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Laparoscopic findings of reddish markings predict hepatocellular
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Abstract

Background For patients with chronic hepatitis due to
hepatitis B virus (HBV), factors predicting hepatocellular
carcinoma (HCC) other than high levels of HBV-DNA and
alanine aminotransferase (ALT) are needed to prevent
HCC development, as many patients with chronic HBV
infection fulfill these conditions. The purpose of this study
was to clarify factors predictive of HCC development for
those patients.

Methods The study was a systematic cohort analysis of
303 consecutive patients with hepatitis B e-antigen,
receiving laparoscopic examination for assessment of liver
disease. Laparoscopic, histological, and clinical character-
istics were investigated as related to HCC development.
Results HCC occurred in 27 patients during a mean fol-
low-up of 8.0 £ 5.0 years, at the age of 37-72 years.
Significant associations with HCC development were
shown for liver cirrhosis, histological activity grade,
reddish markings, and older age. Multivariate analysis
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revealed that HCC development was strongly associated
with older age and male gender (P = 0.002 and
P = 0.043, respectively). HCC occurred more frequently
in patients of age >30 years even with early stage than in
patients of age <30 years (P = 0.031). Severe reddish
markings, a laparoscopic finding of widespread parenchy-
mal destruction, were highly associated with HCC
development in patients of age >30 years at diagnosis
(odds ratio = 1.67, P = 0.034), while histological activity
grade and ALT level were not (P = 0.075 and P = 0.69,
respectively).

Conclusions HCC development is associated with older
age, male gender, and liver cirrhosis. Reddish markings,
rather than histological activity or ALT level, can be useful
to predict HCC for HBV patients of age >30 years.

Keywords Hepatitis B virus - Hepatocellular carcinoma -
Laparoscopy

Abbreviations

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

ALT  Alanine aminotransferase

HCV Hepatitis C virus

AST  Aspartate aminotransferase

Introduction

Hepatitis B virus (HBV) is distributed worldwide, and 400
million people suffer from chronic hepatitis B infection [1].
Hepatocellular carcinoma (HCC) and liver failure are fre-
quent among patients with HBV infection. The incidence
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of HCC development is estimated at 0.8% annually,
approximately 100-fold higher than the rate among unin-
fected people. Half a million patients die of liver-related
causes every year [2]. Several studies of the prognosis of
HBV have shown that persistent elevation of HBV-DNA
and alanine aminotransferase (ALT) in serum are highly
associated with rapid disease progression and HCC
development [3, 4]. Host factors such as age, gender, and
alcohol intake, and viral factors including hepatitis B
e-antigen (HBeAg) and HBV genotype have been impli-
cated as important contributors to disease progression. In
Japan, HBV genotype C is predominant over other geno-
types, and most HBV patients with chronic hepatitis have
been infected perinatally or during early childhood [5].
Recent reports have indicated that HBV genotype C is
related to poor outcome of slower HBeAg seroconversion
[6], earlier disease progression, and more frequent HCC
development [7].

Good control of viral replication with nucleoside ana-
logues can decrease liver inflammation and reduce the risk
of poor outcomes [8]. Such drugs may work, in the short
term at least, for most patients in the immune-active phase
of chronic HBV infection. However, benefits for long-term
survival have not been well defined. Some patients in
young or middle age hesitate to use these drugs due to the
possibility of drug resistance and the high cost for medi-
cation for life-long use. The presence of HBeAg often
indicates active viral replication, and high levels of ALT in
the immune-active phase; many patients with HBeAg are
thus suitable candidates for use of nucleoside analogues.
Predictors for rapid progression to liver cirrhosis and high
risk of HCC development should be more clearly defined,
to facilitate the selection of HBeAg-positive patients who
should be treated immediately with nucleoside analogues.

Laparoscopy provides wide and precise observation of
the liver surface. Kalk [9, 10] reported morphological
progression from acute hepatitis to cirrhosis. Laparoscopic
observation with liver biopsy is considered the most
accurate method of evaluating liver cirrhosis [11-14].
Besides usefulness in evaluating present disease progres-
sion, direct observation of the liver surface can provide a
large amount of information on disease activity, capsular
structural changes, and small lesions on the surface, which
can be difficult or impossible to detect on ultrasonography
(US) or computed tomography (CT). Studies of patients
with hepatitis C virus (HCV) have proposed the importance
of laparoscopic examination and have noted that irregular
regenerative nodules, degree of regenerative nodules, and
atrophic right lobe can be observed clearly by laparoscopy,
and also that those findings represent independent risk
factors for HCC development [15, 16]. Associations with
laparoscopic features have not been well defined for HBV
patients with regard to HCC development.

The purpose of this study was to clarify useful predictive
factors of HCC development for HBV patients with
HBeAg, by evaluating laparoscopic features, clinical
characteristics, and histology with regard to the develop-
ment of HCC. We reveal that liver cirrhosis, older age,
male gender, and a laparoscopic feature of reddish mark-
ings were strongly associated with HCC development, and
propose the importance of laparoscopic examination to
evaluate the risk of HCC development.

Patients and methods
Patients

This study was a systematic cohort analysis of 303 con-
secutive patients with HBeAg, and who underwent lapa-
roscopic examination and liver biopsy for the assessment
of chronic liver injury at Okayama University Hospital
between 1982 and 2002. Presence of HCC was excluded in
all patients by imaging examinations with abdominal
ultrasonography and computed tomography and by show-
ing normal values of alpha-fetoprotein in serum at the time
of diagnosis. Patients suffering from acute hepatitis due to
HBYV, those with serum positivity for anti-HCV antibodies,
and those with daily ethanol intake >75 g were excluded
from the study. The study was performed in accordance
with the Helsinki Declaration, and all protocols were
approved by the ethics committees of the involved insti-
tutes. All patients provided informed consent before
enrolment into the study.

Scoring of liver function by using laboratory
parameters

In order to estimate the usefulness of laboratory parameters
to assess liver function, we selected five conventional
parameters, and evaluated the score based on these values
with histological fibrosis stage. These parameters were
scored according to the normal ranges in our institutes as
follows: prothrombin time (0, >80%; 1, <80%); platelet
count (0, >15 x 10%/mm? 1, <15 x 10%mm?>); serum
level of albumin (0, >3.9 g/dl; 1, <3.9 g/dl); serum level
of total bilirubin (0, <1.2 mg/dl; 1, >1.2 mg/dl); and
the ratios of aspartate aminotransferase (AST) and ALT
0, <1.0; 1, >1.0).

Histological evaluation
Stage of histological fibrosis and grade of activity were
assigned by two pathologists according to the criteria of

Desmet et al. [17]. All biopsy specimens were obtained
under laparoscopic guidance and were more than 1.5 cm
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long and 2 mm wide. The amount of obtained material was
therefore adequate for histological evaluation.

Laparoscopic examination

We selected the following six features for analysis, because
these are routinely used for evaluation of disease progres-
sion and activity: surface irregularity, whitish markings,
vascular proliferation, reddish markings, patchy markings,
and fat deposition [18-21]. Surface irregularity was eval-
uated, based on depression and nodular formation, and
classified into three stages: S1, normal or early stage;
S2, advanced, pre-cirrhotic stage; and S3, cirrhotic stage.
Reddish markings were scored according to location, dis-
tribution, and color tone of the markings. Whitish markings
were defined with their location. These features were
assessed as mild or severe based on the total scores as in
Table 1. As for vascular proliferation, dilated peripheral
portal veins are often observed on liver surface of the
patients with chronic hepatitis, and small arteries may
become visible when the disease has progressed. We gra-
ded dilated peripheral portal veins as mild and proliferation
of small arteries as severe for vascular proliferation. These
classifications have been used since Shimada et al. [18]
reported their usefulness in 1971 to evaluate disease
activity and to predict disease progression for chronic
hepatitis. Several reports from different institutes have
proposed similar classifications by using these features, and
revealed their importance for evaluation of disease pro-
gression [16, 22, 23]. Final laparoscopic findings were
evaluated independently by three experienced hepatolo-
gists (S.F., B.S., and K.Y.), and discussed for final diag-
nosis. Figure 1 shows typical laparoscopic features of the
liver surface.

