AB116078 {USA)
EF208113 (Germany)

JPN_CH 12
JPN_CH 13
JPN_CH 14
JPN_AH 3

JPN_CH 15
AB116081 {Japan)

JPN_AH 1

L~ JPN_CH 16
JPN_AH 4
JPN"CH 3
JPN_AH 2

— JPN_CH 17
— JPNCH 4
JPN_AH 5
JPN"CH 18
JPN_CH 2

AB116080 (Japan)
JPN_CH 1
| EF514272 (Mtaly)
EF514255 {italy)
AB116079 {Japan}
JPN_CH 19

AB116077 {USA)
I i EF208114 {Germany}
EF208115 (Germany)

W— AP07263 (Japan)

JPN_AH 6
__—L——-———- AJ627226 (s paln)
JPN_CH 2

JPN_CH 2 1
JPN_CH 22
JPN_AH7
AJ627228 (Spaln)
EF514278 (Haly)
EF514261 (italy)
EF514264 (Haly)

JPN CH7
A2I Ae . EF514258 (ltaly)

ABOE4314 (USA)

AYT733141 (Germany)
AY738142 {Germany)
JPN_CH 25

Q298163 {ltaly)

0Q298464 (Raly}
DQ298185 (italy}
] JPN_AH 8
AB205118 (Japan)
AJ309370 {France)

AJ309369 {France)
A1 IAa AJ309371 (France)
AY373432 (india)

AB116093 {Philippine)
AY233283 (South Africa)
AY233277 (South Africa)
AY233274 (South Africa)
AY233288 (South Africa)

JPN_CH 26
JPN_CH8

DQ315784 fIndia)
AB116087 {India)
AB241115 (Philippine)
JPN_CH 27

AY834774 {Philippine)

A3/ Ac:——- AM1B4125 (‘clsiﬁTCH 10
AB194950 {Cameroon)

AF160501 (HBVIG)

DD0328 (HBV/R}

Y07587 (HBVID)

AB014378 (HBVIC)

X75657 (HBV/E)
,—————-AYDSMH {HBVH)

X75658 (HBVIF)

-FIG. 5. Phylogenetic tree constructed based on pre-S2/S region sequences of HBV/A isolates. Those from 29 patients with chronic infection
in this study are shown in boldface italic (TPN_CH1 to -29), along with 10 isolates (JPN_AH1 to -10) from patients with acute hepatitis in Japan
reported in our previous study (17). Representative isolates were retrieved from the DDBJ/EMBL/GenBank databases, including 28 HBV/Ae, 10
HBV/Aa, and 2 HBV/Ac isolates and 7 HBV isolates representative of the other seven genotypes. Isolates from the databases are identified by
accession numbers, followed by the country of origin. The bar at the bottom spans 0.01 nucleotide substitutions per site.
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90% of patients with AIDS have markers of past or ongoing

HBYV infection (18), Thus, HBV carriers are more frequent in

the HIV-1-positive than in the HIV-1-negative population (4,
9). Among patients with HIV infection in Japan, 6.3% are
HBsAg positive, in particular, 8.3% of HIV-infected MSM
(16). In this study, coinfection with HIV was found in 6 of the
44 (13.6%) patients infected with HBV/A. All of them were
men. Their median age was 27.7 * 4.1 years, and five patients
were positive for HBeAg. Thus, there is a possibility that
HIV-1 and HBV/A coinfections are increasing among young
people in Japan, and the high rate of HBeAg positivity may be
influenced by immune suppression due to HIV infection.

In the phylogenetic analysis, the HBV/A2 isolates recovered
in this study were homologous to those from Europe and the
United States, and some of them clustered with the Japanese
isolates. On the other hand, there were HBV/A1 isolates that
formed a cluster with those from the Philippines and India.
Furthermore, some isolates from patients with acute hepatitis
who were infected with HBV/A in Japan were highly homol-
ogous to HBV/A isolates from patients with chronic hepatitis.
This invites speculation that some HBV/A isolates were intro-
duced into Japan from foreign countries, while others have
already settled down there and spread from patients with
chronic infection to their contacts. HBV/A would have been
infiltrating throughout Japan by these two different routes.

Clinical differences among patients infected with HBV/A,
-B, and -C were observed. The mean age was lower in the
patients infected with HBV/A than in those infected with
HBV/B or -C. As mentioned above, AHB patients infected
with HBV/A have been increasing in the younger generation in
Japan, and around 10% of them would have progressed to
chronic infection. This is one of the reasons why the patients
infected with HBV/A are younger than those infected with
HBV/B or -C. Most patients infected with HBV/B were neg-
ative for HBeAg, while a high proportion of the patients in-
fected with HBV/A and -C had it. In particular, this difference
was remarkable in the patients who were older than 40 years of
age. Thus, the seroconversion rate for the loss of HBeAg
among younger people may be higher in infection with HBV/B
than in that with HBV/A or -C. Inactive carriers were com-
moner in HBV/A than in HBV/C infection, as well.

These lines of evidence indicate that the activity of hepatitis
is lower in HBV/B than HBV/C infection, and patients with
HBV/B seroconvert from HBeAg to anti-HBe at young ages.
In addition, cirrhosis and HCC were less frequent in the pa-
tients infected with HBV/B than in those infected with HBV/C.
Therefore, the prognosis would be better in the patients in-
fected with HBV/B than in those infected with HBV/C, These
results are in accord with previous reports (5, 13, 28, 42). There
have been few reports on the clinical features of patients with
chronic hepatitis infected with HBV/A in Japan. Chu et al.
have reported the distribution of HBV genotypes with refer-
ence to clinical characteristics in the United States (6). They
have shown that HBV/A and HBV/C infections are accompa-
nied by a higher frequency of HBeAg than HBV/B infection,
while HBV/B is associated with a lower rate of hepatic decom-
pensation than HBV/A and -C. In our study, inactive carriers
were commoner, while cirrhosis and HCC were found less
often in HBV/A than in HBV/C infection. HBeAg was more
prevalent in the patients infected with HBV/A than in those
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infected with HBV/B who were older than 40 years of age.
Therefore, it can be said that the prognosis is better for pa-
tients infected with HBV/A than for those infected with
HBV/C; it may be poorer than for those infected with HBV/B.,

In conclusion, HBV/A has been increasing among CHB
patients in Japan. On the basis of phylogenetic analyses, some
HBV/A isolates appear to have been imported from foreign
countries. They clustered with HBV/A from AHB patients and
have infiltrated throughout Japan. It is very likely that acute
and chronic infections with HBV/A have been increasing in
Japan. Obviously, immunoprophylaxis of perinatal HBV infec-
tion, implemented since 1986 on a national basis, has been
insufficient to prevent horizontal HBV/A infection diffusing
among high-risk groups by transmission routes shared by HIV
infection. The foreseeable spread of HBV/A infection in Japan
should be prevented by universal vaccination programs ex-
tended to high-risk groups or the general population.
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Abstract

Background Chronic hepatitis C (CHC) genotype 1b
patients with high viral load are resistant to peginterferon
(PEG-IFN) and ribavirin (RBV) combination therapy,
especially older and female patients.

