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Table 8 Prevalence of patient with gastroesophageal varices

A survey of non-B, non-C liver cirrhosis in Japan 7

Total

Child-Pugh dassification

Class A

Class B Class C

NASH (n = 686)
ALD (n = 2365)

40.8% (280/686)*
54.5% (1289/2365)***

FLD (n=81) 40.7% (33/81)
PBC (n=331) 61.9% (205/331)'
AIH (n=278) 48.2% (134/278)

Unknown etiology (n =401) 45.9% (184/401)

31.8% (138/434)**
44.2% (486/1099)"
36.5% (23/63)
53.5% (100/187)'"
39.7% (52/131)
42.9% (94/219)

56.1% (111/198)
59.0% (447/757)
50.0% (7/14)
70.6% (72/102)
53.5% (53/99)
47.2% (60/127)

57.4% (31/54)
69.9% (356/509)
75.0% (3/4)
78.6% (33/42)
60.4% (29/48)
54.5% (30/55)

P-values were analyzed by Fisher's exact test or y>-test.

*P < 0.05, vs ALD, PBC and AIH; **P < 0.01, vs ALD, PBC and unknown etiology; ***P < 0.05, vs NASH, FLD and unknown etiology;
P <0.0001 vs NASH; P < 0.05 vs NASH, ALD, FLD, AIH and unknown etiology.
AlH, autoimmune hepatitis; ALD, alcoholic liver disease; FLD, fatty liver disease; NASH, non-alcoholic steatohepatitis.

(P <0.0001). BMI in the NASH, ALD and FLD patients
was 26.8, 24.0 and 25.8 kg/m?, respectively, and the
differences among them were statistically significant.
(Table 9).

Table 10 shows the analysis of the risk factors associ-
ated with HCC in patients with ALD LC. Obesity and
complication of DM were the risk factors of hepatic
carcinogenesis in ALD LC patients as well as male sex
and being older. Conversely, portal hypertension and
anemia of ALD LC patients without HCC were worse
than those with HCC. Accordingly, we investigated the
comparison of the clinical features between the two ALD
LC groups divided based on BMI (Table 11). Although
the mean age was similar in these two groups, the preva-
lence of HCC in the ALD LC patients with obesity (BMI,
>25 kg/m?) was significantly higher compared with that
in those without obesity (BMI, <25 kg/m?) (48.3% vs
35.7%, P < 0.001) and similar to that in the NASH LC
patients (48.3% vs 50.9%, not significant).

Of the NBNC LC patients, 31.3% were anti-HBc posi-
tive. Anti-HBc positivity was 30.7%, 30.8%, 34.7%
and 43% in the patients with NASH, ALD, FLD and
unknown etiology, respectively. The positivity was sig-
nificantly higher in the patients with unknown etiology
compared with the NASH, ALD and FLD patients
(P < 0.001). Anti-HBc positivity was significantly higher
in the HCC patients than in those without HCC (41.1%
vs 24.8%, P < 0.001).

DISCUSSION

HIS NATIONWIDE SURVEY revealed the following
clinical features in the NBNC LC patients:

1 Compared with the previous nationwide survey,' the

percentage of ALD among the NBNC LC patients

remained unchanged, whereas that of NASH
increased.

2 The NASH LC patients were significantly older, pre-
dominantly female, heavier, hypertensive and more
likely to have DM and HCC.

3 The ALD LC patients were significantly younger, pre-
dominantly male, had low hepatic reserve and were
more likely to have portal hypertension than NASH
LC.

4 The FLD LC patients were observed at an age between
that of the NASH and ALD patients, were predomi-
nantly male (similar to the ALD patients) and were
more likely to have DM and HCC similar to the
NASH patients.

5 Approximately 10% of the NBNC LC patients still
had an unknown etiology, and these patients were
more likely to have HCC similar to both the NASH
and FLD patients.

6 Anti-HBc positivity was significantly higher in the
HCC patients than in those without HCC.

Although the natural history of NASH is not com-
pletely understood, Matteoni et al. reported that 23%
of NASH patients progressed to cirrhosis within 10-15
years.® In addition, Starley et al. recently stated that
approximately 26-37% of NASH patients demonstrate
the progression of fibrosis over time periods up to 5.6
years, with up to 9% patients progressing to cirrhosis.”
BMI and DM have been found to be independent risk
factors associated with the progression of fibrosis in
NASH patients.® Therefore, it is thought that the NASH
LC patients in the present study had significantly
more severe disease and were more likely to have DM.
Conversely, the prevalence of NAFLD in Japan appears
to be twice as high in males than in females;> however,
the NASH LC patients in the present study were
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Results of age are expressed as mean + standard deviation. P-values were analyzed by Mann-Whitney U-test and y*-test as appropriate.

*P < 0.0001, vs ALD, PBC and AIH; **P < 0.0001, vs ALD and congestive disease; ***P < 0.001, vs ALD and congestive disease; 'P < 0.001, vs congestive disease;
1P < 0.0001, vs NASH, PBC, AIH and unknown etiology; 'P < 0.0001, vs NASH, ALD, FLD and unknown etiology; *P < 0.0001, vs NASH, FLD and unknown etiology;

#P < 0.0001, vs ALD, PBC, AIH and unknown etiology; **P < 0.0001, vs ALD, PBC and unknown etiology; $P < 0.001, vs NASH and unknown etiology.

AIH, autoimmune hepatitis; ALD, alcoholic liver disease; BMI, body mass index; FLD, fatty liver disease; HCC, hepatocellular carcinoma; NASH, non-alcoholic

steatohepatitis; NBNC LC, non-B, non-C liver cirrhosis; PBC, primary biliary cirrhosis.
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predominantly female. Yasui et al. reported that NASH
HCC patients were predominantly male, although the
prevalence of cirrhosis among these patients was signifi-
cantly lower in male patients compared with that in
female patients.'® These studies suggest that sex is impli-
cated in the progression of fibrosis in NASH patients in
Japan. In addition, the prevalence of HCC in the NASH
LC patients in the present study was significantly higher
compared with that in the previous nationwide survey
(50.9% vs 31.5%, P <0.001)." The incidence of NASH
and NASH HCC has been gradually increasing in Japan,
contrary to the decreased incidence of virus-related
HCC.* Starley et al. found that as many as 4-27% of
cases of NASH transform to HCC after the development
of cirrhosis, and that the prevalence of HCC in NAFLD is
0-0.5%, whereas that of HCC in NASH is 0-2.8% over
time periods of up to 19.5 years.” Yatsuji et al. reported
the prospective evaluation of NASH LC and HCV-related
LC (LC-C). They reported that NASH LC followed a
course similar to that of LC-C, namely, complications of
cirrhosis developed, including HCC (the 5-year cumu-
lative rate of HCC development was 11.3% for NASH
LC and 30.5% for LC-C)."! Therefore, NASH LC patients
need to be followed up carefully with respect to the
occurrence of HCC, similar to LC-C patients.

