. Radiology
1999; 210: 655-661.

Shiina S, Teratani T, Obi S, Hamamura K, Koike Y, Omata
M. Nonsurgical treatment of hepatocellular carcinoma: from
percutaneous ethanol injection therapy and percutaneous
microwave coagulation therapy to radiofrequency ablation.
Oncology 2002; 62: 64-68.

Lencioni RA, Allgaier HP, Cioni D, Olschewski M, Deibert P,
Crocetti L, et al. Small hepatocellular carcinoma in cirrhosis:
randomized comparison of radio-frequency thermal ablation
versus percutaneous ethanol injection. Radiology 2003; 228:
235-240.

Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Radiofrequency
ablation improves prognosis compared with ethanol injection
for hepatocellular carcinoma <4 cm. Gastroenterology 2004;

127:1714-1723.

Saudi Med J 2007; Vol. 28 (6)

WWW.Smj.org.sa

01Local20070371.indd 836

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Shiina S, Teratani T, Obi S, Sato S, Tateishi R, Fujishima T,
et al. A randomized controlled trial of radiofrequency ablation
with ethanol injection for small hepatocellular carcinoma.
Gastroenterology 2005; 129: 122-130.

Shiina S, Imamura M, Omata M. Percutaneous ethanol injection
therapy (PEIT) for malignant liver neoplasms. Seminars in
Interventional Radiology 1997; 14: 295-303.

Livraghi T, Giorgio A, Marin G, Salmi A, de Sio I, Bolondi L,
et al. Hepatocellular carcinoma and cirrhosis in 746 patients:
long-term results of percutaneous ethanol injection. Radiology
1995; 197: 101-108.

Castells A, Bruix J, Bru C, Fuster J, Vilana R, Navasa M, et
al. Treatment of small hepatocellular carcinoma in cirrhotic
patients: a cohort study comparing surgical resection and
percutaneous ethanol injection. Hepatology 1993; 18: 1121-
1126.

Livraghi T, Bolondi L, Buscarini L, Cottone M, Mazziotti A,
Morabito A, et al. No treatment, resection and ethanol injection
in hepatocellular carcinoma: a retrospective analysis of survival
in 391 patients with cirrhosis. Italian Cooperative HCC Study
Group. J Hepatol 1995; 22: 522-526.

Lencioni R, Pinto E Armillotta N, Bassi AM, Moretti M, Di
Giulio M, et al. Long-term results of percutaneous ethanol
injection therapy for hepatocellular carcinoma in cirrhosis: a
European experience. Eur Radiol 1997; 7: 514-519.

Orlando A, D’Antoni A, Camma C, Albanese M, Livraghi T,
Torzilli G, et al. Treatment of small hepatocellular carcinoma
with percutaneous ethanol injection: a validated prognostic
model. Am J Gastroenterol 2000; 95: 2921-2927.

Ikai I, Arii S, Ichida T, Okita K, Omata M, Kojiro M, et al.
Report of the 16th follow-up survey of primary liver cancer.
Hepatol Res 2005; 32: 163-172.

Omata M, Tateishi R, Yoshida H, Shiina S. Treatment of
hepatocellular carcinoma by percutancous tumor ablation
methods: Ethanol injection therapy and radiofrequency
ablation. Gastroenterology 2004; 127: S159-S166.

Huang GT, Lee PH, Tsang YM, Lai MY, Yang PM, Hu RH, et
al. Percutaneous ethanol injection versus surgical resection for
the treatment of small hepatocellular carcinoma: a prospective
study. Ann Surg 2005; 242: 36-42.

Shiina S, Tagawa K, Unuma T, Takanashi R, Yoshiura K,
Komatsu Y, et al. Percutaneous ethanol injection therapy for
hepatocellular carcinoma. A histopathologic study. Cancer
1991; 68: 1524-1530.

Ikai I, Itai Y, Okita K, Omata M, Kojiro M, Kobayashi K, et
al. Report of the 15th follow-up survey of primary liver cancer.
Hepatol Res 2004; 28: 21-29.

Curley SA, Izzo E Ellis LM, Nicolas Vauthey ], Vallone P
Radiofrequency ablation of hepatocellular cancer in 110
patients with cirrhosis. Ann Surg 2000; 232: 381-391.
Siperstein A, Garland A, Engle K, Rogers S, Berber E, String
A, et al. Laparoscopic radiofrequency ablation of primary and
metastatic liver tumors. Technical considerations. Surg Endosc
2000; 14: 400-405.

Ishikawa T, Kohno T, Shibayama T, Fukushima Y, Obi S,
Teratani T, et al. Thoracoscopic thermal ablation therapy for
hepatocellular carcinoma located beneath the diaphragm.
Endoscopy 2001; 33: 697-702.

Goldberg SN. Radiofrequency tumor ablation: principles and
techniques. Eur J Ultrasound 2001; 13: 129-147.

Teratani T, Yoshida H, Shiina S, Obi S, Sato S, Tateishi R, et
al. Radiofrequency ablation for hepatocellular carcinoma in so-
called high-risk locations. Hepatology 2006; 43: 1101-1108.

5/15/07 9:59:43 AM



35.

36.

37.

38.

39.

40.

41.

42.