Methods To elucidate the factors affecting early and
sustained viral responses (EVR and SVR), 409 genotype 1b
patients CHC with high viral loads who had received
48 weeks of PEG-IFN/RBV therapy were enrolled. The
amino acid (aa) sequences of the HCV core at positions 70
and 91 and of the interferon sensitivity determining region
(ISDR) were analyzed. Host factors, viral factors, and

T. Okanoue (&)

Hepatology Center, Saiseikai Suita Hospital,
1-2 Kawazonocho, Suita 564-0013, Japan
e-mail: okanoue@suita.saiseikai.or.jp

T. Okanoue - Y. Itoh . H. Hashimoto - K. Yasui - M. Minami
Department of Gastroenterology and Hepatology,

Kyoto Prefectural University of Medicine,
Kawaramachi-Hirokoji Kamigyo-Ku,

Kyoto 602-8566, Japan

Y. Itoh

e-mail: yitoh@koto kpu-m.ac.jp

H. Hashimoto

e-mail: road1820@yahoo.co.jp

K. Yasui

e-mail: yasuik@koto kpu-m.ac.jp
M. Minami

e-mail: minami@koto kpu-m.ac.jp

T. Takehara

Department of Gastroenterology and Hepatology,
Osaka University Graduate School of Medicine,
2-2 Yamadaoka, Suita 565-0871, Japan

e-mail: takehara@gh.med.osaka-u.ac.jp

@ Springer

treatment-related factors were subjected to multivariate
analysis,

Results  Male gender, low HCV RNA load, high platelet
count, two or more aa mutations of ISDR, and wild type of
core aa 70 were independent predictive factors for SVR. In
patients with over 80% adherences to both PEG-IFN and
RBV, male gender, mild fibrosis stage, and wild type of
core aa 70 were independent predictors for SVR.
Conclusions  Independent predictive factors for SVR
were: no aa substitution at core aa 70, two or more aa
mutations in the ISDR, low viral load, high values of
platelet count, mild liver fibrosis and male gender.
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Abbreviations

CHC Chronic hepatitis C

PEG-IFN Peginterferon

RBV Ribavirin

RVR Rapid viral response

cEVR Complete early viral response
LVR Late viral response

ETR End of treatment response

NR Non response

SVR Sustained viral response

ISDR Interferon sensitivity determining region
Aa Amino acid

ALT Alanine aminotransferase

PLT Platelet

HCC Hepatocellular carcinoma

Introduction

A combination of pegylated interferon (PEG-IFN) and
ribavirin (RBV) therapy for 48 weeks achieves a sustained
viral response (SVR) rate of 40-50% in chronic hepatitis C
(CHC) patients with a high viral load of genotype 1 [1-4].
The dose-reduction rate and the frequency of discontinua-
tion of this treatment are high in aged patients [5]. The
SVR rate of the therapy is lower in females than males,
especially in older patients in Japan [6].

Around 30% of HCV carriers have serum alanine ami-
notransferase (ALT) levels within the upper limit of normal
ranges [7, 8] and HCV carriers with persistently normal
serum ALT (PNALT) and serum platelet (PLT) counts of
over 15 x 10*/mm?® show low grade hepatic fibrosis and
good prognosis [9)]. Before treating HCV carriers, it is very
important to predict non-response to PEG-IFN plus RBV
therapy because of its medical cost, adverse effects, and its
impact on the long term quality of life.
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There are many factors affecting response to IFN
monotherapy and PEG-IFN/RBV therapy, including body
mass index (BMI) [10, 11], steatosis [12, 13], insulin
resistance [14], stage of liver fibrosis [15, 16], total cho-
lesterol (T. Chol), triglyceride (TG), adherence to both
PEG-IFN and RBV [17], race [18, 19], age [1, 2, 20], and
viral factors including serum quantity of HCV RNA, HCV
genotype and substitution of amino acids (aa) in the
interferon sensitivity determining region (ISDR, 2209-
2248) of the nonstructural protein SA (NS5A) [21] and in
the core protein [22, 23]. Early viral response is an
important predictive factor in PEG-IFN/RBV therapy for
CHC patients with genotype 1 and high viral loads [24-27].

The aim of this study was to elucidate the valuable
predictive factors of SVR in Japanese patients with HCV
genotype 1b high viral loads following 48 weeks of PEG-
IFN/RBYV therapy, focusing on the relationship between aa
substitutions in the ISDR and at core aa 70 and 91 and early
viral kinetics.

Patients and methods
Selection of patients

This retrospective study was conducted at 15 clinical sites in
Japan which are part of the Study Group of Optimal Treat-
ment of Viral Hepatitis supported by the Ministry of Health,
Labor and Welfare, Japan. Eligible subjects were CHC
patients, who (1) had received liver biopsy; (2) were
genotype 1b with high viral load (=100 KIU/ml by Cobas
Amplicor Hepatitis C Virus Test, version 2.0) at the start of
PEG-IFN/RBV therapy; (3) received weekly injections of
PEG-IFN-0-2b (PEG-INTRON; Shering-Plough, Kenil-
worth, NJ) of 1.5 pg/kg bw and oral administration of RBV
(Rebetol; Shering-Plough) for 48 weeks. The amount of
RBYV was adjusted based on the subject’s body weight;
(600 mg for <60 kgbw, 800 mg for 60-80 kg bw,
1,000 mg for > 80 kg bw); (4) were examined serially for
quantitative and qualitative HCV RNA; and (5) the aa
sequences at positions 70 and 91 in the core region and of the
ISDR in the NS5A had been determined in pretreatment sera.

Hepatitis B virus (HBV) infection, human immuno-
deficiency virus (HIV) infection, autoimmune hepatitis,
primary biliary cirrhosis, hemochromatosis, and Wilson's
disease were excluded. Histopathological diagnosis was
based on the scoring system of Desmet et al. [28]. The
definition of alcohol abuse included patients having a his-
tory of more than 100 kg of total ethanol intake. Complete
blood counts, liver function tests, serum lipids, serum fer-
ritin, serum fibrosis markers, fasting plasma glucose (FPG),
and immune reactive insulin (IRI) were examined in most
cases. Written informed consent was obtained from all
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patients before treatment, and the protocol was approved
by the ethics committees in each site.

Study design

Four hundred and nine patients who completed 48 weeks
of treatment and were followed for more than 24 weeks
after treatment were enrolled in the first study (Study
design 1).

To elucidate the effect of aa substitution of HCV core
and in the ISDR on HCV dynamics, including a rapid viral
response (RVR), complete early viral response (cEVR), a
late viral response (LVR) and SVR, according to gender
and age (<60 years > 60 years), 201 of the 409 patients
maintaining over 80% adherences to both PEG-IFN and
RBYV were enrolled in the second study (Study design 2).

Nucleotide sequencing of the core and NASA gene

~ The nucleotide sequences encoding aa 1-191 (HCV core)
and aa 2209-2248 (ISDR) were analyzed by direct
sequencing as described by Akuta et al. [22, 27] and
Enomoto et al. [21]. In brief, RNA was extracted from the
sera and converted to ¢cDNA and two nested rounds of
polymerase chain reaction (PCR) were performed. Primers
used in the PCR were as follows; (a) Nucleotide sequences
of the core region: the first-round PCR was performed with
CC11 (sense) and e14 (antisense) primers [22, 27], and the
second-round PCR with CC9 (sense) and el4 (antisense)
primers [22, 27]. (b) Nucleotide sequences of the ISDR in
NSS5A: the first-round PCR was performed with ISDR1
(sense) and ISDR2 (antisense) primers [21], and the sec-
ond-round PCR with ISDR3 (sense) and ISDR4 (antisense)
primers [21]. These sequences were compared with the
consensus sequence of genotype 1b (HCV-J) [29]. Wild
types virus encoded arginine and leucine at aa 70 and 91,
respectively, and the aa substitutions were glutamine or
histidine at aa 70 and methionine at aa 91.