Alcoholic liver disease remains the most prevalent
cause of NBNC LC in Japan, accounting for approxi-
mately 55% of all NBNC LC cases. In the present study,
the prevalence of HCC was significantly lower in the
ALD LC patients than in the NASH LC patients, whereas
the ALD LC patients were significantly younger and had
a lower hepatic reserve. Regarding the comparison of
outcomes with LC-C, Toshikuni et al. reported that the
risk of HCC was lower in ALD LC than in LC-C, whereas
the risk of hepatic decompensation and mortality was
the same.'? It is estimated that there are approximately
2.4 million heavy drinkers in Japan, and the number of
ALD patients has been increasing because of increased
alcohol consumption.’® Therefore, ALD LC patients
need to be followed up carefully with respect to the
occurrence of hepatic decompensation, similar to LC-C
patients. Obesity appears to be involved in the progres-
sion of ALD LC." Accordingly, we investigated the risk
factors associated with HCC and darified that obesity
and complication of DM could be the risk for hepatic
carcinogenesis in ALD LC patients. The comparison of
the clinical features between the two ALD LC groups
divided based on BMI revealed that the prevalence of
HCC in the ALD LC patients with obesity was signifi-
cantly higher compared with that in those without
obesity. Horie et al. also reported similar results. Thus,
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Table 10 Factors associated with HCC in patients with ALD

A survey of non-B, non-C liver cirthosis in Japan 9

Factors HCC (-), HCC (+), Univariate Multivariate
(n=2494) (n=1303) analysis, P-value analysis, P-value

Sex (M: F) 83.7%:16.3% 95.0%:5.0% <0.0001 <0.0001
Age (years) 57.9%11.0 64.8+9.4 <0.0001 <0.0001
Body mass index (kg/m?) 22.8+3.8 24.0+3.8 <0.0001 <0.0001
Hypertension (—: +) 77.4%:22.6% 61.9%:38.1% <0.0001 0.068
Dyslipidemia (—: +) 87.0%:13.0% 81.6%:18.4% <0.0001 0.482
Diabetes mellitus (- : +) 67.2%:32.8% 50.2%:49.8% <0.0001 <0.0001
Child-Pugh dlassification (A: B+ C) 38.5%:61.5% 60.3%:39.7% <0.0001 0.188
Esophageal varices (—: +) 42.3%:57.7% 57.9%:42.1% <0.0001 <0.0001
Ascites (—: +) 57.1%:42.9% 76.5%:23.5% <0.0001 <0.0001
WBC (/mm?) 6014 £ 3465 5532+ 3484 0.001 0.547
Hemoglobin (g/dL) 113+2.6 127422 <0.0001 <0.0001
Platelet (x10°/mm?) 114.6 £67.1 126.1£65.5 <0.0001 0.104

AST (IU/L) 93 + 209 65471 <0.0001 0.974

ALT (IU/L) 51118 45+ 43 0.159 0.786
Bilirubin (mg/dL) 2.8+3.9 16424 <0.0001 0.006
Albumin (g/dL) 33+1.0 35+0.7 <0.0001 0.281
PT% 69 +22 791+ 19 <0.0001 0.628

Results of age are expressed as mean + standard deviation. P-values were analyzed by Mann-Whitney U-test, x*-test and multivariate

Cox's proportional hazard model as appropriate.

ALD, alcoholic liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCC, hepatocellular carcinoma; PT,

prothrombin time; WBC, white blood cells.

obesity appears to be involved in the progression of
HCC in ALD LC. Therefore, ALD LC patients with
obesity need to be followed up carefully with respect to
the occurrence of HCC, similar to NASH LC and LC-C
patients. Not only abstinence from alcohol but also
improvement in lifestyle is important to decrease the
progression of ALD LC.

In the present study, we established a new clinical
etiologic criterion: FLD. According to previous clinical
etiologic criteria in Japan, mild drinkers (intake of >20 g
and <70 g of ethanol/day) with steatohepatitis were not
diagnosed with both NASH and ALD. The prevalence of
minor homozygote or heterozygote type of the aldehyde

Table 11 Clinical features of patients with ALD LC

dehydrogenase-2 gene (ALDH2), which oxidizes acetal-
dehyde to acetate and is a key enzyme in alcohol
metabolism, is very high in Asian countries. The enzyme
activity of a minor homozygote of ALDH?2 is completely
defective. Moreover, the enzyme activity of a heterozy-
gote is only 1/16th. Our survey is the first to reveal that
these FLD LC patients were observed in 2.5% of NBNC
LC patients. Considering the frequencies of mild drink-
ers and obese people in Japan, it is thought that the
frequency of FLD LC is lower than that of LC with
unknown etiology. This is because there were many
patients whose amounts of daily alcohol intake were
unknown; therefore, some were diagnosed as having an

BMI <25 (n=1915) BMI 225 (n = 749) P-value
Sex (M : F) 1644:317 (83.4%:16.6%) 692:57 (92.4%:7.6%) P<0.001
Age 60.2+t11.1 61.0+10.2 N.S.
Diabetes mellitus 35.1% 43.9% P <0.001
HCC 35.7% 48.3% P <0.001

Results of age are expressed as mean * standard deviation, P-values were analyzed by by Mann-Whitney U-test and y*-test as

appropriate.

ALD, alcoholic liver disease; BMI, body mass index; HCC, hepatocellular carcinoma; N.S., not significant.
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unknown etiology. Interestingly, the clinical features of
the FLD LC patients overlapped with those of the NASH
LC and ALD LC patients. Because the mean age of the
FLD LC patients was between that of the NASH and ALD
patients, the FLD LC patients were predominantly male,
similar to the ALD LC patients, and they were more
likely to have DM and HCC similar to the NASH LC
patients. Horie et al. described a category such as FLD as
overlap steatohepatitis.’*'* The most important clinical
feature in FLD LC patients was that the prevalence of
HCC was high, similar to that in the NASH LC patients.
This finding suggests that steatohepatitis per se is a
potent risk factor of HCC, irrespective of alcohol
consumption.

The LC patients with unknown etiology (or crypto-
genic LC) were approximately 10% of the NBNC LC
patients and were more likely to have HCC similar to
the NASH and FLD patients. Some FLD LC patients
whose daily alcohol intake was unknown may have
been included in this group, and some “burnt-out”
NASH LC patients whose liver showed complete dis-
appearance of steatosis'® may have also been included
in this group. In addition, some patients who had
been HBV carriers but had become HBsAg negative or
those with occult HBV may have also been included in
this group. Anti-HBc positivity was significantly higher
in this group than in the NASH, ALD and FLD LC
groups. Several studies have suggested a high preva-
lence of occult HBV among cryptogenic LC and NBNC
HCC patients and also the participation of occult
HBV in the progression to cirthosis and occurrence of
HCC.'*'" In the present study, anti-HBc positivity was
significantly higher in the NBNC LC patients with
HCC than in those without HCC; however, the role of
occult HBV in the progression to cirrhosis and carcino-
genesis remains unclear. Occult HBV is defined as the
presence of HBV DNA in the liver (with or without
detectable HBV DNA in serum) for patients testing
HBsAg negative.'’® Because of the lack of a HBV DNA
assay in the present study, the impact of occult HBV
on carcinogenesis could not be evaluated. Thus, a HBV
DNA assay in the liver is needed for the evaluation of
occult HBV on carcinogenesis. Although NBNC LC
seemed to include varied etiology, occult HBV should
be taken into account in the prediction of future HCC
development in NBNC LC.

