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Minor complications and all adverse events that
could be regarded as “side effects” were excluded from
this analysis.

Information sources

A literature search was conducted on Pubmed and
EMBASE to identify clinical series of RFA, PEI and
MWA percutaneous procedures for liver tumours published
between January 1982 and August 2010. Letters to the
editors, supplements, review articles and case reports were
excluded and searches were limited to publications of
human studies reported in English.

The search strategy formula was peer reviewed by two
authors (L.C.B and M.S). A third author (R.T) was
consulted for discrepancies.

Study selection

Eligibility assessment of the studies was performed
independently in an unblinded way by two reviewers.
Disagreements between the reviewers were resolved by
consensus.

Data collection process

A data extraction sheet was developed and pilot tested on
ten randomly-selected included studies and refined accord-
ingly. One review author extracted the data and a second
author checked the extracted data and vice versa. Disagree-
ments were resolved by discussion between the two review
authors and if no agreement could be achieved a third
author decided.

Country, period of study, year and institution were
checked by two authors in order to find duplicate
publication and reports.

Data items

Information extracted from each study included: the
number of patients, age and Child-Pugh score, first author,
country and year of publication.

The type of study were categorized as prospective,
retrospective, observational or randomised trial and the type
of intervention included radiofrequency ablation, percuta-
neous ethanol injection and microwave ablation, the tumour
number according to type (HCC or metastasis), and the
session number for each procedure.

Finally we extracted the data type for outcome measure
using number of deaths, major complications and the
description of the type of percutaneous ablative technique
used and the liver tumour diagnosed.

@ Springer

Assessment of biases

It can be a challenge to assess the possibility of bias in
studies reporting treatment complications because they are
usually reported as secondary objectives in most trials.
Thus we decided to develop a score to evaluate the quality
of reports. Selecting a set of criteria to judge the quality of
complication reports that were different from those to
evaluate the efficacy of treatments [17]. A set of eight
criteria were developed incorporating factors potentially
associated with more rigorous assessment of adverse events
based on which we assigned an overall quality rating to
each report. Several of these criteria are similar to those
proposed in recent guidelines to improve reporting of
complications in randomised trials [18, 19]. Each report
was assessed independently by two authors in a blinded
manner.

Summary measures and planned statistical analysis

Mortality and complication rates were calculated as a
proportion with 95% confidence interval (CI) for each
study and then pooled to derive the pooled proportion
and 95% CI. The pooled proportion was calculated using
Der Simonian-Laird [20] weights for the random effects
model in the presence of significant heterogeneity. A

Records identified through
Pubmed, EMBASE
searching
(n = 2569)
Records screened
(n = 2569)
Exclusion of study
(n =2453)
Articles assessed for
eligibility
(n = 116) Articles excluded
(n=82)
Smali sample: n = 20
Reporting one type of

complication: n=9

Not related to percutaneous
technique: n=6

No outcome data: n = 47

Studies included in
qualitative synthesis
(n=34)

Studies included in
quantitative synthesis (meta-
analysis)

{n=34)

Fig. 1 Study flow diagram
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Table 2 Baseline characteristics of the studies included

First author Country Year Patients, n Age, mean (range)  Child-Pugh class, n  Tumour number Tumour size, mean (cm) Intervention

A B C Session number

HCC Metastasis RFA  PEI MWA
Randomised Trials
Lin [26] Taiwan 2005 124 NA 93 31 - 142 - RFA (2.5) PEI (2.3) RFA/PEI] NA NA -
Shibata [27] Japan ~ 2006 74 65 (41-83) 55 19 83 - 1.9 RFA 95 - -
Brunello [25] Italy 2008 139 69 NA NA NA 177 - RFA (2.4) PEI (2.2) RFA/PEI NA NA -~
Observational Studies
Shiina [28] Japan 1993 146 59 (39-82) 77 26 43 242 - NA PEI - 1048 —
Livraghi [29] Italy 1995 746 64 (31-89) 458 234 41 NA - NA PEI - NA -
Giorgio [30] Italy 2000 268 63 (42--82) 95 150 23 515 - 5.0 PEI - 295 -~
Livraghi [31] Italy 2000 114 64 (53-86) 100 14 - 126 - 54 RFA NA -
Ikeda [32] Japan 2001 119 (23-83) NA NA NA 119 - RFA (1.8) PEI (1.9) RFA/PEI NA NA -
Buscarini L [33] Italy 2001 88 68 56 29 1 101 - NA RFA 230 - -
Livraghi [34] Italy 2003 2320° NA NA NA NA NA - 3.1 RFA NA -
Guglielmi [35]  Tltaly 2003 53 68 (48-38) 24 29 - 65 - 4.0 RFA NA - -
Buscarini E [36] Italy 2003 166 66 (43-75) 79 32 1 147 66 RFA (2.7), PEl (2.4) RFA/PEI NA NA -
Rhim [37] Korea 2003 1139 NA NA NA NA 1303 360 NA RFA 1520 - -
Ruzzenente [38] Italy 2004 87 68 (41-88) 48 39 - 104 - 3.9 RFA 130 - -
Gillams [39] Italy 2004 167 57 (34-87) - - - - 685 3.9 RFA 354 -
Chen MH [40]  China 2004 110 24-78 26 38 5 74 47 4.7 RFA 536 - -
Lu DS [41] us 2005 52 57 19 29 4 87 - 2.5 RFA 76 - -
Lu MD [42] China 2005 102 RFA 54 (20-74) 69 33 - 170 - RFA (2.6), MWA (2.5 RFA/MWA NA - NA
MWA 50 (24-74)

Raut [43] US, Italy 2005 140 39-86 59 46 35 190 - 3.0 RFA NA -~ -
Chen [44] China 2005 338 24-87 96 95 13 430 333 NA RFA 565 - -
Cabassa [45] Italy 2006 59 72 (47-88) 51 8 - 68 - 3.1 RFA NA - -
Solmi [46] Italy 2006 56 68 (45-81) 16 37 3 63 - 2.8 RFA 68 - -
Choi [47] Korea 2007 102 54 (31-73) 77 10° - 119 - 2.0 RFA 107 - -
Poggi [48] Italy 2007 250 63 NA NA NA NA NA 2.9 RFA 292 -
Choi D [49] Korea 2007 570 58 359 1608~ 674 - 2.5 RFA 614 - -
Livraghi [50] Italy 2008 218 68 NA NA NA 218 - NA RFA 240 - -
Kondo [51] Japan 2008 2480 NA NA NA NA NA - NA RFA NA - -
Tsai [52] Taiwan 2008 55 66 39 NA NA 65 - 22 PEI - NA -
Zavaglia [53] Italy 2008 63 58 46 13 4 71 - NA RFA 80 - -
Chen TM [54] Taiwan 2008 104 58.6 (28-82) NA NA NA NA NA 39 RFA 172 - -
Casaril [55] United Kingdom 2008 130 65 (33-85) 70 20 2° 145 94 2.7 RFA 148 - -

96ST+8ST: 17 (1107) [01pey Ing

L8ST
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Session number

MWA

RFA PEI

Metastasis

HCC

NA

RFA
RFA

NA

NA 180 181
NA
516

NA

NA

60 (36-85)
64 (24-92)
54 (23-83)

181

2008

Italy

Sartori [56]

617

3.7
33

2008 309
2009

United Kingdom

Gillams [57]
Liang [58]

3697

MWA

852 57 1385 f

227

1136

China

®13 cases are unknown

b7 patients had cholangiocellular carcinoma

8 patients had chronic hepatitis B without cirrhosis, one patient had chronic hepatitis C without cirrhosis, six patients had no evidence of chronic liver disease.