Viral kinetic study

Serum HCV RNA levels were measured by PCR (Amplicor
HCV RNA kit, version 2.0, Roche Diagnostics) using
samples taken before treatment and at 4, 12, 24, and
48 weeks after the therapy. SVR was defined as HCV RNA
negativity by qualitative analysis by PCR at 24 weeks after
the treatment. RVR was defined as HCV RNA negativity at
4 weeks, cEVR as HCV RNA negativity at 12 weeks, LVR
as HCV RNA negativity during 13-24 weeks and an end of
treatment response (ETR) as HCV RNA negativity at the
end of treatment. Patients who remained positive for HCV
RNA at the end of the treatment and at 24 weeks after the
therapy were defined as non-responders (NR).

@.Springer

Adherences to PEG-IFN and RBV

Adherences to PEG-IFN and RBV were assessed by sep-
arately calculating the actual doses of PEG-IEN and RBV

received as percentages of the intended dosages. Adher-

ences to PEG-IFN and RBV were divided into two groups;

80%< and <80%.

Statistical analysis

All data analyses were conducted using the SAS version
9.1.3 statistical analysis packages (SAS Institute, Cary,
NC, USA). Individual characteristics between groups were
evaluated by Mann—Whitney U test for numerical variables
or Fisher's exact test for categorical variables. Variables
exhibiting values of p < 0.1 in the univariate analysis were
subjected to stepwise multivariate logistic regression
analysis. The grade of steatosis and iron deposition in
liver tissue, BMI, albumin (Alb), low density lipoprotein-
cholesterol (L.DL-C), homeostasis model assesment-insulin
resistance (HOMA-IR), ferritin, and hyaluronic acid were
excluded from multivariate logistic regression analysis
because of the absence of those data in more than 10% of
the patients. All p values of p < 0.05 by the two-tailed test
were considered statistically significant.

Results
Study design 1

Baseline backgrounds, characteristics and adherences
of peginterferon and ribavirin in males and females

The treatment outcome of PEG-IFN and RBV combination
therapy depends on gender in Japanese patients, so in addi-
tion to aa substitutions in the ISDR in NS5A [21] or at HCV
core 70 and 91 [22, 27], we compared the baseline charac-
teristics according to gender (Table 1). Males were younger
and the grade of hepatic inflammation was milder in males.
The serum levels of LDL-C, PLT count, and aa substitutions
of ISDR and at core 70 and 91 did not differ significantly
different between males and females. The frequency of no
alcohol abuse was significantly (p < 0.0001) higher in
females than males (Some of them are not described in
Table 1).

The rates of over 80% adherences to PEG-IFN and
RBV were significantly lower (p = 0.0066, p < 0.00001,
respectively) in females than males. Only in those above
60 years did the rate of over 80% adherence to PEG-IFN
not differ significantly between males and females, but the
rate of over 80% adherence to RBV was significantly lower
(p = 0.035) in females than males (Table 1).
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Table 1 _Ba}ckgrounds and Factors Gondor " value
characteristics of male and
female patients Male Female
No. of patients 256 (62.6%) 153 (37.4%)
Age
Median (range) 53 (18-73) 59 (23-75) 0.00001
F stage
FO-2 206 (80.5%) 119 (77.8%) 0.592
F3-4 50 (19.5%) 34 (22.2%)
Grade (A factor)
A0-1 163 (63. 7%) 79 (51.6%) 0.026
A2-3 93 (36.3%) 74 (48.4%)
HCV RNA load 0 week (KIU/mL)
Median (range) 1500 (1005000 <) 1280 (100-5000<) 0.384
ALT 0 week (IU/L)
Median (range) 74.5 (16-504) 59 (19-391) 0.001
BMI
Median (range) 23.6 (17.5-31.2) 22.1 (16.1-33.9) 0.00033
Alb (g/dL)
Median (range) 4.0 (3.0-5.2) 3.8 (3.04.8) 0.011
LDL-C (mg/dL)
Median (range) 97 (30-185) 90 (34-174) 0.612
T-Chol (mg/dL)
Median (range) 167 (85-273) 176 (114-261) 0.0016
PLT count (x10*mm®)
Mediar (range) 17.0 (8.0-31.9) 164 (8.1-39.9) 0.350
Amino acid mutation of ISDR
0-1 200 (78.1%) 121 (79.1%) 0.608
2< 56 (21.9%) 32 (20.9%)
Amino acid substitution of core 70
Wwild 177 (69.1%) 114 (74.5%) 0.261
Mutant 79 (30.9%) 39 (25.5%)
Ammino acid substitution of core 91
wild 153 (59.8%) 98 (64.1%) 0.403
Mutant 103 (40.2%) 55 (35.9%)
PEG-IEN adherence '
<80% 41 (17.7%) 42 (30.4%) 0.0066
80%< 190 (82.3%) 96 (69.6%)
Ribavirin adherence
<80% 54 (23.6%) 73 (52.1%) <0.00001
80%< . 175 (76.4%) 67 (47.9%)
Age: <60 years
PEG adherence
<80% 30 (17.8%) 23 (31.5%) 0.027
80%< 139 (82.2%) 50 (68.5%)
Ribavirin adherence
<80% 27 (16.2%) 31 (42.5%) 0.000029
80%=< 140 (83.8%) 42 (57.5%)
Age: 60 years<
PEG adherence
<80% 11 (17.7%) 19 (29.2%) 0.147
80%=< 51 (82.3%) 46 (70.8%)
Ribavirin adherence
<80% 27 (43.5%) 42 (62.7%) 0.035
80%< 35 (56.5%) 25 (37.3%)
@ Springer
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Fig. 1 Relationship between time course of serum HCV RNA
negativity and amino acid substitutions in the ISDR and core amino
acids 70 and 91. For cases with no or only one amino acid (aa) change
in the ISDR, the rates of cEVR, LVR, ETR and SVR were
significantly higher in patients with wild type core aa 70 but only
the rates of RVR, cEVR, and LVR were significantly higher in
patients with wild type core aa 91

Amino acid substitutions

There were no significant differences in the frequency of aa
substitutions in the ISDR between males and females. Core
aa substitutions at positions 70 and 91 were as follows; 291
(71.1%) were wild type and 118 (28.9%) were mutant at
core aa 70, and 251 (61.4%) were wild type and 158
(38.6%) were mutant at core aa 91. There were no signif-
icant differences between males and females and between
patients below and above 60 years of age.

Virological responses and aa substitutions

The rate of RVR did not differ significantly between males
and females. However, more male patients showed HCV
RNA negativity at 12 weeks (males vs. females; 60.7 vs.
48.4%, p = 0.018), 24 weeks (76.8 vs. 64.2%, p = 0.0078)
and 48 weeks (78.2 vs. 68.6%, p = 0.049), and the propor-
tion of male patients in SVR was significantly higher than
that of females (61.3 vs. 37.3%, p < 0.00001).

@ Springer

RVR, cEVR and SVR rates were significantly higher in
patients with two or more aa mutations in the ISDR com-
pared to patients having no or one aa substitution in that
region (20 vs. 11%, p = 0.044; 71 vs. 52%, p = 0.0021;
66 vs. 49%, p = 0.0054, respectively). AA substitution at
core position 70 resulted in significantly lower rate of
¢BVR, LVR, ETR, and SVR (40 vs. 63%, p = 0.000037;
51 vs. 81%, p <0.00001; 56 vs. 83%, 41 vs. 57%;
p <0.00001, p = 0.0031, respectively). Although the
patients with the wild type aa at core 91 showed signifi-
cantly higher rates of RVR and cEVR, the rate of SVR was
not significantly higher in those patients (p = 0.054).