Our nationwide survey determined the etiology of
NBNC LC in Japan. Future changes in etiology must be
considered for the establishment of precise diagnostic
strategies. We hope that these results contribute new
ideas toward understanding NBNC LC and NBNC HCC.

© 2012 The Japan Society of Hepatology
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Osamu Yokosuka (Department of Medicine and Clinical
Oncology, Graduate School of Medicine, Chiba Univer-
sity); Toshimitsu Murohisa, Hideyuki Hiraishi (Depart-
ment of Gastroenterology, Dokkyo Medical University);
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terology and Hepatology, Department of Medicine,
Nihon University School of Medicine); Masaaki Hirano
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Medicine, Teikyo University School of Medicine);
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Anticarcinogenic impact of interferon therapy on the
progression of hepatocellular carcinoma in patients with

chronic viral infection

Soji Shimomura and Shuhei Nishiguchi

Division of Hepatobiliary and Pancreatic disease, Department of Internal Medicine, Hyogo College of Medicine,

Hyogo, Japan

Hepatocellular carcinoma (HCC) is mainly caused by a persis-
tent infection due to the hepatitis B or hepatitis C virus. The
number of HCC cases is increasing in Asian and African coun-
tries, as well as in European and American countries. Inter-
feron (IFN) therapy, used for type B chronic liver diseases,
inhibits hepatic carcinogenesis in patients with compensated
cirrhosis. However, there is insufficient evidence that IFN
therapy inhibits hepatic carcinogenesis in patients with
chronic hepatitis B. There are few cases of HCC due to chronic
hepatitis B, and long-term follow-up periods verifying the
inhibitory effect of IFN on hepatic carcinogenesis have not
been obtained. To improve the prognosis of type B chronic
liver diseases, it is important that hepatitis treatment follows
guidelines in which a patient’s age and the extent of hepatic
fibrosis are taken into account. As for chronic hepatitis C,

since a sustained virological response (SVR) in IFN therapy
inhibits hepatic carcinogenesis and improves prognosis,
treatment that aims for an SVR while taking into consideration
host-sided and virus-sided factors is recommended for
patients with type C chronic liver diseases. In areas with low
incidence of HCC (e.g. USA), a large number of cases and a
long-term follow-up period are needed before it can be
accepted that IFN therapy inhibits hepatic carcinogenesis.
After locally curative treatment of HCC, IFN therapy sup-
presses recurrence and improves survival rates.

Key words: chronic hepatitis, hepatitis B virus, hepatitis C
virus, hepatocellular carcinoma, interferon, prevention

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) ranks

fifth in the number of patients worldwide who
are diagnosed with cancer; its death toll ranks third.'
Approximately 600 000 to 700 000 patients worldwide
die of HCC each year; the number of HCC cases is
increasing in Asian and African countries, as well as in
European and American countries.”®> HCC is mainly
derived from a persistent infection due to the hepatitis B
virus (HBV) or hepatitis C virus (HCV); thus, treating
viral hepatitis inhibits hepatic carcinogenesis. In clinical
and epidemiological studies of patients with chronic
hepatitis B, active replication of HBV is linked to pro-
gression to cirrhosis and HCC.* Cessation of HBV repli-
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cation reduces complications and improves prognosis.
If, as a result of interferon (IFN) therapy, seroclearance
of hepatitis B e antigen (HBeAg) can be achieved and the
patient is negative for HBV DNA, then this might reduce
the chances of HCC developing.® IFN therapy for
chronic hepatitis C helps to reduce the risk of HCC
developing in patients in whom a sustained virological
response (SVR) has been achieved and that therapy also
helps to reduce the risk of HCC developing in patients
in whom viral clearance has proven difficult.%” This
paper reviews clinical research studies that have focused
on the inhibitory effect of IFN therapy on hepatic
carcinogenesis.

THE ANTITUMOR ACTION OF IFN

NTERFERON IS A cytokine with varied forms of bio-
activity including antiviral action as well as action to
inhibit cell growth, angiogenetic activity, action to
regulate the immune response, and action to inhibit
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telomerase activity. IFNs are generally grouped into type
I IFNs, which include IFN-o, -3, and -, and type I IFN,
which consists solely of IFN—y.*'* IFN-o. and -p are
widely used clinically to treat viral diseases such as
chronic hepatitis B and C and neoplastic diseases such
as renal cell carcinoma and glioblastoma. Evidence of
IFN's direct antitumor action has been reported, i.e.
IEN-c¢ and -f have been found to inhibit growth of a
hepatoma cell line in a concentration-dependent man-
ner."’ In addition, IFN has been found to exhibit anti-
tumor action by inducing apoptosis of tumor cells via
p53 and by stopping the progression of the cell cycle.'?
Similarly, an in vivo study noted that an IFN dose similar
to that used clinically suppressed the growth of hepatic
carcinoma cells.!®> Moreover, alpha fetoprotein' (AFP)
levels decreased after administration of IFN to patients
with chronic hepatitis C and consistently elevated AFP
levels; the mechanism for this phenomenon may be
antitumor action.™ In addition, IEN is also assumed to
have indirect antitumor action by immunopotentiation
via natural killer cells.' Nevertheless, the current reality
is that the mechanism of IFN’s antitumor action has yet
to be fully elucidated.

HBV-RELATED HCC

HERE ARE AN estimated 300 million or more HBV

carriers in the world; many of them are concentrated
in Asian and African areas.’ About 15% of HCC cases in
Japan are HBV-related.'® The annual incidence of HCC
in patients with type B chronic hepatitis is 0.1% to 1.0%
and in patients with type B cirrhosis, 2.2% to 4.3%; the
incidence of HCC is higher in Asia than elsewhere in the
world.?” A study of the natural history of HCC has
reported that factors for a high risk of developing the
condition are cirrhosis, being an elderly male, having
genotype C or F1, having a double substitution (A1762T
and G1764A) in the core promoter region, and high
HBV DNA levels.” Since it is difficult to completely
eliminate HBV, the primary goals of treatment are to
eliminate or reduce HBV DNA in the blood and to
normalize the levels of serum aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT)."