Follow-up

All patients received medical check-ups with blood
examinations every 2-3 months, and abdominal US or CT
every 6 months at least as recommended [24, 25]. Patients
who had not visited our hospital in the previous 6 months
were contacted by letter or telephone and asked to provide
details of recent medications by questionnaires. If they
visited other hospitals, we also asked them about the results
of any imaging studies. For cases in which the patient had
died, the date and cause of death were recorded. No
patients were treated with nucleoside analogues during
follow-up.

Statistical analysis

Data are expressed as mean =+ standard deviation (SD) or
median (range). Patient laboratory data and laparoscopic
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Table 1 Laparoscopic evaluations of reddish markings and whitish
markings

Item Definition Score
Reddish markings
Location Periportal 1
Pericentral 1
Multilobular 2
Distribution Localized 1
Sparse 2
Dense 3
Tone of color Indistinct 1
Common 2
Hemorrhagic 3
Diagnostic classification
None 0 points
Mild reddish marking <5 points
Severe reddish marking >5 points
Whitish markings
Location Spotted
Asteroidal
Network-like
Diagnostic classification
None 0 points
Mild whitish marking <2 points
Severe whitish marking >2 points

findings were compared with histological findings using the
Kruskal-Wallis test and canonical correlation analysis.
Proportional hazards models were utilized to estimate the
effects of patient characteristics on HCC development.
Incidence rates of HCC were estimated by using the
Kaplan—-Meier method, and compared with the log-rank
test. A value of P < 0.05 was considered significant.
Statistical analysis was performed with JMP software (SAS
Institute, Cary, NC).

Results
Patient characteristics

Table 2 lists the clinical characteristics of patients enrolled
in this study. Mean age of patients was 34 £ 11 years, and
232 patients were male (76.6%). Of the patients, 71.6% had
some family history of liver disease. In order to estimate the
usefulness of laboratory parameters to assess liver function,
we selected five conventional parameters, and compared the
scores based on these values with histological fibrosis stage
(Fig. 2a). Surprisingly, only half of the patients with a total
score of 0 (49.1%), representing completely normal in this
scoring system, were histologically defined as early stage
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Fig. 1 Laparoscopic features of
the patients with chronic viral
hepatitis. Figures show typical
pictures of laparoscopic
features; laparoscopy of severe
reddish markings, showing
advanced surface irregularity
with densely distributed reddish
markings (a), closer view of
severe reddish markings in
hemorrhagic color which are
multilobularly located (b),
closer view of mild reddish
markings, showing common
redness in periportal areas (c),
laparoscopy of vascular
proliferation (d), and
laparoscopy of normal liver (e)

Table 2 Patient characteristics at the time of diagnosis (N = 303)

Age at diagnosis (years) 34 £ 11°
Gender (female/male) 71/232
Family history of liver disease 217 (71.6%)
History of blood transfusion 14 (4.6%)
Liver histology
Fibrosis stage (1/2/3/4)* 92/90/101/20
Activity grade (1/2/3)* 104/135/64
Laboratory data at diagnosis
AST (1U/1) 91 + 73°
ALT (IU/) 156 + 142°
Total bilirubin (mg/dl) 0.87 & 0.53"
Albumin (g/dl) 424 04°
Platelet count (x10*/mm?) 18 £+ 6°

AST aspartate aminotransferase, ALT alanine aminotransferase
* Histological stage classified according to Desmet et al. [17]
® Mean + SD

(fibrosis stage 0 or 1), and 20.5% were advanced, at the pre-
cirrhotic or cirrhotic stage (fibrosis stage 3 or 4). These
results indicate the necessity for liver biopsy, as conven-
tional laboratory parameters cannot distinguish patients in
the early stage from those in the advanced stages, although
total scores of laboratory data correlated significantly with
stages of histological fibrosis (R = 0.46, P < 0.0001,
canonical correlation analysis). In terms of activity grades,
mean ALT levels in patients were very high (156 +
142 TU/), and 51.9% of patients with histological grade A1l
showed ALT levels >80 IU/l (Fig. 2b). ALT levels dis-
played weak associations with histological activity grade
(R =0.14, P = 0.013).

Laparoscopic findings at the time of diagnosis

Table 3 provides a summary of laparoscopic features.
Frequencies were calculated for each group of surface
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Table 3 Summary of laparoscopic features of HBV patients

Surface irregularity®

S1 S2 S3

n=187) (=93 (n=23)
Reddish markings 89 (48%) 69 (74%) 15 (65%)
Severe reddish markings 34 (18%) 34 (37%) 6 (26%)
Whitish markings 51 (27%) 22 (24%) 3 (13%)
Severe whitish markings 34 (18%) 12 (13%) 2 (9%)
Vascular proliferation 160 (86%) 68 (73%) 20 (87%)
Severe vascular 110 (59%) 57 (61%) 15 (65%)

proliferation

Patchy markings 28 (15%) 67 (72%) 2 (9%)
Fat deposition 46 (25%) 25 (27%) 11 (48%)

# Surface irregularity, classified in three stages: S1, normal or early
stage; S2, advanced, pre-cirrhotic stage; and S3, cirrhotic stage

irregularity. Reddish markings and patchy markings were
frequently observed in S2 (74 and 72%, respectively,
P < 0.001 each). Vascular proliferation was observed less
in S2 (73%) than in S1 (86%) or S3 (87%, P = 0.018,
Kruskal-Wallis tests). Severe vascular proliferation,
reflecting proliferation of small arteries, was more
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Pra— Reddish

markings

3':;::’“!/ Mikd
frequently observed in S3 than SI or S2, although this
increase was not statistically significant (P = 0.84).
Whitish markings tended to be less frequent, and fat
deposition more frequent in S3 than in S1 or S2, but no
significant differences were identified (P = 0.31 and
P = 0.061, respectively). Correlations between histologi-
cal fibrosis stage and laparoscopic surface irregularity were
significantly strong (R = 0.71, P < 0.0001, canonical
correlation analysis; Fig. 2c¢). Reddish markings were sig-
nificantly associated with histological activity grade as
shown in Fig. 2d (R = 0.45, P < 0.0001).