SVR rates were 30% for patients with no or one aa
substitution in the ISDR and the core aa 70 substitution,
and were significantly lower compared to those with the
wild type aa core 70 (Fig. 1). These findings were not
confirmed in patients with no or one aa substitution in the
ISDR and the core aa 91 substitution (Fig. 1).

Factors affecting SVR by univariate analysis

Univariate analysis identified nine parameters that influ-
enced non-SVR significantly: female gender, older age,
advanced staged liver fibrosis, high viral load, low serum
Alb level, low PLT count, no or one aa substitution in the
ISDR, aa substitution at core aa 70, and low adherence to
RBV (Table 2). The frequency of steatosis and HOMA-IR
were significantly (p = 0.0057, p < 0.00001, respectively)
lower in patients with SVR compared with non-SVR (data
not shown). However, these factors were not entered in the
multivariate analysis because of the absence of the data in
many cases.

Factors affecting RVR, cEVR, and SVR
by multivariate logistic regression analysis

Multivariate analysis identified four parameters that influ-
enced RVR independently: low HCV RNA load, low
serum ALT level, two or more aa mutations in the ISDR
and the wild type aa at core position 91 (Table 3).

Concerning cEVR, male gender, mild fibrosis stage, low
HCV RNA load, two or more aa mutations in the ISDR,
and the wild type aa at core positions 70 and 91 were
independent predictors (Table 3).

Concerning SVR, male gender (p < 0.0001), low HCV
RNA load (p = 0.013), high PLT count (p = 0.0019), two
or more aa mutations in the ISDR (p = 0.024), and wild
type core aa 70 (p = 0.0045) were found to be independent
predictors (Table 3).

The predictive values of the combination of gender, PLT
count, ISDR and core aa 70 are shown in Fig. 2a. In male
patients having PLT of <15 x 104/mm3, and, no or one aa
substitution in the ISDR, the SVR rate was 68% when core 70
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trabl? 2 Univariate analysis to Factors Negative of HCV RNA after 24 weeks p value
identify the factors of SVR

-) )

No. of patients 214 (52.3%) 195

Gender

Male 157 (61.3%) 99 <0.00001

Female 57 (37.3%) 96

Age

Median (range) 52.5 (18-75) 58 (20-74) <0.00001
<60 years 155 (58.1%) 112 0.0018
60 years< 59 (41.5%) 83

Age: <60 years
Male 118 (63.4%) 68 0.010
Female 37 (45.71%) 44
Age: 60 years<
Male 39 (55.7%) 31 0.0011
Female 20 (27.8%) 52

F stage

FO-2 190 (58.5%) 135 0.000013

F34 25 (29.8%) 59

Grade (A factor)

A0-1 138 (56.8%) 104 0.130

A2-3 81 (48.5%) 86

HCV RNA load 0 week (KIU/mL)

Median (range) 1300 (100-5000<) 1700 (130-5000<) 0.016

ALT 0 week (TU/L)

Median (range) 66 (16-391) 67 (19-504) 0.892

BMI

Median (range) 23.0 (17.3-32.4) 23.25 (16.1-33.9) 0.714

Alb (g/dL)

Median (range) 4.0 (3.2-5.2) 3.8 (3.0-4.8) 0.0088

LDL-C (mg/dL)

Median (range) 94.5 (31-185) 97.5 (30-182) 0.611
T-Chol (mg/dL)

Median (range) 169.5 (85-257) 170 (103-273) 0.511
PLT count (x10%mm?)

Median (range) 18.2 (8.7-39.9) 15.1 (8.0-31.9) <0.00001
<15 54 (36.5%) 94 <0.00001
15< 160 (61.3%) 101

Amino acid mutation of ISDR

0-1 156 (48.6%) 165 0.0054

2=< 58 (65.9%) 30

Asmino acid substitution of core 70
wild 166 (57.0%) 125 0.0031
Mutant 48 (40.7%) 70
Amino acid substitution of core 91
wild 141 (56.2%) 110 0.054
Mutant 73 (46.2%) 85
PEG-IFN adherence
<80% 35 (42.2%) 48 0.063
80%< 154 (53.8%) 132
Ribavirin adherence
<80% 55 (43.3%) 72 0.048
80%< 132 (54.5%) 110

@ Springer
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Table 3 Multivariate logistic

regression analysis to identify Odds ratio 5% Cl p value
independent predictive factors RVR factors selected by stepwise method
of RVR, cEVR, and SVR
F stage
FO-2/F3-4 2.924 0.988-8.696 0.053
HCV RNA load 0 week (KIU/mL)
<1000/1000< 2.151 1.130-4.082 0.020
ALT 0 week (IU/L)
<60/60< 2.165 1.127-4.149 0.020
Amino acid mutation of ISDR
2=</0-1 2371 1.187-4.735 0.014
Amino acid substitution of core 91
WM 2.137 1.021-4.464 0.044
cEVR factors selected by stepwise method
Gender
Male/female 1912 1.209-3.021 0.0055
F stage
F0-2/F3-4 2.079 1.133-3.817 0.018
HCV RNA load 0 week (KIU/mL)
<1000/1000< 1.608 1.002-2.577 0.049
PLT count (x10%mm?)
15</<15 1.427 0.882-2.309 0.148
Amino acid mutation of ISDR
2</0-1 2.512 1.407-4.485 0.0018
Amino acid substitution of core 70
WM 2.513 1.508-4.184 0.0004
Amino acid substitution of core 91
WM 1.965 1.241-3.115 0.004
SVR factors selected by stepwise method
Gender
Male/female 3.704 2.132-6.410 <0.0001
F stage
F0-2/F34 1.812 0.888-3.690 0.103
HCV RNA load0 week (KTU/mL)
<1000/1000< 2.024 1.163-3.534 0.013
PLT count (x10%mm®)
15=/<15 2469 1.394-4.372 0.0019
Amino acid mutation of ISDR
2</0-1 2.148 1.107-4.170 0.024
Amino acid substitution of core 70
WM 2415 1.316-4.444 0.0045
Amino acid substituation of core 91
WM 1.433 0.828-2.481 0.199
PEG adherence (%)
80</<80 1.562 0.834-2.926 0.164

W Wild, M Mutant

was a wild type but only 16% in patients with mutant at core
70. In female patients, no or one aa substitution in ISDR and
<15 x 10*mm?> of PLT count, the SVR rates were as low as
10 or 8%, irrespective of aa substitution at core 70. SVR was
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only 24% in patients with substitution of core aa 70 even
when the PLT count was >15 x 10%mm?®. In this study, the
combination analysis of PLT count, ISDR, and core aa
substitution was useful for predicting non-SVR.
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Fig. 2 Relationship between SVR rate and amino acid substitutions
in the ISDR and core amino acids 70 and 91, PLT counts and gender
difference. The two figures of a show the results of Study I and the
two figures of b show the results of Study 2. In male patients with no
or only one amino acid (aa) substitution in the ISDR and PLT count of
less than 15 x 10%mm?, the SVR rate was 68% in those with wild
type core aa 70, but only 16% in patients with mutant type of core aa
70, which is significantly different (p = 0.000088). There were no
significant differences between wild type and mutant type of core aa
70 in the patients with no or one aa substitution in the JSDR and PLT
count of over 15 x 10%/mm®. By contrast, in female patients with no
or one aa substitution in the ISDR, there were no significant
differences between wild type and mutant type of core aa 70 with PLT