We searched the medical published reports and found
that the inhibitory effect of IFN therapy on hepatic car-
cinogenesis in patients with type B chronic hepatitis and
cirrhosis was first reported in 1996; we also found four
randomized controlled trials (RCT) - three from Europe
and one from Asia (Table 1).”°-*> The paper from Asia
indicated that IFN therapy inhibits hepatic carcinogen-
esis, but the papers from Europe did not have this

Table 1 Baseline characteristics of randomized control trials assessing effect of interferon (IFN) on hepatocellular carcinoma (HCC) development in hepatitis B virus

(HBV)-infected patients
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finding. In a study involving 308 patients with HBe
antigen (HBeAg)-positive chronic hepatitis and cirrho-
sis, Krogsgaard et al." administered a 2.5 to 10 million
unit (MU)/m? dose of IFN-02a three times weekly for 12
to 24 weeks to 210 patients (i.e. the treatment group).
During a mean follow-up period of 4.7 years, HCC
occurred in two patients in the treatment group and
in one patient in the control group. In a study involving
64 patients with HBeAg-positive chronic hepatitis,
Mazzella et al.*® administered a 5 MU/m? dose of IFN-o.
three times weekly for 24 weeks to 33 patients (i.e. the
treatment group). During a mean follow-up period of
7.1 years, HCC occurred in three patients whose chronic
hepatitis had progressed to cirrhosis (one patient in the
treatment group and two patients in the control group).
In a study involving 42 patients with HBeAg-negative
chronic hepatitis, Lampertico et al.! administered a
6 MU dose of IEN-a.2b three times weekly for 96 weeks
to 21 patients (i.e. the treatment group). During the
mean follow-up period of 3.8 years, HCC occurred in
one patient in the treatment group. In a study involving
101 patients with HBeAg-positive chronic hepatitis, Lin
et al.** administered a 4-6 MU dose of IFN-o three times
weekly for 12 weeks to 67 patients (i.e. the treatment
group). During a mean follow-up period of 7 years,
HCC occurred in one patient in the treatment group and
in four patients in the control group (P = 0.043). They
believed that IFN therapy had an inhibitory effect on
hepatic carcinogenesis.

On the other hand, reports from a study involving
patients with HBeAg-positive cirrhosis® and several
studies involving patients with HBeAg-positive chronic
hepatitis and HBeAg-negative chronic hepatitis'*?*?*>
deny that IFN therapy inhibits hepatic carcinogenesis.
Based on their meta-analysis of seven non-randomized
controlled trial (NRCT) studies involving patients with
cirrhosis,?*#2¢-%° Camma et al.> believe that IFN therapy
inhibits hepatic carcinogenesis (risk difference [RD],
—6.4%,; confidence interval [CI], 2.8 to —10; P < 0.001).
However, their analyses of subgroups with small varia-
tions showed no significant differences and they found
that IFN therapy did not inhibit hepatic carcinogenesis.
Sung etal* in a meta-analysis of 12 papers (which
included an RCT study)>!92023-2628-303334 copcluded that,
compared with patients in the control group, patients in
the IEN therapy group had a 34% reduced risk of devel-
oping HCC. This effect was especially beneficial for
patients with cirthosis. However, in a recent meta-
analysis based on two RCT studies,**** Zhang et al.3®
concluded that IFN therapy does not necessarily reduce
the development of HCC.

©® 2011 The Japan Society of Hepatology
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At the current point in time, previous reports offer
conflicting results with regard to whether or not IFN
therapy suppresses hepatocarcinogenesis when used
to treat hepatitis B virus-related chronic liver disease.
Reasons for this conflict are presumably related to
discrepancies in IFN’s suppression of carcinogenesis
brought about by differences in the clinical characteris-
tics of the patients studied. In other words, numerous
factors, such as: (i) patient age; (ii) sex; (iii) liver func-
tion tests; (iv) differences in the mode of infection (ver-
tical or horizontal infection); (v) stage of liver fibrosis
and grade of necroinflammatory activity; (vi) positivity
or negativity for HBeAg; (vii) HBV genotype; (viii) levels
of HBV DNA; (ix) treatment protocol; (x) therapeutic
efficacy; and (xi) follow-up period, may affect study
results. In a NRCT involving 313 patients with cirrhosis
due to hepatitis B, Tkeda et al.*® administered 6 MU
IFN-o three times a week for 40 weeks to 94 patients in
a treatment group (including 61 patients who were posi-
tive for HBeAg). A follow-up lasting an average of
7 years revealed 10 patients in the treatment group and
51 of 219 patients in an untreated group developed
HCC; this finding indicated that use of IFN decreased
the rate of carcinogenesis. In addition, Lin etal®
reported a case-control study matching for age, sex,
HBeAg, ALT, and levels of HBV DNA. Their results
revealed that five patients in a group receiving IFN
therapy and 16 in an untreated group developed HCC
(P=0.025) in a mean follow-up of 6.8years. A
follow-up of 15 years indicated that the cumulative rate
of hepatocarcinogenesis was significantly lower for
patients who had cirrhosis and were receiving IFN
therapy in comparison to the control group, but differ-
ences between the control group and patients who did
not have cirrhosis and were receiving IFN therapy were
not noted. Multivariate analysis indicated that indepen-
dent risk factors for the progression of HCC were age,
not having undergone IFN therapy, pre-existing cirrho-
sis, carrying HBeAg, and having the HBV genotype C (in
comparison to genotype B). Based on previous studies,
IFEN therapy for patients with compensated cirrhosis
B should be able to suppress hepatocarcinogen-
esis.>?2232631323¢ However, the inhibitory effect of IFN
therapy on hepatic carcinogenesis for patients with type
B chronic hepatitis has not yet gained a sufficient con-
sensus. One reason is that there are few cases of hepatic
carcinogenesis that develop from type B chronic hepati-
tis; thus, researchers cannot obtain either a sufficient
number of cases or long-term follow-up periods to
verify that IFN therapy inhibits hepatic carcinogenesis.
An HBV carrier who has a high level of HBV DNA
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rapidly progresses to cirrhosis, which is associated with
a high rate of HCC.*” In patients with HBeAg serocon-
version and reduced levels of HBV DNA due to IFN
therapy, the progression of cirrhosis slows and develop-
ment of HCC is inhibited.” When serum transaminase
returns to normal and HBV DNA falls below detection
limits due to IFN therapy given to HBeAg-negative Euro-
pean patients, an improved prognosis is noted but IFN
therapy has not been found to suppress hepatocarcino-
genesis.’® Miyake et al. reported that IFN therapy has
been found to suppress hepatocarcinogenesis in Asians;
they also reported that IFN has an effect in populations
with a 10% or greater incidence of HCC that have not
undergone IFN therapy and study populations with
70% or more subjects that are positive for HBeAg.*

Compared with the standard IFN, pegylated-IFN
(PEG-IFN) has been reported as more effective in the
elimination of HBeAg, reducing HBV DNA, and normal-
izing the serum ALT level.** However, there is no report
on whether PEG-IFN (in comparison with the standard
IFN and nucleos(t)ide analogs such as lamivudine)
more greatly reduces the risk of developing HCC. Future
research is needed.

In addition, IFN for type B cirrhosis is not price-listed
in Japan, and the IFN administration period for type B
chronic hepatitis is 6 months. Price-listing of IFN for
type B cirrhosis, the extension of the administration
period, and the approval of using PEG-IEFN are pending.