Risks of HCC development

HCC development was evaluated for 250 patients who
were observed for >1 year. The accumulated observation
was 1991 person-years, accounting for 80% of the total
potential follow-up. HCC developed in 27 patients during a
mean follow-up period of 8.0 £ 5.0 years, at the age of
37-72 years. The incidence of HCC development was
estimated as 5.7% at 5 years of follow-up, 13.5% at
10 years, and 20.6% at 15 years (Fig. 3a). Figure 3b shows
cumulative rates of HCC development by age, estimated as
1.3% at 40 years old, 12.3% at 50 years old, and 27.2% at
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Fig. 3 Cumulative rates of hepatocellular carcinoma (HCC) devel-
opment. a Shows cumulative rate of HCC development as a function
of the follow-up period, estimated by the Kaplan—-Meier method. The
incidence of HCC development was estimated as 5.7% at 5 years of
follow-up, 13.5% at 10 years, and 20.6% at 15 years. b Shows
cumulative rates of HCC development by age, estimated as 1.3% at
40 years old, 12.3% at 50 years old, and 27.2% at 60 years old. When

60 years old. When the patients were divided into three
groups according to age at diagnosis (<30, 30-39,
>40 years), there were significant differences in cumula-
tive rates of HCC development among the groups
(P = 0.003, log-rank test; Fig. 3c), especially between the
age groups <30, and >30 years (P = 0.0009, log-rank
test). The patient groups of age 30-39 years and age
>40 years were estimated to have similar risks of HCC
occurrence (P = 0.57, log-rank test). Furthermore, male
patients showed a higher risk of HCC development than
females (P = 0.008, log-rank test; Fig. 3d), as previously
reported [1-7]. Table 4 shows evaluations of clinical
characteristics, histology, and laparoscopic features, with
regard to HCC development using proportional hazards
models. Significant associations with HCC development
were shown for liver cirrhosis according to histological
fibrosis and laparoscopic surface irregularity, high histo-
logical activity grade, laparoscopic severe reddish mark-
ings, and older age at diagnosis in univariate analysis.
Cumulative risks of HCC development were also estimated
by the Kaplan-Meier method (Fig. 4). Severity of reddish

Age at HCC dewelopment (years)

the patients were divided into three groups according to age at
diagnosis (<30, 30-39, >40 years), there were significant differences
in cumulative rates of HCC development among the groups
(P =0.003, log-rank test, ¢). Furthermore, d shows significant
difference in cumulative rates of HCC development between the
female patients and the male patients (P = 0.008, log-rank test)

markings correlated significantly with risk of HCC devel-
opment (P = 0.036, log-rank test), while histological
activity grade did not (P = 0.054), suggesting some dif-
ference between these two parameters. Multivariate anal-
ysis, adjusted with a logistic likelihood ratio test, revealed
that HCC development was strongly associated with older
age and male gender (P = 0.002 and P = 0.043, respec-
tively). Laparoscopic surface irregularity was not used for
multivariate analysis, due to high correlations of laparo-
scopic surface irregularity with histological fibrosis stage
as shown in Fig. 2c.

Subgroup analysis for HCC development

Next, we studied age difference by dividing patients
according to age at diagnosis (<30, and >30 years), and
our results in proportional hazards models showed that
advanced stages according to histological fibrosis stage and
surface irregularity were significantly associated with HCC
development for patients of age >30 years at diagnosis
(P = 0.040 and P = 0.016, respectively; Table 5). Severe
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Table 4 Analysis of factors
predicting HCC development
with the proportional hazards
model

AST aspartate aminotransferase,
ALT alanine aminotransferase

Factors Univariate analysis Multivariate analysis
Odds ratio P Odds ratio P
(range®) (range™)
Age at diagnosis (years) 1.06 (1.03-1.10) <0.001 1.06 (1.02-1.11) 0.002
Gender (male) 3.32 (0.78-14.0) 0.10 4.53 (1.05-19.6) 0.043
Blood transfusion 2.40 (0.56-10.2) 0.24
Family history of liver disease 1.46 (0.67-3.18) 0.35
Interferon therapy 0.65 (0.29-1.45) 0.29
Histological fibrosis stage 1.80 (1.18-2.76) <0.001 1.21 (0.71-2.07) 0.49
Histological activity grade 1.82 (1.06-3.14) 0.031 1.16 (0.58-2.34) 0.68
AST (=80 IU/M) 1.32 (0.62-2.83) 0.47
ALT (>80 1U/1) 1.06 (0.48-2.37) 0.88
Surface irregularity 2.45 (1.46-4.09) <0.001
Whitish markings 0.77 (0.31-1.90) 0.57
Vascular proliferation 1.27 (0.48-3.36) 0.64
Reddish markings 1.66 (1.04-2.65) 0.036 1.45 (0.54-3.90) 0.46
Patchy markings 2.04 (0.96-4.36) 0.065 1.38 (0.57-3.32) 0.48
Fat deposition 1.28 (0.48-3.37) 0.62

4 95% confidence interval

inflammatory activity with reddish markings also affected
HCC development (P = 0.034). Therefore we estimated
cumulative rates of HCC development, by using the
Kaplan—-Meier method. Among patients of age >30 years
at diagnosis, cumulative rates of HCC development were
higher in more advanced disease, according to surface
irregularity (Fig. 5b, P = 0.043, log-rank test). Cumulative
rates of HCC development were 37.1% at the 10-year
follow-up among the patients in cirrhotic S3 stage, 25.6%
among those in pre-cirrhotic S2 stage, and 10.1% among
those in S1 stage. Interestingly, the risk of HCC occurrence
was significantly higher for those in as early as S1 stage,
compared with the patients of age <30 years (Fig. 5c,
P = 0.031, log-rank test). Actually, none of the patients of
age <30 years experienced HCC during the 10-year fol-
low-up. Further subgroup analysis in those of age
>30 years in each laparoscopic stage could not find any
significant factors contributing to HCC development. As
for the effects of inflammatory activity on HCC develop-
ment, significant differences in cumulative rates of HCC
development were observed among the patients of age
>30 years at diagnosis when stratified by reddish markings
(Fig. 6, P = 0.025, log-rank test), but not by histological
activity (P = 0.087) or ALT levels (P = 0.69).

Discussion

Persistent elevation of HBV-DNA and ALT are associated
with rapid disease progression and HCC development

@ Springer

[3, 4]. Most patients with HBeAg might be candidates for
treatment with nucleoside analogues, as the presence of
HBeAg often indicates active viral replication and high
levels of ALT in an immune-active state of chronic
infection. However, due to drug resistance and the high
cost of life-long medication, predictors for HCC develop-
ment should be more clearly defined so that patients can
judge the necessity of immediate treatment using nucleo-
side analogues. We hypothesized that laparoscopic obser-
vation of the liver surface might work for this purpose. The
present study retrospectively evaluated long-term outcomes
for a large systematic cohort of HBeAg-positive patients,
focusing on HCC development, using laparoscopic, histo-
logical, and clinical characteristics.

In the present study, half of patients with early-stage
(S1) disease were <30 years old at diagnosis. Cumulative
rate of HCC development was 0.0% during the following
10 years, partly because some patients showed serocon-
version to negative HBeAg in the following 10 years with
cessation of hepatitis. Conversely, the patients who were
>30 years old in the early stage showed a signifi-
cantly higher risk of HCC, compared with the patients of
age <30 years. Treatment with nucleoside analogues may
be worth considering in such patients, although incidence
rates were less than those of patients in the pre-cirrhotic or
cirrhotic stage. Age differences in disease progression have
been reported with other chronic liver diseases, including
chronic hepatitis C [26], autoimmune hepatitis [27], and
primary biliary cirrhosis [28]. Our results suggest that age
difference plays some role in HCC development among
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Table 5 Analysis of factors predicting HCC development for
patients of age >30 years with the proportional hazards model

Factors Univariate analysis
Odds ratio (range®) P

Histological fibrosis stage 1.57 (1.02-2.40) 0.04
Histological activity grade 1.67 (0.95-2.95) 0.075
AST (=80 IU/M) 0.72 (0.33-1.57) 0.41
ALT (>80 1U/N) 1.18 (0.53-2.66) 0.69
Surface irregularity 1.93 (1.13-3.31) 0.016
Reddish markings 1.67 (1.04-2.70) 0.034
Patchy markings 1.54 (0.68-3.48) 0.30

AST aspartate aminotransferase, ALT alanine aminotransferase

4 95% confidence interval

HBV patients, and that patients of age <30 years should be
re-evaluated with liver biopsy within 10 years if HBV-
DNA and ALT levels remain elevated.