919 patients had chronic hepatitis B without cirrhosis, 14 patients had chronic hepatitis C without cirrhosis, 18 patients had no evidence of chronic liver disease.

€38 patients with liver metastases

£17 cholangiohepatocellular carcinoma, ten cholangiocarcinoma

NA No data available

random effects model was chosen when the relevant
variation in the results was a consequence of several
inter-trial differences.

Bias across studies

We checked for the presence of publication bias with
Begg’s funnel plot, a measure of proportion (on the X
axis) against the standard error of proportion (on the
Y axis) [21]. We planned a linear regression approach
to detect publication bias as described by Egger et al.
[22].

Additional analyses

Heterogeneity was tested with the I” test, calculating the
percentage of variation caused by heterogeneity rather than
a chance [23]. It has been suggested that I values of up to
40% might be unimportant, 30% to 60% might be
moderate, 50% to 90% may be substantial and 75% to
100% considerable [24].

If significant heterogeneity is found for any outcome,
subgroup analysis with the stratification of the variables
suspected of causing the inconsistency is recommended.
The following dichotomous variables were tested:
observational prospective vs. observational retrospective,
randomised trials vs. observational, multicenter vs.
single centre, RFA vs. PEI vs. MWA, European vs.
Asian studies, and good quality vs. fair vs. poor quality
studies.

A metaregression analysis was also performed in
order to examine the contribution of different varia-
bles to the heterogeneity in study results. Covariates
selected were: the type of study and number of
centres.

We used commercial statistics software (Stats Direct
2.7.7, Stats Direct, Cheshire, United Kingdom) and
Comprehensive Metaanalysis V.2 to perform statistical
analysis.

Results
Study selection

The search on Medline and EMBASE databases provided a
total of 2569 citations (Fig. 1). After screening title and
abstract, 2453 were discarded. The full text of the
remaining 116 citations was examined in more detail,
where 82 studies did not meet the inclusion criteria as
described. Finally 34 publications were included in the
metaanalysis.
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Study characteristics
Study design, participants and interventions

Of the 34 studies finally selected for the review, three
were randomised trials [25-27] and 31 were observation-
al studies (Table 2) [28-58]. Eighteen studies were from
Europe, fourteen studies from Asia and one study from
the United States. There was one study conducted in
collaboration between United States and Italy. Most of
the reports were published after 2000 (n=32).

There were 24 studies using RFA only, four assessing
PEI as only treatment and one using MWA only. Two
randomised control trials and two observational studies

Fig. 2 Forest plot of overall

mortality rates of ablative

techniques Ikeda 2001 2
Lu MD2005 2
Lu DS 2005
Guglielmi 2003 %
Solmi 200648
Cabassa 2008 4°
Lin SM 2005 #*
Zavaglia 2008 %
Brunello 2008 %7
Shibata 2006 *
Casaril 2008 ¢
Ruzzenente 2004 ¥
Buscarini L 20013
Choi D 2007 «
Chen TM 2008 5
Chen MH 2004 «©
Livraghi 2000
Raut 2005 4*
Buscarini E 2004%
Gillams 2004 %
Sartori 2008
Livraghi 2008 50
Poggi 2007 ¢
Gillams AR 20095
Chen MH 2005+
Choi D 2007 ¢
Rhim 2003 ¥7
Livraghi 2003 %
Kondo 2008 %°
Liang 2009 °¢
Giorgio 20003
Shiina 1993 #*
Tsai 2008 =2
Livraghi 1995 ¢
Total

compared RFA and PEI One observational study evaluated
RFA versus MWA. The included studies involved 12 158
participants. According to the type of technique, 9531,
1185 and 1442 patients were included for RFA, MWA
and PEI, respectively. The average age of patients
ranged from 24 to 89 years. Mean tumour size treated
ranged from 1.8 to 5.0 cm.

QOutcomes

In 13 studies, mortality and complications were weighted as
primary outcomes. Death and adverse events were assessed
as secondary outcomes in 21 studies. Mean follow-up after
treatment ranged from 10.3 to 134 months.

Patients /events

Nin
119/0 ¢ 0.0 (0.0 to 3.05)
10210 = 0.0(0.0to 3.55)
5210 ¢ ‘ 0.0{0.0t0 6.85)
5310 0.0({0.0t06.72)
56/1 . 1.79{0.05 10 9.55)
58/0 + 0.0(0.0t0 6.08)
124/0 0.0(0.0to 2.93}
63/0 * i 0.0(0.0to0 5.69)
13911 - . 0.72{0.02 t0 3.94;
7410 0.0(0.01t04.86)
831 - . 1.20 (0.03 to 6.53})
87/0 + . 0.0(0.0to 4.15)
88/0 + 0.0(0.0to4.11)
102/0 = 0.0 (0.0 to 3.55)
104/0 - 0.0(0.0to 3.48)
110/0 * 0.0(0.0103.30
11411 - - 0.88 {0.021t04.79}
140/0 + 0.0{0.0 to 2.60)
168/0 + 0.0(0.0 10 2.20)
16710 - 0.0(00t02.18)
181/0 » 0.0(0.0 to 2.02)
218/0 ¢ 0.0(0.0to 1.68)
25010 + 0.0{0.0to0 1.46)
309/0 * 0.0(0.0t0 1.19)
33811 0.30{0.05 to 1.64)
570/0 = 0.0(0.0100.65)
139/1 & 0.09 (0.05 to 0.49)
2320/6 B 0.26 {0.09 to 0.56)
2480/08 0.0{(0.0 to 0.15)
1136/2 = 0.18 (0.02 to 0.63)
268/5 W 0.19 (0.03 to 1.37)
146/0 = 0.0(0.0to 2.49)
55/0 * 0.0{0.0106.49)
74611 = 0.13(0.05t0 0.74)
12158120 € 0.16 {0.10 to 0.24)

o] 2 4 8 8 10

Proportion {85% Cl)

Test for heterogeneity: 1° = 0% {95% Cl = 0% to 34.9%)
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Quality of studies

According to the quality rating criteria, there were 8, 23 and
3 articles assessed as, “good 7, “satisfactory” and “poor”
respectively. The eight good articles included one rando-
mised control trial, three observational prospective and four

observational retrospective studies.

Results of individual studies
Primary outcome

Mortality was reported in all studies. For all percutaneous
ablative techniques analysed, mortality ranged from 0% to
0.88% and the pooled proportion was 0.16% (95%CI,
0.10-0.24%) by the random effects model. There was no
evidence of heterogeneity (I°=0%; 95% CI, 0-35%;
Fig. 2).