Study design 2

The basic features of 201 patients achieving 80%
adherences to both PEG-IFN and RBV are as follows:
the females were significantly (p = 0.00006) older than
the males. Iron deposition in liver tissue, alcohol abuse,
BMI, serum albumin level, serum ferritin level, and
PLT count were significantly higher in males than
females. Inflammatory activity —was significantly
(p = 0.046) higher in females than males (data not
shown).
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count of less than 15 x 104/mm3, but there were significant
differences between wild type and mutant type of core aa 70 with
PLT counts of less than 15 x 10%mm® (a). For the patients
maintaining over 80% adherences to both PEG-IEN and RBV, in
males having no or one aa substitution in the ISDR and PLT counts of
less than 15 x 10%mm?, a wild type of core aa 70 could predict SVR
with a positive predictive value (PPV) of 61% and negative predictive
value (NPV) of 82% (p = 0.052). However, in male patients with
PLT counts of over 15 x 10*mm? core aa 70 was not 4 useful
marker for predicting SVR and non-SVR. The number of female
patients with no or one aa substitution in ISDR was too small to reach
a definite conclusion (b)

AA substitutions in the ISDR were as follows; in males
33 (22.3%) had two or more aa substitutions, in females 8
(15.1%) had two or more aa substitutions. The analysis of
core aa position 70 and 91 sequences showed no significant
differences in aa substitutions of either core aa 70 or 91
between males and females (data not shown).

In patients less than 60 years of age, SVR rate was
significantly higher (p = 0.0042) in males than females,
but no significant difference was noted between males and
females over 60 years old. However, the number of
patients over 60 years was small (Table 4).
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Table 4 Univariate analysis to
identify the significantly
different factors between SVR
and non-SVR (201 patients
received over 80% adherences
of both PEG-IEN and RBV)

@ Springer

Factors ) Negative of HCV RNA after 24 weeks p value
=) (€]

No. of patients 111 (55.2%) 90

Gender

Male 93 (62.8%) 55 0.00037

Female 18 (34.0%) 35

Age

Median (range) 51 (18-70) 56 (23~74) 0.00025
<60 years 91 (60.3%) 60 0.014
60 years< 20 (40.0%) 30

Age: <60 years
Male 79 (66.4%) 40 0.0042
Female 12 (37.5%) 20

Age: 60 years<
Male 14 (48.3%) 15 0.243
Female 6 (28.6%) 15

F stage

FO-2 103 (60.9%) 67 0.0012
F34 8 (25.8%) 23

Grade (A factor)

A0-1 80 (59.3%) 55 0.189
A2-3 31 (47.0%) 35

HCV RNA load 0 week (KIU/mL)

Median (range) 1300 (110-5000<) 1280 (130-5000<) 0.351
ALT 0 week (IU/L)

Median (range) 74 (16-268) 67.5 (19-504) 0.752
BMI

Median (range) 23.1 (17.3-31.0) 23.6 (16.1-33.9) 0.626

Alb (g/dL)

Median (range) 3.95 (3.3-5.2) 3.9 (3.0-4.8) 0.079

LDL-C (mg/dL)

Median (range) 96 (31-185) 97.5 (30-182) 0.865
T-Chol (mg/dL)

Median (range) 170 (85-248) 170 (105-273) 0.624
PLT count (x10*/mm?)

Median (range) 18.9 (8.7-30.9) 15.55 (7.2-28.4) 0.00003
<15 23 (35.9%) 41 0.00024
15< 88 (64.2%) 49

Amino acid mutation of ISDR

0-1 84 (52.5%) 76 0.159

2< 27 (65.9%) 14

Amino acid substitution of core 70

wild 91 (61.5%) 57 0.0037
Mutant 20 (37.7%) 33

Amino acid substitution of core 91

Wwild 73 (60.3%) 48 0.083
Mutant 38 (47.5%) 42
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Virological responses and aa substitution

The rates of RVR, cEVR, LVR, ETR and SVR in males and
females were 12.5 versus 11.3% (p = 1.000), 59.6 versus
43.4% (p = 0.053), 74.3 versus 50.0% (p = 0.0018), 76.2
versus 66.7% (p = 0.198), and 62.8 versus 34.0%
(p = 0.00037), respectively (data not shown). The back-
grounds and characteristics of SVR and non SVR patients are
shown in Table 4. There were significant differences in
gender (male vs. female; p = 0.00037), age (<60 years vs.
=60 years; p = 0.014), Fstage (FO-2 vs. F3,4; p = 0.0012),
PLT count (<15 x 10%mm’ vs. 15 x 10¥mm’<; p =
0.00024), and substitution of core aa 70 (wild type vs.
mutant, p = 0.0037) between SVR and non-SVR patients.
The distribution of fatty change in liver tissue (<10% vs. 11—
33% vs. 34%<; p = 0.046) and the grade of HOMA-IR (1.7
vs. 3.9, p = 0.0018) were significantly different between
SVR and non-SVR (data not described in Table 4).

Factors affecting SVR by multivariate logistic
regression analysis

Male gender (p = 0.0006), mild fibrosis stage (p = 0.027),
and wild type of core aa 70 (p = 0.043) were independent
predictors of SVR.

Valuable markers for predictions of sustained
virological response to peginterferon and ribavirin
therapy

Two or more aa mutations in the ISDR, wild type core aa
70, =15 x 10%mm? of PLT count, and male gender were
selected statistically as independent predictors of SVR. We
show here SVR rates of the patients having over 80%
adherences to both PEG-IFN and RBV (Fig. 2b). In males
having no or one aa substitution in the ISRD and PLT
count of <15 x 10*%mm?* wild type core aa 70 could
predict SVR with a positive predictive value (PPV) of 61%
and negative predictive value (NPV) of 82% (p = 0.052).
In females, the SVR rate was very low in those who had
substitution of core aa 70, but there was no significant
difference between patients with wild type and substitution
of core aa 70. The number of female patients was too small
to provide a definite conclusion.

Discussion

The present multivariate logistic regression analysis
revealed that male gender, low HCV RNA load, high PLT
count, and two or more aa mutations in the ISDR and wild
type core aa 70 were independent predictors for SVR. PLT

count significantly decreased corresponding to the pro-
gression to the stage of liver fibrosis in CHC [9, 30, 31].

It has been considered that the low adherence level to
PEG-IFN/RBYV is a major cause of a significantly lower
SVR rate in females and older patients [32]. The percent-
age of patients having over 80% adherences to both PEG-
IFN and RBV was significantly lower in females than
males, however, differences in the adherence to PEG-IFN/
RBV between males and females were not independent
predictive factors of non-SVR.

A recent report from Japan showed six or more muta-
tions in the variable region 3 (V3) of nonstructural protein
5A (NS5A) plus upstream flanking region NS5A (aa 2334—
2379), referred to as the IFN/RBV resistance determining
region (IRRDR), was a useful marker for predicting SVR,
but the ISDR sequence was not valuable for predicting
SVR [33]. However, the number of subjects in that study
was too small (n = 45) to reach an acceptable conclusion.