Interestingly, our analysis of the patients of age
>30 years revealed that a laparoscopic finding of reddish
markings correlated significantly with HCC development.
Reddish markings were significantly correlated with his-
tological activity, but these parameters showed different
influences on HCC development. This was suspected to
arise from differences in the origins of these parameters.
Ohta et al. performed precise histological analysis of

reddish markings with histological reconstruction using
serial sections of liver biopsy specimens from cases with
reddish markings [24]. They revealed that reddish mark-
ings correspond to widespread necrosis of hepatocytes, and
proposed this finding as a useful index of activity in
chronic hepatitis. Shibayama et al. [16, 23] showed that
reddish markings did not appear in the early stage of
chronic hepatitis with piecemeal necrosis around the portal
area, instead appearing only after hepatic parenchymal
destruction subjacent to the liver capsule due to prolonged
active hepatitis or repeated acute exacerbations of chronic
hepatitis. Reddish markings as an index of laparoscopic
activity are not equivalent to piecemeal necrosis as an
index of histological activity. Progression to liver cirrhosis
may occur after the appearance of reddish markings unless
the activity of chronic hepatitis can be reduced, because
hepatic parenchymal destruction may change the pattern of
blood flow in the liver to an increasingly cirrhotic pattern.
Reddish markings might be useful not for early detection of
HCC, but as a warning of transition to liver cirrhosis prior
to HCC development. Our results indicate reddish mark-
ings as a useful predictor of HCC development.

In terms of liver cirrhosis, our results are consistent with
previous reports, showing that liver cirrhosis in histological
fibrosis or laparoscopic surface irregularity is strongly
associated with HCC development [14]. This strong asso-
ciation might explain the results of subgroup analysis
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Fig. 5 Cumulative rates of
hepatocellular carcinoma
(HCC) development, for the
patients of age >30 years at
diagnosis, stratified by disease
progression. Figures show
cumulative rates of HCC
development, for the patients of
age >30 years at diagnosis,
stratified by histological fibrosis
stage (a) and surface irregularity
(b, ¢). Cumulative rates of HCC
development were significantly
higher in more advanced
diseases, according to surface
irregularity (b P = 0.043, log-
rank test), but not to histological
fibrosis stage (a P = 0.19). The
risk of HCC development was
significantly higher among the
patients of age >30 years even
in laparoscopic S1 stage at
diagnosis, compared with the
patients of age <30 years

(¢ P =0.031, log-rank test)

Fig. 6 Cumulative rates of
hepatocellular carcinoma
(HCC) development, for the
patients of age >30 years at
diagnosis, stratified by
inflammatory activity.
Cumulative rates of HCC
development are shown for
patients of age >30 years at
diagnosis, stratified by
histological activity (a),
laparoscopic reddish markings
(b), and ALT levels (c).
Cumulative rates of HCC
development showed significant
differences when stratified by
reddish markings (P = 0.025,
log-rank test), but not by
histological activity

(P = 0.087) or ALT levels
(P =0.69)
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among cirrhotic patients, in which no significant predictive
factors could be found for HCC development. This reveals
that HCC might occur irrespective of other conditions such
as liver inflammation, once liver disease has progressed to
cirrhosis. Actually, the role of antiviral therapy with
nucleoside analogues has not been well defined for cir-
rhotic patients with regard to reduced HCC development.
We have previously reported that cumulative recurrence
rates of HCC after initial and complete treatment for HCC
did not differ between lamivudine-treated and control
groups [29]. Kuzuya et al. [30] supported this finding and
suggested that antiviral therapy may improve remnant liver
function and increase the chances of receiving available
treatment modalities for recurrent HCC.

Completely normal values from routine laboratory tests
of liver function might suggest a normal liver or only early-
stage liver disease, but our analysis showed that only half
of patients with such completely normal values were in the
early stage. Several investigators have reported noninva-
sive approaches for quantitative diagnosis of liver fibrosis,
using routine laboratory tests, serum fibrosis markers,
radiological imaging, and elastography [31], all of which
have been in practical use for hepatitis C. Prolonged active
hepatitis or repeated acute exacerbations may occur fre-
quently in HBV patients, and might disturb the accuracy of
noninvasive quantitation of liver fibrosis [32]. Liver biopsy
appears warranted for precise evaluation of disease pro-
gression, and further examination with laparoscopy would
be ideal, even if liver function tests continue to yield
normal results.

In conclusion, HCC development is associated with
older age, male gender, and liver cirrhosis. Reddish
markings, rather than histological activity or ALT level,
can be useful to predict HCC for HBV patients of age
>30 years at diagnosis. Patients of age >30 years even in
the early stage may consider treatment with nucleoside
analogues because of the relatively high risk of HCC
development.
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Abstract

Background/aim: There are many reports dealing with the risk factors for
hepatocellular carcinoma (HCC) recurrence. However, in most of these
reported studies, factors were analysed only at the initial treatment stage, and
the predisposing factors for the recurrence during follow-up have not been
well studied. The aim of this study is to evaluate the predisposing factors
after treatments. Methods: Two hundred and seventy-one consecutive HCC
patients curatively treated between January 1994 and March 2004 were
followed up and analysed. The recurrence rate was estimated by the Kaplan—
Meier method and the predisposing factors were evaluated by time-fixed Cox
regression analysis and by time-dependent covariate analysis using multiple
parameters. Results: The mean follow-up period was 4.86 years and recur-
rence was observed in 169 patients (62.4%). The recurrence rates were 27.9,
65.1 and 84.3% at 1, 3 and 5 years respectively. Among the variables
determined before treatment, predisposing factors for recurrence were
low serum albumin [<3.5g/dl, hazard ratio (HR)=1.47, 95% confidence
interval (CI)=1.07-2.01] and multiple tumour number (HR=2.04, 95%
CI=146-2.84) by time-fixed multivariate analysis. In the time-dependent
analysis, six variables with 12013 plots were examined. The multivariate
analysis revealed that high des- y-carboxy prothrombin (DCP > 40 mAU/ml,
HR =12.33,95% CI=1.61-3.39), high a-fetoprotein (AFP > 100 ng/ml, HR = 2.01,
95% CI=1.3-3.35) and high alanine aminotransferase (ALT >401U/L, HR =
1.52, 95% CI = 1.1-2.1) were significant predisposing factors for recurrence.
Conclusion: Predisposing factors for the recurrence of HCC after treatment
are different from those before treatments and special cautions are required
when AFP, DCP or ALT is high during follow-up.

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the third most common cause of cancer-
related deaths in the world (1). HCC is known to occur in
patients who suffer from hepatitis and cirrhosis, espe-
cially those with hepatitis B virus (HBV) or hepatitis
C virus (HCV) infection. The annual incidence of HCC
was found to be 3% in a retrospective series of Caucasian
patients with HCV-related compensated cirrhosis (2),
and it was 5~7% in Japan (3).

Despite the advancement of surveillance systems and
the progress in the curative treatment of HCC, few
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patients can avoid HCC recurrence. The recurrence rate
after tumour ablation therapies, such as percutaneous
ethanol injection therapy (PEI) and radio-frequency
ablation (RFA), was 64-91% at 5 years, and was also
high after surgical resection of HCC (4-7). The annual
recurrence rates given in these reports were 20—-40% after
curative treatments.