Individual analysis for each technique showed a pooled
mortality of 0.15% (95% CI, 0.08%-0.23%) for RFA,
0.59% (95% CI, 0.14%—1.3%) for PEI and 0.23% (95% CI,
0.0%-0.58%) for MWA. No evidence of significant

Fig. 3 Forest plots of radiofre- a
quency ablation (RFA) (a),

percutaneous ethanol injection lkeda 200132
(PEI) (b) and microwave Lu MD 200545
ablation (MWA) (c) mortality Lu DS 2005
rates Solmi 2006 46
Cabassa 2006 *

Zavaglia 2008 %3
Casaril 2008 5%
Ruzzenente2004 3
Buscarini L 200133
Choi D 2007 ¢
ChenTM 20085
Livraghi 2000
Buscarini £ 2004 3¢
Poggi G 2007 4¢
Chen MH 20054
Choi D 2007 ¢
Rhim 2003 37
Kondo 2008 %0
Guglielmi 2003 %%
Lin SM 2005 28
Brunello 2008 27
Shibata 2006 26
Chen MH 2004 4°
Raut 200542
Gillams 2004 57
Sartori 2008 5¢
Livraghi 2008 %0
Gillams 2009 57
Livraghi 2003 3¢
Total

heterogeneity was detected (Fig. 3). Beggs funnel plot and
Egger’s test (0.18, P=0.06) showed no evidence of
publication bias.

Complications related to the death are summarised in
Table 3. According to the type of technique there were 11,
7 and two deaths related to RFA, PEI and MWA
respectively.

Eighteen cases involved HCC and two cases liver
metastasis.

Secondary outcome

Complication rates by proportion based on the random
effects model for the three percutaneous ablative
techniques analyzed ranged from 0% to 17%, and the
pooled proportion was 3.29% (95% CI, 2.43%—4.28%).
Significant heterogeneity was found for this outcome
(P=84.8%, 95% CI 79.9-88%). Begg’s funnel plot and
Egger’s test (1.57, P=0.11) showed no evidence of publica-
tion bias.

Table 4 summarised the ten most frequent major
complications found on the review classified according to
the types of technique and tumour. Other major complica-

Patients /events

n/N
23/0 0.0 (0.0 to 14.82)
53/0 0.0(0.0t06.72)
52/0 f 0.0 (0.0 to 6.85)
56/1 1.79 (0.0 to 9.55)
59/0 1 0.0 (0.0 to 6.06)
63/0 1— 0.0 (0.0 to 5.69)
83/1 1.20 (0.03 to 6.53)
87/0 1 0.0(0.0to 4.15)
88/0 0.0(0.0to 4.11)
102/0 0.0 (0.0 to 3.55)
104/0 0.0 (0.0t0 3.48)
11411 0.88 (0.02 t0 4.79)
166/0 [— 0.0(0.0t02.20)
250/0 t— 0.0(0.0to 1.46)
3381 0.30 (0.0to 1.64)
570/0 t— 0.0 (0.0 to 0.65)
11391 # ' 0.09 (0.05 to 0.49)
2480/0 ® 0.0 (0.0 10 0.15)
53/0 0.0(0.0t0 6.72)
124/0 1 0.0{0.0t05.78)
70/0 1 0.0(0.0t0 5.13)
74/0 | 0.0 (0.0 to 4.86)
110/0 fr——" 0.0 (0.0103.30)
140/0 0.0 (0.0 to 2.60)
167/0 f—— 0.0(0.0t02.18)
181/0 f— 0.0 (0.0t0 2.02)
218/0 — 0.0 (0.0to 1.68)
309/0 t— 0.0(0.0t0 1.19)
2320/6 R 0.26 (0.09 to 0.56)
9531/11 ; 0.15 (0.08 to 0.23)

0.00 0.05 0.10 0.15
Proportion (95% CI)

Test for heterogeneity: I* = 0% (95% Cl = 0% to 37%)
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b Patients /events
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Fig. 3 (continued)

tions reported included pneumothorax (n=8), acute chole-
cystitis (n=6), biloma (n=9), rapid tumour progression (n=
4), chest infection (n=3), visceral injury (n=3), colon
perforation (n=3), subcapsular haematoma (n=2), bile duct
injury (n=2), portal thrombosis (n=2), arrhythmias (n=2),
bacterial endocarditis (n=2), arteriovenous fistula (n=2)
and intrapleural bleeding (n=2) for radiofrequency ablation.

Major complications also included acute tubular necrosis
(n=2), pleurisy (n=2) haemobilia (n=2), acute cholangitis
(n=2) for PEI, and skin burn requiring resection {(n=3),
colon perforation (#=2) and subcapsular haematoma (n=2)
for MWA.

Additional analysis

As the 34 studies showed a significant heterogeneity for
the secondary outcome, a subgroup analysis according
to the type of study (observational prospective and
retrospective vs. randomised trials, number of centres
(single vs. multicenter), type of technique (RFA, PEI
and MWA) and ethnic origin of patients (European vs.
Asian) were performed as planned (Table 5). Consistent
results were observed only when assessing data pooled
from randomised trials and Asian studies. Moderate
heterogeneity was found when assessing data pooled from
multicenter studies.

Table 6 (Appendix) shows subgroup analysis with the
pooled data of studies grouped based on quality rating
(poor, satisfactory/fair, or good). Higher complication rates
were associated with reports with complications as primary
outcome, prospective studies with early and late complica-
tions defined, those without information on outcome of
more than half cases of complication and those with no
definition of major complications. Single-centre and pro-
spective studies reported higher complication rates than did
multicentre and retrospective studies.

Meta-regression models with covariates for the
secondary outcome and restricted to radiofrequency
ablation data of complications showed a significant
statistical difference between prospective and retrospec-
tive studies (P<0.001) as well between multicentre and
single-centre studies (P<0.001) (Appendix Fig. 4). Howev-

Table 3 Summary of complications related to death according to type of technique and tumour

Complications related to death , Number Type of technique Type of tumour Reference
Cardiac failure 1 MWA HCC [58]
Multiorgan failure 1 MWA HCC [58]
Colon perforation 3 RFA HCC [34, 55T
Peritonitis 2 RFA HCC [31, 34]
Liver failure 3 RFA(2),PEI(1) HCC [30, 34]"
Tumour rupture with massive haemorrhage 1 RFA HCC [34]
Sudden death 1 RFA Metastasis [34]
Peritoneal haemorrhage 2 RFA(1) PEI(1) HCC [30T
Portal vein thrombosis 1 PEI HCC [25]
Oesophageal variceal bleeding 4 PEI HCC [29, 30]
Bile leakage 1 RFA Metastasis [44]
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Table 4 Summary of the ten most frequent major complications of ablative techniques found in the review*

Major complications by type Number %  Type of technique

Type of tumour Reference

Tumour seeding 61 0.50 MWA (5), RFA (56)
Intraperitoneal haemorrhage 47 0.37 RFA (37), PEI (10)
Liver abscess 39 032 MWA (4), RFA (31)
PEI (4)
Ascites 34 0.27 PEI (33), MWA (1)
Pleural effusion requiring 18 0.14 MWA (13), RFA(5)
treatment
Hepatic infarction 16 0.13 RFA(15), PEI(1)
Liver failure 13 0.11 RFA(5), PEI(8)
Perforation of the gastrointestinal 13 0.11 RFA
wall !
Haemothorax 11 0.09 RFA
Haemorrhage requiring
Treatment® 11 0.09 RFA

HCC (23)Metastasis ~ [27, 34, 38, 40, 49-51, 55, 56, 58]...