To elucidate the factors affecting low SVR rate in older
female patients, we performed a multivariate logistic
regression analysis using patients who achieved >80%
adherence to both PEG-IFN and RBV. Male gender, stage
of mild liver fibrosis, and wild type core aa 70 were
independent predictors of SVR. In this study, blood con-
centration of RBV was determined in fewer than 50% of
cases during treatment. Thus we cannot exclude the pos-
sibility of the effect of the blood concentration of RBV
during treatment on the low SVR rate in females and older
patients.

From the present analysis, it was clear that ALT, BMI,
Alb, T. Chol, and adherence to RBV differed significantly
between males and females, however, these factors were
not independent predictors of SVR. There is a report that
steatosis is an important cofactor that reduces the SVR rate
in genotype 1 infected patients [34], however, such an
effect was not seen in this study. Thus we could not
identify the factors associated with a significantly lower
SVR rate in females than males.

In the present multivariate logistic regression analyses,
patients having wild type core aa 91 had significantly
higher rates of RVR and cEVR, but not SVR, and patients
with wild type core aa 70 had significantly higher rates of
cEVR and SVR, but not RVR. Patients having two or more
aa substitutions in the ISDR had significantly higher rates
of RVR, cEVR, and SVR. Although several possibilities
have been considered concerning the effects of aa substi-
tutions of core protein on SVR in PEG-IFN/RBV therapy
for CHC patients, the exact mechanisms have not yet been
elucidated.

Recent reports have indicated that low serum IP-10
(interferon-y inducible protein 10 kDa) [35], a higher
HCV-specific CD8 cell proliferation potential [36], and a
high ratio of Th1/Th2 [37] are good predictors of SVR to
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PEG-IFN/RBYV therapy. These results indicate the impor-
tance of immunological status and immunological response
to treatment in patients difficult to treat with PEG-IFN/
RBYV therapy for CHC.

The present univariate analyses revealed that there were
many factors relating to RVR, cEVR, and SVR including
LDL-C, HOMA-IR, fatty change in liver tissue, and hyal-
uronic acid, however some of these factors had not been
examined in some participating institutes. We consider that
we must perform a prospective mass study using many
factors including immunological aspects, viral factors,
disease status, and therapeutic aspects to elucidate the
reason that older female patients are resistant to a combi-
nation of PEG-IFN and RBV therapy in CHC with a high
viral load genotype 1b.

In conclusion, our results demonstrated that wild type
core aa 70, two or more aa mutations in the ISDR, low viral
load, high PLT counts, and male gender are useful markers
for predicting SVR.
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Abstract

Aim The aim of this study was to evaluate the clinical
usefulness of measuring the Lens culinaris agglutinin-
reactive fraction of alpha-fetoprotein (AFP-L3) for prog-
nostic predictor in patients with hepatocellular carcinoma
(HCC).

Methods A total of 477 HCC patients who underwent
percutaneous ablative therapy or hepatectomy were enrol-
led. Overall survival and recurrence-free survival were
respectively evaluated retrospectively and prospectively.
Multivariate analyses of clinical prognostic factors were
performed by Cox’s stepwise proportional hazard model.
Results AFP-L3 status was a statistically significant
independent prognostic factor of long-term survival
(P = 0.013) and recurrence-free survival (P = 0.006) in
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patients who underwent percutaneous ablative therapy. In
contrast, AFP-L3 did not affect prognosis in patients who
underwent hepatectomy.

Conclusions AFP-L3 had different impacts on prognosis
in patients with HCC who underwent percutaneous ablative
therapy and hepatectomy. Our results suggest that AFP-L3
positivity (>15%) might be a promising indicator for
choosing therapeutic modalities in HCC patients.

Keywords Alpha-fetoprotein - AFP-L3 -
DCP (des-y-carboxy prothrombin) -
Hepatocellular carcinoma - Prognostic factor

Introduction

Hepatectomy is a generally accepted method that improves
the long-term outcome in patients with hepatocellular
carcinoma (HCC) [1]. However, patients with HCC fre-
quently have coexisting liver cirthosis with impaired
hepatic functional reserve, and this may prevent surgical
intervention. On the other hand, percutaneous ablative
therapies, including percutaneous ethanol injection (PEI),
microwave coagulation therapy (MCT), and percutaneous
radiofrequency ablation (RFA), have been developed and
applied as alternative therapeutic options in cases of small
HCC [2-8]. Recently, RFA has been performed as a first-
line therapeutic option for early stage HCC; its survival
outcomes are similar to those of hepatectomy [6-8].
However, a method for making the correct choice among
therapeutic modalities to suit individual patients with early
stage HCC remains to be determined.

The Lens culinaris agglutinin-reactive fraction of alpha-
fetoprotein (AFP-L3) has been reported to be a specific
marker for HCC [9-11]. Moreover, its level predicts the
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malignant potential of HCC with subsequent unfavorable
prognosis after treatment [12-16]. However, there have
been few reports of the relationship between AFP-1.3 status
and prognosis in subgroups of HCC patients receiving
different therapeutic modalities, such as hepatectomy and
percutaneous ablative therapy.

The aim of this collaborative retrospective and pro-
spective study was to evaluate the clinical usefulness of
measuring AFP-L3 for prognostic predictor in patients with
HCC after curative treatment.

Patients and Methods
Study Design

A total of 336 HCC patients underwent curative treatment
at four participating hospitals (Niigata University Hospital,
Ehime University Hospital, Shinsyu University Hospital,
and Gunma University Hospital) from January 1998 to
March 2005 and were investigated retrospectively. Of these
patients, 232 underwent percutaneous ablative therapy and
104 underwent hepatectomy. Percutaneous ablative therapy
comprised PEI in 90 patients, MCT in four patients, and
RFA in 138 patients. Long-term survival data on these
patients were confirmed as of the end of March 2005.

To evaluate the prognostic influence of AFP-L3 in two
subgroups comparable for tumor extension, we prospec-
tively investigated 189 patients diagnosed with early stage
HCC initially at four hospitals from April 2005 to October
2007. We considered patients who had multiple (up to
three) tumors measuring 3 cm or less in diameter as having
early stage HCC. Forty-eight of 189 patients were excluded
in this study, as they were received transcatheter treatment.
As a result, 141 HCC patients, 99 who underwent percu-
taneous ablative therapy and 42 who underwent hepatec-
tomy, were enrolled in the prospective study. Percutaneous
ablative therapy comprised PEI in ten patients, MCT in two
patients, and RFA in 87 patients. In these 141 patients,
HCC recurrence was assessed by imaging modalities every
3 or 4 months after treatment and recurrence free survival
was evaluated as of the end of December 2007. Informed
consent was obtained from each patient, and the study
protocol conformed with the ethical guidelines of the 1975
Declaration of Helsinki, as reflected in the a priori approval
by our institution’s human research committee.

Diagnosis of HCC and Laboratory Examination
In our study, the diagnosis was based essentially on
imaging findings together with increments of tumor marker

levels. We employed methods such as computed tomog-
raphy (CT), magnetic resonance imaging, and CT during

_@_ Springer

hepatic arteriography, considering hyperattenuation in the
arterial phase with washout in the late phase to be a typical
feature of HCC. In nine cases that showed atypical features
on imaging, ultrasoind-guided biopsies were performed.