There are many reports regarding the predisposing
factors for HCC recurrence, e.g., size of tumour, tumour
number, safety margin, presence of capsule formation
and tumour markers such as a-fetoprotein (AFP) and
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des- y-carboxy prothrombin (DCP) (4-9). Although
there are some differences in the hazard ratios of factors
among the studies, which may be caused by different
treatment modalities and patients’ profiles, the factors
can be classified into two categories: so-called tumour
factors and background liver factors. Most of the factors
presented in the above studies were based on time-fixed
parameters that were obtained before the initial treat-
ment of HCC.

In a clinical setting, a periodical screening of HCC
with imaging modalities including ultrasound (US),
computed tomography (CT) and magnetic resonance
imaging (MRI), which are gold standard for screening,
and repeated blood tests including those for tumour
markers such as AFP have been recommended after the
initial treatment of HCC (10). Because the values of
many factors change over time, it is rational to determine
the predisposing factors for the recurrence of HCC in a
time-dependent manner.

The usefulness of time-dependent analysis, which
involves the analysis of the change in certain variables
after the initial treatment in order to predict recurrence,
was reported for colon cancer, prostate cancer, breast
cancer and metastatic bone cancer (11-14). However,
there are few studies dealing with the predisposing
factors for the recurrence of HCC with multiple time-
dependent covariates.

The aim of this study is to determine the factors that
are important to measured repeatedly during follow-up
after the curative treatment of HCC.

Material and methods
Patients

Among the 485 consecutive newly diagnosed HCC
patients who were treated and participated in our
follow-up programme at Okayama University Hospital
between January 1994 and March 2004, 271 HCC
patients were curatively treated by surgical resection or
tumour ablation, and were enrolled in this study (Fig. 1).
All the patients were followed up for at least 6 months,
and four patients were excluded because of the ingestion

Initial treatment of HCC
Between January 1994 and March 2004 (n=485)

F——» Administration of

warfarin or vitamin K (n=4)
=
—— TAE or others (n=176)

‘ Resection or Ablation (n=305) l

L Follow-up <6 months (n=34)

Enrolled (n=271)

Fig. 1. Flow chart of consecutive 271 patients who received
curative treatments. HCC, hepatocellular carcinoma; TAE,
transcatheter arterial embolization.
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of warfarin or vitamin K, which may affect DCP con-
centration.

Informed consent was obtained from all patients for
use of their clinical data. The study protocol conformed
to the ethical guidelines of the World Medical Associa-
tion Declaration of Helsinki, and was approved by the
ethical committee of the institute.

Diagnosis

The diagnosis of HCC was carried out by at least two
imaging modalities including CT, MRI and angiography,
as described previously (15). Briefly, diagnostic findings
included enhancement at the arterial phase, washout
at the portal phase in dynamic CT (section thick-
ness=5-8 mm) or MRI and tumour staining in angio-
graphy. In cases that did not meet the diagnostic criteria,
HCC was confirmed by histological findings of tumour-
directed biopsies (n=45).

Treatments

Surgical resection, PEI, RFA and microwave coagulation
therapy (MCT) were performed on 96, 86, 76 and 13
patients respectively. The selection of the therapies was
performed according to the evidence-based clinical prac-
tice guidelines for HCC in Japan (16). Segmental trans-
catheter arterial injection or transcatheter arterial
chemoembolization (TACE) was carried out before these
treatments [34 patients (35.4%), 39 patients (45.3%), 52
patients (68.4%) and 10 patients (76.9%) respectively].
We performed TACE before the therapies in cases when
HCC was extruded from the surface of the liver and was
likely to rupture or when the tumour was too big to
evaluate the ablated margin without the information of
lipiodol retention at HCC visualized on CT after the
ablation. The procedures of PEI, MCT and RFA are
described elsewhere (15).

The extent of ablation was evaluated by CT or MRI
after each session and the treatments were considered as
curative when the ablated area completely engulfed the
pretreatment lesions, as determined by a dynamic CT
scan at days 2—7 after the therapies.

Follow-up of patients

A follow-up was conducted every 1-2 months at out-
patient clinics by blood tests, including those for tumour
markers (AFP and DCP), total bilirubin (T.Bil), albumin,
alanine aminotransferase (ALT) and platelet counts.
These factors were reported to correlate with the tumour
recurrence or the prognosis of the patients (17-27). The
screening of HCC recurrence was performed by US every
3 months and dynamic CT or MRI was performed every 6
months. HCC recurrence was defined by the same
criteria used for the initial diagnosis. When recurrence
was detected, the lesions were treated by local ablation
therapies, TACE or surgical resection, depending on the
state of the tumour and liver function. The follow-up
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period of this analysis was defined as the interval between
the date of the initial treatment and the date of death, the
date of dropping out from the follow-up programme, or
the end of programme in January 2005. The average
period was 4.86 years (range: 0.5-9.5 years).

Measurement of serum des- y-carboxy prothrombin and
a-fetoprotein concentrations

The serum AFP concentrations were measured using a
commercially available enzyme immunoassay (EIA) kit,
and serum DCP concentrations were determined using a
revised EIA kit (Eitest PIVKA-II kit, Eisai, Tokyo, Japan)
or an electrochemiluminescence immunoassay kit (Pico-
lumi PIVKA-II kit, Sanko Junyaku, Tokyo, Japan).

Statistical analysis

Cumulative recurrence rates after the initial therapies
were examined using the Kaplan-Meier method, Cox
univariate analysis was used for the time-fixed analysis of
the predisposing factors for HCC recurrence, with 13
parameters determined before the therapies. Factors
exhibiting significant values in the analysis were further
analysed by the Cox multivariate proportional hazard
model. For the time-dependent analysis, we chronologi-
cally measured six serum parameters: T.Bil, ALT, platelet
counts, albumin, AFP and DCP.

The six variables were measured every 6 months (4 2
months) from the initial treatment to the end of this
study. For missing data, the actual value obtained before
the miss was used. The cut-off values of these parameters
were as follows: DCP, 40 mAU/ml; AFP, 100 ng/ml; ALT,
401U0/ml; T.Bil, 2mg/dl; albumin, 3.5g/dl and platelet
counts, 100 x 10° cells/L. The utilities of time-dependent
analysis were in accordance with those given by Gail (14).
The proportional hazard model of Cox, with a time-
dependent covariate, was used to analyse serial data in
this study. A particular advantage of this method is the
ease with which missing marker data can be handled.
Methods to yield estimates and confidence intervals (CIs)
for model parameters are outlined both for continuous
and for grouped time—response data. For grouped data, a
likelihood ratio test of the proportional hazard assump-
tion was adopted.

We used sas version 9.1 and mp IN for statistical
analyses (SAS Institute, Cary, NC, USA).

Results
Clinical backgrounds

The clinical backgrounds of the enrolled patients are
listed in Table 1. The median age of the patients was 71
years, and 210 (77.5%) of the patients suffered from
HCV infection. Most of the patients showed preserved
liver function, and 214 patients (79.0%) were classified as
Child-Pugh grade A. The median tumour size was
21 mm, and 191 patients (70.5%) had a single tumour.