(6), NA (32)
HCC (33), Metastasis [28-31, 34, 36-38, 4447, 50, 53, 54, 56]"
(4), NA (10)
HCC (15), Metastasis [29, 30, 34, 37, 44, 48-50, 54, 58]
(4), NA (20)
HCC [30]
HCC (8), Metastasis [28, 43, 46, 50, 52, 58]
(8), NA (2)

HCC (7), NA (9)
HCC (12), NA (1)
Metastasis (4), NA (9)

[29, 34, 37, 48-507
[30, 34, 37T
[34, 501"

HCC (7), Metastasis
(3), NA (1)

[25, 26, 34, 37, 44, 47, 501

HCC (3), Metastasis (8) [39, 41, 44]

*Numbers in parentheses indicate the number of complications according to the type of technique

NA Data not available

'3 patients with colon perforation

1 patient with stomach perforation

9 patients with no available information about location

28 patients with hemorrhage requiriﬁg transfusion

1 patient with arterial hemorrhage requiring embolization

2 Intraperitoneal hemorrhage requiring ultrasound guide ablation

Table 5 Heterogeneity analysis with stratifying variables for major
complications

Number  Pooled 95% CI 2
of studies proportion (%)
(%)
All studies 34 32 2443 84
Study type
Observational prospective 13 53 34-76 68
Observational retrospective 18 3.8 27-49 85
Randomized trials 3 2.5 1.043 0
Number of ceritres _
Multicenter 6 2.5 1444 44
Single centre 28 45 33-60 84
Ethnic origin of patients
Asia 14 34 2.6-43 34
Europe 18 4.1 25-6.5 47
Type of technique
RFA 29 4.1 3.3-51 71
PE1 7 2.7 0.28-74 93
MWA 2 4.6 0.7-11.8 -

@ Springer

er these two metaregression models do not explain complete-
ly the heterogeneity among trials.

Discussion

In this systematic review and meta-analysis, mortality
and major complication rates for the three percutaneous
ablative techniques included were 0.16% and 3.29%
respectively. The results without heterogeneity show a
mortality of 0.15%, 0.59% and 0.23% for RFA, PEI and
MWA, respectively. Reported major complication rates,
calculated by using a random effects model in the
presence of significant heterogeneity, were 4.1% for
RFA, 2.7% for PEl and 4.6% for MWA. Significant
heterogeneity was found in complication rates, except in
the subgroup of randomised trials and of Asian studies
probably because most of the studies were observational
with wide differences in populations, design and
inclusion criteria.

The results from this metaanalysis supported previous
reports of randomised control trials [25, 26] assessing
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efficacy and safety of RFA and PEI, showing that both
techniques can be considered safe in terms of mortality and
complication rates.

Bouza et al. conducted a metaanalysis on six randomised
trials evaluating the efficacy and safety of RFA and PEI
including major complications. In this study major compli-
cation rates for RFA and PEI were 4.2% and 2.7%,
respectively, which were similar to our present results. No
significant statistical difference was found between the two
treatments [59].

Microwave ablation-associated mortality was reported to
occur in 0.002% according to a systematic review of this
technique [60]. Major complication rates have been reported
to be higher with MWA than with RFA in a randomised trial
[61]. Our results indicated that MWA is a safe technique in
terms of mortality and major complication rate. However the
results should be interpreted with caution because it was
based on one large study. More reports including large
number of patients are needed to make a solid conclusion.

The major complication rates reported differed be-
tween single-/multicentre studies and prospective/retro-
spective studies. Single-centre studies may report higher
complication rates compared with multicentre studies
because of a real-time evaluation of complications rather
than the questionnaire-dependent data collection in
multicentre studies. Prospective studies reported higher
complication rates compared with retrospective studies.
This result may be explained by a number of different
factors; prospective studies may report more accurately the
number of participants lost to follow-up, the timing of
collecting complications and the adequate predefined defi-
nitions for harms. '

Neoplastic seeding is a well-recognised complication of
RFA. A small-scale study published 10 years ago suggested
a risk of as high as 12.5% [62]. A more recent large scale
multicentre study on the other hand identified a lower risk
of 0.9% [63]. A recent systematic review highlighted an
overall median risk of 0.6%; however it reported a higher
risk of tumour seeding in HCC when combining percuta-
neous radiofrequency ablation and liver biopsy [64]. We
report tumour seeding in 61 patients and most of the cases
involved HCC. Estimation of the incidence for this
complication based on these data may not be accurate
because of incomplete reports and inadequate length of
follow-up. Incomplete reports may include cases of tumour
seeding solved by treatment. Length of follow-up differs
from study to study and can affect the incidence of tumour
seeding reported. Also the rate of neoplastic seeding may
be affected by other factors such as technical issues and
subcapsular location or histological degree/differentiation.
Appropriate measures can reduce the risk of tumour
seeding as suggested by many authors [65-67].

The metaanalysis reported here has several limita-
tions. The combined data from randomised and obser-
vational studies may represent a source of important
bias, the quality of the studies varied and the quality
rating criteria tools used have not been validated
previously. Even with the advantage of including only
studies reporting major complications, controversies
exist among authors, and terminology for the appropri-
ate classification of major complications have not been
widely used. All of these may have led to significant
heterogeneity for the second outcome.

Others limitation of this study are restriction to
English language publications and the poor or incom-
plete reporting concerning adequate classification of
major complications. All future trials should include
standard definitions for major complications as proposed
in the guidelines for image-guided tumour ablation [15].
Publication bias is a concern for all systematic reviews.
Poor-quality assessment of harms in observational studies
or the fact that observational studies are more likely to be
published if they report good results represents another
drawback of this metaanalysis as most of the reports
included were observational studies. However by includ-
ing only randomised controlled trials, useful information
concerning harms may be lost. Randomised controlled
trials prespecified hypotheses for adverse events and
assess homogeneous population and settings. Patients
who are more susceptible to adverse events are often
underrepresented in such efficacy trials; thus observational
studies may provide the only evidence for evaluating
harms in minority or vulnerable populations.

In this study, some subgroup analyses including a
comparison between HCC patients with cirrhosis and
patients with liver metastases could not be computed
because some reports did not describe whether patients
with complications had HCC or metastatic liver tumor.
Patients with cirrhosis are prone to higher rate of
complications because of tendency to bleeding, ascites or
liver failure.