Hepatic functional reserve was ranked by the criteria of
the Child-Pugh scoring system. Serum alpha-fetoprotein
(AFP) and des-gamma-carboxy prothrombin (DCP) were
determined at each hospital by using commercially avail-
able kits. AFP-L.3 percentage was measured at each hos-
pital by liquid-binding assay (Wako Pure Chemical
Industries Ltd, Osaka, Japan) [17]. AFP, AFP-L3, and DCP
were measured in the same serum before treatment. Cut-off
values for positivity for AFP, AFP-L3, and DCP were set at
20 ng/ml, 15%, and 40 mAU/ml, respectively, based on
previous studies [18-20].

Treatment

Therapeutic modalities for individual patients were chosen
according to hepatic functional reserve, tumor multiplicity,
and tumor size. Percutaneous local ablative therapies were
performed under a US-guided procedure, and its efficacy
was evaluated with dynamic CT within a few days after
treatment. Complete ablation of HCC was defined as non-
enhancement of the lesion with surrounding’ liver paren-
chyma. Patients received additional sessions of an ablative
therapy until the treatment was judged as complete. During
the study, a Cool-tip RF System attached to a 200-W power
generator (Radionics, Burlington, Massachusetts, USA)
was the main device used for RFA treatment and Microtaze
OT-110M (Alfresa-Pharma Co., Inc., Osaka, Japan) was
used for MCT.

Statistical Analysis

Differences in the proportions of the independent binary
variables were determined by Fisher’s exact test. Contin-
uous variables were compared by Student’s t-test., Uni-
variate survival and recurrence-free survival were
determined by the Kaplan—Meier method. Log-rank test
was used to test for equality of long-term survival and
recurrence-free survival between the groups. Multivariate
analyses of prognostic factors in the clinical features were
performed by using Cox’s stepwise proportional hazard
model. The factors included for multivariate analyses
were patient age, gender (female/male), HBsAg (negative/
positive), Anti-HCV (negative/positive), Child-Pugh class
(A/B, ), AFP (ng/ml) (<20/>20), DCP (mAU/ml) (<40/
>40), AFP-L3 (%) (<15/>15), tumor size (cm) (<3/>3 or
<2/>2), and number of tumors (single/multiple). Statistical
analyses were performed with SPSS 15.0 software (SPSS
Japan Inc. Tokyo, Japan). A P-value of less than 0.05 was
considered as statistically significant.
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Results
Retrospective Study

Clinical Features of Patients Classified by Therapeutic
Modality

A total of 336 HCC patients who underwent hepatectomy
and percutaneous ablative therapy were investigated ret-
rospectively. Patients who underwent percutaneous abla-
tive therapy were characterized by older age (P < 0.05),
positivity for antibody to hepatitis C virus (anti-HCV)
(P < 0.05), and advanced Child-Pugh classification (P <
0.05). In contrast, patients who underwent hepatectomy
were characterized by positivity for hepatitis B surface
antigen (HBsAg) (P < 0.05), AFP-L3 (P < 0.05), and
DCP (P <0.05) elevation, as well as large tumor size
(P < 0.05). No significant differences were observed
between the two groups in terms of gender, AFP level, or
number of tumors (Table 1A).

Univariate and Multivariate Analyses of the Factors
Predicting Long-Term Patient Survival

The median observation time after treatment was 38.3
months (range, 1.0-146.2 months). Of the 232 patients
who underwent percutaneous ablative therapy, 172 were
alive and 60 had died from HCC, hepatic failure, and/or
complications of cirrhosis. Of the 104 HCC patients who
underwent hepatectomy, 68 were alive and 36 had died.
The median survival time was 69.0 months in patients who
had undergone percutaneous ablative therapy and 114.9
months in those who had undergone hepatectomy.

In the univariate analysis, anti-HCV status (P = 0.034),
AFP status (P = 0.007), AFP-L3 status (P = 0.001), tumor
size (P = 0.001), and number of tumors (P = 0.045) were
significant prognostic factors of long-term survival in
patients who underwent percutaneous ablative therapy, AFP
status (P = 0.011), tumor size (P = 0.006), and number of
tumors (P < 0.001) were significant prognostic factors in
patients who underwent hepatectomy (Table 2).

Multivariate analysis by Cox’s stepwise proportional
hazard model revealed that tumor size (P = 0.018) and
AFP-L3 status (P = 0.013) were significant independent
prognostic factors for long-term survival in patients who
underwent percutancous ablative therapy. Tumor size
(P = 0.013) and number of tumors (P = 0.004) were sig-
nificant independent prognostic factors in patients who
underwent hepatectomy (Table 3). We showed the long-
term survival curves of two groups (with or without AFP-
L3 elevation) in patients who underwent percutaneous
ablative therapy and in those who underwent hepatectomy
(Fig. 1). No significant difference in survival was observed

Table 1 Clinical features of patients with HCC classified by ther-
apeutic modality in the retrospective and prospective studies

Variables Percutaneous Hepatectomy
ablation (n = 104)
(n =1232)
(A) Retrospective study
Age (median, range) 68 (39-89) 65 (35-81)*
Gender
Male 145 (62.5%) 66 (63.5%)
Female 87 (37.5%) 38 (36.5%)
HBsAg
Negative 209 (90.1%) 73 (70.2%)
Positive 23 (9.9%) 31 (29.8%)*
Anti-HCV
Negative 28 (12.1%) 45 (43.3%)
Positive 204 (87.9%) 59 (56.7%)*

Child-Pugh class
A
B and C

AFP (ng/ml)
<20
>20

DCP (mAU/ml)
<40
>40

AFP-L3 (%)
<15
>15

Tumor size (cm)
<3

177 (76.3%)
55 (23.7%)

65 (28.0%)
167 (72.0%)

149 (67.4%)
72 (32.6%)

181 (78.0%)
51 (22.0%)

185 (79.7%)

95 (91.3%)
9 (8.7%)*

22 (21.2%)
82 (78.8%)

48 (51.1%)
46 (48.9%)%

61 (58.7%)
43 (41.3%)*

33 31.7%)

>3 47 (20.3%) 71 (68.3%)*
Tumor number
Single 148 (63.8%) 75 (72.1%)
Multiple 84 (36.2%) 29 (27.9%)
Variables Percutaneous ablation Hepatectomy
(n =99) (n=42)
(B) Prospective study
Age (median, range) 69 (36-85) 65 (40~80)
Gender
Male 66 (66.7%) 24 (57.1%)
Female 33 (33.3%) 18 (42.9%)
HBsAg
Negative 85 (85.9%) 29 (69.0%)
Positive 14 (14.1%) 13 (31.0%)*
Anti-HCV
Negative 27 (271.3%) 15 (35.7%)
Positive 72 (72.7%) 27 (64.3%) .
Child-Pugh class R
A 79 (79.8%) 39 (92.9%)
Band C 20 (20.2%) 3 (1.1%)
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Table 1 continued

Variables Percutaneous ablation Hepatectomy
(n =99 (n = 42)
AFP (ng/ml)
<20 64 (64.6%) 22 (52.40%)
>20 35 (35.4%) 20 (47.6%)
DCP (mAU/ml)
<40 63 (63.6%) 27 (64.3%)
>40 35 (35.4%). 15 (35.7%)
AFP-L3 (%)
<15 85 (85.9%) 33 (78.6%)
>15 14 (14.1%) 9 (21.4%)
Tumor size (cm)
<2 63 (63.6%) 27 (64.3%)
>2 36 (36.4%) 15 (35.7%)
Tumor number
Single 78 (78.8%) 34 (81.0%)
Multiple 21 (21.2%) 8 (19.0%)

HBsAg hepatitis B surface antigen, HCV hepatitis C virus, AFP alpha-
fetoprotein, DCP des-gamma-carboxy prothrombin. Percentages are
shown in parentheses

* P < 0.05 between groups by Fisher's exact test and Student’s ¢-test

between the two AFP-L3 groups in patients who underwent
hepatectomy (P = 0.308). In contrast, patients in the
ablative therapy group whose AFP-1.3 levels were below
15% lived significantly longer than those whose values
were more than 15% (P = 0.001).