HCV-RELATED HCC

HE HCV WOULD not be naturally eliminated when

an infection is passed to humans. About 70% of
persistently infected people become carriers and necro-
inflammatory reactions continue; as a result, hepatic
fibrosis progresses to cirrhosis.*® However, hepatic fibro-
sis progression rates in persistently HCV-infected people
differ significantly among individuals and are influ-
enced by the person’s age when infected, the amount of
alcohol intake, gender, and the extent of liver function
abnormality. It has been demonstrated that, in people
who have insulin resistance and fatty livers, the hepatic
fibrosis progression rate is rapid and the sustained
virological response (SVR) ratio in IEN therapy is
reduced.*'** HCC incidence rates increase in relation to
the progression of hepatic fibrosis.* The annual inci-
dence of HCC from type C compensated cirrhosis is
reportedly 7.1% in Japan and 3.7% in both Europe and
America; and the annual incidence of HCC from chronic
hepatitis is 1.8% in Japan and 0% in both Europe and
America.”” When such natural courses are taken into
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account, the treatment goals for type C chronic hepatitis
are to prevent the progression to cirrhosis and to inhibit
hepatic carcinogenesis.

In 1995, we examined {using an RCT) the inhibitory
effect of IFN therapy on hepatic carcinogenesis for type
C cirrhosis.*** Ninety patients with type C cirrhosis
were divided into two groups: the IFN treatment group
and the untreated group. We examined the long-term
clinical effects of IFN therapy. In the IFN treatment
group, an SVR occuired in seven patients and a biologi-
cal response (BR) occurred in six patients. In the
untreated group, the spontaneous disappearance of the
HCYV and sustained normalization of ALT level did not
occur. During the mean follow-up period of 8.2 years,
the cumulative incidence rate of HCC was significantly
lower in the IFN treatment group than in the untreated
group (27% vs. 73%, respectively) (P = 0.001). The rela-
tive risk (RR) was 0.256. A multicenter Japanese study -
the Inhibition of Hepatocarcinogenesis by Interferon
Therapy (IHIT) study - showed that, compared with the
untreated group, the risk of hepatic carcinogenesis was
inhibited by 0.51-fold in the IFN treatment group; the
RR of hepatic carcinogenesis was 0.197 in patients who
achieved SVR with IEN therapy.*® To our knowledge,
seven RCT papers have been published since 1995 that
investigated the inhibitory effect of IEN therapy on
hepatic carcinogenesis (Table 2).*#*7-5? In a study involv-
ing 99 patients with compensated cirrhosis, Valla et al.*
administered a 3 MU dose of IFN-a2b three times
weekly for 48 weeks to 52 patients (i.e. the treatment
group). A mean follow-up period of 3.3 years showed
that HCC occurred in five patients in the treatment
group and in nine patients in the control group;
however, there was no statistically significant difference
between the groups. On the other hand, the results of a
meta-analysis by Camma et al*' confirmed that IFN
therapy inhibits hepatic carcinogenesis in patients with
type C cirrhosis. Their investigation of 3109 patients in
three RCT studies***”** and 11 NRCT studies?®304654-¢1
showed that the risk of developing HCC in the IFN
treatment group was reduced by 12.8% (95% CI, —-8.3%
to —17.2%), compared with the risk in the untreated
group. They reported that, especially in patients who
obtained a SVR, there was a marked inhibition of
hepatic carcinogenesis (as indicated by an RD of
—19.1%). Even in people who did not have a SVR, the
RD was significantly reduced (at —-11.8%). Miyake
et al.%? reported that hepatic carcinogenesis was inhib-
ited in the IFN-treated group, compared with the
untreated group (RR, 0.45; 95% CI, 0.31-0.65), based
on their meta-analysis of three RCT studies*” ™ and six
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Table 2 Baseline characteristics of randomized control trials assessing effect of interferon (IFN) on hepatocellular carcinoma (HCC) development in hepatitis C virus
(HCV)-infected patients

Study |reference] Year Sample Male (%) Mean Pre-existing IFN regimen Mean SVR (%) Incidence
size (n) age (years) cirrhosis (%) follow-up of HCC (%)
(years)
Nishiguchi S et al.** 1995 T45 T62 T55 T100 o: 6 MU 3 times a week for 24 weeks  T4.4 T16 T4
C45 C51 C57 C100 C5.5 Co C38
Valla DC et al.¥’ 1999 T45 T73 T57 T100 0-2b: 3 MU 3 times a week for 33 NA T11
48 weeks
C49 C65 C56 C100 C18
Bernardinello E et al."® 1999 T38 T50 T56 T100 B: 6 MU 3 times a week for 24 weeks 5 T3 T5
followed by 3 MIU for another
24 weeks
C23 Co1 C58 C100 Co C4
Francesco A et al.* 2004 T30 T57 T55 T100 0-2b: 6 MU daily for 1 month 5 T43 TO

followed by 3 MIU daily for
11 months plus ribavirin 1 g daily
for 12 months
C30 C60 C57 C100 Co C30
Soga K et al.* 2005 T103 T49 152 TO o, 0-2a or 0-2b: 3-10 MU daily for 7.8 T32 T5
2-4 weeks and 3 times a week for
total of 14-28 weeks or ; 3-6 MU
daily for 6-8 weeks

C30 C43 C54 Co Co C23

Fartoux L et al.”! 2007 T51 T45 T60.5 T100 0-2a: 3 MU 3 times a week for 2 years 2 TO T12

C51 C45 C60.5 C100 Co C12

Lok AS et al.** 2009 T495 T71 T50 T40 PEG-IFN a-2a: 90 pg weekly for T4.6 TO T4.6
3.5 years

C510 T79 C53 C41 C4.9 Co T4.9

C, control group (no treatment); MU, million units; NA, not available; PEG-IEN, pegylated interferon; SVR, sustained virological response; T, IFN treated group.
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NRCT studies®*5>>#3-¢5 published between 1989 and
2009.

The inhibitory effect of IFN is furthermore demon-
strated in non-responders (NRs) to IEN therapy (RR,
0.48; 95% CI, 0.26-0.66). Zhang etal.*® recently
performed a meta-analysis on the effect of non-
maintenance IFN therapy on hepatic carcinogenesis.
They used only four RCT papers (in three papers, the
subjects were patients with type C cirthosis).***""* The
results indicated that IFN therapy inhibited hepatic car-
cinogenesis in the IFN treatment group, compared with
the untreated group (RR, 0.39; 95% CI, 0.26-0.59). The
results of IFN therapy, when focusing only on patients
with cirrhosis, also showed the same inhibitory effect
(RR, 0.44; 95% CI, 0.28-0.68). In one study, patients
who were initially NR to IEN therapy were divided into
two groups: a maintenance IFN treatment group and an
untreated group.”*? An analysis of the results showed
that IEN therapy has no inhibitory effect on hepatic
carcinogenesis.