In conclusion mortality and major complication rates
associated with percutaneous ablation were acceptably low
for the three techniques analysed. Future reviews should
evaluate the presence of rare adverse events by including
case reports, the influence of the number and type of
tumours and the pooled estimate of risks stratified by study
design.
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Appendix

Table 6 Quality assessment tool for studies reporting complications of ablative techniques for the treatment of liver tumors

Criteria Score Studies,  Pooled proportion major I
n complications 95% CI (%)
1 .Adequate report 1i 1: Complications were prospectively observed 15 4.8 (3.1-7.4) 54
of iompliéaﬁfms 0: Only retrospective observation 19 3.5 (2.5-4.9) 89
without missing 1i 1: Complications rate is reported from single center 28 44 (34-58) 44
0: Complications rate is reported from multicenter. 6 2.9(1.7-4.5) 84
2. Definition 1: Study reports explicit definitions for major complications 13 3.6 (2.3-5.7) 86
of complications allow for SIR classification. )
0: Without any definition of major complications or without 21 4.1(2.9-5.9) 83
adequate basis of classification
3. Weight of complication 1: complication is one of the primary outcomes 13 4.7(3.0-7.2) 87
as an endpoint 0: complication is just a secondary outcome 21 3.3(2.2-5.0) 84
4. Adequate stratification 1: proportion of patients with each Child-Pugh class is reported. 26 4.0 (2.8-5.7) 87
of patients 0: without any information of Child-Pugh class of each patient. 6 3.2 (1.6-6.3) 67
5. Complication period 1: early and late complications were distinguished. 6 4.7 (2.4-9.3) 85
0: no mention of period 28 3.7 2.7-5.1) 86
6. Course of complications  1: the course or treatment of more than half of major 24 3.7(2.6-5.2) 86
complication is reported
0: more than half of major complications are without any 10 4.5(2.6-7.6) 84
information of their course.
7. Sessions 1: the session number of each procedure is reported 24 3.9 (2.7-5.5) 78
0: without any information of session number 10 3.7(2.2-6.5) 87
8. Adequate duration 1: Study reports duration of follow-up and duration of follow-up 32 3.9 (2.8-5.2) 86
of follow-up: is adequate to identify expected adverse events (at least |
year for studies of ablative techniques)
0: No report of follow up or inadequate. 2 4.4(1.5-12.0) 67
Total score (0-9) >6: Good 8 4.2 (2.3-7.5) 80
4-6: Satisfactory fair 23 4.1 (2.8-5.8) 86
<4: Poor 3 3.7 (1.1-6.1) 62
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Abstract

Persistent infection with hepatitis C virus (HCV) is a major risk
for the development of hepatocellular carcinoma (HCC). One
of the characteristics of HCV infection is the unusual aug-
mentation of oxidative stress, which is exacerbated by iron
accumulation in the liver, as observed frequently in hepatitis
C patients. Using a transgenic mouse model, in which HCC
develops late in life after the preneoplastic steatosis stage,
the core protein of HCV was shown to induce the overpro-
duction of reactive oxygen species (ROS) in the liver. In
excessive generation of ROS, HCV affects the steady-state
levels of a mitochondrial protein chaperone, i.e. prohibitin,
leading to animpaired function of the mitochondrial respira-
tory chain with the overproduction of ROS. Insulin resistance
and hepatic steatosis, which frequently accompany HCV in-
fection, exacerbate ROS production. On the other hand, HCV
compromises some of the antioxidant systems, including
heme oxygenase-1 and NADH dehydrogenase quinone 1, re-
sulting in the provocation of oxidative stress, together with
ROS overproduction, in the liver with HCV infection. Thus,

HCV infection not only induces ROS but also hampers the
antioxidant system in the liver, thereby exacerbating oxida-
tive stress that would facilitate hepatocarcinogenesis. Com-
bination with the other activated pathway, including an al-
teration in the intracellular signaling cascade of MAP kinase, .
along with HCV-associated disturbances in lipid and glucose
metabolism would lead to the unusual mode of hepatocar-
cinogenesis, i.e. very frequent and multicentric develop-
ment of HCC, in persistent HCV infection.

Copyright © 2011 S. Karger AG, Basel

Introduction

Approximately 200 million people are infected with
hepatitis C virus (HCV) worldwide. More than two thirds
of those with acute HCV infection suffer from persistent
infection causing active or inactive chronic hepatitis, and
approximately 30% of patients with chronic hepatitis are
assumed to develop cirrhosis within their lifetime. Once
HCV infection develops into cirrhosis, hepatocellular
carcinoma (HCC) develops at an annual rate of 7% [1].
The strong association of oxidative stress with HCV in-
fection has been demonstrated and can explain at least
part of the clinical progression of the disease. The patho-
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genesis of chronic hepatitis C is not merely ascribed to
inflammation caused by viral infection; the role of viral
proteins in the pathogenesis has also been reported [2].
Of the proteins constituting HCV, the core protein in par-
ticular has various functions with respect to host cells
and is closely related to oxidative stress. In this article, the
relationship between HCV infection and oxidative stress
is analyzed focusing on the pathological effect of the core
protein of HCV, and the significance of oxidative stress
in the pathogenesis of liver disease is discussed.

HCV Infection and Hepatocarcinogenesis

The mechanism underlying hepatocarcinogenesis in
HCV infection is not fully understood yet. Inflammation
induced by an immune response to HCV should be con-
sidered, of course, in a study on hepatocarcinogenesis in
hepatitis viral infection: necrosis of hepatocytes due to
chronic inflammation followed by regeneration enhanc-
es genetic aberrations in host cells, the accumulation of
which culminates in HCC. This theory presupposes an
indirect involvement of hepatitis viruses in HCC via he-
patic inflammation. However, this context leaves us with
a serious question: can inflammation alone result in the
development of HCC in HCV infection with such a high
incidence (90% in 15 years) or in a multicentric fashion?
The other role of HCV would have to be weighed against
a rare occurrence of HCC, even after the development of
cirrhosis, in patients with autoimmune hepatitis in which
severe inflammation in the liver persists. These back-
grounds and reasonings lead to a possible activity of viral
proteins for inducing neoplasia. This possibility has been
evaluated by introducing genes of HCV into hepatocytes
in culture with little success. One of the difficulties in us-
ing cultured cells is the carcinogenic capacity of HCV, if
any, which would be weak and would take a long time to
manifest itself. Actually, it takes 30-40 years for HCC to
develop in individuals infected with HCV. On the basis
of these viewpoints, we started to investigate carcinogen-
esis in chronic hepatitis C in vivo using transgenic mouse
technology.

Transgenic Mouse Model for HCV-Related HCC

One of the major issues regarding the pathogenesis of
HCV-associated liver lesions is whether the HCV pro-
teins have direct effects on pathological phenotypes. For
this purpose, several lines of mice have been established

12 Oncology 2011;81(suppl 1):11-17

which are transgenic for the HCV cDNA. We have engi-
neered transgenic mouse lines carrying the HCV genome
by introducing the genes from the cDNA of the HCV ge-
nome of genotype 1b [3, 4]. Four different kinds of trans-
genic mouse lines are established, and they carry the core
gene, envelope genes, the entire nonstructural (NS) genes,
or the NS5A gene, respectively, under the same transcrip-
tional regulatory element. Among these mouse lines,
only the transgenic mice carrying the core gene devel-
oped HCC in two independent lineages [4]. The envelope
gene transgenic mice did not develop HCC despite high
expression levels of both E1 and E2 proteins [5], and the
transgenic mice carrying the entire NS or NS5A gene de-
veloped no HCC. '

Early in life, core gene transgenic mice develop hepat-
ic steatosis, which is one of the histologic characteristics
of chronic hepatitis C, along with lymphoid follicle for-
mation and bile duct damages [6]. Thus, the core gene
transgenic mouse model well reproduces the feature of
chronic hepatitis C. It is important to note that no sig-
nificant inflammation is observed in the liver of this an-
imal model. Late in life, these transgenic mice develop
HCC. Notably, the development of steatosis and HCC has
been reproduced by other HCV transgenic mouse lines,
which harbor the structural genes including the core gene
[4,7, 8]. These outcomes indicate that the core protein per
se of HCV has an oncogenic potential when expressed in
vivo.