Prospective Study

Clinical Features of Patients with Early Stage HCC
Classified by Therapeutic Modality

A total of 141 patients with early stage HCC were evalu-
ated prospectively. Patients who underwent hepatectomy

were characterized by positive for hepatitis B surface
antigen (HBsAg) (P < 0.05). No significant differences
were observed in age, gender, anti-HCV positivity, AFP
status, AFP-L3 status, DCP status tumor size, and number
of tumors between the two groups. Patients who underwent
percutaneous ablative therapies tended to have an advanced
Child-Pugh classification (P = 0.055) (Table 1B).

Univariate and Multivariate Analysis of the Factors
Predicting Recurrence-Free Survival in Patients with
Early Stage HCC

The median follow-up time after treatment was
12.0 months (range, 1.0-30.5 months). Among the 99
patients who underwent percutaneous ablation, recurrences
were observed in 36 (36.4%). Among the 42 patients who
underwent hepatectomy, recurrences were observed in six
(14.3%).

In the univariate analysis, we found no significant dif-
ference in recurrence-free survival rates by pretreatment
variables in patients who underwent percutaneous ablation,
although AFP-L3 elevation (P = 0.054) tended to decrease
recurrence-free  survival. In contrast, tumor size
(P = 0.038) and number of tumors (P = 0.034) were sig-
nificant prognostic factors in patients who underwent
hepatectomy (Table 2).

Although this prospective study was conducted over a
short period of time, multivariate analysis of prognostic
factors among the clinical features was performed and
Cox’s stepwise proportional hazard model revealed that
HBsAg status (P = 0.033), DCP status (P = 0.011), and
AFP-1.3 status (P = 0.006) were significant independent
prognostic factors of recurrence-free survival in patients
who underwent percutaneous ablative therapies. On the
other hand, we found no significant independent prognostic
factors in patients who underwent hepatectomy (Table 3).

We showed recurrence-free survival rates between two
groups—with or without AFP-L3 elevation—among

Table 2 Univariate analysis of
the factors predicting long-term
survival in the retrospective
study and recurrence-free
survival in the prospective study
for patients who underwent

percutaneous ablation and in
those who underwent
hepatectomy

HBsAg hepatitis B surface
antigen, HCV hepatitis C virus,
AFP alpha-fetoprotein, DCP
des-gamma-carboxy

Variables Long-term survival Recurrence-free survival
Percutaneous Hepatectomy Percutaneous Hepatectomy
ablation ablation
P-value P-value P-value P-value

Gender (female/male) 0.907 0.525 0.225 0.194

HBsAg (negative/positive) 0.139 0.801 0.151 0.314

Anti-HCV (negative/positive) 0.034 0.963 0.194 0.171

Child-Pugh class (A/B,C) 0.083 0.235 0.293 0.487

AFP (ng/ml) (<20/>20) 0.007 0.011 0.117 0.994

DCP (mAU/ml) (<40/>40) 0.328 0.153 0.075 0.059

AFP-L3 (%) (<15/=15) 0.001 0.308 0.054 0.530

Tumor size (cm) (<3/>3) 0.001 0.006 0.063 0.038

Tumor number (single/multiple) 0.045 <0.001 0.667 0.034

prothrombin. P-value was
calculated using Log-rank test
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Table 3 Multivariate analysis of factors predicting long-term survival in the retrospective study and recurrence-free survival in the prospective
study for patients who underwent percutaneous ablation and in those who underwent hepatectomy

Long-term survival

Recurrence-free survival

Variables Hazard ratio (95% CI) P-value Variables Hazard ratio (95% CI) P-value
Percutaneous ablation Percutaneous ablation -
AFP-L3 (%) HBsAg
<15 1 Negative 1
=15 2.098 (1.169-3.765) 0.013 Positive 2.823 (1.090-7.310) 0.033
Tumor size (cm) DCP
<3 1 <40 (mAU/ml) 1
>3 1.998 (1.123-3.553) 0.018 >40 (mAU/ml) 2.767 (1.267-6.046) 0.011
AFP-L3
<15 (%) 1
>15(%) 3.463 (1.437-8.347) 0.006
Hepatectomy Hepatectomy
Tumor size (cm) Tumor number
<3 1 Single 1
>3 6.162 (1.457-26.064) 0.013 Multiple 4.654 (0.936-23.149) 0.060
Tumor number
Single 1
Multiple 3.170 (1.442-6.921) 0.004

Hazard ratio and P-value were calculated using Cox’s stepwise proportional hazard model
" CI confidence interval, AFP alpha-fetoprotein, HBsAg hepatitis B surface antigen, DCP des-gamma-carboxy prothrombin

patients with early stage HCC who underwent percutane-
ous ablation and patients who underwent hepatectomy
(Fig. 1). No significant difference was observed between
groups with or without AFP-L3 elevation (P = 0.53) in
patients who underwent hepatectomy. In contrast, a close-
to-significant (P = 0.054) difference was observed
between the groups of patients with and without AFP-L3
elevation who underwent percutaneous ablative therapy.
In summary, the results of the retrospective and pro-
spective studies demonstrated that AFP-L3 status was a
statistically significant prognostic factor of long-term sur-
vival and recurrence-free survival in patients who under-
went percutaneous ablative therapy, but did not affect
prognosis in patients who underwent hepatectomy.

Discussion

AFP-L3, a fucosylated species of AFP, is the product of
alpha 1-6 fucosyltransferase (FUTB) in the presence of
GDP-fucose. Our previous result revealed that FUTS levels
in HCC tissue were higher than those in the surrounding
non-cancerous tissues and that FUTS levels of HCC tissue
increased in accordance with tumor dedifferentiation [21].
Several reports have shown the relationship between AFP-
L3 status and histologic grade in HCC. Miyaaki et al. [16]
showed that the frequency of poorly differentiated HCC

was significantly higher in AFP-L3-positive patients than
in AFP-1.3-negative patients. Oka et al. [14] reported that
AFP-L3-positive HCC was characterized by portal vein
invasion and poorer differentiation, and that tumors in
AFP-L3-positive HCC were advanced, even if they were
small and the patient had a low serum AFP concentration.
These results indicate the relationship between increased
AFP-L3 level and increased degree of malignant behavior
of HCC tissue.

Recurrence after treatment is an important factor
affecting prognosis. Vascular invasion is an established
adverse prognostic indicator of recurrence of HCC [22, 23].
Yamashita et al. [24] suggested that portal vein invasion is
associated with AFP-L.3 positivity, and that there is a
strong possibility of intrahepatic invasion when there is
positive conversion of this marker. Hayashi et al. [13]
reported the relationship between AFP-L3 status and pat-
tern of recurrence in patients with HCC. In their report,
intrahepatic metastasis was significantly more common in
AFP-L3-positive patients than in negative patients,
although the recurrence rate of multicentric tumors did not
differ significantly between the two groups with or without
AFP-L3 elevation. From this point of view, hepatectomy—
especially anatomical resection, which can remove venous
tumor thrombi together with the primary lesion—is more
suitable than local ablative therapies for the treatment of
AFP-L3-positive patients.
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