Liver International (2010}
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Table 1. Clinical backgrounds of enrolled patients

Variables Values*
Host-related factors
Age (years) 71(35-87)

191 (70.5%)
210(77.5%)
49(18.1%)
214/55/2
49 (18.1%)
0.88(0.16-3.18)
3.72(2.33-4.88)

Gender (male)

Antibody to hepatitis C virus (positive)
Hepatitis B virus surface antigen (positive)
Child-Pugh classification grade (A/B/C)
Ascites (presence)

Serum total bilirubin (mg/dl)

Serum albumin (g/dl)

Prothrombin time (%) 83 (36-197)
AST (IU/L) 55 (14-180)
ALT (U/L) 51(10-189)
Platelet counts (10° cells/L) 103 (34-424)

Tumour-related factors
Number of tumours
1/2/3 191/47/33

Size of the largest tumour (mm) 21(8-135)

Portal invasion (presence) 17 (6.3%)

DCP {mAU/ml) 27 (0-66700)
AFP (ng/ml) 21(0.6-137 560)

*Values are presented as median (range) unless otherwise noted.
AFP, a-fetoprotein; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; DCP, des- y-carboxy prothrombin.

DCP and AFP were above or equal to 40 mAU/ml and
100ng/ml in 109 patients (40.2%) and 68 patients
(25.1%) before the initial treatments respectively. Portal
invasion was observed by imaging modalities in 17
(6.5%) patients and none of the patients had venous or
bile duct invasion.

Recurrence and survival rates

Recurrence was observed in 169 patients (62.4%). The
recurrence rates were 27.9, 65.1 and 86% at 1, 3 and 5
years respectively (Fig. 2). The patients were re-treated by
resection and local ablation in 14 patients and 84 patients
respectively. The survival rates of the patients were 97.3,
76.4 and 55.6% at 1, 3 and 5 years respectively (Fig. 3).

Time-fixed analysis

Among the 13 variables examined, predisposing factors
for recurrence were low serum albumin (<3.5 g/dl) and
multiple tumour number by time-fixed univariate analy-
sis. Multivariate analysis revealed that low serum albu-
min (HR=1.47, 95% CI=1.07-2.01, P=0.02) and
multiple tumour number (HR=2.04, 95% CI=1.46-
2.84, P<0.01) were also significant predisposing factors
for recurrence. Neither AFP nor DCP was a significant
predisposing factor in the time-fixed analyses (Table 2).

Time-dependent analysis

Six parameters were measured repeatedly after the treat-
ment. The total number of samples used in the time-
dependent covariate analysis was 12 013, and the number
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of missing data points was 763 (5.97%). The time-
dependent univariate analysis revealed that high DCP
(=40 mAU/ml), high AFP (>100ng/ml), high total
bilirubin (>2mg/dl), low serum albumin (<3.5g/dl)
and high ALT (=40IU/L) were the predisposing
factors for recurrence. Among these parameters, high
DCP (HR=2.33, 95% CI=1.61-3.39, P<0.01),
high AFP (HR=2.01, 95% CI =1.3-3.35, P<0.01) and
high ALT (HR=1.52, 95% Cl=1.1-2.1, P<0.01) were
also the significant predisposing factors for recurrence in
multivariate analysis (Table 3).

Discussion

There have been several studies dealing with the risk
factors for HCC recurrence (5, 6, 28-32). Although the
factors were not identical in these studies because of
differences in the patients enrolled and the cutoff values
of the factors, most of them were classified into two
categories: tumour factors and background liver factors.
The predisposing factors for recurrence before the initial
treatment determined in our study also consisted of a
tumour factor (tumour number) and a background liver
factor (serum albumin), and are not inconsistent with
factors identified in the previous reports (5, 6, 28-32).
According to published reports, many physicians focus
on these factors and follow up patients with HCC.
However, in most of the reported studies, analysis of
variables recorded at the time of HCC treatment (time-
fixed analysis) was performed, which predicts the
patients’ outcome with factors before treatments or at
the first HCC recurrence (33, 34).

Analysis of dynamic variables recorded during follow-
up, after HCC therapy (time-dependent covariate analy-
sis), can weigh repeatedly measured factors and elucidate
the key factors that must be focused on during follow-
up. Using this method, we identified AFP and DCP,
two major tumour markers of HCC, as the major

Table 2. Time-fixed analysis at initial treatment for hepatocellular carcinoma recurrence

Univariate analysis

Multivariate analysis

HR 95% ClI Pvalue HR 95% Cl Pvalue
Age (=70 years) 1.04 0.73-1.84 0.82
Gender (male) 1.17 0.84-1.64 0.34
Antibody to hepatitis C virus (positive) 1.32 0.90-1.93 0.15
HBsAg (positive} 0.83 0.55-1.25 0.36
Ascites (present) 1.38 0.89-2.12 0.16
Serum total bilirubin (=2 mg/di) 1.17 0.48-2.87 0.74
Serum albumin (< 3.5 g/dl) 1.57 1.15-2.15 <0.01 1.47 1.07-2.01 0.02
ALT (= 401UAL) 1.21 0.87-1.68 0.24
Platelet counts (< 100 x 10° cells/L) 1.33 0.98-1.80 0.07
Size of tumour (>20mm) 1.18 0.87-1.60 0.29
Number of tumours (multiple) 2.13 1.53-2.97 <0.01 2.04 1.46-2.84 <0.01
DCP (=40 mAU/ml) 1.14 0.83-1.55 043
AFP (= 100 ng/ml) S 132 0.93-1.87 0.12

This analysis is based on data collected at the time of initial therapy.
AFP, o-fetoprotein; ALT, alanine aminotransferase; HR, hazard ratio; 95% Cl, 95% confidence interval; DCP, des-y-carboxy prothrombin.
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Table 3. Time-dependent analysis for hepatocellular carcinoma recurrence

Univariate Multivariate

HR 95% Ci Pvalue HR 95% Cl Pvalue
DCP (=40 mAU/ml) 2.46 (1.72-3.51) <0.01 2.33 (1.61-3.39) <0.01
AFP (=100 ng/ml) 2.4 (1.52-3.77) <0.01 2.0 (1.3-3.35) <0.01
Serum total bilirubin (=2 mg/dl) 1.99 (1.2-3.31) <0.01 1.6 (.94-2.75) 0.09
Serum albumin (< 3.5 g/dl) 1.3 (0.95-1.76) <0.01 1.05 (0.75-1.48) 077
Platelet counts (<100 x 10° cells/L) 1.07 (0.79-1.45) 0.67 0.87 (.62-1.21) 0.41
ALT {(=401U/L) 1.55 (1.13-2.12) <0.01 1.52 (1.1-2.1) 0.01

AFP, a-fetoprotein; ALT, alanine aminotransferase; HR, hazard ratio; 95% Cl, 95% confidence interval; DCP. des-y-carboxy prothrombin.

predisposing factors for recurrence. These factors have
been known to be useful for the prediction or detection
of the occurrence and recurrence of HCC. Aoyagi et al.
(30) reported that simultaneous determinations of AFP
and DCP are useful for monitoring recurrence in patients
with HCC after treatment because they increase inde-
pendently. Oka et al. reported that patients who had AFP
levels of 20ng/ml or more, who exhibited transient
increases in AFP or both should be treated as a super-
high-risk group for HCC (29). In our study, the relative
risks of elevated AFP and DCP during follow-up were
calculated as 2.40 and 2.46 respectively. These ratios are
higher than those of other factors such as serum bilir-
ubin, albumin and ALT, as determined by the time-
dependent analysis. They are also higher than those of
any other factor in the time-fixed analysis. Therefore, we
should ensure the measurement of both AFP and DCP
periodically after treatments, as well as examine these
super-high-risk patients with imaging modalities. The
repetitive measurement might result in the increase of
the patients who could receive the second curative
treatment.