Augmentation of Oxidative Stress in Hepatitis C

There is a notable feature in the localization of the core
protein in hepatocytes; while the core protein predomi-
nantly exists in the cytoplasm associated with lipid drop-
lets, it is also present in the mitochondria and nuclei [4].
On the basis of this finding, the pathways related to these
two organelles, the mitochondria and nuclei, were thor-
oughly investigated.

One effect of the core protein is an increased produc-
tion of oxidative stress in the liver. We would like to draw
particular attention to the fact that the production of ox-
idative stress is increased in the core gene transgenic
mouse model in the absence of inflammation in the liver
[4]. The overproduction of oxidative stress results in the
generation of deletions in the mitochondrial and nuclear
DNA, an indicator of genetic damage [2].

Augmentation of oxidative stress is implicated in the
pathogenesis of liver disease in HCV infection as shown
by a number of clinical and basic studies [2, 9]. Reactive
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oxygen species (ROS) are endogenous oxygen-containing
molecules formed as normal products during aerobic me-
tabolism. ROS can induce genetic mutations as well as
chromosomal alterations and thus contribute to cancer
development in multistep carcinogenesis [10, 11]. Recent
studies have shown that oxidative stress is more augment-
ed in hepatitis C than in other types of hepatitis such as
hepatitis B [9].

Thus, a major role in the pathogenesis of HCV-associ-
ated liver disease has been attributed to oxidative stress
augmentation, but little is known regarding the mecha-
nism of increased oxidative stress in HCV infection.
Hence, it is important to understand the mechanism of
oxidative stress augmentation, in terms of both genera-
tion and scavenging of ROS, which may allow us to de-
velop new tools of therapies for chronic hepatitis C.

Oxidative Stress and the Liver

Oxidative Stress and Reactive Oxygen

The main source of ROS in hepatocytes is the mito-
chondria. Outside of hepatocytes, ROS also originate
from nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase and xanthine oxidase in Kupffer cells
and inflammatory cells. A large percentage of consumed
oxygen is constantly converted into ROS in the mito-
chondria accompanied by oxygen consumption in the
electron transport system (ETS). Hepatocytes contain
many mitochondria and therefore have a high ROS pro-
duction. Generated ROS are very unstable and highly re-
active and attack biomolecules such as DNA, lipids, and
proteins. The liver not only produces much ROS but is
also the center of the antioxidative effect in the form of
protein synthesis. Oxidative stress refers to the oxidation-
reaction-dominant state of the living body induced by an
imbalance between the oxidation reaction caused by ROS
and the antioxidation reaction. Main ROS include super-
oxide (-O;"), hydrogen peroxide (H,0,), and the hydrox-
ylradical (HO-). ROS are mainly produced from -O,™ and
converted into stable H,O, through a dismutation reac-
tion. H,O, is converted into highly reactive HO- in the
presence of a transition metal. '

The Antioxidant System and Oxidative Stress Markers
Antioxidants include glutathione (GSH), thioredoxin
(TRX), vitamin E, vitamin C, and B-carotene. Reactive
oxygen elimination enzymes include superoxide dis-
mutase (SOD), GSH peroxidase, heme oxygenase (HO)-1,
and catalase. SOD is induced by oxidative stress and dis-
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mutates O~ to H,O, and oxygen. Catalase in peroxi-
somes also decomposes H,0, to water and oxygen. TRX
isalsoa protein induced by oxidative stress and is reduced
via S-S binding of the substrate protein by two SH groups
in TRX and acts on the H,O, elimination system via per-
oxiredoxins. HO-1 is an inducible cytoprotective enzyme
that catalyzes the initial and rate-limiting reaction in
heme catabolism and cleaves prooxidant heme to form
biliverdin with the release of carbon monoxide. Biliver-
din is converted into bilirubin in mammals; both of these
have been known to have very strong antioxidant activi-
ties.

ROS cause various forms of cellular damage. 4-hy-
droxy-2-nonenal (HNE) and malondialdehyde (MDA)
are the peroxidation reaction products of lipids, and
8-hydroxydeoxyguanosine (8-OHAG) is the product of
DNA base modification. These products serve as oxida-
tive stress markers.

The Origin of ROS Production in HCV Infection

Then, where is the place for oxidative stress overpro-
duction in the liver of hepatitis C patients? The core pro-
tein is mostly localized to the endoplasmic reticulum,
but we and other groups have shown its localization to
the mitochondria in cultured cells and transgenic mice
[12]. In addition, the double structure of mitochondrial
membranes is disrupted in hepatocytes of core gene
transgenic mice. Evidence suggests that the core protein
modulates some mitochondrial functions, including fat-
ty acid B-oxidation, the impairment of which may in-
duce lipid abnormalities and hepatic steatosis. In addi-
tion, the mitochondrion is an important source of ROS.
In livers of transgenic mice harboring the core gene, in-
creased ROS production has been observed [2]. A recent
study found, via proteomic profiling of biopsy speci-
mens, that impairment of key mitochondrial processes
including fatty acid oxidation and oxidative phosphory-
lation and of the response to oxidative stress occurs in
HCV-infected human liver with advanced fibrosis [13].
Therefore, it is probable that the HCV core protein af-
fects mitochondrial functions since such pathogenesis is
observed in both HCV core-transgenic mice and HCV-
infected patients.

The recent progress in proteomics has opened new av-
enues for disease-related biomarker discovery. We per-
formed a two-dimensional polyacrylamide gel electro-
phoresis (2D-PAGE) of mitochondria isolated from
HepG2 cells stably expressing the HCV core protein and
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Fig. 1. The HCV core protein binds prohibitin and impairs its
chaperone function leading to ROS overproduction. a Mitochon-
drial proteins consist of nuclear DNA-encoded proteins as well as
mitochondrial DNA-encoded ones. Prohibitin acts as a protein
chaperone for the mitochondrial proteins that are encoded by mi-
tochondrial DNA by stabilizing newly synthesized mitochondrial
translation products through direct interaction. b The HCV core

identified several proteins of different expressions when
compared with control HepG2 cells. Among upregulated
proteins in the core-expressing cells, we focused on pro-
hibitin, which functions as a mitochondrial protein chap-
erone, and found that the core protein interacts with pro-
hibitin and represses the interaction between prohibitin
and subunit proteins of cytochrome c oxidase (COX),
which may lead to decreases in the expression level of the
proteins and in COX activity.