In the Hepatitis C Antiviral Long-Tern Treatment
Against Cirrhosis (HALT-C) Trial,®> 1005 patients had
cirrhosis and had chronic hepatitis that progressed to
fibrosis (i.e. bridging fibrosis). Of these, patients who
were unresponsive to a combination therapy with PEG-
IFN and ribavirin (RBV) were divided into two groups -
the maintenance treatment group (PEG-IFN o-2a, 90 g)
and the untreated group. The incidence of HCC in each
group was investigated. During a mean follow-up period
of 4.6 years, there was no difference between the two
groups in the incidence of HCC. In a continuation of
the HALT-C report,” the mean follow-up period was
extended to 6.1years. The results showed that IFN
therapy inhibited hepatic carcinogenesis in patients with
cirrhosis in the maintenance IFN treatment group, com-
pared with its inhibitory effect in the untreated group
(HR, 0.45; 95% CI, 0.24-0.83). On the negative side,
maintenance [FN therapy insufficiently inhibited hepatic
carcinogenesis in patients with chronic hepatitis that had
progressed to fibrosis. However, the incidence of HCC
was reduced in these patients if their liver had a histo-
logical improvement with IFN therapy.

One report shows that maintenance IFN therapy
reduces the incidence of HCC in elderly patients with
chronic hepatitis, compared with patients in the
untreated group.®® Kumada et al. state that the adminis-
tration of IFN therapy is important in normalizing
serum ALT level or reducing the AFP level, even if HCV
does not disappear.® For non-SVR patients receiving IFN
therapy, a patient’s age is an important risk factor for
hepatic carcinogenesis, and the annual incidence of
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HCC in patients with chronic hepatitis and hepatic
fibrosis is significantly higher in aged people than in
young people.®” It can be accordingly conjectured that
the reason for a higher complication rate of HCC among
HCV carriers in Japan than among HCV carriers in the
USA is that Japanese carriers have a higher mean age and
a higher extent of hepatic fibrosis.*® These factors may be
responsible for the difference in the inhibitory effect of
IFN therapy on hepatic carcinogenesis noted between
patients in Japan and patients in the USA.

Based on past studies investigating the inhibitory
effect of IFN therapy on hepatic carcinogenesis in
patients with type C chronic liver diseases, a consensus
has been reached concerning the following three points:
e Point 1: Patients achieving SVR with IEN therapy have

a reduced HCC incidence rate and an improved HCC

prognosis.*¢%7°
¢ Point 2: Because of the use of combination therapy

(e.g. PEG-IFN and RBV) in recent years, the treat-

ment outcome has improved and the SVR ratio is

about 50% to 80%.”' However, for patients with
chronic hepatitis that has progressed to fibrosis and
for patients with compensated cirrhosis, IFN therapy
alone reduces the SVR ratio and reduces the inci-
dence of complications associated with the liver

(including hepatic carcinogenesis).®
e Point 3: IFN therapy reduces the incidence rate of

HCC when a BR is achieved or when there is a his-

tological improvement.*¢7

Further examinations are needed to determine
whether maintenance IFN therapy inhibits hepatic car-
cinogenesis and whether there is any difference between
IFN therapy NR patients and IFN-untreated patients in
the rate of hepatic carcinogenesis. Studies are needed
that take into account the amount of IFN administered,
the administration period, and the use of RBV and novel
concurrent drugs. In addition, we expect that combina-
tion therapy with PEG-IFN and RBV for patients with
compensated cirrhosis will be promptly price-listed in
Japan.

RECURRENCE INHIBITION AFTER LOCALLY
CURATIVE TREATMENT FOR HCC

VEN IF LOCALLY curative treatment for HCC is per-

formed, HCC relapses occur at an annual rate of
15% to 20%. This high rate is not caused by any other
malignant neoplasms, and it results in a high mortal-
ity.” To improve the prognosis of patients with HCC,
measures are needed that advance HCC treatment and
inhibit recurrence.

© 2011 The Japan Society of Hepatology
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Basic investigations reveal that IFN has anti-viral activ-
ity and it inhibits the growth of HCC.”*” In a retro-
spective examination, Someya etal. reported that
singlevariate and multivariate analyses showed that IFN
therapy inhibits recurrence in patients with HCC-
complicated type B cirrhosis after locally curative treat-
ment.”® Lo et al.”” performed an RCT, using as subjects
40 patients who had undergone a radical hepatic resec-
tion because of HBV-related HCC. On examining the
IFN treatment group (in which patients were adminis-
tered 10 MU/m? of IFN-a2b three times weekly for
12 weeks) and the untreated group, they found that the
one-year and 5-year survival rates were 97% and 79%,
respectively, in the IFN treatment group and 85% and
61%, respectively, in the untreated group. Therefore, the
IFN treatment group had a better prognosis (P = 0.137).
A multivariate analysis demonstrated that IFN therapy
may reduce the risk of death (HR, 0.42; 95% CI, 0.17-
1.05; P=0.063). In the examination of subgroups, there
was no difference between the IFN treatment group
and the untreated group in the 5-year survival rate in
patients at stage I/II; however, in patients at stage III/IV
A, IFN therapy inhibited the early recurrence of HCC
and improved the 5-year survival rate from 24% to 68%
(P =0.038). Sun et al.”® in their RCT also reported that
IFN therapy was useful after an operation for HCC and
that the median overall survival time and median
disease-free time were significantly longer in treated
patients, compared with the untreated patients.

We found six RCT studies that examined the inhibi-
tory effect of IFN therapy on recurrence after locally
curative treatment for HCV-related HCC.”* Ikeda
et al.”” and Kubo et al.*° showed that IEN therapy signifi-
cantly inhibits the recurrence of HCC. Shiratori et al.®!
reported no difference between the IFN-treated group
and the control group with the first relapse of HCC, but
noted that IFN therapy inhibits a second or later recur-
rence of HCC. Only Mazzaferro et al.*® reported that IFN
therapy shows no significant difference between the IFN
treatment group and the control group; however, at the
first relapse of HCC, IEN therapy inhibits recurrence in
patients having a single tumor that is free from vascular
invasion and has a diameter of less than 3 cm. An
examination of NRCT, which were performed in Japan,
also showed that IFN therapy significantly inhibits the
relapse of HCC (especially in patients who receive IFN
treatment aimed at eliminating HCV), achieves an
SVR,%**7 and improves survival rates.* Maintenance
IFN therapy after the locally curative treatment of
HCC reportedly inhibits recurrence.***° Kudo et al.%
reported that IFN therapy inhibits the first relapse (as

© 2011 The Japan Society of Hepatology
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well as a second or third relapse) and improves the
prognosis. We also demonstrated that long-term main-
tenance IFN therapy, given after the combination
therapy with PEG-IFN and RBV, effectively inhibits HCC
recurrence and improves prognosis.”’ Singal et al’?
performed a meta-analysis of five RCT papers™*®!-%
and five NRCT papers.®”***¢ They reported that IFN
therapy inhibits HCC recurrence (odds ratio [OR], 0.31;
95% CI, 0.26; P < 0.0001) and significantly extends the
overall survival time. Furthermore, Zhang et al.”” con-
ducted a meta-analysis of six RCT papers (Two papers
focused on HBV-related HCC and four papers focused
on HCV-related HCC).77788-89 Their meta-analysis
showed that IFN therapy inhibits early recurrence (OR,
0.62; 95% CI, 0.42-0.93; P=0.02) and improves the
one-year survival rate (OR=3.14; 95% CI =1.79-5.52;
P (00.0001). Shen et al.’® similarly performed a meta-
analysis of 13 papers on HBV-related and HCV-related
HCC (nine papers involved RCT’7-*, and four papers
involved NRCT®"#%?4%?} From this, they concluded that
IEN therapy improved the one-year, 2-year, and 3-year
recurrence-free survival rates in the IFN treatment group,
compared with the control group.