Local ablation therapy for HCC ... Shiina et al

Kondo Y, Yoshida H, Shiina S, Tateishi R, Teratani T, Omata
M. Artificial ascites technique for percutaneous radiofrequency
ablation of liver cancer adjacent to the gastrointestinal tract. Br
J Surg 2006; 93: 1277-1282.

Llovet JM, Vilana R, Bru C, Bianchi L, Salmeron JM, Boix
L, et al. Increased risk of tumor seeding after percutaneous
radiofrequency ablation for single hepatocellular carcinoma.
Hepatology 2001; 33: 1124-1129.

Koda M, Ueki M, Maeda Y, Mimura K, Okamoto K, Matsunaga
Y, et al. Percutaneous sonographically guided radiofrequency
ablation with artificial pleural effusion for hepatocellular
carcinoma located under the diaphragm. AJR Am J Roentgenol
2004; 183: 583-588.

Ono K, Kokubu S, Hidaka H, Watanabe M, Nakazawa T,
Saigenji K. Risk factors of delay in restoration of hepatic reserve
capacity and local recurrence after radiofrequency ablation
therapy for hepatocellular carcinoma (HCC). Hepatol Res
2005; 31: 172-177.

Hori T, Nagata K, Hasuike S, Onaga M, Motoda M, Moriuchi
A, et al. Risk factors for the local recurrence of hepatocellular
carcinoma after a single session of percutaneous radiofrequency
ablation. J Gastroenterol 2003; 38: 977-981.

Komorizono Y, Oketani M, Sako K, Yamasaki N, Shibatou
T, Maeda M, et al. Risk factors for local recurrence of small
hepatocellular carcinoma tumors after a single session, single
application of percutaneous radiofrequency ablation. Cancer
2003; 97: 1253-1262.

Rossi S, Di Stasi M, Buscarini E, Quaretti B, Garbagnati E
Squassante L, et al. Percutaneous RF interstitial thermal ablation
in the treatment of hepatic cancer. AJR Am J Roentgenol 1996;

43.

44.

45.

46.

47.

48.

49.

50.

Lencioni R, Cioni D, Crocetti L, Franchini C, Pina CD, Lera
J, et al. Early-stage hepatocellular carcinoma in patients with
cirthosis: long-term results of percutaneous image-guided
radiofrequency ablation. Radiology 2005; 234: 961-967.
Machi J, Bueno RS, Wong LL. Long-term follow-up outcome
of patients undergoing radiofrequency ablation for unresectable
hepatocellular carcinoma. World J Surg 2005; 29: 1364-1373.
Tateishi R, Shiina S, Teratani T, Obi S, Sato S, Koike Y, et
al. Percutaneous radiofrequency ablation for hepatocellular
carcinoma. An analysis of 1000 cases. Cancer 2005; 103:
1201-1209.

Cabassa P, Donato F, Simeone F, Grazioli L, Romanini L.
Radiofrequency ablation of hepatocellular carcinoma: long-
term experience with expandable needle electrodes. AJR Am J
Roentgenol 2006; 186 (5 Suppl): S316-S321.

Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Randomised
controlled trial comparing percutaneous radiofrequency thermal
ablation, percutaneous ethanol injection, and percutaneous
acetic acid injection to treat hepatocellular carcinoma of 3 cm
or less. Gut 2005; 54: 1151-1156.

Chen MS, Li JQ, Zheng Y, Guo RP, Liang HH, Zhang YQ,
et al. A prospective randomized trial comparing percutaneous
local ablative therapy and partial hepatectomy for small
hepatocellular carcinoma. Ann Surg 2006; 243: 321-328.
Mulier S, Mulier P, Ni Y, Miao Y, Dupas B, Marchal G, et al.
Complications of radiofrequency coagulation of liver tumors.
Br J Surg 2002; 89: 1206-1222.

Livraghi T, Solbiati L, Meloni ME Gazelle GS, Halpern EE
Goldberg SN. Treatment of focal liver tumors with percutaneous
radio-frequency ablation: complications encountered in a

multicenter study. Radiology 2003; 226: 441-451.

167: 759-768. 51. Rhim H, Yoon KH, Lee JM, Cho Y, Cho ]S, Kim SH, et al.
Buscarini L, Buscarini E, Di Stasi M, Vallisa D, Quaretti P, Rocca Major complications after radio-frequency thermal ablation of
A. Percutaneous radiofrequency ablation of small hepatocellular hepatic tumors: spectrum of imaging findings. Radiographics
carcinoma: long-term results. Eur Radiol 2001; 11: 914-921. 2003; 23: 123-134.

Statistics

Excerpts from the Uniform Requirements for Manuscripts Submitted to Biomedical
Journals updated November 2003.
Available from www.icmje.org

Describe statistical methods with enough detail to enable a knowledgeable reader
with access to the original data to verify the reported results. When possible, quantify
findings and present them with appropriate indicators of measurement error or
uncertainty (such as confidence intervals). Avoid relying solely on statistical hypothesis
testing, such as the use of P values, which fails to convey important information
about effect size. References for the design of the study and statistical methods should
be to standard works when possible (with pages stated). Define statistical terms,
abbreviations, and most symbols. Specify the computer software used.
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