Prohibitin, a mitochondrial protein chaperone, was
identified as an upregulated protein in core-expressing
cells. Prohibitin is a ubiquitously expressed and highly
conserved protein that was originally determined to
play a predominant role in inhibiting cell cycle progres-
sion and cellular proliferation by attenuating DNA syn-
thesis [14]. It is present in the nucleus and interacts with
transcription factors that are important in cell cycle
progression. In core-expressing cells, prohibitin was
also detected in the nucleus and its expression level was
also higher than that in control Hepswx cells or HepG2
cells. Mitochondrial prohibitin acts as a protein chaper-
one by stabilizing newly synthesized mitochondrial
translation products through direct interaction [15]. We
examined the interaction between prohibitin and the

14 Oncology 2011;81(suppl 1):11-17

interacts with prohibitin, disturbing its molecular chaperone
function, and leads to a decrease in the activity of ETS complex
1V, COX. Subunit IT of COX is encoded by the mitochondrial
DNA, while other subunits are encoded by the nuclear DNA. This
is a new mechanism for oxidative stress overproduction in viral
infection in that HCV induces mitochondrial ETS dysfunction by
inhibiting chaperone function. Ub = Ubiquitin.

mitochondrially encoded subunit IT of COX and found
a suppressed interaction between these proteins in core-
expressing cells. In addition, there are several studies
that showed the association of prohibitin with the as-
sembly of mitochondrial respiratory complex I as well as
complex IV (COX) [15] (fig. 1). Complex I also consists
of both nuclear- and mitochondrial-DNA-encoded sub-
units; therefore, it is probable that the assembly and
function of complex I are impaired by the core protein.
In respect to the complex I function, we previously
found a decreased complex I activity in core-expressing
cells. Other groups have also shown that complex I ac-
tivity is decreased in cultured cells [16]. Based on these
findings, the interaction between prohibitin and the
core protein may impair the function of complex I as
well as complex IV, leading to an increase in ROS pro-
duction. In fact, the suppression of prohibitin function
has been shown to result in an increased production of
ROS [17], a phenomenon observed in the core-express-
ing cells used in this study as well as in the liver of core-
gene transgenic mice [2]. Interestingly, Shelly Lu et al.
[18] recently reported that the liver-specific deletion of
prohibitin resulted in morphological abnormality and
HCC.
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Fig. 2. Molecular pathogenesis of HCC de-
velopment in HCV infection. Inflamma-
tion should contribute to hepatocarcino-
genesis by producing genetic aberrations
via continual cell death and regeneration.
In the case of HCV infection, the virus it-
self contributes to hepatocarcinogenesis
via two pathways. In one pathway, the core
protein acts on the function of the mito-
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This is a new mechanism for ROS overproduction in
viral infection in that HCV induces mitochondrial dys-
function through the inhibition of chaperone function in
the mitochondria [19].

HCV Compromises the Antioxidant System

As discussed above, chronic hepatitis C is character-
ized by its prominent augmentation of oxidative stress.
Related to this, iron accumulation in the liver has been
shown to aggravate the oxidative stress as shown by the
increase in the amount of DNA adducts in the liver [2, 9].
Iron is accumulated in the liver of HCV core gene trans-
genic mice [20]. The accumulation of iron observed in the
liver of the core gene transgenic mice fed with normal
chow corroborates the observation in chronic hepatitis C
patients [9, 10]. Then, the impact of iron overloading on
the oxidant/antioxidant system was examined using this
mouse model and cultured cells. Iron overloading caused
the induction of ROS as well as antioxidants. However,
some of the key antioxidant enzymes, including HO-1
and NADH dehydrogenase quinone 1 (NDQ-1), were not
augmented sufficiently by iron overloading, while other
antioxidant enzymes such as catalase and GST were aug-
mented more strongly in the iron-overloaded core gene
transgenic mice than in the iron-overloaded control or
non-iron-overloaded core gene transgenic mice. The at-
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tenuation of iron-induced augmentation of HO-1 was
also confirmed in HepG2 cells expressing the core pro-
tein. HO-1 catalyzes the initial and rate-limiting reaction
in heme catabolism and cleaves prooxidant heme to form
biliverdin, which is converted into bilirubin in mammals;
both of these have been known to have very strong anti-
oxidant activities [21]. In addition, HO-1 has been also
suggested to be a central antioxidant in conditions of
GSH depletion [22]. Thus, HO-1 is an essential protective
endogenous mechanism against oxidative stress, particu-
larly in the case of iron overload. Therefore, it is probable
that the attenuation of HO-1 and NQO-1 would hamper
the antioxidant system and lead to a robust production of
oxidative stress in HCV infection.

Thus, HCV infection not only induces ROS but also
hampers antioxidant activation in the liver, thereby exac-
erbating oxidative stress that would facilitate hepatocar-
cinogenesis.

Conclusion

Pathways other than oxidative stress provocation in
HCV-related hepatocarcinogenesis are alteration of the
expression of cellular genes and modulation of intracel-
lular signaling pathways. For example, tumor necrosis
factor (TNF)-a and interleukin-1 have been found tran-
scriptionally activated [23]. The mitogen-activated pro-
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tein kinase (M APK) cascade, which is involved in numer-
ous cellular events including cell proliferation, is also ac-
tivated in the liver of the core gene transgenic mouse
model. In the liver prior to HCC development, only the
¢-Jun N-terminal kinase (JNK) route is activated. Down-
stream of the JNK activation, transcription factor activat-
ing protein (AP)-1 activation is markedly enhanced [23,
24]. Far downstream, both the mRNA and protein levels
of cyclin D1 and cyclin-dependent kinase (CDK)4 are in-
creased. Thus, the HCV core protein modulates the intra-
cellular signaling pathways and gives advantage for cell
proliferation to hepatocytes. The combination of these
pathways that are activated in HCV infection, i.e. ROS
overproduction, attenuation of antioxidants, cell growth
stimulation via MAPK activation, metabolic disturbanc-
es such as hepatic steatosis, and insulin resistance [25],
which are all induced by HCV itself, would contribute to
hepatocarcinogenesis, together with moderate but long-
lasting inflammation in chronic hepatitis C (fig. 2).

The results of our studies on transgenic mice have in-
dicated a carcinogenic potential of the HCV core protein
in vivo; thus, HCV would be directly involved in hepato-
carcinogenesis. In research studies of carcinogenesis, the
development of colorectal cancer is induced by the accu-
mulation of a complete set of cellular gene mutations [26].
Their theory has been extended to the carcinogenesis of
other cancers as well, called “Vogelstein-type’ carcino-
genesis. On the basis of the results we obtained for the
induction of HCC by the HCV core protein, we would like
to introduce a different mechanism for hepatocarcino-
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Abstract

Background High serum load of hepatitis B virus (HBV)
deoxyribonucleic acid (DNA) is a strong risk factor of
hepatocellular carcinoma (HCC) development, :indepen-
dent of hepatitis B e antigen, serum alanine aminotrans-
ferase level, and liver cirrhosis. We evaluated whether
serum HBV DNA load is associated with the risk of
recurrence of HBV-related HCC treated with radiofre-
quency ablation (RFA).