Based on past studies investigating the inhibitory
effect of IFN therapy on HCC recurrence after locally
curative treatment, HCC recurrence is reduced through
HCV clearance. Thus, IFN therapy for viral eradication is
recommended for patients with hepatitis C if possible.
Meanwhile, in patients with hepatitis B, IFN therapy
after locally curative treatment may improve their prog-
nosis. Further examinations are needed to determine
whether IFN therapy after locally curative treatment
reduces HCC recurrence in patients with hepatitis B.

FINAL COMMENTS

OR PATIENTS WITH chronic hepatitis B, IFN

therapy reduces the risk of hepatic events (including
the inhibitory effect for developing HCC) particularly
among responders to treatment in Asian, but not in
European patients. The progression to cirthosis and a
high level of HBV DNA (greater than 10° copies/mL) are
strong risk factors for hepatic carcinogenesis from type B
chronic liver diseases.®” Liaw et al.'® reported that
therapy with lamivudine, a nucleos(t)ide analog, signifi-
cantly reduces the progression to non-compensated
cirthosis and inhibits the development of HCC.
Matsumoto et al.'®! also had similar results in a multi-
center study of Japanese patients with type B chronic
hepatitis. As for inhibition of hepatic carcinogenesis
from type B chronic liver diseases, measures for hepatitis
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are important, after taking age, amount of HBV DNA,
extent of background liver disorder, HBV genotype, and
others into account, according to guidelines, use of IFN
or nucleos(t)ide analogs needs to be determined.'®*”

It is important that IFN-based therapy obtains SVR to
inhibit the development of hepatic carcinogenesis from
type C chronic liver diseases. Thus, IFN therapy is
recommended for patients with chronic hepatitis
C. Tanaka N et al.'” reported single nucleotide polymor-
phisms (SNPs) in the IL28B locus. These polymor-
phisms are extremely effective for estimating the effects
of IFN therapy; they provide a novel indicator to help
determine a patient’s therapy, and will be used clini-
cally.'™ New anti-viral drugs are being developed for
treating type C chronic hepatitis. Combination therapy
using PEG-IFN, RBV, and a protease inhibitor reportedly
improves the SVR rate.®® In addition, the acyclic retin-
oid, studied and developed in Japan, is expected to show
a strong inhibitory effect on hepatic carcinogenesis.'™
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Abstract

Background The outcomes of sequential therapy with
lamivudine followed by interferon have been unsatisfac-
tory in Japanese patients with hepatitis B envelope antigen
(HBeAg)-positive chronic hepatitis B. However, the effi-
cacy of sequential therapy with entecavir and interferon
remains unclear.

Methods Twenty-four HBeAg-positive patients (23 men
and 1 woman; mean age 39 =+ 7 years) received entecavir
0.5 mg alone for 36-52 weeks, followed by entecavir plus
interferon-o. for 4 weeks, and lastly by interferon-o alone
for 20 weeks. Twenty-three patients had genotype C
infection, and one had genotype A infection.

Results  No entecavir-resistant mutant variants emerged in
any patient. Hepatitis flare occurred in three patients during
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interferon-o treatment after the withdrawal of entecavir,
but none had hepatic decompensation. Serum hepatitis B
surface antigen levels did not change during or after ther-
apy. Serum hepatitis B core-related antigen levels were
significantly decreased at the start (P < 0.0001) and at the
end of interferon-« treatment (P < 0.0001), but returned to
baseline levels after treatment. Twenty-four weeks after the
completion of the sequential therapy, a sustained bio-
chemical, virological, and serological response was
achieved in 5 (21 %) patients. The proportion of patients in
whom HBeAg was lost during entecavir treatment was
significantly higher among those with a sustained response
than among those with no response (P = 0.015).
Conclusions The rate of response to sequential therapy
with entecavir and interferon-o in Japanese patients with
HBeAg-positive chronic hepatitis B was not higher than the
rate in previous studies of lamivudine followed by
interferon.

Keywords Chronic hepatitis B - Genotypes - Interferon-o -
Entecavir - Sequential therapy

Introduction

Infection with hepatitis B virus (HBV) remains an impor-
tant public health problem and a leading cause of liver-
related morbidity worldwide [1, 2]. The natural course of
chronic HBV infection acquired perinatally or during
infancy consists of three distinct phases: ‘immune tolerant’,
‘immune reactive’, and ‘inactive carrier’. During the
immune-reactive phase, rises in alanine aminotransferase
(ALT) are attributable to the host’s immune response to
HBV, and the occurrence of hepatitis will eventually be
followed by spontaneous seroconversion from hepatitis B
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envelope antigen (HBeAg) to anti-HBe. HBeAg serocon-
version usually results in clinical remission and a life-long
inactive state; however, patients with persistently detect-
able HBeAg and high HBV DNA levels who have recur-
rent hepatitis flares are at increased risk of developing
cirrhosis and hepatocellular carcinoma [3, 4].

Currently available antiviral treatment for chronic hep-
atitis B includes nucleos(t)ide analogues such as lamivu-
dine, adefovir, entecavir, and tenofovir, and the
immunomodulator interferon [5-7]. The direct, potent
antiviral effects of nucleos(t)ide analogues induce bio-
chemical and virological responses in most patients, but
viral relapse and exacerbations of hepatitis commonly
occur after discontinuation of treatment. Long-term use of
nucleos(t)ide analogues is associated with the emergence
of drug-resistant variants possessing mutations in the HBV
polymerase gene. In contrast, interferon-induced remission
of chronic hepatitis B is durable, but is achieved in only a
minority of patients. In randomized controlled trials, con-
comitant treatment with lamivudine and interferon-o has
offered little clinical benefit, in terms of the rates of sus-
tained therapeutic response, as compared with interferon-o
alone [8, 9].

Serfaty et al. [10] reported that sequential therapy with
lamivudine followed by interferon-o was effective in
patients with chronic hepatitis B. In their pilot study in
France, sustained virological and biochemical response
was achieved in 8 (57 %) of the 14 patients who received
lamivudine 100 mg alone for 20 weeks, followed by
interferon-oc 5 MU 3 times/week plus lamivudine for
4 weeks, and lastly by interferon-o. alone for 24 weeks
[10]. Some other groups have studied similar protocols for
sequential therapy, but results have been conflicting [11-
17]. The inconsistent results may have been caused, at least
in part, by differences in the included HBV genotypes
among studies, because HBV genotypes have specific
geographic distributions and can affect the response to
interferon [18, 19]. In our previous study [14], the rate of
response to sequential therapy with lamivudine and inter-
feron in 24 Japanese HBeAg-positive patients with chronic
HBYV genotype C infection was 29 %, considerably lower
than the rate reported by Serfaty et al. [10].