Alanine aminotransferase is known to be correlated
with the inflammatory activity of hepatitis and was
found to be a predisposing factor for the recurrence of
HCC in this time-dependent analysis; however, few
studies have demonstrated the importance of ALT in
time-fixed analysis. The importance of the repeated
measurement of ALT has been reported in a cohort
study conducted by Tarao et al. (35). In this study,
HCV-associated cirrhotic patients with a high average
ALT level showed a rapid development of HCC after
surgical resection of HCC. Although the report is not
on a randomized study, our finding for the time-
dependent analysis supported the conclusion of this
study. ALT level fluctuates, and so repeated measure-
ment is necessary to correctly evaluate the effect of
elevated ALT.

Chronologically measured data is important to under-
stand the clinical course. Chen et al. reported a predictive
survival model of HCC with time-dependent prognostic
factors and showed good predictive validity (36, 37). The
factors that they used for constructing the model were
ATP, AST, ALT, bilirubin, albumin, alkaline phosphatase

Liver International (2010)
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and prothrombin time. Interestingly, these factors did
not coincide with prognostic factors that were reported
by time-fixed analysis as we observed in our study. From
this point of view, it appears that the time-fixed analysis
is not sufficient to determine the factors that should be
measured during follow-up, and time-dependent analy-
sis is indispensable.

In this study, we demonstrated the importance of
chronological measurements of AFP, DCP and ALT to
predict HCC recurrence by a time-dependent covariate
analysis. Further examination is necessary to construct a
recurrence model using these factors and to achieve the
early detection of recurrence and improve patients’
survival.
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ABSTRACT

Background/Aims: The aim of this study is to
elucidate the effectiveness of radiofrequency ab-
lation (RFA) for the treatment of metastatic liver
cancers.

Methodology: From 74 patients with meta-
static liver cancers treated by RFA, 40 patients
including 23 colon cancer who had received cur-
ative resection of the primary tumor were ana-
lyzed.

Results: Recurrence of the tumor was observed
in 29 (72.5%) patients. The most prevalent’ site
of recurrence was the liver in both colon cancer
(10/15, 66.7%) and non-colon cancer patients
(12/14, 85.7%). Among the recurrence in the liver,
the rate of intrahepatic distant recurrence (recur-

rence outside of the RFA-treated segment) was
high in both colon cancer (55.6%) and non-colon
cancer patients (69.0%). Local recurrence (recur-
rence at the RFA-treated segment) rate was low
(32.6% and 32.9%, respectively) and none of sin-
gle tumor less than 2cm in diameter showed lo-
cal recurrence. The intrahepatic recurrence was
single in 67.6% of the patients and 59.1% of the
patients were re-treated by RFA.

Conclusions: RFA is a less-invasive method for
the treatment of metastatic liver tumors and can
be performed repetitively. Although the rate of in-
tra-hepatic distant recurrence and extra-hepatic
recurrence was high, good local control can be
achieved by RFA. -~ o

INTRODUCTION

Radiofrequency ablation (RFA) is a standard
therapy for the treatment of small hepatocellular
carcinoma (HCC) (1-3). The application criteria of
RFA for the treatment of HCC is HCC less than or
equal to 3 cm and less than or equal to 3 tumors.
Recently, RFA has been applied to the treatment of
metastatic liver tumors (4-15). Although the gold
standard for the treatment of metastatic liver tu-
mors is surgical resection (16), it is sometimes avoid-
ed because the patient selects not to receive poly-
surgery, because complications in the patient were
too severe to perform an operation, or because the
effectiveness of resection of metastatic lesions has
not been verified in some cancers. Moreover, efficacy
of RFA for the treatment of small metastatic colon
cancer has been reported (9, 14, 15), so the less-in-
vasive RFA tends to be applied more frequently for
the treatment of metastatic liver tumors, However,
recurrence of metastatic liver cancers after local ab-
lation therapy is known to be higher than for that

Hepato-Gastroenterology 2010; 57:117-120
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of HCC (10). The recurrence pattern of metastatic
liver cancers after RFA might be different from that
of HCC and this information is important for plan-
ning a treatment strategy; however, few reports
have been published. In this study, we analyzed the
clinical course of metastatic liver cancers, especially
focusing on the recurrence pattern after RFA and
evaluated the effectiveness of RFA.

METHODOLOGY

From 74 consecutive patients with metastatic
liver cancers treated by RFA between June 2001
and November 2007, 34 patients were excluded
because of the presence of residual primary tumor,
distant metastasis other than in the liver, or incom.
plete ablation of the liver tumor. The remaining 40
patients were enrolled in this study. They consisted
of 23 colon cancers and 17 non-colon cancers (7 gas-
tric cancers, 3 gastrointestinal stromal cell tumors,
2 esophageal cancers, 2 ovarian cancers, 1 heman-
giopericytoma, 1 uterine cancer, and 1 maxillary
sinus cancer). Informed consent was obtained from
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all patients for the use of their clinical data. The
study protocol conformed to the ethical guidelines
of the World Medical Association Declaration of
Helsinki.

Treatments: RFA was performed percutane-
ously according to the procedure for the treatment
of HCC previously described (17). We used a 17-
gauge, cooled-tip RF electrode (20cm long with a 2
or 3-cm-long exposed metallic tip; Covidien, Mans-
field, MA, USA) under the guidance of ultrasonog-
raphy (US). Ablation was evaluated by dynamic
computed tomography (CT) or magnetic resonance
imaging (MRI) after each session and the treat-
ments were deemed to be finished when the size
of the ablated area was large enough to cover the
pretreatment lesions within a week of the therapy.
In cases of incomplete ablation, RFA was repeated
until the ablated area met the criteria for complete
ablation described above.

Follow up: US, dynamic CT, or MRI were per-
formed at least every 3 months after RFA except in
1 case that was followed up every 6 months. When
there were feasible tumor markers such as carci-
noembrionic antigen for colon cancer or gastric can-
cer, the markers were measured simultaneously. A
chest X-ray was performed in cases in which recur-
rence was observed in the liver or otherwise at 6 to
12 months intervals. Local recurrence in the liver
was diagnosed via the emergence of a tumor in the
same segment where RFA was performed. Intra-
hepatic distant recurrence was diagnosed by the
emergence of a new tumor in the liver that did not
meet the criteria for local recurrence.

Statistical analysis: The cumulative survival
and recurrence rates after RFA were compared by
the Kaplan—Meier method and the differences were
evaluated by the log-lank test. The Mann-Whitney
test or Fisher’s exact test was performed for a com-
parison of two groups. JMP (version 5.0.1) software
packages (SAS Institute, Cary, NC, USA) were
used for the analyses and p < 0.05 was considered
statistically significant.