Methods The study population was 69 consecutive
patients with HBV-related HCC treated locally completely
with RFA between January 2000 and September 2007. The
risk factors for HCC recurrence were analyzed based on
laboratory data, including serum HBV DNA load, together
with tumor size and number using univariate and multi-
variate proportional hazard regression analyses.

Results HCC recurrence was observed in 42 of 69
patients during the median observation period of 1.5 years.
Cumulative recurrence rates at 1, 3, and 5 years were
26.5, 57.8, and 74.3%, respectively. In univariate analysis,
albumin (<3.5 g/dl), platelet count (<150 x 10*/mm?),
prothrombin activity (PT) (<70%), Child-Pugh class B,
serum HBV DNA load (>4.0 logl0 copies/ml), and tumor
number (>3) were associated with the recurrence at
p < 0.15. Multivariate Cox regression analysis with step-
wise variable selection showed that the tumor number
(risk ratio, 4.63; 95% CI, 1.50-14.25, P = 0.0076), low PT
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(3.39, 1.52-5.78, P = 0.0029), and high HBV DNA load
(2.67, 1.16-6.14, P = 0.021) were independent risk factors
for HCC recurrence. '

Conclusion Serum HBV DNA load is associated with the
risk of recurrence of HBV-related HCC after RFA.

Keywords Hepatitis B virus - Hepatocellular carcinoma -
Recurrence - Radiofrequency ablation

Abbreviations

HBV Hepatitis B virus

HCC " Hepatocellular carcinoma
RFA Radiofrequency ablation
HBsAg  Hepatitis B surface antigen
HCV-Ab Hepatitis C virus antibody

CT Computed tomography

HBeAg  Hepatitis B e antigen
HBeAb - Hepatitis B e antibody
AST Aspartate aminotransferase
ALT Alanine aminotransferase
PLT Platelet count

PT Prothrombin activity

AFP Alpha-fetoprotein

AFP-L3  Lens culinaris agglutinin A-reactive fraction of
AFP :

DCP Des-gamma-carboxy prothrombin

Introduction

Hepatitis B virus (HBV) infection is essentially an endemic
disease and the areas with high prevalence include East and
Southeast Asia and sub-Saharan Africa [1]. HBV infection
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is the second leading cause of hepatocellular carcinoma
(HCC) in Japan, preceded by hepatitis C virus infection [2].
Currently two distinct strategies have been successfully
employed against HBV infection: vaccination to prevent
neonatal vertical infection and sexually transmitted hori-
zontal infection, and oral antiviral nucleot(s)ide analogs to

suppress viral replication in chronically infected patients -

[1, 3]. Nevertheless, sequelae of chronic HBV infection,
especially HCC and liver failure, still remain a major
health problem [4, 5].

HBV is a DNA virus in the Hepadna family, whose
replication cycle includes the step of RNA-dependent DNA
polymerization (reverse transcriptidn). It has been indi-
cated that a portion of HBV DNA can be integrated into
host genome through reverse transcription and the inte-
gration may be causative, at least in part, of HBV-related
HCC [6-8]. Serum HBV DNA load, considered to reflect
the degree of viral replication in hepatocytes, has been
shown to be a strong indicator of the risk of HBV-related
HCC [9]. Lamivudine, a reverse transcriptase inhibitor,
reportedly reduces the risk of HCC development, as well as
liver decompensation, in chronic hepatitis B patients [10].

Short-term prognosis of HCC has been much improved
owing to advances in diagnostic imagings and therapeutic
modalities, such as surgical resection and medical ablation
[11, 12]. However, long-term prognosis of HCC is not
satisfactory, primarily because intrahepatic recurrence is
extremely frequent. Reported risk factors for recurrence
include tumor-related factors, such as the number and size
of nodules, liver factors, and virus factors, including
immune responses by the host [13-15]. Since HBV viral
load can be attenuated with potential anti-viral agents, such
as entecavir, it is clinically important to evaluate the effects
of viral load on recurrence.

The frequent recurrence of HCC has been explained, in
part, by metachronous multicentric carcinogenesis, or de
novo HCC in the remaining liver that still harbours the
virus [16, 17]. Consequently, HBV DNA load may affect
the risk of intrahepatic recurrence after curative locore-
gional treatment of HBV-related HCC.

Radiofrequency ablation (RFA), a recently introduced
minimally invasive treatment of HCC using thermal energy
converted from radiofrequency current, is applicable to a
wider range of patients in terms of background liver
function than in surgery [12, 18]. Locoregional therapeutic
efficacy of RFA has been well confirmed [12, 19, 20]. It is
sometimes suspected, however, that RFA may be more
prone to intrahepatic recurrence than surgical resection
because intrasegmental microscopic metastasis, if any, can
be removed by anatomical systemic resection but not by
RFA.

It may not be easy to discern whether an individual HCC
recurrence is due to de novo carcinogenesis or intrahepatic
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metastasis. Nevertheless, if higher serum HBV DNA load
is associated with higher incidence of intrahepatic recur-
rence, de novo carcinogenesis is indicated to be a major
mechanism of HCC recurrence also after RFA. This will
encourage the use of post-RFA antiviral therapy to prevent
HCC recurrence, a most urgent task in current HCC
treatment. However, there were no reports on the effects of
serum HBV DNA load on the recurrence of HBV-related
HCC after RFA, which we sought to elucidate in the
present study.

Patients and methods
Patients

From January 2000 to September 2007, we treated with
RFA 832 treatment-naive patients with HCC at the
Department of Gastroenterology, the University of Tokyo
Hospital, Japan. Among them, 82 patients were positive for
hepatitis B surface antigen (HBsAg). Excluding 11 patients
who were also positive for hepatitis C virus antibody
(HCV-Ab) and 2 who could not undergo a curative RFA, a
total of 69 consecutive patients with HBV related-HCC
were enrolled in this study. No patients had autoimmune
hepatitis or primary biliary cirrhosis as comorbidity. Six
patients drank equivalent of 80 g or more ethanol a day.

RFA was selected either because patients were consid-
ered not suitable for resection because of impaired liver
function, number and distribution of tumors, or cardio-
pulmonary comorbidities, or because they voluntarily
preferred ablation with informed consent despite surgery
also being feasible. Written informed consent for receiving
RFA was obtained from each patient, and retrospective
analysis of related clinical data were approved by the
investigator and ethics committee of the University of
Tokyo Hospital (approval number, 2058).

HCC diagnosis, radiofrequency ablation, and follow-up

HCC was diagnosed based on typical findings on dynamic
computed tomography (CT), where hyper attenuation in the
arterial phase with washout in the late phase was consid-
ered diagnostic [21]. Most nodules were also confirmed
histopathologically with ultrasound-guided biopsy. The
pathological grade of tumor differentiation was made based
on Edmondson-Steiner criteria [22]. Stage of fibrosis and
grade of activity were histologically assessed according to
the criteria of Desmet et al. [23] using biopsy specimens of
noncancerous liver tissue.

Indication criteria for RFA were as follows: total
bilirubin concentration <3 mg/dL; platelet count (PLT)
>50 x 10*/mm?; and PT >50%. Patients with portal vein