Randomized controlled trials have shown that entecavir
has higher antiviral activity against HBV than lamivudine
[20, 21]. Among licensed nucleos(t)ide analogues, ente-
cavir is used as a first-line treatment of choice for chronic
hepatitis B, similar to tenofovir disoproxil fumarate [22].
Use of a potent nucleoside analogue before the initiation of
interferon may improve the outcomes of sequential
therapy.

In this study, we evaluated the efficacy of sequential
therapy with entecavir and interferon-o in Japanese patients
with HBeAg-positive chronic hepatitis B. In addition to the
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monitoring of serum HBeAg and HBV DNA levels, serum
hepatitis B surface antigen (HBsAg) and hepatitis B core-
related antigen (HBcrAg) [23, 24] levels were monitored
during and after sequential therapy. The clinical charac-
teristics of patients who had a sustained response to the
sequential therapy were compared with those of patients
who had no response.

Patients and methods
Patients

The subjects were 24 Japanese patients with HBeAg-
positive chronic hepatitis B (23 men and 1 woman; mean
age 39 £ 7 years) who had received sequential therapy
with entecavir alone and then entecavir plus interferon-o
followed by interferon-o alone between September 2006
and August 2011. The inclusion criteria were as follows:
(1) persistent or fluctuating elevations of serum ALT levels
for at least 6 months before the start of therapy; (2) pres-
ence of HBsAg in serum; (3) presence of HBeAg and
absence of anti-HBe; (4) presence of HBV DNA
>10° copies/mL (equivalent to 20,000 TU/mL); (5) no use
of corticosteroids or immunomodulatory drugs, including
interferon, within 1 year before the start of therapy; (6) no
use of nucleos(t)ide analogues, such as lamivudine, within
1 year before the start of therapy; (7) absence of resistance
to nucleos(t)ide analogues; (8) absence of antibodies to
hepatitis C virus and other likely causes of chronic liver
disease; and (9) no clinical signs of decompensated cir-
rthosis or hepatocellular carcinoma. The study procedures
were in accordance with the Helsinki Declaration of 1975
(1983 revision) and were approved by the ethics committee
of each participating center. Written informed consent was
obtained from each patient. This study was registered in the
UMIN Clinical Trials Registry (registration ID number,
UMINO000000808).

Treatment

Patients were treated with entecavir alone for
36-52 weeks, followed immediately by both entecavir and
interferon-o for 4 weeks, and lastly by interferon-o alone
for 20 weeks. Entecavir (Baraclude; Bristol-Myers, Tokyo,
Japan) was given orally at a dose of 0.5 mg once daily.
Natural interferon-a (Otsuka Pharmaceutical, Tokyo,
Japan) was given by intramuscular injection, at a dose of
5 MU, three times a week for 24 weeks (a protocol com-
monly used in Japan during the study period). All patients
were followed up for at least 24 weeks after the completion
of treatment, and responses to therapy were assessed as
follows: biochemical response was defined as a decrease in
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serum ALT levels to within the normal range; virological
response was defined as a decrease in serum HBV DNA to
<10* copies/mL; and a serological response was defined
as loss of serum HBeAg. A sustained response was defined
as fulfillment of the criteria for combined biochemical,
virological, and serological responses 24 weeks after the
end of therapy.

Assays

The following variables were determined for all enrolled
patients: complete blood counts; serum ALT level; HBsAg,
HBeAg, anti-HBe, HBcrAg, and HBV DNA levels; HBV
genotypes; proportion of mutants in the precore and basal
core promoter regions of HBV DNA; and drug-resistant
mutations in the HBV polymerase gene.

Complete blood counts and serum ALT (upper limit of
normal, 30 IU/L) were determined by standard procedures.
HBsAg was measured with a chemiluminescent micro-
particle immunoassay (Architect HBsAg QT; Abbott
Japan, Tokyo, Japan) as described elsewhere [25]. HBeAg
and anti-HBe were detected with chemiluminescence
enzyme immunoassays. HBcrAg was also detected with a
chemiluminescence enzyme immunoassay (Fuji-Rebio,
Tokyo, Japan) [23]. HBV DNA was measured with a real-
time polymerase chain reaction (PCR) assay (COBAS
TagMan HBV Test v2.0; Roche Diagnostics, Tokyo,
Japan) [26]. Genotypes of HBV were identified by enzyme-
linked immunosorbent assay with monoclonal antibodies to
type-specific epitopes in the preS2-region (Institute of
Immunology, Tokyo, Japan) [27]. Mutations at nucleotide
(nt) 1896 in the precore region and at nt 1762 and nr 1764
in the basal core promoter region of HBV DNA were found
by means of an enzyme-linked minisequence assay (Gen-
ome Science Laboratory, Tokyo, Japan). Drug-resistant
mutations (at codons 180, 181, 184, 202, 204, 236, and 250
of the HBV reverse transcriptase domain) were detected by
PCR-Invader technology (BML, Tokyo, Japan) [28].

Histopathology

When informed consent had been obtained, a liver biopsy
was performed before the patient started therapy. Histo-
pathological findings were assessed by grading inflamma-
tory activity and staging fibrosis according to the
METAVIR scoring system [29]. An experienced patholo-
gist blinded to the clinical data performed these
evaluations.

Statistical analysis

Statistical analysis was performed with SAS, version 9.2
for Windows (SAS Institute, Cary, NC, USA).

Distributions of continuous variables were analyzed with
the non-parametric Mann—Whitney U-test. Differences in
proportions were tested by Fisher’s exact test. The signif-
icance of changes in values between two time points was
evaluated by the Wilcoxon signed-rank test. A two-tailed
P value of less than 0.05 was considered to indicate sta-
tistical significance.

Results
Rate of response to therapy

Although common interferon-o-related side effects inclu-
ded pyrexia, fatigue, headache, and myalgia, the therapy
was well tolerated, and all patients completed the treatment
according to the protocol. The proportions of patients with
biochemical, virological, and serological responses during
and after sequential therapy with entecavir and interferon-o
are shown in Fig. 1. Drug-resistant mutant variants did not
emerge in any patient during entecavir treatment. At the
start of interferon-o treatment (about 1 year after the start
of the entecavir treatment), most patients had normal ALT
levels and serum HBV DNA levels of <10* copies/mL

Normal ALT
HBV-DNA < 10 copies

!:| Loss of HBeAg

80

60

40 -

Percentage of patients (%)

20 -

At 24 weeks
post-treatment

At the start
of IFN

At the end
of IFN

Fig. 1 Rate of biochemical, virological, and serological responses
during and after sequential therapy with entecavir and interferon-c.
Combined sustained biochemical, virological, and serological
response was achieved in 5 (21 %) of the 24 enrolled patients
24 weeks after completion of the sequential therapy. ALT Alanine
aminotransferase, HBeAg hepatitis B envelope antigen, HBV hepatitis
B virus, IFN interferon
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