TABLE 1 Clinical Characteristics of the Patients

Colon Non-colon

Cancer cancers Total
Patient number 23 17 40
Sex (male) 13(56.5%)  8(47.1%) 21(52.5%)
Age (years) 67 (43-80) 63 (48-83)  64.5(43-83)
Tumor number {(single) 10 (43.5%) 11{(64.7%) 21(52.5%)
Tumor size (mm) 23 (11-45)  15(10-41) 21(10-45)
Simultaneous occurrence 4(17.4%) 3(17.6%) T(17.5%)
of liver metastasis
Adj(‘;‘;::sn(z)hem“he’apy 16 (69.6%) 10 (58.8%) 26 (65.0%)
Mean observation period (days) 492 742 599

All variables are shown as the median (range) unless otherwise noted.
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RESULTS

Clinical Characteristic of the patients: The
study was comprised of 21 men and 19 women with
a median age of 64.5 years. The characteristics of
all patients are reported in Table 1. Simultane-
ous occurrences of liver metastasis with primary
tumors were observed in 7 patients (17.5%), and
the rest of the liver metastasis was found during
follow up. The median period from the treatment
of primary tumors to RFA of liver metastasis was
399 days. The median tumor size was 21 mm and
21 patients (52.5%) had a single tumor. The clinical
backgrounds were similar between the colon can-
cer and non-colon cancer patients and no statistical
difference was observed. Adjuvant chemotherapy
was performed in 26 patients (65.0%) and 7 out of
23 colon cancer patients (30.4%) were treated by
FOLFOX or FOLFILI (18, 19). The mean observa-
tion period was 599 days. The overall survival rates
for the patients were 90.8%, 78.0%, and 57.8% at 1,
2, and 3 years after RFA, respectively. Intraperito-
neal bleeding and subcapsular bleeding were both
observed in one patient each; however, no other
severe complications of RFA were observed among
the rest of the patients.

Reasons for choosing RFA: The main reason
for choosing RFA was patients’ desire to avoid sur-
gical resection or to receive RFA despite the condi-
tion of the patient being good enough to receive the
operation (n=14, 35.0%). There were some cases in
which RFA was chosen by the physician: when the
tumor was small enough to be treated by RFA com-
pletely and it was better to avoid the risk of surgical
resection (n=8, 20.0%), when multiple tumors that
were hard to remove curatively by surgery were
present (n=7, 17.5%), when the effectiveness of sur-
gical treatment was not established (n=6, 15.0%),
or when patient’s complications such as chronic
respiratory failure or chronic renal failure were too
severe to perform surgical resection (n=6, 15.0%).

Recurrence pattern: Recurrence was observed
in 29 patients (72.5%, Table 2). The major site of
recurrence was the liver (n=22: 75.9%), followed by
the lungs (n=6: 20.7%), lymph nodes (n=4: 13.8%),
and bone (n=3: 10.3%). The liver was the most prev-
alent site of recurrence in both colon cancers (n=10:
66.7%) and non-colon cancers (n=12: 85.7%).

Most of the recurrences in the liver were observed
at a different segment from the primary RFA site (in-
trahepatic distant recurrence: 63.6%) and the local
recurrence rate was 31.8%. None of single tumor less
than 2cm in diameter showed local recurrence (0/5,
0%). Simultaneous recurrence (local and distant) in
the liver was observed in one patient (4.6%). The
distant recurrence rate of colon cancer (55.6% at 3
years) seemed to be lower than that of the non-colon
cancers (69.0% at 3 years); however, the difference
was not statistically significant (Figure 1, p=0.09).
The local recurrence rate was almost the same in co-
lon cancers (32.6% at 3 years) and non-colon cancers
(32.9% at 3 years) (Figure 2, p=0.88). The number
of recurrent tumors in the liver was 1 in 14 out of 22
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patients (63.6%) and 13 patients (59.1%) were able
to be re-treated by RFA.

DISCUSSION

RFA can be used for the treatment of metastatic
liver cancer as well as for that of HCC (4-15). RFA
is a good method for the treatment of liver cancers
because the risks for RFA are lower than those for
surgical resection, and the feasibility of repetitive
treatment is high. In this study, RFA was performed
safely in all patients and two thirds of the recurrent
liver tumors could be re-treated by RFA. However,
there are several problems for the treatment of met-
astatic tumors by RFA. As we demonstrated, 31.9%
of the recurrences in the liver were observed at the
same segment where the primary metastatic tumor
treated by RFA was located. If the segment was sur-
gically removed, the recurrence could theoretically
be avoided. Enough of a safety margin during abla-
tion might overcome the local recurrence of RFA;
however, little information is available concerning
this effect. Therefore, we should be careful to choose
RFA because of its easy applicability alone.

Meanwhile, one quarter of the recurrences after
RFA were observed in distant organs and over two
thirds of the recurrences in the liver were intrahe-
patic distant metastases. This result indicates that
the recurrences could not be avoided by achieving
good local control alone and this was true even in the
colon cancer cases, which are known as a good target
for surgical resection (16). From this point of view,
adjuvant chemotherapies are mandatory. Recently,
new promising regimens for the treatment of colon
cancers such as FOLFOX, FOLFIRI, and Bevacizu-
mab have been reported(18, 19). Although the effec-
tiveness of these chemotherapies was examined only
in advanced cancers, their effect could be proved in
neo-adjuvant or adjuvant chemotherapies in the near
future. Consequently, the recurrence rate should de-
crease and this would also change the advantages
and disadvantages of RFA and surgical resection.

Although, there are several reports of RFA
treatment for metastatic colon cancers in the liv-
er, application of RFA for the treatment of other
metastatic liver cancers has not been well studied
except in some rare cases such as neuroendocrine
diseases (4). In this study, the recurrence patterns
of non-colon cancers were similar to those of colon
cancer and no significant difference was observed.
Although some cancers were highly metastatic and
it is clear that they cannot be a candidate for inter-
ventional treatment, there must be a certain popu-
lation of non-colonic metastatic liver cancers that
can be treated by RFA effectively. Further exami-
nation is needed to understand the effective target
metastatic cancers of RFA.

In conclusion, RFA is a useful method for the
treatment of metastatic liver tumors. Although
intra-hepatic distant recurrence as well as extra-
hepatic recurrence was frequently observed and
adjuvant chemotherapy should be considered man-
datory, good local control can be achieved by RFA.

TABLE 2 Recurrence Pattern in the Liver

Colon

Cancer Non-colon Total
Recurrence rate 16/23 14/17 29/40

(65.2%) (82.4%) (72.6%)
Site of recurrence
Liver 10 (66.7%) 12 (85.7%) 22 (75.9%)
Lung 5(33.3%) 1(6.1%) 6 (20.7%)
Lymph node 2 (13.3%) 2 (12.2%) 4 (13.8%)
Bone 1(6.7%) 2(12.2%) 3 (10.3%)
Others 1(6.7%) 3 (21.4%) 4 (13.8%)

Recurrence pattern in the liver

Local recurrence 4/10 (40.0%) 3/12(25.0%) 7 /22(31.8%)

Distant recurrence o o 14/22
5/10(50.0%) 9 /12(75.0%) (63.6%)
Simultaneous
(local and distant) 1/10 (10.0%) 0 1 /22(4.6%)
Number of liver tumor (single) 7 (70.0%) 7 (58.3%) 14 (63.6%)
RFA for the recurrence 6 (60.0%) 7 (568.3%) 13 (59.1%)
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FIGURE 1 Intrahepatic distant recurrence (recurrence outside of the RFA-treated liver seg—
ment) of metastatic liver cancers. The recurrence rate of colon cancer (solid line) was lower
than that of non—colon cancer {dotted line); however, the difference was not statistically
significant (p=0.09). The rates of colon cancer were 28.9%, 40.8, and 55.6% at 1 year,

2, and 3 years, respectively, and the rate of non—colon cancers was 69.0% at 1 year and
remained constant until 3 years.
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FIGURE 2 Local recurrence (recurrence at the RFA—treated segment) of metastatic liver
cancers. No significant difference was observed between colon cancer (solid line) and non—
colon cancer (dotted line, p=0.88). All local recurrences were observed in the first year after
treatment, and the rates for colon cancer and non—colon cancers at one year were 32.6%
and 32.9%, respectively.
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